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PERMITTING REQUIREMENTS ) Pollution Control Boarg
FOR PLASTIC INJECTION MOLDING ) R 05 -20

OPERATIONS )

35 1ll. Admin. Code 201.146) )

PRE-FILED TESTIMONY OF LISA FREDE
ON BEHALF OF THE
CHEMICAL INDUSTRY COUNCIL OF ILLINOIS

My name is Lisa Frede, and I am the Director of Regulatory Affairs for the
Chemical Industry Council of Illinois (“CICI”), a not-for-profit Illinois corporation. CICI
is pleased to be the proponent of the rulemaking proposal in this proceeding.

I would like to begin by giving you an overview of CICI and its membership and
then briefly discuss the significance of this proposed rulemaking to our members.

CIClI is a statewide trade association representing the chemical industry in Illinois.
CICI has offices in Des Plaines and Springfield, Illinois. We have 198 member
companies with over 54, 000 employees employed in 745 manufacturing facilities and
975 wholesale and distribution facilities in Illinois.

One of CICT’s functions is to represent its member companies in the formation of
public policies and programs which are mutually beneficial to the citizens of Illinois and
the chemical industry. In this capacity, CICI monitors statewide legislation and
regulations in Illinois, inclu’ding environmental permitting programs, and provides
information and makes recommendations to its membership. CICI also often advocates
on behalf of its membership for more cost effective and efficient regulatory -

requirements.
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Chemical manufacturers in Illinois produce a wide array of products from
plastics, pesticides and industrial chemicals to lifesaving medicines and household
products. Workers directly employed in the chemical industry represent 7.3% of the
state’s manufacturing work force and have an average wage over $60,000 per year. The
chemical industry generates an additional 296,000 jobs in Illinois at industry suppliers,
manufacturers, transporters, trade and business services companies, and construction
companies.

The proposal in this proceeding will amend the Board’s regulations governing
state air pollution control permits to exempt plastic injection molding operations from the
state construction and operation permitting procedures. CICI is proposing this
amendment to clarify the Board’s regulations and achieve efficiencies and cost savings
for its plastic injection molding company members in Illinois and for the State permitting
program.

As will be discussed by another witness in this proceeding, the emissions from
plastic injection molding machines are extremely low — on the order of a few tenths of a
ton of volatile organic emissions per year. This is on the order of — and in faét less than —
the 0.1 1b/ hour or 0.44 tons per year that defines an “insignificant activity” under the
Board’s major source regulations at 35 Ill. Adm. Code 201.210 (a)(2) and(3).

These emission levels are also on the order of — or less than — the emissions
recognized to be associated with other categories of emission sources that are currently
exempt from state permitting under Section 201.146. In fact, the emission factors
accepted by Illinois EPA and other regulators across the country for determining

emissions from plastic injection molding operations are the same as those that are used
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for plastic extrusion — a process which is exempted from Illinois state permitting in
Section 201.146(cc) and defined as an “insignificant activity” in Section 201.210(a)(5).
While many owners and operators believe that “plastic injection molding” is a form of
extrusion covered under the existing categorical exemption, the adoption of the specific
language proposed in this rulemaking is designed to resolve any question.

Here’s what this amendment will do:

L It will appropriately regulate the insignificant level of emissions generated by
plastic injection molding operations by treating those operations in the same
fashion as other operations with similarly low levels of emissions.

L It will reduce unwarranted permitting costs to plastic injection molding businesses
across Illinois.

° It will also relieve owners and operators of plastic injection molding operations
from the risk of enforcement actions based upon differences in interpretation of
existing categorical exemptions.

L Finally, it will allow Illinois EPA to allocate its permitting and enforcement
resources to more significant emission sources.

‘What this amendment will not do:

° It will not relieve affected emission units from any applicable requirement other
than state construction and operating permitting. Thus, for example, a plastic
injection molder — like any other exempt emission source under Section 201.146 —
remains subject to the generic volatile organic matter emissions limit of 8 Ib/hour
found in the Board’s rules at 35 Ill. Admin. Code 215.301.

° It will not result in an increase in emissions and will not have an impact on air
quality in Illinois. Because this is only an exemption from procedural
requirements, it will not affect emissions to the environment.

Prior to proposing this regulatory amendment, CICI’s Executive Director, Mark
Biel, had several discussions with Don Sutton, the Manager of the Illinois EPA Permit
Section, about adding a categorical exemption to the list of existing categorical
exemptions in 35 Ill. Admin. Code § 201.146 for plastic injection molding and associated

resin handling and storage activities. Mr. Sutton agreed that this is a category of
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insignificant emission sources for which a permit exemption is consistent with other
categorical exemptions in Section 201.146. He also agreed that relieving the State of the
burden of permitting these insignificant sources would be beneficial to the State.

CICI believes that reducing the permitting burden on the Agency is in the interest
of its members. Agency resources should be focused on significant emission sources. In
the pending rulemaking proceeding, R05-19, Mr. Sutton testified that the Agency still
hasn’t issued 30 of the Title V major source permits that were due to be issued back in
1997. Transcript, pp. 29-30, April 12, 2005 Hearing, IPCB Docket R05-19. In addition,
CICI is aware that many of its members have Title V permit renewals and permit
revisions that have been pending before the Agency for several years. Mr. Sutton
testified that while IEPA issues roughly 1,900 air permits a year, it has at any time a
backlog of 900 to 1,000 permit applications. Id., p. 31. Yet the Agency is required to
spend its resources on a host of cohstruction and operating permits for very minor
emission sources. The transcript of the R05-19 April 12, 2005 hearing reveals that 70%
of the Agency’s construction permits are issued for modifications involving no emission
increase or increases of less than 1 ton. Id. p. 12. At the same time, 95% of the actual
emissions emitted in Illinoié are emitted by the top 15% of the State’s major sources. Id.
p- 53. Permitting very small emission sources, while large emission source applications
are backlogged isn’t a good use of tax dollars, it isn’t good for the environment, and it
isn’t good for regulated businesses.

That burden will be significantly reduced when the rulemaking in R05-19 is
adopted. However, because that rulemaking only exempts insignificant emission sources

at facilities with other significant or non-exempt emission sources, it does not relieve the
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Agency from permitting a plastic injection molding facility that has no other emission
sources. This is an anomaly with no rationale in terms of emissions or the environment
when it comes to plastic injection molding. Given the limitation in the proposal in
R05-19, the adoption of a clear categorical exemption for plastic injection molding
operations in this rulemaking proceeding will harmonize the Board’s regulatory approach
for a category recognized by all to emit at levels that do not warrant separate state
permitting,.

CICI would like to thank the Board for its consideration of this proposal, and I

would be happy to answer any questions you may have.

Date: (g | Hg.l o5 Respectfully submitted,

T
Lisa Frede
Director of Regulatory Affairs

Chemical Industry Council of Illinois
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PRE-FILED TESTIMONY OF LYNNE R. HARRIS
ON BEHALF OF THE
SOCIETY OF THE PLASTICS INDUSTRY, INC.

My name is Lynne R. Harris, and I am the Vice President, Science and
Technology, for The Society of the Plastics Industry, Inc. (“SP1”), a not-for-profit
501(c)6 trade assoctation headquartered in Washington D.C., predominantly serving
members across the United States. [ have been employed by SPI for over [4 years. My
current work focuses on science and technology, environment, health and safety, and
codes and standards for the plastics industry. My educational background includes a
Bachelor of Science and Masters of Engineering in chemical engineering. My
publications include co-authorship on a paper for the development of emission factors for
the extrusion processing of polyethylene resin.' 1 have worked in and around the plastics
industry for over 25 years.

I have been asked by the Chemical Industry Council of Iilinois (CICI) to provide
an overview of the plastics injection molding industry, a description of the plastic
injection molding process, and a discussion of the types and volumes of emissions

generated during the plastic injection molding process for various resins.
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The Society of the Plastics Industry: Who Are We?

Let me begin by describing SPT and the work it performs on behaif of its
members. Founded in 1937, The Society of the Plastics Industry, Inc., is the trade
association representing one of the largest manufacturing industries in the United States.
SPI's members represent the entire plastics industry supply chain, including processors,
machinery and equipment manufacturers and raw materials suppliers. The U.8. plastics
tndustry employs 1.4 million workers and provides more than $3 10 billion in annuat
shipments. SP] represents the entire plastics industry and has more than 1000 members.
SP} has been involved in the development of state and federal environmental regulations
affecting the plastics industry for decades. As I will be discussing, SPI has also
coordinated a number studies of emissions generated by the extrusion processing of
thermoplastics.

Background on the Plastic Injection Molding Industry

My testimony today is focused on plastic injection molding (“PIM™), a category
of plastic product manufacturing. There are over 7,700 PIM facilities in the United States
and approximately 500 operating in llinois.>® These facilities range in size from smail
facilities with a few machines and iess than 20 employees to larger facilities with dozens
of machines employing over a hundred employees.>* The trade publication Plastics News
surveys the PIM industry annually and publishes an annual listing of over 600 P1M
companies in North America. That listing indicates the top PIM companies responding to
the survey with annual sales ranging from approximately $100,000 to $1.5 billion, with
median annua) sales on the order of $10 million. The components produced in PIM

processes are generally small plastic components used in a multitude of products. For




example, PIM products include knobs and handies used in the automotive industry and
hole plugs used in household appliances. PIM products tend to be molded to meet
specific needs in customized molds and made with resins meeting the temperature,
strength and durability specifications required for a specific use. As a result, PIM
machines are generally dedicated to molding specific component parts and cannot be

used to produce other parts without physical modification of the equipment.

Description of PIM Equipment and Process

The PIM process essentially involves forcing moiten plastic into a mold cavity,
This takes place in several steps. A diagram of a standard PIM machine, attached to my
pre-filed testimony, depicts the components of the PIM process. Exhibit 1. As can be seen
from that diagram, the essential components are a hopper from which pelletized resin is
fed into the extruder screw, a heated extruder barre] which melts the resin as it is
advanced by the extruder screw under pressure, and a die head through which the molten
resin is injected into a mold cavity.

Note that the fundamental piece of equipment involved in this process is a heated
screw extruder. The equipment that is required to extrude resin into molds in the PIM
process is the same as that which is required to extrude resin into a continuous strand
except that the resin is injected into an enclosed mold at the end of the process rather than
simply conforming to the shape of the extrusion die. A PIM machine is essentially a non-
continuous extruder. As I will discuss later, this is why the emission factors developed for
extrusion processes are appropriate for the PIM process.

Plastic injection molding machines, like other types of extruders, vary in size. A

small PIM machine may have a throughput of 10 pounds per hour, while a large machine



may process as much as 200 pounds per hour. These numbers are derived based on a
typical injection capacity of 4 to 100 ounces and typical tonnage of 50 to 600 tons.
Injection capacity can go to around 400 ounces and tonnage can go up to around 10,000
tons.” These data are consistent with product information compiled from several
equipment manufacturers, as illustrated in Exhibit 2. Very large PIM machines can
process over 1,000 pounds per hour. PIM machines of all sizes are in use in Illinois and
across the United States. However, the most commonly used machines in the PIM
industry have an average daily throughput of less than 100 pounds per hour.

The five most commonly used plastic resins in the PIM industry according to the
2005 survey of North American injection molders by Plastics News® are polypropylene
(PP), acrylonitrile butadiene styrene (ABS), polycarbonate (PC), high density
polyethylene (HDPE) and nylon (polyamide, PA).

Emissions from Extrusion Processes

Until 1993, little quantitative information was publicly available regarding
emissions from thermoplastic extrusion processes. While it was assumed that any volatile
organic, particulate or hazardous air emissions were very low, emission factors simply
did not exist. To fill this gap, SPI sponsored a number of studies published between 1995
and 2002 to develop emission factors for a range of plastic resins. The studies were
intended to provide emission factors for processors who needed Title V permits under the
US Environmental Protection Agency Clean Air Act Amendments of 1990.

The SPI-sponsored studies were conducted at an independent testing laboratory
operated by Battelle in Columbus, Ohio. Studies were conducted using a strand extruder

with a 1.5-inch single screw and fitted with an eight-strand die for commonly used resins.



Resins with basic additives were provided by a number of suppliers and tested as
aggregates; the resins tested were PP, PC, PE, PA and ethylene-vinyl acetate and
ethylene-methyl acrylate copolymer (EVA/EMA).

The extruder system was chosen as the process likely to overestimate emissions.
As a continuous system, it was anticipated to mimic extrusion processes and overestimate
closed mold operations, such as injection molding. This assumption was supported by a
two-year study that found extrusion processes generated a higher level of emissions than
injection molding.® Emissions from the die head of the extruder system were captured
and analyzed for volatile organic compounds (VOC,; volatile organic material or VOM in
[llinois), particulate matter (PM-10), and a variety of hazardous air pollutants (HAPs).

The SPI sponsored studies of the commonly used resins PP, PS, PE and PA are
attached to my pre-filed testimony as Exhibifs 3 -6 and will be referred to herein as the
“SPI Studies.” The EVA/EMA study (Exhibit 7) is provided for informational purposes.
A study on ABS, conducted at the same laboratory as the SPI Studies, is also provided for
informational purposes. Exhibir & That study was not conducted under SPI auspices, and
thus I have limited knowledge of the conditions under which it was performed.

The above-mentioned studies form the basis for the plastics industry’s
understanding of emissions from these processes and are recognized by industry and
regulatory authorities, as defining emission factors for both simple extrusion and the
extrusion process utilized in PIM.

What these studies demonstrate is that extrusion processing of different resins
under various operating conditions produces different types and amounts of emissions.

Exhibit 9 attached to my pre-filed testimony is a chart summarizing the emission factors



developed in the SPI Studies for each of the emissions of interest for the resins studied.
The information in this chart was compiled from information contained in each of the SPI
Studies 10 make it easier to review this data in this proceeding.

As can be seen from this chart, the emissions of interest include VOM, PM and a
variety of HAPs.

The type and volume of emissions varies from a high of approximately 0.4 Ib of
VOM per ton of resin processed to a low of approximately 0.1 Ib per ton of resin
processed. HAPs ranged from a high of approximately 0.3 Ib per ton of resin processed to
a low of approximatety 0.02 1b per thousand tons of resin processed. Particulate
emissions ranged from a hiéh of approximately 0.5 Ib PM per ton of resin processed to a
low of approximately 0.02 b PM per ton of resin processed for the commonly used
vesins. FExhibir [0

Based on the emission factors developed in the SP1 Studies and the capacity of
PIM machines, across the range from smail to large PIM machines discussed above, one
can obtain an overview of the annual volume of emissions associated with PIM
processes. Exhibir 11 to my pre-filed testimony is a chart showing the estimated volume
of VOM, PM and HAP emissions in tons per year, associated with the various types of
resins studied by SPI. As can be seen from this chart, the emissions range from a high of
0.2 tons per year of VOM to a low of 0.002 tons per year VOM. HAP emissions range
from 0.1 tons per year to 0.0004 thousandths of a ton per year. PM emissions range from
0.2 tons per year to 0.0004 tons per year.

That concludes my pre-filed testimony describing the PIM industry, PIM process

and types and volumes of emissions associated with the processing of various resins. |



appreciate the opportunity to testify and am available to answer any questions the Board

or other participants in this proceeding may have.

On Behalf of
The Society of the Plastics Industry, Inc.
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EXHIBIT 1

PLASTIC INJECTION MOLDING MACHINE DIAGRAM

EXTRUDER BARREL - | woPPER

TACHOMETER HYORAULIC MOTOR
DRIVE ‘

DIE HEAD
STANDARD EXTRUDER SCREW SCREW DRIVE
EXTRUDER MEAD _ SYSTEM
; *'.'.]' I THRUST
‘ BEARING
'3
L =
11 ,
A= - |
NON-RETURN o ™o - s
INJECTION FLOW VALVE - HYDRAULIC INJECTION AIR LIFT FOR SCREW REMOVAL .
CHAMBER ASSEMBLY - §° oy CNINDERS ¢ _ S
PULLIN CYUINDER HEATING BANDS

Fig. 2-2 In-line reciprocating screw unit with hydraulic drive schematic.

Source: Injection Molding Handbook, 31 Edition, 2000, Kluwer Academic Publishers.



EXHIBIT 2

PLASTIC INJECTION MOLDING
EQUIPMENT MANUFACTURER PRODUCT INFORMATION

M (2}
Maximum Cycle Maximum

Equipment Shot Weight  Time  Throughput
Manufacturer Model Tonnage (02) (sec) (Ib/hr)
A A-1 17 0.47 10 11
33 0.95 25 2
5% 1.95 25 18
110 6.02 25 54
165 10.59 25 95
330 31.4 50 141
{3 A A2 990 362 100 815
1100 362 100 815
1500 540 100 1215
1760 769 150 1154
2200 769 150 1154
3000 1054 200 1186
3500 1054 200 1186
4000 1054 200 1186
B B-1 28 1.7 25 15
40 28 25 25
5% 7 25 63
90 9.3 25 B4
110 9.3 25 84
120 12.7 30 95
140 12.7 30 95
185 12.7 30 95
220 20.1 45 o1
B B-2 85 5 25 45
120 10.7 25 96
170 14.7 35 95
230 25.4 50 114
300 40.3 80 113
400 59.2 100 133
500 89.6 100 202
C G-1 30 3.76 25 34
50 B5.04 25 54
80 11 25 107
130 1.9 25 107
280 34 50 153
C C-2 150 28 50 126
200 28 50 126
250 28 50 128
300 28 50 126
C C-3 225 22 45 110
310 54 20 136
450 76 100 in
550 105 100 236

NOTES:
(1) Typical cycle time is from 10 to 100 seconds for injection molding machines with typical injection capacity of
4 10 100 cunces and typical tonnage ot 50 to 600 tons.
References: Typical cycle times - Chemical Engineering Department, University of Connecticut
www engr.uconn.edu/chea/polvmerfinjimold.htm
Typical injection capacity and tonnage - Rosato, Rosato and Rosato. Injection Molding Handbook 2000; page 28.
3rd edition. Boston, Kluwer Academic Publishers.
(2) Max. Throughput (Ib/ hr} = Max. Shot Weight (oz / cycle) x Ib/ 16 oz x cycle / cycle time (sec) x 3600 sec/hr
{3} Injection molding machines outside ot the typical injection capacity and tonnage ranges.
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Development of Emission Factors for Polypropylene Processing

Ken Adams
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ABSTRACT

Emission factors for selected volatile organic compounds
and particulate emissions were developed during extru-
sion of commercial grades of propylene homopolymers
and copolymers with ethylene. A small commercial ex-
truder was used. Polymer melt temperatures ranged
from 400 to 605 °F. However, temperatures in excess
of 510 °F for polypropylene are considered extreme.
Temperatures as high as 605 °F are only used for very
specialized applications, for example, melt-blown fi-
bets. Therefore, use of this data should be matched
with the resin manufacturers’ recommendations.

An emission factor was calculated for each substance
measured and reported as pounds released to the atmo-
sphere per million pounds of polymer pracessed [ppm
(wt/wt)]. Based on production volumnes, these emission
factors can be used by processors to estimate emission

IMPLICATIONS

This study provides quantitative emissions data that were
collected during extrusion of homopolymers and copoly-
mers of propylene, Thase data are directly related to pro-
duction volumes and can be usad as referance points to
astimate emissions from similar polypropyiene resins ex-
frudad on similar equipment.

Volume 48 January 1899

quantities from polypropylene extrusion operations
that are similar to the resins and the conditions used
in this study.

INTRODUCTION

The Clean Air Act Amendments of 1990 (CAAA90) man-
dated the reduction of various pallutants released to the
atmosphere. Consequently, companies are being faced
with the task of establishing an “emissions inventory”
for the chemicals released or generated {n their processes.
The cheruicals targeted are those that efther produce vola-
tile organic compounds (VOCs) and/or compounds that
are on the U.S. Environmental Protection Agency's (EPA)
list of 189 hazardous air pollutants (HAPs). Title V of the
amended Clean Air Act establishes a permit program for
ermission sources to ensure an eventual reduction in emis-
sions. When applying for a state operating permit, pto-
cessing companies are first required to establish a baseline
of their potential emissions.!

In response to the needs of the plastics industry, the
Soclety of the Plastics Industry, Inc. (SPI) organized a study
to determine the emission factors for extrusion of ho-
mopolymer and copolymer of polypropylene. Sponsored
by ten major resin producers, the study was performed at
Battelle, an independent research laboratory. This work
follows a previous SPi/Battelle study on the emissions of

Joumal of the Air § Waste Management Association #9
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polyethylene? and was performed in conjunction with
emission studies on ethylene-vinyl acetate and ethylene-
methyl acrylate copolymers.?

A review of the literature reveals that thermo-oxida-
tion studies have been performed on polypropylene.** The
primary concerns about these previous emissions data are
that they were generated using static, small-scale,* or oth-
erwise unspecified procedures.”® These procedures may
not adequately simulate the temperature and oxygen ex-
posure conditions typically encountered in the extrusion
process. That is, in most extruders, the polymer melt con-
tinuously flows through the system, limiting the residence
time in the heated zones. This contrasts with static proce-
dures, in which the polymer may be exposed to the equiva.
lent temperature, but for an effectively longer period of
time, thys resulting in an exaggerated thermal exposure.
[n a similar way, the concern over oxygen in the indus-
trial extrusion process is minimized as the extruder screw
design forces entrapped air back along the barrel during
the initial compression and melting process. The air exits
the system via the hopper; consequently, hot polymer is
only briefly in contact with oxygen when it is extruded
through the die. Again, this is in contrast to static testing,
in which hot polymer may be exposed te air for extended
periods of time. [n view of these concerns, the accuracy
of data obtained from these procedures may be limited
wihren used to predict emissions generated by polypropy-
lene processors.

As an alternative to small-scale static technology, a
better approach is to measure emissions directly from the
extrusion process. Since the type and quantity of emis-
sions are often influenced
by operational param-
eters, the ideal situation

resin, additive package, and any additional materials
added to the resin prior to extrusion. If 2 processor uses
recycled materials, the thermal history is also an impor-
tant factor.

In view of these variables, a considerable task would
be to devise and conduct emission measurement studies
for all major extrusion applications. Therefore, SPI's ob-
jective in this work was to develop baseline emission fac-
tors for polypropylene processing under conditions that
would provide reasonable reference data for processors
involved in similar extrusion operations.

The five resin types evaluated were a reactor grade ho-
maopolymetr, a controlled rheology homopolymer with and
without antistat, a random copolymer, and a reactor im-
pact copolymer. The samples used were mixtures of com-
mercial resins from the sponsoring companies. The test
matrix used was designed to provide emissions data as a
function of their resin type and typical melt temperature{s).
This information is provided in Table 1, together with the
average additive content of the resin mixtures. These are
typical additives normally found in polypropylene.

A small commercial extruder was equipped with a 1.5-
in. screw and fitted with an eight-strand die. The emis-
slons were measured over a 30-min. period and were re-
lated to the weight of resin extruded. The emission factor
for each substance measured is reported as pounds evolved
to the atmosphere per million pounds of polymer pro-
cessed [ppm{wt/wt}). Processors using similar equip-
ment can use these emission factors as reference
points to assist in estimating emissions for their spe-
cific process.

Tabile 1. Polypropylene emission test runs; sesin characteristics additive concentration and melt demperature.

Is to study each process puyNo.  AesinType  MeltFiowRate  NumberofResine  MaliTemp ('F)  Average Additive
under the specific operat-  Ssquence (910 min @ 230 °C) It Composile Cancentration (ppm)
ing conditions of con- Conlralied Aneal 30-35 § a0 Antioxidant 1,700
i ioxi :
cern. Parameters that can 2 Df:“;:“gwy:;fﬂw 510 PA® 1,000
alter the nature of the 3 Non Antistat 605
emissions include ex- ¢ Sihe 20,35 6 ‘0 Antixidant 1700
4 onirolle ology tioxidant 1,
truder size and type, melt Homopalymer AS™ 3.400
temperature and rate, the with Antista PA* 2500
air-exposed surface to ]
t £t § Reactor Grade 37 7 490 Antioxidanl 1,700
volume ratlo of the 6 Homopolymer 570 PA* 900
extrudate, the cooling
rate of the extrudate, and 7 Reactor Impact 310 4 505 Antipxidant 2,500
the shear effect from the ‘5[:2%90'5':3;},& PA® 1,500
extruder sctew. Other A
variables related to the g Random Copolymer 37 3 510 Anticxidant 2,000
material(s) being ex- 3-5wi % Ethyleng PA" 2,200
Slip/AB 3,000

truded can also influence

emissions. These include
resin type, age of the

“Procass aid
**Antistat
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The substances targeted for monitoring included par-
ticulate matter, VOCs, light hydrocarbons {ethane, ethyl-
£ne, and propylene), aldehydes (formaldehyde, acrolein,
acetaldehyde, and propionaldehyde), ketones (acetone
and methyl ethy! ketone), and organic acids (formic, ace-
tic, and acrylic add). These are the analytes of interest,
either because they are on the HAPs list, as stated earlier,
or they are the expected thermal and thermo-oxidative
breakdown products of the polymers tested.

EXPERIMENTAL

In the following section, brief descriptions of the extruder,
the entrainment zone, and sampling manifolds are pro-
vided. Details of the sampling methods, procedures, and
analytical instrumentation are provided elsewhere 21

Experimental Process Conditions

An HPM Corporation 15-hp unvented extruder was used
to process the polypropylene test sample mixtures at
Battelle. The extruder was equipped with a 1.5-in. single
screw {L/D ratio of 30:1) and fitted with an eight-strand
die (Figures 1 and 2). Extruded resin strands were allowed
to flow into a stainless steel drum located directly under
the die head (Figure 2). Processing conditions, shown in
Table 2, were selected to be representative of commercial
processing applications. The order of the polypropylene
emissions test runs is listed in Table 1.

Capture and Collection of Emissions
Emissions released at the die head were separately col-
lected for 30 min. during the extrusion runs (Table 3).
Emissions from the hopper were excluded from analysis
since previous emission studies
showed their contribution to be

Adams et al.

Pigure 1. Extruder strand die head used in polypropylens amissions
testing program.

immediately drawn through a divergent nozzle entrain-
ment cone, which provided a sheath of clean air between
the die head emission flow and the walls of the carrier
duct. This minimized interaction of the hot exhaust with
the cooler duct walls.

The total air flow employed for capturing die head
emissions was set at 700 L/min. This was composed of
the die head entrainment flow at 525 L/min, the sheath
flow at L/min, and 75 L/mln of residual ajr flow that was
made up from room air drawing into the open bottom of
the stainless steel die head enclosure. This residual air flow
was used to facilitate effective capture of emissions from

insignificant (less than 2% of
the total).? Table 3 shows the
sampling strategy and overall
analytical scheme employed for
the polypropylene test runs.

740 LPM
To Exhauat
Pai

| «—— 4= Glnss Tubing

Ar-Entrained Extruder Emlasions I
30 Liter
Fand

HEPA-Filtered

E

l

i

Wail of Divargent Nozxle

Die Head Emissions Happer 10 LPM
Emissions released at the die ot DL - find o
head during extrusion were B He32 Veit Tomparature Probe Peliois
captured at the point of release Extrudsts
in a continuous flow of clean o \V/ ARV SRV Y.
- o r

alt. A portion of this air flow R S m":‘:
was subsequently sampled Hoom Alr T8 LPM 525 LPM g Extrudar
downstream is described in the 28 Gapon Barrel Sarew

. iy | {Hemting Zones
following paragraphs. The Pt Ertradats Laen
emissions were initially cap- Extrudat Containar
tured in a stainless steel enclo- 130 LPM 2 Var)

Extrudale

sure surrounding the die head

{Figure 3). The air stream was
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Figure 2. View 0f the extruter system and the various samping locations.
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Table 2, Resin thraughput and ey flow paramelers during the polypropylene extrusion runs.

Test Run No. 1 2 3 4 5 6 7 8
Extrudes Condillons
Resin Type Cantrolled Controtled Controlled Condrolfed Reactor Reactor feactor Randem
rheoiogy thealogy rheotogy theology grade grade impact copolymer
hamapolymer homopohymer  homopoiymer  homopolymes homopolymer  homopolymes copolymer (36w % ET)
{with antislat) (1520 wt % EPA)
Melt Flow Rate MFR 30-35 MFR 30-35 MFR 30-35 MFR 30-35 MFR 3-7 MFR 3.7 MFR 3-10 MFR-3-7
Average Die Head 400 510 805 430 490 §70 308 510
Melt Temp (°F)
Zone 3 Temp [°F) 428 488 568 4an 497 643 495 497
Zone 2 Temp (°F) 403 430 469 320 369 436 369 369
Zone 1 Temp {°F) 382 318 315 308 312 3 300 308
Pressure {psig) <50 <50 <5 <50 750 250 400 200
Resin Throughput 124/ 9.29/ 92¥ 7.58/ 53.8/ 419/ 395 846/
[(lomrp{gmymin)] 91.6 70.3 69.8 574 407 nr 2599 179
Rotoc Speed (rpm) 9 %8 8 98 83 €8 23 83
Run Duration {min) 30 k't 0 30 30 k1] 30 kK]
Alr Flawz
Total Manilold Flow (L/min) 700 Lt} 700 700 700 00 700 700
Flow Rate into Sheath 100 100 100 100 100 00 100 100
Area (L/min)
Fiow Rate Inio Entrainment 525 525 525 525 525 525 525 525
Asea, {L/min}
Flow Rate Through 10 10 10 10 10 10 10 10
Hopper {L/min)
Flaw Through Tubes for 05 05 05 04 t5 05 08 04
Carbonyls {L/mir}
Fiow Through Tubes tor 5 5 5 5 5 5 5 5
Organic Acids (L/min)
Flow knto Canislers {L/min} 0.16 016 0.16 0.16 0.16 016 016 016
Flow Through 402 THC 1 1 1 1 1 A 1 1
Anatyzer (L/min)
Flow Through Filter Holder {L/min) 15 15 15 15 15 15 15 15
Table 3. Analytical scheme for palypropylene test runs.
Substances Maniored Organic Acids Aldehydes/ Particulate VOCs
Ketones
Heavy Hydrocarbon J Light Hydrocarbon
Coiiection Madia KOH impregnated Filter DNPH Tube Glass Fiber Filter SUMMA Canister
Anaiytical Method Desorplion With Dilute Desorption With Gravimetric Modified TQ-14
H,S04 and Anaiysis by Acetonitrile an
fon Extlusion Analysis by HPLT
Chromotography/UV
HP-1 Fused Sitica Capillary Al,0yMNa,S0,
Coiumn Capiliary Colomn
6eMs | ecrp GC/FD
Sampling Location Manifold
Melt Temp {°F) { Aun No. Number of Samples Analyzed
400 1 2 2 1 1 2 1
510 2 2 2 1 1 2 1
605 3 2 2 1 1 2 1
490 4 2 2 1 i 2 1
490 3 2 d 1 1 2 1
570 6 2 2 1 1 2 1
505 7 2 2 1 1 2 1
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the polymer. These flows are depicted in Fig-
ures 2 and 3. An orifice plate and control valve
connected to a magnahelic gauge were used to
set the flow at each location. A calibrated mass
flow meter was used before and after the test
runs to verify the settings. The flow setpoints
were within +/-3% of the stated values.

Die head emissions were transported by
the 700-L/min air flow to a sampling point 10
ft downstream of the die head using 4-inch-
diameter glass tubing. The location for this
sampling point (Figure 2} was based on pre-
vious studies performed at Battelle that in-

Alr-Entrained Emissions

volved design, engineering, implementa-
tion, and proofi-of-principie stages for the
pilot plant system. 2

Two separate sampling manifolds were
used at the sampling location; one for collect-

I}

Pump 20LrM

ing gases and vapors and the other for collect-
ing particulates (Figure 4). For gases and va-

pors, a 10-L/min substream was diverted from  Fl@ure 3. View of emission entrainment area.

the main emission entrainment stream using

a 0.5-inch stainless steel tube (0.425 inch i.d.} wrapped
with heating tape and maintained at 50 °C. VOCs and
oxygenates were sampled from this manifold. Similarly,
particulates were sampied isokinetically from a separate
15-L/min substream using a 0.25-inch stainless unheated
steel probe (0.1375 in. i.d.)

Two different methods were used to measure VOC
emissions. One was the Beckman 402 Hydrocarbon Ana-
lyzer, which continually analyzed the air emission stream
throughout the run and provided a direct reading of all
VOC substances responding to the flame ionization de-
tector. The other method used an evacuated canister for
sample collection and gas chromatography for analysis.
With this method, total VOCs were deterrnined by sum-
ming up the heavy hydrotarbon {containing a carbon
number ranging from C, through C, ) and light hydre-
carbon (containing a carbon number ranging from C,
through C)) results.

The total VOCs determined with the 402 Analyzer
are in general agreemnent with the VOC values abtained
by summing up the light and heavy hydrocarbons spe-
cles from the two GC methods. The 402 Analyzer results
are consistently higher. The data obtained with the GC
speciation method more closely resembles the TO-12
method, which is frequently used to measure source emis-
sions of VOCs. Information on the TO-12 method and
the GC speciation method (TO-14) can be obtained from
the literature.?

This study did not include any measurements of
emissions from the drum collection area, as all commer-
cial extrusion pracesses quench the molten resin shortly
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after it exits the die. Emissions from the extrudate in the
collection drum were prevented from entering the die
head entrainment area by drawing air from the drum at
20 L/min and venting to the exhaust duct. Several back-
ground samples were taken, and smoke tubes were em-
ployed to confirm that the discharge from the entrain-
ment area was not contributing material to the sam-
pling manifold.

VALIDATION OF THE ANALYTICAL METHOD

The purpose of the manifold spiking experiments was to
determine the collection and recovery efficiencies of the
canister, acid, and carbonyl collection methods. During
the first spiking experiment, all three collection methods
were evaluated.? During the second spiking experiment,
collection/recovery efficiencies were determined only for
the canister sampling method. The results from the two
spiking experiments are summarized in Table 4. The
analytes measured by the spiking experiments are listed
in column one. Column two shows the method used.
Column three shows the calculated concentrations of the
spiked compounds in the air stream of the manifold. The
concentrations found from duplicate sampling and analy-
ses, corrected for background levels, are shown in the next
two columns. Finally, the average percent recovered is
given in the last column.

The results from the first experiment are summarized
in Table 4 to show recoveries of the manifold spiked com-
pounds. The three organic acids were spiked at a nominal
air concentration of about 0.6 to 0.8 pm/L. Recoveries
using the KOH-coated filters ranged from 107 to 122%.
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Table 5. This shows the average die head melt tempera-
ture for each run and provides emission values in pg/g
for the target species in the following categories: particu-
late matter, VOCs, and oxygenated species—aldehydes,
ketones, and organic acids. The concentrations are directly
translatable to pounds of material generated per million
pounds of resin processed at that extrusion temperature.
Figure 5 shows a bar graph of the just-mentioned emis-
sion categories by test run. Emissions plotted include pat-
ticulate matter, VOCs as measured by the Beckman 402
Analyzer, VOCs as measured by the gas chromatographic
Orvrin bae speciation methods (e.g., light and heavy hydrocarbon
methods), and, finally, the surn of the oxygenate species—
€S aldehydes, ketones, and organic acids,

Examination of the five different resin mixtures ex-
truded at a similar temperatuze (500 °F), that is, Test Runs
2,4, 5, 7, and 8 show the controlled rheology homopoly-
mer samples (2 and 4) generate the highest concentra-
tion of particulates and VOCs. Figure 5 clearly demon-
strates the effect of melt temperature (400 to 600 °F) on
emissions from a single resin type. Test Runs 1, 2, and 3
show, as expected, that emissions of all species increase
with increasing extrusion temperature; Test Runs 5 and é
show similar behavior, but to a lesser extent. Note that
these data may not be extrapelated to the higher tem-

5

Figure 4. Samping manifolds for emissions generated In die head.

Formaldehyde (1.63 pm/L) served as the surrogate for the
aldehyde/ketone species, and the DNPH cartridge method
showed a recovery of 130%. Deuterated benzene (0.092
pm/L) served as the representative compound for the can-
ister collection method. The amount recovered was 95%.

Buring the second experiment, additional recovery

peratures used for the melt spinning process.

Individual organic acid emissions ranged from less
than the detection level to 6.6 pg/g). Formic and acetic
acid concentration varied by factors of 20 and 15, respec-
tively, over the eight runs, but the relative levels of for-
mic and acetic acid were similar (within a factor of 2) from
test run to test runt. Acrylic acid emissions, if any, were
below the detection limits of the equipment. Test Runs 3

data was obtained for the canister method
using an expanded list of compounds. The
additional compounds included deuterated

Table 4.Resulls from spiking experiments.

benzene for comparison with the first ex- Anaivte Mathod f:'lw: Recovery (up/L) ;::g::‘:ﬁ

periment as well as benzene, methyl acry- (ML)

late, deuterated methyl acrylate, and vinyl Sal1 Sel2

acetate. The expected spike level of these Firsl Experimont

five species was nominally 0.2 pm/L. Mass  pomicaca — yofiles 071 0967 078 122418

ions from the mass spectrometric detector  Aceiic Acid KOH filters o 1.023 0.640 121212

that were specific for each compound were 206'"9' ;mnSde DN*;(:‘HJ"G[: ?gg %ﬁzﬂg 025:; 110;11;

. . omalde artridge | . i *

used in calculating recovery efficiencies, Benzene-d, Canister 0.092 0.088 0.086 542

since the five species were not well-resolved

with the analytical column (i.e., the two c ﬂSncund Expsrimont! 2’ UB
Benzene-d anister .24 027 Q 106:4

methyl acrylates were s?en_ as c-)ne peak when Becane | Canistet o 02 122 100

monitoring the flame ionization detector).  pypy Acrylale-d,  Canisler 0.25 0.26 024 1004
Methyl Acrylale Canister 025 0.25 023 954

POLYPROPYLENE EMISSION FACTOR  Vinyl Acelate Canister 024 0.28 8.25 11026

RESULTS
The extrusion test run results from the eight
polypropylene resin mixtures are shown in

*Relative error is the retative percent difterence: the absofute differance in 1he wo samples multiplied by 100 and
then divided by their average.

24  Joumal of the Air & Waste Mansgerment Association Volume 42 January 1909



and 4 showed the highest levels of organic acids. The to-
tal organic acid emission values for these runs were 10.6
and 10.9 pg/g, respectively. Figure 5 graphically shows
the total oxygenates detected. Even at the highest melt
termperatures employed in this study, the oxygenates con-
tributed less than 11% of the total VOCs emitted.

The individual carbonyl species ranged in emission
values from less than the detection level to 26.9 ug/g. All
eight species were resolved. Acetone was the most pre-
domirant component, followed by formaldehyde and ac-
etaldehyde. Test Runs 3, 4, and 6 showed the highest level
of total carbonyl species. The total carbonyl content from
these runs were 73.8, 14.9, and 21.8 pg/g, respectively.

Note that the EPA s proposing to revise its definition
of VOCs for purposes of preparing state implementation
plans {SIPs) to attain the national ambient air quality stan-
dards (NAAQS) for ozone under Title I of the CAAA90
and for the federal implernentation plan for the Chicago
ozone nonattainment area. The proposed revision would
add acetone to the list of compounds excluded from the

Adams et al.

definition of VOC on the basis that these compounds have
negligible contribution to tropospheric ozone formation.*

The significance of this data becomes apparent when
placed in the context of the 1990 CAAA90 definition of
“major” source for VOC emissions. Categorization of an
EmMission source as a major source subjects it to more strin-
gent permitting requirements. The definition of a major
source varies with the severity of the ozone nonattainment
situation of the area where the source is located. The cur-
rent VOC emission limits are 10 tons/yr for an emission
source within an extreme czone nonattainment classifi-
cation, 25 tons/yr for a source in the severe classification,
and 50 tons/yr for a source in the serious classification.
Currently, the only extreme nonattainment area in the
United States is the Los Angeies area.

The utility of this data can be illustrated in the fol-
lowing examples. Based on the emissions data developed
in this effort, a processor with equipment similar 1o that
used in this study can extrude annually up to 24.4 mil-
lion pounds of controlled rheology polypropylene at a

Table 5. Summary of polypropylene axtrusion emissions far generic resin grades (mg/g).

Test Run No. 1 2 3 4 & ] 7 3
Extruder Gonditions
Resin Type Confrolled Gantralled Contealled Contralled Reactor Reaclor Reactor Random
rhealogy rheology theciogy theology grade grade impact copolymer
homopolymer  homopolymer homopolymer homopolymer homapolymer homopofymer copalymer (36 %ET)
{with anlisiat) £15-20 wt % EPR)
Melt Average Die 400 510 605 490 450 570 505 510
Melt Temp (°F)
Particulale Matter 303 684 653 150 173 218 us5 279
VOCs
Beckman 402 - THC" 104 7 819 19 334 02 803 594
Heavy Hydrocarbons 791 175 587 104 2456 27 65.1 298
Light Hydrocarbons
Ethane 0.90 1.3 455 0.78 007 0.37 0.02 0.08
Ethylene .38 1.4 1.36 0.50 0.03 005 0.02 0.05
Propylene 2 .80 138 070 02 224 0.06 0.26
Aldahydes
Formaldenyce® 074 13% 191 130 017 709 0.3 0.8
Acrolgin® <0 005 0.8 014 <0.0 0.0 <0M <00
Acetaldenyde® 0.46 0.54 15.8 0.53 0.09 563 0.20 0.08
Propionaidehyde” 0.05 007 160 331 0.02 097 ngs 0.2
Butyraldehyde 0.78 1.05 332 0.92 0.04 0.3 0.08 001
Benzaldehyde c.12 014 521 0.51 0.08 0.88 0.02 0.06
Kalgnes
Acetone 968 128 269 936 0.15 282 0.31 0.18
Wethy! Etbyl Ketone® 019 024 962 326 007 523 0.04 004
Organic Acids
Feimit Acid 059 143 398 558 <02 119 <02 an
Acetic Acid 1.10 1.25 6.60 4.90 <02 264 028 052
Acrylic Acid <0.08 <0.08 <0.08 <0.08 <0.08 <008 <0.08 <008

*THC = Total hydrocarbons (methane is not inluded) MHazardous air pollutants (HAPS),
Note: The emission values are averages from duplicate rung. ¥ general, the ditferances were < +/-15%.
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Figure 8. Bar graph showing the particulates, VOUs obtained with
the 402 Analyzer, VOCs obtained by GC speciation and oxygenated
crganic species {factors in pyg/g).

melt temperature of 600 °F or 1,156 million pounds of
reactor grade homo polypropylene at a melt termperature
of 500 °F without exceeding the 10-ton/yr iimit for an
extreme oZone nonattalnment area.

CONCLUSIONS
Based upon the results of this study, the following six
conciusions are made:

(1) For the resins studied, the major emission com-
ponents were particulate matter and VOCs. Much
lower amounts were found of the oxygenated
species—aldehydes, ketones, and organic acids,

(2) Emission rates are directly correlatable with the
melt temperature.

(3) Although the collection and MS speciation of
VOCs most closely follows the EPA procedures
{T0-12 and TO-14) for measuring VOCs, the more
conservative approach using the Beckman 402
Analyzer, which yields higher VOCs values,
should be employed.

(4) The data provides polypropylene processors with
a baseline for estimating the VOCs generated by
the resins they handle on a daily basis under pro-
cessing conditions similar to those used in this
study and at the maximum melt temperatures re-
ported. The following weights of each resin can
be processed without exceeding the 10-ton limit
of an “extreme” czone nanattainment area: 24.4
million pounds of controlled rheology polypropy-
lene at 600 °F, 99.0 million pounds of reactor grade
homopolymer at 570 °F, 249.1 million pounds of re-
actor impact copolymer at 505 °F, and 336.7 mil-
lion pounds of random copolymer at 510 °F,

B8 Journal of the Air & Waste Management Association
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(5} In some cases, the emission factors determined
in this study may overestimate’ or under esti-
mate emissions from a particular process. Profes-
sional judgement and conservative measures
must be exercised as necessary when using the
data for estimating emission quantities.

{6y This study was not designed to meet the needs
of industrial hygienists, However, this type of
apparatus can be used at different extrusion con-
ditions to gather data on other types of extrudates
such as fiber, film, or sheet.
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ABSTRACT

Emission factors for selected volatile organic compounds
(VOCs) and particulate emissions were developed while
processing eight commercial grades of polycarbonate (PC)
and one grade of a PC/acrylonitrile-butadiene-styrene
{ABS) blend. A smali commercial-type extruder was used,
and the extrusion temperatare was held constant at 304 °C.
An emission factor was calculated for each substance
measured and is reported as pounds released to the atmao-
sphere/million pounds of polymer resin processed [ppm
(wtfwt)]. Scaled to preduction volutnes, these emission
factors can be used by processors to estimate emission
quantities from similar PC processing operations.

INTRODUCTION

The Clean Air Act Amendments of 1990 (CAAA) man-
dated the reduction of various pollutants released to the
atmosphere. As a result, companies are faced with the task
of establishing an “emissions inventory” for the chemi-
cals generated and released by their production processes.
The chemicals targeted are those considered volatile ox-
ganic compounds (VOCs) and those that are on the US.

IMPLICATIONS

This study provides quantitative emission data collected
while processing nine types of PC-based resins. These
data are directly related 10 production throughput and can
be used as reference points to estimate emissions from
similar PC resins processed on similar equipment.
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Environmental Protection Agency’s (EPA) current list
of 188 hazardous air pollutants. Title V of the CAAA
establishes a permit program for emission sources to
ensure an eventual reduction in these chemical emis-
sions. When applying for a state operating permit, pro-
cessing companies are required to establish a baseline
of their potential emissions.!

In response to the needs of the plastics industry, the
Society of the Plastics Industry, Inc. (SP1} organized a study
to determine the emission factors for extruding polycar-
banate (PC) homapalymers, copolymers, and blends.
Sponsored by two major resin producers, the study was
performed at Battelle. This work follows previous SPI/
Battelle studies on the emissions from acrylonitrile-
butadiene-styrene (ABS),? polyethylene,? ethylene-vinyl
acrylate and ethylene-methy! acrylate copolymers,*
polypropylene,®and polyamide.®

There are limited literature references about emissions
from PC, but most of these use static, small-scale proce-
dures and were intended to predict emissions from either
a fire scenario or worker exposure.”® These procedures do
not accurately simulate the temperature profile and oxy-
gen exposure conditions typical of extrusion processing.
Static testing wsually exposes the resin to temperatures
outside (both greater than and less than) typical extru-
sion temperature ranges and to atmospheric oxygen for
extended periods of time. During cornmercial processing,
the resin is molten for a few minutes at most, and the
equipment is designed to force air out of contact with the
meit in the barrel. Hot resin is in contact with oxygen
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only briefly as it exits the die. In light of these differences,
the data obtained from static tests are of limited use in
predicting emissions from commercial processing.

Greater accuracy would, of course, be possible by
measuring emissions from actual production equip-
ment. Because operating parameters can influence the
type and quantity of emissions, the greatest accuracy
can be achieved by studying each process. Parameters
that can influence emissions include extruder/injection
molder size and type, melt temperature, processing rate,
the ratio of air-exposed surface to the volume of the
product, and shear effects caused by screw design. Vari-
ables associated with the material being processed that
can also affect emissions include resin type, age of the
resin, additive packages, and heat history of any re-
cycled resin. It would be a daunting task to design and
implement emission studies for all combinatlons of
processing variables.

To strike a balance between the inapplicability of static
tests and the complexity of measuring each process, SPI and
major PC producers initiated work to develop baseline emnis-
sion factors for PC processing under conditions that would
provide reasonable reference data for similar processing op-
erations. Extrusion was chosen as the preferred process be-
cause of its continuous nature and the ability to reach
steady-state conditions for accurate measurement. Extrusion
is also believed to have higher emission rates than other
processes, such as injection molding operations,® and, there-
fore, should lead to more conservative extrapolations.

For the current study, three composites and six single
resins were evaluated (see Table 1). The composites were
a blend of Bayer Makrolon and Dow Calibre intended for
food contact, compact discs, and UV-stabilized product
markets. Bayer then tested three grades of Makrolon in-
tended for radiation-stabilized, impact-modified, and ig-
nition-resistant markets. Dow tested a radlation-stabilized
grade, a branched PC, and a PC/ABS blend.

Table 1. Test suns for PC resins program.

Sampling and analytical measurements were con-

ducted to determine emission factors for the following:

* total particulate matter;

+ total VOCs;

» eight targeted VOCs: methylmethacrylate,
monochlorobenzene, carbon tetrachloride, me-
thylene chloride, p/mi-xyiene, styrene, o-xylene,
and toluene; and

+ four targeted semi-volatile organic compounds
(SVOCs): diphenylcarbonate, bisphenol A, phe-
nol, and p-cumyl phenol.

The targeted organic species were chosen based on their

known or expected presence as thermal and thermal oxida-
tive breakdown products of the polymers selected for study.

EXPERIMENTAL
Resin Blending Procedure

For runs 1-3, equal portions of each contributed resin were
homogeneously mixed in 10-gal metal cans to form a
composite blend immediately before the test run. Each
container was fiiled to approximately two-thirds of ca-
pacity and then thoroughly blended by rotation on an
automated can-rolling device. Each resin (runs 4-9) or
resin mixture (runs 1-3) was placed in a drying hopper
and dried at 126.7 °C for 6 hr to a dew point of -28.9 °C.

Extruder Operating Procedures

The HPM Corp. 1.5-in,, single-screw, 30:1 L/D (length-to-
diameter ratig), 15-hp plastic extruder was thoroughly
cleaned before the PC experiments. The extruder is ca-
pabie of ~27.2 kg/hr throughput and 426.7 °C (maxirurm)
barrel temperatures for the three heat zones. A specially
constructed screw used on a previous polyamide study®
was used and is shown in Figure 1. An eight-strand die
head used in previous SPI-sponsored emission studies was
used for this study and is shown in Figure 2. The die head
was cleaned and inspected, the holes were reamed to a

3/16-in. diameter, and the surface

was polished before the start of

experimental work.

Run No. Resin Sample Bascription Bayer Dow Extruding Each PC resin or mixture was
Agplications MAKROLON CALIBRE Temperature  initially extruded for 10-20 min
before the actual test run to en-
]

! Compsite Food contact 3108 2! 3T syre stable process conditions.
2 Compostte Compact discs MAS-140 and CD2005 XU 73109.0L 304°C During this time, the total VOCs
3 Composite” UV stabitized 3103 a2 n4ec were monitored by online

4 Single Radiation stabilized RX-2530 304°C . —
5 Single Impact moisd 1-7855 304 °C instrumentation to indicate
5 Singe Flame refarded 485 0400 equilibration of the exhaust ef.
7 Single Ratiaion sabiized 2081 soe¢  fluent. Acheck of operating pa-
8 Single Branched 603-3 304°C rameters was recorded initially
9 Single PC/ABS blend Pulse 830 304 and at 5-min intervals during

each 20-min test run. These

*Equa) welghts of resims dry Dlended.

TA2 Jowrg! of the Air & Waste Managerment Association
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Y192-01—1068¢ l SCREW PROFILE

48,62
4688 FLIGHTED LENCTH
22.50
|- 8.19 10.50 100 DP
240 OP
i 70D ‘a.oo ) _ _1825D _
SHANK FEED TRANSITION PUMP TORPEDO

1200

CusToMeR BATTELLE MEMORIAL INSTITUTE
COLUMBYUS, OH. . NOTES: 4340HR W/COLMONOY 85 FLIGHTS

sze 1.9 L/D 30: 1 CHROME PLATED
MATERIAL To BE PROCESSED NYLON /6 " FULL LENGTH COOLING HOLE
s/n__06-0016

ORDER NO._A83181

Figure 1. Screw profie (HPM Corporaticn).

* check that the temperature at the die head had
reached target and was stable;
* check that the RPM setting was at 60% (60 RPM);
* check of the extruder cooling water flow (in and
out);
e check of manifold airflow rates; and
* check of the flow settings for all sampling
equipment.
For each test run, a second repetitive run was carried out
immediately after completion of the first run using the same
operating conditions, Duplicate runs were conducted to al-
low better assessment of sampling and analytical precision.

Die Head Emission Collection

The stainless-steel emission-sarnpling manifold is shown
in Figure 3. Emissions were entrained in pre-conditioned
atr (i.e., purified through a charcoal filter). Incoming fil-
tered air was preset at a flow of 400 L/min using the varl-
able flow blower and were maintained at this rate for all
test runs. This flow was directed through the laminar flow
head assembly and across the extrusion die head. The
variable flow blower on the receiving side of the mani-
fold system was adjusted to match the 400-L/min inlet
flow. Additional flow from the sampling equipment re-
sulted in ~10% greater flow into the recelving end of the
sampling manifold. Smoke tubes were used during the
test runs to confirm efficient transfer of the emissions.

The manifold was equipped with multiple ports for

Figure 2. Extruder strand die head used in polyamide amissions connecting the various sampling devices. Each port was
testing program. 0.25-in. o.d. and protruded 1 in. into the airstream. The
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Alrflow Biower e
Messurement Extrusion
Read .-
-
-
Note: Enclosure and manifold Varisble Flow
are stainless steel. Blower Charcos!
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Figurs 3. Ernission enclosure apparatus.

manifold was aiso equipped with a 4-in. filter holder as-
sembly and an in-line stainless steel probe (0.25-in. 0.d.)
connected to a 47-mm fiiter pack.

Sampling and Analysis Methods
The methods employed for characterizing the emissions from
the resin extrusion process are summarized in Table 2.
Detailed information is provided in the following sections.

Target VOCs. The collection and analysis of target VOCs
followed EPA Method TO-14A guidelines, Evacuated and
polished SUMMA 6-L canisters (100 mtorr) were used
to collect whole air samples. The 6-1 canisters were Ini-
tially cleaned by placing them in a 50 °C oven and using
a five-step sequence of evacuating to less than 1 torr
(2 mm of mercury vacuum) and filling to ~4 psig (Ibfin.?
gauge) using humidified ultra-zero air. A final canister
vacuum of 100 mtorr was achieved with an oll-free
mechanical pump. Each canister was connected to the
sampling manifold, and a 20-min integrated sample was
obtained during the collection period. After collection,
the canister pressure was recorded, and the canister was
filled to 5.0 psig with ultra-zero air to facilitate repeated
analyses of air from the canister.

Table 2. Sample colieclion and analysis methods lor polycarbonate lest ns.

Suhstances Collection Madia Analytical Mathsd
Monitored

Tatal VQCs feal-time monitaring Continuous FiD
Target SVOCs XAD-Z adsotbent GCMS
Particufate matter Glass fiber liller Gravimelric weighing
Target VOCs SUMMA canister GC/paratiel FID and MSD

T84 Joumal of the Air & Waste Management Association

A Fisons MD 800 gas chromatographic (GC) system
equipped with parallel flame ionization detectors (FID}
and mass spectrometric detectors (MSD) was used to ana-
lyze the target VOCs present in the canister samples. The
GC contained a cryogenic preconcentration trap. The
trap was a 1/8- x B-in. coiled stainless steel tube packed
with 60/80 mesh glass beads. The trap was maintained
at ~-183 °C during sample collection and at 150 °C dur-
ing sample desorption. A six-pozt valve was used to con-
trol sample collection and injection. Analytes were
chromatographically resolved on a Restek Rtx-1, 60 m
% 0.5 mm i.d. fused silica capillary column (1 pm film
thickness). Optimal analytical results were achieved by
temperature-programming the GC oven from -50 to 220
°C at 8 °C/ min. The column exit flow was split to direct
one-third of the flow to the MSD and the remaining flow
to the FID. The mass spectrometer (MS) was operated in
the total lonization mode so that all masses were scanned
between 30 and 300 amu at a rate of 1 scan/0.4 sec. [den-
tification of VOCs was performed by matching the mass
spectra acquired from the samples to the mass spectral
library from the National [nstitute of Standards and Tech-
nology (NIST). The sample volume was 60 cm?, With this
sample volume, the FID detectlon level was 1.0 ppb.
Detector calibration was based on insttument response
to known concentrations of dilute calibration gas con-
taining the target VOCs (traceable to NIST calibration
cylinders). The calibration range extended from 0.1 to
1000 pg/L.

Target SVOCs. XAD-2 adsorbent tubes were used to collect
SVOC emissions, Analyses were carried out using a GC/MS
system. The adsorbent cleaning, sampling, and analytical
procedures are described in the next paragraphs.
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The sampling module consisted of an inlet jet equipped
with a quartz fiber filter (Pallflex) and a glass cartridge
packed with precleaned XAD-2 (Supelco). The filters were
purged in an oven (450 °C) overnight before use. The XAD-2
cartridge assembly was sealed at both ends, wrapped with
aluminum foil, and labeled with a sample code.

Single XAD cartridge sampling was conducted over a
20-min collection period using nominal flow rates of 4
L/min. An SKC sampling pump was used to draw the
sample into the cartridge assembly. A mass flow meter
(0-5 L/min} was used during the sampling period to mea-
sure actual flow rate. After sampling, the XAD-2 assembly
was capped and stored in a refrigerator. For runs 14, 2A,
and 5B, a known amount of bisphenol-A {deuterated, d,)
was spiked onto the XAD-2 cartridge just before sampling.

The filter/XAD-2 samples from each run were ex-
tracted separately with dichloromethane for 16 hr. The
extracts were concentrated by evaporation with a Kuderna-
Danish (K-D) apparatus to a final volume of 10 mL. The
concentrated extracts were analyzed by GC/MS to deter-
mine SVOC concentrations.

A Hewlett Packard Model 5973 GC/MS, operated in
the electron impact mode, was used. Sample extracts were
analyzed by GC/MS in the full mass scan mode to deter-
mine SVOC levels. A fused silica capillary DB-5 column,
60 m x0.32 mm i.d. (0.25 um film thickness), was used
for analyte resolution. The initial GC oven temperature
was 70°C. After 2 min, the temperature was programmed

Table 3. Total manifold exhaust flow and sesin Ivoughput rates for generic PC resin grades.

Rhodes et al.

to 150 °C at 15 °C{min and then to 290 °C at 6 °C/min.
Helium was used as the carrier gas. The MS was set to
scan from m/z 35 to 500 amu at 3 scans/sec. Identifica-
tion of the target analyte was based on a comparison of
mass spectra and retention times relative to the cor-
tesponding internal standards (naphthalene-d, and
phenanthrene-d, ). Tentative identification of nontarget
cornpounds was accomplished by manual interpretation
of background-corrected spectra together with an online
library search.

Total Particulate Material. The concentration of particu-
late emissions was determined by passing a sample of the
exhaust effluent through a pre-weighed filter and then
conducting a gravimetric analysis of the sampled filter.
The pre-weighed fliter (8 x 10 in.) and holder were in-
serted into the exhaust port of the sampling manifold.
The sample volume was determined from a calibrated ori-
fice and Magnehelic gauge located on the sample mani-
fold blower. A flow rate of 200 L/min was used during the
20-min test runs. Gravimetric analyses of the filter before
and after sampling were carried out In a controlled envi-
ronmental facility (temperature 21 = 1 °C, relative hu-
midity 50 * 5%). The filters were preconditioned to the
controlled environment for 24 hr and then weighed.

Total VOCs. A VIG Industries Model 20 total hydrocar-
bon analyzer equipped with a hydrogen flame lontization

Tost Resin Oritice Blower Blower @ Tolal AAD-2 Canister Total Resia
R Type (inchas ot @140 °F 78°For voc Sampler Sampler Mantfold Throughput
No. water) or80°C U°C Analyzer {Umin) {EL/min) Fiow {g/min}
{L/min) {Limia} Lmin) {L/min)

1A Food conlact 4 417 39 2 40 02 3952 354
18 4 447 393 2 40 02 3992 KXk
2A Compaci discs 4 417 393 2 40 02 3992 370
pld 4 417 393 2 40 02 3682 268
34 UV stabilized 4 447 39 2 39 02 3991 3N
38 4 417 303 2 is 0.2 3991 kv.zd
4A  Radiation Siabifuzed 4 a7 393 2 40 02 399.2 356
48 4 417 303 2 39 02 ki 'R 359
SA Impact modified 4 417 393 2 39 02 3991 309
5B 4 417 393 2 39 0.2 3991 Kl
BA  Ignition resistant 4 47 39 2 39 0.2 3983 344
66 4 47 393 2 kE:] 0.2 3991 m
7A  Radiation stabilized 4 417 39 2 40 02 3992 48
78 4 7 393 2 40 0.2 3092 346
8A Branched 4 4y 333 2 40 g2 3992 325
88 4 417 333 2 49 02 3992 323
8A PC/ABS blend 4 17 K1z 2 40 02 3992 285
o 4 a7 303 2 40 02 392 pi:d
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Tahte 4, Summary of extrusion emissions of target chemicals from generic polycarbonate resin grades {ug/L) *
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*Micrograms of target chemical per liter of manifold exhaust flow.

detector (HFID) was used to continucusly
monitor the VOC content of the exhaust
effluent. A heated sample line (149 °C} was
connected to the extruder sample mani-
fold, and the sample flow was maintained
at 2 L/min, The analyzer was calibrated at
tite beginning of each test day against a
NIST-traceable reference cylinder contain-
{ng a mixture of propane in 42-pg/L ultra-
zero air (minimal total hydrocarbons,
water, CQ,, CO, o1 other impurities), Lin-
earity was demonstrated by chailenging
the analyzer calibration standards of 3, 46,
280, and 4480 ug/L of methane.

Total Manifold Flow

The total manifold exhaust flow for the
individual test runs was needed for the
eventual calculation of emission factors.
Table 3 lists the total flows for each test
run. The orifice AP value is the observed
reading for each run. From the experi-
mentally derived regression equation,
flow = 74.223(AP) + 119.77 (R?= 0.9943),
a flow rate (typically expressed as L/min)
through the blower can be determined
using this AP value. However, the flow
across the orifice was originally cali-
brated at 75 °F (23.8 °C). The Rankine
temperature (°R) Is commonly employed
{°R = °F + 459.67). To correct the flow to
the manifold operating temperature of
140 °F (60 °C), the following flow orifice
equation was used:

L2
Q =Q [%] (1)
where Q, was the flow rate during test
runs, Q, was the flow rate at 75 °F (535
°R), T, was the temperature of the ex-
haust air (°R}, and T, was the tempera-
ture at calibration (535 °R).

A temperature correction factor of
0.944 was applied to the flow rate dur-
ing the test runs to determine the flow
rate at 75 °F. In addition, the flow rates
from the individual sampling compo-
nents were needed to obtain a total
manifold flow, The total mantfold flow
is shown in the last row of Table 3. For
al test runs, the total manifold flow was
baianced at the preset incoming flow rate
of 400 L/min.
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Emission Factors

Amounts of the target chemicals detected
in the manifold exhaust fiow are shown
in Table 4 (ug/L). Emission factors for the
amount of target chemicals detected for
each resin tested (pg/G) were calculated
from the measured emission levels in
Table 4 using this formula:

E=(CxF)O (2)

where E was ug emissions/g processed
resin, C was the measured concentration
of emissions in pg/L, F was the total mani-
fold flow rate in L/min, and O was the resin
throughput in g/min. Emission factors
(ug/G) are summarized in Table 5. Dimen-
sional analysis shows that these ernission
factors can also be read as b emissions/
million Ib resin processed.

Significance of Emission Factors
This study provides emission data col-
lected during extrusion of various PC res-
ins under specific operating conditions.
The calculated emisston factors can be
used by processors to determine their ex-
pected annual emissions, which are used
to categorize industrial sites under the
1990 CAAA. The most stringent current
limitation is 10 t/year of VOC emissions
within an extreme O, management area,
A processor with equipment similar to
that used in this study could extrude 100~
800 million Ib/year of PC, depending
upon the product mix, before achieving
maximum permit levels. In less restricted
areas, where the VOC emissions can be
up to 50 t/year, the processor could po-
tentially process 5 times this amount.

RESULTS

The primary results of the study are

shown in Table 5. Some specific obser-

vations are as follows:

(1) Overall emissions were low.

Many grades indicated less than
100 b emissions/million 1b PC
processed. Processing conditions
differed from resin to resin, most
notably by temperature, so ernis-
sion data from different resins
were not directly comparable.
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(2) The PC/ABS blend produced the highest emis-
sions. This was predicted by the previous SP[-
sponsored ABS study.

(3) Impact-modified PC was the next highest emit-
ter. Again, this was expected because this blend
contained a toughener component.

Table 5 shows that very good precision was observed for
the nine duplicate runs across all four rneasurement tech-
niques. Calculated precision was 8% for particulate mat-
ter, 6% for VOCs, 14% for targeted VOCs, and 13% for
SVOCs. Several of the targeted VOCs were either
nondetectable or present at extremely low levels in all
resins, particulatly carbon tetrachloride, methylene chlo-
ride, o-xylene, and toluene. Others, such as p,m-xylene
and styrene, were only present in the PC/ABS blend.

CONCLUSIONS

The data collected in this study provide processors with a
baseline for estimating emissions generated by PC resins
processed under similar conditions. Discrepancies between
total VOCs (as measured by the total hydrocarbon ana-
lyzer) and total SVOCs (as measured by gas chromatogra-
phy) are a result of differences in instrument calibrations.
The larger value of the two should be used to ensure con-
servative estimates. The emisston factors reported here
may not represent those for other PC types or for other
methods of processing. Professional judgment and con-
servative measures must be exercised as necessary when
using these data for estimating emission quantities.
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ABSTRACT

Ermissjon factors for selected volatile organic and particu-
late emissions were developed over a range of temperatures
during extrusion of polyethylene resins. A pilot scale ex-
truder was used. Polymer melt temperatures ranged from
500 °F to 600 °F for low density polyethylene (LDPE), 355 °F
to 500 °F for linear low density polyethylene (LLDPE), and
380 'F 10 430 °F for high density polyethylene (HDPE ). An
emission factor was calculated for each substance measured
and reported as pounds released to the atmosphere per mil-
lion pounds of polymer processed (ppm(wt/wt]). Based on
production volumes, these emission factors can be used by
processors to estimnate emissions from polyethylene extru-
sion gperations that are similar to the conditions used in
this study.

INTRODUCTION

The Clean Air Act Amendments of 1990 (CAAA) mandated
the reduction of various pollutants released to the atmo-
sphere, such as volatile organic compounds (VOCs) and the
US. Envirgnmental Protection Agency’s (EPA} list of 189
hazardous air pollutants (HAPs). Title V of the amended

IMPLICATIONS

This study provides guantitative emissions data col-
lected during extruston of polyethylene under specific
operating conditions, The emission factors developed
in this study are two crders of magnitude lower than
ihose reported in an earlier EPA documsnt. These data
can be used by processors as a point of reference to
estimate emjssions from simiiar polyethyiene extrusion
equipment hased on production volumes.

Volume 46 June 1986

Cleann Air Act establishes a permit program for emission
sources to ensure a reduction in emissions. This program
will radically impact tens of thousands of companies that
will have to apply for state operating permits. In response
to the needs of the industry, the Society of the Plastics In-
dustry, Inc. (SPI) organized a study to measure emissions
produced during polyethylene processing to assist proces-
sors in complying with the CAAA. Sponsored by nine major
resin producers, the work was performed at Battelle, a not-
for-profit research organization in Columbus, Ohio.

Prior to this study, a review of the literature revealed ear-
lier poilyethylene thermal emissions work that provided a
wealth of qualitative data as well as some quantitative data
on emissions. However, because of the concerns about the
emission generation techniques used, the quantitative in-
formation is not deemed adequate for addressing the regu-
latory issues cutrently at hand.

The primary concern about previous emissions data is
that they were generated using static, small-scale,? or other-
wise unspecified procedures.23 These techniques may not
adequately simulate the temperature and oxygen exposute
condition typically encountered in the extrusion process.
That is, in most extruders, the polymer meit continuously
flows through the system, limiting the residence time in
the heated zones. This contrasts with static procedures where
the polymer may be exposed 10 the equivalent temperature
but for an effectively longer period of time, thus resulting in
an exaggerated thermal exposure. In a similar way, the con-
cern over oxygen in the industrial extrusion process is mini-
mized as the extruder screw design forces entrapped air back
along the barrel during the initial compression and melting
process. The air exits the system via the hopper; conse-
quently, hot polymer is only briefly in contact with oxygen
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when it is extruded through the dle. Again, this is in con-
trast to static testing where hot polymer may be exposed to
air for extended periods of time. In view of thése concerns,
it is apparent that the accuracy of data obtained from these
techniques may be limited when used to predict emissions
generated by polyethylene processors.

As an alternative to small-scale static technology, a bet-
ter approach would be to measure emissions directly from
the extrusion process. Since the type and quantity of emis-
sions are often influenced by operational parameters, the ideat
situation would be to study each process under the specific
operating conditions of concemn, Parameters that can alter
the nature of the emissions include: extruder size and type,
extrusion temperature and rate, the air-exposed surface to
volutne ratio of the extrudate, the cooling rate of the extrudate,
and the shear effect from the extruder screw. Other varables
related to the'material(s) being extruded can also influence
emissions. These include: resin type, age of the resin, addi-
tive package, and any additional materials added to the resin
prior to exttusion. If a processor uses recycled materals, the
thermal history is also an important factor.

In view of these variables, it is clear that it would be a
considerable task to devise and conduct emission measure-
ment studies for all major extrusion applications. Therefore,
SPI's objective in this work was to develop baseline emis-
sion factors for polyethylene processing. under conditions
that would provide reasonable reference data for processors
involved in similar extrusion operations. ~

A pilot-scale extruder equipped with a 1.5 inch screw and
fitted with an eight-strand die was chosen to process resins
associated with three major applications: extrusion coating,
blown film, and blow molding. The resin types were respec-
tively: low density polyethylene {LDPE), linear low density
poiyethylene (LLDPE), and high density polyethylene (HDPE).

The emissions were measured over a 30-minute period
and were related to the weight of resin extruded. The emis-
sion factor for each substance measured was reported as
pounds evolved to the attnosphere per million pounds of
polymer processed (ppmiwt/wi]). Processors using similar
equipment can use these emission factors as relative refer-
ence points to assist in estdmating emissions from their spe-
cific polyethylene application.

EXPERIMENTAL ‘
' Test Resins

Resins were selected for this study to cover the main pro-
cessing applications for each major type of palyethylene,
i.e., LDPE, LLDPE, and HDPE. Where applicable, project
sponsors submitted a fresh sample of their most common

o

resin grade using their standard additive package for each .

appilicationi. Equal portions of the sponsor samples were
mixed by Battelle to provide an aggregate” test sample for

- each resin type. The additives in the final LLDPE blend were
slip (900 ppm), anttoxidants/stabilizers (1775 ppm), process

aids (580 ppmy}, and antiblock (4750 ppm). The additives in

the final HDPE blend were antioxidants/stabilizers (350

ppmy), and process aids (200 ppm). None of the LDPE resins
contained additives in their formulation. All resins were elght
months old or less at the start of testing.

Experimental Process Conditions

A HPM Corporation 15 horsepower unvented extruder was
used to process the polyethylene composite test samples at
Batteflle. The extruder was equipped with a 1.5 inch single
screw (L/D ratio of 30) and fitted with an eight sttand die.*
Extruded resin strands were allowed to flow into a stainless
steel drum located directly under the die head (see Figure
1}. Process conditions were selected to be representative of

several commercial processing appli-

cations. These are provided in Tables
land 2.

Capture and Collection
of Emissions

Emissions released at the die head
and hopper areas were separately col-
lected for 30 minutes during the ex-
trusion runs. Tabie 3 shows the
sampling strategy ernployed for the
three types of polyethylene resins. Air
sampling/collection rates for the vari-
ous analytical samplers employed are
provided in Table 4.

Die Head Emissions. Emissions re-
leased at the die head during extru-
sion were captured at the point of

Flgure 1. View of the extruder system and the various sampling locations.
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Resin Grade Number of Resins lise Meilt index grams/ Density grice Extrusion Temperatures °F
in Composite - 10 minutes

LDPE 5 Extrusion Coating D.92 500, 600
LLDPE & Blown Film 3 0.92 355, 395 450, 500
HOPE 5 8low Molding Q2 095 380, 430
Table 2, Experimental process conditions.

LDFE LLOPE HDPE
Numiber of Extrusion Runs 2 2 1 1 1 ‘ 2 1 2
Diehead Melt Temperature, °F 500 600 asbe 395 450 500 380 430
Zone 3 Temperature, °F 487 610 310 335 - 425 485 355 - 415
Zone 2 Temperature, °F 485 580 310, 335 400 475 335 K¥i
Zone 1 Temperature, °F 41 450 300 325 350 400. 325 325
Pressure, psig Nad NAd 2,000 3,000 1,000 ‘800 1,750 1,500
Resin Throughput Ib/r 38.3/290 38.3/290 37.0/280 36.9/279 38.1/288 38.4/291 37.4/283 34.1/258

{gm#min) ; _
Raotor Speed, rpm 98 a6 a8 o8 9% 98 a6 98
30 30 30 30 30

Run Duration, min 30 30 © 30

« In addition 1o the duplicate tests at 600 °F, a (third) spiking test was performed at this tamperature for benzene-d,.
® in adgition to the dupkcate tests at 500 °F, a (third) spiking test was perforned at this temperature for fofmaldehyde and formic, acetic and acnylic acids.
€ Scraenpack was removed for 355 °F run with LLDPE to achleve target malt tamperature at die head.

O'NA = Not available.

air. A portion of this air flow was subsequently sampled
downistream as described below. The emissions were initially
captured in a stainless-steel enclosure surrounding the die
head (see Figure 2). The air stream was immediately drawn
through a divergent nozzle entrainment cene which pra-
vided a sheath of clean air between the die head emission

flow and the walls of the carrier duct. This minimized inter-
action of the hot exhaust with the cooler duct walls.

The total afr flow employed for capturing die head emis-
sions was set-at 700 liters per minute. This was comprised of
the die head entrainment flow at 525 lters per minute, the
sheath flow at 100 liters per minute, and 75 lters per minute
of residual air flow which was made up from

room air drawn into the open bottom of the
stainless-steel die head enclosure. This residual
air flow was used to facilitate effective capture
of the polymer emissions, These flows are de-
picted in Figures 1 and 2. ’

Die head emissions were transported by the
700-liter per minute air flow to a sampling
point 10 feet downstream of the die head us-
ing 4-inch diameter glass tubing. The location
for this sampling point (see Figure 1) was based

which involved design, engineering, imple-
mentation, and proof-of-principle stages for
the laboratory system

Two separate saropling manifolds were used
at the sampling location; one for collecing
gases and vapors and the other for collecting
particulates (see Figure 3). For gases and va-
pors, a 10-liter per minute substream was di-
verted from the main emission entrainment

Flgure 2. View of emission entrainment area.
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stream using a 1/2-inch stainless steel tube
(0425 Inch i.d.) wrapped with heating tape
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Table 3. Sample collection and analysis scheme. -

Substances Organic Aldshydes/ Particutates YOCs
Monitored Atids Ketones
HHGe LHCe HHC LHC
Coltection KOH DNPH Tube Glass Fiber SUMMA Canister
Media impregnated Fiter
Fitter
Modified TO-14
Analytical Desorption with | Desorption with | Gravimetric
Method Dilute H,50,and | Acetonitrile and HP-1 Fused Silica ALOY HP-1 Fused Silica Al Oy
Analysis by lon Analysis Dy Capiliary Column Na,S0, Capillary Column Na,50,
Exclusion HPLC Capiliary Capiflary
Chrormatography! Colunn Colurmn
v ‘
GCMS | GCFID GCFID GCMS | GCFID GCAD
Sampling Manifold Hopper
Location
Number of Samples Analyzed Per Run .
2 {2 [ 4 [« [ 2 2 v | 2] 2

* HHC = Heavy hydrocarbons - includes C, to C,, compounds present in canister samplas

& { HC = Light hydrocarbons - includes ethane, ethylene, propylens

and maintained at 50 °C. VOCs and oxygenates were
sampled from this manifold. Similarly, particulates
were sampled from a separate 15-liter-per minute
substream using a 1/4-inch stainless unheated steel probe
(0.1375 inch i.d.).

This study did not include any ernissions from the drum
collection area as all commercial extrusion processes quench
the molten resin shortly after exiting the die. Any emissions
from the extrudate in the collection drum were prevented
. from entering the die head entrainment area by drawing air
from the drum at 20 liters per minute and ventifig to the
exhayst duct.

Hopper Emissions, One of the underlying abjectives of this
study was to determine if substances evolved from the hop-
per area had any substantial contribution to the overall emis-
sions. Any such emissions would likeiy be released during
the heating and homogenization of the resin pellets in the
initial zones of the screw. Since the process temperatures
used in this area were substantially lower than those en-
countered at the die head, the likelihood of generating oxi-
dation products or particulates Is low. Therefore, only VOCs
were monitored in this area. '

Emissions released from the extruder throat of the hop-
per area were captured using a 30-liter stainless stee} enclo-
sure. The enclosure was equipped with a specially designed
air-tight lid that would also allow rapid delivery of addi-

~

tiona) resin material as needed. As shown In Figure 1, a 10-

liter per minute air flow was drawn through the enclosure
to entrain any ernissions and remove themn to a downstream
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location for analytical sampling. The sampling manifold was
located 2 feet downstzeam of the hopper, and a portion of

" the 10-liter per minute flow was directed to the total VOC

analyzer as well as to air sampling canisters {as shown in
Figure 3).

Target Analytes
The chemicals measured in this study were selected by cross
referencing the substances identified in the thermal emis-
sion literature! with the EPA's list of Hazardous Alr Pollut-
ants (HAPs). Many of these were oxygenated compounds,
including acetaldehyde, acrolein, acrylic acid, formaldehyde,
methyl ethyl ketone, and propionaldehyde. Although not
on the HAPs list, acetic acid, acetone, and formic acld were
added to the list of target anaiytes because they have been

Table 4. Alr flow rates for capture and collection of ernissions.

PARAMETER LDPE (L/min) LLOPES
HDPE ({L/min)
Total Manifotd Flow 700 700
Flow Rate Into Sheath Area 100 100
Flow Rate Into Entrainment Area 525 825
Flow Rate Thvough Hopper 10 10
Flow Through Tubes for ) 1 0.5
Aldehydes/Ketones
Flow Through Tubes tor 10 5
Qrganic Acids
Flow into Canisters. 016 0.16
Flow Trrough 402 THC Analyzer 1 1
Flow Through Filter Holder 15 15

Voluma 46 June 1986
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Volatile Organic Compounds (Time-integrated measure-
ment). Evacuated SUMMA polished 6-liter canisters
were used to collect whole air samples. The 6-liter
canisters were initially cleaned by placing them in
a 50 "C oven, and utilizing a five-step sequence of
evacuating to less than 1 torr and filling to ~4 psig
using humidified ultra-zero air. A final canister
vacuum of 100 mtorr was achieved with an oil-
free mechanical pump. Each canister was con-
nected to an’ orifice/gauge assembly during
sampling to assure that an integrated sample was
obtained over the 30-minute collection time. The
orifice was sized to deliver ~]160 mL/min. Canister
samples were collected in duplicate at the manifold
and hopper locations. After collection, the canister
pressure was recorded and the canister was pressur-
ized to 5.0 psig with ultra-zero air to facilitate e-
peated sampling and analysis of the canister.
Anatyses of canister samples were accomplished
with two gas chromatographic (GC) systems. The
light hydrocarbon (LHC) GC system was used for
the analyses of the target compounds ethane, eth-
ylene, and propylene. The GC systern was a Varian
3 Model 3600 equipped with a flame lonization
detector (FID} and a sample cryogenic

Fligure 3. Sampling manifolds for emissions generated at die head and hopper.

commonly reported in the literature as thermal emission
components, and they were easily included in the selected
analytical protocol.

All gaseous and volatile hydrocarbons were grouped to-
gether and monitored as Volatile Organic Compounds
{VOCs). This incuded compounds such as ethane, ethyl-
ene, propylene, butane, hexane, and octane. The analyti-
cal approach (discussed below) provided a collective
measurernent for a broad range of volatile hydrocarbons
as weli as the ability to speciate individual analytes, such
as hexane, which is the only hydrocarbon on the HAPs
list that is identified in the thermal emission literature as-
socated with polyethylene. '

Nonvolatile material (analyzed as “Particulates”) was also in-
cluded as a target substanice as this material has been identified
in sorne polyethylene thermal emissions by the study sponsofs.

Measurement of Emissions

Exnission samples were analyzed as outlined in Table 3. The
following classes of materials were measured: volatile or-
ganic compounds (VOCs), specific organic acids, specific
aldehydes and ketones, and particulates, The emissions
from each run were collected over the course of the 30-
minute extrusion run and analyzed using the methods de-
scribed below. VOCs were also monitored in real-time using
an on-line heated probe flame jonization detection system.,

Volme 46 June 1996

preconcentration trap. The trap was a 1/B-inch by
8-inch coiled stainiess steel tube packed with 60/80
mesh glass beads. The trap was maintained at
-185 "C during sarnple collection and 100 *C during sample

. desorption. A six-part valve was used to control sample col-

lection and injection. Analytes were chromatographically re-

solved with a Chrompack 50 metet by 0.32 mm id. Al,O,/

Na,S0O, fused silica capillary column (5-um film thickness).
The column was operated isotherrnalty at 50 "C to resolve
the three target species and then ramped to 200 *C to purge
the column of the remaining organic species. The sample

" size was 200 cc.

Propane was the detector calibration gas (traceable to NIST
calibration cylinders). The calibration range extended from
0.5 to 1000 parts per billion carbon (ppbC). The ppbC unit
is equivalent to part per biilion by volume multiplied by
the number of cartbons in the compound. For the caltbrant
propane, 1 ppb by volume compound (or 3 ppb carbon)
converts to 1.80 nanograms per liter of air (at 25 *C, 1 atm).
For this study, an equal per carbon response was used for all
hydrocarbon species (i.e., 1 ppbC of benzene will produce
the same FID response as 1 ppbC of hexadecane). This pro-
cedure permits one calibrant to be used for calculating
concentrations of all hydrocarbons species.

A Hewlett Packard Model 5880 GC equipped with par-
allel flame ijonization FID and mass spectrometric detectors
MSD was used for the analyses of the heavier hydrocatbons
which includes C, to C,, compounds. present in the canis-
ter samples. For the heavy hydrocarbons (HHC) analysis,
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canisters were heated to 120°C t0 assure quantitative recov-
ery of the C, to Cy; organic compounds. The GC contained a
similar cryogenic preconcentration trap as described earlier.
Analytes were chromatographically resclved on a Hewlett
Packard HP-1, 50 m by 0.32 1.d. fused silica capillary column
{1 pm film thickness). Optirnal analytical results were achieved
by temperature programming the GC oven from -50 °C to
200 °C at 8"/min. The column exit flow was split to direct
cne-third of the flow to the MSD and the remaining flow to
the FID. The mass spectrometer was operated in the total
ionizaton mode so that all masses were scanned between 35
and 300 daltons at a rate of 1 scan per 0.6 seconds. Identifica-
tion of major components were performed by matching the
mass spectra acquired from the samples to the mass spectral
library from the National Institute of Standards and Technol-
ogy (NIST). Interpretation also included mianual review of all
mass spectral data, The sample size was 80cc. Detector cali-
bration was based upon insttument response to kKnown con-
centyations of dilute benizene calibration gas (traceable to NIST
calibration cylinders). The calibration range extended from
1.0 to 1,000 ppbC.

Volatile Organic Compounds (Real-Time). The real-time VOC
method involved the Beckman 402 analyzer as an on-line
continuous instrument using a heated prabe flame ioniza-
tion detection (FID) system. This method has been frequently
used by Battelle to determine total organic concentrations
from emission sourcesS$and is the method specified in the
Code of Federal Regulations (CFR) for determining the total
hydrocarbon content from automobile exhaust.” It is essen-
tially equivalent to EPA method 25A.8

A Beckman 402 heated probe (150 *C) flame ionization
detector (HFID) was calibrated against a NIST traceable refer-
ence cylinder containing 94 ppmC of propane. Challenges
with NIST traceable standards have demonstrated instrument
linearity from a detection level of 1 ppmC to 1,000 ppmC.

The analyzer was connected to the sampling manifold
and the hopper via a three-way solenoid valve. The valve
was manually switched during the test runs so that VOC
levels could be determined at both hopper and manifold
locations. The analyzer was also used to verify the extruder
system stability prior to the beginning of each test run.

VOC emission factors were determined using the aver-
age of real-time data acquired over the course of the 30-
minute run.

Organic Acids Formic, Acetic, Acrylic). The method for moni-
toring organic acids was successfully demonstrated by
Battelle on an earlier automotive exhaust study for the de-
termination of formic acid.? - : :
The target analytes were formic, acetic and acrylic acids.
An all-Teflon, three stage, 47-mm diameter filter holder
(Berghof/America) was used for sample collection. Potassium
hydroxide impregnated filters were prepared by dipping
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47-mm diameter Gelman A/E glass fiber filters in a solution
of 0.05 N KOH in ethanol. After dipping, the filters were
placed individually on a stainléss steel rack in a drying oven
{45 "C). The oven was continually purged with zero air. Fil-
ters were stored in covered petri dishes in a dry box that was
also purged with zero air. Each filter holder was loaded with
3 filters. The loaded filter holder was connected to the sam-
pling manifold and the exit side of the holder was connected
to a mass flow controller and pump assembly. The flow was
set to 10 liters per minute for the LDPE resin runs and to §
liters per minute for the LLDPE and HDPE test runs. Mani-
fold samplers were collected in duplicate for each test run.
For analyses, filters were taken out of the filter-pack and
individually placed into wide mouth jars containing 5 mL
of a 3 mM H,S0, solution and 20 pL chloroform (to retard
microbial losses). The jar was sonicated for 5 minutes and
the solution was pipetted into a centrifuge tube, The tube
was centrifuged to separate solid material from sclution. A

200 nL aliquot was extracted and analyzed by jon exclusion

chromatography with UV detection at 210 nm. A Bio-Rad
Aminex HPX-87H HPLC column (7.8 mm i.d. by 300 mm

length) was used to resolve the organic acids. The analytical

method was shown o be linear for ail three acids over a con-
centration range from the detection limit to 200 pg/mL. These
concentrations are expressed in terms of the free organic acid
In dilute sulfuric acid solution. The detection limits were
2 pug/mL for formic and acetic add, and 0.2 pg/mL for acrylic
acid. The standards were prepared with neat material (>99 %
purity) diluted with a 3 mM H,50, solution.

Selected Aldehydes and Ketones. The analysis of selected, alde-
hydes and ketones followed procedures identified in U.S.
EPA Method TO-11.10 The target analytes included formal-

‘dehyde, acetaldehyde, acrolein, acetone, ptopionaldehyde,

and methyl ethy! ketone (MEK). C,; Sep-Pak cartridges (Wa-
ters, ‘Assoc.) coated with dinitophenylhydrazine (DINPH)
were used to collect carbonyl spedes. The stock reagent con-
tained 0.2 grams of DNPH dissolved in 50 mL of acetoni-
trile. Orthophosphoric acid (50 pl) was added to provide
an acidified sclution. Each C,4 cartridge was precleaned with
2 mL of the acetonitrile and then loaded with 400 ul of
DNPH stock reagent. Clean nitrogen gas was used to “dry”

.the DNPH coated cartridge. The coated cartridges were sealed

with polyethylene plugs, placed in 10 cc glass vials and re-
frigerated until needed. Sample collectlon was carried out
with two cartridges in tandem and a flow control/pump as-
sembly downstream of the cartridges. The flow wassetto |
liter per minute for the LDPE resin runs and to 0.5 liters per
minute for the LLDPE and the HDPE test runs. Manifold
samples were collected in duplicate for each test run.

For analyses, individual cartridges were backflushed with
2 mL acetonitrile. An aliquot (30 pL) of the extracted solu-

‘tion was analyzed with a Waters Model 600 high pecfor-

mance liquid chromatograph equipped with a UV detector
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{360 nm). Carbonyl separations were achieved with two
Zotbax ODX (4.6 min i.d. by 25 cm) columns connected in
series. The mobile phase was acetonitrile/water; the flow rate
was 0.8 mL/min. The analytical method was shown to be
linear for the carbonyl species over a concentration range
frotri the detection limit of 0.1 to 20 pg/mL. These concen-
trations were expressed in terms of the underivatized alde-
hyde/ketone in acetonitrile solvent. Standards were prepared
with weighed amounts of individual DNPH-derivatives in
acetonitrile solution.

Particulate Matter. Particulate emissions were collected un-
der isokinetic conditions on a single in-line 25-mm glass
fiber filter (1 um pore size). The filter was attached to a 0.4
inch i.d. stainless steel sampling probe that was positioned
in the 4" glass manifold airstream approximately 12 inches
in front of the organic sampling manifold. Gravimetric
analyses of the filter before and after sampling were carried
out to determtne mass loading.

Verification of the Measurement System
The ability of the system to accurately measure emissions
was insured in a number of ways including ongoing obser-
vation and documentation of system performance as well
as manifold spiking tests to measure the recovery of sub-
stances released at the die head in known quantities. These
are further described below.

Extruder Cleaning. The extruder was thoroughly purged and
cleaned* prior to extrusion of the polyethylene test resins.
The test resins were extruded in order of increasing meit
viscosity to minimize cross<contamination.

Homoageneity of Emission Stream. Prior to collection of air
samples the air-entrained emissions wete verified to be ho-
mogeneous at the sampling location for die head emissions.
A Beckman 402 hydrocarbon analyzer and a TSI-Aerody-
namic Particle Sizer were used for real-time, cross-sectional
measurements during the extrusion of LDPE.

Table 8. Spike racovary data during extrusion.

~
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Capture Efficiency. Prior to testing, the capture efficiency of
the air entrainment system at the die head was visualty con-
firmed with the aid of smoke tubes {Mine Safety Appliance,
#458480-Lot 176) prior to testing. The 25-gallon collection
drum was also tested to ensuge that potential emissions from
this area were excluded from the entrainment system.

‘System Equilibration. Each test resin was extruded for 30 min-

utes prior to collection of emissions. During this period, to-
tal VOCs were monitored by the on-line Beckman 402
Hydrocarbon Analyzer to confirm equilibration of the system.

Confirmation of Critical Operating Parameters. Qperating pa-
rameters were recorded initially and at 5 minute intervals
during the 30-minute test. These include: extruder tempera-
tures, extruder cooling water flow, air flows for the total
manifold, sheath and entrainment zones and hopper, and
flow settings of all sampling equipment.

Manifold Spiking Tests. Spiking studies were conducted at the
outset of the study to verify the recovery efficiencies for each
type of target analyte. Compounds representing VOCs, or-
ganic acids, and aldehydes were spiked into the sampling
manifold about 2 feet downstream of the die head during
the extrusion. The spike conditions are provided in Table 5.
Additional details about the spiking experiments are pro-
vided below.

VOCs (as benzene-d,). Benzene-d, (deuterated benzene) was
chosen to represent VOC recoveries-in the spiking experi-
ment because (1) its response on the GC/MSD is not prone
to interferences from other expected VOC components, and
(2) it Is generally in the middle of the volatility range of the
VOCs likely to be encountered.

A measured amount of benzene-d, was injected into a
high pressure cylinder through a heated injection port and
the cylinder was then filled with zero grade nitrogen to 1000
psig. The cylinder was equipped with a regulator and mass
flow controller set at 10 liters per minute. The exit tube was

Subistance Tast Run Amount Spiked Amount of Spiked Percent Recovery and
Matorial Recoverad* Refative Error
Pouncis Released Per Million Pounds of Polymer Procassed ppmiwt/wt)

Benzene-dg LDPE @ 600 °F 0.22 0.21 95+ 2
Formaldenyde LLDPE @ 500 °F 383 510 130 5
Formic Acid LLDOPE @500 °F 1. 2.07 121+ 18
Acetic Acid LLOPE @ 500 °F 1.86 2.24 12112
Acrylic Acid LLDPE @ 500 °F 1.42 151 106+ 11

4 The corrasponding unspiked tun showed a formaldanyde background level of 0,19 Ib/miion Ib. The other specias contained background levels less than the detection fevel,
B Tha ralativa error was determinad as the differance in results from dupticate samples muttiplied by 100 and then divided by the avarage amount,
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inserted into the sampling manifold 2 feet downstream of
the die head. The resulting manifold gaseous concentration
was 0.092 ug/L. VOC samples were collected using a 6-liter
evacuated canister to measure the “spiked” emission con-
centration as described under Measurement of Emissions.

Organic Adds and Formaldehyde. Aqueous solutions of the
three organic acids and formaldehyde were mixed just be-
fore the spiking experiment commenced. The solution was
dispensed at a rate of 0.57 mL/min using a CADD-PLUS in-
fusion pump. The flow rate was digitally displayed and con-
firmed by measuring the weight loss of water after the
experiment was compieted. The water solution was directed
through a heated injection system which was inserted into
the manifold approximately 2 feet downstream of the die
head. Complete evaporation of the water occurred at a tem-
perature of 160°C. ‘

The spiking apparatus described above has been recenitly
developed at Battelle!! and has been successfully used for
applications which require minimal temperature for the va-
. porization of liquid material. The vaporizer, shown in Figure
4, consists of a 21.cm length of thin wall 6.35-mm o.d. nickel
chamber containing approximately 1 ml of water as the work-
ing fluid. A nickel capillary (0.60 mm o.d., 0.35 mm i.d.)
coaxially traverses the Jength of the chamber. The outer sur-
face of the capiflary is in contact only with the vapor and
liquid phase of the working fluid. The nickel chamiber is
heated with insulated resistance wire wrapped around and
along the-length of the chamber. A copper jacket between
the resistance heater and the nickel chamber improves tem-
perature uniformity of the chamber and provides additional
thermal ballast for the working fluid. The generated gaseous
concentrations in the manifold with the vaporizer were: for-

mic adid, 0.60 pg/l; acetic acid, 0.71 pgfL; acrylic add, 0.59

ug/L; and formaldehyde, 1.63 pug/L.

Calculation of Emission Factors
The emission concentrations in micrograms/L of air were
converted to emission factors in micrograms/gram of

Raslatance Hastar—2

Figure 4. Battelle-developed water vaporizer.
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processed resin using the following equation: .
Y=C*FO
where:

Y = micrograms of material per gram of processed resin

C = concentration of emnissions material in the manifold
air (micrograms/L)

F = delivery flow rate in liters per minute (700 liters per
minute for manifold, 10 liters per minute for hop-
per)

O = resin throughput in grams/minute.

The emission factors in units of micrograms/gram

(ppm[wt/wt]) are equivalent to pounds of emissions per mil-
Hon pounds of processed resin.

RESULTS AND DISCUSSION

Accuracy and Precision
of Emission Measurements

The Manifold Spiking Tests (described earlier) provided a
measure of accuracy for the emission factor data. Precision
{or relative emror) of the data was measured by calculating
the relative percent difference (RPD) of the duplicate analy-
sis results. Based on these evaluations, the emission factors
generated in this project are, on a conservative basis, ex-
pected to be within 130 percent of the actual values. The
accuracy and precision results are further discussed below.

Acauracy. Benzene-d, served as the surrogate compound for
the hydrocarbon method (i.e., canister sampling and GC/
FID analysis). Formaldehyde represented the compounds
analyzed with the carbonyl species method, whereas all
three acids were used to vaiidate the organic acid method.
Spike recoveries for these substances range from 95% to
130% and are presented in Table 5.

Precision. By definition, the relative percent difference (RPD)
for duplicate measurements is determined by calculating
the absolute difference of the two results, multiplying by
100, and then dividing by the mean. For this study, dupli-
cate samples were collected with the foilowing sampling/
analytical methods, light and heavy hydrocarbons (canis-
ters), organic acids (KOH coated filters) and aldehydes/ke-
tones (DNPH impregnated cartridges). Puplicate sampling
was not cartied out for particulates. Additionally, repeated
extrusion runs at one or more of the tazget die head melt
temperatures were carried out for all three types of resins.
As a resuit, there are both within-run and between-run
components of precisions,

The within-run precision was calculated as follows. For
every analyte which contained duplicate values, a RPD was
calculated, An average RPD was then calculated for all
analytes within a method. Table 6 shows these within-run
average RPD values for each method, along with the 1ange
of indtvidual results.
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The between-run precision was calculated as follows, For
the repeated extrusion test runs, a RPD value was calcu-
lated for each analyte across each repeated extrusion run.
An average RPD was then calculated for all analytes within
a method. Table 6 shows these between-run average RPD
values for each method, along with the tange of the indi-
vidual results.

Emission Factor Results

The emission factor results are presented in Table 7, Overall,
VOCs and particulates for all three test resins had much
higher emission factors than the oxygenates. VOC emissions
for polyethylene ranged from 8 1o 157 ppm (wt/wt), while
particulates were as high as 242 ppm (wt/wt). The higher
test ternperatures generally produced higher emission fac-
tors, as {llustrated for VOCs and particulates in Figures 5 and
6, respectively,

As discussed in the experimental section, two different
methods were used to measure VOC emissions. One was the
Beckman 402 Hydrocarbon Analyzer which continually ana-
lyzed the air emission stream throughout the fun and pro-
vided a direct reading of all (VOC) substances responding to
the flarne ionization detector. The other method utilized an
evacuated canister for sample collection and gas chroma-
tography for analysis. With this method, total VOCs are de-
termined by summing the Heavy Hydrocarbons and Light
Hydrocarbons results.

As can be seen in Table 7, the results between the two
methods do not always correlate. For LDPE, the Beckman

402 results are about twice as high as the sum of the HHC -

and LHC results. However, for LLDPE, the VOC emissions
at 355 oF and 395 °F indicate the opposite situation. There
are a number of possible explanations for these discrepan-
cies as the techniques are inherently different, but that dis-
cussion is beyond the scope of this paper. However, as.a
conservative measure, it is recommended that the higher
result of efther VOC method be used when estirnating emis-
sion quantities.

One advantage of the canister method is that it can pro-
vide emission data on total VOCs as well as individuai com-
pounds. Based on visual observation of the VOC

Table 6. Within-run and between-run precision,
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chromatograms, the VOC measurements were due to the
additive response of many individual compounds. Even at
the highest test temperature used for each resin, the major-
ity of individual VOCs were below 1 ppm (wt/wt), and no
single VOC compound exceeded 6 ppm (wt/wt). Those that
exceeded 1 ppm (wt/wt) were aliphatic hydrocarbons in the
C; to C,, range. Hexane, which is listed as a Hazardous Air
Pollutant, was present in some of the resin emissions, but
never at levels exceeding 1 ppm (wt/wt),

" In almost al] cases, oxygenates were either present in the
emission at levels less than 1 ppm (wt/wt), or they were not
detected at all. The exception is LDPE processed at 600 F At
this temperature, formic acid, formaldehyde, methy! ethyl
ketone (or butyraldehyde), acetaldehyde, propionaldehyde,
and acetic acid had emission factors of more than 1 ppm
{wt/wt). Formic acid was the highest oxygenated compound
detected at 12 ppm (wt/wt). The oxygenated compounds
on the HAPs list are designated as such in Table 7.

Comparison of VOC Quantities from
Hopper and Die Areas

VOCs were measured from both potential emission sources
to determine “total” VOCs released during extrusion. The
results of this study indicate that the die area of the extruder
was the predominant source of VOC emissions. For all three
test resins, the emissions collected in the hopper area repre-
sent less than 2% of the total VQCs. Hence, the contribu-
tion from the hopper area was not included in the calculation
of emisston factors. :

Predicting Emissions Within Experimental
. Temperature Range
The data in Table 7 were reduced to the following equation
that predicts the level of emissions at a specific extrusion
temperature:
Y=M"*"T)+C,

where: :

Y = emissions in pounds per million pounds of processed

resin K
T = melt temperature in °F.
M and C constants ate shown in Table 8 for each analyte.

Mettod Within-Run RPD* (%) Range of individual Betwaen-Run RPD* (%) Range of individual
Resufts pprn Results ppm
Low High Low High
Heawy Hydracarbans 16.5{n° =57) 002 602 98 (n=40) 0408 594
Light Hydmcarbens 85(n=27) o 166 130(n = 12) oo 166
Crganic Acids 288{n="5) 0.18 156 1268{(n=2) 20 147
Aldshydes/Ketones 14.9{n = 53) 002 8.37 24.7 (h= 23) 0.01 832
Particulates NDe NDe N 209in=4) 225 245.1

AP0 = Relative percent difference
b n w Number Of measurements.
CEND =Not getermined.
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Tabks 7. Summary of polyethylena emission factors by resin type (fos/million 1bs).

B HHCs are predominantly comprised of C, - C,, alkanes and afkenes.

Resin Type L LDPE LLDPE HOPE
Extrusion Coating Biown Filrm Biow Molding

Maeit Temperature (°F) 500 600 385 385 450 500 380 430
Particulates 308 2422 2.4 21.7 24.7 599 19.6 266
-Volatlle Organic Compounds

Beckman 402 - THCs 353 157.4 8.0 9.3 142 19.9 21.1 307
Heavy Hydrocarbons (HHC) 17.0 76.6 13.8 15.3 15.4 213 25.0 385
Light Hydrocarbons (LHC)

Ethane 0.09 1.21 0.02 0.03 0.03 0.04 o002 0.02
Ethylene 0.05 1.58 0.01 0.03 0.01 0.02 0.02 0.01
Propylene 0.02 0.38 <0.01 0.01 <0.01 <(.01 0.01 <0.01
Aldehydes

Formaldenydac 0.10 8.11 a.09 0.04 0.14 0.20 0.06 0.06
Acroleine <0.01 0.07 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Acetaldehydes 0.12 443 0.03 0.03 0.09 0.16 0.04 0.05
Propionaidehydes 0.07 326 <0.02 <0.02 0.02 0.05 <0.02 0.02
Ketones

Acetone 0.02 0.04 0.08 0.07 0.08 0.08 Q.02 0.03
Methy! ethyl ketone® 0.10 5.25 <0.02 <0.02 0.02 0.04 005 - 002
Organic acids . :

Formic acid 0.34 12.3 <0.17 <0.17 <017 <017 <0.17 <0.17
Acetic acid <0.17 2.00 <017 <017 <0.17 <017 <0.17 <Q.17
Acrylic acige <0.02 <0.02 <0,02 <0.02 <0.02 <0.02 <0.02 <0.02
sTHC = Total hydrocarbons.

< Hazardous air pollutants under the Clean Air Act. Methyl ethy! ketone is indistinguishabie from butyraldehyde in the HPLC analysis; therefore, any mass reported méybe

due to the presence of aither or both substances.

These constants were calculated using the data for each run:
in some cases duplicate runs were made at the same tern-
perature (see Table 2). In those cases where duplicate runs
were made the average analyte emissions are reported in
Table 7. ‘

Inserting the melt temperature ('F) into the equation will
provide an estimate of the number of pounds of emissions
per one million pounds of processed polymer. This equa-
tion is only valid within the temperature ranges used in
this study and is not recommended for predicting emissions
for temperatures outside this range.

Significance of Emission Factors from SPI Study
This study provides emission data collected during extru-
sion of polyethylene under specific operating conditions.
The emission factors developed in this study are two orders
of magnitude lower than those reported in an earlier EPA
document.? _ ' :

The significance of this data becorhes apparent when
" placed in the context of the 1990 Clean Air Amendment’s
definition of “major” source for VOC emisstons. Catego-
rization of an emission source as a “major” source sub-
jects it to more stringent permitting requirements. The
definition of a-“major” source varies with the severity of
the ozone nonattainment situation of the area where the
source is located. The current VOC emission limits are
10 tons/year for an emission source within an extreme
ozone nonattainment classification, 25 tons/year for a
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source in the severe classification, and 50 tons/year for a
source in the serious dassification. Currently, the only ex-
treme nonattainment area in the U.S. is the Los Angeles area.

The utility of this data can be illustrated in the follow-
ing example. Based on the emissions data and equations
developed in this effort, a processor with equipment simi-
lar to that used in this study can extrude up to 125 million
pounds of LDPE, 950 million pounds of LLDPE, or 510
milliont pounds of HDPE using the maximum temperatures
employed in this study without exceeding the 10-ton/year
limit for an extreme ozone nonattainment area.

Although this information is clearly useful, the reader
must realize that these emission factors reflect the quan-
tittes obtained from the specific resins and under the con-
ditions and with the specific equipment used in this study.
Before using the data in this paper to estimate emissions,
one must consider a number of other parameters that may
impact the type and quantity of emisstons as discussed in
the introduction section.

SUMMARY OF FINDINGS

+ The emission entrainment, collection and analysis
techniques employed in this study provided a repre-
sentative, accurate and precise method for determin-
ing air emissions evolved from thermal extrusion of
selected types of LDPE, LLDPE and HDPE on a pilot
scale extruder with a 1.5 inch screw fitted with an
eight-strand die,
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Figure 5. Emissions of VOCs from polyethylene resin composites versus temperatura. Note: The equation fras st been vaiidated beyond the
temperature ranges used in this study. Particular care should be taken when using the equation above the upper test temperature for each rasin. Use
of this equation to predict ernissions abave the upper range of this study is not recommended.
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Figure 8. Particulate emissions from polyethylene resin compasites versus temperature. Note: The equation hassrt Beanvalidatod beyond the
temperature ranges used inthis study. Particular care should be taken when using the equation above the upper testiemperature for each rasin. Use
of this equation to predict emissions above the upper range of this study is not recommended.

For all three resins studied, the major emission com-
ponents were particulate matter and VOCs. VOC
emissions for polyethylene ranged from 8 to 157 ppm
{(wt/wt), which is equivalent to pounds of emissions
per million pounds of processed resin. Particulates
ranged as high as 242 ppm (wt/wt). Lower emission
levels were measured for the specific aldehydes, ke-
tones and organic acids monitored in this study. VOC
emissions measured in this study from polyethylene
are two orders of magnitude lower than estimates
reported in a 1978 EPA report.

According to The Clean Air Act Amendments of 1990,
a major emission source of VOCs is one that has the
potential to emit 10 tons per year of VOC emissions
in an extreme ozone nonattainment area. If a proces-
sor were to process the same resins and use the same
equipment and conditions employed in this study, a
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total of 125 million pounds of LDPE, 950 million
» pounds of LLDPE, or 510 millicn pounds of HDPE
could be processed without exceedtng the 10-ton/year
limit. (Note that the processor must also account for
emissions from all additional materials used in the
opetation and any other activities in the plant.)
The predominant emission source for VOCs was the
die head of the extruder. The emissions from the
hopper area contributed 2% or less of the total emissions.
In general, higher melt temperatures produced higher
ermissions factors for a given resin.
Equations for predicting the emissions from LDPE,
LLDPE and HDPE as a function of temperature were
developed for total VOCs, particulates and the selected
oxygenated compounds. Those using these equations
must realize that they reflect the emissions generated
for the specific resins and conditions. The equations
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Table 8. Coefficients for squation predicting smission levels {y = mt+c, where “1" is extrusion temperature ('F} and "y” is emission quantity in ths
per mitlion lbs of resin}.

LDPE Termperatyre Range M (sicpe) C (y Intercept)
VQOCs (402 method) 500 - 60O °F 1.221 -575.2
Particulates 500 - 600 °F 2112 -1025
. Formaldehyde 500 - 600 °F 0.0801 -30.9
Acetaldehyde 500 - 600 °F 0.0433 215
Propionaldehyde 500 - 600 °F 0.0323 -16.1
Methyl Ethyt Ketone 500 - 600 °F 0.0516 -25.7
Acetone 500 - 600 °F 0.00015 . -0.055
Formic Acid 500 - 600 °F 0.132 -65.4

Crolonaldehyde was sometimes detected at @ maximum of 0.2ug/gm. Compounds that were onfy detected at higher temperatyre: Acrotein and Acetic Acid

L_LOPE VQCs (speciation method) 355 - 500 °F 0.046 -3
Particulates 355 -500 °F 0.3923 -136.9
Formaldehyde 355 - 500 °F 0.00086 0.281
Acetaldshyde 355 - 500 °F 0.0010 -0.357
Compound {nat was consiant over lemperature range: Acetone. Compounds that were only detected at higher temperature: Propionaldehyde, Methyl Ethyl Ketone
HOPE VOCs {speciation method) 380 - 430 °F o027 _ 776
Particulates 380-430°F 0.141 -34.0

Compounds that were constant over temperature range: Formaidehyde, Acetaldenyde, Acetone, Methyl Ethw Ketone

Note: Tre equation has not been validated beyond the temperature ranges used in this siudy. Parlicidar care should be taken when using the squation above the upper
test termperature for each resin. Use of this equation to predict emissions above the upper range of this study is not regormmended.

have not been validated beyond the temperature 4 mn;l’mmls e:‘: A“"R):"m"éo M£°W$EMUDDWPE"‘SHE§‘R&'“
R . of Polyethylene mposites
ranges used in this study and their use above these 1ns); Final Report to the Society of the Plastics Industry, Inc., fuly 1994,
ranges is not recommended. .- 5. i]:ll;l!rl; C.“;.‘: 1;0131!]‘;; M.\I'DV..'PMIHQI, fst.:.; Smith, ghL; Smith, R.N,;
e - . an, M. R.; Hughes, D. F. Atreraft Emissions Charactertzation:
*  Insome casesthe emission factors detenmined tn this study TP41-A2, TF30-P103, TF30-P109 Engines. Report ESL-TR-87-27,
may overestimate or under estimate emissions from a par- Tyndall AFB, F1, March 1988,
, 6.  Spicer, C.W.; Holdren, M.W; Miiler, 5.E; Smith, D L.; Smith, R.N.;
Hoular process. Professional judgment and conservative Hughes, D.P. Afrcraft Emissions Characterization. Report ESL-TR-
measures must be exercised as necessary when using the 87-63, Tyndall AFB, FL, March 1988,
. . . 7. Code of Federal Regulations (CFR), title 40, part B6, section
data for estimating emission quantities. 111, July 1, 1994.
8  Codeof Federal Regulations (CFR), title 40, part 60, Appendix A, July, 1994.
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ABSTRACT processed. Scaled to production volumes, these emission
Emission factors for selected volatile organic compounds factors can be used by processors to estimate emission quan-
(VOCs) and particulate material were developed during tities from similar polyamide extrusion operations.
processing of commercial grades of polyamide 6, polyamide

66, and polyamide 56/6 resins. A small commercial-type INTRODUCTION

extruder was used, and melt ternperatures ranged from 475 As compliance with air pollution regulations has increased
to 550 °F. An emission factor was calculated for each sub- in complexity over the last 15-20 years, small businesses
stance measured and is reported as pounds released to the that had never before been affected are now being involved
atmosphere per million pounds of polymer resin in permit and compliance issues. While the U.S. Environ-

mental Protectior: Agency (EPA) has continued to develop
and refine sections of its compendium of emnission factors
contained in AP-42, much of the data are outdated, par-
ticularly data related to plastics. As a result of the evolving

IMPLICATIONS
This study provides quantitative emissions data collected
while processing seven types of polyamide blends. These

data are directly related to production volumes and can regulations, plastic processing companies are faced with
be used as reference points to esbmate emissions from the task of establishing an “emissions inventory” for the
simitar polyamide resins processed on similar equipment. chemicals generated and released by their production pro-

The compounds chosen for analysis and subsequent
emission factor calculations were the ones the authors
deemed most likely to be of significance.

cesses. The chemicals considersd in this study are those
considered to be volatile organic compounds {VOCs) and
those that are on EPA's original list of 189 hazardous air
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pollutants {HAPs). When applying for a state operating
permit, processing companies are required to establish a
baseline of their potential emissions.'

In response to the needs of the plastic industry. the
Society of the Plastics Industry, Inc. (SPI) organized a study
to determine the emission factors far extruding polyamide
homopolymers, topolymers, and blends. Sponsored by five
major resin producers, the study was performed at Batteile,
Columbus, OH. This work follows previous SP1/Battelle
studies on the emissions of acrylonitrile-butadiene-styrene,?
polyethylene,’ ethylene-vinyl acrylate and ethylene-methy!
acrylate copolymers.* and polypropylene.?

As in these previous studies. a body of literature refer-
ences exists conceming emissions from polyamides, most
of them using static sall-scale procedures.*® These proce-
dures may not accurately simulate the temperature and
oxygen exposure conditions typical of extrusion process-
Ing. The static procedures might expose the polyamide to
temperatures greater than or less than the typical extru-
sion temperature, and for an extended period of time. They
also continuously expose the polyamide to atrnospheric
oxygen. During extrusion, the polyamide is molten fora
few minutes at most, and the equipment is designed to
force air out of contact with the melt in the barrel. Hot
polyamide would be in contact with oxygen only briefly
as it exits the die. In light of these differences, the accuracy
of data obtained from static tests may limit their useful-
ness in predicting emissions during polyamide processing.

Greater accuracy would, of course, be possible by mea-
suring emissions from an actual production extruder. Since
operating parameters can influence the type and quantity
of emissions, the greatest accuracy would be achieved by
studying each process. Parameters that can influence emis-
sions include extruder size and type, melt temperature,
extrusion rate. ratio of air-exposed surface to the volume
of the extrudate, and shear effects due to screw design.
Variables agsociated with the material being extruded can
also affect ernissions, that is, resin type, age of the resin,
additive packages, and heat history of any recycled resin.
It would be a daunting task to design and implement emis-
sion studies for ali combinations of extrusion varjables.?

To strike a balance between the inapplicability of static
tests and the complexity of measuring each process, the SP1
and major polyarnide producers initiated work 1o develop
baseline emission factors for polyamide processing under
conditions that would provide reasonable reference data for
similar processing operations. The seven resin types were
evaluated and included a polyarnide 66 homopolymer, a
low-caprolactam peolyamide 6 homopolymer, a polyamide
66/8 copolymer, an ethylene propylene diene monomer
{EPDM)-toughened polyamide 66, a toughened polyamide
6. a mixture of polyamide 66 and polyamide 66/6 flame
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retarded with melamine, and a polyarnide 66/6 flame retarded
with Dechlorane Plus. The test sampies were mixtures of corn-
mercial resins obtained from the spensoring companies. Table
1 lists the resins used, the additives present, the chernical
analytes, and the temperatures of the tests. The selected
analytes included PM, total VOCs. CO, nitrogenous com-
pounds {ammonia, hydrogen cyanide, nitrogen dioxide, and
caprolactam), and compounds released from additives {sty-
rene and maleic anhydride), These compounds are of interest
because they are residual monomers, they are on the HAFs
list, or they are the expected thermal and thermo-oxidative
breakdown products of the extruded polymers.

EXPERIMENTAL
Resin-Blending Procedure

Equal portions of each contributed resin were homoge-
neously mixed in 10-gal metal cans to form a composite
blend immediately prior to the test run. Each container
was filled to approximately two-thirds of capacity, sealed
under dry nitrogen atmosphere, and then thoroughly
blended by rotation cn an automated can-rolling device.
The resins were received in sealed foil-lined bags in the
dried condition. They were directly transferred from the
bags to the metal cans with no additional drying.

Experimental Process Conditions
An HPM Corp. 1.5-in.. 30:1 L/D. 15-hp plastic extruder
was used to process the resins. The extruder is capable of
~680 lb/hr throughput and 800 °F {(maximum) barrel
temperatures for the three heat zones. A special fabricated

Table 1. Test plan for polyamide extrusions.

funNo.  Description Additives® Analyles’  Targelsd
Malt
Tempatature
1 (engral PABS DEF 1,234,586 850 °F
2 General PAS, E 1234567 520 °F
low caprolactam
3 Copolymer PAGE/E OF 1234567 475 °F
4 £PCM-toughened PAGS AF 1234568 550 °F
5 Toughened PAG AD 123456783 550 °F
& PABG or PABG/6 CDEFRG 1234567 520 °F
flame-retarded
with melamine
7 PAGESE BEFG 1234567 480 °F
fiame-retarded
with Oechlorane Plus

Ceneric aditives: A « toughenes; § = Dechilorane Plus flame retardant; C « metamine flame
sekarciany; [ = PrOCeSSInG aid £ = redeage agest; F = Wubricant; G = colorant. "Possibie emis-
sions: 1 = arnmenia; 2 = hydrogen cyanide: 3 = (ot VOCs; 4 = toka) particulales; 5 - cabon
Toneaide; § = nitrogen oxides: 7 - taprolectam 8 = maleic ambdrice; 9 = siytene.
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screw based on design parameters provided by SP1 com-
mittee members was constructed for this study, as shown
in Figure 1. The compression ratio of the single stage screw
was 2.4:1. An eight-strand die head used in previous SPI-
sponsored emissions studies was used for the polyamide
program (see Figure 2). The die head was cleaned and in-
spected. The holes were reamed to 3/16-in. diameter and
the surface was polished.

Each polyamide mixture was initially extruded for ap-
proximately 30~-60 min prior to sampling. During this time,
the total VOCs were monitored by the online VIG Industries
Model 20 total HC analyzer. Once the target die head tem-
perature was reached and the extruder was set to the target
RPM (75% of full scale), the VOC analyzer ouzput would in-
dicate stable readings (that is, £10% drift over a 10-min pe-
riod). At this time, a 20-min test run was initiated. The 20-min
sampling tirme was sufficient to achieve a target detection level
of 1 ug of chemical component per 1 g of processed resin.
The only exception was NH,, in which a detection level of
4.7 pg/g was obtained. Operating parameters were recorded
initially and at 5-min intervals during each sampling run.
Immediately after each test run, a second run was started us-
ing the same operating pararneters. The duplicate runs were
made to assess sampling and analytical precision. Based on
previaus resin studies.** a combined sampling and analytical
precision of £30% relative difference was expected.

Die Head Emissions Collection
A diagram of the emission enclosure apparatus is shown
in Figure 3. The enclosure was positioned and scaled

Kriek et al,

around the extrusion head. A door at the front of the
enclosure allowed the operator to periodically check the
flow characteristics of the extruded resin. An B x 8-in,
opening at the bottom of the enciosure allowed the ex-
trugded resin to drop into a weighing pan. Emissions were
entrained in preconditioned air (i.e., purified through a
charcoal filter). Incoming filtered air was preset at a flow
of 180 L/min using the varlable flow blower. This flow
was directed through the laminar flow head assembly
and across the extrusion die head. The variable flow
biower on the receiving side of the manifold system was
adjusted to at least match the 180 L/min inlet flow. Ad-
dittonal flow from the sampling equipment resulted in
an approximately 10% greater flow into the receiving
end of the sampling manifold. This excess flow was nec-
essary to assure that all air within the die head area passed
through that zone and into the sampling manifold.
Smoke tubes were used just before tne test runs to con-
firm efficlent transfer of the emissions. These tubes were
placed near the 8 x 8-in. opening at the bottom of the
enclosure, and visual inspection indicated that the smoke
was indeed drawn up into the enclosure and toward the
sampling manifold,

The manifold was equipped with multiple ports for
connecting the various sampling devices. Each port wasa
0.25-in. 0.d, tube that protruded 1 in. into the airstream.
For the collection of particulate material, the manifold
was also equipped with a 4-in. filter holder assembly as
well as an inline stainless steel probe (0.253-In. i.d.} con-
nected to a 47-mm filter pack.

Yi9Z ~01-10684 l

SCREW PROFILE

48,62

cusTomer BATTELLE MEMORIAL INSTITUTE
COLUMBYS, OH.

size 1.5 /0 30:1
MATERTAL TO BE PROCESSED_HYLON 6/8
s/n__D6-0016

ORDER NO__A831B1

22.50
{— B.19 10.50
240 OP
20D 8.0 D
SHANK FEED "~ TRANSITION

400 DP
16.25 0 _
PUMP TORPEDO
- 120°

NOTES: AJ40HR W/COLMONQY 85 FLIGHTS

CHROME PLATED
FULL LENGTH COOLING HOLE

Figura 1, Sciew profile (HPM Corp.).
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Figure 2. Bxuuder strangd die head used in polyamide emissions
testing program.

Sampling and Analysis Methods
The methods employed for characterizing the emissions from
the resin extrusion process are summarized in the following
sections. Detailed information is discussed elsewhere.”®

Ammonia. Samples for the determination of NH,
concentrations in the exhaust effluent were collected and

analyzed in accardarice to National Institute of Safety and
Health (NIOSH) Method Na. $347. A sampling flow rate
of 200 mL/min (20-min test run) was drawn through a
glass tube contalning H,50,-treated silica gel to trap NH,
vapors. The sampling tube was connected in serles to a
prefilter to collect particulate NH * saits. Ammonia was
desorbed from the silica gel with 0.1 N H,50,, and the
sample was analyzed using an NH,-specific electrode. The
method detection limit under the above sampling condi-
tions was 5.0 pg/L.

Hydrogen Cvanide. Samples for the determination of hy-
drogen cyanide concentrations in the exhaust effluent
were collected and analyzed in accordance to NIQSH
Methad No. 7904, A sampling flow rate of 1000 mL/min
was drawn through a prefilter and then through two
midget bubblers each containing a 10-mL solution of 0.1
N KOH. The bubbler solutions were analyzed using a
cyanide ion-specific electrode. (The filter was not extracted
or apaiyzed.) The method detection limit was 0.2 pg/L.

Total VOCs. A VIG Industries Mode] 20 total HC analyzer
equipped with a hydrogen flame {onization detector
(HFID) was used to continuously monitor the VOC con-
tent of the exhaust effluent. A heated sample line (300 °F)
was connected to the extruder sample manifold, and
sarnple flow was rmaintained at 2 L/min. The analyzer was
calibrated at the beginning of each test day against a Na-
ttonal Instltute of Standards and Technology (NIST}-trace-
able reference cylinder cortaining a mixture of propane
in ultra-zero alr (10 pg/l). Linearity was demonstrated
prior to the test runs by challenging the analyzer calibra-
tion standards of 10, 180, and 1800 pg/L of propane. The
method detection limit was 0.5 ug/L. Guidelines from EPA

Flow kixng
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Mubipont \
Fitar Holder  Sample Manifoid .

Remavable
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Figure 3. Ermission enciosure apparatus.
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Method 25A were followed. With this method, alkanes,
alkenes, and aromatic HCs would respond to the HFID
on an equal per-carbon basis. Other volatiie organic com-
pounds will also respond to the HFID. but on a less than
equal per-carbon basis {e.g., carbonyl species).

Total PM. The concentration of particulate emissions was
determined by passing a sample of the exhaust effluent
through a pre-weighed filter and then conducting a gravi-
metric analysis of the sampled filter. The original proce-
dure called for the intsertion of the preweighed fllter (4-in.
diameter) into the exhaust port of the sampling mani-
fold. The sample volume was determined from a callbrated
orifice and a magnehelic gauge located on the sample
manifold biower. However, after conducting Test 1A, It
was realized that the high particulate concentrations
emitted during extrusion caused the filter to partially plug,
and the flow through the sample manifold dropped sig-
nificantly during the test run. To atleviate the problem, a
47-mm filter holder equipped with a 0.25-in. i.d. sample
probe was added to the sampling manifold in place of the
4-in. filter. The sarnple probe was positioned in the cen-
ter of the manifold, and flow through the filter was main-
tained at a flow rate suitable to assure Isokinetic conditions
at the probe inlet.

A flow rate of 19 L/min was used during the 20-min
test runs. Gravimetric analyses of the filter before and af-
ter sampling were carried out in a controlled environmen-
tal facility {temperature 70 * 2 °F, relative humidity 50 *
59%). The filters were preconditioned to the controlled en-
virortment for 24 hr and then weighed. For the above flow
rate and sampling time, a method detection limit of 0.5
pg/L was obtained.

Carbon Monoxide. Tedlar bags {40-L capacity) were used to
collect time-integrated whole air emission samples during
the test runs. A pump/mass flow controller assembly was
used to draw air from the manifold and into the bag. The
flow was set to 1 L/min. Analyses were camried out offline
using a Bacharach Sentinel 44 real-time CO monitor
equipped with an electrochemical sensor with a linear range
from 0 to 1000 ug/L. A single point calibration check was
conducted using a NIST calibration cylinder containing CO
at 49 pg/L. The instrument’s detection limit was 1.0 pg/L.

Oxides of Nitrogen. The bags used for CO collection were
also analyzed for total NO_. Analyses were carried out with
a Monitor Labs 8440 NO, real-time monitor equipped with
a chemiluminescence detector specifically tuned for ni-
teic oxide (NO}. Total NO, were determined by directing
sample air through 2 reducing catalyst bed and then to
the detector. The monitor had an operating range from
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€ to 5 pp/L. A single point calibration check was conducted
with a NIST calibration cylinder containing NO at 1.5
pg/L. The instrument’s detection limit was 0.01 pug/L.

Caprolactam. XAD-2 {-8 g) adsorbent tubes were used for
the collection of caprolactarm emissions. XAD-2 cleaning.
extraction, and analytical procedures followed guidelines
provided in EPA Method TO-13A." Sampling was can-
ducted over a 20-min collection period using a flow rate of
4 L/min. An SKC sampling pump was used to draw sampie
into the cartridge assemnbly. After sampling, the XAD-2 as-
sembly was capped and stored in a refrigerator. Analyses of
dichloromethane extracts of the cartridges were carried out
using a Hewlett Packard 5973 gas chromatographic/mass
spectrometric (GC/MS) systemn configured in the full scan-
ning electron impact mode of operation. Calibration mix-
tures of caprolactarn ranged from 0.1 to 500 pg/L. The
instrument’s detection limit was 0.05 pg/L.

Maleic Anhydride. Samples for the determination of ma-
leic anhydride concentration in the exhaust effluent were
collected and analyzed in accordarnice to Physical & Chemi-
cal Analysls Methods (P&CAM) Method 302. A sampling
flow rate of 1.5 L/min (20-min test run) was drawn through
two midget bubblers each containing 15 mL of distilled
water. (Malelc anhydride was hydrolyzed to maleic acid
in the bubbler) The resulting sample was analyzed by a
Waters Model 800E high-pressure liquid chromatograph
with a UV detector at 254 nm. Calibration mixtures ranged
from 0.1 to 50 pg/L. The method detection limit under
the above sampling conditions was 0.05 ng/L.

Styrene. The method for the collection and analysis of
styrene followed EPA Method TO-14A guidelines.'? Evacu-
ated SUMMA polished 6-L canisters (100 mtorr) were used
to collect whole alr samples. Each canister was connected
to the sampling manifold, and a 5-min integrated sample
was obtained during the latter part of the 20-min collec-
tion pericd. After collection, the canister pressure was re-
corded and the canister was filled to 5.0 psig with
ultra-zero air to facilitate repeated analyses of air from
the canister.

A Fisons MD 800 GC system equipped with parallel
flame ionization and mass spectrometric detecters (FIDs and
MSDs) was used for the analysis of styrene present in the
canister samples. The FID was used for styrene quantitation.
The MS {full scan mode) was used for peak confirmation.
The sample-analyzed volume was 60 mL. With this
precencentrated sample volume, the FID detection level was
0.01 ug/L. Detector calibration was based on instrument re-
sponse to known concentratlons of dilute styrene
caltbration gas {traceable to NIST calibration cylinders), The
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calibration range extended from 0.1 to 1000 pg/L.

RESULTS AND DISCUSSION
Verification of Collection Efficiency of
Sampling Manifold

Tests were conducted prior to the extrusion runs to verify
that 100% of a spiking gas {(propane} would be transferred
across the emissions entrainment zone if the incoming
and outgoing flows were balanced. As mentioned in the
experimental section, the incomning flow was preset to 180
L/min. The propane concentration generated at the
inlet location was 60 pprm C {measured at background
sample port—see Figure 3). As expected, the propane
concentration measured in the sampiing manifoid was a
function of the valtage setting on the variable flow blower
downstream of the sampling manifold. A calibration curve
showing the flow rate through the sampling manifold as a
function of pressure drop across the orifice of the variable
flow blower is shown in Figure 4. At magnehelic gauge read-
ings below 0.5 in. of water, the total HC analyzer indicated
a stable reading of 60 £ 2 ppm C at the connection port in
the sampling manifold. As the setting was increased above
0.5 in., the towal HC reading dropped to reflect the fact
that the sampling manifold flow rate was greater than the
incoming flow that was preset to 180 L/min.

Total Manifold Flow
The total manifold exhaust flow for the individual test
runs was needed for the eventual calculation of emission
factors. Table 2 lists the total flows for each test run, The
orifice AP value is the observed reading for each run. From

the experimentally derived regression equation, flow =
180.69(AF) + 90.79 (R* = 0.966) (see Figure 4). a flow rate
through the blower could be determined using this AP
value. However, the flow across the orifice was originally
calibrated at 75 °F. To correct the flow to the manifold
operating temperature of 140 °F, the following flow ori-
fice equation was used:

15
Q,=Q, [.H )
]

where @, was the flow rate during test runs, @, was the
flow rate at 75 °F, T, was the termnperature of the exhaust
air, and T, was the temperature at calibration.

A temperature correction factor of 0.944 was applied
to the flow rate during the test runs to determine the
flow rate at 75 °F. In addition. the flow rates from the
individual sampling components were also needed to
obtain a total manifold flow. The total manifold flow
for each test run is also shown in Table 2. For all test
runs except 1A, the total manifold flow was acceptable
and slightly greater than the preset incoming flow rate
of 180 L/min. This slight excess flow ensured that all
emitted material was efficiently transferred 1o the col-
lection manifold.

Emissions
Emission concentrations (ug/L) are likewise summarized
in Table 2. Total VOCs were usually the highest emission,
ranging from 53 to 202 ug/L. In a few cases, the
particulates were also high, up to 185 pg/L. In experiments
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Figurs 4. flaw through the manifold as a function of pressure drop across the arifice of the variable speed blower.
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with polyamide 6 or its copolymers, caprolactam from
the depolymerization reaction was seen in significant
quantities, from 24 to 245 pug/L.

Three of the emissions predicted from previous stud-
ies®*—ammontia. hydrogen cyanide, and malelc anhy-
dride—were unobserved at the detection limits reported
in this study. Carbon monoxide and styrene levels were
only significant in rubber-modified polyamide blends.
Oxides of nitrogen were only minor emisstons. Overall,
these results show what manufacturers and processors
would have predicted, that i3, concentrations significantly
below what would have been predicted by previous static
tests. The results from this study are ~2 orders of magni-
tude (100 times) below what would have been predicted
from EPA's AP-42 document, which is based on a very
outdated survey report.'?

Emission Factors
Emission factors were calculated from measured emisston
concentration levels shown in Table 2 using the follow-
ing formula:

E=(CxF/O @

where Ewas pg of emissions/g of processed resin, Cwas the
measured concentration of emissions in pg/L, F was the to-
tal mantfold flow rate in L/min, and Owas the resin through-
put in g/min. Emission factors are summarized in Table 3.
Dimensional analysis shaws that these emnission factors can
also be read as Ib emissions/million Ib resin processed.

Table 2. Summary of extrusion conditions and cencenirations of emissions (ug/L).

Kriek et al.

Significance of Emission Factors

This study provides emission data coliected during extru-
slon of various polyamide resins under specific operating
conditions. It should be emphasized that if actual mea-
surement data are available, they should always be used
to determnine compliance. However, if actual measurement
data are unavailable and difficult to obtain, calculated
emission factors may be used by processors to deterrnine
their expected annual emissions (from polymer process-
ing) under various federal, state, and local air toxic regu-
lations. (Emissions from other onsite sources would need
to be considered separately.) Relevant regulations include
the 1990 Clean Air Act Amendment, the VOC and par-
ticulate program, the Title V permits program, and the
pre-1990 federal Prevention of Significant Deterioration
(PSD} and New Source Review programs. The calculated
factors are most helpful in instances where the processor’s
emissions are far below the “trigger levels.” For example.
the most stringent current limitation is 10 tons/year of
VOC emissions within an extreme ozone management
area. A processor with equipment similar to that used in
this study could extrude 120-400 million Ib/year of poly-
amide, depending upon the product mix. In less restricted
areas, where the VOC emissions can be up to 100 tons/
year, the processor could extrude 1200-4000 million Ib/
year. Most plastic molders and extruders process oniy a
fraction of these volumes.

During 1998, data were compiled to compare
emission factors determined in this and other
SPI-sponsored studies?® with plant data that had been

Test Run No.: 1A 18 A 2B 3A 3B
Description: General PAGS General PAG Copolymer

Low Caprolactam PAGE/8
Extrusion Conditions

A 4B A 5B GA 6B M m

EPDM-Toughened  Toughened  PAGS o PAGG/E PARS/S
PAGS PAS Flame-Retarded  Flame-Retarded
with Melamine  with Dechiorane

Avg. die head temp. (°F) 550 555 520 520 415 4

Resin throughput (@/min) 200 36 W 195
Touwl manifokd flow (Limin) 114 188 216 189 194 194
Anaiyte

Ammonia . <4.7 Al <47 <47 <l
Hydmgen cyanide P TS KT/ RE S A T P R
Total VOCs : 53 @ 1 m
Total particutates om 7 RN 6 2
Carbon monoxide ' 6.1 <1 <t <l <l
Nirogen oxides ' 003 006 003 @O0 0D
Caprolactam 4 * s 237 56 I
WMateic anhydride L Y113 ’ b . o
Styrene a0 o 00 807 004

550 550 550 550 520 520 500 510
28 185 217 286 354 327 371 366
24 a2 24 229 221 234 238 238

<47 <47 4.7 <7 <47 4.7 .7 <47

Q15 Q15 Q15 <015 015 <015 015 <015
1 8 2 197 91 as 160 165
6 62 2 k1 w120 g
321 k7 138 138 <1 <1 <1 <1
603 084 001 oM 005 008 003 003

b b 924  B46 564 531 S150° >80

B05 <005 D5 00 ° b v ¢

3t o028 338 35 003 oM a0t ol

*Not reporiedt because toial manticid fiow rate s below the reguired fiow of 180 Limin; "Measurement of his parameler was Tiot reguesied—see Tabie 1; “Estmated {fiow sioppege in

the sampler oceurred during the run).
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Table 3. Summary of extrusion emission factors (g/y o Ibimitlion 1b potymer processed).

Test Run No.: T 15 24 28 M 3 AR 4B SA 5B SA 8 A 78
Dascription: Goneral PAGS General PAG Copolymer  EPDM-Toughened  Toughened PAGE or PAGE/6 PAGS/S
Low Caprolactam PAG6/6 PAGS PAG Flame-Retarded  Flame-Retarded
with Melamine  with Dachlorane
Ammonia ! <47 <47 <47 <47 .7 <47 <47 4} <47 <47 <47 <4.7 N
Hydrogen cyanide L R I €15 15 D15 <015 @15 <015 015 015 <015 <015 @15 <R15
Total VOCs ' 50 65 52 122 154 m 1B m 158 57 61 ™M 102
Total particulates ' 104 24 18 6 3 67 £ 27 P (AT 55 i
Carbon monoxide ! 6 < <1 < <1 kii 38 12 il <1 <1 < <
Nitrogen oxides ' 0.03 004 002 001 <007 003 0 00 oM 004 004 002 002
Caprolactam g t 20 14 b5 34 b * 78 52 42 42 S0 »100°
Maleic anhycrige 008 ’ v r * <005 <005 <005 <005 ° . » 4
Styrene R i} 00l 0Mm g om 032 02 29 28 001 001 001 oM

ot reported because toval manifold Now cate is below the required flow of 180 Limin; Beasurement of this parameter was not cequested—see Tahle 1; “Estimated {flow Sloppage

inhe sampler occusred during the sun),

compiled by both government and industry. This data
was presented at an Air & Waste Management Confer-
ence in New Orleans in December 1998 .2 Reprints are avail-
able from SPL

SUMMARY OF FINDINGS

Total VOCs and total particulate material are the major
ernissions from the extrusion of typical polyamides. Ca-
protactam s also a major emission from polyamide 6 and
its copolymers. The data collected In this study provide
processors with a baseline for estirnating emlssions
generated by polyamide resins that they process under
similar conditions. The emission factors reported here may
not represent those for ather polyamide types ot for other
methods of processing. Professional judgment and con-
servative measures must be exercised when using these
data for estimating emission quantities.
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ABSTRACT

Emission factors for selected volatile organic compounds
{VOCs) and particulate emissions were developed over a
range of tempetatures during extrusion of three mixtures
of ethylene-viny!l acetate (EVA) copolymers and two mix-
tures of ethylene-methyl acrylate (EMA) copolymers. A
mixture of low-density polyethylene (LDPE) resins was
used as a control. EVAs with 9, 18, and 28% vinyl acetate
(VA) were used, The EMA mixtures were both 20% me-
thyl acrylate. A small commercial extruder was used. Poly-
mert melt temperatures were run at 340 °F for LDPE and
both 18 and 28% EVAs. The 9% EVA mixture was extruded
at 435 °F melt temperature, The EMA mixtures were ex-
truded at 350 and 565 °F melt temperatures.

An emission rate for each substance was calculated,
measured, and reported as pounds released to the atmo-
sphere per milliont pounds of polymer processed [ppm (wt/
wt)]. Based on production volumes, these emission factors

IMPLICATIONS

This siudy provides quantitative emissions data collected
during extrusion of ethylene-vinyl acetate (EVA} and eth-
ylene-methyi acrylate (EMA) copolymers under specific
operating conditions. These data can be used by proces-
sors as a point of reference 1o estimate amissions from
simitar EVAEMA extrusion equipment besed on produc-
tion volumes.
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can be used by processors to estimate emission quantities
frorn EVA and EMA extrusion operations that are similar to
the resins and the conditions used in this study,

INTRODUCTION

Industry is faced with a new challenge. Pursuant to the
Clean Air Act Amendments (CAAA) of 1990, which man-
dated the reduction of various pollutants released to the
atmosphere, companies are being faced with the daunt-
ing task of establishing "emission inventories” for the
chemicals used In their processes. The chemicals targeted
are those that produce either volatile ofganic compounds
(VOCs) or compounds that are on the list of 189 hazard-
ous air pollutants (HAPs). Title V of the amended Clean
Air Act established a permit program for emission sources
to ensure an eventual reduction in emissions. When ap-
plying for a state operating permit, processing companies
are first required to establish a baseline of their potential
emissions.!

In response to the needs of the plastics industry, the
Society of the Plastics Industry, Inc. (SPI) organized astudy
to detecmine the emission factors for ethylene-vinyl ac-
etate (EVA} and ethylene-methyl acrylate (EMA) extrusion.
Sponsored by four major resin producers, the study was
performed at Battelle, an independent research laboratory.
This work follows two previous SPI-Battelle studies on the
emissions of polyethytene? and polypropylene.’

Joumal of the Air & Wasta Management Association 1111
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A review of the literature shows that, while there are
some qualitative and quantitative data available on poly-
ethylene thermal emissions, there are fewer studies that
menticn EVA and EMA. The primary concern about pre-
vious polyethylene emissions data is that they were gen-
erated using static, smail-scale,* or otherwise unspecified
procedures.$

In the design stages of this and previous SPI-Battelle
studies, considerable attention was given to whether the
model used accurately reflected real processing condi-
tions. The major contributing factors 1o the rate of emis-
sions in an extrusion process were considered to be tem-
perature, exposure to oxygen, and residence time. The
goal was to reflect the actual on-line processing condi-
tions rather than a static situation. In most extruders,
the polymer melt continuously fiows through the sys-
tem, effectively limiting the residence time in any par-
ticular heated zone. 1If a static set-up were studied, the
polymer may be exposed to the equivalent temperatures
but for a longer period of time. This would effectively
exaggerate the thermal exposure of the polymer, In a simi-
lar way, the concern over oxygen in the industrial extru-
sion process is minimized as the extruder screw design
forces entrapped air back along the barrel during the ini-
tial compression and melting process, The air then exits
the systern thirough the hopper. Therefore, the hot poly-
mer is exposed to air only when it is actually extruded
through the die. In some of the static testing that has
been reported, the hot polymer may have been exposed
to air for extended periods of time.

The ideal would seem to be to measure the emnis-
sions directly from each individual process. In extrusion,
forexample, the type and quantity of emissions are known
to be influenced by a number of operational patameters,
including extruder size and type, extrusion ternperature
and rate, the air-exposed surface-to-volume ratio of the
extrudate, the cooling rate of the extrudate, and the shear
effect from the extruder screw. All of these would have to
be specified and controlled.

Tabie 1, Average addilive concentration (ppm) in polymer mixtures.

SUP  ANTI-BLOCK ANTIDXIDANT
EVA

18% VA 0 0 138
28% VA it 0 263
9% VA 300 1500 145

EMA
20% MA M 0 0 250
20% MAB MI 0 & 250

iDPE
156 300 340

1112 Joumal of the Air & Waste Managemeni Assotiation

The obijective of the SPI-Battelle study was to take
representative EVA/EMA resins from a number of suppli-
ers and, using the same equipment used to study both
polyethylene and polypropylene, provide baseline emis-
sion data. The test conditions used will provide reason-
able reference data for processors involved in sirnilar ex-
trusion operations. In some cases the emission factors
determined in this study may overestimate or underesti-
mate emissions from a particular process. For example, a
recent 2-year study’ found, as would be expected, that a
lower tevel of fume was generated by injection melding
compared to extrusion-based processes in which the hot
polymer is exposed to air, Therefore, professional judg-
ment and conservative measures must be exercised when
using the data for estimating emissions.

The samples used were mixtures of commercial co-
polymers from the sponsoring companies. The EVA mix-
tures, covering a range of 9 to 28% vinyl acetate, were
composed of copolymers typically used in film forming,
lamination, and hot-melt adhesive applications. The EMA
mixtures containing 20% methyl acrylate were comprised
of copolymers typically used in blown-film and extrusion
coating applications. It should be noted that there are
several variables related directly to the material being ex-
truded that may influence the emissions. These variables
include the age and type of resin, the additive package,
and any additional materials added to the resin prior to
extrusion. If a particular processor uses recycled materi-
als, their thermal history is also an important factor. The
test matrix used was designed to provide emissions data
as a function of resin type and in some cases as a function
of the operating temperature of the diehead assembly of
the extruder. All of the EVA, LDPE, and EMA resins used
were commercial grades. The average additive Jevels of
the mixtures are shown in Table 1.

The equipment used was a small commercial extruder
equipped with a 1.5-in. screw and fitted with an 8-strand
die. The emissions were measured over a 30-minute pe-
riod and were related to the weight of resin extruded. The
emission factor for each substance measured was reported
as pounds evolved to the atrnosphere per million pounds
of polymer processed [ppm{wt/wt}). Processors using simi-
lar equipment can use these emission factors as reference
points to assist in estimating emissions from their spe-
cific EVA~EMA application.

The 14 substances targeted for monitoring included
particulate matter, total VOCs, light hydrocarbons
{ethane, ethylene, and propylene), esters (vinyl acetate,
and methyl acrylate), aldehydes (formaldehyde, acrolein,
acetaldehyde, and propionaldehyde), ketones (acetone,
and methylethyl ketone), and organic acids (formic, ace-
tic, and acrylic acid). These are the analytes of interest,
either because they are on the HAPs list, as stated earlier,
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— 3

Figure 1. Extruder strand diehead used in EVA-EMA emissions testing
program.

or they are the expected thermal breakdown products of
the polymers tested.

(20 LPM 18 ')

PFigure 2. View of the extruder system and the various sampling
locations.

EXPERIMENTAL PROCEDURES
Experimental Process Conditions

An HPM Corporation 15-horsepower unvented extruder was
used to process the EVA and EMA test sample mixtures at
Battelle. The extruder was equipped with a 1.5-in. single
screw (L/D ratio of 30:1) and fitted with an B-strand die
(Figures 1 and 2). Extruded resin strands were allowed to
flow into a stainless steel drum located directly under the

Table 2. Resin throughput and key flow paramaters during the EVA and EMA extrusion runs.

TEST RUN NO. 1A 1 2 3 4 5 [

RESIN TYPE Low-Density Low-Density EVA1B% VA EVAZE% VA EVAGR VA IMAZD% MA  EMA20% MA

Polyelhyiene Polyethylene

EXTRUDER CONDITIONS
Melt Flow Rate 2 ? 2 6 2 2 7
Average Diehead Melt Temperabyre, °F 340 40 40 ul 435 350 565
Zone 3 Temperalure, °F 292 3 m k1) 415 300 547
Zone 2 Temperature, °F 296 297 297 297 365 300 443
7one 1 Temperaturs, °F 75 74 275 74 it 5 275
Pressure, psig 1300 1500 1000 750 600 1750 <40
Resin Throughput {Ib/hr} (g/min)] 20.4/215 26.9/204 34.0/257 3BI270 348/262 32.8/248 35.1/265
Rotor Spesd, rpm 75 5 7 75 €0 i) 8
Aun Duration, min K] k'] 30 30 3 30 k1)

AR FLOWS
Tota! Manifoid Flow, Limin 700 1w 0 700 0o 700 700
Flow Rale Into Sheath Area, L/min 100 100 100 100 100 100 100
Flow Rate Into Entrainment Area, Limin 525 525 525 525 5§25 525 525
Flow Rate Thaough Hoppes, Limin 10 10 10 10 10 W01
Flow Through Tubes for Carbonyls, Limin 05 05 05 05 05 25 05
Flow Through Tubes lor Organic Acids, L/min 5 5 5 5 5 5 5
Flow Inig Canisiers, Lmin 0.16 016 AL:] 016 D16 016 016
Flow Through 402 THC Analyzer, Limin 1 1 1 1 1 1 1
Flow Through Filter Holder, L/min 15 15 15 15 15 15 15

Volume 47 Qctober 1997
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Table 3. Order of EVA and EMA emissions test uns.

Aun No. ResinType % MAorVA Meitindex Meit Temp Companies Contributing

Sequence F to Resin Mixture
1A LBPE % 2 Mo Quantum NA 345
DuPont 20
AT 220 PE
£565 {Chevron)
1B Use tor spiking run
2 EVA 18 2 340 CQuantym UES31
ELVAX 3170
AT 1815
3 EVA 28 6 340 Quanhum UEG34
ELVAX 3475
AT2810M
] EVA 9 2 435 Quantum UER3?
ELVAX 3128
AT 1070
PE 5280 {Chevron}
Use L DPE mixture while coaling 1o 350 °F
5 EMA 20 2 350 Quanium EMTA 003
SP 2205 (Chevren)
& EMA o] 7 265 Quantun EMTA 010
SP 2207 {Ghevran}

LDPE resin mixure was used to clean extruder duting cool down. Extruder was purged ol EMA before final

shutdown to aveid corrosion.

than 2% of the total).2 Table 4 shows the sampling
strategy and the overall analytical scheme em-
ployed for the EVA and EMA, test runs. Details of
the analytical procedures are provided in the pa-
per “Development of Emission Factors for Poly-
ethylene Processing. "

Diehead Emissions

Ernissions reteased at the dichead during ex-
trusion were captured at the point of release
in a continuous flow of clean air. A portion of
this airflow was subsequently sampled down-
stream, as described below. The emissions were
tnitially captured in a stainless-steel enclosure
surrounding the diehead (Figure 3). The air
stream was immediately drawn through a di-
vergent nozzle entrainment cone, which pro-
vided a sheath of clean air between the diehead
emission flow and the walls of the carrier duct.
This minimized interaction of the hot exhaust
with the cooler duct walls.

The total airflow employed for capturing
diehead emissions was set at 700 L/min. This was
composed of the diehead entrainment flow at 525
L/min, the sheath flow at 100 L/min, and 75 L/
min of residual airflow, which was made up from
room air drawn into the open bottom of the stain-

die-head (Figure 2). Processing conditions, shown in Table
2, were selected to be representative of several cornmercial
processing applications. The order of the EVA-EMA Emis-
sions test runs is listed in Table 3.

Capture and Collection of Emissions
Emissions released at the diehead were collected separately for
30 minutes during the extrusion runs. Emissions from the
hopper were excluded from analysis because previous emis-
sion studies showed their contribution to be insignificant (less

less-steel diehead enclosure. This residual airflow was used to
facilitate effective capture of emissions from the polymer. These
flows are depicted in Figures 2 and 3.

i

Figure 3. View of emission entrainment area.

1114 Joumal of the Air & Waste Management Association

Figure 4. Sampling manifolds for emissions generated in diehead.
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SUBSTANCES MOMITORED Osganic Acids Aldehydesf Ketones Particuite VOCs
HHC LHC
COLLECTION MEDIA KOH Impragnated Filter DNPH Tube Glass Fiber Fittey SUMMA Canister
ANALYTICAL METHGD Desarption with Dilute Desorotion with Gravimetric Modified T0-14
H:O‘and Andlysis by Acedonitrile and
lon Exclusion Analysis by HPLC
Chromotagraphy/UV
HP-1 Fused Silica A0 /N2 S0,
Capi¥ary Column | Capitlary Colump
GCMS  GC/FID | GC/FID
SAMPLING LOCATION Manifold
Melt Temp (°F}  Aun No. Number of Samples Analyzed
340 1A 2 2 1 1 2 1
340 18 2 2 1 1 2 1
340 2 2 2 1 1 2 1
340 3 2 2 1 1 2 1
435 4 2 2 1 1 2 1
350 5 2 2 1 1 2 1
565 7 2 2 1 1 2 1

Note: No processing aids were used.

Diehead emissions were transparted by the 700-L/min
airflow to a sampling point 10 ft. downstream of the diehead
using 4-inch-diameter glass tubing. The location for this sam-
pling point (Figure 2) was based on previous studies performed
at Battelle that involved design, engineering, implementation,
and proof-of-principle stages for the pilot plant system.?

Two separate sampling manifolds were used at the sam-
pling location: one for collecting gases and vapors and the

Table 8. Resulls from spiking experiments.

other for collecting particulates (Figure 4). For gases and

vapors, a 10-L/min substream was diverted from the main

emission entrainment stream using a 0.5-In. stainless steel

tube (0.425-in. 1.d.) wrapped with heating tape and main-

tained at 50 °C. VOCs and oxygenates were sampled from

this manifold. Similarly, particulates were sampled from a

separate 15-L/min substream using a 0.25-in. stainless un-
heated steel probe (0.1375-in. 1.d.).

This study did not include any

measurements of emissions from the

drum collection area, as all commaes-

AALYTE METHID SPKELEVELppL EG:WEIY::I; AVERAGE PERCENT cial extrusion processes quench the
molten resin shortly after it exits the die.
FIRST EXPERIMENT? Emissions from the extrudate in the col-
FormicAcid  KOH fiters g 097 073 12218 lection drum were prevented from en-
Acelic Acid KOH filters 077 1023 0640 121512 tering the diehead entrainment area by
Acrylic Acid KOH fillers 059 0887 0567 107:11 drawing air from the drum at 20 L/min
Formaldehyde  DNPH Cartridge .63 220 203 1305 and venting to the exhaust duct.
Benzeng-d, Canister [ 0088 0086 9522
SECOND EXPERIMENT® VALIDATION OF THE
ANALYTICAL METHOD
Benzene-d, Canistes 02 0z ¥ 1084 The purpaose of the manifold spiking
Benzeng Canigter 022 0.22 o 100 experiments was to determine the ¢ol-
Methy| ACf)‘|3l9—d,, Canister 0.25 0.26 0.24 100+4 lection and recovery efficiencies of the
Methyl Acrylate  Canister 025 025 023 9524 canister, acid, and carbony] collection
Vinyl Acetaie Canistar 0.24 0.28 0.25 1106 methods. During the first spiking ex-

*Relative estor is The refative pescent difference: the absolule tifierence in the two samples multiplied by 100 and then

divided by their average.
1 Reterance 2; ® Reference 3
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periment, all three collection methods
were evaluated. Results are reported In
detail elsewhere.? During the second
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Table 6. Summary of EVA and EMA thermal process emissions for generic resin grades {ug/g).

TEST RUN NO. 1A 18 2 3 4 § ]
Resin Type Low-Density Low-Density EVA 18% VA £VA 28% VA EVA 9% VA EMA 20% MA  EMA20% MA
Potyethylene Polyeimylene IM BM

Qie Melt Temperatuce (°F) KL 340 40 3 435 350 565
Particulate Mater <1 15 <t <1 <1 41 615
VOLATILE ORGANIC COMPOUNDS

Beckman 402-THC* 067 1069 128.2 1234 997 457 172

Heavy Hydracarbons (HHC) 86.0 838 1083 1098 8.4 442 ®o
LIGHT HYDROGARBONS (LHG}

Ethane 0.02 0.02 a0 00t 003 002 049

Ethylene 0.0 | 0.01 0.01 0.02 002 036

Piopyiene k4] 001 2.0 0o 001 0w 014
ESTERS

Vinyl Acetale <0 <001 <0.01 622 <0 Foli)| M

Methyl Acrylale 0.0 <001 001 <00 <0.01 <0.01 <0.01
ALDEHYDES

Formaldehydet 042 0.28 008 008 013 [H1] 107

Acroleint <001 <001 <0.01 <00 .0t Paliy) 019

Acetaldehydet 0.0¢ 0.07 0.04 043 010 403 0.77

Propionaldenydet 002 ol om L3 0.02 Fali)] 0.3

Butyrafdehyde 002 0.02 o 0 04 .02 048

Benzaldehyde 0.02 0.02 003 005 095 06 023
KETONES

Acelong 0.15 013 010 0.10 013 0.0 034

Methyl Byt Ketonet .01 <01 A QD01 {01 A0t <0
QRGANIC ACIOS

Formic Acid 027 022 385 an 6.05 440 466

Acelic Acid 0.44 0.44 740 289 532 206 33

Acrylic Acidt «0.02 .02 Q2 Llirg <0.02 Q.02 <002

Note: Na processing aids were used.
* THC = Tolal hydrocarbons minus methane.
1 Hazardous &ir potlutants (HAPs).

spiking experiment, collection and recovery efficiencies were
determined only far the canister sampling method. The re-
sults from the two spiking experiments are summarized in
Table 5. The analytes measured by the spiking experiments
are listed in Column 1. Column 3 shows the calculated
concentrations of the spiked compounds in the air stream
of the manifold. The concentrations found from duplicate
sampling and analyses, and corrected for background lev-
els, are shown in the next two columns, Finally, the aver-
age percent recovered is given in the last column.

The results fror the first experiment are summarized
as follows: all three collection methods showed very good

1118 Joumal of the Ar & Waste Management Association

recoveries of the manifold spiked compounds; the three
organic acids were spiked at 2 nominal air concentration of
about 0.6 to 0.8 ug/L; recoveries using the KOH-coated fil-
ters ranged from 107 to 122%; formaldehyde (1.63 p/L)
served as the surrogate for the aldehyde-ketone species and
the DNPH cartridge method showed a recovery of 130%;
deuterated benzene (0.092 pg/L) served as the representa-
tive compound for the canister collection method; and the
amount recovered was 95%,

Duting the second experiment, additional recovery
<lata points were obtained for the canister method using an
expanded list of compounds. The additional compounds

Volurma 47 October 1887
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Table 7. Coofficient for equalions predicling EMA emission levels, ¥ =MT+ C, where Tis VOC chromatograms, the VOC measurements were due to

extrusion temperature (°F) and Y is emissian quantity in 1bs per million Ebs of resin.

EMA [20% Copolymer) Tesmparatura Range M Siope C (y Intercept)
V0T (402 method) 350 - 5B5°F 033 =107
Particulates 350 - 585°F 027 -89.3
Formaldenyde 350 - 585°F 0.0046 115
Arttaldehyde 350 - 565°F 0.0034 A7

Formic Acid 380 - 565°F 0.0012 3,

AR Acid 350 - 565°F 00054 018

Qther hydrgcarbons and acids were detecied. bul were below the 0.75 ppm cut-off point.

included deuterated benzene for comparison with the first
experiment, as well as benzene, methyl acrylate, deuterated
" methyl acrylate, and vinyl acetate. The expected spike level of
these five species was nominally 0.24 p/L. As the results indi-
cate, excellent recoveries were obtained for all compounds.
Mass ions from the mass spectrometric detector that were spe-
cific for each compound were used in calculating recovery ef-
ficiendes because the five species were not well resolved with
the analytical column (e.g., the two methyl acrylates were seen
as one peak when monitoring the flame jonization detector).

EMISSION FACTOR RESULTS
Ethylene Vinyl Acetate Copolymers

The emission results are presented in Table 6. Overall, VOCs
and particulates for all three EVA test resins had much higher
emission rates than the oxygenates. VOC emissions ranged
from 100 to 130 ppm (wt/wt), while particulates were less than
1 ppm. The higher test temperature produced higher levels of
aldehydes, but lower overall VOCs. However, this result is con-
founded because different EVA resins were used.

As discussed in the experimental section, two different
methods were used to measure VOC emissions. One was the
Beckman 402 Hydrocarbon Analyzer which continuaily ana-
lyzed the air emission streamn throughout the tun and pro-
vided a direct reading of all VOC substances responding to the
flame icnization detector. The other method used an evacu-
ateq canister for sample collection and gas chromatography
for analysis. With this method, total VOCs were determined

"by summing the Heavy Hydrocarbon (HHC) and Light Hy-
drocarbon (LHC) results,

As can be seen in Table 6, the Beckman 402 results are
consistently higher than the HHC and LHC results. There are
a nurnber of possible explanations for these discrepandes, as
the technigues are inherently different, but that discussion is
beyond the scope of this paper. However, as a conservative
measure, it i5 recommended that the higher result be used when
estimating emission quantities.

One advantage of the canister method is that it can
provide emission data on rotal VOCs as well as indi-
vidual compounds. Based on visual observation of the

Volume 47 Qctobar 1987

the additive response of many individual compounds. The ma-
jority of individual VOCs were well below I ppm (wt/wt). The
exceptions were the organic acids, which were in the range of
6 to 12 ppm total. Varations in the amounts of organic acids
evolved did not follow either the die-melt temperature or the
percent bound vinyl acetate, This may have been simply a
reflection of the variability of the method, or the effect of dif-
ferent samples being used at different temperatures. Organic
acid emissions were, however, significantly higher than those
observed in an earlier study on LDPE resins.?

Viny! acetate was detected in only one of the test runs,
that of the high vinyl acetate copolymer in Run #3. It is thought
that this may have been an artifact of the test apparatus in
which fewer VOCs may have adhered to the canister wall dur-
ing sample storage and were not completely released during
sample analysis.

Ethylene-Methyl Acrylate Copolymers

The emission factor results for the EMA copolymers are
presented in Table 6. Extrusions were performed at 350
and 565 °F corresponding to blown film and extrusion
coating temperatures, respectively. Overall, the VOCs for
the test resins had higher emission rates than the oxy-
genates. VOC emissions ranged from 45 to 117 ppm (wt/
wt) and the particulates from 4 to 61 ppm (wt/wt). As
expected, the higher test temperatures generally produced
the higher emission factors. Even at the highest test tem-
perature, the majority of individual VOCs were below 1
ppm (wt{wt} and no single VOC compound exceeded 5
ppm (wt/wt). Those that exceeded 1 ppm were aliphatic
tydrocarbons in the C, to C,, range.

Oxygenated VOCs were present in the emissions at
both temperatures, but generally at values <1 ppm (wtfwt).
The exceptions were formic acid, and acetic acid detected
at levels of < § ppm at both extrusion temperatures, and
formaldehyde, detected at a level of approximately 1 ppm
at 565 °F extrusion temperature, From the structure of the
ethylene-methyl acrylate copelymer shown below, it was
thought that methanol would be generated during extru-
sion at the highest temperature.

HHHH
{1
£C-CC-
N
HHIH
C=0
|

0

|

CH,
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However, specific evaluation of the GCMS runs for methanol
showed this compound to be absent irt runs made at bath
extrusion temperatures. The oxygenated compounds on the
HAPs list are designated as such in Table 6.

Predicting Emissions within Experimental
Temperature Range
The data in Table 6 were reduced to the following equa-
tion for EMA that predicts the level of emissions at a spe-
cific extrusion temperature:

Y=MxT)+C o

where Y = emissions in pounds per million pounds of pro-
cessed resin, and T = melt temperature in °F. M and C
constants are shown in Table 7 for each analyte.

Inserting the melt temperature (°F) into the equation
wiil provide an estimate of the number of pounds of emis-
stons per one million pounds of processed polymer, This
equation is only valid within the temperature ranges and
conditions used in this study and is not recommended
for predicting emissions for ternperatures cutside this
range. A similar equation was not derived for EVA because
of the limitations of test temperatures.

CONCLUSION
Significance of Emission Factors from SPI Study
This study provides published emission rate data collected
during extrusion of EVA and EMA under specific operat-
ing conditions.

The significance of this data becomes apparent when
placed into context of the 1990 Clean Air Amendment’s
definition of a “major” source for VOC emissions. Cat-
egorization of an emission source as a “major” source sub-
jects it to motre stringent permitting requirements, The
definition of a “major” source varies with the severity of
the ozone nonattainment situation of the area where the
source is located. The current VOC emission limits are 10
tons per year for a source in the severe classification, and
50 tons per year for a source in the serious classification.
Currently, the only extreme nonattainment area in the
United States is the Los Angeles, California area.
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The utility of this data can be illustrated in the fol-
lowing exampte. Based on the emissions data and equa-
tions developed in this effort, a processor with equipment
and conditions similar to those in this study can extrude
up to 156 million pounds of EVA or 171 million pounds
of EMA, and using the maximum emissions discovered
in this study without exceeding the 10-ton-per-year limit
for an extreme ozone nonattainment area. However, be-
fore using the data in this paper to estimate emissions,
one must consider a number of other parameters, such as
{ncreased additive levels, which may impact the type and
quantity of emissions as discussed in the Introduction.

These results cannot be used for industrial hygiene
Purposes.
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ABSTRACT

The evaluation of emissions of volatile organic cornpounds
{(VOCs) during processing of resins is of interest to resin
manufacturers and resin pracessors. An accurate estimate of
the VOCs emitted from resin processing has been difficult
due to the wide variation in processing facilities. This study
was designed to estimate the emissions in terms of mass of
emitted VOC per mass of resin processed.

A collection and analysis method was developed and vali-
dated for the determination of VOCs present in the emis-
sions of thermally processed acrylonitrile butadiene styrene
(ABS) resins, Four composite resins were blended from au-
tomotive, general molding, pipe, and refrigeration grade
ABS resins obtained from the manufacturers. Emission
samples were collected in evacuated 6-L Summa canisters
and then analyzed using gas chromatography/flame ion-
ization detection/mass selective detection (GC/FID/MSD).
Levels were determined for nine target analytes detected
in canister samples, and for total VOCs detected by an in-
line GC/FID. The emissions evolved from the extrusion of

IMPLICATIONS

There Is alack of data available conceming individual vola-
file organic compounds (VOCs) emitted during the pro-
cessing of commercia) acrylonitrite tuiadiene styrene (4BS)
resins. in this study, a collection and analysis method has
been deveioped and validated using deuterated species
spiked into the exhaust stream of thermally processed ABS
resins. The study design allows for the calcutation of pro-
cess emissions in terms of mass of amlitted individual VOC
per mass.of resin processed. We believe that the method
will serve as avaluable analytical oo for industry and the
research community in better assessing air toxics and VOT
emissions from chemical processes in genesal.
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each composite resin were expressed in terms of mass of
VOCs per mass of processed resin. Styrene was the principal
volatile emission from all the composite resins. VOCs ana-
lyzed from the pipe resin sample contained the highest level
of styrene at 402 pg/g. An additional collection and detec-
tion method was used to determine the presence of aerosols
in the emissions. This method involved collecting particu-
lates on glass fiber filters, extracting them with solvents,
and analyzing them using gas chromatography/imass spec-
trometry (GC/MS). No significant levels of any of the target
analytes were detected on the filters.

INTRODUCTION

Emissions of volatile organic compounds (VOCs) during pro-
cessing of resins is of concem to resin manufacturers and
processors. Emission information for individual VOCs will

_ help the industry comply with the 1990 Clean Air Act

Amendments. However, efforts to make quantitative esti-
mates of emissions from resin processing must take into
account the wide variation in processing facilities. Exhaust

‘concentrations during fabrication may not be accurately

generalized to other facilities or even to other processing
conditions at the same facility. This study was undertaken
to quantify emissions of VOCs and to express those emis-
sion values in terms of mass of emitted VOCs per mass of
processed resin. In this way, the results can be used to ob-
tain a more realistic value for emissions from a resin pro-
cessing facility. :

In this study, gaseous emissions generated during the ex-
trusion of acrylonitrile butadiene styrene (ABS) resins were col-
lected with stainless steel canisters treated by the Summa
passivating process. The canister samples were analyzed by 2
gas cnromatography (GC) systern equipped with a sample
pre-concentration device, and using parallel flame ionization
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detection (FID) and mass selective detec-
tion (MSD). A similar method was suc-
cessfully used” in past studies
characterizing aircraft engine exhaust
emissions for the UU.S. Air Force.l2 A
Beckman 402 total VOC analyzer, an in-
line continuous monitor with a flame
jonization detector and heated probe,
was also used to measure tota} VOCs and
to compare with the results found by
summing the individual species obtained

with the GC system. ;;a ':::

Dow Chemical Company, General Experiment -2
Electric Company, and Monsanteo Lo(:nm 1!
Chemical Company provided one
resin from each of four categories of %
resins—automotive, general molding, ;&m% ‘
pipe, and refrigeration ABS resin.

Composite resin samples were pre- Enemiaslon

pared by combining equal portions of Box | -
resin from the same resin category
from each company. The resins were

/L

:ﬂ

{Sampling Locatlon ¥#2)

Aging
Plsaum

{Sampling Localion #3)

* .| Alr-Entralned Emissions Ar

Wall of Divergant
Hoxtie

w— Sheath Air Flow

' j 10D LPW

mme Dlo Head

i \——— Entrainment
e AlrFow
[— 525 LPM

mixed thoroughly to provide four
composite samples.
A resin extruder and exhaust deliv-

-~ 75 LPM (Room Air)

ery system were used to generate and
capture emissions produced during the
extrusion of the composite resins. This facility had been de-
signed to perform safety evaluations of emissions produced
during plastic processing under controlied laboratory con-
ditions modelling industrial practice. '

The study design consisted of two phases: 1) develop-
ment and validation of a gaseous emission sample collec-
tion and analysis method, and 2) collection and analysis of
VOCs emitted from the extrusion of each composite resin.

EXPERIMENTAL METHODS
Extrusion Facility and Collection Methods

Resin Extrusion Facility. The resin extrusion facility at
Battelle was used to generate and capture VOCs produced
during the extrusion of ABS resins. The resin extrusion
equipment was isolated from the rest of the facility in a
roomi equipped with a separate air handling system hous-
ing two extrusion lines in separate isolation enclosures
maintained at a negative pressure relative to the rest of
the facility. The isolation enclesures were constructed of
prefabricated insulated panels which ensured that the
nolse levels in the generation area did not exceed 80 dB.
The design of the facility allowed the system operator to
maintain conditions within specified limits and to col-
lect, analyze, and report the conditions in real time dur-
ing each test. )

The emissions that evolved during thermal process-
ing of resins were captured in a stainless-steel enclosure
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Flgure 1. Delivery systern and sampling locations.

surrounding the die head of a 1.5-irz, 15-hp plastic extruder
(HPM Corporation). Fitted with an eight strand die, the
extruder is capable of a production rate over 60 lbs/hr
throughput and 800°F {maximum) barrel ternperatures for
the three heat zones. The thermal processing involved the
extrusion of each compaosite under conditions considered
suitable for the ABS resins. _ .

The emissions were entrained with pre-conditioned air
(high eificiency particulate aerosol-filtered) using a
Battelle-developed divergent nozzle entrainment cone
with flow through a three-inch diameter glass sampling
manifold (Figure 1). The cone provided a sheath of clean
air between the exhaust emissions and the walls of the
carrier duct, minimizing interaction of the effluent with
the duct walls.

The delivery system was designed with multiple sam-
pling ports at various distances from the extruder to deter-
mine the component’s concentration at chosen locatlons.
Figure 1 is a schematic diagram of the sampling port loca-
tions. Sampling port two was used for sampling in this pro-
grarn based on results from previous industrial studies which
involved design, engineering, implementation, and testing
of the plastic extrusion and delivery system laboratory.

Composite Sample Preparation Process. The composite res-
ins were prepared using a Patterson-Kelly twin shell, 3 f1
blender to mix 50 Ibs of each resin type from each com-
pany to form 150 Ibs of each compasite. A composite of the
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extruder purging resin, styrene-acrylonitrile (SAN) resin,
was also prepared from equal parts of Tyril® 880 SAN from
Dow, and Lustran® 31-2060 SAN from Monsanto. Table 1
shows the four composite categories, the resins used from
each company, and the extruder conditions for the com-
posite sample collection in Phase 2,

Sample Loading Process. Resin was hand-poured into a
dryer hopper mounted on the extruder. During the extru-
slon process the plastic extrudate passed through the ex-
haust entrainment section into a 55-gal steel drum where
it cooled and was weighed. The resin processing rate was
determined by weighing the amount of resin extruded dur-
ing a measured time interval.

Canister Preparation Method. ‘The canisters used to col-
lect emission samples were cleaned and evaluated follow-
ing the Compendium Method TO-141 procedure
recommended by the Quality Assurance {QA) Division of
the U.S. EPA. The 6-L canisters were cleaned by placing
them in a 50°C oven, evacuating them to a pressure less
than 125 mm of Hg, and filling each canister five times to
at least 4 psig, using hurnidified ultra-high purity air as the
flush gas. A final canlster vacuum of 0.10 mm of Hg or less
was achieved by using a mechanical pump. One out of
every eight canisters was filled with humidified ultra-high
purity air and its contents analyzed as a quality control
(QC) measure. )

Table 1. Phase 2 extruder operating conditions.

Resin: Auto  General Fipe  Refrig General
. Comp Molding Comp  Comp Molding
Comp Comp
Duplicate

Run Duration (mink: 32 32 35 . 24 23

Total Flow {L/min}: 700 700 700 700 700
Carrier Flow

(LiminY: 525 525 525 525 525
Sheath Flow (Lmin): 100 100 100 100 100
Screw Speed {rpm): 80 o0 90, 90 2
DiePressure {psi); 1500 1500 2000 2000 2000
Output (ibsfhr): 48.4 517 450 506 514
Temperatures (“F);

Zone 1 340 351 355 353 350
Zone 2 . 308 a0 403 402 400
Zone 3 448 449 452 452 449
Die 482 4500 452 4500 450
Malt 455 443 - 445 463 440
NOTES

Comp = Composite resin

Automotive composite resin (auto): Magnum® 342EZ, Cycolac® GOT 8300,
Lustran® SF Elite-1000.

General molding (GM) composite: Magnum® 9010, Cycolac® GPM 5600,
Lustran® Ultra MCX.

Retrigeration composite {Relrig). Magnum@ 9042 white, Cycolac® N24 white,
Lustran® 723 white.

Pipe composite [Pipe): Magnum® FG 960 black, Cyclolac® LDG. Lusiran®
756, Magrurm® Trademark of the Dow Chernical Comparny

Cycioiac® Tradernark of General Cleckric Company.

Lustran® Tragemark of Monsanto Chemical Company
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Canister and Filter Sample Collection Method. A heated
manifold constructed from 1/2 in stainless steel tubing was
used for the collection of filter and canister samples. The
manifold (see Figure 2) consisted of a 90 degree elbow which
protruded into the main exhaust glass manifold at sampling
position 2. The lqgtnifold was 'gttached using a 4-in stopper.
The stopper was sealed to the 3-in diameter glass manifold
using glass fiber tape. Directly below the stopper was a 3/8-
in port with a stainless steel filter holder. During the valida-
tion phase, this sampling port was used to collect the 60-L
filter sample as well as to obtain direct canister samples to
determine if manifold losses were occurring. Fourr 1/4-in ports
and one 3/8-in port were positioned at the lowerend of the
manifold. A filter holder was connected to the 3/8-in pornt
with a flexible 1/4-in heated line attached to the exit end.
Another flexible 1/4-in heated line was attached directly to
one of the 1/4-in ports. These two heated flexible lines were
used for canister sample collections. The Beckman 402 VOC
analyzer's heated line was attached to one of the other 1/4-
in ports. One of the remaining two ports was sealed and the
other was attached to a mass flow meter and pump which -
maintained a flow of 10 L/min through the sampling mani-
fold. The entire manifold, including filter holders and flex-
ible lines used for canister sampling, was heated using
heating tapes and rheostats. All temperature zones were
monitored by thermocouples and maintained at a constant
temperature of 120°C £ 20°C. '

. Each canister sample was collected by attaching the can-
ister to its respective port and slowly opening the manual
valve to allow the differential pressure between the exit ex-
haust and the evacuated canister to cause flow into the can-
ister. Once the canister had reached ambient pressure the
valve was closed and the canister was removed.

Filter samBles were collected by placing a pre-weighed
25 mm dialpéter glass fiber filter in-line preceding one
of the 6-L canisters as shown in Figure 2. A 6-L volume
was passed through the fiiter during the I-min collection
period in which the ganister vaive was opened. In addi-
tion, a glass fiber fmgr sample was collected at the 3/8-in
part directly below the manifold rubber stopper at a flow
rate of 10 L/min for 6 min, resulting in a sampled vol-
ume of 60 liters.

Analysis Methods
In-Line Volatile Organic Compound Analyzer. A Beckman 402
in-line continuous rnonitoring FID systern was used to mea-
sure the VOC content of the exhaust as shown in Figure 2.
This instrument was in place during the sampling period at
sampling location 2 (shown in Pig}'gxg 1). The total VOC de-
termination was made by assuming an equal response (per
carbon) for each emitted species detected by the in-line FID
system, By using the reference calibration standard, ben-
zene, a total concentration value in the exhaust stream was
calculated in units of parts per million carbon (ppmcC) or
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ng/m3. By accurately measuring the exhaust flow, the emis-
sion values were calculated in units of pg/sec. The continu-
ous in-line moriitor pfovided a record of the variability of
the VOC in the exhaust. This method also served as a com-
parison to the canister VOC measuremnents made by the GC/
FID/MSD system.

GC/FIDMSD Analysis Method. The canister samples were
analyzed for VOCs Using an automated gas chromatographic
system utilizing a Hewlett-Packard Model 5880 GC and par-
allel flame ionization and mass selective detectors. A modi-
fied Nutech Mode! 320 controller regulated the temperature
of the Supelco two-phase preconcentration trap, which con-
tained abed of Carbopack B and Carbosieve S-I1I adsorbent.
A six-port valve was used to facilitate sample collection and
injection. For this study, each canister was heated to 120°C
just before analysis. A 40 cc sample from each canister was
then transferred to the trap, which was initially held at a
temperature of 25°C, followed by desorption at 220°C.
Analytes were chromatographically resolved on a Hewlett-
Packard HP-1 fused silica capillary column (50 m x 0.32 mm
i.d,lgm film thickness) Optimal analytical results were
achieved by temperature programming the GC oven from -
50°C to200°C at 8°C/min. The column exit fiow was split to
direct one-third of the flow to the MSD and the remaining
flow through the FID. The VOCs were identified using the
MSD and were quantified using the FID,

The MSD was operated in the full scan positive ion mode
so that all the masses between 35 and 250 daltons were
scanned and recorded. This mode is ideal for analyzing un-
known compounds, because it provides a complete mass
spectrum for each GC peak. The mass spectrometer’s elec-
tron multiplier was set at 2200 V.
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Major components (those with approximate signal-to-
noise ratio greater than 10:1) were identified both by
manual interpretation and by matching the mass spectra
from the samples to the National Institute of Standards
and Technology (NIST) mass spectral library, using the MSD
data system library search function. The target analytes de-
tected in the canister samples were the following: 1) acrylenitrile,
2) 1,3-butadiene, 3) 4-vinyl-1-cyclohexene,4) ethylbenzene,
S)styrene, 6)isopropylbenzene,7) propylbenzene, 8) methyl
styrene, 9) acetophenone and 10} 2-phenyt-1-propanol.

Phase 1: Development and Validation of

a Samplie Collection and Analysis Method
Phase 1 invoived the design, setup, and validation of the
canister collection and analysis method for the determina-
tion of VOCs in exhaust generated by the extrusion of ABS
resins. Compounds used in these experiments were the ten
target analytes listed above, as well as benzene and three
deuterated species: ethylbenzene-d,,, styrene-d,, and
acetophenone-d,. Initial experiments focused on determin-
ing the storage and recovery of these target species, which
were spiked into the canisters. Subsequent test runs were
performed with the extrusion of Dow’s Magnum® 342FZ
ABS automotive resin to determine: 1) if gaseous species were
lost in the sampling manifoid through aerosol formation,
and 2) if gaseous species released in the extrusion zone were
efficiently recovered at the sampling location.

- Phase 1: Canister Recovery Test, A canister-spiking experi-

ment was performed to confirm the elution and recovery of
the target analytes from 6-L canisters using the GC/F[D/M.?D
system. A 1/1000 dilution of the target analytes was pre-
pared by injecting 10 L of each liquid into a 10 mL volu-
metric flask half filled with methanol. The flask was then
filled to the mark with methanol. A 6-L canister was cleaned
and evacuated. The canister was spiked with 5 uL of the
diluted mixture and then filled to 15 psig with humidified
zero air. The canister was analyzed using the GC/FID/MSD
system to identify and confirm each analyte. Compound
recovery was determined by comparing the calculated can-
ister concentrations with the experimental values based upon
the analysis of a diluted mixture from a calibration cylinder
that also contained the target compounds.

Phase 1: Gaseous Species and Aerosol Formation. The extruder
was cleaned of residual resin by purging with Dow's Tyril®
880 SAN resin for approximately one hour prior to the test
run of the Magnum® 342EZ ABS automotive resin. Both
canister and glass fiber filter samples were coltected during
the test run. The filter samples were used to determine if
analytes were being lost through aerosol formation within
the entrainment and manifold regions.
a) Canister and Filter Sample Collection.
Canister samples with and without in-line glass
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fiber filters were coliected and analyzed. Duplicate
sets of samples were taken approximately 15 min-
utes after the extrusion process was initiated and
again approximately 30 minutes after the process
began. Ten canister samples weie collected, includ-
ing a sample from the port closest to the manifold
inlet, and a background sample collected prior to
the start of the extrusion process. Five filter samples
were collected, including an additional glass fiber
filter sample collected at the port closest to the mani-
fold inlet, representing a 60-L total volume.
b} Canister and Filter Sample Analysis
The canister sampies were analyzed within 24 hours
using the GC/FID/MSD method described above.
The filter samples were extracted by sonication
in methylene chloride and were aznalyzed by GC/
MS. The filter extraction procedure involved placing
the filter in a 6-dr vial with a PTFE lined cap. The

filter was spiked with 20 ulL of at least one of the .

following as a recovery standard: 2000 ppm styrene-
dg, 2000 ppm acetophenone-dg, or 2000 ppm
ethylbenzene-d,,, representing a concentration of
200 ppm in the final extract volume, Ten mL of me-
thvlene chloride were added to each vial: The vials
were capped and shaken by hand severai times. Each

vial was sonicated for three minutes in one minute ~

intervals, venting the cap as necessary. Each filter
was rinsed with approximately-] mL of methylene
chloride and placed in a separate vial. The remain-
ing solution was evaporated to approximately 1 mL
and transferred to a 2 ml Chromoflex tube, and
rinsed with an additional 1 mL of methylene chlo-
ride. The contents of the Chromoflex tube were con-
centrated under nitrogen to approximately 0.2 mL,
final volume. The concentration of the internal stan-
dard, toluene-d,, was 100 ppm in ezch extract.

The filter extracts were analyzed by electron imn-
pact (EI) GC/MS on a Finnigan MAT 5100 Series GC/
MS System using Finnigan MAT Automated GC/MS/
DS Software Version 5.5,

Phase }: Manifold Spiking Test. A spiking experiment with a

calibration cylinder was conducted to determine if the gas-

eous emissions released from the extrusion of Magnum®

342EZ in the entrainment area were being adequately re-

covered at the sampling locations. A calibration cylinder

containing the target compounds was prepared and a mea-
sured flow introduced into the entrainment area.

a) Preparation of Surrogate Spiking Cylinder
" A mixture containing the deuterated and native spe-
cies was prepared in a high pressure cylinder. The

target analytes were obtained as gases or neat liquids,

(>99% purity) from Matheson or Aldrich Chemical
Company. A 15.7-L compressed gas cylinder mixture

690 Journal of the Air & Waste Management Associalion

was prepared by injecting 5 uL of each liquid and 1
cc of 1,3-butadiene gas into the cylinder, which had
been previously flushed with high-purity nitrogen
gas and evacuated. After injection of the compounds,
the cylinder was pressurized to 1000 psig with ultra
high-purity nitrogen (Mathescn). Identification and
elution order determination of the components were
performed with the GC/FID/MSD by matching the
mass spectrum acquired for each component to the
NIST mass spectral library using the MSD data sys-
tem search function. The calibration cylinder was
used with a dual mass flow conttol assembly and
humidified zero air to provide dilute mixtures to cali-
brate the GC/FID/MSD system.
b)  Sample Collection and Analysis

The high pressure cylinder with the spiking mix-
ture was connected to the entrainment area with a
section of 1/8-in O.D. stainless steel tubing. The flow
through the tubing was maintained at 10 L/min
with a mass flow controller attached to the exitend
of the cylinder regulator. Air fiow in the entrain-
ment zone was maintained at 700 L/smin. Five can-
ister samples were collected during thisexperiment.
Duplicate canister samples were taken approxi-
mately 15 minutes after manifold equitibration and
again approximately 30 minutes after equilibration.
One canister sample was taken from the sampling
port at the entrance to the sampling manifold to
determine if manifold losses were occurring. A single
glass fiber filter sample was collected for six min-
utes at a flow rate of 10 L/min at this same sam-
pling port. The canister samples were analyzed by
GC/FID/MSD. The filter sample was extracted and
analyzed by GC/MS.

Phase 2: Sampling and Analysis
of Composite Resins
Phase 2 involved processing the four ABS composite resins
using the conditions shown in Table 1. The general mold-
ing compaosite resin was processed twice to determine day-

" to-day variability of emission levels. For each test tun, four

canister samples were collected. Two samples were collected
in duplicate, 15 minutes after the extrusion operation was
initiated. The remaining two samples were collected 15
minutes later.

RESULTS AND PISCUSSION

The results from the Phase 1 method validation study are
discussed first and include the canister recovery test run,
the filter anaiyses, and the spiked fume recovery test run.
Secondly, the results are presented from the Phase 2 sam-
pling and analysis of an air blank, SAN cormposite resins,
and four ABS composite resins. The Phase 2 results focused
on the following: 1) identifying and quantifying VOCs in
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the exhaust and 2) comparing the in-iine continuous FID Based on the instrament response for the 200 ppm sty-
monitor to the GC speciation methodology (GC/FID/MSD). - rene-dg standard, the instrument detection lmit was esti-
mated at 10 ppm for styrene. Assuming that 50% of the
VOC Recovery from the Canister styrene-d8 was recovered, the estimated detection limit for
The canister-spiking experiment was conducted as part of the spiked filter was 20 ppm or 4 pg/filter.
the initial phase of the validation program to confirm the The recovery of styrene-dg from the sample filters ex-
elution order of the target compounds and to assess the sta- posed to ABS resin fumes was 5 to 15%, which is lower than
bility of these species in the canisters. The liquid spiked into the results for the unexposed spiked filters. Based on this
the canister resulted in calculated concentrations ranging from observation, we estimate the method detection limit for the
0.4 to 0.5 ug/L for each target compound. A detection level exposed filters at 2(50 ppm or 40 pg/filter for each target
of 0.01 ug/L was obtained with this analytical method. The analyte. A second extraction of the sample filter with metha-
experimental concentrations in the canister were determined nol did not result in an increase in recovery. .
using the response factors calculated from direct GC analyses No target analytes were found in the filter extracts dur-
of the diluted mixtures of the calibration cylinder. Canister ing any of the ABS test runs. Based upon the results from
recoveries ranged from 1129 for ethylbenzene to 171% for the ABS auto resin, which showed gaseous styrene con-
acetophenone, with an average recovery of 136%. The el- centrations of 68.1 pg/L, the fraction of this amount that
evated values may be attributed to errors tn preparing the could have been on the filter but below the 40 pg/filter
original methanol solution or in spiking 5 uL into the canis- detection level is less than one percent. These results indi-
ter. The results demonstrate that all the compounds, with cate that the glass fiber filters did not cellect a signifi-
the exception of 2-phenyl-1-propanol, are well resolved and cant amount of the target analytes as aerosols from
amenable to canister analyses. The compound 2-phenyl-1- - the process emissions.
propanol was not detected in the spiked canister. No further
work was done with this compound. . Manifold Spiking Test
The results from the GC/FID/MSD analysis of the five can-
Filter Analysis Tests ister samples collected during the manifold spiking experi-
Prior to analyzing the sarnple filters, an extraction blank ment are summarized in Table 2. Two of the four compounds
and filter blanks were analyzed to validate the extraction were deuterated ethylbenzene and styrene; the remaining
method. The two filter blanks and the methylene chio- two compounds, benzene and 4-vinyl-1-cyclohexene, were
ride blank were spiked with deuterated recovery standards, ° cylinder components not present in the gaseous emissions
extracted and concentrated as described in the experi- from the automotive test resint. The calculated spiking con-
mental section. centrations are listed first, followed by each of the canister
The peak area for each deuterated standard was deter- results. All concentration levels were significantly above the
mined by integrating the fon trace for the base peak of detection level of 0.01 pg/L (signal to noise ratio of 3 to 1).
each standard: styrene-dg at m/z 112, acetophenone-d, at Individual recovery values for the four compounds are also
m/z110, and ethylbenzene-d,, at m/z 98. Theexpectedcon- .  shown for each canister sample. The values from the canis-
centration of the spiked standards in the final extract was ter collected at the entrance of the manifold did not differ
200 ppm for each species, Approximately 20% of styrene from the values from the remnaining four canisters coliected
was lost in the extraction procedure and an additional 30% near the manifold’s exit. Excellent recovery of the four
was lost on the filter for a total recovery of 50%. A compari- analytes through the manifold was achieved. Average re-
son of the peak areas for acetophenone-d, and ethylbenzene- covery and percent relative standard deviation (% RSD) val-
d, in the filter blanks versus the methylene chloride blank ues were: benzene, 114 + 2%; 4-vinyl-1-cyclohexene,

shows a similar trend for these compounds. 106+ 3%; ethylbenzene-d,, 115 +16%; and styrene-d; 89+ 11%.

Table 2. Calculated spiking concentration and pefcent recoveries of analytes found in canisters during the fume entrainment spiking experiment.

Cafculated Can 91-070 Can 88-007 Can91-017 Can 91-001 Can 91-025
Compound Spiking Conc. Direct {15 min) {Dup., 15 min) (30 min} {Dup.. 30 min)
ug/l poll fTle? polL HoL pglL
benzens 0.07 106 th ¥y 114 117 117
4-vinyl- t-cyclohexene 0.06 101 107 107 107 107
ethylbenzene-d,, Q.07 113 145 01 2o - o8
Styrena-d, 0.08 a7 96 84 a9 78

nd = not detected (<0.01 pglL ). Dup. = Duplicate.
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Adr Blank and SAN Purging Resin Tests
An air sarnple (blank) collected from the manifold priot to
extrusion of the resiris resulted in very low levels of the
following target analytes: styrene, 1.82ug/L; ethylbenzene,
0.63 pg/L; acrylonitrite, 0.23 pg/L; isopropyibenzene,
0.09 pg/L; n-propylbenzene, 0.05 pg/L and acetophenone,
0.01 ug/L. No other target analytes were detected.

The SAN purging resin was extruded and samples col-
lected between the composite resin tests. Seven of the nine
target analytes were detected. Listed below are the target
analytes, mean levels detected, and % RSD: acrylonitzile
2.79 ug/L+12%, ethylbenzene 5.36 ug/L+16%, styrene
18.7 pg/L+12.6%, isopropylbenzene 0.71 ug/L+0.18%,
n-propylbenzene 0.485 ug/L+15.5%, methyl styrene
0.235 ng/1+87%, and acetophenone 0.365 ug/1+31%. The
SAN purge samples did not indicate any significant carryover
from the previously extroded composite resin. '

ABS Composite Resin Tests

Table 3 summarizes the results of analyzing the gaseous emis-
stons from the processing of four ABS composite resins. For
each composite resin, there are four data points (e.g., four
canister samples}. The mean concenttation for each of the
nine target compounds is shown, along with the total of the
nine species, the total of all identified and unjdentified GC
species, and finally, the total VOCs determined by the
Beckman 402 analyzer. Values less than 0.01 pg/L were listed
as not detected. Percent relative standard deviation (36 RSD)
values aze also reported.

The following observations were made. First, 1,3-butadi-
ene was found only in the pipe and automotive composite
exhaust at Jevels of 0.97 and 0.48 ug/L, respectively. All other
target analytes were detected in the emissions from all four

Table 3. Concentration detected in the emissions of extruded ABS
composite resins.

Compound ‘Aute  GM  GM-R _PIPE  Refrig
ugt  pgh pgl ugl  pgl
1,3-butadiene 0.48 ND ND 097 ND
acrylonitrile 3.00 3.84 4,33 4.74 5.67
4-vinyl-1-¢yclohexere 0.26 1.09 0.90 ‘B850 1.51
ethylbenzene 1440 521 445 3370 7.6
styrene 68,10 B86.00 £9.90 196.00 .85.60
isopropylbenzene 1.72 1.89 .1.49 10.80 1.39
n-propylbenzene 1.24 109 092 5.15 093
methyl styrene 007 1150 746 30.40 227
acetophenone 1.45 8.7 5.16 35.10 2.33
Total of target 9072 1195 9461 3234 107.3
analytes (GC/FID)
Total vOCs 22} 129 3 318 126
by GC/FID
Total vOCs by 104 120 05 265 123
402 analyzer

ND = Not detected { <004 ngiL)
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composite resins, except for 2-phenyi-1-propanol, which as
mentioned earlier, was not amenable to the canister method-
ology. The pipe composite emissions contained the highest
level of all the detectable target analytes except for acryloni-
trile, which was slightly higher in the refrigeration compos-
ite resin exhaust,

The sum of the concentrations of the nine identified tar-
get species accounts for over 90% of the total concentration
determined by the GC/FID spediation methodology. inaddi-
tion to the target analytes, the composite fumes contained
six tentatively identified compounds, m- and p-xylene,
o-xylene, benzaldehyde, 1-methyl-2-isopropylbenzene,
p-ethylstyrene, and 1-methylene-4-isopropylene cyclohex-
ane. The l-methylene-4-isopropylene cyclohexane was
present at significant levels in the general molding and re-
frigeration composite fumes. This compound was present
at levels approximately 20-30% of the styrene concentra-
tion, based on the relative chromatographic respotise.

Figure 3 shows a representative chromatogram from one
of the GC/M5D analyses of the general molding composite
resin exhaust. The assigned chromatographic peak numbers
correspond to the target analytes and tentatively identified
compounds detected. .

The results in Table 3 also indicate that the concentration
levels detected in the exhaust by the in-line Beckman 402
analyzer compared very favorably with those values found
with the GC/FID methodology. In all cases the differences in
reported concentrations were less than 10%. Since oxygen-
ated compounds will give a lower FID response than benzene
(which was used to calibrate the Beckman analyzet), a com-
pound response adjustment should be made to the reported
oxygenated species in order to more fairly compose the total
concentrations reported by the two methods. However, since
the oxygenated fraction of each GC run was minor (i.e., 1%
to 1096), an oxygenated response adjustment would not sig-
nificantly change the total GC speciation results. Results from
the continuous in-line VOC analyzer were also useful in de-
termining that the emission and entrainment of the fumes
were stable throughout the collection period. The continu-
ous VOC analyzer was also used during the validation phase
of the program to demonstrate that no concentration gradi-
ents were occurring at sampling locations 1 and 2 (Figure 1)
or at the inlet and outlet of the sampling manifold (Figure 2).

The precision values (3 RSD) for the data in Table 3 for
each measured component ranged from less than 1% to ap-
proximately 59%. For most components, the precision was
better than 10%. We consider these values to be very ac-
ceptable. The main contribution to sample variability was
the fact that canister samples were collected at various time
intervals over a 30-min test period. _

Finally, using the concentration data in Tabie 3 and the
extruder operating conditions shown in Table 1, emis-
sion factors have been derived for the various species,
in terms of microgtams of VOC emitted per gram of
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] Phase 2 involved col-
lecting and anaiyzing
t.2E+81 samples from tests which
Peak No.  Compound Name § : :
HpoRRe S included four composite
1,3 Butadi : : -
| . @E+8 2 Acylonirie 1esins, one replicate resin,
T 4VigyhL-Oyclobexcas =
v Eitowens an air blank, and two SAN
5 o sad p-Xylene
3.BE+7A ¢ Sh;(n]mg purge blanks. All target
o-Xylen
s b st . analytes were detected,
9 Benzaldehyde - -1-
E . o e e . except for 2-phenyl-1
. 11" Methyl syrene j o
E 1 Moty e ceyibensene propancl. Pipe and auto
2 13*  Acelophenone motive composite fumes
M p-Ethylstymenc ‘ ;
4. 0E+7? 15 1-Methylene-d-isopropylene cyclahexane were the only composites
* Turget amalytes to generate 1,3-butadiene,
2. BE+7- . “ "“ with emission factors of
10
e l Y 1.99 and 0.93 pg/g, re-
8. 0E+ - e ' A > . h e spectively. The pipe com-
12 14 18 K] 1?Pme f:m ' 2s 26 2@ 38 32 34 posite fume yielded the
highest emission factor

Figure 3. GC/MSD chromatogram of a canister sample during the extrusion of general molding composile resin.

processed resin. Table 4 shows these results for the four
composite resins. Mean values of the target analytes were
also caleulated for the two general molding resin test runs.
The precision (% RSD) values indicate that day-to-day vari-
ability in resin processing was less than 209 for most of the
target analytes.

SUMMARY OF STUDY FINDINGS
Emission levels were determined for the process of ex-
truding ABS composite resins. Four composite resins were
tested, representing automotive, general moldings, pipe,
‘and refrigeration applications.
A method validation was performed in Phase 1. This
. involved the verification of the recovery of target analytes
spiked into a sampling canister. All target analytes were
detected except for 2-phenyl-1-propanol, which could not
be determined using this method. An average recovery of
136% for the canister spike was found. The elevated re-
covery may be attributed to the use of a methanol solution
to spike analytes into the canister (e.g., possibly evaporation
of methano! during standard preparation procedures) or the
smiall volume used in spiking. Although this is a standard
technique for preparation of spiked canisters, it may not
have been optimal for these compounds. The recovery of
surrogate compounds spiked into the exhaust generated
during the extrusion process was also determined. This
involved the introduction of a surrogate gas mixture from
a compressed cylinder into the entrainment area of the
extruder while the extrusion of Magnum® 342EZ ABS au-
tomotive resin was being perforrned. An excellent aver-
age recovery of 1069 was obtained for the four surrogate
compounds, indicating that this method of collection and
analysis was acceptable.
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for styrene at 402 pg/g
and the highest total VOC
emission factors deter-
mined by GC/FID and the continuous VOC analyzer at 653
and 544 ug/g, respectively. Also, the trends in the level of
the target analytes detected by the 402 analyzer were con-
sistent with the trends seen in the canister analyses.

The duplicate analyses of the composite fume samples
were reproducible with precision for most of the target
analytes between 1% and 20%. The general molding repli-
cate run showed day-to-day variability of approximately
20% RSD for the target analytes. The range of the %RSD
for the replicate and duplicates was considered acceptable.

Table 4. ABS composila resin emission factors.

Compound Auto GM (R) GM Fipe Refiig
Bo/g  Bgly  Meant % RASD ugy wp/g
1.3-butadiena 0.93 nd nd 199 nd
acrylonitrite 574 779 731877 975 104
dvinyh1-cyclohexsne 050 161 178135 134 276
sthylberzene 276 802 888107 6320 139
styrene 130 126 140+ 142 402 156
isopropylbenzene 329 288 303t162 222 255
n-propylbenzene 237 185 180117 106 1.70
methy! styrene 129 1343 17.0+294 6241 4.16
acetophenone 278 929 126 +369 721 425
TotalvOCstyGCFID 190 186 653 231
Total VOCs by 402 199 189 544 225
Analyzer
NOYES

nd = not detected {<0.04 pph).

% BSD = Parcant relative standard deviation.  _ -

GM = General molding :

Retrig. = Refrigeration.

(R) = Repiicata.

VOC = Volatite Organic Cormpounds found in each sesin sample.
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In addition to the target analytes, the composite fumes
contained six tentatively identified compounds: m- and
p-Xylene, o-xylene, benzaldehyde, 1-methyl-2-isopropyibenzene,
pethylstyrene, and 1-methylene-4-isopropylene cyclohexane.
Thel-methylene-4-isopropylene cyclohexane was present at
significant levels in the fumes from the general molding
and refrigeration composite resins,
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EXHIBIT 9

SP1 STUDIES EMISSION FACTOR SUMMARY CHART

{1 (1 =) @ (3) 3

VOM VOM HAP  HapP PM PM
Study Resin (ug/g) {lb/ton) {ug/g) {lb/ton} (ug/g) {Ib/ton})
polyethylene LDPE - 500 F 35 0.07 0.39 £.0008 31 0.06
June 1996 LDPE-600F 157 0.31 21 0.0420 242 0.48
LLDPE-355F 8 0.02 0.12 0.0002 2 0.00
LLDPE - 395 F 9 0.02 0.07 G.0001 22 0.04
LLDPE - 450 F 14 0.03 0.27 0.0005 25 0.05
LLDPE - 500 F 20 0.04 0.45 0.0008 60 012
HDPE - 3B0F 21 0.04 0.15 0.0003 20 0.04
HDPE - 430 F a1 0.06 Q.15 0.0003 27 .05
polypropylene hemopolymer - 400 F 104 0.2 1.4 0.0028 30 0.08
Jan 1999 homopolymer - 510 F 177 0.35 2.3 0.0046 68 014
(4y  homopolymer - 605 F 819 1.64 a7 0.09240 653 1.3
homopolymer - 480 F 191t 0.38 535 Q0110 130 030
RG homogolymer - 490 F 33 0.07 0.35 0.0007 17 0.03
RG homogolymer - 570 F 202 0.40 19 ©.0380 218 0.44
copolymer - 505 F BO 0.16 1.4 0.0028 35 0.07
copolymer - 510 F 59 D.12 0.23 0.0005 28 0.06
polyamide general nyion 66 50 0.10 0 0.00000 104 0.21
July 2001 general nylon 6 65 0.13 0.01 0.00002 24 0.05
general nylon 6 52 010 o.M 0.00002 18 0.04
copolymer nylon 66/6 122 0.24 0.01 0.00002 6 0.01
copolymer nylon 66/6 154 0.1 0.01 0.00002 3 0.01
EPDM toughened nylon 66 137 0.27 0.32 0.00064 687 0,13
EPDM toughened nylon 66 133 0.27 0.29 0.00058 64 013
toughened nylon 6 171 0.34 28 0.00580 27 0.05
toughened nylon & 158 0.32 2.8 0.00560 25 0.05
{5y nylon 66 57 0.11 oM 0.00002 115 0.23
(! copolyrmer nylon 66/6 81 0.12 0.01 0.00002 a2 0.18
5) copalymer nylon 66/6 101 Q.20 0.01 0.00002 55 on
(5} copolymer nylon 66/6 102 0.20 0.01 0.00002 76 0.15
polycarbonate food contact grade 39 0.08 31 0.062 8.5 0.02
Juty 2002 food contact grade 37 0.07 32 0.064 9 0.02
compact disc grade 21 0.04 22 0.044 13 0.03
compact disc grade 23 0.05 24 0.048 13 0.03
UV stabilized grade 38 0.08 43 0.086 29 0.06
UV stabilized grade 40 0.08 49 0.098 3t 0.06
radiation stabilized grade 71 0.14 58 0.116 8 0.02
radiation stabilized grade 62 0.12 58 0.116 3] 0.01
impact madified grade 116 023 114 0.228 21 Q.04
impact modified grade 109 0.22 115 0.230 18 0.04
(5) ignition resistant grade 19 0.04 7 0.014 9 0.02
(5)  ignition resistant grade 20 0.04 9 0.018 10 0.02
radiation stabilized grade 14 0.03 05 0.001 23 0.05
radiation stabilized grade 15 0.03 0.6 0.001 23 0.05
branched polymer " 0.02 086 0.001 3l 0.06
branched polymer 1 0.02 .72 0.001 33 0.07
copolymer 11g 0.24 139 0.278 139 0.28
copolymer 115 0.23 118 0.236 139 0.28

NOTES: {1} VOM = volatile organic material {lllinois EPA term for volatile organic mattar - VOG)
June 1996 and Jan. 1999 studies wtilized a Beckman 402 in-line FID system,
July 2001 study wtilized a VIG Industries Model 20 total HC analyzer with HFID,
July 2002 study utilized a Fisons MD 800 GC system with FID and MSD detectors.,
{2) HAP = hazardous air poliutant
{3) PM = particulate matter
{4) All emission factors determined for this material are considered “outliers” and not relevant
since material was processed at extreme temperature (605 F) for evaluation purposes only.
{5) Contained flame retardant additive.



EXHIBIT 10

ESTIMATED EMISSIONS USING A RANGE OF EMISSION FACTORS AND THROUGHPUTS

Volatile Organic Material (VOM) Emissions

Low Emission Factor, Low Throughput

10 Ib resin / hour x ton resin / 2,000 ibresin x 0.1 Ib VOM / ton resin = 0.00050 1b VOM / hr
0.00050 1b VOM / hr x ton VOM /2,000 1b VOM x 8,760 hr/ yr = 0.002 ton VOM / yr
High Emission Factor, High Throughput

200 Ib resin / hour x tonresin/ 2,000 b resin x 0.41b VOM /tonresin = 0.041b VOM /hr

0.04 Ib VOM / hr x ton VOM /2,000 Ib VOM x 8,760 hr/yr = 0.2 fon VOM / yr

Hazardous Air Pollutant (HAP) Emissions

Low Emission Factor, Low Throughput

10 1b resin / hour x ton resin/ 2,000 b resin x 0.00002 b HAP / ton resin = 0.0000001 1b HAP / hr
0.0000001 1b HAP / hr x ton HAP/ 2,000 Ib HAP x 8,760 hr/ yr = 0.0000004 ton HAP /'yr

High Emission Factor, High Throughput

200 1b resin / hour x tonresin / 2,000 b resin x 0.3 [b HAP /ton resin = 0.03 b HAP / hr

0.03 1b HAP / hr x ton HAP /2,000 1b HAP x 8,760 hr/ yr = 0.1'ton HAP / yr

Particulate Matter (PM) Emissions

Low Emission Factor, Low Throughput

10 tb resin / hour x ton resin / 2,000 lb resin x 0.02 1b PM /ton resin = 0.0001 Ib PM / hr
0.0001 b PM/hr x ton PM /2,000 1b PM x 8,760 hr/ yr = 0.0004 ton PM / yr

High Emission Factor, High Throughput

200 1b resin / hour X ton resin/ 2,000 1b resin x 0.51b PM /tonresin = 0.051b PM /hr

0.051bPM/hr x ton PM/20001bPM x 8760 hr/yr = 0.2 ton PM/yr

Abbreviations: hr = hour, lb = pound, yr = year



OVERVIEW OF ESTIMATED EMISSIONS

Volatile Organic MgteriauVOM) Emissions
Low Emission Factor, Low Throughput
0.002 ton VOM / yr
High Emission Factor, High Throughput

0.2 ton VOM / yr

Hazardous Air Pollutant (HAP) Emissions

Low Emission Factor, Low Throughput
0.0000004 ton HAP / yr
High Emission Factor, High Throughput

0.1 ton HAP/ yr

Particulate Matter {(PM) Emissions

Low Emission:Factor, Low Throughput

0.0004 ton PM / yr

e

High Emission Factor, High Throughput

0.2ton PM/ yr

Abbreviations : hr = hour, lb = pound, yr = year
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Table 2. Industry Statistics for Selected States: 2002

(Statas tha! arg a disclosure or wilh lass than 130 amployaas /e nol shown, Data based on the 2002 Economic Census. Far nfocmation on confidentiality prolection, nonsamping aror, explanalion of
térms, and gedgraphical definitions, see nols at end of table. For infonmation on gecgraphic areas fotiowed by °, ses Appendix D. For meaning of abbreviahipng and symbols, sas wtroduciory text]

All astabishments? All smployees Produttion workers
. Wwith 20 Towt
indusiry and geographic area em- Total Tolal capital
play- Valua enst ot valusof | expandi-
e o Pagorgl Howrs Wages acded matenals shipments tures
E' Total mora | Number® {51.000)] Number® (1,000} 81,0001 1$1,000) ($1,000) !gHOOG} 61,0000
326199, All other plastics product
manwiacturing

united Stales. . 1 7847 3944| 4B8 278|115 035 0B3| 378 10| 746 B15| 9 680 220| 40 852 050| 32 073 072 72 893 533 3 304 805
Aabama.......... - 73 38 5 691 164 815 4 686 8 575 1149 951 366 451 421 412 787 B56 46 400
Arizona . 1 116 48 5176 180 517 3 854 7 466 93 44 398 §90 292 3519 685 637 29 074
Arkgnsas 1 ”7 4% 5 137 452 4 475 B 979 90 735 450 061 372 944 816 945 '35 120
Califonia . 1 958 417 a4 414] 1 410 428 32 817 65 856 810 289 3727 912 2 752 523 6 480 954 22, 274
Colorado 3 107 a7 3187 102 755 2 359 4 735 60 33 250 541 161 926 415 310 "3 805
Connscticut . 2 121 51 2 171 254 4 256 B 422 112 967 408 988 322 050 T 429 35 609
Dalaware . - 17 17 1019 537 725 1 451 16 022 92 029 95 738 187 392 2 851
Fonida . 2 323 a7 -] 249 033 6 588 13 047 162 00 691 853 444 7g8 1138 559 35 589
Gagrga 1 174 o9 10 827 306 608 8 222 16 592 204 949 846 010 760 BGG 1 610 592 73 026
aho. .. - 42 g 3 20 572 620 1 284 14 532 85 094 47 &62 131 562 ‘5 98%
] 484 78 38 90D] 1 155 294 28 56 832 T4T BB7 3 207 B28 2 B8] 953 B 126 262 r22n 583
1 a0y 187 29 200 aop 725 19 957 40 377 51 043 2 1S58 144 1 604 529 3 T2 478 "8G 435
1 82 5 840 155 583 5 9 937 118 B 427 181 370 519 797 750 J0 BBE
- 73 36 g 229 191 542 5 124 10 368 133 764 636 174 441 678 1072 437 98 656
2 97 65 B 856 272 472 7 15 166 191 542 T 725 B899 870 1473 172 91 683
2 492 19 1 483 43 852 1 047 2 198 24 351 o7 97 102 813 198 176 Mg 711

1 23 1w 1 Doz D 397 1 674 20 023 139 351 72 Ba? 212 TB4
2 58 5 374 179 343 3 981 & 689 105 962 626 430 332 81§ 954 082 101 178
1 224 110 12 D04 WY 145 o179 16 433 230 %16 1 212 48% 752 OO 1 566 748 81 OB
1 327 47 8521 1 512 o1 37 284 74 292 969 4 139 078 3 417 495 T 568 035| 253 682
2 214 105 12 714 413 828 9717 19 405 263 549 1 060 337 561 428 1 704 648 B2 754
1 55 20 228 88 868 2 835 4 814 58 711 297 038 245 629 500 953 26 954
1 153 74 11 518 331 139 8 984 16 B94 214 515 7080 899 717 162 1 525 3971 128 440
2 39 22 2 91§ 83 892 2 15 4 824 55 608 196 149 165 662 58 567 38 235
1 51 19 1334 37 195 1 087 2 220 26 613 108 992 86 302 193 445 14 28
1 5t 20 3478 116 457 2 8§76 5 247 73 570 225 581 177 007 401 450 15 783
2 275 137 15 889 479 Bab 11 681 23 471 283 883 1 t05 566 931 449 2 047 519 65 S42
3 356 158 16 043 509 127 12 439 24 625 J12 257 1 240 383 B51 795 2 083 115 '88 833
2 200 116 13 3N 394 177 10 598 20 405 261 858 1233 995 893 643 2116 gagl 112 144
1 558 a2 46 458 1 378 382 36 127 71 554 537 429 3 go2 023 3230 ;17 7 016 962 376 185
2 &2 20 2 822 B4 314 1875 J 659 47 B49 287 905 2095 628 494 424 20 333
Oregon..... L] 0o 3 953 120 480 3 033 B 053 T4 303 326 B24 225 511 548 859 "3 Y70
Pennsylvania. . g 356 210 26 81 237 069 21 249 43 050 583 702 2 164 607 1 605 380 3 757 245 172 785
Ahode islang . ... . 2 N 27 258 81 879 1 947 3 554 30 B9 173 778 108 138 284 123 "5 538
South Cargiina .. a1 101 57 7 588 244 275 8 022 t2 073 139 58t 774 202 803 494 1 376 227 73 288
South Dakea ... Cereanes 01 22 ] 643 15 948 520 1 096 12 152 36 448 21 N2 57 296 " Gee
TONNABSEO - .. v v vuenas 01 164 103 12 7277 376 788 10 170 20 196 250 200 1 052 699 957 169 2 018 410| 1149 730
Toxas ....cooiovninniyn g2 414 185 20 409 585 673 16 30 958 399 925 t 483 B3 7 335 039 I 2/ Mz] ™17 BES
ah ... .13 I4l 28 2 117 61 108 1 683 32 300 41 485 150 311 100 436 247 158 7 585
Vermoni ., . 8 24 71 1 288 41 833 1 024 2 055 26 316 118 512 73 BB 189 985 7 929
Virginia ... .. -1 - 80 51 11 409 401 6§59 148 17 287 253 403 1194 230 94 662 1 891 282 a7 297
Washingtor . [ 2 128 59 B 08D 192 410 4 610 9 273 123 489 583 751 435 079 1 014 182 r34 450
West Virginia P 23 10 2 156 a4 310 1 854 3 075 34 440 160 900 135 161 304 459 10 005
Wisconsin ........... v raserar e, A 258 143 16 778 541 256 13229 25 015 J58 429 + 298 314 1003113 2 386 912 14 027

'Some payroll snd saies dala for small singla-sstablshment companies with up 1o 20 employees (cutolf varded by industry) were oblained from adminisirative records of olher govemnment
agencias fathar than fram cengus report (oms. Thase data were than usad in coniunction wilh indusity Averagas la sstimate siatistics for these Strall establishments. Thia tachnique wag alsa uged for a
smail number of oiher establishments whose reporis wars nol received at Ihe liva data wers labulated. The folluwing symbois ars ghown whara asli data d for 10 of mare ol the
figuras shawn: 1-10 to 19 parcent, 2-20 to 29 parcant, 3-30 ta 39 parcant, 4-40 ta 49 parcant; 5-5Q o 59 pamcant; 650 (¢ §9 percant, 7-70 to 79 percent; 8-80 ta B percant; Hﬁporcem or mare.

Aincludos astablishments with payroll at any limae during the year. i

INumbar at oy hQurea | numbar of produclion workery lor pay pariod that ingludas ihe 12th af March, May, August, and N her plus othar amploy ke payolt
period thal includes the 12th of March.

Nole: The dala in this 1able ars baged on the 2002 Economic Cengus. To mainigin confidentiality, the Cansus Bureau suppresees data o prolsct the identity of Any business Of individual. The
cansus rasullg in this table contain nonsampling emade. Data usars wha creatd thaic own astimates using data from American FactFindat tables should cite the Census Burgsu s the source of tha origingt
data only. For exptanation of iarma, ses Appandix A. For full technical documentalion, see Appenix C. For peagraphical definitions, ses Appendix D.

2 All Cther Plastics Product Mig Manutfacturing—industry Series

UE. Cengus Buresu, 2002 Economic Cansus
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FACILITIES

Film &
Blow Rotationat Shaet Pipe Profile Injection Compeo-

State Molding Molding Extrusion | Extrusion Extrugion Molding unding Other Total

U.5. Total 1.188 302 1.281 326 802 7,727 703 577 12,906

U.8, Total, including P.R. 1,191 362 1,284 328 802 7.733 704 377 12.916
Alabama 18 4 13 9, 17 82 S 15 147
Alaska NA NA NA NA NA NA NA NA o
Arizona 14 1 8 <] 3 82 3 & 123
Arkansas 18 5 18 10 10 84 4 9 156
Catifornia 136 38 159 41 &L 980 61 48 1.528
Colorade 7 7 8 4 ih 18 2 3 160
Connecticut 10 1 15 2 [ 180 1 20 255
Delaware 2 1 4 1 2 10 3 3 26
District of Columbia NA A NA| NA& NA NA NA, NA Q
Florida a4 7 kB 18 37 323 16 23 499
Georgia 37 10 58 9 24 120 33 52 343
Hawsgii 3 1 t NA| NA/ 2 1 4] 8
Idaheo Q 4 0 2 2 28 1 1 B
Hiincts 88 1 a5 10 47 491 40 27 797
Indiana e 16 47 § a5 326 40 21 529
lowa 29 13 15 -] 8 ag 1 2 163
Kansas 16 3 10 10 13 60 4 7 123
Kentucky 28 1 29 7 ] 127 15 5 216
Louisrana 16 NA 8 3 3 24 12 4 7%
Maine 3 1 2 NA 3 26 3 5 43
Maryland 15 2 7 1 3 B0 7 1 98
Massachusetts 38 § 49 5 22 260 33 41 454
Michigan 47 10 40 4 52 633 30 10, 826
Mirnescta 29 20 32 8 20 182 15 2 aos
Mississippi 7 2 17 3 10 64 9 10 122
Missouri 45 7 25 5 22 148 7 ] 265
Montana 1 NA 0 NA NA 12 NA o] 13
Nebraska 2 3 3 3 3 48 4 2 70
Nevada 1 1 3 7 4 28 4 0 46
New Hampshire 12 3 4 3 8 &7 g 12 115
New Jersay 48 7 70 7 38 245 38 21 472
New Mexico 3 NAY o] 1 NA 7 NAY o 11
New York 55 10 46 12 k3] 354 27 17 552
North Carofina 34 11 47 10 32 218 22 33 407
North Dakota 1 1 1 1 NA 106 MNA 4 14
Ohip 90 28 78 21 75 542 67 22 923
Oklahoma 1" 5 12 4 1 57 4 1 95
Cregon 8 5 b 7 6 87 3 3 128
Pernnsytvania 58 T 58 18 40 asy a9 21 603
Rhode Isiand 2 1 1 1 El 56 4 8 B8
Sauth Carolina 19 6 20 8 12 92 9 30 196
South Dakota 1 2 4 NA/ NA 18 NA o} 25
Tennessee 25 4 a0 3 23 171 18 8 282
Texas 82 13 84 26 43 352 62 38 680
Utah 10 & 3 3 3 36 2 4 118
Vermaont 2 NA| 5 NA| 1 23 1 [ 38
Virginia 14 2 20 4 18 82 9 17 156
Washington 16 8 17 5 11 90 5 4 154
West Virginia 8 1 5 4 1 10 5 1 a3
Wisconsin 27 5 57 5 26 240 16 5 382
Wyoming 0 0 0 0 o] 8 0 0 8
Puerto Rico 3J 9, 0 0 0 6 1 0 10

Source: TownsendTarnell Com, Inc. A-2
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Battenteld of America Inc. photo

Thermoforming-Feb. 21
Pipe, profile & tubing-June 20
Rotomoiding-Auvg. 15

Blow molding-Nov. 7

. 205 procvessoy rankinpe. ..

Film & sheet ranufactoring-Sept. 12.

Market Dala Book-Dec. 26

Source: Plastics News  “Beneral i

Top 100 molders’ markets & materials

Top five end markets*
1, Autornative
2. Consumer products
3. Electrical/efectronics -
4, Medical/pharmaceutical
5. Containers/elosures
Top five materials
1. Polypropylene.
2. ABS '
3. Polycarbonate
4. HDPE
.. B.Nylon .

category exchded

Other 645
molders ranked

68.4%

$9.6 billion
31.6°

Total plants: 1,377
Tolal presses: 29,911

——— T

Top plant sites & in-house services

Top three plant locations mwmver of piancs)
thehigan i
I Y iy
lliinois N
20 40 & 80 180 120 140 150 180 200
Top three sacandary services! wewestage of responcens)

<

70

by Seom Metryweathec

Pasitcs News graghis
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confasgncas
St seagrch -
GO
JORE e Rankings & lists
CONTENT Click here to purchase rankings
News/Home
Opton Iny M
oot ECTION MOLDERS
Ranking & Btis > Ranked by sales of injection molded praducts in most recent full fiscal year
E‘:]’mms::cw Originally published April 11, 2005, in Plastics News. Some data may have been updated.
¢
) Injection
Calendar Rank Company ::S J:;{ac:ffoi:ial molding sales
Links directory g (millions $)
Product asws 1 Colling & Aikman Garp. ™ Charles Backer 1,600.00F
Processor ewsrd Troy, M Acting CEO
K 2004 2 pelphi Corp. (P! Kevin Heigel 1,441.00
Comntact us Troy, Mi Business line exacutive
Vistegn Corp. Tom Burke 1,350.00
Site map Van Buren Township, M| VP, North American mfg.
PN EVENTS operations
4 ®) Lou Salvatore 1,100.00
Executive Forum Lear Corp. ; e '
Southfield, M President, interiurs &
Encounters P electrical
m 5  Plastech Engineered Products inc. @ Julie Brown 830.00F
Cilasgified ads Dearborn, Ml Chairwoman & CEQO
Subscribe B 6  Berry Plastics Corp. Ira Boots 754.00
E-mall products p Evansville, IN CEOQ & President
Edit. calendar B T Newsl Rubbermaid inc. © Joseph Galli 720.008
Advertising Atlanta, GA CEO
| ﬂpml 8 Qwens-llinais inc, P Michael McDanlel 605‘005
PN Ad Connect Toledo, OH VF & GM, closures &
List rental } specialty products
Story reprin 9 Nyprolinc. Brian Jones 591.20
. Clinton, MA CEO
10 Decoma International ing, P Alan Power 573.00
Concord, Ontasio CEQ & President
11 Guardian Automotive Corp, D. James Davis 465.00E
Warren, M CEQ & President
12 jlincis Tool Works ing. ©) W. James Farrell 425.00F
Glenview, IL Chairman & CEQ
13 Guide Corp. Gearge Sloan 400.00”
Pendleton, IN President
14 Magna Donnelly Corp, ® Carlos Mazzorin 385.00F
Hohand, Mi Chairman & CEQ
15 Siegel-Robert Ing. Pavid Adams 371.00
St. Louis, MO CEOQ
16 Letica Corp. Anton Letica 330.00E
Rochester, MI President
17 Lacks rprises Inc. Richard Lacks Ji. 300.00
Grand Rapids, Ml CEQ & President
17 Meridian Automotive Systems Inc. H. H. Wacaser 300.00E
Dearborn, Mi CEQ & President
19 Venture Michael Alexander 260.00E
Fraser, Mi CFO & VP
20 Key Plastics LLG Tim Nelson 280.00
Northville, MI CQO & President
http://www.plasticsnews.com/subscriber/rankings/listrank html?mode=inj 6/16/2005
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21

22

24

25

25

27

28

29

30

3

32

33

33

35

35

7

37

a9

40

41

42

42

42

45

45

47

48

49

50

Neaton Auto Products Manufactyring

Inc.

Eaton, OH
Trend Technologies Inc.
Chino, CA

Precise Technology Inc.
North Versailles, PA

Tyco Plastics & Adhesives Group
Princaton, NJ

Cascade Engineering Inc.
Grand Rapids, Mi

Summit Polymers inc,
Portage, M!

Blackhawk Automotive Plastics Inc.
Salem, OH

Phillips Plastics Corn,
Hudson, WI

North America Packaging Corp.
Raleigh, NC

Mack Group Ing.
Arlington, VT

Piastic Omnium Autg Exteriors LLC
Troy, M1

Poriola Packaging Ing.

San Jose, CA
Flax-N-Gate Plastics Group
Warren, Mi

Saint-Gohain Calmar Inc.
City of Industry, CA

NYX Ing.
Livonia, M)

Titan Plastics Group Inc.
Portage, M|

AptarGroup Ing, 7
Crystai Lake, IL

Bemis Manufacturing Co.
Sheboygan Fails, Wl

Sterilite Corp,
Townsend, MA

Home Praducts [nternational Inc, ©
Chicago, L

Miniature Precision Components Inc.
Walworth, Wi

Beach Mold & Tool Ing,
New Albany, IN

Ropak Packaging
Fullerton, CA

Tupperware Corp. (F}¢
Orlando, FL

MolLindystries Inc, ®
Dallas, TX

United Plastics Group Ing,
Westmont, IL

Plastek Industries Ing.
Erie, PA

Carliste Engineered Products inc. f
Crastiing, OH

ADAC Plastics Ing.
Grand Rapids, M|

IPL Inc, )
St Damien, Quebec

Masayuki Furugori
President

Eart Payton
CEO

John Weeks
Chairman & CEQ

Terry Sutter
President, Tyco Plastics &
Adhesives Group

Fred Keller
Chairman, CEO & Pres,

James Haas
President

Clifford Croley
CEO & Presigent

Robert Cervenka
Chairman

Tom Linton
CEQ & President

Don Kendall
CEQ & President

Victor Schnelder
Vice President

Jack Watts
Chairman & CEQ

Shahid Khan
President

John McKeman
CEQ & Presidant

Chain Sandhu
CEOQ

Grag Botner
CEO

Carl Siebet
CEQ & President

Patar Bemis
Executive VP

David Stone
President

Doug Ramsdaie
CEO

Jim Brost
President

Doug Batliner
President

Greg Toft
Prasident

R. Glenn Drake
Group President, North
America

Ron Embree
President

Richard Harris
COO

Joseph Prischak
CEC

Kevin Early
President

Jim Toots
COO & President

Maurice Beauchamp
Dir. of operations

http://www.plasticsnews.com/subscriber/rankings/listrank . htmi?mode=inj
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264 .00

260.00E

250.00
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63

87

67

70

70

72

73
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73

73

80

Jones Plastic & Engineerin
Louisviille, KY

Tech Group Ing.
Scottsdale, AZ

Marysville, Mi

Lamson & Sessio
Claveland, OH

ABC Group inc.

Toronto, Ontario

Highland Park, IL

Clarion Yechnologies Ing, (F)

Grand Rapids, Ml

Kerr Group Inc.
Lancaster, PA

Medegen Medical Products

Gallaway, TN

Appiied Tech Products
Radnor, PA

Victor Plastics Ine.
Victor, 1A

Piagtic Products Co. Ing.
Lindstrom, MN

Allanti
Divigion
Henderson, KY

Jarden Plastic Solutions '
Greer, SC

Technimark tnc.
Asheboro, NG

Calsonickansei North America Ing, |

Shelbyvillie, TH
Continental Plastics Co.

Fragser, Mi

Flarmbsau inc,
Baraboo, Wi

Tiercon Industries Ing.
Stoney Creek, Ontario

Summa lndustries ©)
Torrance, CA

Tessy Plastics Corp,
Elbridge, NY

Plastican Inc.
Leominster, MA

Crown Risdon
Watertown, CT

Nylongraft tnc. ¥
Mishawaka, IN

Andover Industries 2
Troy, M

Silgan Glosures
Downers Grove, jL

Injectronics Inc.’
Clinton, MA

Legaelt & Piatt Inc. (P) M
Carthage, MO

Engineered Plastic Components "

Mattawan, Mi

Consolidated Melco Plastic Division

Bryson City, NC

o, P

istics Molded Products

Craig Jones
CEQ

Harold Faig
CEOQ & President

Andrew Ridgway .
President

John Schulze
CEO & President

Claude Elgner
Executive VP

Anil Shah
Sr. VP operations

Bill Beckman
President

Richard Hofmann
CEO & President

Mark Dorris
President

Raymond Langton
CEOQ

Michae! Tryon
CEO & President

Marlene Messin
President

John Geary
VP & GM

Chuck Vitla
COO & President

Dan Wellington
President

Russell Wooten
Injection molding mar,

Anthony Catenaccl
President

Marc Mason
VP manufacturing

Rick Legate
COO & President

James Swartwout
President

Roland Beck
President

John Clementi
President

Jim Adams
VP operations

Jim Krzyzewski
President

Nick Bogdanos
COO & President

Glenn Paulson
President

Paul Nazzaro
President

Jim Ukena
President, Plastics Group

Robert Alexander
Vige Prasident, Alcoa

Steve Norman
VP operations

http://www plasticsnews.com/subscriber/rankings/listrank htm!?mode=inj
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100.00F
89.00
99.00
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96.00

95.008
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102
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Toledo Molding & Die ing.

Toledo, OH

Carson industries LLC
Glendora, CA

Sonocg Creliin International

Chatham, NY

Filtertek fnc.
Hebron, IL

Kyogwa America Corp,
Costa Mesa, CA

Plastics In
Sterling Heights, Mi
Erig Plastics Corp.
Coiry, PA
Pilkington ©
Nilas, Mi

Thermotech
Hopkins, MN

Rehau Inc.
Leesburg, VA

West Pharmaceutical Sarvices Inc, P}

Lionville, PA

LL.S. Farathane Corp.
Sterling Heights, Ml

Wilhert Plastic Services ¥
Harrisburg, NC

Leon Plastics Inc.
Grand Rapids, M!

Gl Plasiek
Newburyport, MA

Jat Plastica Industries Ing.

Hatfield, PA

Evco Plastics
DeForest, Wi

Reiss Manufagturing ing.
Englishtown, NJ

Vaupel Inc. 9
Seattle, WA

GW Plastics Ing,
Bethei, VT

Norseman Plastics Ltd.
Rexdale, Ontario

Injex Industrigs. Inc.
Hayward, CA

Bericap Inc.
Buriington, Ontario

Gegprgia-Pacific Corp,
Alfanta, GA

Perlos Inc.
Fort Worth, TX

Pine River Flastics Ing.
St. Clair, Ml

Cowan Plasti
Providence,

Fawn Industries
Timonium, MD

Haotter Plastics Gorn.
South Elgin, IL

U.8. Can Corp.
Newnan, GA

Engingered Plastic Products inc.

Ypsilanti, M|

Dave Spotts
General mfg. manager

Richard Gordinler
CEQ & President

Bob Puech!
Division VP
Rick Renjilian
VP operations

Sumito Furuya
President

Timothy Hoefer
President

Hoop Roche
Chairman

Doug Wait
Plant manager

John Bonham
CEOQ & President

Oliver Kaestner
VP production

Bob Hargesheimer
President, Device Group

Andrew Greenlee
CEO & President

Curtis Zamec
Chairman, CEO & Pres.

Tom Pykosz
President

Randy Herman
President

8. James Splerer
President

Dale Evans
President

Carl Relss
President

Joe Jahn
CEO & President

Branan Riehl
CEQO & President

Walter Raghunathan
VP operations

Hermilo Martinez
Manufacturing manager

Scott Ambrose
COO & Presigent

Bob Clark
Sr. dir. of operations

Isto Hantila
President

Tim Erdmann
President

William Dessel
President

John Franzone
CEQ

Robert Hoffer
President

Philip Mengel
CEQ

Gerald Edwards
CEQ

http://www.plasticsnews.com/subscriber/rankings/listrank html?mode=inj

81.00
80.00
80.00
79.00
79.00
78.00
77.80
75.00
75.00
75,008
75.00E
74.00
74.00
72.50
71.20
71.00E
68.00
66.00
65.40
65.30
65.00F
60.00
60.00F
60.00F
60.00F
56.00
55.00
55.00
55.00
55.00E

51.00€

Page 4 of 23

6/16/2005



Plastics News - Injection Molders

112

113

113

113

113

117

118

118

120

121

121

121

124

i25

125

127

128

128

128

128

132

132

132

132

136

137

138

138

139

141

141

Donatelie Plastics |nc.
New Brighton, MN

Century Mold Co. Inc.
Raochester, NY

Plastipak Induystries [nc.
t.a Praire, Quebec

Eimo Americas
Vicksburg, Mt

Huhtam2k| Americas
DeSoto, KS

Arkay Industiies Ing.
Waest Chester, OH

D.A. Inc,
Charlestown, IN

QEM/Erie Inc.

Erie, PA

Intec Group Ing,
Palatine, IL

Alcan Packaging
Chicago, IL

Rosti Amerigas

Minden, LA

Industrial Containers Ltd.
Toronto, Ontario

UEE Inc.
Stillwater, MN

Port Erie Plastics Inc.
Harborcreek, PA

AMP Indusiries
Harrison Townshig, MI

Engineered Products Induslries LLC

Hazelwood, MO

Willennium Plastics Tecnnologies LLC

El Paso, TX

Pilattsburg, NY

National Molding Corp.

Farmingdale, NY

Rexam Sussex
Sussex, W

Koller Enterprises Ing,
Fenton, MO

Lento inG.-PMC
Waverly, NE

ORC Plastics
Oneida, NY

Tricon Industries Ing.
Lisle, IL

Dinesol Plastics lnc.
Niles, OH

Clayton, MO

Plastech Corp.
Rush City, MN

Alliance Precision Plastics Corp.

Rochester, NY

Capsonic Group LLG
Elgin, IL

Easley Gustormn Plastics Inc, '
Easlay, SC

EM Corp.
Rogers, AR

Treasa Springett
President

Ron Ricotta
President

Normand Tanguay
President

Jog O'Brien
General Manager

Kalfe Tanhuanpdi
Executive VP, Americas

Kevin Kuhnash
Co-CEQ & President

Kenjl Kanii
CQO & President

Don Cunningham
President

Steve Periman
President

Jerry Rodeli
VP operations

Tommy Neal
Coo

Morton Arshinoff
President

Lelan Jamiscn
General Manager

John Johnson
President

Rick Bessette
Vice President

Ron McGea
VP & Dir, tech. services

Kris Lovell
Dir. sales & marketing

Mark Goyette
Molding manager

Joseph Anscher
President

Keith Everson
President

A.J. Koller HI
President

Paritosh Chakrabarti
CEO & President

Kimball Bradley

COO & President, Reunion

Industries Inc.

John Winkler
VP internal operations

Ken Leonhard
Vice President

George Abd
CEO & President

Dennis Frandsen
CEQ

Bradley Scott
President

Dale White
coo

Steven Dison
VP sales & engineering

Mike Watts
CEO

http://www plasticsnews.com/subscriber/rankings/listrank . himl?mode=inj
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keside Plastics Ltd.
Windsor, Ontario

Mid-South Industries Inc.
Annville, KY

Pixiey Richargs Inc.
Plymouth, MA

Maryland Plastics Inc.
Federalsburg, MD

ineer | r ip.
Mora, MN

Mar-Bal Inc.
Chagrin Falls, OH

las (U.S.A)) Inc.
Marietta, GA

Progress Plastic Products Inc.
Bellavue, OH

Linralter Plastics (ng, ¥
Walled Lake, M|

Sur-Flo Plastics & Engineering Inc.

Warren, MI

Innatech LLC
Rochester, Mi

AMA Plastics Inc.
Corona, CA

Hi-Tech Plastics inc.
Cambridge, MD

Harn Plastics Ing.
Whitby, Ontario

Suburban Plastics Co.
Elgin, 1L

C4&J industries Inc.
Meadville, PA

Webster Plastics Inc. !
Fairport, NY

United Southern Industries ing

Forest City, NC

Baytech Plastics Ing.
Midiand, Qntario

Fabrik Molded Plastics Inc.
McHenry, IL

Graber-Rogqg Ing.
Cranford, NJ

PTl Engineered Plastics Inc.
Clinton Township, Ml

Tranghav Technologigs Inc.
New Baltimore, M|

Industrial Moiding Corp.
Lubbock, TX

Black River Plastics
Port Huron, Mi

rs Plastics Inc.
Omaha, NE

Midwest Prastic Components
Minneapclis, MN

Engineered Specialty Plastics Ing,

Hot Springs, AR
May & Scofield inc.

Fowlerville, M|

Carthuplag Inc.
Kennebunk, ME

Injectron Corp.
Plzinfield, NJ

Glenn Coatas
President

Ted Cochis
President

lan MacLeod
Vice President

Allen Penrod
President

Jaff Fackler
Vice President

Scott Balogh
President

Daisuke Yokata
President

Todd Young
President

Alan Barr
President
James Marshall
CEQ

John Palmer
Sales & marketing mgr.

Mark Atchison
CEO & President

Douglas Bennett
President

Asif Rizvi
President

W.S. Baxter
President

Dennis Frampton
President

Vern DeWitt
President

Todd Bennett
President

Anton Mudde
CEQ

Keith Wagner
General Manager

Geoff Engelstein
President

Kurt Nerva
President

Gerrit Vreeken
President

Calvin Leach
General Manager

Peter Mytnyk
coo

Tim McConnell
President

Peter Thompson
President

Eri¢c Kirkman
CEO & President

Rick Scofleld
President

Peter Ciriello
CEQ & President

Lou Polfak
President
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172
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172

172

172

181

182

182

Shepherd Products Inc.
Brampton, Ontario

8t. Clair Plastics Co.
Chesterfield, M|

Top Seal
Boyertown, PA

Universal Plastic Mold {UPM) Inc.
Baldwin Park, CA

Vingent industrial Plastics Inc.
Henderson, KY

r Haven Plastics Inc,
Grand Haven, M|

Moided Products Co.

Haltom City, TX
DeRoyal Pigstics Group
Powell, TN

Innovative Injection Technologies Inc.

West Des Moines, 1A

Ironwood Plastics Inc.
ronwood, M

182 da

182

182

137

188

188

188

191

192

193

193
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196

197

198

198

200

200

200

200

200
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Sellz Corp,
Torrington, CT

Trostel SEG Inc.

Lake Geneva, W

Lakeland Tool & Engineering Jnc,
Anoka, MN

Schnipke Engraving Co. Inc.
Ottoville, OH

Spegialty Manufacturers Ing.
Indianapelis, IN

Craflech Corp.
Anaheim, CA

Agapé Plastics inc.
Grand Rapids, Mi

Schefenacker Vision Systems USA Inc.

Marysville, M|

PTA Corp,
Oxfard, CT

QMR Plastics
River Falls, Wi

Falcon Plaslics ing.
Brookings, SD

Stull Teghnologies
Somerset, NJ

ATC Lighting & Plastics Inc.
Geneva, OH

Juno Ine.

Anoka, MN

Norgo Injection Malding Ing.
Chino, CA

Donnelly Custom Manufaciuring €.

Alexandria, MN

Leaktite Corp,
Leominster, MA

Sanmina-SC| Enclosure Systems
Turlie Lake, Wi

Tom Smith industries Inc.
Clayton, OH

Tragx
Dane, WI

T. Breckenridge
President

William Lianos
President

Fred Bigseckar
President

Wayne Oxford
CEC

Jamas Vincent
CEQ & Prasident

Alan Chapel
President

John Reichwein Jr.
President

Andrew Adams
Dir. of operations

Robert Janeczko
CEO & President

Mark Stephens
Vice President

Raymaond Malenfant
President

Damian Macalusg
VP & GM

Tom Sloane
President

Marty Sweerin
Secretary & Treasurer

Eileen Halter
CEO

John Lucas
CEQ

Alfredo Bonetto
Sr. Vice President

Cynthia Alt
Chairman

Troy Buset
Moiding manager

Ray Seeloy
CEQ

Aron Yngve
Exacutive VP

Jay Bender
coo

Gene Stuil Sr.
CEO & President

Dan Weber
Plant manager

Archie Olson
President

Jack Wiillams
CEO

Sam Wagner
Dir. of advanced
manufacturing

Rodney Sparrow
President

Phil Sorensen
Operations manager

Steve Good
President

Steve Boeder
Plant manager
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Edge Ptastics Inc.
Mansfield, OH

MacDpnald's Industrial Proguct
Grand Rapids, Ml

Nodand Plastics Co,
Haysville, KS

Plagpros Ing.
McHenry, iL

Sajar Plastics Inc.
Middlefield, OH

Master Molded Products Corp.
Elgin, IL

LMT-Mercer Group Inc. 1
Lawrenceville, NJ

Wise-Harmlin Plastics inc.
St. Charles, IL

Al Service Plastic Malding Inc.
Dayton, OH

Chemtech Plaslics Inc.
Elgin, L

Makray Manufacturing lnc.
Norridge, IL

Avail Medical Products Ing.
San Diego, CA

Cargling Precision Plastics
Asheborg, NC

Volk Enterprises Ing.
Turlack, CA

Ferriot Inc.
Akron, OH

Adkev Inc,

Goodiand, IN

Precision Southeast Inc.
Myttle Beach, SC

Hi-Tech Mold and Tool Inc.
Louisville, KY

Circle Plastics Products Inc.

Circleville, OH

Qdessa, MO

DeKalb Molded Plastics Co,
Butier, IN

Schifimayer Plastics Corp.
Algonquin, L

Deacatur Piastic Praducts Ing.
North Vemon, IN

GSW Building Praducts
Barrie, Ontario

LMR Plastics
Greeneville, TN

Captive Plaslics Inc.
Plscataway, NJ

Contour Plastics Ing.
Baldwin, Wi

E-§ Plastic Produdts Ing,
Waterford, W

Engingered Plastic Companents Inc.

Grinnell, 1A

Kurz-Kasch Inc,
Dayton, OH

Lomont Molding Inc.
Mount Pleasant, [A

Perry Brady
Plant manager

Rod Adams
President

Dennis Velliquette
Plant manager

Norman Dusenberry
Vice President

Joseph Bergen
CEO

James Weinhart
President

Tony Lasenskyj
President

Fred Wise
President

Joe Kavalauskas
Vice President

Ragnar Korthase
President

Michael Quig
President

R. Scott White
VP operations

Brian Tauber
President

Steve Volk
VP gperations

Craig Ferriot

Dir. moiding & finishing div.

Gary Rheude
President

8. Richard Averette
President

Gerald Cox
President

David Greenlee
President

Bruca Bellington
CEOQ

Rick Walters
VP operations

Karl Schiffmayer
President

John Kussman
President

Dennis Nykoliation
President

Bob Leonard
President

Dennis Eckels
VP manufacturing

Barry Grant
President

Pater Keddle
Fresident

Reza Kargarzadeh
President

Chris Eichmann
Dir. of sales

J.D. Schimmelpfennig

President
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254

254

254

254
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265
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Plasticraft Mfg. Co. Inc.
Albertville, AL

Yenture Plastics [nc.
Newton Falis, OH

Western Plastics
Portland, TN

Imperial Plastics Ing, ¥
Lakeville, MN

N-K Manufacturing Technologigs Inc,

Grand Rapids, M

Ferauson Production Inc,
McPherson, KS

Madan Plastics Inc.
Cranford, NJ

Advent Tool & Moid Inc,
Rochester, NY

Elgin Molded Piastics Ing.
Elgin, IL

Kam Plastics Corp. ™
Holland, Ml

Ptasticorp

Harbor City, CA

Syracuse Plastics LLC
Liverpool, NY

Medway Plastics Corp
Long Beach, CA

Primera Plastics Ing.
Zeeland, Ml
Par 4 Plastics Ing.
Marion, KY
Palm Plastics Ltd.
Morenci, M|

Plaslics Inc.

Phillipsburg, NJ

Tribar Manufacturing LLC
Whitmore Lake, Mt

C-Plastics Corm,

L.eominster, MA

Fenner Drives
Manheim, PA

Hilco Technologi
Grand Rapids, M1

Matrix inc.
East Providence, R!

Molding international & Engingering inc,

Temecula, CA

Spectrum Plastics Mqiding

Ansonia, CT

Akron Porcelain & Plastics Co.

Akron, OH

D&M Plastics Corp,
Buriington, IL
Maontrose Mol i
South Plainfield, NJ

Ri n
Arden, NC

Wright Plastic Products Co. LLC

Sheridan, MI

Hansen Plastics Gorp.
Elgin, IL

Plasthec Molding Inc.
Ontario, CA

Edwin Ingram
President

Steve Trapp
VP & GM

Steven Nichols
President & GM

Norman Oberto
President

Armen Kassouni
Vice President

Scott Ferguson Sr.
VP operations

Michael Madan
General Manager

Ken Dasrosiers
President

Todd Farwell
Dir. of operations

Pater Prouty
President
Dennis Mitchell
President

Thomas Faicone
President

Thomas Hutchinson
President

Noet Cuellar
President

Chartie Hicklin
VP operations

Jeffroy Owen
President

Robert Zappa
VP & GM

Robert Bretz
President

Gordon Curtis
CEQ

Erik Nadeau
Plant manager

Dan Taliaferro
Vice President

John Harker
President

Gregg Hughes
Prasident

Ed Flaherty

VP engineering
Crawford Smith
Plant manager

Stephan Motisi
President

Wiiiam Wilison
Prasident

Yutaka Kiyuu
President

Robert Luce
President

David Watermann
President

John Kimberlin
Engineer
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291

292

293
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E T Plastics Ing.
Elk River, MN

Anchor Tool angd Plastic inc,
Minneapolis, MN

nesis i Eng. LL
Scottsburg, IN

Multi-Plastics Inc.
Saegertown, PA

Polymer Technalogies
Whitewater, Wi

River City Plastj

Three Rivers, M|

True Precision Plastics LLG *
Lancaster, PA

King Plastics ing.

Crange, C
Plasironics Plus Ing. ¥
East Troy, Wi

To Precigion Malders In
Warminster, PA

S&W Piastics LLC
Eden Prairie, MN

Accellent Inc. *
Upland, CA

Acrotech Southwest Ing,
Kerrville, TX

Custom Plastics International Lid.

Cobourg, Ontario

Pereles Bros, Inc.
Milwaukee, WI

Polygel Structurat Foam Inc,
Somerville, NJ

Synteg Technologies. Inc.
Pavilion, NY

Altek Ing.

Liberty Lake, WA
Artistic Plastics |
Anaheim, CA
ASK Lehigh Valley
Philadelphia, PA

Eclipse Mold Inc,
Clinton Township, MI

Harmpson Carp. 2
North Ridgeville, OH

Precision Plastics Ing..
Columbia City, IN

South Bend Plastics Inc.
Mishawaka, IN

Silvertech Enterprises LL.C
Yorktown, NY

Steinwall Inc
Coon Rapids, MN

Hicks Plastics Co. Inc.
Macomb Township, Mi

Pioneer Pjastics Ing
Dixon, KY

Protomeld Co. Inc.
Maple Plain, MN

Sun Plastics Inc.
Elk Grove Village, IL

Accant Plastics Inc.
Corona, CA

Tim Osterman
CEO & President

Ron Rogers
President

James Gladden
CEQ & President

Chares Johnston
Operations manager

Jeff Keller
VP operations & GM

Howard Ross
President

Jim Kempf
Vice President

Robert King
Vice President

Jay Horan
Divisionatl Vice President

Oscar Musitano
President

Dave Presler
coo

Rocky Morrison
Dir. of operations

. Thomas Houdeshel!

VP & GM

Peter Harrison
President

Ted Muccio
President

Ayman Sawaged
Dir. of operations

Paul Toliey
Presidant

Mike Marzetta
President

Diane Mixson
President

Andy Vartanian
President

Steve Craprotta
VP & GM

Doug Johnsen
VP & COO

Ronald Richay
CEO & President

Austin Drinkai)
CEQ

Matt Kness
General Manager

Maureen Stainwall
President

Tim Hicks
General Manager

Edward Knapp
President

Bradiey Cleveland
CEOQ & President

George Gemberling
President & owner

Thomas Pridonoff
President
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Anderson Technologies
Grand Haven, M}

ot Ptastics Inc.
Easton, PA

Corry, PA
Hi-Tech Mold & Tool Inc.
Pittsfield, MA

i-Star Plastics Inc.
Anaheim, CA

Pierson Industries Inc.
Denville, NJ

Plastic Solutigns Inc.
South Bend, IN

Stoesser-Gordon Plastics
Santa Rosa, CA

G&F Industries Inc.
Sturbridge, MA

Hamelin Enterprises

Boucherville, Quebec

Polymer Conversions Inc,
Qrchard Park, NY

RI¢ Inc.
West St. Paul, MN

Autolign Manufacturing Group ing.
Milan, MI

Design Plastics Inc,

Omaha, NE

Blue Star Plastics Inc.
Lexington, KY

Cary Products Co, tng,
Hutchins, TX

Century Container Corp.
New Waterford, OH
Engineered Plastics Corp.

Menomonee Falls, Wi

Pent Custom Molding °
Avilla, IN

Plastocon Ing.
Qconomowoc, WI

Quintex Corp.
Nampa, ID

Spir-it Ing,
Andover, MA

Stratford Plastic Components Corp.

Stratford, Ontario

Tailor Made Products
Eiroy, WI

Thogus Products Co.

Avon Lake, OH

Van Der Woude Plastics LLG
Milan, IL

Bruce Plastics Inc.
Pittsburgh, PA

Centech Plasgtics Inc.
Elk Grove Village, IL

Clairson Plastics

Ocala, FL

Classic Molding Co. Inc.
Schiller Park, IL

Fox Valley Malding Inc.
Plano, IL

Glenn Anderson
President

J. Lee Boucher
President

Kelly Goodsel
CEO & President

Wm Kristensen Sr.
President

Keith Johnson
Vice President

Theodore Pierson
President

Robert Tennyson
CEQ

Bob Stoesser
President

John Argitis
President

Nadine Hamselin
President

Jack Bertsch
President

Mark Neison
President

Robert Bedrosian
CEOQ & President

John Nepper Jr.
President

Roger Storch
General Manager

Frank Haas
President

Don Brothers
Chairman & CEQ

Deb Bristoll
President

Rick Wlecinski
General Manager

Jim Nurmi
President

Dorothea Christiansen
President

Robert Morissatte
VP operatlons

Gil Kilmer
VP sales & marketing

John Wiide
CEO & President

Kathleen Hlavin
President

Brig Vanderwoude
President

Russell Smith
President

Peter Varhegyi
CEO & President

Steve Nilson
Dir. of operations &
engineering

Larry Caldrone
President

Don Haag
President
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Infinity Molding & Assembly inc,

Mount vVernon, IN
Miner Elastomer Products Corp,
St. Charles, IL

regon Precision | tries [nc. db.

PakTech
Eugene, OR

Performance Engineered Products Inc.

Pomona, CA

Pliant Plastics Corp.
Muskegon, Ml

Sipco Molding Technologies
Meadville, PA

Summit Plastic Molding
Shelby Township, MI

World Class Plastics Inc.
Russeils Point, O

Accurate Molded Plastics Ing
Coeur d'Alene, ID

lasti ters inc.
New Buffalo, Mi

Midtec Inc. of America
McPherson, KS

Peerless [njection Molding LLC
Gardena, CA

Auburn, NY

Guttenberg Industries Inc.
Guttenberg, (A

Ironwaod [ndustries Inc.
Libertyville, IL

Nordon Ing,
Rochester, NY

Perry Machine & Die Inc.
Perry, MO

Plastic Molding Technoiogy Inc.
El Paso, TX

Putnam Precision Molding Inc.
Putnam, CT

Precimold Ing.

Candiac, Quebec

EPI Advanced LL.C ©
Sherman, MS

Flair Molded Plastics Inc.

Evansvilte, IN

Integrity Plastics Inc.
Lakeview, OH

Polyfab Corp.
Sheboygan, Wi

Edlienvases SA de CV.
Garcia, Nuevo Ledn

Amteg Molded Products
Rockford, IL

Harbor Plastics Manufacturing Ca.
Richmond, CA

Interplex Plastics Inc.
Lexington, KY

TKA Plastics Corp,
Winchester, TN

ELS Plastics Corp.
Oldcastie, Ontario

Infinity, Plastics LL.C
Ventura, CA

N.A,

Ed Hahn
Dir. of manufacturing

Jim Borg
President

Carl Dispenziere
President

Bill Klungle
General Manager

Chrls Adams
Operations manager

Raymond Kalinowski
CEO

Steve Buchenroth
President

Dale Meyer
President

Robert Orlaske
CFO

Tom Burnholz
Dir. of manufacturing

Scott Taylor
President

John Currier
President

Don Overman
Vice President

Robert Grala
President

Terry Donovan
CEO & President

David Berry
Vice President

Charles Sholtis
CEO

Jaanne Zesut
VP & GM

Guntaer Weiss
President

Dan Lewis
General Manager
Jim Peters
President

D. Andrew Templeton
President

Richard Gill
CEO

Ismael Gomez
President

William Pizzo
VP operations

Jon Lawlis
President

Stanley Isenstein
President

Michasl L. Cherry Sr.
CEO & President

Ronald Stambersky
President

John Van Basch
Chairman & CEQ
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21st Century Ptastics Corp.
Potterville, MI

ABA-PGT Inc.
Manchester, CT

[njection Technolagy Corp.
Arden, NC

Van Norman Melding LLC

Bridgeview, IL
Modern Plastics Corp.

Benton Harbor, Mi

cromatic Plastics Inc.
Leominster, MA

tom Plastics Inc.
Elk Grove Village, Ik

East Coast Plastics Ing.
Fort Lauderdale, FL

Harding Manufagturing Corp,
Rome, NY

Techno Plastics Industries Inc.
Afasco, PR

TNT Plastic Molding Inc.
Anaheim, CA

W-L Molding Co.
Portage. MI

Wilden Plastics (USA)LP
Peachtree City, GA

Integrity Plastics Ing.
Denver, PA

Grant Plastics tnc.
Brookling, NH

Preproduction Plastics Inc.
Corona, CA

Rockford Melded Products tnc.
Loves Park, IL

Wright Engineered Plastics inc.
Santa Rosa, CA

K&B Molded Products Div.
Brookville, OH

B&B Molders LLC
Mishawaka, IN

Caprock
Lubbock,

Precision Custom Product
DeGraff, OH

Grescent industries Inc.
New Freedom, PA

Distinctive Plastics Ing.
Vista, CA

InnoPlas Corp.
Kenton, OH

Molding Corp. of America
Pacoima, CA

Reimling/Jgliho Plastics Ing,
Amelia, OH

Imperial Custom Molding Inc. dba ICM

Plastics
Rogers, MN

Wadal Plastics Inc,
Medford, Wi

EPP Team Ing,
Plastics
Rochester, NY

[Empire.

Acorn-Gencon Plastics LLC ¢

gcision

Greg Dobie
VP operations

Samuel Pierson
President

Carl Morris
President

Rich Andre
Sales manager

John Eberhardt
Dir, of manufacturing

Peter Crisci
President

N.A,

R.D. Trank
President

Henry W, Harding Jr.
President

Robarto Tous
President & GM

Murray Anderson
Dir. sales & marketing

Al McKeown
President

Heinz Diarselhuis
Dir. of operations

Michael Frey
VP operations

Bruce Curtis
Plant manager

Koby Loosen
Vice President

Wayne Rasher
General Manager

Barbara Roberts
President

H.E. Kuhns
President

Britt Murphey
President & owner

Mike Edwards
Vice President

J. Greg Best
President

Eric Paules
Cperations manager

Tim Curnutt
President

Keith Kinnear
President

Miguel Barba
Molding manager

William Deimling
CEQ & President

Robert King
President

Robert Lange
CEO & President

Neal ENI
President

Joff Wyche
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Ching, CA,

Alliance-Caroling
Arden, NC

Aulomation Plastics Corp.,
Aurora, OH

Bright Plastics
Greensboro, NC

Caroba Plastics Inc.
Engtewood, CO

Engineering Industries Inc.
verona, Wi

Global Plastics Inc.
Indianapolis, IN

Nescor Plastics Carp,
Mesopotamia, OH

Rolca Inc.
Kasota, MN
Tech NH Inc.
Merrimack, NH

Accutec Systems Inc.
Elk Grove Village, IL
PLH Industries Inc.
Canton, OH

InserTech Internatienal (ne.
Cary, IL

Mastercraft Cos.
Phoenix, AZ

Dundee, MI

Polymer Engingered Products Inc.
Rochester, NY

Kirtland, OH
Xten Ingustries LLC
Kenosha, Wi

All-Plastics Molding
Addison,
Franklin Plastics
Franklin, IN

QOclex Corp.
Sarasota, FL

Kruger Plagtic Products
Bridgman, MI
Boardman Molded Products Inc.

Youngstown, OH

HTI Plasfics

Lincoln, NE
IntegraTech Plaslics
Hudson, MA

Plastic Technalogy. Group Inc.
Santa Ana, CA

Brent River Corp.
Hiltsborough, NJ

Diversifisd Manufacturing Ing.
Pearl, MS

Res-Tech Corp,

Clinton, MA

Hightand {njection Molding Ing.
Salamanca, NY

Stellar Piastics Corp.
St. Charles, IL

Hillsman Modular Molding Ing.
Titusville, FL

President

George Lewis
President

Harry Smith
Prasident

Jog Vest
VP manufacturing

Barry Hart
President

Dean Vandeberg
President

J.R. Spitznogle
President

Darrell McNair
President

Chip Gresene
VP operations

Greg Gardner
General Manager

Larry Sternal
VP manufacturing

Isaac Kirbawy
Process engineer

David Butt
President

Arle Rawlings
CEOC & President

Keith Ruby
President

Nezl Onderdonk
President

Mark Dilillo
President

William Renick
Exec. VP operations
Larry Byrd
President

Tom Murray
QOperations manager

John Weaver
Secretary & Treasurer

Patrick Brandstatter
Vice President

Ronald Kessler
CEO & President

Paul Almburg
President

Richard McKenney
President

Greg Davis
Plant manager

Thomas Dolan
President

Sreemukh Sanne
President

John Schmidt
President

Jerry Collins
President

G. Freimuth
President

Rodney Hillsman
CEO
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8.70
6.70
6.60
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6.50F

6.45
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6.39
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6.20
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448
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Hi-Tech Molding & Tooling
Anderson, SC

M.C. Tiety Plasfics Inc.
Eigin, IL

Ven-Tel Plastics Corp.
Largo, FL

CIMA Plastics Group
Twinsburg, OH

Eptech Corp.
Mount Laurel, NJ

Humphrey Ling log, ®
Milwaukie, OR

Plastics Malding Co.
St. Louis, MO

Polycore Optical USA
Reno, NV

Resistance Technology Ing.
Arden Hills, MN

EuroPlast Lid,
Endeavor, Wl

E&P Industries Inc.
Morrison, (L

Vanguard Plastics Corp.
Southington, CT

Dyna-Plast Ing.
Ramsey, MN

Advantage Manufacturing Corp.

Friendship, TN

Elite Piastic Products Inc.
Shelby Township, MI

Microdyne Plastics Inc.
Ontario, CA

Part Inc.
Clover, SC

Yeriplas Containers (n¢,
Little Rock, AR

Bloomington, MN

Plastics Plus_Teghnoloay Inc.
Ontario, CA

S&L Piastics Inc.
Nazareth, PA

Westmareland Plastics Co,
Latrobe, PA

Hy-Ten Plastics Ing,
Milford, NH

Knightsbridge Plastics Inc,
Fremont, CA

Blue Ridge Industries inc.
Winchester, VA

Am Pro_ Custom Molding
Leeds, AL

Precision Plastic & Die Go.
Ithaca, MI

ASE Plastics Inc.

Elgin, IL

Alabama Plastics ing.
Birmingham, AL

Hamilton Machine & Mold In¢.

Holland, Ml

Tom Beddos
President

Michael Tietz
Presidant

Edward Venner
CEQ & President

James Stewart
President

Chris Rapacki
Vice President

Malvin Ellis
President

Lee Benson
President

Ron Strauser
Prasident

Phil Miller
Production manager

N.A.

Harald Zacharias
President

Anthony Nardi
VP operations

LLawrence Budnick Jr.

CEQ

Dave Kalina
CEOD

Wandz Rea
President

Robert Mandeville
President

Ronald Brown
President

Dennis Denton
President

Thomas McCaln
President

C.W. Johnson
Co-President

Kathy Bodor
President

John Bungert
President

Fred Crocker
President

Cralg Helnselman
General Manager

David Platt
President

Mary Sarle
Presidant

Malcolm Kidd
General Manager

George Bailey
Vice President

John Vinka
Vice President

Perry Greer
General Manager

Tim Locke
Engineering manager
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468

488

468

472

472

472

472

472

472

472

472

480

481

482

483

484

indystriat Tool & Plastics Ing.
St. Croix Falis, Wi

Plastopan Industries Inc.
Los Angeles, CA

Roma Tool & Plastics Inc.
Aimena, Wi

Sporsmen's Plastics Ing.

Leominster, MA

Terhorst Manufactyring Inc.
Minot, ND

Wander Molded Products Inc.
Crystal Lake, IL

Northeast Mold & Plastics Inc.
Glastonbury, CT

Luckmarr Plagtigs Divigion
Sterling Heights, Ml

Merit Precision Moulding Ltd.
Peterborough, Ontario

Qlan Plastics Inc,
Canal Winchester, OH

Palm Beach Precision Malding Co.
Riviera Beach, FL

Prism Plastics Ing.
New Richmond, Wi

Tally Ho Plaslics Ing.
Jacksonville, TX

TomKen Tool & Engineering inc.
Mungcie, IN

All West Plastics Inc.
Antioch, IL

Advanced Plastics Corp.

Warren, M!

Dirmnatic Die and Toot Co,
Omaha, NE

Johnson Precision Ing.
Amherst, NH

Prolific Plastics
Opelika, AL

Affinity Custom Molding Inc.
Mendon, Ml

Bourbon Plaslics Inc.
Bourbon, IN

Granile State Plastics Inc.
Londonderry, NH

EM Plastics inc.
Wixom, M)

Nicolet Plastics. Inc.
Mountain, Wi

Superior Plastics Inc.
Plain City, OH

Matrix Togl Ing.
Fairview, PA

SPl Industries
South Bend, IN

Carl W. Newell Manufacturing Ing,
Glendale, CA

Champion tnjection Molding Ing,
Warren, OH

Dana Malded Products Inc,
Artington Heights, IL

Thermold Corp.
Canastota, NY

Sterling Manufacturing Co. Inc.

Neil Johnson
Prasident

Ronald Miller
Vice President

Milo Hennemann
President

Hank Lisciotti
Vice President

Ron Martin
Molding supervisor

Fred Dickman
President

Ron Bodeau
Production manager

Marco Pierobon
Vica President

Tim Barrie
President & GM

Olan Long
CEQ

Warren Avis
President

Bill Johnson
Sales manager

George Douglas
General Manager

Bruce Carmichael
General Manager

Errol Westergaard
President

Charles Worswick
Plant manager

Scott Drvol
President

Richard §t. Onge
President

Jerry Plath
President & owner

Todd Cook

Owner & operations mgr.

Rick Green
President

John Caltanan
President

Dennis Walters
Qperations manager

Robert Macintosh
VP & COO

Ed Grimm
VP product development

Dave Lewis Sr.
Prasident

John Doster
President

Carl Newell
President

Bo Campbell
Plant manager

Danie} Hidding
CEO

Ronald Farley
President

Dennis Wrzesinski
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497
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502

503

503

503

508

506

506

506

506

511

512

513

514

514

South Lancaster, MA

Pitisburgh Plastics Mfg. Inc.
Butler, PA

LCS Pregision Molding Inc,
Waterviile, MN

D&L Togling & Plastics |ne,
Jacksonville, TX

Flex Products
Caristadt, NI

Flyte Toot & Die Co.
Bridgeport, CT
Prote-Cast LLC
Douglassville, PA

$.K. Plastic Molding Inc.
Monroe, WI

Cal Am Manufacturing
Paceoima, CA

Daystar Products international Ing.

Phoenix, AZ

Premier Molded Plastics Co.
Leland, NC

Retllaw Industries Inc.
Hartland, wi

Quality Assured Plastics Inc,
Lawrence, M|

Custom Plaslics Inc.
Ontario, CA

Hapeg Inc.
Baraboo, Wi

Innovative Plastic Solutions
Abingdon, MD

Quashnick Tool Corp.
Lodi, CA

Perfarmance Plastics Ltd.
Cincinnati, OH

R&D Plastics LLG
Hillsboro, OR

Cockeysville, MD

Den Hartog Industries Ing.
Hospers, IA

Sunbelt Plastics Inc.
Frisco, TX

Gon-Tech Plastics
Brea, CA

DaMar Plastics Inc,
San Diego, CA

Miami Lakes, FL

Plastics One Inc,
Roanoke, VA

Kelly Co. Inc.
Clinton, MA,

Horvath Co, LLC
Scottsdale, AZ

B&B Tool and Die Co. Inc.
Muncie, IN

Songlite Plastics Corp,
Gloucester, MA

GMB Enterprises Ing
Cumming, GA

Myeo Plastics Ing.
Jacksonville, TX

President

Dave Schmitt
Plant manager

Roger Michalski
coo

Tommy Dement
President

Chris Smolar
Plant manager

M. Haddock
Operations manager

Joseph Gizara
President

Steve Streff
President

Blas Alcala
Plant manager

Doug Goodman
President

Rick Cauwels
Plant manager

Walter Eberhardt
President

Annette Crandall
President

Linn Derickson
President

Larry Skalonz
Plant manager

Ray Seward
President

Duane Saville
Plant manager

Tom Mendel
Prasident

Rod Roth
Prasident

Steven Kovens
Executive VP

John Den Hartog
President

John Anselm|
President & cwner

Vern Meurer
Vice President

David Kabbai
President

George Thorne
CEO

David Waltenborn
CEO & President

Joe Kelly
CEC

T. Horvath
NLA.

Dave Fry
Molding manager

Pater Lawrance
President

Dave Salomons
Plant manager

Edward Snider
President
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514
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§17
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s21
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535
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537

537
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541

541

M4

541

541

541

Natech Plastics Inc.
Ronkonkoma, NY

Action Mold & Tool Co.
Anaheim, CA

Astar Ing.
South Bend, IN

Holzmeyer Die & Mcld Mfg. Corp.

Princeton, IN

Mother Lode Plastics
Sonora, CA

B.M.P. Injection
Riverside, CA

Dimension Molding Corp.

Addison, IL

Fram Tr; dustries Inc.

Middlesex, NJ

George Ko Industries Inc,

Erie, PA

Hartlage Manufacturing Inc.

Buckner, KY

Hoffman Manufacturing Ing.

Concord, Ml

North Miarmni, FL

Shape Giobal Technology

Sanford, ME

United Plastic Malders In¢.

Jackson, MS

Custom Service Plashcs Inc.

Lake Geneva, Wi

Magnus Malding
Pittsfield, MA

Molding Services of Hllinois Ing,

Olney, IL

River Valley Plastics Inc.

Erkart, IN

Vision Technigal Molding LLE

Manchester, CT

MES Plastics
Marlborough, CT

New Albany, IN

Riverside, CA

Plastechinc.
Corvallis, OR

Precision Moid & Tool Inc.

Kissimmee, FL

Mastermolding Inc.
Joliet, IL

Accurale Molded Produgcts Inc,

Warwick, RI

Kingston Plastics Corp,
Skokie, IL

Microphor
Willits, CA
Styletek Ing.
Lowsll, MA

Tact Plasdics Ing.
Shelby, NC

Woodland Plastics Corp.

Addison, IL

Thomas Nagler
President

Bl Hall
CEO

Sidney Moore Jr,
CEOQ

Alan Holzmeyer
President

Mitch Young
General Manager

Larry Harden
President

Mike Stiglianese
President

Al Santelli Jr.
Owner

Matt Koket
President

Tony Hartlage
Sales & engineering

Larry Hoffman
President

Bermard Ghelbendorf
President

Bob Crane
Engineering

W.C. Hoge Jr.
Owner

Minoo Selfoddini
President

Dave Pedrottl
President

Anthony King
President

Harold McCracken
President

Anthony Brodeur
President

David Nickolenko
Generat Manager

Jeff Mosey
Sales manager

Shane Erwin
Sales manager

Michael Hendrickson
President & owner

Mark Longbrake
Vice President

Raymond Steinhart
Vice President

Howard Devine Sr.
President

Gabriel Hostalet
President

Peter Keightley-Pugh

Manager, custom division

Richard Salvo
Engineering manager

Glen Smith
President

Lee Sinderson
President
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541

548

549

549

551

551

551

551
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557
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560

561

561

561

561

561

561

561

561

581

561

561

561

561

574

575

575

575

t Plastic Products Inc,
Ansonia, CT
Plastics Ltd.
Neenah, WI|
Plastics inc.
QOscoda, MI
na Pl

Asheboro, NC

Hone_ Indystries Inc. 9
Madisonville, TN

Southern Ptastic & Rubher Co.
Ormond Beach, FL

Techna-Plastics Inc.
Lehighton, PA

Apex Plastics & Tooling Inc,
Garland, TX

Detroit Moided Praducts Ing.
Ira Township, MI

Nylacarb Corp.
Vero Beach, FL

CP Plastics Group Ing.
Falcaner, NY

Jiutepec, Morelos

Autech Plastics
Auburn, NY

Quake Industries Ing.
Belgrade, MT

A&D Flastics Inc,
Plymouth, MI

High Sigira Plastics
Bishop, CA

Latin American Industries LLC
Grand Rapids, M|

Simi valley, CA

Noble Plastics Inc.
Lafayette, LA

Plastics Group
Lawrenceville, GA

Richard Plastics Co.
Laurel, MS

Ruco Products Inc.
Blue Springs, MO

Selmax Corp,
Selinsgrove, PA

Sinicon Plastics Inc.
Pitisfield, MA

Stellar Plastics Inc,
San Marcos, TX

Yorkville, IL

Chenangg Valley Technologies Inc.

Sherburne, NY

Accu-Tech Plastics
Batesville, MS

Hongr Plastics
Cntarie, CA

Eoly-Ject Ing.
Amherst, NH

Larry Saffran
President

Thomas Derby
President

Mark Woelles
Plant manager

Dean Lail
President

Joehn Hourenagle
CEO

Frank Noce
Owner

Steve Barilla
President

Tom O'Connor
President

Craig Johnson
Operations manager

Frank Cocley
President

Marcus Turner
President

Marco Castilla
Subdiractor

Charles Beck
President

Ron Pierzina
Vice President

Jerry Jagacki
General Manager

Robert Wilson
Owner

Olivia Benitez
President

Ron Peterson
General Manager

Peter Minaskanian
President

Melissa Rogers
President

Buzz Brockway
Operations manager

David Buck
President

Brenda Rupert
President

Ken Mease
CEC

David Allen
President

Fred Smith
President

Scott Haws
Owner

Lloyd Baker
CEO

william Byer
Prasident

James Prior
President

Larry Thibeault
President
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Advanged Molding
Ontario, OR

ter Molders Inc.
Orangeburg, SC

Plas-Tech Molding & Design Ing.
Brimfield, IN

Eclipse Manufacturing Co.
Lake Zurich, IL

Edco tndustrigs inc.
Bridgeport, CT

Plastics Inc.
Middlefield, CT

Aghton Plastic Products Inc.
Xenia, OH

Master Tool and Mald Ing
York, PA

G.A.LM, Engingeting
Bensenville, IL

Aim Praocessing Inc.
Longmont, CO

Ark Molding Ing.
Denver, CO

Accurate |njection Molds tnc.
Clinton Township, MI

Basgue Plastics Corp.
Leominster, MA

Four Process Ltd.
Fenton, MO

Maloney Plaslics Ing.
Meadville, PA

Ong Way Plastics Ing,
Edon, OH

Gwynneville, N
Pikes Peak Plastics Inc.
Colorado Springs, CO
Pyramid Plastics Ing.
Cleveland, OH

R&D Molders Inc,
Austin, TX

Tek Enterprise Inc.
Hartselle, AL

Advanced Engingering & Molding
Technology Inc.
Riverside, CA

Plastics Inc.
Arden, NC

r Plastigs |
Kissimmee, FL

Precision Molded Plasti
Upland, CA

Acutek |nc.
Odessa, MO

Piastic Imegtion Malders Inc.
Fertile, 1A

Plastic Model Engineering. Ine.
Post Falls, ID

Summitt Molding & Engineering Inc.

Madisonville, KY

Syntech Development & Mfg. Inc.
Chino, CA

Nortic Ing,
Criskany, NY

Clair Havens
Cwner

Will Smetana
President

Kimm Hunt
Generat Manager

Robert Hinman
President

John Szalan
President

Waldo Parmeiee
President

Richard Keich
President

Frederick Stermer
President

Skip Giatt
President

Jacqueline Jones
President

Tim Dailey
President

Jim Jarrett
President

Clifford Basque
President

Mark Fox
President

Edward Maloney
President

Joe Paterfeso
President

Ken Grimes
Owner

Dave Anthony
Prasident

James Newman
President

Gregory Brown
President

Thomas Kerr
Vice President

Donald Furness
President

R. Dennis Weaver
President

W.A_Messina
CEQ & President

Taed VanVoorhis
President

Terry Stebbins
Production manager

Greg Knopf
President

Joff Lange
President

Charles Rothe
President & co-owner

Bob Hobbs
CEOQ & President

Coleman Harding
President
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636
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American Precision Products

Huntsville, AL

Gator Plastics Inc.
Miami, FL

Wilks Precision Instrument C¢. Inc.

Union Bridge, MD

Ayanna Plastics & Engineering Inc,

Largo, FL

Venture 1 Division, Gibson County

Plaslics Inc.
Yorkville, TN

Dyna Tech Corp.
Largo, FL

Hoffman Precision Plastics Ing.

Blackwood, NJ

Mid-America Plastic Co.
Forreston, IL

Manchester, NH

Greenleaf Induslries
Lenair City, TN
All-State Plastics Ing.
City of Industry, CA
Engrave Inc.
Lawrenceburg, IN

Great Plains Plastic Molding LLC

Fargo, ND

Molded Plastic Components Inc,

Woonsocket, RI

Pra Mold Ing,
Riverside, CA

RKCEA Plastics
Wyoming, MI

V&S Molding inc.
Longmont, CO

Yentura Precigion Molding Inc.

Ventura, CA

Decatyr Plaslics Inc.
Decatur, TN

Tennesse Injection Molding Go. LLC

Gallatin, TN

Mato Plastics
Saugus, CA
Aire Plastics Inc,
La Vernia, TX

Precision Molded Products

San Antonig, TX

Dynami¢ Molding Inc.
Loveland, CC

Chesapeake Plastics Manufacturing_Inc.

Lusby, MD

Aegis Plastics Corp,
Deer Park, NY

Boyge Engingering Inc,
St. Petersburg, FL

Demoldco Plastics Ing.
Anaheim, CA

R.C. Westbyrg Engineering Inc.

Laguna Hills, CA

Sierra Chief
Lemoncove, CA

Sirmnplomatic Manufagturing Go.

Chicago, IL

Mark Bannister
President

Jamas O'Brien
President

Thomas Witks
President

Scott Redmond
General Manager

Ben Cottrell
Marketing

Terry Welsch
President

Joseph Belville
Plant manager

Eric Erdmann
President

Waynne Froman
VP gperations

Earle Segrest
CEQ & President

Patrick Minyard
President

David Polewski
VP manufacturing

Joseph Schabel
Piant manager

Marcel Coutu
General Manager

Randal Herr
VP & GM

Brian Chambers
General Manager

Ben Veltien
President

Richard Sloane
President

Doug Jackson
Vice President

Hayden Black
President

Manfred Tolt
Cwner

Tobin Post
Plant manager

Naum Royberg
CEO

Rick Haack
VP & GM

Mark McGrath
Co-owner

Tom McNamee
President

Darryl Crowe
General Manager

Nick Trees
President

Ron Westburg
President

Tom Cairns
Owner

David Hahn
Assistant GM
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640 Anderson Plastics Ing. Steve Anderson 0.82
Girard, PA President

641 Port City Custom Plastics Brenda Adams 0.60
Muskegon, M Plant manager

642 Jerrice Tool Inc, Jaremy Peirick 0.50
Alden, NY Malding manager

6842 Plastics USA Inc. Jerry Covington 0.50E
West Melbourne, FL President

644 HFP| Molding A_J. Dillard 0.48
Elgin, IL Owner

6845 Wolf Mold Inc, Randy Carruthers 0.40
Hayden, ID Executive VP

646 Rix Products Rick Rideout 0.39
Evansvillg, IN Owner

847 QA&D Piastics Inc, Don Slezak 0.38
Forest Grove, OR President

648 Robson Co. Inc. Christopher Robson 0.30
Girard, PA President

643 Stackiech Systems California Ltd. ' John Catalano 0.25
Walnut, CA Business manager

650 Red Cedar Plastics LLC Kelly Kadinger 0.23
Menomonie, W President

651 Modern Molding.Ing. Ted Graham 0.18
Jupiter, FL President

652 WDL Enterprises Inc. Wayne Lenhart 0.16
Clifton, KS President

653 Miteject Inc, Dick Merritt 0.15
Santee, CA President

654 Centennial Molding LLC Vat Kopke 0.12
Hastings, NE VP operations

655 Plastics and Concepts of Connecticut  John Harris 0.10
Inc. General Manager

Manchester, CT

{P)=Publicly Held  N.A.=Not available

All information was provided by the companies, except where otherwise indicated.

* Midpoint of a company-provided range

** Company-provided estimate

Epiastics News and industry estimates. These figures were not pravided by the company.

CURRENCY NOTE: All Canadian sales figures have been converted to U.S. dollars using the
average annual exchange rate for the 12 months of each company's fiscal year. For fiscal
years that correspond to calendar-year 2004 the following average annual rate was used:
C$1=US%$0.77.

All companies' fiscal years correspond the calendar-year 2004 unless otherwise noted.

a) Plastech Engineered Products Inc. agreed March 25 to acquire the assets of Andover
industries, which was in Chapter 11 backruptcy protection.

b) Decoma International Inc.'s publicly held parent, Magna International Inc., has taken the
company private, effective March 6, 2005. Magna plans to combine the Decoma injection
molding business with its Magna Donnelly Corp. and aperate the firms jointly under the Magna
Donnelly name.

¢} Home Products International Inc. was acquired by equity firm Storage Acquisition Co. LLC
in November 2004 and taken private.

d} Tupperware Corp.’s data reflacts recent layoffs; the company is continuing to curtail U.S.
manufacturing operations.

@) Moll Industries Inc. acquired Textron [n¢.’s InteSys Technologies Inc. unit and Formec SA
de CV's Monterrey, Mexico, business, early this year. Also reflected in Moll’s listing is its
acquisition of Creative Plastic Molders Inc. In May 2004,

f) Carlisle Cos. Ing. has put its Carlisle Engineered Products Inc. unit up for sale.

g} Switzerland-based Sarna Polymer Holding inc. has put its Sarnarnotive auto supply group
up for sale, including Sarnamotive Biue Water Inc. Aiso, Sarnamotive Blue Water will close its
Lexington, Mich., injection molding site by the end of July.

h) Atlantis Plastics Molded Products Division's data includes its purchase of LaVanture
Plastics in November 2004, which included injection molder Molded Designs Technolegy Inc.
i} Jarden Plastic Solutions previously wes listed as Unimark Plastics,

http://www.plasticsnews.com/subscriber/rankings/listrank. html?mode=inj
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j) CalsonicKansei North America Inc. previously was listed as Kantus Corp. Sales for parent
CalsonicKansei Corp. are for the fiscal year ended March 31, 2004.

k) Nyloncraft inc.’s listing includes certain assets of Automold of America ing., which it
acquired Oct. 29, 2004,

1} Injectronics Inc.'s listing includes its May 2004 purchase of Gilreath Inc.

m} Leggett & Platt Inc. acquired Canadian injection molders Conestogo Plastics Inc. and
Shepherd Products Inc. in December 2004,

n) Alcoa Inc. signed a letter of intent to fully acquire AFL. Automotive from joint venture pariner
Fujikura Lid. of Japan. Engineered Plastic Components is part of the AFL auto business.

0) Pilkington plc's corporate sales are for the fiscal year ended March 31, 2004,

p) Wilbert Plastic Services previously was listed as Morton Custom Plastics Inc.

q) Newly listed Vaupell Inc. acquired previously listed SciTech Plastics Group LLC in May
2004,

r) Easley Custom Piastics inc. previously was listed as McKechnie Plastic Components, which
was bought by equity group CH Industries Inc. in May 2004,

s) Libralter Plastics Inc.'s data includes the operations of Alpine Plastics Inc. The firms
recently were consolidated on the basis of common ownership.

t} Parker Hannifin Corp. acquired Webster Plastics inc.'s parent, Acadia Elastomers Corp., in
November 2004,

u) LMT-Mercer Group Inc. data includes certain assests of Hartville Plaslics Inc., which LMT
acquired in February 2004

v} Duo Plastics Inc. was acquired in May 2004 and now operates as Imperial Plastics Inc.

w) Kam Plastics Corp., previously Kam Industries LLC, is now partly employes-owned.

x) True Precision Plastics LLC previously was listed as MPC Industries LLC

y} Plastronics Plus Inc. previously was ranked under the name of parent Newcor Inc.

z) In January 2005, UTI Corp. changed its name to Accellent Inc. and is moving its
headquarters to the Boston area.

aa) Previously listed Plastic Components Inc. was acquired by Hampson Corp. in July 2004,
bb) Pent Custom Molding previously was listed as Pent Plastics Inc.

cc) Advanced Plastics Inc. was acquired in August 2004 and now operates as EPI Advanced
LLC.

dd) Acorn-Gencon Plastics LLC acqguired Dart Plastics & Engineering Inc. last year.

ee) Humphrey Line Inc. previously was listed under parent Molded Container Corp., which
consolidated into its Humphrey division.

ff) Molding Services of lllinois Inc. previously was listed as Molding Systems Corp.

g9} Hope Industries Inc. previously was listed as Rauschert tnjection Molding Inc.

hh) Gator Plastics Inc. previously was listed as Disposable Plastics.

ii) Stacktech Systems California Ltd. previously was listed as Fairway Molds Inc.
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Injection Molding Machines

Introduction

The injection molding machine (IMM) is
one of the most significant and rational form-
~ing methods existing for processing plastic
madterials A major part in this development
has been by the forward-thinking machinery
industry, which has been quick to seize on in-
novations and incorporate them into plastic
molded products. The most recent examples
are the all-electric and hybrid IMMs. A major
focus continues to be on finding more rational
means of processing the endless new plastics
that are developed and also produce more
cost-efficient products. A simplified general
layout for an IMM is shown in Figs. 2-1 and
1-3.

For years so-called product innovation was
the only rich source of new developments,
such as reducing the number of molded prod-
uct components by making them able to per-
form a variety of functions or by taking full
use of material’s attributes. In recent years,
however, process innovation has also been
moving into the forefront {Fig. 1-16). The lat-
ter includes all the means that help tighten
up the manufacturing process, reorganizing
and optimizing it. All activity is targeted for
the most efficient application of production
materials, a principle which must run right
through the entire process from plastic ma-
terials to the finished product (Fig. 1-15 and
Chap. 4).

28

Even though modern IMM with all its in-
genious microprocessor control technology is
in principle suited to perform flexible tasks,
it nevertheless takes a whole series of pe-
ripheral auxiliary equipment to guarantee the
necessary degree of flexibility. Examples in-
clude (1) raw material supply systems; (2)
mold transport facilities; (3) mold preheat-
ing banks; (4) mold-changing devices, includ-
ing rapid clamping and coupling equipment,
(5) plasticizer-cylinder-changing devices; (6)
molded-product handling equipment, par-
ticularly robots with interchangeable arms
allowing adaptation to various types of pro-
duction; and (7) transport systems for fin-
ished products and handling equipment to
pass molded products on to subsequent pro-
duction stages.

There are different types and capacities of
IMMs to meet different product and cost-
production requirements. The types are prin-
cipally horizontal single clamping units
with reciprocating and two-stage plasticators.
They range in injection capacity (shot size)
from less than an ounce to at least 400 oz
(usually from 4 to 100 oz) and in clamp
tonnage up to at least 10,000 tons (usual
from 50 to 600 tons). Other factors when
specifying an IMM include clamp stroke,
clamping speed, maximum daylight, clear-
ances between tie rods, plasticating capacity,
injection pressure, injection speed, and so on,
as reviewed in this chapter and Chap. 4. The
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EMISSIONS FROM PROCESSING THERMOPLASTICS
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M. J. Forrest, A. M. Jolly, S. R. Holding and S. J. Richards
Rapra Technology Ltd, Shawbury, Shrewsbury, Shropshire SY4 4NR, UK.

(Received 9 May 1994 and in final form 9 Augus: 1994)

Abstract—A 2-year study has been carried out into the emissions produced during the processing of
thermoplastic materiais. One of the main reasons for the inception of the wark was the perceived need
by the plastics processing industry and material suppliers for data in order to comply with recent
work-place legisiation. Very few data obtained under ‘real life’ situations were available for
consuitation prior to the start of this study. The principal objective of the project therefore was to
determine the effect that the processing of thermoplastics had on the workplace environment by the
collection both of qualitative and of quantitative chemical data. During the study a wide range of buik
commercial thermoplastic materials were covered, including pelyvinyl chloride {(PVC), Nylan 6,
acrylonitrile-butadiene-styrene (ABS), high impact polystyrene (HIPS), low density polyethylene
{LDPE} and high density polyethylene (HDPE). In order to investigate the effect the type of process
had on the emissions produced two principal fabrication methods were studied, namely injection -
moulding and extrusion-based processes.

A wide range of species was detected in each process environment, it being possible to detect the
relevant monomer(s) in some cases. However, none of the situations studied were found to generate a
high level of process fume. The concentrations of the species detected were found to be in the range -2
mg m ~* under standard processing conditions and up to ~ 10 mg m ™ * during purging operations. In
none of the situations studied was any individual chemical species found at a concentration above the
present occupational exposure limit. The data obtained shows that a higher level of fume is generated
by extrusion-based processes than by those involving injection moulding. -

Emissions data were obtained both by personal exposure monitoring and from a number of static
moniiors positioned around the process equipment. This revealed the important effect that the
monitoring position had on the data generated and the need to employ an effective sampling strategy
If representative data was to be obtained., The results obtained alse showed how the choice of
sampling adsorbent could influence the data obtained. Tenax has been found to be a satisfactory
general-purpose adsorbent material for this type of study.

INTRODUCTION

Legislation concerned with the management of health and safety in the workplace has
been a major consideration for all concerned in recent years. It was perceived possible
that employees working in the thermoplastics industry could be exposed to a health
hazard since it was known that volatile chemical species were associated with the
various fabrication processes employed. Although a number of studies concerned with
the characterization of the species produced when thermoplastic materials are heated
to elevated temperatures have been undertaken in the laboratory (Shmuilovich et al.,
1981; Hoff and Jacobsson, 1981; Lum and Kelleher, 1979) only a few workers have
attempted to collect data from actual workplace situations.

Studies which are available in the literature include the investigation by Williamson
and Kavanagh (1987) into vinylchloride monomer and other contaminants in PVC
welding fumes, and the measurement of the depolymerization products in the
polyacetal, polyamide and polymethacrylate industries (Vainiotalo and Pfaffl1, 1989).
In addition, Shaposhnikov et al. (1975) determined the volatile products during the
processing of a limited number of polypropylene, PVC (polyvinylchloride) and ABS

33
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(acrylonitrile-butadiene-styrene) plastics and Lemmen er al. (1989} have published
data on the species produced during the processing of PVC.

An important contribution to this area is a work programme that was carried out
by Hoff et al. (1982) in which both laboratory and process site data were collected on a
number of thermoplastic materials.

In order to satisfy the demand for more comprehensive up-to-date ‘real life’
thermoplastic processing emissions data, this 2-year project was undertaken. During
its lifetime 11 different thermoplastic—process combinations were evaluated. The
principal objective was to determine the effect that the processing of thermoplastics had
on the workplace environment by the compilation both of qualitative and quantitative
emissions data. It was anticipated that the emissions produced for a given process
would be mainly dependent on the material concerned.

Therefore during this study a wide range of important commercial thermoplastics
was covered. It was also expected that in addition to material type a number of other
factors wouid play an important role. The opportunity was therefore taken to
investigate the effect of the type of process used on the emissions produced. Other
important aspects of the study were likely to be any findings concerning the effect of
ventilation, the relation of the monitoring position relative to the process and the
location of the activity within the production site.

From a subjective point of view the act of purging a thermoplastic processing
machine results in a much greater concentration of fume emission than that which is
produced under standard processing conditions. Part of the study was aimed at
obtaining a better understanding of the contribution made by this aspect of the process.

The principal sampling technique used throughout this study was based on
adsorbent tubes which were subsequently analysed by thermal desorption gas
chromatography-mass spectrometry (GC-MS). This analytical method is already
used extensively to provide environmental data (HSE, 1987, 1989 and 1992). The
principal limitation of this method is the specificivity of the adsorbents used, with no
adsorbents being regarded as completely universal in performance. Sampling methods
which use adsorbent tubes with a subsequent solvent desorption stage prior to analysis
were also used and a secondary objective of this project was a limited comparison of the
two types of analysis technique.

Although some specific techniques were empioyed for certain species (e.g. liquid
bubblers for hydrogen cyanide} it was not an aim of this project to carry out a wide
range of specific ‘analytical techniques for species such as aldehydes, etc. As a
consequence, species which were present at a very low concentration, and for which the

“thermal desorption techniques used were not the most effective method of sampling,
may have remained undetected. This could obviously be of importance for substances
which have a very low occupational exposure limit. It should be pointed out therefore
that the scope of this project did not extent to a full exposure assessment of the
thermoplastic processing situations under study.

SAMPLING STRATEGY

The sampling strategy used to collect atmospheric samples can have a dramatic
effect on the data produced. An important facet of this study was the development of a
sampling strategy which would provide the best opportunity to collect representative
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data on the specific situations of interest. The salient points of the sampling strategy
used to collect samples are as follows:

(a) where there was a chance to obtain representative personal exposure data this
was carried out. However, if no operator was associated with any given process
for a significant period a static monitor was placed in the position where the
operative would normally be situated. Such samples are from hereon referred
to using the term ‘static-operator’;

{b) in the majority of the monitoring situations an attempt was made to investigate
the effect that purging of the machime had on the emissions produced;

{c) all static monitors were placed approximately 1.5 m from the floor, and at the
following distances from the process:

Background monitors: 4-6 m, and
Process (Machine) monitors: 0.5-3 m;

(d) in the monitoring positions chosen stainless steel tubes packed with one or
more of the following, Tenax, Chromosorb or Poropak, were emploved. In
addition glass NIOSH type tubes packed with charcoal were used for plastics
where monomers might be present for which there were established solvent
desorption based methods; ‘

() to evaluate reproducibility duplicate determinations were carried out on
selected monitoring positions during certain monitoring situations. Examples
of these determinations are shown in the data tables; and '

(f} where liquid bubblers were to be used for the determination of hydrogen
cvanide, they were placed either side of the process machine at a distance of
approximately 1.3 m.

SUMMARY OF THE SITUATIONS STUDIED

(1} Material: Acrylonitrile-butadiene-styrene, ABS
Process: Injection moulding
Environment: A
(2} Material: High impact polystyrene, HIPS
Process: Injection moulding
Environment: A
(3) Material: HIPS
Process: Sheet extrusion
Environment: A
Material: High density polyethylene, HDPE
Process: Blow moulding
Environment: C
Material: Low density polyethylene, LDPE
Process: Blown film ;
Environment: C Lo
Material: A low density polyethylene-linear low density polyethylene blend, v
LDPE-LLDPE | oA
Process: Blown film Lo
Environment: B ;
(7) Materal: Nylon 6
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Process: Extrusion
Environment: A
(8) Material: Polvpropylene
Process: Tape extrusion
Environment: B
{(9) Material: PVC (rigid)
Process: Injection moulding
Environment; A
(10) Material: PVC (plasticised)
Process: Cable extrusion
Environment: B
{I1) Material: SAN
Process: Injection moulding
Environment: A

Environment key

A =Work area where a number of different materials were being processed nearby.

B=Work area where the majority or all of the nearby machines were processing the
same material as the one being studied.

C=Experimental process area where there were little or no other processes taking
place nearby.

SAMPLING AND ANALYSIS

A measure of the total volatile organic compounds present was obtained at each
sampling point using thermal desorption tubes packed with 150 g of adsorbent.
Samples were obtained at a flow rate of 100 ml min ™!, with the sample size varying
from 10 to 151

The contents of the adsorbent tubes were desorbed at 250°C using an SKC thermal
desorption unit with subsequent analysis of the desorbed species by a Finnigan 1050
GC-MS instrument. A liquid carbon dioxide on-column cold focus technique was
employed using an SGE CTS-CL0O2 system with a Chrompak CB Sil 5CB
25 m x 0.32 mm capillary column heated at 40°C for 12 min initially and then at 5°C
min~* to 250°C. Mass spectral data were obtained by scanning the range 35-450
atomic mass units every 2 s. The Chromatogram peak assignments were obtained using
the Finnigan National Bureau of Standards Library, with manual searching of the
Royal Society of Chemistry Library and the National Institute of Health/Environmen-
tal Protection Agency Libraries where appropriate. Quantification data were obtained
by calibrating with decane standards over the range 0.02-1 ug.

Where appropriate, specific sampling for the monomers styrene and acrylonitrile
was carried out at each sampling point using NOISH type charcoal tubes (100/50 mg).
The sampling rate was 100 ml min ™!, and the sample size varied from 10 to 15 1. The
contents of the tubes was desorbed using carbon disulphide and the amounts of styrene
and acrylonitrile obtained using the analysis methods MDHS No. 20 and No. 1,
respectively.

The sampling of hydrogen cvanide present during the processing of ABS and SAN
was determined in each case using two liquid bubblers, filled with 10 ml 0of0.1 m NaOH
solution. The amount of hydrogen cvanide was then determined by analysing the
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contents of the bubblers in 100 ul aliquots using a Waters ion chromatograph fitted
with a Waters IC Pak HC Anion Column. A 5 mM KOH mobile phase was used at a
flow rate of 2mlmin ™', with conductivity detection. Calibration curves were produced
using potassium cvanide standards in the range 1-30 ppm.

During this study spot measurements for the species hydrogen cyanide, formalde-
hvde and hydrogen chloride were carried out using Draeger and Gastech tubes.

RESULTS AND DISCUSSION

The data obtained using thermal desorption, solvent desorption and specific
techniques have, for convenience, been segregated according to polyvmer type.

To produce tables that were of a manageable size the thermal desorption data have
been edited to remove species of which the concentrations were below 0.1 or 0.01
mg m >, depending on the situation. Also, the term not detected (nd) indicates that the
species was not detected above the systems detection limit, which was approximately
Ix10"*mgm™3

(1) Acrylonitrile-butadiene-styrene (ABS)

Thermal desorption results. The thermal desorption results obtained for this
material using Tenax are shown in Table 1. It can be seen that a wide range of different
chemical species and of varying concentrations was observed. As expected, the
concentrations of all species were higher during purging, but what had not been
anticipated was the relatively high concentrations of many species in the background,
the differences between the background and the monitoring positions close to the
injection moulder being quite small.

It was possible to detect the monomers styrene and acrylonitrile (2-propenitrile),
and a modifier (x-methyl styrene) which had been added at the polymerization stage.
Butadiene was not detected and this is thought to be due to its low residual
concentration in the polymer as a consequence of its highly volatile nature.

Solvent desorption results. Charcoal tubes with solvent desorptions were used to
monitor both for acrylonitrile and for styrene. The determinations were carried out
both under standard processing conditions and during purging. In none of the
monitoring positions was styrene detected above the method detection limit of 0.4
mg m~? (10 1. sample of air), or acrylonitrile above the method detection limit of 2.2
mg m~? (20 1. sample of air). Both of these species were detected by the method based
on thermal desorption because of its lower detection limit.

Determination of hydrogen cyanide. The emissions produced were monitored for the
presence of hydrogen cyanide using both specific detection tubes (Draeger) and ion
chromatography.

Spot measurements were taken using Draeger tubes during the period that the
injection moulder was operating under standard conditions and during the purging
operation. The measurements during standard conditions were taken in the area that
the operator occupied and this was approximately 1.5-2 m from the nozzle. During
purging, measurements were taken in the fume directly (~ 10-15 cm) above the purge
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Table i. Emissions data obtained on ABS during an injection moulding process using Tenax

ABS—injection moulding
Adsorbent, Tenax; Melt temperature, 245°C
Tube 1 static—background
Tube 2 static—operator/machine
Tube 3 operator
Tube 4 static—machine (purging)

Concentration
Tube 1 Tube 2 Tube 3 Tube 4

Compound fmgm™?) frg m” 4 (mgm~?) fmgm 7)
2-Propenenitrile nd nd nd 0.02
Hydracarbon (~Cs-C-) 0.0t 0.1 <Q.01 <001
Trichloromethane nd <0.0! <0.01 0.02
1.1.1-Trichloroethane <0.01 <0.01 nd nd
Benzene <001 <0.01 nd nd
Trichloroethene 0.01 < (.01 <0.01 nd
Unknown <0.01 nd nd nd
Alcohol (~C,) 0.01 0.03 0.01 nd
Toluene 0.02 0.02 0.02 0.03
Hydrocarbon {~Cy-C ) 0.01 0.01 0. <001
Unknown <0.01 nd <001 nd
Xvlene isomers 0.03 0.03 0.02 0.01
Styrene | 0.01 0.02 0.01 0.20
Hydrocarbon (~C,,—C,,} 001 <0.01 0.02 0.04
Alcohol (~C,)? 001 0.01 0.01 0.02
Benzene, methyl, ethyl isomers <0.01 0.01 <0.01 0.03
Benzene, propyl isomer <0.01 <001 < 0.01 nd
Unknown nd nd nd 0.03
Benzene, trimethyl isomers 0.02 0.02 0.02 <0.01
Alpha methyl styrene <0.01 0.01 <0.01 0.30
Benzene, ethenyl, methyl isomers <0.01 < (.01 < (.01 0.22
Benzene, dichloroisomer 0.01 .01 0.01 nd
Acetophenone nd <0.01 nd nd
Benzene, diethyl isomer nd <0.01 nd nd
Unknown nd <001 nd nd
Hydrocarbon {~C,,-C, ;) 0.04 0.06 0.04 0.07
Benzene, ethyl, dimethy! isomers 3.01 <0.01 . 0.0t <001
Benzene, methyi, diethyl isomers <0.01 <001 nd nd
Naphthalene, tetrahydro isomer <0.01 nd <0.01 nd
Benzene, ethyl, methylethyl isomer nd nd <0.0] nd
Siloxane 0.01 0.01 0.01 nd
Unkaown nd 0.01 <0.01 nd
Naphthalene, tetrahvdro, methyl isomers <001 0.01 <0.01 <0.01
BHT nd <0.01 <0.01 nd
Alcohol {~C,.)? <0.01 <0.01 <0.01 nd

nd =not detected.

waste and in the same operator position as that used during normal operation. It was
not possible to detect hydrogen cyanide above the detection limit of the Draeger tube (2
ppm) On any occasion.

Direct analysis by ion-chromatography of the contents of the sampling bubblers
did not reveal anv peaks at an elution time which corresponded to that of the cyanide
ion. No hydrogen cvanide was therefore detectable by this method, the detection limit
of which was calculated as being approximately 0.5 ppm of the airborne species.
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Determination of formaldehyde. The emissions present under standard processing
conditions and during processing were examined for the presence of formaldehvde.
using Draeger tubes having a detection limit of 0.2 ppm. Using the same sampvling
strategy as for the determination of hydrogen cyanide, no formaldehvde was detected
above the detection limit.

(2) High impact polystyrene (HIPS)

Thermal desorption results. For the sheet extrusion study (Table 2) monitoring was
only undertaken using Tenax adsorbent tubes, and while a range of different chemical
species were identified they were all at comparatively low levels. The species detected

Table 2. Emissions data obtained on HIPS during a sheet extrusion process using Tenax

HIPS—sheet extrusion
Adsorbent, Tenax; Melt temperature, 193°C
Tube 1 static—background
Tube 2 operator '
Tube 3 static—machine (1)
Tube 4 static—machine {2)

Concentration
Tube 1 Tube 2 Tube 3 Tube &
Compound (mgm™) {(mgm~* (mgm~? {(mgm?)
Acryionitrile nd nd nd 0.0
Methyl propenoic acid, methyl ester nd 0.01 <0.01 0.07
Toluene < 0.0! 0.01 <(.01 0.05
Etheny! cyciohexene <001 0.01 <0.01 0.14
Xylene isomers <0.01 0.03 0.01 0.38
Stvrene 0.03 0.13 0.05 1.48
Hydrocarbon (~Cg-C,,) <0.01 0.01 0.01 0.02
Propyl benzene isomers <0.01 0.m <0.01 0.13
Alpha methyl styrene <0.01 0.01 <0.01 0.10
Ethenyl dimethy] cyclohexene < (.01 0.20 <0.01 <0.01
Acetophenone <0.01 <0.01 <0.01 0.02
Propenyl benzene isomers <0.01 0.01 <0.01 0.02
Hydrocarbon (~C,4-C,,) <0.01 0.02 <0.01 0.01

nd =not detected.

were primarily aromatic in nature, styrene being one of the most prominent. The data
produced during this study illustrated well how the position of a process within a
workplace can effect the concentration of the species detected around it. The monitor
positioned between the process and the adjacent sidewall of the work area (Static—
Machine 2) recorded higher concentrations of species than the one positioned on the
other side of the process which was open (Static—Machine 1}. For this work owing to
work schedules it was not possible to monitor during a purging operation.

With the injection moulding of HIPS both Tenax and Chromosorb adsorbent
tubes were used (Tables 3 and 4). A wider range of chemical species were observed and
at significantly higher concentrations than for the sheet extrusion. However, the
background concentrations of most species were net much lower than in the
monitoring positions adjacent to the process. A comparison of the data from the two
types of adsorbent gave generally similar results. Purging was monitored with both
tube types and significantly higher levels of most species were found.
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Table 3. Emissions data obtained on HIPS during an injection moulding process using
Tenax

HIPS—injection moulding
Adsorbent, Tenax; Melt temperature, 225°C
Tube 1 static—machine/operator
Tube 2 static—background
Tube 3 operator
Tube 4 static—machine {purge area)

Concentration
Tube 1 Tube 2 Tube 3 Tube 4
(mgm™3) (mgm™3 (mgm~¥) (mgm?)

Compound {standard)  (standard) (standard) {purge)
Dichioromethane 0.36 0.25 0.36 0.27
Toluene 0.31 0.28 0.25 0.32
Aleohol (C;) 0.33 0.36 0.22 0.46
Hydrocarbon (~C;) G.13 <0.1 <0.1 <0.1
Xylene 1.60 0.66 0.49 0.40
Hydrocarbon (~Cg) <0.1 0.12 < 0.1 <0.1
Propylbenzene <0.1 0.38 <0.1 nd
Benzene, ethyl, methyvl isomer 0.21 0.18 <0.1 <0.1
Benzene, ethyl, methyl isomer 0.12 0.10 <0.1 nd
Benzene, trimethyl isomer 0.31 0.28 0.13 0.12
Benzene, dichloro isomer 0.65 0.46 0.78 0.50
Benzene, trimethyl isomer <0.1 0.25 <0.1 nd
Hydrocarbon (~C, 4} 0.42 0.25 0.21 0.17
Hydrocarbon (~C, )} 0.66 0.47 0.33 0.21
Hydrocarbon (~C,,) 0.62 0.38 0.21 0.12
Hydrocarbon (~C,4) 0.15 0.15 <0.1 <{.1

nd =not detected.

Solvent desorption results. Charcoal adsorbent tubes with subsequent solvent
desorption were used to monitor for styrene during the injection moulding of HIPS.
Determinations were carried out both under standard processing conditions and
during purging. No styrene was detected above the method détection limit of 0.4
mg m ™ (10 1. sample of air) in any monitoring position. As in the case of the ABS data,
it was possible to detect the presence of styrene using the thermal desorption technique
because of the greater sensitivity of the method.

(3) High density polyethylene (HDPE)

High density polyethylene was studied only with regard to a single blow moulding
situation. The results obtained using the thermal desorption GC-MS technique are
shown in Table 5. Since blow moulding is a process that inherently produces little fume,
it 1s possibly not surprising that very low concentrations of species were detected.
Simple hydrocarbons and toluene at a very low concentration were all that was
observed. The fact that the process was being carried out in a very clean environment
with few other processes operating at the time helped to minimize the concentration of
species found.

Purging was not carried out during the study period with this process and so it was
not possible to study its effect on the emissions produced.
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Table 4. Emissions data obtained on HIPS during an injection mouiding process using
Chromosorb

HIPS—injection moulding
Adsorbent, Chromosorb: Melt temperature, 225°C
Tube | static—machine/operator
Tube 2 static—background
Tube 3 operator '
Tube 4 static—machine {purge area)

Concentration
Tube 1 Tube 2 Tube 3 Tube 4
fmgm™} (mgm™) (mgm™) (mgm Y

Compound (standard)}  (standard) (standard) {purge)
Acetone 0.17 0.16 <0.1 <0.1
Dichloromethane 1.23 0.87 0.33 0.30
Unknown 0.11 0.14 <0.1 0.11
1,1,1 Trichloroethane 0.43 0.34 0.19 0.19
Benzene ‘ <0.1 0.16 <0.1 <0.1
Methyl methacrylate <0.1 0.13 <0.] nd
Toluene 0.40 0.69 0.29 Q.17
Alcohol (Cy) | 041 0.59 nd <0.1
Hydrocarbon (~C,) 0.16 0.17 <0.1 <0.1
Xylene 1.30 0.99 0.48 0.59
Hydrocarben (~C,) 0.12 0.37 <0.1 <0.1
Propylbenzene 0.13 <0.I <0.1 nd
Benzene, ethyl, methyl isomer 0.22 0.21 0.10 <0.1
Benzene, ethyl, methyl isomer <0.1 0.10 <01 nd
Benzene, trimethy! isomer 0.35 0.31 0.27 nd
Benzene, dichloro isomer 0.75 0.83 0.76 0.21
Hydrocarbon (~C,,) 0.37 0.33 0.31 <.t
Benzene, trimethyl isomer 0.13 0.12 0.10 nd
Hydrocarbon (~C,;) 0.38 <0.1 0.33 <.t
Hydrocarbon (~C,;) 0.23 nd 0.18 <0.1

nd =not detected.

Table 5. Emissions data abtained on HDPE during a blow moulding process using Tenax

HDPE—blow moulding
Adsorbent, Tenax; Meit temperature, 210°C
Tube 1 static—background
Tube 2 static—machine {1)
Tube 3 static—machine (2)
Tube 4 operator

Concentration
Tube 1 Tube 2 Tube 3 Tube 4
Compound mgm ™) (mgm~3%) (mgm~?) (mgm )
Hydrocarbon {~C4-C-) WRL! <0.01 <0.01 0.01
Totuene < 0.0t <001 <0.01 0.01
Hydrocarbon (~Cy—C,q) 0.01 <0.01 <0.01 <00l
Hydrocarbon {~C,,-C,,) <001 0.01 <0.01 0.01

Hydrocarbon (~C,,-C ) 0.01 0.01 0.01 0.03
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(4) Nylon 6

Nylon 6 used in an extrusion process was studied on one occasion with both Tenax
and Chromosorb tubes. Various chemical species were observed at relatively high
concentrations (including the background). Similar results were obtained for both
types of tube {Tables 6 and 7).

Table 6. Emissions data obtained on Nylon 6 during an extrusion process using Chromosorb

Nylon 6—extrusion
Adsorbent, Chromosorb; Melt temperature, 276°C
Tube 1 operator
Tube 2 static—machine (purge)
Tube 3 static—background {purge)
Tube 4 static—machine
Tube 3 static—background

Concentraton

Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

(mgm *) (mgm™°) {mgm~?) (mgm ) (mgm”>)
Compound (standard) (purge} (purge} {standard) (standard)
Chiorodifivoromethane nd nd 0.86 nd nd
Ethane, 1-chloro-1, 1-difftuoro- nd nd 0.24 nd nd
Acetone <0.1 nd 0.76 <0.1 nd
Dichloromethane <0.1 <0.1 1.04 <0.1 <0.1
Benzene <0.1 <0.1 0.31 <0.1 <0.1
Hydrocarbon (~C-Cy) <0.1 0.18 0.91 <0.1 <0.1
Methyl methacrylate nd 0.35 0.45 <0.1 nd
Toluene <0.1 0.12 0.84 <0.1 <0.1
Butane, 1-chloro, 3-methyl- nd nd 0.11 nd nd
Xylene <0.1 nd 0.52 <0.1 <1
a-Methy! styrene <0.1 <0.1 0.84 <0.1 <0.1
Hydrocarbon (~C—C, ) <01 027 0.1 <0.1 <01

nd =not detected.

On this occasion, the background environment as well as the airborne species
which were close to the process were monitored during purging and, interestingly, the
concentrations of most chemical species in the background were considerably higher
than those near to the process. This apparently anomalous situation is thought to be
due to the fact that other working practices, such as product testing, were being carried
out in the close vacinity and species from these (e.g. solvents) could have made a
significant contribution.

(5) Polypropylene

The fumes emitted during the tape extrusion of polypropylene were studied using
both Tenax and Chromosorb (Tables 8 and 9). On this occasion there was a
percepiable draught in the vicinity of the process and monitoring was undertaken both
upwind and downwind to investigate its effect on the collected data. The background
was monitored both during purging and during standard processing conditions.

The chemical species observed included mostly hydrocarbons and some aromatics
but at comparatively high levels. Not surprisingly, the levels of fume found downwind
were significantly higher than those detected upwind. In this case the effect of purging
did not appear to be as dramatic as with some of the processes. The relationship



Emissions [rom processing thermoplastics 4>

Table 7. Emissions data obtained on Nylon 6 during an extrusion process using Tenax

Nylon 6—extrusion
Adsorbent, Tenax; Melt temperature, 276°C
Tube 1 operator
Tube 2 static—machine (purge)
Tube 3 static—background (purge)
Tube 4 static—machine
Tube 3 static—background

Concentration
Tube | Tube 2 Tube 3 Tube 4 Tube 3
mgm™)  (mgm™?} (mgm™?) (mgm™?) (mgm”?)
Compound {standard) (purge) (purge) (standard)  (standard)
Acetone <0.1 <0.1 0.22 nd nd
Dichloromethane <0.1 0.13 0.53 <1 <0.]
Hydrocarbon {~C-C-) <0.1 0.16 0.71 <0.1 nd
Toluene <01 0.19 0.59 <0.1 <0.1
Xviene <0.1 <0.1 322 <0.1 <0.1
Hydrocarbon (~Cy-C,q) <0.1 0.65 340 <0.1 0.68
a-Methvl styrene <0.1 0.63 7.67 <0.1 0.39
Benzene, methyl (1-
methylethyl)- : nd 0.14 1.69 nd <0.1
Benzene, methyl, propyl isomer nd nd nd nd 0.10
Benzene, methyl, propyl isomer nd nd nd nd ot
Benzene, (1,1-dimethyl, ethyi)- nd nd nd nd 0.12
Benzene, 1-methyi-4-
{methylethyl)- nd nd nd nd 0.12
Benzene, (l-ethylpropyl)- nd nd nd nd 0.12
Hydrocarbon (~Cy—C,,) <0.1 [.58 5.80 <0.1 0.57
Naphthalene, 1,2,3,4-
tetrahydro- nd nd nd nd 0.13
Hydrocarbon (~C,,-C,1) <0.1 <0.1 0.55 0.16 0.86
BHT nd nd 0.28 nd nd

nd =not detected.

between the Tenax and Chromosorb tube results were generally as reported for other
plastics—process combinations.

(6) Polyvinylchloride (PVC)

Thermal desorption results. The injection moulding of unplasticised PVC was
monitored using both Tenax and Chromosorb adsorbent tubes; while the cable
extrusion of plasticized PVC was monitored using Tenax and Poropak.

For the injection moulding work, comparatively high concentrations of a wide
variety of chemical species were observed (Tables 10 and 11) and once again the
background during purging showed concentrations of some species higher than those
obtained close to the process itself. From the data it can be seen that the background
environment during purging altered compared to that which existed during normal
operating conditions. The monomer type species found, although not thought to
originate from the study compound, could originate from additives in PVC
compounds being processed nearby. The purging operation was found to enhance the
concentrations of species found, which is to be expected.

For the cable extrusion study the range and concentrations of species observed
were both relatively small (Table 12). Although some process fume was apparent
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Table 8. Emissions data obtained on polvpropylene during a tape extrusion procsss using Tenay

Polypropylene—tape extrusion
Adsorbent, Tenax; Melt temperature, 240°C
Tube 1 static—background
Tube 2 static—machine/operator {upwind side of die)
Tube 3 static—machine/operator {downwind side of die)
Tube 1 static—machinefoperator (purging)
Tube 2 static—background {purging)

Concentration

Tube 1 Tube 2 Tube 3 Tube 1 Tube 2
{mgm™) (mgm~* (mgm™’) (mgm~’) (mgm °)

Compound (standard) (standard) ({standard) {purge} (purge)
Hydrocarbon (~C;-C,) 0.48 0.22 1.65 0.27 0.23
Xylene 0.37 nd nd < (.1 <0.1
Hydrocarbon {~C¢-C,) 0.37 0.74 0.35 <0.1 <0.1
a-Methyl styrene 0.16 <0.1 nd 0.11 nd
Hydrocarbon (~C—Cy) 0.38 0.46 179 1.03 0.79
Hydrocarbon (~Cy—C,4) 0.73 0.67 2.98 0.32 0.17
Hydrocarbon (~Cy—C,} 1.49 1.04 524 <0.1 .23
Hydrocarbon (~C,,~C,;) 0.89 0.44 2.68 <0.1 0.14
Hydrocarbon (~C,,~C;;) 1.43 097 5.38 <01 0487
Hydrocarbon (~C,,~C;,) 2.27 0.15 6.69 <0.1 0.23
Hydrocarbon (~C;-C,5) 0.88 0.52 1.7 <0.1 <Q.1

nd =not detected.

Table 9. Emissions data obtained on polypropvlene during a tape extrusion process using Chromosorb

Polypropylene—tape extrusion
Adsorbent, Chromosorb; Melt temperature, 240°C
Tube 1 static—background
Tube 2 static—machine/operator (upwind side of die)
Tube 3 static—machine/operator {downwind side of die)
Tube 1 static—machine/operator {purging)
Tube 2 static—background {purging)

Concentration
Tube I Tube 2 Tube 3 Tube 1 Tube 2
(mgm™3 (mgm™3) (mgm~’) (mgm~’) (mgm~?)

Compound {standard) (standard} (standard) {purge) {purge)
Hydrocarbon (~C:—C,) <{.1 0.15 0.57 <{.1 0.25
Hydrocarbon (~C4-Cy) <0.1 0.32 2.16 0.47 0.55
Hydrocarbon (~C,—C,) 0.17 0.58 0.92 <0.1 <0.1
Xylene 0.14 0.14 nd nd <0.1
Hydrocarbon (~Cy—C,q) <0.1 0.44 0.66 <0.1 0.66
a-Methyl styrene nd <(.1 nd <{.] 0.10
Hydrocarbon (~Cy-C,,) <0.1 111 263 <0.1 245
Hydrocarbon {~C,4-C,,) <01 0.14 - 127 <0.] 0.36
Hydrocarbon {~C;~C3) <01 0.12 Q.25 <0.1 1.06
Hydrocarbon (~C;,-C,5) 0.11 0.10 <0.1 <0.1 1.56
Benzene, alky! derivative <01 <Q.1 nd nd 0.40

nd =not detected.
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Table 10. Emissions data obtained on PVC during an injectior moulding process using Tenax

PV(C—injection moulding
Adsorbent, Tenax; Melt temperature, 130°C
Tube 1 static—operator
Tube 2 static—machine
Tube 3 static—background
Tube 4 static—machine {purge) -
Tube 3 static—background {purge)

Concentration
Tube ! Tube 2 Tube 3 Tube 4 Tube 3
(mgm™) (mgm~* (mgm ) {mgm~? (mgm™3)

Compound (standard) (standard) (standard)- (purge) (purge)
Dichloromethane nd <0.1 <(.1 .72 1.13
Ethvl acetate nd 0.60 0.84 0.68 0.64
Ethene, trichloto- <0.1 0.13 n.12 <(.1 <0.1
Hyvdrocarbon (~C4-Cy) <0.1 <0.1 0.10 0.12 1.17
Toluene <0.1 <01 <0.1 0.24 0.16
Benzene, chloro- ) 0.43 0.42 0.53 0.24 0.1t
Xylene <0.1 <0.1 <0.1 0.60 1.26
Cyclic alkene (C,,-H,4) <0.1 0.13 0.14 0.12 0.10
a-Methyl styrene nd nd nd 344 2.30
Benzene, alkyl derivative nd nd nd - nd 0.15
Hydrocarbon (~C,4-C;,) 0.85 0.80 1.03 1.65 . 244
Benzene, methyl, propyl isomer nd nd nd nd 0.51
Hydrecarbon (~C,,-C,,) <0.1 0.31 0.17 0.16 0.14

nd =not detected.

during the standard operating conditions, as in the injection moulding study, the
material still does not appear to have made a significant impact on the species detected
in its immediate vicinity, similar data being recorded for the background. It is only
during purging that the concentrations of the species detected rnse markedly compared
to those in the background. This study also demonstrated (as others did in this project)
how the position of a monitor in relation to a process can have a profound effect on the
data collected. The Poropak adsorbent was found to give similar resulits to Tenax on
this occasion.

No vinylchloride monomer was detected on either occasion and this is thought to
be due to its low residual concentration in the resins.

Determination of hydrogen chloride. The emissions present during the cable
extrusion processing of plasticized PVC were analysed for hydrogen chloride using a
Gastec tube (detection limit 0.2 ppm). Measurements were taken at ~0.2and ~0.04 m
from the die with no hydrogen chloride being detected in either case. A further reading
was taken at 0.1 m above the purge waste, in the fume that was given off, but again no
hydrogen chloride was detected.

(7) Low density polvethylene and a low density polyethylene—linear low density
polyethylene blend

The biown film processing of these two materials was studied in two quite different
environments. The data obtained for the LDPE-LLDPE blend using Tenax and
Chromosorb tubes {Tables 13 and 14) were more complex, which was in part due to the
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Table 10. Emissions data obtained on PVC during an injection moulding process using Tenax

PVC—injection moulding
Adsorbent, Tenax; Melt temperature, 180°C
Tube 1 static—operator
Tube 2 static—machine
Tube 3 static—background
Tube 4 static—machine (purge) -
Tube 3 static—background (purge)

Concentration
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5
(mgm™) (mgm™) (mgm™’) (mgm73 (mgm~’)
Compound (standard) (standard) (standard)- (purge) (purge)
Dichloromethane nd <0.1 <0.1 1.72 1.13
Ethyl acetate nd - 0.60 0.84 0.68 0.64
Ethene, trichloro- <0.1 0.13 0.12 <0.1 <01 -
Hydrocarbon (~C4-C,) <0.1 <0.1. 0.10 0.12 1.17
Toluene <0.1 <Q.1 <0.1 0.24 0.16
Benzene, chloro- ’ 0.43. 0.42 0.55 0.24 0.11
Xylene <0.1 <0.1 <0.1 0.60 1.26
Cyeclic alkene (C,,-Hjg) <0.1 0.15 0.14 0.12 0.10
a-Methyl styrene ° nd nd nd 3.44 - 2.30
Benzene, alkyl derivative nd nd nd - nd - 015
Hydrocarbon (~C,;,~C;,) 0.85 0.80 1.03 1.65 . 244
Benzene, methyl, propyl isomer nd nd nd nd 0.51
Hydrocarbon {(~C,,-C, ;) <0.1 0.31 0.17 0.16 0.14

nd =not detected.

during the standard operating conditions, as in the injection moulding study, the
macterial still does not appear to have made a significant impact on the species detected
in its immediate vicinity, similar data being recorded for the background. It is only
during purging that the concentrations of the species detected rise markedly compared
to those in the background. This study also demonstrated (as others did in this project)
how the position of a monitor in relation to a process can have a profound effect on the
data collected. The Poropak adsorbent was found to give similar results to Tenax on
this occasion. '

No vinylchloride monomer was detected on either occasion and this is thought to
be due to its low residual concentration in the resins.

Determination of hydrogen chloride. The emissions present during the cable
extrusion processing of plasticized PVC were analysed for hydrogen chloride using a
Gastec tube (detection limit 0.2 ppm). Measurements were taken at ~0.2and ~0.04 m
from the die with no hydrogen chloride being detected in either case. A further reading
was taken at 0.1 m above the purge waste, in the fume that was given off, but again no
hydrogen chloride was detected.

(7) Low density polyethylene and a low density polyethylene~linear low density
polyethylene blend

The blown film processing of these two materials was studied in two quite different
environments. The data obtained for the LDPE-LLDPE blend using Tenax and
Chromosorb tubes (Tables 13 and 14) were more complex, which was in part due to the
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Table 11. Emissions data obtained on PVC during an injection moulding process using Chromosorb

PVC—injection moulding
Adsorbent, Chromosorb; Melt temperature, 180°C
Tube 1 static—operator
Tube 2 static—machine
Tube 3 static—background
Tube 4 static—machine (purge)
Tube 5 static—background (purge)

Concentration
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5
(mgm~™®) (mgm~?) (mgm73) (mgm~’) (mgm~?)

Compound {(standard) (standard) (standard) (purge) (purge)
Acetone <0.1 <0.1 <0.1 0.17 0.15
Dichloromethane <0.1 <0.1 <0.1 10.61 9.48
Ethyl acetate 1.51 1.23 1.27 0.77 1.19
Ethene, trichloro 0.24 0.15 0.17 nd nd
Methyl methacrylate nd <0.1 0.13 0.27 041
Hydrocarbon (~C,—C,) 0.10 <0.1 0.21 <0.1 0.20
Toluene <0.1 0.10 <01 0.29 0.33
Benzene, chloro- 0.59 0.46 0.54 0.17 0.43
Xylene nd <0.1 <0.1 nd 0.10
Cyclic hydrocarbon (alkene) C,,H, 0.79 0.52 0.37 <0.1 0.32
a-Methyl styrene <0.1 <0.1 nd 0.47 0.62
Hydrocarbon (~C,,-C,,) 0.68 0.32 0.86 <0.1 0.65
Benzene, butenyl isomer <0.1 <0.1 0.19 nd nd
Benzene, butenyl isomer nd nd 0.10 nd nd

nd =not detected.

fact that it was being processed in a manufacturing environment and not, as with the
- LDPE (Table 15), in an experimental test site. With the blend, a larger range of
chemical species were detected and the concentrationsfound were higher. The presence
of certain known monomeric species (i.e. methyl methacrylate and a-methyl styrene) in
this data is surprising given that the types of polymers that these species are normally
associated with were not obviously in evidence at the site, but the concentrations found
are relatively low and so they could originate from another source.

For LDPE, only Tenax tubes were used and relatively low concentrations of a
limited range of chemical species were observed. With this material the opportunity
was taken to obtain more than one background measurement in order to obtain a fuller
characterization. Unlike certain other situations purging was not found to increase
significantly the concentrations of species detected for this process. This was
corroborated by the effect seen at the time where it was apparent that little or no
enhancement either in the amount of visual fume or in process odour resulted from
carrying out the purge operation.
~ Both of these situations demonstrated that the relationship between the species
detected near the process itself and those found in the background is complex.

(8) Styrene acrylonitrile (SAN)

A very limited study of this material was carried out, with only the concentration of
hydrogen cyanide in the process fume being determined.

Spot measurements were taken using Draeger tubes both during standard



Table 12. Emissions data obtained on PVC during a cable extrusion process using Tenax and Poropak

PVC—cable extrusion
Adsorbents, Tenax and Poropak
Melt temperature, 140°C (standard conditions), 180°C (purg,mg)
Tube 1 static machine/operator (1)—Tenax
Tube 2 static machine/operator (2)—Tenax
Tube 3 static machine/operator* (purging)—Tenax
Tube 4 static background—Tenax 1
Tube 5 static background—Tenax 2
Tube 6 static machine/operator (2)—Poropak

sonsejdourzay) Suissao01d WOIf SUOISSIIIH

Concentration
Tube 1 Tube 2 Tube 3 Tube 4 Tube § Tube 6
Compound mgm3) (mgm™3¥) (mgm 3 (mgm ) (mgm ) (mgm )
1,1,1 Trichloroethane 0.02 0.01 0.02 0.01 0.01 0.03
Toluene 0.18 0.01 0.03 0.10 0.04 0.01
Xylene isomers 0.03 0.01 0.32 0.02 0.02 0.04
Hydrocarbon (~Cg-C,,) 0.57 0.03 0.17 0.31 0.21 0.22
Benzene, trimethyl isomers 0.05 0.01 <0.01 0.05 0.05 0.05
Benzene, ethyldimethyl isomer 0.01 <0.01 0.05 <001 <001 <0.01
Hydrocarbon (~C,-C;,) 043 0.17 1.00 0.28 0.44 0.64
Hydrocarbon (~C,,—C,,) 0.09 0.04 0.99 005 0.07 . 0.03

Hydrocarbon (~C,,—C,5) <001 <001 0.96 0.04 <001 0.07

*Different extrusion line.

£
O
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Table 13. Emissions data obtained on a LDPE-LLDPE blend during a blown film
process using Tenax

LDPE-LLDPE—blown film
Adsorbent, Tenax; Melt temperarture, 190°C
Tube 1 static—machine
Tube 2 static—operator
Tube 3 static—background

Concentration
Tube 1 Tube 2 Tube 3

Compound mgm~™3 (mgm™® (mgm™ %)
Hexane <0.1 nd 0.14
Hydrocarbon (~Cg) <0.1 0.15 <0.1
Xylene isomer <0.1 0.12 0.12
a-Methyl styrene 0.89 1.16 1.11
Benzene, trimethyl isomer 0.16 0.13 0.13
Hydrocarbon (~C,;—C,,) 3.93 2.16 3.14
Benzene, trimethyl isomer 0.31 <0.1 <0.1
Benzene, ethyl, dimethyl isomer <0.1 0.12 <0.1
Aliphatic aldehyde (~C,,) 0.32 0.34 0.30
Benzene, dimethyl, pentyl isomer 0.12 <0.1 nd
Aliphatic aldehyde (~C,;) 0.6% 0.39 nd
Hydrocarbon (~C;,-C,,) 0.50 0.23 1.61
Aliphatic aldehyde (~C,,) 0.12 nd nd
Hydrocarbon (~C,,~C,,) 0.10 0.10 0.90

nd =not detected.

Table 14. Emissions data obtained on a LDPE-LLDPE blend during a
blown film process using Chromosorb

’ ‘ . LDPE-LLDPE—blown film
Adsorbent, Chromosorb; Melt temperature, 190°C
Tube 1 static—machine ’
Tube 2 static—operator
Tube 3 static—background

Concentration
: Tube 1 Tube 2 Tube 3

Compound (mgm~™3) (mgm~?* (mgm~?)
Acetone <0.1 0.12 nd
Hydrocarbon {(~C.—Cg) 0.77 1.29 0.13
Unknown - 0.12 0.21 <0.1
Methyl methacrylate <0.1 0.20 nd
Styrene <0.1 0.14 nd
Xylene isomer 0.14 0.38 nd
Hydrocarbon (~Cy—C;5) 2.31 2.10 <0.1
Benzaldehyde 0.21 047 nd
a-Methyl styrene 0.59 0.45 nd
Benzene, trimethyl isomer 0.17 nd nd
Acetophenone 0.59 1.02 nd
Benzene, methyl, propyl isomer 0.10 nd nd

nd =not detected.




Table 15. Emissions data obtained on LDPE during a blown film process using Tenax

LDPE—blown film
Adsorbent, Tenax
Melt temperature, 180°C

Tube 1 operator—Tenax 1

Tube 2 operator—Tenax 2

Tube 3 static machine—Tenax 1

Tube 4 static machine—Tenax 2

Tube 35 static background (1)—Tenax 1

Tube 6 static background (1)—Tenax 2

Tube 7 static background (2)—Tenax

Tube 8 static machine (purging}—Tenax

Concentration '
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5 Tube 6 Tube 7 Tube 8
Compound (mgm™3) (mgm~3) (mgm™3® (mgm 3 (mgm~?) (mgm~?* (mgm ¥ (mgm?I)
Hydrocarbon (~Cj) 0.01 0.01 <0.01 nd nd 0.01 . 0.01 0.03
Trichloromethane 0.01 0.01 <0.01 <0.01 nd 0.01 001 0.0t
1,1,1 Trichloroethane 0.01 <0.01 <0.01 <001 ad <0.01 <0.01 <0.0t
Hydrocarbon (~Cg—Cy) 0.01 <0.01 <0.01 <0.01 _ nd <0.01 <0.01 <0.01
Toluene 0.11 0.07 0.01 0.01 <0.01 0.01 . 0.01 0.01
Hydrocarbon (~Cy~C,,) 0.02 0.03 0.02 <0.01 <0.01 0.01 0.03 0.02
Xylene isomer : 0.01 0.01 <0.01 <0.01 <0.01 <0.0! <0.01 <0.01
Hydrocarbon (~C,,-C,,) 0.0t 0.01 <0.01 <0.01 - <001 <0.01 0.01 0.02
Hydrocarbon (~C,,~C,;) <0.01 0.02 <0.01 <0.0} T <0.01 <0.01 . <0.01 0.01
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operating conditions and during purging. The measurements in standard conditions
were taken in the region that the operator occupied (approximately 1.5-2 m from the
nozzle). During purging measurements were taken 10-15 cm above the purge waste
and in the same operator position as that used during normal operation. In neither
instance was it possible to detect hydrogen cyanide above the detection limit of the
tubes (2 ppm). A

Direct analysis by ion chromatography of the contents of the sampling bubblers did
not result in any peaks being found at an elution time which corresponded to the
cyanide ion. No hydrogen cyanide was detectable by this method, the detection limit of
which was calculated as being approximately 0.5 ppm of the airborne species.

CONCLUSIONS
The conclusions that can be drawn from this study are:

(a) none of the situations studied were found to generate a high level of process
fume. All the individual chemical species detected, were found to be present at
concentrations significantly below the corresponding present occupational
exposure limits (where such limits exist), even during purging operations.

(b) In general, a higher level of emissions is generated by extrusion-based processes
than by those involving injection moulding.

(c) Purging operations result in concentrations of species higher than those
generated in standard processing conditions and can also effect the type of
species found.

(d) The position that monitoring is carried out relative to the process being studied
can have a significant effect on the results obtained. However, in many
situations the background concentrations of volatiles was found to be similar
to those found in monitoring positions very close to the process.

{(e) The use of thermal desorption with gas chromatography—mass spectrometry
(GC-MS) analysis has been shown to be an effective technique for the study of
thermoplastic fume. Some advantages over solvent desorption, particularly
with regard to sensitivity, have been demonstrated. _ '

(f) Tenax has been shown to be a satisfactory general purpose adsorbent material
for this type of study, with Chromosorb and Poropak possibly offering some
advantages within the low molecular weight—high volatility region (e.g. the
HIPS injection moulding data).
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PROPOSED AMENDMENTS TO )
EXEMPTIONS FROM STATE ) o oF I Eoard
PERMITTING REQUIREMENTS )
FOR PLASTIC INJECTION MOLDING ) R 05 20
OPERATIONS )
(35 Tll. Admin. Code 201.146) )

PRE-FILED TESTIMONY OF PATRICIA F. SHARKEY
ON BEHALF OF THE
CHEMICAL INDUSTRY COUNCIL OF ILLINOIS

My name is Patricia F. Sharkey and I am an attorney with the law firm of Mayer,
Brown Rowe& Maw representing the Chemical Industry Council of Illinois in this
proceeding. I am testifying in this proceeding for the limited purpose of providing the Board
with publicly available information derived from our legal research pertaining to other states’
permit exemptions for plastic injection molding operations.

While we have not done an exhaustive search of all 50 state’s regulations, we can say
that plastic injection molding operations are expressly exempted from state air pollution
control permitting by a number of states, including Michigan, Ohio and Texas..

The amendatory language proposed by CICI in this proceeding was based on the
permit exemption language contained in the Michigan Department of Environmental

Quality’s (“MDEQ”) regulations which states:

“Rule 286. The requirement of R336.1201(1) to obtain a permit to
install does not apply to any of the following:

(b) Plastic injection, compression, and transfer molding equipment and
associated plastic resin, handling, storage, and drying equipment.”
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The Texas Administrative Code, Title 30, Part I, Chap. 106,
Subchapter Q, Rule 106.394 is even briefer, simply stating:

“Equipment used for compression molding and injection molding

of plastics is permitted by rule.”

Ohio Administrative Code 3745-31-03(A)(1)(k) creates a “permanent
exemption” from state permjts to install for:

“Equipment used for injection molding of resins where no more than

one million pounds of resins (thermoplastic or thermosetting) per

rolling twelve-month period are used in injection machines at the

facility.”

The Ohio rules also provide for a discretionary exemption for
equipment used for injection molding of resin where the facility does not
qualify for the exemption under paragraph (A)(1)(k) and “the facility uses no
thermoset resins and no more than six million pounds of thermoplastic resins
(e.g., polyethylene, polypropylene, polycarbonate, and polyvinyl chloride,
etc.) per rolling twelve-month period in injection machines at the facility.”

Copies of the Michigan, Ohio, and Texas regulations are attached hereto as Exhibits 1
through 3 respectively. Iowa is also considering such an exemption. See attached
announcement. Exhibit 4.

PIM operations are also effectively exempted in many other states by virtue of the
fact that the level of emissions attributable to PIM operations and/or PIM facilities fall

beneath de minimis emission exemption levels contained in those states regulations and such

exemptions are not limited emission units at otherwise permitted facilities. Examples of
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states with such de minimis exemptions include the other Region 5 U.S. EPA states:
Wisconsin, Indiana, and Minnesota.

Indiana employs a tiered system in which only emissions units with a potential to
emit (PTE) of 25 tons per year are required to obtain full state construction and operating
permits. Units with a PTE of 10 to 25 tons are required to be registered with IDEM, but do

not require permits.

Section 2-1.1-3(d)(4)(e)(1) of the IDEM regulations exempts from both minor source
permitting and registration any new emission unit or modification at the following PTE

levels:

1)10 tons per year of PM10, SO2, NOx or VOC,

2) 5 tons of PM, hydrogen sulfide, total reduced sulfur, reduced sulfur
compounds, fluorides, or VOC, if the unit is required to use of air pollution
control equipment to comply with the applicable VOC provisions;

3) 25 tons of CO;
4) 2/10ths of a ton of lead; and
5) 1 ton of any hazardous air pollutant (HAP).

Chapter 7007 of the Minnesota Pollution Control Agency’s (MPCA) regulations
governs air permitting in Minnesota.. Under Part 7007.1300(3)(I) emission units with a PTE
of less than the following levels qualify as “insignificant activities” and are exempt from

permit requirements:

1) 2 tons per year of CO, and

2) 1 ton per year of NOx, SO2, PM, PM-10, VOC (including hazardous air
pollutant-containing VOCs).

Wisconsin
In Wisconsin, Section 406.03 (1) of the Wisconsin Department of Natural Resources’

air pollution control regulations states that no construction permit is required prior to
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commencing “construction, reconstruction, replacement, relocation or modification” of
certain specified categories of equipment, activities and operaltions. Section 406.03(2) states
that, in addition to the categorical exemptions, no construction permit is required if the
maximum theoretical emissions from the source, meaning the facility as a whole, do not

exceed any of the following levels:

1) 9.0 1bs per hour for SO2 and CO ( which translates to ~40 tons per year);

2) 5.7 1bs per hour for PM, NOx or VOC ( which translates to ~25 tons per
year);

3) 3.4 1bs per hour for PM10 ( which translates to ~15 tons per year);

4) 0.13 1bs per hour for lead ( which translates to ~1 ton per year); and

5) various emission rates listed for specified hazardous air contaminants.

Our point in referencing these other states regulations is to provide the Board with
some perspective on the exemption CICI is proposing in this proceeding. PIM machines
with the potential to emit in the range of 0.0022 to 0.22 tons per year of VOM, 0.00022 and
0.18 tons per year of HAPs and 0.0088 to 0.088 tons of PM per year, under conservative
assumptions, are very minor emission sources. In recognition of this fact, state permitting is
not required for these machines in many other states, including Illinois neighboring states in
U.S. EPA Region 5.

While CICI has provided testimony on the level of emissions generated by PIM
processes, it is important that the Board recognize that this proposal will not result in any
increase in emissions to the environment. If exempted, PIM processes, like every other
category of emission sources exempted under 35 Ill. Adm. Code 201.146, will remain .
subject to all applicable regulations, as expressly stated in that section:

... The permitting exemptions in this Section do not relieve the owner

or operator of any source from any obligation to comply with any
other applicable requirements, including the obligation to obtain a
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permit pursuant to Sections 9.1(d) and 39.5 of the Act, Sections 165,
173, and 502 of the Clean Air Act or any other applicable permit or
registration requirements.”

On behalf of CICI, I would like to thank the Board for its consideration of this
testimony and this proposed exemption and would be happy to respond to any questions the

Board or other members of the interested public may have.

Respeftfully submitted,

)K\u\m)

Patridja F. Sharkey
On Behalf of the
Chemical Industry Council of Illinois
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Exhibit 1

MICHIGAN DEQ
R 336.1286 Permit to install exemptions; plastic processing equipment.

Rule 286. The requirement of R 336.1201(1) to obtain a permit to install does not
apply to any of the following:

(a) Plastic extrusion, rotocasting, and pultrusion equipment and associated plastic
resin handling, storage, and drying equipment.

(b) Plastic injection, compression, and transfer molding equipment and associated
plastic resin handling, storage, and drying equipment.

(c) Plastic blow molding equipment and associated plastic resin handling, storage,
and drying equipment if the blowing gas is 1 or more of the following gasses:

(i) Air.
(ii) Nitrogen.
(iii) Oxygen.
(iv) Carbon dioxide.
(v) Helium.
(vi) Neon.
(vii) Argon.
(viii) Krypton.
(ix) Xenon.
(d) Plastic thermoforming equipment.

(e) Reaction injection molding (open or closed mold) and slabstock/casting
equipment.

History: 1993 MR 11, Eff. Nov. 18, 1993; 1995 MR 7, Eff. July 26, 1995; 1997 MR 5, Eff. June
15, 1997.

CHDBO1 1268502.1 29-Mar-05 09:59




Exhibit 2

OHIO EPA

- 3745- 31 -03 Permit to install exemptions.

(A) A permit to install as required by rule 3745-31-02 of the Administrative Code must
be obtained for the installation or modification of a new air contaminant source
_unless exempted from the requirements as follows:

(1) Permanent exemptions:
The following exemptions do not apply to a combination of common emissions
units that are a major stationary source or major modification, or to emissions
units that the National Emissions Standards for Hazardous Air Pollutants applies
(except for 40 CFR Part 61, subpart M, asbestos removal activities), or to
emissions units that the Maximum Achievable Control Technology standard
applies, or to emissions units that the “New Source Performance Standards”
applies (except for 40 CFR Part 60, subpart AAA, residential wood heaters).

(k) Equipment used for injection molding of resins where no more than one
million pounds of resins (thermoplastic or thermosetting) per rolling twelvemonth
period are used in injection machines at the facility.

(m) Compression molding presses used for the curing of plastic products that
qualify for the de minimis exemption under rule 3745-15-05 of the
Administrative Code. This type of press uses a thermosetting resin and
involves a chemical reaction, usually involving heat, that converts the
material (e.g., polyesters, polyurethanes, epoxy resins, etc.) to a solid,
insoluble state using a hardening or curing operation.

(4) Permit-by-rule exemptions
The following air contaminant sources are exempt from the requirement to
obtain a permit to install. These exemptions are valid only as long as the owner
or operator collects and maintains the records described for each air contaminant
source exempted under this rule and these records are retained in the owner or
operator’s files for a period of not less than five years and are made available to
the director or any authorized representative of the director for review during
normal business hours:

(b) Equipment used for injection and compression molding of resins where:
(1) The facility does not qualify for the exemption under paragraph
(A)(1)(k) or (A)(1)(m) of rule 3745-31-03 of the Administrative Code;
and
(i) The facility uses no more than 1000 pounds of volatile organic
compound in external mold release agents and flatting spray per rolling
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twelve-month period; and

(a) The facility uses no thermoset resins and no more than six million
pounds of thermoplastic resins (e.g., polyethylene, polypropylene,
polycarbonate, and polyvinyl chloride, etc.) per rolling twelvemonth
period in injection machines at the facility (this type of

molding operation involves materials that soften and melt upon
heating or pressurization heating with no chemical-change and no
permanent change in physical properties. It does not involve

curing, thermosetting or cross-linking.); or

(b) The facility uses no thermoplastic resins and no more than five
hundred thousand pounds of thermoset resins (e.g., polyesters,
polyurethanes, epoxy resins, etc.) per rolling twelve-month period

in injection and compression molding machines at the facility

(these types of molding operations use a thermoset resin and

involve a chemical reaction, usually involving heat, that converts

the material (e.g., polyesters, polyurethanes, epoxy resins, etc.) to a
solid, insoluble state using a hardening or curing operation.); or

(iii) No more than three tons per year of volatile organic compounds are
emitted, including volatile organic compounds from external mold
release agents and flatting spray, per rolling twelve-month period from
injection and compression molding machines at the facility calculated
by using emission factors approved by the Ohio EPA; and

(iv) The facility maintains monthly records that contain the rolling twelvemonth
usage of thermoplastic resins, thermosetting resins and volatile
organic compounds in external mold release agents and flatting spray
used in all injection and compression molding machines at the facility,
and the Ohio EPA approved emission factors used to calculate the
emissions.
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: Texas Administrative Code Exhibd S Page 1 of

sbiey Rule Texas Administrative Code Hext Rule>>
TITLE 30 ENVIRONMENTAL QUALITY
PART 1 TEXAS COMMISSION ON ENVIRONMENTAL QUALITY
CHAPTER 106 PERMITS BY RULE
SUBCHAPTER Q PLASTICS AND RUBBER
RULE §106.394 Plastic Compression and Injection Molding

Equipment used for compression molding and injection molding of plastics is permitted by rule.

Source Note: The provisions of this §106.394 adopted to be effective March 14, 1997, 22 TexReg
2439; amended to be effective September 4, 2000, 25 TexReg 8653
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Update on “Indoor Sources” and “Permit it or Exempt it” statement
January 18, 2005 '

The Iowa Department of Natural Resources (IDNR) is formally withdrawing the “Permit ‘
it or Exempt it” statement (“Requirements for Small Source Permitting and Exemptions,”
revision date August 5, 2004). IDNR will resume its past practice of only requiring -
permits for indoor sources when needed to limit the facility’s potential emissions to T
reduce its regulatory burden (when those units were required to be permitted due to major

source permitting requirements), or if the IDNR believes that the facility is trying to

circumvent permitting requirements.

IDNR, company representatives, the lowa Department of Economic Development
(IDED), University of Northern Iowa (UNI) Emissions Assistance Program, and the U.S.
Environmental Protection Agency Region 7, met in a Work Group on January 10 to 12,
2005, to develop a new plan for addressing air pollution sources whose emissions are not
directly vented to the outside (also known as “indoor” sources). This new plan includes:

1. Withdrawing the “Permit it or Exempt it” statement and its February 28, 2005
implementation deadline and in it’s place resuming the Department’s past practice
for the regulatory treatment of these sources,

2. Pursuing EPA approval for DNR’s past practice of only requiring permits for
indoor sources when as mentioned above this is needed to either limit a facility’s
potential emissions to reduce its regulatory burden, or if the Department believes L\
a facility is trying to circumvent permitting requirements, f

3. Allowing the use of exemptions currently in DNR administrative rule to be ‘v
available for sources which are covered under a MACT, NESHAPS or NSPS or [
other applicable federal standard,

4, Adopting a list of “trivial” activities not needing a permit into DNR’s
administrative rules, and - |

5. Developing a more extensive list of exemptions from the requirement to get
construction permits. These exemptions will be proposed in two rulemakings.

The Work Group is completing development of draft administrative rules to exempt 11 |
activities or equipment types from air construction permitting. These exemptions will |
have thresholds necessary to assure protection of air quality. The first set of exemptions

will be introduced to the Environmental Protection Commission (EPC) in March 2005.

DNR will also include a list of “Trivial Activities” for which permits are not required.

To provide industry and the public with an opportunity to help develop these rules, a first

draft of the rules will be posted on the DNR website (www.iowacleanair.com), and

distributed through the “Air-tech” list server February 17%, 2005.



The WorkGroup will consider comments sent to the Department before the rule is taken
back to the EPC on April 2005 for formal consideration and public comment. Final
action on the rule is expected in July, 2005. Each of the activities listed below will be
addressed in the first rulemaking. However, these exemptions will not apply to all sizes
- and types of this equipment, except to the extent that an adequate justification for
rulemaking can be developed. Those under development include:

00 NO VAW -

10.
11.

Welding and brazing,

Storage & mixing of flammable materials,
Powder coating operations,
Conveying of wet grain,
Research and development,

Saw Dust with pollution control,
Spray aerosols,

Direct fired heating,
Phosphatizing,

Pressurized storage tanks, and
Refrigeration systems.

“Trivial Activities” include the following:

1.

W

%N o w

10.
11.

Cafeterias, kitchens, and other facilities used for preparing food or beverages
primarily for consumption at the source.

Consumer use of office equipment and products, not including printers or
businesses primarily involved in photographic reproduction.

Janitorial services and consumer use of janitorial products.

Internal combustion engines used for lawn care, landscaping, and grounds-
keeping purposes.

Laundry activities, not including dry-cleaning and steam boilers.

Bathroom vent emissions, including toilet vent emissions.

Blacksmith forges. ,

Plant maintenance and upkeep activities, and repair or maintenance shop
activities (e.g., grounds-keeping, general repairs, cleaning, painting, welding,
plumbing, re-tarring roofs, installing insulation, and paving parking lots)
provided these activities are not conducted as part of a manufacturing process,
are not related to the source's primary business activity, and not otherwise
triggering a permit modification. Cleaning and painting activities qualify if
they are not subject to VOC or HAP control requirements.

Air compressors and vacuum pumps, including hand tools.

Batteries and battery charging stations, except at battery manufacturing plants.
Storage tanks, reservoirs, pumping and handling equipment of any size, and
equipment used to mix and package soaps, detergents, surfactants, waxes,
glycerin, vegetable oils, greases, animal fats, sweetener, corn syrup, and
aqueous salt or caustic solutions, provided appropriate lids and covers are

" utilized and no organic solvent has been mixed with such materials.
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12.

13.
14.

15.

16.
17.
18.
19.

20.

21.
22.
23.
24,
25.
26.
217.

Equipment used exclusively to slaughter animals, but not including other
equipment at slaughterhouses, such as rendering cookers, boilers, heating
plants, incinerators, and electrical power generating equipment.

Vents from continuous emissions monitors and other analyzers.

Natural gas pressure regulator vents, excluding venting at oil and gas
production facilities.

Equipment used for surface coating by brush or roller, painting, and dipping
operations, except those that will emit VOC or HAP.

Hydraulic and hydrostatic testing equipment.

Environmental chambers not using HAP gasses.

Shock chambers and humidity chambers, and solar simulators.

Fugitive dust emissions related to movement of passenger vehicles on
unpaved road surfaces, provided the emissions are not counted for
applicability purposes and any fugitive dust control plan or its equivalent is
submitted as required by the department.

Process water filtration systems and demineralizers, demineralized water
tanks, and demineralizer vents.

Boiler water treatment operations, not including cooling towers.

Oxygen scavenging (de-aeration) of water.

Fire suppression systems.

Emergency road flares.

Steam vents and safety relief valves, steam leaks, and steam sterilizers.
Steam sterilizers.

Recycling centers.

The workgroup will meet again in July 2005 to prepare technical justifications to support
a second exemption rulemaking. The following equipment, activities, and processes have
been suggested to be considered for the second exemption rulemaking:
Product labeling, coating operations, aqueous cleaning systems, small parts
washers, steam cleaning, small electric heat transfer furnaces, laser, electric,
plasma, and gaseous fuel cutting, dry cleaners, cooling towers, polymer mixing,
5{( ——=u plastic injection molders, spray application of water based glue, hand held

applicators for hot metal adhesive, equipment for used for surface coating, ozone
generators, salt baths, drop hammers, extruders, wet grain and coke products
handling, spray aerosols and trigger sprayers used for cleaning, pressurized
refrigerant storage tanks, paved roads, and possible vehicle maintenance
activities.

If you would like additional information on this please contact the following individuals
at the DNR: Jim McGraw, Supervisor, Air Quality Bureau at 515/242-5167 or
Christine Spackman, Business Assistance Coordinator at 515/281-7276.




