BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

IN THE MATTER OF:

)
)
PROPOSED AMENDMENTS TO )
EXEMPTIONS FROM STATE ) R 05-20
PERMITTING REQUIREMENTS )
FOR PLASTIC INJECTION MOLDING )
OPERATIONS )
)

(35 111, Admin. Code 201.146)

NOTICE OF FILING

TO: Ms. Dorothy M. Gunn
Clerk of the Board
Illinois Pollution Control Board
100 West Randolph Street
Suite 11-500
Chicago, Ilhinois 60601
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PLEASE TAKE NOTICE that on July 1, 2005, 1 filed with the Office of the Clerk
of the Illinois Pollution Control Board, by electronic mail, the attached Chemical Industry
Council of 1llinois’ First Errata Sheet, a copy of which is hereby served upon you.

Dated: July 1, 2005 Respectfully submitted,
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By: /s/ Patricia F. Sharkey
One of its Attorneys
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CHEMICAL INDUSTRY COUNCIL OF ILLINOIS’
FIRST ERRATA SHEET
The Chemical Industry Council of Tllinois (“CICI™), by its attorneys Mayer,
Brown, Rowe & Maw LLP, hereby submits the following corrections and amendments to

documents previously filed in this proceeding:

AMENDMENT TO PROPOSED REGULATORY LANGUAGE

CICI proposes to amend the text of its proposed regulatory language as follows:

TITLE 35: ENVIRONMENTAL PROTECTION
SUBTITLE B: AIR POLLUTION
CHAPTER I: POLLUTION CONTROL BOARD
PART 201
PERMITS AND GENERAL PROVISIONS

Section
201.146 Exemptions from State Permit Requirements

Construction or operating permits, pursuant to Sections 201.142, 201.143, and 201.144 of
this Part, are not required for the classes of equipment and activities listed below in this
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 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.
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CORRECTION TO PRE-FILED TESTIMONY OF LYNNE R, HARRIS.

On page 5, line 10 of the Pre-Filed Testimony of Lynne R. Harris on Behalf of the

Society of the Plastics Industry, Inc. filed on June 16, 2005 is corrected as follows:

“TIllinois), particulate matter (EM-30 Total Particulate, referred to herein as PM),
and a variety of hazardous air pollutants (HAPs).”

Dated: July 1, 2005

Patricia F. Sharkey

Mayer, Brown, Rowe & Maw LLP
71 South Wacker Drive

Chicago, llinois 60606-4637
(312) 782-0600

Respectfully submitted,

CHEMICAL INDUSTRY COUNCIL
OF ILLINOIS

By:_/s/ Patricia F. Sharkey
One of Its Attorneys




CERTIFICATE OF SERVICE

1, Patricia F. Sharkey, an attorney, hereby certify that I have served the Chemical
Industry Council of Tllinois’ First Errata Sheet upon:

Ms. Dorothy M. Gunn

Clerk of the Board

Ilinois Pollution Control Board
100 West Randolph Street
Suite 11-500

Chicago, Illinois 60601
(Electronic Mail)

Matthew Dunn, Chief

Division of Environmental Enforcement
Office of the Attorney General

188 West Randolph Street, 20" Floor
Chicago, 1llinois 60601

(U.S. Mail)

Donald Sutton
Manager, Permit Section
Division of Air Pollution
Bureau of Air

Illinois Environmental Protection Agency

1021 North Grand Avenue East
Post Office Box 19276
Springfield, Illinois 62794-9276
(U.S. Mail)

Charles E. Matoesian

Division of Legal Counsel

INlinois Environmental Protection Agency
1021 North Grand Avenue East

Post Office Box 19276

Springfield, Hlinois 62794-9276

(U.S. Mail)

Office of Legal Services

Ilinois Department of Natural Resources
One Natural Resources Way

Springfield, Illinois 62702-1271

(U.S. Mail)

as indicated above, by electronic mail or by depositing said documents in the United
States Mail, postage prepaid, in Chicago, Illinots on July 1, 2005.

Patricia F. Sharkey

Mayer, Brown, Rowe & Maw LLP
71 South Wacker Drive

Chicago, Illinois 60606-4637
(312) 782-0600

/sf Patricia F. Sharkey

Patricia F. Sharkey
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PRE-FILED TESTIMONY OF LISA FREDE
ON BEHALF OF THE
CHEMICAL INDUSTRY COUNCIL OF ILLINOIS

My name is Lisa Frede, and ] am the Director-of Regulatory Affair: 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.

1 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.

CICI 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 CICI’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, including 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. @ XQ/
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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 goveming
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state a-i.r -}So]luti.(-;l;-cf)vn;r(;; permlts 10 exen;bl "p]asﬁc ;rﬁcction rr;olding 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 fact Jess than —
the.O.l 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 o 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 lllinois 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:

. It will appropriately regulate the insignificant leve!l of emissions generated by
plastic injection molding operations by treating those operations in the same
fashion as other operations with similarly low Jevels of emissions.

. 1t will reduce unwarranted permitting costs to plastic injection molding businesses
across Illinois.

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

° 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 calegorical exemption to the list of existing categorical
exemptions in 35 IIl. 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,
C.ICI is aware that many of its members have Title V permit renewéis éﬁnd peénif | |
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 construction and operating permits for very minor
emission sources. The transcript of the R05-19 Apri} 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. 1d. p. 12. At the same time, 95% of the actual
emissions emitted in Illinois are emitted by the top 15% of the State’s major sources. 1d.
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 calegory 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: (¢ [({[05 Respectfully submitted,
Lisa Frede

Director of Regulatory Affairs
Chemical Industry Council of llinois
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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 1 am the Vice President, Science and
Technology, for The Society of the Plastics Industry, Inc. (“SP"), a not-for-profit
501(c)6 trade association headquartered in Washington D.C., predominantly serving
members across the United States. 1 have been employed by SPI for over 14 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 inciude co-authorship on a paper for the development of emission factors for
the extrusion processing of polyethylene resin.! 1 have worked int and around the plastics
industry for over 25 years.

I have been asked by the Chemical Industry Council of Iifinois (CICI) 10 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. 49
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The Society of the Plastics Industry: Who Are We?
Let me begin by describing SPI and the wotk 1t performs on behalf of its

members. Founded in 1937, The Society of the Plastics Industry, {nc., is the trade
association representing one of the largest manufactaring 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.S. plastics
industry employs 1.4 million workers and provides more than $3 10 billion in annual
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, SPJ 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 Illinois.>? These facilities range in size from small
facilities with a few machines and less 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 PIM
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 annual 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 incfude knobs and handies used in the automotive industry and
hole plugs used in houseliold appliances. PIM products tend to be molded to meet
specific needs in customized molds and made with resins mecting the temperature,
strength and durability specifications required for a specific use. As a result, PIM
machincs 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 /. As can be seen
from that diagram, the essential companents are a hopper from whiqh pelletized resin is
fed into the extruder screw, a heated extruder barre! which melts the resin as it is
advanced by the exmruder 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 invoived in this process is a heated
screw extruder. The equipment that is required to extrude resin into molds in the PIM
process s the same as that which is required to exirude resin into a continvous strand
except that the resin is injected into an enclosed mold at the end of the process rather tham
simply conforming 1o 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 Jarge machine



may process as much as 200 pounds per hour. These numbers are derived based on a
typical injection capacity of 4 to 100 gunces and typical tonnage of 50 to 600 tons.
Injection capacity can go to around 400 gunces and tonnage can go up to around 10,000
tons.® These data are consistent with product information corpiled from scveral
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 m use in [llinois 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 Arﬁerican injection moldets 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 1995, littie quantitative information was publicly available regarding
emissions from thermoplastic extrusion processes, While it was assumed that any volatile
otganic, particttlate 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 SPl-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 ethyiene-vinyl acetate and
_ cthylene-methy] 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
Hlinois), particulate matter (PM-10), and a variety of hazardous air pollutants (HAPs).

The SPI sponsored studies of the commonty used resins PP, PS, PE and PA are
attached to my pre-filed testimony as Exhibits 3 -6 and wil) be referred to herein as the
“SP1 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 8. That study was not conducted under SPI auspices, and
thus I have limited knowledge of the cenditions 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 authoritics, 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 w0 my pre-filed testimony is & chart summarizing the emission factors



developed in the SP1 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 to 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 1b of
VOM per ton of resin processed to a low of approximately 0.1 {b per ton of resin
processed. HAPs ranged from a high of approximately 0.3 Ib per ton of resin processed to
a low of approximately 0.02 b 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
fesing. Exhibir 10

Based on the emission factors developed in the SP1 Studies and the capacity of
PIM machines, across the range from small to large PIM machines discussed above, one
can abtain 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 Lypes of
resins studied by SPL. 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 10 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.

[

“Lyiyie R. Harris
On Behalf of
The Society of the Plastics Industry, Inc.
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* 8P Plastics Data Source. (2001). State-by-State Guide to Resin and Equipment, p. A-2.

* Survey of North American Injection Molders. Plastics News. April 11, 2005.

* Rosato, D.V., Rosato, DV, and Rosato, M.G. (2000). Injection Molding Handbook 3™ ed. Boston:
Kluwer Academic Publishers. p. 28.

¢ Forrest, M1, Jolty, AM., Halding, 5.R., and Richards, S.J. (1995). Emissions from Processing
Thermoplastics. Annals of Occupational Hygiene, 19 (1), 35-53.
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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. (“SPI™), a not-for-profit
501{c)6 trade association headquartered in Washington D.C., predominantly serving
members across the United States. I have been employed by SPI for over 14 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.' I have worked in an’d around the plastics
industry for over 25 years.

I have been asked by the Chemical Industry Council of Ulinois (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.




The Society of the Plastics Industry: Who Are We?

Let me begin by describing SPI and the work it performs on behalf 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.S. plastics
industry employs 1.4 million workers and provides more than $310 billion in annual
shipments. SPI represents the entire plastics industry and has more than 1000 members.
SPI has been involved in the development of state and federal environmental regulations
affecting the plastics industry for decades. As | 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 Illinois.>? These facilities range in size from small
fécilities with a few machines and less 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 PIM
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 annual 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
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example, PIM products inctude knobs and handles used in the automotive industry and
hole plugs used in houschold 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 molten plastic into a mold cavity.
This takes place in several §teps. A diagramof a sténdard PIM machine, attached to my
pre-filed testimony, depicts the componénts of the PIM process. Exhibit 1. As can be seen
from that diagram, the essential components are § hopper fjom which pelletized resin is
fed into the €xtruder screw, p heateq extruder barrel which melts the resin as it is
advanced by the extruder screw under pressure, and arough which the molten
resin is injected into a mold cavity.

Note that the‘?lndamemal 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 1995, 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 tcsted 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 emisstons than
injection molding.® Emissions from the die head of the extruder system were captured
and analyzed for volau}e orgamc compounds (VOC volatlle ~organic material or VOM in
Illinois), p(xculate matter (PM-l Oymd a v_a’—r_lety of hazardous air polutants (HAPs).

The SPI sponsocred studles of the commonly used resins PP, PS, PE and PA are !
attached to my pre-filed testimony as Exhibits 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 8. 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 éf 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 1b of
VOM per ton of resin processed to a low of approximately 0.1 b per ton of resin
processed. HAPs ranged from a high of approximately 0.3 Ib per ton of resin processed to
a low of approximately 0.02 1b per thousand tons of resin processed. Particulate
emissions ranged from a high of approximately 0.5 Ib PM per ton of resin processed to.a.
low of approximately 0.02 Ib PM per ton of resin processed for the commeonly used
resins. Exhibit 10

Based on the emission factors developed in the SP1 Studies and the capacity of
PIM machines, across the range from small to large PIM machines discussed above, one
can obtain an overview of the annual volume of emissions associated with PIM
processes. Exhibit 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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PLASTIC INJECTION MOLDING MACHINE DIAGRAM

DIf HEAD EXTRUDER BARREL - HOPPER TACHOMETER MYDRAULIC MOTOR
- e . DRIVE
STANDARD EXTRUDER SCREW / . SCREW DRIVE
EXTRUDER HEAD o ‘ : SYSTEM
'. ;".;-' Y THRUST
, v ; \ BEARING
)
—_— - — o
11 1L
T
INJECTION FLOW VALVE . MYDRAULIC INJECTION AIR LIFT FOR SCREW REMOVAL -
CHAMBER ASSEMBLY }. . ... . CYUNDERS -~ - :
PULLIN CYLINDER HEATING BANDS

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

Source: Injection Molding Handbook, 3 Edition, 2000, Kluwer Academic Publishers.



PLASTIC INJECTION MOLDING
EQUIPMENT MANUFACTURER PRODUCT INFORMATION

M (2)

Maximum Cycle Maximum
Equipment Shot Weight Time  Throughput
Manufacturer Model Tonnage (0z) (sec) (Ib/hr)
A A-1 17 0.47 10 "
33 0.95 25 9
55 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 1188
3500 1054 200 1186
4000 1054 200 1186
B B-1 28 1.7 25 15
40 2.8 25 25
55 7 25 63
90 9.3 25 84
110 9.3 25 84
120 12.7 30 95
140 12.7 30 95
185 127 30 95
220 201 45 101
B B-2 85 5 25 45
120 10.7 25 96
170 147 35 95
230 25.4 50 114
300 40.3 80 113
400 59.2 100 133
500 89.6 100 202
C C-1 30 3.76 25 34
50 6.04 25 54
80 11.9 25 107
130 11.9 25 107
280 34 50 153
C c-2 150 28 50 126
200 28 50 126
250 28 50 126
300 28 50 126
C C-3 225 22 45 110
310 54 S0 135
450 76 100 171
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 to 100 ounces and typical tonnage of 50 to 600 tons,
Reterences: Typical cycle times - Chemical Engineering Department, University of Connecticut
www_engr.uconn.edu/cheg/polymer/injmold.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 {0z / cycle) x b/ 16 0oz x cycle / cycle time (sec) x 3600 sec/ hr
(3) Injection molding machines outside of the typical injection capacity and tonnage ranges.
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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-
bers. 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 processed [ppm
(wt/wt)]. Based on production volumes, these emission
factors can be used by processors to estimate emission

IMPLICATIONS

This study provides quantitative emissions data thal were
collected during extrusion of homopolymers and copoly-
mers of propylene. These data are directly refated to pro-
duction volumes and can be used as reference points to
estimate emissions from similar polypropylene resins ex-
truded on similar equipment.
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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 pollutants released to the
atmosphere. Consequently, companies are being faced
with the task of establishing an “emissions inventory”
for the chemicals released or generated in their processes.
The chemicals targeted are those that either produce vola-
tile organic compounds (VOCs} and/cr 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
emission sources to ensure an eventual reduction in emis-
sions. When applying for a state operating permit, pro-
cessing companies are first required to establish a baseline
of their potential emisslons.!

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

Journal of the Ar & Waste Management Association 4@
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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, thus resulting in an exaggerated thermal exposure.
In 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 to air for extended
periods of time. In view of these concerns, the accuracy
of data obtained from these procedures may be limited
when 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 a 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-
maopolymer, a controlled rheology homopolymer with and
without antistat, a random copolymer, and a reactor im-
pact copolymer. The samples used were mixtitres 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 [ppmwt/wt]]. Processors using similar equip-
ment can use these emission factors as reference
points to assist in estimating emissions for their spe-
cific process.

Table 1. Polypropykene emission lest runs; resin characteristics additive concentralion and melt temperature.

s to study each process puyNg  RasinTyps  MeltFlowRats  NumberofResins  Melt Tamp (*F) Averags Addilive
under the specific operat-  Sequence {a/10 min @ 230 *C) In Compasite Conceniration {ppm)
ing conditions of con- .

P that 1 Controlled Rheology 30-35 6 400 Antioxidant 1,700
cern, Parameters thatcan Homopolymer 510 PA 1,000
alter the nature of the 3 Non Antistat 605
emissions inciude ex- c f % 6 - Articxidant 1.700

4 ontrolled Aheclogy 30 ioxidant 1,
trpder size and type, melt Homopolyme AS™ 3400
ternperature and rate, the wilh Antistat PA* 2.500
air-exposed surface to A )
volume ratio of the 3 Reactor Grade 3-7 7 490 tioxidant 1,700
6 Homopol 5710 PA™ 900
extrudate, the cooling opolymer
rate of the extrudate, and 7 Reactor Impact 3-10 4 505 Anlicecidant 2,500
the shear effect from the , CZ%p;’d'Vme‘ PA* 1.500
extruder screw. Other S-20w % EPR
variables related to the g Random Copolymer 37 3 510 Antioxidant 2,000
material(s) being ex- 3-6 w1 % Ethylene PA* 2200
Slip/AB 3,000

truded can also influence

emissions. These include
resin type, age of the

“Process aid
*~Antistat
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The substances targeted for monitoring included par-
ticulate matter, VOCs, light hydrocarbons (ethane, ethyl-
ene, and propylene), aldehydes (formaldehyde, acrolein,
acetaldehyde, and propionaldehyde), ketones (acetone
and methyl ethyl 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,
or they are the expected thermal and thermo-oxidative
breakdown products of the pelymers 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 212

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
precessing 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

Adams et al.

Figure 1. Extruder strand die head used in polypropylene emissions
tasting 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 cartier
duct. This minimized interaction of the hot exhaust with
the cooler duct walls.

The total air flow employed for capturing dte 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/min of residual air flow that was
made up from room ait 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

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

Die Head Emissions
Emissions released at the die
head during extrusion wete
captured at the point of release
in a continuous flow of clean
air. A portion of this air flow
was subsequently sampled
downstream is described in the

Siesl
following paragraphs. The ol
emissions were initially cap- Extrudate
tured in a stainless steel enclo- e

sure surrounding the die head

HEPA-Fitered

o

o 4" Glass Tubing

Wall of Divergart Noxzle Fead —
Hoppar 10 LPM
Sheeth Alr Row
100 LPM Resin
Mnl| Tom parature Probe Pailety
AR A AR A i
n Fac
Eniralnment Alr Fiow
525 LPM Extrudar
Extruder Screw
o
e Ml ones
—_— ¢ 1, £¢l £

Extrudale

Container
Purgs

{20 LPM 1o Vem)

(Figure 3). The air stream was
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Figure 2. View of the extruder system and the various sampling locations.,
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Table 2. Resin throughput and key flow parameters during he polypropylene extrusion runs.

Test Run No. 1 2 3 4 5 [ 1 8
Extruder Conditions
Resin Type Controfleg Controlled Controlled Conltrofied Reactor Reactar Reactor Random
rheology theology theology heology orads grade impact Lopolymer
homopoiymer homopolymer  homopelymer  homepolymer homopolymer  homopolymer copolymer (36wt % ET)
(with antislat) . {15-20 wt % EPR)
Melt Flow Rate MFH 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 40 510 605 480 480 570 505 510
Mell Temg (°F)
Zone 3 Temp {°F) 428 488 568 471 457 643 495 457
Zong 2 Temp (°F) 403 430 463 320 389 436 369 369
Zone 1 Temp (°F) 382 318 315 308 312 313 0 308
Pressure (psig) <50 <50 <50 <50 150 250 400 200
Resin Throughput 124 9.2y 92y 7.508/ 53.8/ 19/ 39.5/ 236/
[itomr)qgm/min)] 916 70.3 6938 574 407 n7 239 179
Rolor Speed (1pm) 9 98 a8 a8 83 68 83 83
Run Duration {mir) 30 30 0 30 0 30 30 0
Alr Flows
Total Manitold Flow (L/min} 700 m 700 750 00 700 700 700
Flow Rale Inlo Sheath 100 100 100 100 10 100 100 100
Area (L/min)
Flow Rale into Entrainment 825 526 525 525 525 525 525
Area, (L/min}
Flow Rale Through 10 10 10 10 10 10 10 10
Happer (L/min}
Fiow Through Tubes for 05 05 05 05 05 05 05 14
Carbonyls (L/min}
Flow Through Tunes for 5 5 5 5 5 & 5 5
Organic Acids (L/min)
Flow Into Canisters (L/min) 016 0.16 0.16 0.96 0.16 016 0.16 0.6
Flow Theough 402 THC 1 1 1 1 1 1 1 1
Analyzer (L/min}
Flow Through Filler Holder {L/min}15 15 15 15 15 15 15 15
Table 3. Anzlytical scheme lor polypropylene test runs.
Substances Monitored Organic Acids Aldehydes/ Particulate VOCs
Ketones
Heavy Hydrocarbon ] Light Hydrecarbon
Collection Media KOH Impregnated Filter DNPH Tube Glass Fiber Filter SUMMA Canister
Analytical Method Desarption With Dilute Desarption With Gravimelric Modified TO-14
H,50, and Analysis by Acetonitrile an
ion Exclusion Analysis by HPLC
Chromotography/UV
HP-1 Fused Silica Capillary AlLO/Na,S0,
Column Capillary Coturnn
GCMS | GCAD GC/FID
Sampling Location Manifold
Melt Temp (°F) | Run No. Number of Samples Analyzed
400 1 2 2 1 1 2 1
510 2 2 2 1 1 2 1
605 K} 2 2 1 t 2 1
490 4 2 2 1 1 2 1
480 5 2 2 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 Emicalons

volved design, engineering, implementa-
tion, and proof-of-principle stages for the
pilot plant system.2?

Two separate sampling manifolds were

used at the sampling location; one for collect-
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 Flgure 3. View of emission entrainment area.

the main emission entrainment stream using

a 0.5-inch stainless stee! 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 sampled 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-
Iyzer, which continually analyzed the air emission strearn
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 determined by sum-
ming up the heavy hydrocarbon (containing a carbon
number ranging from C, through C,,) and light hydro-
carbon (containing a carbon number ranging from C,
through C,) results.

The total VOCs determined with the 402 Analyzer
are in general agreement with the VOC values obtained
by summing up the light and heavy hydrocarbons spe-
cies 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 processes 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 Tabte 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 strearn of the manifold. The
concentrations found from duplicate sampling and analy-
ses, cotrected 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 ngminal
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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Figure 4. Sampling 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%.

During the second experiment, additional recovery
data was obtained for the canister method
using an expanded list of compounds. The

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 par-
ticulate matter, VOCs as measured by the Beckman 402
Analyzer, VOCs as measured by the gas chromatographic
speciation methods (e.g., light and heavy hydrocarbon
methods), and, finally, the surn of the oxygenate species—
aldehydes, ketones, and organic acids.

Examination of the five different resin mixtures ex-
truded at a similar temperature (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 6
show similar behavior, but to a lesser extent. Note that
these data may not be extrapolated to the higher tem-
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 varled 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 run. Acrylic acid emissions, if any, were
below the detection limits of the equipment. Test Runs 3

Table 4. Resulls Irom spiking experiments.

additional compounds included deuterated

benzene for comparison with the first ex-  Anshte Wethod E:::'I Recovery {upL) ;::;::.?,
periment as well as benzene, methyl acry- (g}

late, deuterated methyl acrylate, and vinyl Set1 Sel2

acetate. The expected spike level of these

fi ies was nominally 0.24 ym/L. Mass First Exparimant’

Ve specles y U-22 pmyL. Formic Acid KOH fiters on 0.967 0.733 12+18
ions from the mass spectrometric detector  Aestic Acid KOH fitters 077 1.023 0.540 121412
that were specific for each compound wete Acrylic Acid KQOH filters 059 0.687 0.567 107+ 1

. : e . Formaldehyde  DNPH Cartridge 183 220 203 10
u.sed in calculam.lg recovery efficiencies, Benzene-d, Canister 0092 0.088 0,085 95 +2
since the five species were not well-resolved
with the analytical column (i.e., the two Second Expsriment’

Benzene-d Canister 0.24 g.27 0.25 1084
methyt acrylates were seen. as c_me peak when s Canister 022 022 022 100
monitoring the flame lonization detector).  yghy Acrylale-d,  Canister 0.25 0.26 024 10044

Methyl Acrylale Canister 025 0.25 0.23 954
POLYPROPYLENE EMISSION FACTOR  Vinyl Acelate Canister 024 D.28 0.25 106

RESULTS
The extrusion test run results from the eight
polypropylene resin mixtures are shown in
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*Relative error is the relative percent ditference: the absolute difference in the two samples multiplied by 100 and
Ihen divided by (heir average.
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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
temperatures 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-
dominant 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 is 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 [ of the CAAA9Q
and for the federal implementation plan for the Chicago
ozone nonattainment area. The proposed revision would
add acetone to the list of compounds excluded from the

Table 5. Summary ol palypropylene extrusicn emissions for generic resin grades (mg/g).

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 CAAA9Q definition of
“major” source for VOC emissions. Categorization of an
emission 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 ozone nonattainment classifi-
cation, 25 tons/yr for a source in the severe classification,
and 30 tons/yr for a source in the serious classification.
Currently, the only extreme nonattainment area in the
United States is the Los Angeles 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 to that
used in this study can extrude annually up to 24.4 mil-
lion pounds of controlled rheology polypropylene at a

Test Run No. 1 2 3 4 § [ 7 ]
Extrader Condillons
Resin Type Conilralled Controlled Controlled Controlled Reatior Reactor Reactor Random
thealogy theology rhenlogy theology grade prade impact copolymer
homepolymer ~ hamopolymer homopolymer homapaolymsr homopotymer hemopolymer copolymer (3-8t % ET)
(wilh antistat) (1520wt % EPR)
Melt Average Die 400 510 B05 490 490 570 505 510
MeH Temp (°F)
Particulale Matter 303 68.4 653 150 17.3 n8 345 278
VOCs
Beckman 402 - THC® 104 177 g1g 191 334 202 803 594
Heavy Hydrocarbons  79.1 175 587 104 246 127 65.1 298
Light Hyd:ocarbens .
Ethane 0.%0 1.38 485 078 0.07 0.37 0.02 0.08
Ethytene 0.38 1.4 1.36 0.50 0.03 0.05 0.02 0.05
Propylene 21 0.80 139 0.70 0.12 2.24 0.06 0.26
Aldehydes
Formaldehyde® 0.74 138 191 1.30 017 705 0.18 009
Agrolein® <00 0.05 0.81 0.14 <001 0.10 <0.01 <001
Acetaldehyde” 0.46 0.54 159 0.53 0.0% 5.63 0.20 0.08
Proplonaldehyde® 005 007 1.60 KKyl 0.02 0.97 0.95 0.02
Butyraidahyds 0.78 105 3N 092 004 0.36 0.08 U]
Benzaldehyde 0.12 0.14 521 .51 0.08 0.88 0.02 0.06
Kotones
Acgtone 9.66 126 269 9.3 0.15 282 ¢.31 0.18
Methy! Ethyl Ketone®  0.19 024 9.62 0.26 0.07 523 0.04 0.04
Organic Acids
Frimic Acid 069 143 3.98 5.98 <02 118 <02 0.31
Acetic Acid 1.10 125 6.60 490 <0.2 264 0.25 052
Acrylic Acid <0.08 <0.08 <0.08 <0.08 <0.08 <008 <0.08 <0.08

*THC = Tota! tydrocarbons (methane is not inghided) *Hezardous air pollutants (HAPS),

Note: The emission values are avesages (rom duplicate runs. In general, the differences were < +/-15%.
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Figure 5. Bar graph showing the particulates, VOCs obtained with
the 402 Analyzer, VOCs obtained by GC speciation and oxygenated
organic species (factors in pg/g).

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

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

(1) For the resins studied, the major emission com-
ponerits 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” ozone nonattainment 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 Joumal of the Air & Waste Management Associalion

(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.

{6) 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 emnissions were developed while
processing eight commercial grades of polycarbonate (PC)
and one grade of a PC/acrylonitzile-butadiene-styrene
(ABS) blend. A small commerciai-type extruder was used,
and the extrusion temperature was held constant at 304 °C,
An emission factor was calculated for each substance
measured and is reported as pounds released to the atmo-
sphere/million pounds of polymer resin processed [ppm
(wt/wt}]. Scaled to production volumes, 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 “ernissions inventory” for the chemi-
cals generated and released by their production processes.
The chemicals targeted are those considered volatile or-
ganic compounds (VOCs) and those that are on the U.S.

IMPLICATIONS

This study provides quantitative emission data collected
whila processing nine types of PC-based resins. These
data are directly related o production throughput and can
be used as reference points to estimate ernissions 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. (SPI) organized a study
to determine the emission factors for extruding polycar-
bonate {PC) homopolymers, copolymers, and blends.
Sponsored by two major resin producers, the study was
performed at Battelle. This work follows previous SPl/
Battelle studies on the emissions from acrylonitrile-
butadiene-styrene (ABS),* polyethylene,? ethylene-vinyl
acrylate and ethylene-methyl 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
niot accurately simulate the temperature profile and oxy-
gen exposure conditions typical of extrusion processing.
Static testing usually 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 commercial processing,
the resin is molten for a few minutes at most, and the
equipment is designed to force air out of contact with the
melt in the barrel. Hot resin is in contact with oxygen

Journal of the Air & Waste Management Association 781
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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 combinations of
processing variables.

To strike a balance between the inapplicability of static
tests and the complexity of measuring each process, $Pl and
major PC producers initiated work to develop baseline emis-
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.

Eor 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 radiation-stabilized
grade, a branched PC, and a PC/ABS blend.

Table 1. Test runs tor PC resins program.

Sampling and analytical measurements were con-

ducted to determine emission factors for the following:

e total particulate matter;

+ total VOCs;

+ eight targeted VOCs: methylmethacrylate,
monochlorobenzene, carbon tetrachioride, me-
thylene chloride, g/m-xylene, styrene, o-xylene,
and toluene; and

+ four targeted semi-volatile organic compounds
(SVOCs): diphenylcarbonate, bisphenol A, phe-
nol, and p-cumyi 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 filled 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 ratio), 15-hp plastic extruder was thoroughly
cleaned before the PC experiments. The extruder is ca-
pable of ~27.2 kg/hr throughput and 426.7 °C (maximum)
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 suzface

was polished before the start of

experimental work.

Ran Ko. Resin Sample Descriptien Bayer Dow Extrading Each PC resin or mixture was
Applications MAKROLON CALIBRE Temparature  initially extruded for 10-20 min

before the actual test run to en-

! Composite* Food confact 3108 201 304°C sute stable process conditions.

o )

2 C(ll'ﬂDOSftEl CDIHDEC@ISES MAS-140 and $D2005 XU 73108.01L 3n :g During this time, the total VOCs
3 Corr?posue I,N_s’abml‘_’q 3103 302 304 were monitored by online
4 Singie Radiation stabilized RX-2530 304°C instrumentation to indicate
5 Single Impact modified T-7855 304°C ilibrati £ th h P
6 Singte Flame relarded 485 apaec  CQuilibration of the exhaust el-
7 Single Radiation stabilized 281 asec  fluent. A check of operating pa-
8 Single Branched 603-3 304°C rameters was recorded initially
9 Singie PC/ABS blend Pulse B30 04 and at 5-min intervals during

each 20-min test run. These

*qual weights of resins dry blended.
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cusTomer BATTELLE MEMOR[AL INSTITUTE

_COLUMBUS, OH,
size 1.5 L/o_30:1
MATER|AL TO BE PROCESSEC_NYLON B/6
s/n__06-0018

ORDER No___AS3181

Y192 -01-10687 , SCREW PROFILE
48,62
45.88 FLIGHTED LENGTH
22.50
— 8.19 10.50 100 DP
.240 DP
70D _ BOD 1625 0 _
SHANK FEED TRANSITLON PUMP TORPEDO

120°

NOTES: 434 C NDY 8 HT
CHROME PLATED

FULL LENGTH COOLING HOLE

Figure 1. Screw profile (HPM Caorporation).
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Figure 2. Extruder strand die head used in polyamids emissions
testing program.
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s 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);
* 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-sampling manifold is shown
in Figure 3. Emissions were entrained in pre-conditioned
air {i.e., purified through a charcoal filter). Incoming fil-
tered air was preset at a flow of 400 L/min using the vari-
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. Additionat 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
connecting the various sampling devices. Each port was
0.25-in. o.d. and protruded 1 in. into the airstream. The
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Flow Mixing Removable Laminar Airtiow Measurement
Zone Enclosure Flow Hesd
Mullport \ / /
Fiter Hoider Sampie Manifold g
¥ T «- |= 4\
- | = o
Exhoust 2 7 1@° “— | — &
Alr { mmEr -+ | T35 - -
T SRV Flexdble
— Background Hose
| ] = Sample Post
Variable Flow  — 10" —je——15' & 15— 4 Hlinjection Port
Alrflow Blower
Measurement Extrusion
Head -
-
-
Note: Enclosure and manifold Variable Flow
are stainiess steel. Biower Charcoal
Fitter

Figure 3. Emission enclosure apparatus.

manifold was aiso equipped with a 4-in. filter hoider as-
sembly and an in-line stainless steel probe (0.25-in. 0.d.)
connected to a 47-mm filter 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-L 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
(1 mm of mercury vacuum) and filling to -4 psig (Ib/in.?
gauge) using humidified ultra-zero air. A final canister
vacuum of 100 mtorr was achieved with an oil-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 collection and analysis methods for polycarbonate lest runs.

Substances Callection Media Analytical Mothad
Monitorad

Tolal VOCs Real-time monitoring Continuous FID
Target SVOCs XAD-2 adsorbent BGCMS
Particulate matter Giags fiber filter Gravimetric weighing
Target VOCs SUMMA canister GC/paratiel FID and MSD

T84  Joumnal of the Air & Waste Management Association

A Fisons MD 800 gas chromatographic (GC) system
equipped with parallel fiame 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 steei tube packed
with 60/80 mesh glass beads. The trap was maintained
at -185 °C during sample collection and at 150 °C dur-
ing sample desorption. A six-port 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 {MS5) was operated in
the total ionization mode so that all masses were scanned
between 30 and 300 amu at a rate of 1 scan/0.4 sec. Iden-
tification of VOCs was performed by matching the mass
spectra acquired from the samples to the mass spectral
library from the National Institute of Standards and Tech-
nology (NIST}. The sample volume was 60 cm?. With this
sample volume, the FID detection level was 1.0 ppb.
Detector calibration was based on instrument 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
$VOC emissions. Analyses were carried out using a GC/M$S
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 pericd 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 3B, 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 miL. The
concentrated extracts were analyzed by GC/MS to deter-
mine SYOC 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-S column,
60 m x0.32 mm i.d. (0.25 ym 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 manitold exhaust flow and resin throughput rates for peneric 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-
responding internal standards (naphthalene-d, and
phenanthrene-d, ). Tentative identification of nontarget
compounds was accomplished by manual interpretation
of background-corrected spectra together with an oniine
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 filter (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 ionization

Teost Resin Orifice Blewer Blower @ Total XAD-2 Canigter Yotal Resin
Ran Type (Inches of @140 °F 75 For voc Ssmplar Sampler Manlfold Tivorghput
No. watar) or §0°C 4% Analyzor {L/min) {L/min) Flow {g/nin)
{L/min) {Limin) (U/min) (L/min)

1A Food contacl 4 417 393 2 4.0 02 3992 354
1B 4 417 393 2 40 02 395.2 333
2A Compac! discs 4 a7 393 2 49 02 3992 370
28 4 417 393 2 40 02 3092 368
3A UV stabitized 4 417 393 2 38 02 3091 k|
3B 4 417 393 2 39 0.2 3991 n
4A  Radiation stabilized 4 417 393 2 40 0.2 3992 356
4B 4 417 393 2 39 0.2 381 359
SA Impact madified 4 417 393 2 39 0.2 3951 309
58 4 a7 393 2 39 02 3981 30
6A  Ignition resistant 4 47 393 2 39 02 3991 344
6B 4 417 393 2 a9 0.2 3901 k|
7A  Radiation stabilized 4 417 393 2 10 0.2 3992 48
78 4 a7 393 2 40 ¢2 3092 346
8A Branched 4 a7 393 2 40 0.2 398.2 325
88 4 a7 393 2 40 0.2 399.2 n
9A PC/ABS blend 4 417 393 2 40 0.2 3982 2685
aB 4 417 393 2 40 42 3992 287
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Table 4. Summary of extrusion emissions of target chemicals from generic polycarbonate resin grades (g}

#-Comyl
Phanol
.01
<M
049
M
<0.01
<0.0t
0.0
0.0

0.84
039
0.49
0.28
043
0.98
1.05
1.07
143
158
059
0.57
035
047
02
6.25
092
082

Bis-  Phesel

034
030
0.49
0.28
0.28
027
023
0.17
023
0.30
0.10
010
0.36
0.30
0.24
0.21
0.47
0.4

1.14
1.32
0.49
037
191
221
348
421
468
4194

156

SVOCs carbenste phencih

0.03
0.03
<0
<O
003

003

<001
.01

<1.01
<0
0.0t
<00
0.02
0.02
<M
0.02
<m

002
0.02
<001
.02
0.02
0.02

<00
0.02

0.0

Styrens  &-Xylene Toluesie Target Diphenyl-

002
002
0.0
0.08
0.08

<401
<M
<0

<0.M
<0.0t
<001
0
029
0.29
<101
0.14
<0.01

<0.01
001
Ealn
<M
<0.01
<0.01
<001
<01

Totrachioride Chloride Xylens

28.22
26.10
20.38
21.52
B.07
1820
50.61
51.14

Luliy
<001
<00
<0
<001
oM
<001
<0.01

76.83
1145
108.6

{total)
2823

a7
21.68
2243

4289

3943
78.64

U0
3060
19.60
2160
240
3240
6300
55.80
90.00
84.60

752
754
1212

1180

2477

2489
4A  Radiaticn stabilized 715

4B

534
16.12
1385
a.01
849

Resin  Particulate Tetal - Speciated Mathyl- Menschisrs- Carbea Methylene p.m-
Type Matter vots Vits wethacrylate honzone

Food conlact
LV stabitized

Compact discs

B

[

1A

o

24

[-»]
o

2

3A
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<0

0.02
002
0.02

<001

o
<01

<001

28.58

SA  Impact modified

58

<«0.01

<0.01

QM

Ptk s <00 <0.01

5761

003
<0.01

M

D01 <001

<00t

0.14

<001

00

525
763
0.05
0.02
0.07

0.05
<0.01

6.56
843
6.06
643
113
1.41

1359

16.20
18.00
12.60
12.60

Ignilion resistant

BA
&8

<0

<D.01 <0.H

<0.01

<0.01

Q.M

251
1.19
0.55
017
025
0.14

<0.m <0 0.0

<M

<001

.01

001

TA  Radiafion stabilized  19.85

78
8A
)
9A

%

0.0

002
0.02
002
125
114

< <0.01 0.0

<0

<4.01

<0

19.64
2534
%58
98.96

<0.01

0.02
002
0

0.26

<0.01

0.08
008
49.05

<001
43.30

0.18
0.16

Q01

<0.01

9200
900
8450

8260

Branched

<301

<0.01

<001

.01

<001

4781

<0.01

k|

PC/ABS blend

<0

3957

4001

<0.01

<0.01

<001

118.8

99.56

*Micrograms of farget chemical per liter of manifold exhaust flow.

detector (HFID) was used to continuously
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
the beginning of each test day against a
NIST-traceable reference cylinder contain-
ing a mixture of propane in 42-pg/L ultra-
zero air (minimal total hydrocarbons,
water, CO,, CO, or other impurities). Lin-
earity was demnonstrated by challenging
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-
mentaltly derived regression equation,
flow = 74.223(AP) + 119.77 (R*=(1.9943),
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:

()

where @ was the flow rate during test
runs, Q, was the flow rate at 75 °F (5835
°R), T, was the temperature of the ex-
haust air (°R), and T, was the tempera-
ture at caltbration (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 obtaln a total
manifold flow. The total manifold flow
is shown in the last tow of Table 3. For
all test runs, the total manifold flow was
balanced at the preset incoming flow rate
of 400 L/min.
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—

<0.0
<00

0.65 1.28
61 1.14

0.35
0.19

043 1.74
0.36 1.58

9%
6023 95.08

68.71

00
0.0

<00 <00
<001 <0.01

00
001

1386 1185 190
138.5 115.2 165.3

PC/ABS blend

9
98

*Micrograms of target chermical per gram of tesl malerial.

Rhodes et al.

Emission Factors

Amounts of the target chemicals detected
in the manifold exhaust flow are shown
in Table 4 (ug/L}. Emissicn factors for the
amount of target chemicals detected for
€ach resin tested (ug/G) were calculated
from the measured emission levels in
Table 4 using this formula:

E=(CxP/O (2)

where E was ug emissions/g processed
resin, C was the measured concentration
of emnissions in ug/L, F was the total mani-
fold flow rate in L/min, and O was the resin
throughput in g/min. Emission factors
(1g/G) are summmarized in Table 5. Dimen-
sional analysis shows that these emnission
factors can also be read as Ib emissions/
million Ib resin processed.

Significance of Emission Factors
This study provides emlssion data col-
lected during extrusion of various PC res-
ins under specific operating conditions.
The calculated emission factors can be
used by processors to determine their ex-
pected annuoal 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 lb/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 1b emissions/million 1b PC
processed. Processing conditions
differed from resin to resin, most
notably by temperature, 50 emis-
sion data from different resins
were not directly comparable.

Jounal of the Air & Waste Management Association 18T
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{2) The PC/ABS blend produced the highest emis-
sions. This was predicted by the previous SPI-
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 § shows that very good precision was observed for
the nine duplicate runs across all four measuretnent tech-
niques. Calculated precision was 8% for particulate mat-
ter, 6% for VOCs, 14% for targeted VOCs, and 15% for
SVOCs. Several of the targeted VOCs were either
nondetectable or present at extremely low levels in all
resins, particularly 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 resuit of differences in instrument calibrations.
The larger value of the two should be used to ensure con-
servative estimates. The emission factors reported here
may not represent those for other PC types or for other
methods of processing. Professtonal fudgment and con-
servative measures must be exerclsed as necessary when
using these data for estimating emission quantities.
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ABSTRACT

Emission 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 to 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-
Hon pounds of polymer processed (ppm[wt/wt]). Based on
production volumes, these emission factors can be used by
processors to estimate emissions from polyethylene extru-
sion operations 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. Environmental Protection Agency’s (EPA) list of 189
hazardous air pollutants (HAPs). Title V of the amended

IMPLICATIONS

This study provides quantitative emissions data col-
lected during axtrusion 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. These data
can be used by processors as a point of reference to
estimate emissions from similar polyethyiene extrusion
equipment based on production volumes.

Volume 46 June 1986

Clean 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, a2 not-
for-profit research organization in Columbus, Ohio.

Prior to this study, a review of the literature revealed ear-
lier polyethylene 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 currently at hand.

The primary concern about previous emissions data is
that they were generated using static, small-scale,! or other-
wise unspecified procedures.2? These techniques may not
adequately simulate the temperature and oxygen exposure
condition typically encountered in the extrusion process.
That is, in most extruders, the polymer melt continuously
flows through the system, limiting the residence time in
the heated zones. This contrasts with static procedures where
the polymer may be exposed to 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

Journal of the Air & Waste Managemeni Association 569
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when it is extruded through the die. 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 ideal
situation would be to study each process under the specific
operating conditions of concern, Parameters that can alter
the nature of the emissions include: extruder size and type,
extrusion temperature 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. Other variables
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 extrusion. If a processor uses recycled materials, 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
polyethylene (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 atmosphere per million pounds of
polymer processed (ppm{wt/wt]). Processors using similar
equipment can use these emission factors as relative refer-
ence points to assist in estimating 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 polyethylene,
i.e., LDPE, LLDPE, and HDPE. Where applicable, project
sponsors submitted a fresh sample of their most common

oo

resin grade using their standard additive package for each .

applicatiori. 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), antioxidants/stabilizers (1775 ppm), process

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

the final HDPE blend were antioxidants/stabilizers (350

ppm), and process aids (200 ppm). None of the LDPE resins
contained additives in their formulation. All resins were eight
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
Battelle. The extruder was equipped with a 1.5 inch single
screw (L/D ratio of 30) and fitted with an eight strand die.*
Extruded resin strands were allowed to flow into a stainless
steel drum located directly under the die head (see Figure
1}. Process conditiohs 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. Table 3 shows the
sampling strategy employed for the

Eﬁ?ﬂ —— 4 Giaes Tubing
Fanr
)
Alr-Enirained Extrudar Emissions
Yo Sampling 1
) Wail of Divergent Moxzie
Eesion - | Sheath Alr Flow
Entrainment [ — T T
Box * ' [Dia Head
Siranch /A //
75 LU o Ertraiament Aif Flow
{Roam Ak} | 525 Lo
promio ™ T {Hogﬂrg)n-
‘ (20 LPM o Vent)
Extrudate

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-
slon were captured at the peint of

Flgure 1. View of the extruder system and the various sampling locations.
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Table 1. Resin type characterization and extrusion temperatures.

Barlow, Contos, Holdren, Garrison, Harns, ana Janxe

Resin Grade Nurnber of Resins Use Melt Index grams/ Density g/ce Extrusion Temperatures °F
in Composite - 10 minutes

LDPE 5 Extrusion Coating 7 0.92 500, 600
LLDPE 6 Blown Film 1 082 355, 395 450, 500
HOPE 5 Blow Molding 0.2 0.95 380, 430
Table 2. Experimental process conditions.

LDPE LLDPE HOPE
Number of Extrusion Runs 2 2 1 1 1 ‘ 2 1 2
Diehead Melt Temperature, °F 500 600 355¢ 395 450 500 380 430
Zone 3 Temperature, °F 487 610 310 338 © 425 485 355 415
Zone 2 Temperature, °F - 485 590 310, 335 400 475 335 ars
Zone 1 Temperaturs, °F 411 450 300 325 350 400, 325 a5
Pressure, psig NA¢ Nad 2,000 3,000 1,000 800 1,750 1,500
Resin Throughput Ibfhr 38.3/280 38.3/250 37.0/280 36.9/279 38.1/268 aB.4/20 37.4/283 34.1/258

[grm/min} : .
Rotor Speed, rpm 9 96 96 96 % 96 96 9%
30 30 30 30 X

Run Duration, min 30 30 T30

= In addition lo the duplicate tesiz al 800 °F, a (third) spiking test was parformead at this temperature for benzene- ds.
B In addition lo tha duplicate tests at 500 °F, a (third) spiking tast was performed at this temperature for lormaldehyde and formiz -acetie-and-aceytic acids.
¢ Screanpack was removed for 355 °F run with LLDPE to achieve target melt temperature at dle head.

D NA = Nex avallable.

air. A portion of this air flow was subsequently sampled
downstream 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 cone 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 ernis-
sions was-set-at 700 liters per minute. This was comprised of
the die head entralnment flow at 525 liters per minute, the
sheath flow at 100 liters per minute, and 75 liters per minute
of residual air flow which was made up from

room alr 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 sampling manifolds were used
at the sampling location; one for collecting
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
stteam using a 1/2-inch stainless steel tube

Figure 2. View of emission entrainment ares.

Yolume 46 June 1996

{0.425 inch i.d.) wrapped with heating tape
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Tatre 3. Sample collection and analysis scheme. -

Substances Organic Aldehydes/ Particulates VOCs
Monitored Arids Ketones
HHC= LHC® HHC LHC
Collection KOH DNPH Tube Glass Fiber SUMMA Canister
Media Impregnated Filter
Filter
Modified TO-14
Analytical Desorption with | Desorption with | Gravirnetric
Method Dilute H,50, and | Acetonitrile and HP-1 Fused Silica ALOS HP-1 Fused Silica AlLCY
Analysis by lon Analysis by Capiltary Column Na S0, Capillary Colurmn Na, S0,
Exclusion HPLC Capilllary Capillary
Chrormatographyf Column Column
uv :
GCMS | GCFRD GC/FID. GCMS | GCFID GCAD
Sampling Manifold Hopper
Location
Number of Samples Analyzed Per Run ‘
2 2 1 b | 2 2 | 1 | 2 2

s HHC = Heavy hydrocarbons - inciudes C, to C,q compounds present In canister samples

¥ HC = Light hydrocarbons - includes ethane, ethylene, propylene

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

This study did not include any emissions from the drurn
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 dtawing air
from the drum at 20 liters per minute and venting to the
exhaust duct.

Hopper Emissions. One of the underlying objectives 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 likely 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 steel enclo-
sure. The enclosure was equipped with a specially designed
air-tight lid that would also allow rapid delivery of addi-

tional resin material as needed. As shown in Figure 1, a 10-

liter per minute air flow was drawn through the enclosure
to entrain any emissions and remove them to a downstream

§72 Journal of the Air & Waste Management Associalion

location for analytical sampling. The sampling manifold was
located 2 feet downstream 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 Air PoHut-
ants (HAPs). Many of these were oxygenated corhpounds,
including acetaldehyde, acrolein, acrylic acid, formaldehyde,
methyl ethyl ketone, and propionaldehyde, Although not
on the HAPs list, acetic acid, acetone, and formic acid were
added to the list of target analytes because they have been

Table 4. Air flow rates for capture and collection of emissions.

PARAMETER LDPE (L/min) LLOPE/
HDPE (L/min)
Total Manifold Flow 700 700
Flow Rate Into Sheath Area 100 100
Flow Rate Into Entrainment Area 525 525
Flow Rate Through Hopper 10 10
Flow Through Tubes for ) 1 05
Aldehydes/Ketones '
Flow Through Tubes for 10 5
Organic Acids
Flow Into Canisters. .16 0.16
Flow Through 402 THC Analyzer 1 1
Flow Through Filter Holder 15 15
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Volatile Organic Compounds (Time-integrated measure-
ment). Evacuated SUMMA polished é-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 re-
peated sampling and analysis of the canister.
Analyses 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 ionization
detector (FID} and a sample cryogenic

Figure 3. Sampiling 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 included compounds such as ethane, ethyl-
ene, propylene, butane, hexane, and octane. The analyti-
cal approach (discussed below) provided a collective
measurement for & broad range of volatile hydrocarbons
as well 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-
sodated with polyethylene. '

Nonvolatile rmaterial (analyzed as “Particulates”) was also in-
cluded as a target substance as this material has been identified
in some polyethylene thermal emissions by the study sponsors.

Measurement of Emissions

Emission samples were analyzed as outlined in Table 3. The
following classes of materials were measured: volatile or-
ganic compounds (VOCs), speclfic 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
anon-line heated probe flame ionization detection system.

Volme 46 June 1996

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

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

lection and injection. Analytes were chromatographically re-
solved with a Chrompack 50 metet by 0.32 mm 1.d. AL,O,/
Na 50, fused silica capillary column (5-pm film thickness).
The column was operated isotherrnally 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 billlon carbon (ppbC). The ppbC unit
is equivalent to part per billion by volume multiplied by
the number of catbons in the compound. For the calibrant
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 alt
hydrocarbon species (i.e., 1 ppbC of benzene will produce
the sarne 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 ionization FID and mass spectrometric detectors
MSD was used for the analyses of the heavier hydrocarbons
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 to assure quantitative recov-
ery of the C, to C,4 organic compounds. The GC contained a
similar cryogenic preconcentration trap as described earlier.
Analytes were chromatographically resolved on a Hewlett
Packard HP-1, 50 m by 0.32 t.d. fused silica capillary column,
(1 pm film thickness). Qptimal 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
one-third of the flow to the MSD and the remaining flow to
the FID. The mass spectrometer was operated in the total
ionization 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 inciuded manual review of all
mass spectral data. The sample size was 80cc. Detector cali-
bration was based upon instrurent response to known con-
centrations of dilute benzene 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 probe flame ioniza-
tion detection (FID) system. This method has been frequently
used by Battelle to determine total organic concentrations
from emission sourcess4 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 jonization
detector (HFID) was calibrated against a NIST traceabie 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 50 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 5
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,50, solution and 20 uL chloreform (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 solution. A

. 200 pL aliquot was extracted and analyzed by ion 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 to be linear for all three acids over a con-
centration range from the detection limit to 200 ug/mL. These
concentrations are expressed in terms of the free organic acid
In dilute sulfuric acid solution. The detection limits were
2 pg/ml for formic and acetic add, and 0.2 pg/mL for acrylic
acid. The standards were prepared with neat rnaterial (>99 9%
purtty) diluted with a 3 mM H,S0, solution.

Selected Aldehydes and Ketones. The analysis of selected, alde-
hydes and ketones followed procedures identified in U.S.
EPA Method TO-11.19 The target analytes included formal-
dehyde, acetaldehyde, acrolein, acetone, propionaldehyde,
and methyl ethyl ketone (MEK). C,4 Sep-Pak cartridges (Wa-
ters, ‘Assoc.) coated with dinitrophenylhydrazine (DNPH)
were used to collect carbonyl species. 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 solution. Each C,, cartridge was precleaned with
2 mL of the acetonitrile and then loaded with 400 pL 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 collection was carried out
with two cartridges in tandem and a flow control/pump as-
sembly downstream of the cartridges. The flow was set to 1
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 perfor-

mance liquid chromatograph equipped with a UV detector
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{360 nm). Carbony] separations were achieved with two
Zorbax ODX (4.6 mm id. by 25 cm) columns connected in
series. The mobile phase was acetonitrite/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
from 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 pm 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 determine mass ioading.

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 melt
viscosity to rninimize cross-contamination.

Homogeneity of Emission Stream. Pricr to collection of air
samples the air-entrained emissions were 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 recovery data during extrusion.
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Capture Efficiency. Priot to testing, the capture efficiency of
the air entrainment system at the die head was visually 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 ensure that potential emissicns from
this area were excluded from the entrainment system.

‘Systemn 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 S minute intervals
during the 30-minute test. These include: extruder temnpera-
tures, extruder cooling water flow, air flows for the total
manifold, sheath and entrainment zones and hopper, and
flow settings of all sampling equipment.

Manrtifold 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-dg). Benzene-d, (deuterated benzene) was
chosen to represent VOC 1ecoveries 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
VOCGs likely to be encountered.

A measured amount of benzene-d, was injected into a
high pressure cylinder thtough 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

Substance Tast Run Amount Spiked Amount of Spiked Percent Recovery and
Material Recovereg* Relative Error®

Pounds Released Per Million Pounds of Polymer Processed ppmiwtiwt}

Benzene-d; L.DPE @ 800 °F 0.22 0.2t 95+ 2

Formaldehyde LLDPE @ 500 °F 3.83 . 510 13025

Formic Acid LLDPE @ 500 °F 1.7% 2.07 12118

Acelic Acid LLDPE @ 500 °F 1.86 2.24 121112

Acrylic Acid LLDPE @ 500 °F 1.42 151

106+ 11

* The corresponding unspked un showed a formaldehyde background level of 0.19 i/milion ib. The other species contained background lovels less than the detection level.
B The relative &rror was determined as the difference in results from dupiicate samples multiplied by 100 and then divided by the average amount.
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inserted into the sampling manifold 2 feet downstream of
the die head. The resulting manifold gasecus concentration
was 0.092 pg/L. VOC samples were collected using a 6-liter
evacuated canister to measure the “spiked” emission con-
centration as described under Measurement of Ernissions,

Organiic Acids 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 completed. 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 evaporaton of the water occurred at a tem-
perature of 160 *C.

The spiking apparatus described above has been recently
developed at Battelle!! and has been successfully used for
applications which require minimal temperature for the va-
. potization 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 length of the chamber. The outer sur-
face of the capiflary is in contact only with the vapor and
liquid phase of the working fluld. The nickel chamber is
heated with insulated resistance wire wrapped around and
along thedength of the chamber. A copper jacket between
the resistance heater and the nickel chamber improves tem-
perature uniformity of the chamber and provides additional
thermat ballast for the working fluid. The generated gaseous
concentrations in the manifold with the vaporizer were: for-
mic acld, 0.60 pg/L; acetlc acid, 0.71 ug/L; acrylic acid, 0.59
1g/L; and formaldehyde, 1.63 pg/L.

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

Eluvani Vapor

[y

Figure 4, Battelle-developed water vaporizer.
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processed resitt using the following equation:
Y=C*E/O
where:

Y = micrograms of material per gram of processed resin

C = concentration of emissions 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-
lion 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 error) 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.

Accuracy. 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 validate 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 following sampting/
analytical methods, light and heavy hydrocarbons (canis-
ters), organic acids (KOH coated filters) and aldehydes/ke-
tones (DNPH impregnated cartridges). Duplicate sampling
was not carried out for particulateés. Additionally, repeated
extrusion runs at one or more of the target die head melt
temperatures were carried out for all three types of resins.
As a result, 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 range
of individual 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 range of the indi-
vidual results.

Emission Factor Results

The emission factor results are presented in Table 7. Overal],
VOCs and particulates for all three test resins had much
higher emission factors than the oxygenates, VOC emissions
for polyethylene ranged from 8 to 157 ppm (wt/wt), while
particulates were as high as 242 ppm (wt/wt). The higher
test temperatures generally produced higher emission fac-
tors, as illustrated 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 Hydrocartbon Analyzer which continually ana-
lyzed the air emission stream throughout the run and pro-
vided a direct reading of all (VOC) substances responding to
the flame 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-
termnined by summing the Heavy Hydroaubons 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 1esults 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-
cles 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 either VOC method be used when estimating emis-
sion quantities.

One advantage of the canister method is that it can pto-
vide emission data on total VOCs as well as individual 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).

~ Inalmost all cases, oxygenates were either present in the
emisston 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, methyl ethyl
ketone (or butyraldehyde), acetaldehyde, propionaidehyde,
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 VOCs. Hence, the contribu-
tion from the hopper area was not induded in the calculation
of emission 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
T = melt temperature in “F.
M and C constants are shown in Table 8§ for each analyte.

Range of individual

Method Within-Run RPDe (%) Range of Individual Between-Run RPD* (%)
Rasulls ppm Resulls ppm
Low High Low High

Heavy Hydrocarbons 16.5(n? = 57) 0.02 6.02 9.6 (n=40) 0.08 594
Light Hydrocarbons 8.5(n = 27) . 0. 166 13.0{n=12) 0.01 1.66
Organic Acids 263(n=5) 0.19 15.6 126{n=2) 20 14.7

Aldehydss/Ketones 14.9(n = 59) 0.02 B8.37 24.7(n=23) 0.01 B.32
Particulates NDe NDe NOe 209(n=4) 225 245.1

+APD = Relative percent difference
on = Numnber Of rreasurements.
©ND =Not determined.
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Table 7. Summary of polyethylene emission factors by resin type (Ibs/million lbs).

Resin Type LT LDPE LLDPE HDPE
Extrusion Coating Blown Film Biow Moiding

Melt Temperature {°F) 500 600 355 395 450 500 380 430
Particulates 308 242.2 2.4 21.7 24.7 589 19.6 266
-Volatlie Organic Compounds

Beckman 402 - THC» 363 157.4 8.0 23 142 19.9 211 30.7
Heavy Hydrocarbons (HHC)® 17.0 76.6 13.9 15.3 15.4 213 25.0 385
LIght Hydrocarbons {LHC)

Ethane 0,09 1.21 0.02 003 0.03 0.04 0.02 0.02
Ethylene 0.05 1.58 oM 0.03 c.01 0.02 0.02 0.01
Propytene 0.02 0.38 <0.01 0.01 <0.01 <0.01 0.01 <00
Aldehydes :

Formaldehydes 0.10 B.11 0.09 0.04 0.14 0.20 0.06 0.06
Acroleins <0.01 0.07 <0.02 <0.02 <002 <0.02 <0.02 <Q.02
Acetaldehydet 0.12 443 0.03 0.03 0.09 0.16 0.04 0.05
Propionaldehydes 0.07 3.26 <0.02 <(.02 0.02 0.05 <Q.02 0.02
Ketones

Acetone 0.02 0.04 0.08 0.07 0.08 0.08 0.02 0.03
Methyt ethyl ketonet 0.10 5.25 <0.02 <0.02 .02 0.04 0.05 - Q.02
Organk acids . :

Formic acid 0.34 12.3 <017 <0.17 <017 <017 <Q.17 <017
Acetic acid T <017 2.00 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17
Acrylic acide <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

* THC = Total hydrocarbons.
8 HHCs are predominantly comprised of C, - C,; alkanes and alkenes.

¢ Hazardous air patiutants under the Clean Ar Act. Methyl ethyl ketone is indistinguishable from butyraldehyde in the HPLC analysis; therefore, any mass reported may be

due to the presence of either or both substances,

These constants were calculated using the data for each run:
in some cases duplicate runs were made at the same tem-
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-
ton 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 emissions. Catego-
rization of an emission source as 8 “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 serlous classification. 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 con the emissions data and equations
developed in this effort, a processot 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
million 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-
tities 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
technigques 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 temperature. Note: The equation has not been validated beyond the
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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 aclds 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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of this equation to predict emissions above the upper range of this study is not recommended.

total of 125 milllon pounds of LDPE, 950 million

» pounds of LLDPE, or 510 million pounds of HDPE

could be processed without exceeding the 10-ton/year
limit. (Note that the processor must also account for
emissions from all additional materials used in the
operation and any other activities in the plant.)

The predominant emission source for VOCs was the
die head of the extruder. The emissions from the
hoppert area contributed 2% or less of the total emissions.
In general, higher melt temperatures produced higher
emissions 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 emisslons generated
for the specific resins and conditions. The equations
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Table 8. Coefficients for equation predicting emission levels {y = mt+c, where “t” is extrusion temperature {'F) and “y" is emission quantity in ibs

per million Ibs of resin).

LDFPE Temperature Range M (slops) C (y Intercept)
VOCs (402 method) 500 - 600 °F 1.221 -575.2
Particulates 500 - 600 °F 2112 ‘ -1025
. Formaldehyde 500 - 800 °F 0.0801 -39.9
Acetaldehyde 500 - 600 °F 0.0433 -21.5
Propionaidehyde 500 - 600 °F 0.0323 -16.1
Methyt Ethyl Ketone 500 - 600 °F 0.0516 -25.7
Acetone 500 - 600 °F 0.00015 . -0.05%
Formic Acid 500 - 600 °F 0.132 -65.4

Croionaldehyde was sometimes detected at a maximum of 0.2ug/gm Compounds that were only detected at higher temperature: Acrolein and Acetic Acid

LLDPE VOCs (speciation method) 355 - 500 °F
Particulates 355-500°F
Formaldehyde 355 - 500 °F
Acetaldehyde 355- 500 °F

0.046 -3
0.3923 -136.9
0.00096 -0.281
0.0010 0.357

Compound that was constant over temperature range; Acetone. Compounds that were only detected at higher temperature; Propionaldehyde, Methyl Ethyl Ketone

380 - 430°F
380 - 430 °F

HOPE YOCs (spediation method)
Particulales

0.27 778

0441 -340
Compounds that were constant over temperature range: Formaldshyde, Acetaldehyde, Acetone, Methyl Ethyl Ketone

Nole: The equation has not been vaiidated beyond the temperature ranges used in this study. Particular care shoutd be takan when using the equation above the upper
test temperature for each resin. Use of this equation 1o predict emissions above the upper range of this sludy is not recommendad.

have not been validated beyond the temperature
ranges used in this study and their use above these
ranges is not recommended, -

¢ Insome cases the emission factors determined in this study
may gverestimate or under estimate emissions frorn a par-
ticular process. Professional judgment and conservative
measures must be exercised as necessary when using the
data for estimating emission guantities.
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ABSTRACT

Emission factors for selected volatile organic compounds
(VOCs) and particulate material were developed during
processing of commercial grades of polyamide 6, polyamtde
66, and polyamide 66/6 resins. A small commercial-type
extruder was used, and melt ternperatures ranged from 475
to 550 °F. An emission factor was calculated for each sub-
stance measured and is reported as pounds released to the
atmosphere per million pounds of pelymer resin

IMPLICATIONS

This study provides quantitative emissions data collected
while processing seven types of polyamide blends. These
data are directly related 10 production volumes and can
be used as reference points to estimate emissions from
similar polyamide resins processed on similar equipment.
The compounds chosen for analysis and subsequent
emission factor calculations were the ones the authors
deemead most likely to be of significance.
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processed. Scaled to production volumes, these emission
factors can be used by processors to estimate emission quan-
tities from similar polyamide extrusion operations.

INTRODUCTION

As compliance with air pollution regulations has increased
in complexity over the last 15-20 years, small businesses
that had never before been affected are now being involved
in permit and compliance issues. While the U.S. Environ-
mental Protection Agency (EPA} has continued to develop
and refine sections of its compendium of emission factors
contained in AP-42, much of the data are outdated, par-
ticularly data related to plastics. As a result of the evolving
regulations, plastic processing companies are faced with
the task of establishing an “emissions inventory” for the
chemicals generated and released by their production pro-
cesses. The chemicals considered 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 emisslon factors for extruding polyamide
hornopolymers. copolymers. and blends. Sponsored by five
major resin producers, the study was performed at Battelle,
Columbus, OH. This work follows previous SP1/Battelle
studies on the emissions of acrylonitrile-butadiene-styrene.?
polyethylene,? ethylene-vinyl acrylate and ethylene-methyl
acrylate copolymers,! and polypropylene.®

As in these previous studies, a body of literature refer-
ences exists concerning ernissions from polyamides, most
of them using static small-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
termnperatures greater than or less than the typical extru-
sion temperature, and for an extended period of time, They
also continuously expose the polyamide to atmospheric
oxygen. During extrusion, the polyamide is molten for a
few minutes at most, and the equipment is designed to
force air cut 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 emissicns 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 associated with the material being extruded can
also affect emissions, 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 all combinations of extrusion variables.?

To strike a balance between the inapplicability of static
tests and the complexity of measuring each process, the SPI
and major polyamide producers initiated work to 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 polyamide 66 homopolymer, a
low-caprolactam polyamide 6 homopolymer, a polyamide
66/6 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 polyamide 66/6 flame retarded
with Dechlorane Plus. The test samples were mixtures of com-
mercial resins obtained from the sponsoring companies. Table
1 lists the resins used, the additives present, the chemical
analytes, and the temperatures of the tests. The selected
analytes included PM. total VOCs, CO, nitrogenous com-
pounds (ammonta, 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 HAPs
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-
necusly mixed in 10-gal metai cans to form a cornposite
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 on 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 capabie of
-60 lb/hr throughput and 800 °F (maximum) barrel
temperatures for the three heat zones. A special fabricated

Table 1. Test plan for polyamide extrusions.

RunNo.  Description Additives’ Analytes®  Targeted
Malt
Temperatire
1 General PASS DEF 123456 550 °F
2 General PAS, £ 1.2,34.56.7 520 °F
Iow caprolactam
3 Copolymer PAG6/6 DF 1.2.34586.7 475 °F
4 EPCM-toughened PAGE AF 1234568 550 °F
5 Toughened PAG AD 123456789 550 °F
6 PAGG or PAGS/6 COEFG 1234567 520 °F
flame-retarded
with melamine
7 PABG/G BEFG 1234567 480 °F
flame-relarded
with Dechlorane Plus

*Generic additives: A = iughener; B = Dechiorane Plus flame rejardant; C = melamine flame
resardant; D = processing aid: £ = release agent; F = lubnican; G » cciorant. *Possibie emis-
sions: 1 = ammaonia: 2 = hyorogen cyanide; 3 = total VOCS; 4 = total particulates: 5 = carbon
monaxide; 6 = Nitrogen oxides; 7 = caprolactam; 8 = maleic amyhdride; $ = tyvene.
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screw based on design parameters provided by SPI 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 polyarnide 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
Modei 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 output would in-
dicate stable readings (that is, +10% drift over a 10-min pe-
ricd). At this time, a 20-min test run was initiated. The 20-min
sampling time was sufficient to achieve a target detection level
of 1 pg 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 parameters. The duplicate runs were
made to assess sampling and analytical precision. Based on
previous 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 sealed

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 8 x 8-in.
opening at the bottom of the enclosure allowed the ex-
truded 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 variable flow blower. 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 manifold system was
adjusted to at least match the 180 L/min inlet flow. Ad-
ditional 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 the test runs to con-
firm efficient 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. o.d. tube that protruded 1 in. into the airstrearn.
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 (0.25-in. i.d.) con-
nected to a 47-mm filter pack.

FI9Z-01-1066¢ I

SCREW PROFILE

48.52
46.88 FLIGHTED LENGTH

cusTomeR _BATTELLE MEMORIAL INSTITUTE

COLUMBUS, OH,
g2 1.5 L/0_30: 1
MATERIAL TO BE PROCESSED_NYLON 6/6
s/n__06-0016

ORDER NO__A83181

22.50
l—a.ng 10.50 100 OP
7.00 800 16.25 D _ _
SHANK FEED TRANSITION PUMP TORPEDO

120°
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Figure 1. Screw profile (HPM Corp ).
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Figure 2. Extruder strand 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 accordance to National Institute of Safety and
Health (NIOSH) Method No. $347. A sampling flow rate
of 200 mL/min (20-min test run) was drawn through a
glass tube containing H,50,-treated silica gel to trap NH,
vapors. The sampling tube was connected In serles to a
prefilter to collect particulate NH * salts. 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 cyanlde concentrations in the exhaust effluent
were collected and analyzed in accordance to NIOSH
Method 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 fllter was not extracted
or analyzed.) The method detection limit was 0.2 pg/L.

Total VOCs. A VIG Industries Model 20 total HC analyzer
equipped with a hydrogen flame ionization 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
sample flow was maintained at 2 L/min. The analyzer was
calibrated at the beginning of each test day against a Na-
tional Institute of Standards and Technology (NIST)-trace-
able reference cylinder containing a mixture of propane
in ultra-zero air (10 pg/L). Linearity was demonstrated
prior to the test runs by challenging the analyzer callbra-
tion standards of 10, 180, and 1800 ug/L of propane. The
method detection limit was 0.5 pg/L. Guldelines from EPA

Flow Mbdng Removable Laminar Alrflow Maasursment
Zone Enclosure Flow Mesd
Multiport
ot S\ / v
*f - | T -
’ -— | — <
E":;“" -— 17 > w - | =
' — el -— | = -
) - | = -« Flexible
¥, = Background Hose
I ol Sample Port
Variable Flow  J&—— 10" —Sj¢——15" e e E e | injection Port
Airllow Blower
Measurement Extrusion
Head -
b
-
Note: Enclosed and manifold Variable Flow
are stainless steel. Blower Chercoal
Filter
EDHabdngniii-1

Figura 3. Emission enclosure 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 volatile organic com-
pounds will also respond to the HFID, but on a less than
equal per-carbon basis (e.g., carbonyl spectes).

Total PM. The concentration of particulate emissions was
determined by passing a sample of the exhaust effiuent
through a pre-weighed filter and then conducting a gravi-
metric analysis of the sampled filter. The original proce-
dure called for the insertion of the preweighed filter (4-in.
diameter} into the exhaust port of the sampling mani-
fold. The sample volume was determined from a calibrated
orifice and a magnehelic gauge located on the sample
manifold blower. However, after conducting Test 1A, It
was realized that the high particulate concentrations
emitted during extruston caused the fllter to partially plug,
and the flow through the sample manifold dropped sig-
nificantly during the test run. To alleviate the problem, a
47-mm filter holder equipped with a 0.25-in. i.d. sarnple
probe was added to the sampling manifold in place of the
4-in. filter. The sample 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 prabe 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 &
5%). The filters were preconditioned to the controlied en-
vironment 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 manifoid and into the bag. The
flow was set to 1 L/min. Analyses were carried out offline
using a Bacharach Sentinel 44 real-time CO monitor
equipped with an electrochemical sensor with a linear range
from O to 1000 pg/L. A single point calibration check was
conducted using a NIST calibration cylinder containing CO
at 49 ug/L. The instrument’s detection limnit was 1.0 ug/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-
tric oxide (NO). Total NO_were determined by directing
sample air through a reducing catalyst bed and then to
the detector. The monitor had an operating range from
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0 to 5 ug/L. A single point calibration check was conducted
with a NIST calibration cylinder containing NO at 1.5
ug/L. The instrument’s detection limit was 0.01 pg/L.

Caprolactam. XAD-2Z (~8 g) adsorbent tubes were used for
the collection of caprolactamn emissions. XAD-2 cleaning,
extraction, and analytical procedures followed guidelines
provided in EPA Method TO-13A." Sampling was con-
ducted over a 20-min collection period using a flow rate of
4 L/min. An SKC sampling pump was used to draw sample
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} systern configured in the full scan-
ning electron impact mode of operation. Calibration mix-
tures of caprolactam ranged from 0.1 to 500 ug/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 efftuent were
collected and analyzed in accordance to Physical & Chemi-
cal Analysis 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 contatning 15 mL of distilled
water. (Maleic anhydride was hydrolyzed to maleic acid
in the bubbler.) The resulting sample was analyzed by a
Waters Model 600E high-pressure liquid chromatograph
with a UV detector at 254 nm. Calibration mixtures ranged
from 0.1 to 50 pg/L. The method detection ltmit under
the above sampling conditions was 0.05 pg/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 air samples. Each canister was connected
to the sampling manifold, and a 5-min integrated sample
was obtalned during the latter part of the Z0-min collec-
tion period. After collection, the canister pressure was re-
corded and the canister was filled to 5.0 psig with
ultra-zero alr to facilitate repeated analyses of air from
the canister.

A Fisons MD 800 GC system equipped with paraliel
flame ionization and mass spectrometric detectors (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 §0 mL. With this
preconcentrated sample volume, the FID detection level was
0.01 pg/L. Detector calibration was based on instrument re-
sponse to known concentrations of dilute styrene
calibration 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 incoming flow was preset to 180
L/min. The propane concentration generated at the
inlet location was 60 ppm C (measured at background
sample port—see Figure 3). As expected, the propane
concentration measured in the sampling manifold was a
function of the voltage 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-
tngs below 0.5 in. of water, the total HC anaiyzer 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 total 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(AP) + 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 temnperature of 140 °F, the following flow ori-

fice equation was used:
T (34
Q,=0Q [_2.] 1ty
2 ] Tl

where Q, was the flow rate during test runs, @, was the
flow rate at 75 °F, T, was the temperature of the exhaust
air, and 7, 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 1B0 L/min, This slight excess flow ensured that all
emitted material was efficiently transferred to the col-
lection manifold.

Emissions
Emission concentrations {ug/L) are lkewise summarized
in Table 2. Total VOCs were usually the highest emission,
ranging from 53 to 202 pg/L. In a few cases, the
particulates were also high, up to 185 pg/L. In experiments
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Figure 4. flow through the manifold as a function of pressure drop across the orifice 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 pg/L.

Three of the emissions predicted from previous stud-
ies®*—ammonia, hydrogen cyanide, and malelc anhy-
dride—were unobserved at the detectlon limits reported
in this study. Carbon monoxide and styrene levels were
only significant in rubber-modified polyamide blends.
Oxides of nitrogen were only minor emissions. Overall,
these results show what manufacturers and processors
would have predicted, that is, 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
fromn EPA's AP-42 document, which is based on a very
outdated survey report.!?

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

E=(CxF/O (2)

where E was pg of emissions/g of processed resin, C was the
measured concentration of emissions in pg/L, Fwas the to-
tal manifold flow rate in L/min, and Owas the resin through-
put in g/min. Emission factors are summarized in Table 3.
Dimensional analysis shows that these emnission factors can
also be read as Ib emissions/million 1b resin processed.

Table 2. Summary of extusion conditions and concentrations of emissions (ug/L).

Kriek et al.

Significance of Emission Factors

This study provides emission data collected 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 determine compliance. However, if actual measurement
data are unavailable and difficult to obtain, calculated
emission factors may be used by processors to determine
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
emisslons 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 only a
fraction of these volumes,

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

Test Run No.: 1A 1B A 28 3A 3B A 4B 5A 5B 6A 6B ™
Dascription: General PAGS Geoneral PAS Copolymer  EPDM-Toughened Toughened  PAGE or PAGS/S PASS/S

kow Caprolactam PABS/E PASS PAG Flame-Retarded  Flame-Retarded

with Melamine  with Dechiorane

Extrusion Conditions
Avg die head temp. (°F) 550 555 520 520 475 4% 550 580 550 550 50 52 500 510
Resin throughput {[g/minp ~ * 200 B6 I /M 28 195 21T 286 LTI Py 37T 38
Total menifold flow {/min) 114 188 26 188 194 194 o a2 24 29 7 S| 28 238
Analyte
Ammonia v 4] <4.7 <47 <47 <47 <41 <47 <47 <4.7 <47 <47 Al <d?
Hydrogen cyanide L R T <015 <015 <015 <015 015 <015 <015 <015 <015 <015 <015 <015
Tolal VOCs ? 53 09 1?23 12 133 128 W 97 91 8s 160 165
Total panticulates ! m kP, 3 6 2 85 & R 3 185 129 g7 123
Carban monoxide ' 6.1 <l < < <l 21 367 138 138 <1 <} < <
Nitrogen oxides Y003 006 €03 Q0 OM 003 0 0l 0O 005 005 003 003
Caprolactam b v 309 237 86 41 b . 924 646 564 53 >150°  »150F
Maeic anhydride R 11 . b b e 005 <005 <005 <0.05 : ° v v
Styrene A 001 00 001 oM 031 028 338 315 003 04 001 om

*Not reported because total manitold flow rate is below the required fiow of 180 Limin; *Measurement of this parameter was not requested—see Table 1: “Estimated (flow stoppage in

the sampler occurved during the run).
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Table 3. Summary of extrusion emission faciors (ug/g o Ib/million it polymer processed).

Test Run No.: 1A 18 2A 2B 3A B 4A 48 SA SB 6A 68 TA B
Description: General PAGS General PAS Copolymer EPDM-Toughenad  Toughened PAS6 or PAG6/6 PAGE/6
Low Caprolactam PAGG/6 PAGE PAG Flame-Retarded Flame-Retarded
with Melamine  with Dechlorane
Ammonia * <47 <47 <47 <47 <7 47 <47 <47 <47 47 47 <41 <d7
Hydrogen cyanide ' <015 <015 <015 <015 <015 <015 <015 015 <015 D15 <015 <015 <015
Total VOCs ' 50 65 52 122 154 137 133 m 158 57 61 m 102
Totat particulates ' 104 b} 18 6 3 67 64 27 25 ns 92 58 %
Carbon monoxide * 6 <1 < <1 <1 EX] 38 12 M <t <1 <1 N
Nitrogen oxides . 003 004 002 Q01 <0 003 004 om 0.0 004 004 002 002
Caprolactam b b 20 " b k] ' v 78 52 2« S100F »100°
Malei¢ anhyoride *Q0s ® » ¥ ' <005  <0.05 <0.05  <0.05 o ’ b »
Styrene : <0.01 00 0N 0.0 0l 032 029 2.9 28 001 oM 00 oM

*NaL reported because total manifoid flow rate is below the required fiow of 180 L/min: "Measurement of this parameler was not requested—see Table 1 “Estimated-{fiow stoppage

in the sampler occurred during the run),

compiled by both government and industry. This data
was presented at an Air & Waste Management Confer-
ence in New Orleans in Decemnber 1998.9 Reprints are avail-
able from SPI.

SUMMARY OF FINDINGS

Total VOCs and total particulate material are the major
emissions from the extrusion of typical polyamides. Ca-
prolactam is alse a major emission from polyamide 6 and
its copolymers. The data collected in this study provide
processors with a baseline for estimating emissions
generated by polyamide resins that they process under
similar conditions. The emission factors reported here may
not represent those for other polyamide types or 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 temperatures during extrusion of three mixtures
of ethylene-vinyl 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 209 me-
thyl acrylate. A small commercial extruder was used. Poly-
mer melt temperatures were run at 340 °F for LDPE and
both 18 and 28% EVAs, The 936 EVA mixture was extruded
at 433 °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 million pounds of polymer processed [ppm (wt/
wt)]. Based on production volumnes, these emission factors

IMPLICATIONS

This study provides quantitative emisslons data collected
during extrusion of ethylene-vinyl acetate (EVA) and ath-
ylene-methyl acrylate (EMA) copolymers under specific
operating conditions. These data can be used by proces-
sors as a point of reference to astimate emissions from
similar EVA/EMA extrusion equipment based on produc-
tion volumes.

Volume 47 October 1997

can be used by processors to estirnate ernission quantities
from 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 organic compounds
(VOCs) or compounds that are on the list of 189 hazard-
ous air pollutants (HAPs). Title V of the amended Clgan
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 a study
to determine 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 polyethylene? and polypropylene.®

Joumal of the Air & Waste 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 emlissions, there are fewer studies that
mention EVA and EMA. The primary concern about pre-
vious polyethylene emissions data is that they were gen-
erated using static, small-scale," or otherwise unspecified
procedures.®*

in the design stages of this and previous SP1-Battelle
studies, considerable attention was given to whether the
model used accurately reflected real processing condi-
tions. The major contributing factors to 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 flows through the sys-
tem, effectively limiting the residence time in any par-
ticular heated zone. If 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 system through 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 emis-
sions directly from each individual process. In extrusion,
forexample, the type and quantity of em!ssions are known
to be influenced by a number of operational parameters,
including extruder size and type, extrusion temperature
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.

Table 1. Avetage addilive concaniration (ppm) in polymer mixures.

SUP  ANTI-BLOCK ANTIOXIBANT
EVA

18% VA 0 0 138
28% VA 0 0 63
9% VA 300 1500 145

EMA
20% MA M1 ] 0 250
20% MA/G M ] 0 250

LDPE
156 300 340

1112 Journal of the Air & Wasie Management Association

The objective 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 similar 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 level of fume was generated by injection molding
compared to extrusion-based processes in which the hot
potymer 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 209 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 levels 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 atmosphere per million pounds
of polymer processed [ppm{wt/w1)]. 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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Figure 1. Extruder strand diehead used in EVA-EMA emissions testing
program.

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

Te Garmpling
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Flgure 2. View of the exliruder systam 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 8-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 lhroughpul and key flow paramelers during the EVA and EMA extrusion runs.

TEST RUN NO. 1A 1B 2 3 4 5 s

RESIN TYPE Low-Density  Low-Density EVA18% VA  EVA28% VA EVA9% VA  EMA20% MA EMA20% MA

Polyettlene  Polyethylene

EXTRUDER CONDITIONS
Melt Flow Rate 2 4 2 6 2 2 7
Average Diehead Melt Tempesature, °F 340 340 340 340 435 350 565
Zane 3 Temperature, °F 292 30t n 3 415 300 547
Zone 2 Temperalure, °F 256 297 297 27 365 300 449
Zone 1 Temperalure, °F 215 27 275 274 275 27 275
Pressure, psig 1300 1500 1000 750 600 1750 <50
Resin Throughput [(Ie/hr) (g/min)] 2841215 26.9/204 3407257 3687270 34.8/263 3287248 35.1/265
Rotor Speed, rpm 75 75 75 75 90 75 83
Run Duration, min 0 30 3 30 30 30 30

AR FLOWS
Total Manifold Flow, Limin 700 700 700 700 700 00 700
Flow Rate Into Sheath Area, L/min 100 100 100 100 100 100 100
Flow Rate Into Entrainment Area, L/min 525 525 525 525 525 525 525
Flow Rate Through Hoppes, L/min 10 10 10 10 10 10 10
Flow Through Tubes for Carbonyis, L/min 05 05 05 05 035 05 05
Flow Througn Tubes for Organic Acids, L/min -~ 5 5 5 5 5 5 5
Flow Into Canisters, Limin 0.16 016 016 816 018 0.16 0.16
Figw Through 402 THC Analyzer, L/min 1 1 1 1 1 1 1
Flow Through Filter Holder, L/min 15 15 15 15 15 15 5

Volurme 47 Qctober 1997
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Table 3. Crder of EVA and EMA emissions test runs.

Run No. Resin Type % MA or VA MaltIndex Melt Yomp Companies Contributing

Saguance *F

to Resin Mixture

1A LDPE b ) 340

18 Use tor spiking run
2 EVA 18 2 340

Use LDPE mixture while cooling 1o 350 °F

CQuanturn NA 345
DuPont 20

AT 220 PE

5565 (Chevron)

Quantum UEB31
ELVAX 3170

AT 1815

Quantum UEE34
ELVAX 3175

AT 2810 M
Quantum UEB37
EiLVAX 3128

AT 1070

PE 5280 (Chevron)

5 EMA 20 2 350 Quantum EMTR 003
SP 2205 (Chevron)

6 EMA 0 7 565 Quantusm EMTR 310
SP 2207 (Chevron)

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.”

Dichead Emissions

Emissions released at the dichead during ex-
trusion were captured at the point of release
in a continuous flow of clean air. A pottion of
this airflow was subsequently sampled down-
stream, as described below. The emissions were
initially 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 DPE resin mixture was usad to clean exruder during cool down. Extruder was purged of EMA beforefinal  Lfmin, the sheath flow at 100 L/min, and 75 L/

shutdown 1o avoid corrosion,

die-head (Figure 2). Processing conditions, shown in Table
2, were selected to be representative of several commercial
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

min of residual airflow, which was made up from

room aix drawn into the open bottom of the stain-
less-steel diehead enclosure, This residual aixflow was used to
facilitate effective capture of emissions from the polymer These
flows are depicted in Figures 2 and 3.

Figure 3. View of emission entrainment arga.
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Table 4. Sample collection scheme for EVA and EMA tesl runs.
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SUBSTANCES MOMITORED QOrganic Acids Aldehydes! Ketones Parliculate VOCs
HHC LHC
COLLECTION MEDIA KOH Impregnated Fitter ONPH Tube Glass Fiber Filter SUMMA Canistes
AMALYTICAL METHOD Desoiption with Dikute Desarption with Gravimetric Modified T0-14
Hzo‘and Analysis by Acefonitrile and
lon Exclusion Analysis by HPLC
Chromotagraphy/UY
HP-1Fused Silica | ALD/Na,SO,
Capillary Colurn | Capillary Column
GCMS  GC/FID | GC/FID
SAMPUING LOCATION Manifold
Melt Temp (°F)  Run No. Number of Sampies 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
330 5 2 2 1 1 2 1
565 7 2 2 1 1 2 1

Note: No procassing aids were useg.

Diehead emissions were transported 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 systern.?

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

Table 8. Results Irom spiking expariments.

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 stee] probe (0.1375-in. i.d.).

This study did not include any

measurements of emissions from the

drum collection area, as all commer-

MALYTE METHON SPIKE LEVEL 1 RECOVERY uglL AVERAGE PEME“T clal extrusion processes quench the
oty bz RECOVERED molten resin shortly after it exits the die.
FIRST EXPERIMENT® Emissions from the extrudate in the col-
FormcAcd  KOHfites 071 0887 0733 122:18 lection drum were prevented from en-
Aceiic Acid KOH filters 077 1023 0640 121412 tering the diehead entrainment area by
Acrylic Acid KOH filters 059 0687 0567 10711 drawing air from the drum at 20 L/min
Formaldehyde DNPH Carridge  1.63 220 203 1305 and venting to the exhaust duct.
Benzene-d, Canister 0.092 00388 0086 85¢2
SECOND EXPERIMENT" VALIDATION OF THE
ANALYTICAL METHOD
Benzene-d, Canister 0.24 027 0.25 1084 The purpose of the manifold spiking
Benzene Canister 022 02z 022 100 experiments was to determine the col-
Methyl Acrylate-d,  Canister 025 026 024 100s4 lection and recovery efficiencies of the
Methyl Acrylate  Canister 0.25 025 023 9524 canister, acid, and carbonyl collection
Vinyl Acelate Canister 0.24 0.28 0.25 1106

methods. During the first spiking ex-

“Relalive error is the relative percent ditference: the absolute ditference in the two samples multiptied by 100 and then

divided by their average.
* Reterence 2; ®Relerence 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 (pg/g).

TEST RUN NO. 1A 1B 2 3 4 § [
Resin Type Low-Density Low-Density EVA 18% VA EVA 28% VA EVA 9% VA EMA 20% MA  EMA 20% MA
Polyethylene Polyethylene IMI &M

Die Melt Temperature (°F) 340 340 340 340 435 350 565
Particulate Matler <1 15 <1 <t <1 41 615
VOLATILE ORGANIC COMPOUNDS

Beckman 402-THC* 106.7 1069 1282 1234 597 457 172

Heavy Hydrocarbans (HHC} 86.0 83.0 108.3 109.9 864 442 00
LIGKT HYDROCARBONS (LHC)

Ethane 002 002 00 00 0.03 002 049

Ethylene 0.0t 0.0 om oM 0.02 0.02 036

Propylene 001 00t 00t 001 0.0 0.0 D14
ESTERS

Vinyl Acstale Fulal M Q0 622 <00t <00 <001

Methy! Acrylate <0.01 QM < <0 0.0t Q001 <001
ALDEHYDES

Formaldehyde} 0.42 028 008 008 013 (i) 107

Acroleint <001 0.0 <0 Ll k] <M 0.10

Acelaldehydet 009 007 0.04 003 0.10 003 077

Propionaldehydet 0.02 0.01 001 0.0t 0.02 <00t 031

Butyraldehyde 002 002 0.01 i14)] 0.04 0.02 049

Benzaldehyde 0.02 0.02 003 0.05 0.05 003 023
KETONES

Acetons 015 013 0.10 010 013 010 034

Methy| Ethyl Ketonet <0 Pikis) <001 .01 <001 <001 k|
ORGANIC ACIDS

Formic Acid 027 022 385 n 6.05 4.40 466

Acefic Acid 0.44 0.44 740 248¢ 5.32 206 323

Acrylic Acidt 002 Q.02 {02 <002 .02 <002 Q.02

Note: No progassing aids were used.
™ THC = Total hydrocarbons minus methane.
t Hazardous air polluianls (HAPs).

spiking experiment, collection and recovery efficiencies were
determined only for the canister sampling method. The re-
sults from the two spiking experirnents are summatized 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 from the first experiment are summarized
as follows: all three collection methods showed very good

1118 Jouma of the Air & Waste Management Association

recoveries of the manifold spiked compounds; the three
organic acids were spiked at a nominal air concentration of
about 0.6 to 0.8 ug/L; recoveries using the KOH-coated fil-
ters ranged from 107 to 122%; formnaldehyde (1.63 p/L)
served as the surrogate for the aldehyde-ketone species and
the DNPH cartridge method showed a recovery of 13086;
deuterated benzene (0.092 pg/L) served as the representa-
tive compound for the canister collection method; and the
amount recovered was 95%,

During the second experiment, additional recovery
data points were obtained for the canister method using an
expanded list of compounds. The additional compounds
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Table 7. Coefiicient for equations predicting EMA emission levels. ¥ = MT+ C where Tis VOC chromatograms, the VOC measurermnents were due to
exirusion lemperature (°F} and Y is emission quantity in 1bs per million Ibs of resin.

EMA (20% Copolymer) Tempesature Range M Slope C (y Intercept}
YOG (402 method) 350 - 565°F 0.33 -70.7
Particulates 350 - 565°F 027 -89.3
Formaldehyde 350 - 565°F 0.0045 -1.15
Acetaldehyde 350 - 565°F 0.0034 117

Formic Acid 350 - 565°F 0.0012 3.98

Acetic Acid 350 - 565°F 00054 D16

Dther hydrocarbens and acids were detected, but 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 spectzometric detector that were spe-
cific for each compound were used in calculating recovery ef-
fidencies 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 Hydrecarbon Analyzer which continually ana-
lyzed the air emission strearn throughout the run and pro-
vided a direct reading of all VOC substances responding to the
flame ionization detector. The other method used an evacu-
ated 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 higier than the HHC and LHC results. There are
a number of possible explanations for these discrepandies, as
the techniques are inherently different, but that discussion is
beyond the scope of this paper. However, as a conservative
measure, it is 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 total VOCs as well as indl-
vidual compounds. Based on visual observation of the
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the additive response of many individual compounds. The ma-
jority of individual VOCs were well below 1 ppm (wt/wt}. The
exceptons were the organic acids, which were in the range of
6 to 12 ppm total. Variations 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 sarnples being used at different temperatures. Organic
acid emisslons were, however, significantly higher than those
observed in an earlier study on LDPE resins.?

Vinyl acetate was detected in only one of the test runs,
that of the high viny] acetate copolymer in Run #3, Itis 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 nio single VOC compound exceeded 5
ppm (wt/wt). Those that exceeded 1 ppm were aliphatic
hydrocarbons in the C,; to C,, range.

Oxygenated VOCs were present in the emissions at
both temperatures, but generally at values <1 ppm (wt/wt).
The exceptions were formic acid, and acetic acid detected
at levels of < 5 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 copolymer shown below, it was
thought that methanol would be generated during extru-
sion at the highest temperature.
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However, specific evaiuation of the GC-MS runs for rmethanol
showed this compound to be absent in runs made at both
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 (1)

where Y = emissions in pounds pet 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
will provide an estimate of the number of pounds of emis-
sions per one million pounds of processed potymer. This
equation is only valid within the temperature ranges and
conditions used in this study and is not recommended
for predicting emissions for temperatures outside 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 2 “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 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 example. 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 ermissions discovered
in this study without exceeding the 10-ton-per-year limit
for an extreme ozone nconattainment area. However, be-
fore using the data in this paper to estimate emissions,
one must consider a number of other parameters, such as
Increased additive levels, which may impact the type and
quantity of emissions as discussed in the Introduction.

These results cannot be used for industrial hygiene
puIposes.
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ABSTRACT

The evaluation of emissions of volatile organic compounds
{vOCs) during processing of resins is of interest to resin
manufacturers and resin processors. 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/FI D/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 a lack of data available conceming individual vota-
file organic compounds {VOCs) emitted during the pro-
cessing of commercial acrylonitrile butadiene styrene (ABS)
resins. In this study, a collection and analysis method has
been developed and validated using deuterated species
spiked into the exhaust stream of thermally processed ABS
resins, The study design allows for the calculation of pro-
cess emissions interms of mass of emitted individual VOC
per mass of resin processed. We believe that the method
wil serve as a valuable analytical tool for industry and the
rasearch community in better assessing alr taxics and VOC
emissions from chemical processaes in general.
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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 ug/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 fliters, extracting them with solvents,
and analyzing them using gas chromatography/mass 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 concern 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 froim resin processing must take into
account the wide variation in processing facilities. Exhaust

‘concentrations during fabrication may not be accurately

generalized to other facilities of even td 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 emnissions 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 a
gas chromatography (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 U.S. Air Force.l2 A
Beckman 402 total VOC anatyzer, an in-
line continuous moenitor with a flame
" jonization detector and heated probe,
was also used to measure total VOCs and
to compare with the results found by
summing the individual species obtained

with the GC systemn, go; Ifor
0
Dow Chemical Company, General Expetiment —
. {Sampling
Electric Company, and Monsanto Location #1)

Chemical Company provided one
resin from each of four categories of
resins—automotive, general molding,
pipe, and refrigeration ABS resin.

Emisalon

Parforaled
Stesl Cone

/L

-
Aar

{Sampling Location #2)

Aging
Planurm

(Sampling Location #3)

| Alr-Entrained Emlssions Alr
Inlet

Wall of Divergeat
|~ Nozzle

HEPA| |
Orifice Control Filter ]
Piates Valves

a—- Sheath At Flow

Composite resin samples were pre- Entralnment
pared by combining equal portions of Box
resin from the same resin category
from each company. The resins were
mixed thoroughly to provide four

[ 100 LPM

oz Die Head

Entrainment
Alr Flow
[ 525 LPM

composite samples.
A resin extruder and exhaust deliv-

i ™~ 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-
sigﬁed to perform safety evaluations of emissions produced
during plastic processing under controlled 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 systemn hous-
ing two extrusion lines in separate isolation enclosures
maintained at a negative pressure relative to the rest of
the facility. The isolation enclosures were constructed of
prefabricated insulated panels which ensured that the
noise 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 ernissions that evolved during thermal process-
ing of resins were captured in a stainless-steel enclosure
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Fig_urq 1. Delivery system and sampling locations.

surrounding the die head of a 1.5-in, 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 composite under conditions considered
suitable for the ABS resins. . )

The emissions were entrained with pre-conditioned air
(high efficiency 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 systern was designed with multiple sam-
pling ports at various distances from the extruder to deter-
mine the component’s concentration at chosen locations.
Figure 1 is a schematic diagramn of the sampling port loca-
tions. Sampling port two was used for sampling in this pro-
gram based on results from previous industrial studies which
involved design, engineering, implementation, and testing
of the plastic extrusion and delivery system laboratory.

Composite Sarple Preparation Process. The composite res-
ins were prepared using a Patterson-Kelly twin shell, 3 ft3
blender to mix 50 lbs of each resin type from each com-
pany to form 150 Ibs of each composite. 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-
sion process the plastic extrudate passed through the ex-
haust entrainment section into a 55-gal steet 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 canistets 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 US. 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 humidified ultra-high purlty air as the
flush gas. A final canister 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: Autc  General Pipe  Refig General
Comp Molding Comp Comp Molding
Comp Comp
Duplicate
Rur Duration (mink az 32 35 . 24 23

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

(Lminy: 525 525 525 525 525

Sheath Flow (Limin}: 100 100 100 100 100
Screw Speed (rpm): a0 90 80 _ 80 90

Die Pressure (psi): 1500 1500 2000 2000 2000
Qutput (lbsfhr): 484 51.7 45,0 506 514
Temperatures (*F):

Zone 1 340 351 385 383 350

Zone 2 308 400 403 402 400

Zone 3 448 449 452 452 449

Die 452 450 452 450 450

Melt 455 443+ 445 463 440

NOTES

Comp = Composite resin

Automotive camposite resin (auto): Magnum® 342E7, Cycolac® GDT 8300,
Lustran® SF Elite-1000.

General molding (GM} composite: Magnum® 8010, Cycolac® GPM 5600,
Lustran®@ Ultra MCX.

Retrigeration compaosite {Refrig). Magnum® 9043 white, Cycolac® N24 while,
Lustran® 723 white.

Pipe composite (Pipe); Magnum® FG 8960 biack. Cyclolac® LDG, Lusiran®
756. Magnum® Trademark of the Dow Chermnical Company.

Cyclotac® Trademark of General Eleciric Company,

Lustran® Trademark of Mensanto 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 2 90 degree elbow which
protruded into the main exhaust glass manifold at sampling
position 2. The ma{ufoid was 3 attachecl 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 coilect the 60-L
filter sample as well as to obtain direct canister samples to
determine if manifold losses were occurring. Four 1/4-in ports
and one 3/8-in port were positioned at the lowerend of the
manifoid. A filter holder was connected to the 3/8-in port
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 Beckinan 402 VOC
analyzer's heated }ine 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 Jines used for canister sampling, was heated using
heating tapes and rheostats. All temperature zenes 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 samgles were collected by placing a pre-weighed
25 mm dlarn;:ter glass fiber filter in-line preceding one
of the 6-L canisters as shown in Figure 2, A é-L volume
was passed through the filter during the 1-min collection
period in which the fanister valve was opened. In addi-
tion, a glass fiber fmgr sample was collected at the 3/8-in
port directly below the manifold rubber stopper at a flow
rate of 10 L/min for 6 min, resulting in a sampled vol-
urne of 60 liters.

Analysis Methods
In-Line Volatile Organic Compound Analyzer. A Beckman 402
in-line continuous monitoring FID system 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 Flg}jrp 1). The total VOC de-
termination was made by assuming an equal tesponse (per
carbon) for each emitted species detected py 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 (ppmC) or
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pg/m3. By accurately measuring the exhaust flow, the emis-
sion values were calculated in units of pg/sec. The continu-
ous in-line mornitor pfovided a record of the variability of
the VOC in the exhaust. This method also served as a com-
parison to the canister VOC measurements made by the GC/
FID/MSD systern.

6-Liter Beckman
Canister 402 YOC
Analyzer

Figure 2. Sampliﬁg manifold,

GC/FID/MSD 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 a bed of Carbopack B and Carbosieve $-11II adsorbent.
A six-port valve was used to facilitate samhple 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
tempernature of 25°C, followed by desorption at 220°C.
Analytes were chromatographically resolved on a Hewlett-
Packard HP-1 fused silica capillary colurnn (50 m x0.32 mm
i.d,lym film thickné""ss‘).' Optimal analytical results were
achieved by ternperature programming the GC oven from -
50°C to200°C at 8°C/min. The column exit flow was split to
ditect 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.

TheMSDwas 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) acryionitrile,
2} 1,3-butadiene, 3) 4-vinyl-1-cyclohexene, 4} ethylbenzene,
S)styrene, 6)isopropylbenzeﬁe,7) propylbenzene, 8) methyl
styrene, 9) acetophenone and 10) 2-pheny!-1-propanol.

Phase 1: Development and Validation of

a Sample Coliection and Analysis Method
Phase 1 involved 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 anaiytes 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® 342EZ
ABS automotive resin to determine: 1) if gaseous species were
lost in the sampling manifold through aerosol formation,
and 2) if gaseous species released in the extrusion zone were
efficiently recovered at the sampling location.

A canister-spiking experi-
ment was performed to confirm the elution and recovery of
the target analytes from 6-L canisters using the GC/FID/MSD
system. A 1/1000 dilution of the target analytes was pre-
pared by injecting 10 uL 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
zeto 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 sampies were collected 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.
@) Canister and Filter Sample Collection.
Canister samples with and without in-line glass
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fiber filters were collected 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 were 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 sampile collected at the port closest to the mani-
fold inlet, representing a 60-L total volume.
b} Canister and Filter Sample Analysis
The canister samples 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 analyzed 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 pL 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-
thilene chloride were added to each vial. The vials
were capped and shaken by hand several 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 & 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-dg, was 100 ppm in each extract.

The filter extracts were analyzed by electron im-
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 entratnment area weére 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
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was prepared by Injecting 5 uL of each liquid and 1
ce 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 (Matheson). 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 control 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 flow in the entrain-
ment zone was maintained at 700 L/min. Five can-
ister samples were collected during this experiment.
Duplicate canister samples were taken approxi-
mately 15 minutes after manifold equilibration 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 Analysls

of Composite Resins
Phase 2 involved processing the four ABS composite resins
using the conditions shown in Table 1. The general mold-
ing composite resin was processed twice to determine day-
to-day variability of emission levels. For each test run, 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 DISCUSSION

The results frorn the Phase 1 method validation study are
discussed first and include the canister recovery test run,
the filter analyses, 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 composite 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-line continuous FID Based on the instrument response for the 200 ppm sty-
monitor to the GC speciation methodology (GC/FID/MSD). - rene-d, standard, the instrument detection limit 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-dy 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 estimnate the method detection limit for the
0.4 to 0.5 pg/L for each target compound. A detection level exposed filters at 260 ppmn 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 niol 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 112% 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 in preparing the could have been on the filter but below the 40 pg/filter
original methanol solution or in spiking 5 pL 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 collect 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 sample filters, an extraction blank ment are sumrayized 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 chlo- two compounds, benzene and 4-vinyi-1-cyclohexene, wete
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 resin. 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 ion trace for the base peak of detection level of 0.01 pg/L (signal to noise ratio of 3 to 1).
each standatd: 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 remaining four canisters collected
was lost in the extraction procedure and an additional 30% near the mantfold’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-dz and ethylbenzene- covery and percent relative standard deviation (% RSD) val-
dy in the filter blanks versus the methylene chioride blank ues were: benzene, 114 + 2%; 4-vinyl-1-cyclohexene,

shows a similar trend for these compounds. 106 1 39; ethylbenzene-d o, 115116%; and styrene-d, 89+ 11%.

Table 2. Calculated spiking concentration and peicent recoveries of analytes found in canisters during the fume entrainrmer sEiind-expsdment

Calculated Can 91-070 Can 88-007 Can 81017 Can 91-001 Can 91025
Compound Spiking Conc, Direct (15 min} (Dup., 15 min) (30 miry) (Dup., 30 min)
uglt kgt uo/L ugh ugill ugh
benzene 0.07 106 117 114 117 117
4-vinyl-1-cyclohexene 0.06 101 107 107 107 107
ethylbenzene-d,, 0.07 11 145 101 - 120, - 98
styrena-d, 0.08 87 96 84 99 78

nd = not detected (<0.01 pg/L). Dup. = Duplicaie.
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Air Blank and SAN Purging Resin Tests
An air sample (biank) collected from the manifold prior to
extrusion of the resiris resulted in very low leveis of the
following target analytes: styrene, 1.82 ug/L; ethylbenzene,
0.63 pg/L; acrylonitrile, 0.23 pg/L; isopropylbenzene,
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 camposite resin tests. Seven of the nine
target analytes were detected. Listed below are the target
analytes, mean levels detected, and % RSD: acrylonitrile
2.79 ug/L+12%, ethylbenzene 5.36 ug/l+16%, styrene
18.7 ug/1L112.6%, isopropylbenzene 0.71 ng/L+0.18%,
n-propylbenzene 0.485 pg/L+15.5%, methyl styrene
0.235 ug/LiB7%, and acetophenone (.365 pg/l+31%. The
SAN purge samples did not indicate any significant carryover
from the previcusly extruded composite resin. '

ABS Composite Resin Tests

Table 3 summarizes the results of analyzing the gaseous emis-
sions frorn the processing of four ABS composite resins. For
each composite resin, there are four data points (e.g., four
canister samples). The mean concentration for each of the
nine target compounds is shown, along with the total of the
nine species, the total of all identified and unidentified GC
species, and finally, the total VOCs determined by the
Beckman 402 analyzer. Values less than 0.01 pg/L were listed
as niot detected. Percent relative standard deviation (% RSD)
values are also reported. :

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

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

Cormpound ‘Auto  GM  GM-R _PIPE  Refrig
gt ugl  pgl ugl  pol
1.3-butadiene 0.48 ND ND 097 ND
acrylonitrile | 3.00 384 433 4.74 5.67
4-vinyl-1-Cyclohexene 0.26 1.09 0.90 '6.50 1.51
ethylbenzene 1440 521 445 3370 761
styrene 68.10 8600 6980 196.00 . 8560
isopropylbenzene 172 189 148 10.80 1.39
n-propylbenzene 1.24 1.08 092 515 0.93
methy! styrene 007 1150 748 30,40 227
acetophenone 1.45 8.87 5.16 35.10 2.33
Total of targst 90.72 1195 9441 3234 1073
analytes (GC/FID) .
Total vOCs 99 129 103 318 128
by GCFID _
Total vOCs by 104 120 105 265 123
402 analyzer

ND = Not detected (<0.01 ugfL).
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composite resins, except for 2-phenyl-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 9096 of the total concentration
determined by the GC/F1D speciation methodology. In addi-
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 1-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-
tlon, based on the relative chromatographic response.

Figure 3 shows a representative chromatogram from one
of the GC/MSD 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 109%. Since oxygen-
ated compounds will give a lower FID response than benzene
(which was used to calibrate the Beckian analyzer), 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 (% 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 Table 3 and the
extruder operating conditions shown in Table 1, emis-
sion factors have been dertved for the various spectes,
in terms of micrograms of VOC emitted per gram of
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Phase 2 involved col-
lecting and analyzing
samples from tests which
included four composite
resins, one replicate resin,
an air blank, and two SAN
purge blanks. All target
analytes were detected,
except for 2-phenyl-1-
propanol. Pipe and auto-
motive composite fumes
were the only composites
to generate 1,3-butadiene,
with emission factors of
1.99 and 0.93 ug/g, re-
spectively. The pipe com-

1.2E+B
Peak Mo,  Compound Name 3
1* 1,3-Butadicne
| . BE+8 1*  Acrylonitrile
3*  4-Vinyl-1-Cyciohcxcne
4*  Eihylbenrene
5 m and p-Xylene
8. 7 6*  Styrene
e 7 o-Xylene
: 8*  lsopropylberzene .
c ] Benzaldehyde
® i 10*  n-Propylbenzene "
'2 €. BE+? 11*  Methy] styrene
3 12 3-Methyl-2-isopropylbenzene
p-l 13 Aceiophenone
« 14 p-Ethyistyrene .
4.BE+ 7+ ¥$  1-Methylenc-4-isopropylenc Gyclahexane
* Targel analytes
[} 13
Z2.0E+7 2
\ ) Lk*__u__%
]
2. e+ ~— T T v v T r v T - . -
12 14 16 I8 20 2a 24 26 28 I ag 34
Time (min.)

posite fume yielded the
highest emission factor

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

processed resin. Table 4 shows these results for the four
composite resins. Mean values of the target analytes were
also calculated 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 20% 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 methanol during standard preparation procedures) or the
small 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 extruston of Magnum® 342EZ ABS au-
tomotive resin was being performed. An excellent aver-
age recovery of 106% 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 ug/g
and the highest total VOC
emission factors deter-
mined by GC/FID and the continuous VOC analyzer at 653
and 544 pg/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 composite resin emission factors.

Compound Auto GM (R) GM Pipe Retrig
HQlg  pglg  Meant % RS0 pg/y ug/a
1,3-butadiene 083 nd nd 199 nd
acrylonitile 574 779 731877 875 104
4vinyl-1-cyclohexene 050 1681 17B£135 134 276
athylbenzena 276 802 868+107 6920 139
styrena 130 126 140+ 142 402 156
jsgpropwbenzeng 3.29 2.68 303t 16.2 22 2.55
n-propylbenzene 237 165 180117 106 1.70
methyl styrene 129 1343 17.0+204 6241 4.16
acetophenone 278 929 1264389 721 425
TotalvOCsbyGCFD 180 185 653 231
Total VOCs by 402 199 189 544 225
Analyzer
NOTES

nd = not detecled (<0.01 pgfL).

% RSD = Percent relative standard deviation. ..

GM = General molding -

Refrig. = Refrigeration.

(R} = Replicate.

VOC = Volatile Organic Compounds found in each resin 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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SPI STUDIES EMISSION FACTOR SUMMARY CHART

(1) (1 () 2) (3) (3)

VOM VOM HAP HAP PM PM
Study Resin (ug/g)  (biton)  (ug/g)  (biton)  (uglg)  (Ibston)
polyethylene LDPE-500F 35 0.07 0.39 0.0008 31 0.06
June 1996 LDPE - BOO F 157 0.31 21 0.0420 242 0.48
LLDPE-355F 8 .02 0.tz 0.0002 2 0.00
LLDPE-395F 9 0.02 0.07 0.0001 - 22 0.04
LLDPE - 450 F 14 0.03 0.27 0.0005 25 0.05
LLDPE - 500 F 20 0.04 0.45 0.0009 60 0.12
HDPE - 380 F 21 0.04 0.15 0.0003 20 0.04
HDPE - 430 F 31 0.06 0.15 0.0003 27 0.05
polypropylene homopolymer - 400 F 104 0.21 14 0.0028 30 0.06
Jan 1999 homopolymer - 510 F 177 0.35 23 0.0046 68 .14
(G homopolymer - 605 F 819 1.64 47 0.0940 653 1.31
homopolymer - 490 F 199 0.38 55 0.0110 150 0.30
RG homopolymer - 490 F 33 0.07 0.35 0.0007 17 0.03
RG homopolymer - 570 F 202 0.40 19 0.0380 218 0.44
copolymer - 505 F 80 0.16 1.4 0.0028 35 0.07
copolymer - 510 F 59 012 0.23 0.0005 28 0.06
polyamide general nylon 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 & 52 0.10 0.01 0.00002 18 0.04
copolymer nylon 66/6 122 0.24 0.0 0.00002 6 0.01
copolymer nylon 66/6 154 0.31 (124 0.00002 3 0.01
EPDM toughened nylon 66 137 0.27 0.32 0.00064 67 0.13
EPDM toughened nylon 66 133 0.27 0.29 0.00058 64 0.13
toughened nylon 6 171 0.34 29 0.00580 27 0.05
toughened nylon 6 158 0.32 2.8 0.00560 25 0.05
(5} nylon 66 57 0.1 0.01 0.00002 115 0.23
(5} copolymer nylon 66/6 61 0.12 0.01 0.00002 92 0.18
[t)] copolymer nylon 66/6 101 0.20 0.1 0.00002 b5 0.11
(&) copolymer nylon 66/6 102 0.20 0.1 0.00002 76 0.15
polycarbonate food contact grade 39 0.08 3 0.062 85 0.02
July 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 as 0.08 43 0.086 29 0.08
UV stabilized grade 40 0.08 49 0.098 31 0.06
radiation stabilized grade 71 0.14 58 0.116 B 0.02
radiation stabilized grade 62 0.12 58 0.116 6 0.01
impact modified grade 116 0.23 t14 0.228 21 0.04
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 0.5 0.001 23 0.05
radiation stabilized grade 15 0.03 0.6 0.001 23 0.05
branched polymer 11 0.02 06 0.001 3 0.06
branched polymer 1" 0.02 0.72 0.001 33 0.07
copolymer 119 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 matter - VOC)
June 1996 and Jan. 1999 studies utilized a Beckman 402 in-line FID system.
Juty 2001 study utilized 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 pollutant
(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 se5-

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 Ib resin x 0.1 Ib VOM / ton resin = 0.00050 b VOM / hr
0.00050 Ib 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 Ib resin x 0.4 Ib VOM /ton resin = 0.04 Ib VOM / hr

0.04 1b VOM / hr x ton VOM /2,000 1b VOM x 8,760 hr/ yr = 0.2ton VOM/ yr

Hazardous Air Pollutant (HAP) Emissions

Low Emission Factor, Low Throughput

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

High Emission Factor, High Throughput

200 1b resin / hour x tonresin/ 2,000 1b resin x 0.3 Ib HAP/ ton resin = 0.03 Ib 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 1b resin / hour x ton resin/ 2,000 b resin x 0.02 b PM / ton resin = 0.0001 Ib PM / hr
0.0001 1b 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 tonresin/ 2,000 Ibresin x 0.51bPM /tonresin = 0.051b PM/ hr

0.051bPM/hr x ton PM/2,0001bPM x 8760 hr/yr = 0.2 ton PM/ yr

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



OVERVIEW OF ESTIMATED EMISSIONS

Volatile Organic Material (VOM) 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

0.0004 ton PM / yr
High Emission Factor, High Throughput

0.2 ton PM/ yr

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

Fim &
Blow Rotational Sheet Pipe Profile injection | Compo-

State Molding Molding ; Extrusion | Extrusion | Extrusion | Moiding und Other Total

U.S. Toial 1.155& 202 1,281 1z 802 7,727 703 §77 12,908

U.S. Total, including P.R. 1,191 302 1,281 aza 802 7,733 704 577 12.918
Alsbams 18 4 13 9 6z 9 15 147
Alaska NA NA NA NA Na| - NA NA ol
Arizons 14 1 8 ] 82 3 6 123
Arkansas 18 5[ " 10 84 " o 158
California 138 38 159 41 980 61 48 1,528
Colorado 7 7 8 4 118 2 k] 180
Connecticut 10 1 15 2 190 1 20 255
Delaware 2 1 4 1 10 3 a 2
District of Columbie NA/ NA, NA/ NAJ NA NA NA 0
Florda “ 7 n 18] 323 18| 2 499
Georgia 3 10 53 0 120, 13 52 343
Hawail 3 1 | NA| 2 -1 0 [
idaho u« 4 0 2 28 1 1 as
Minols e 1" 85 10 491 40 2?7 797
indiana as 18 47 6 326 40 2 529
lowas 29 13 15 s 89]. 1 2 183
Kansas 16 3 10 10 80 4 7 123
Kantucky 2 1 1) 7 127 15 5 218
Louisiana 18 NA| 0 3 24 12 4 iR
Maine 3 1 2 NA 26| 3 5 4
Maryland 15 2 7 1 80 7 1 3
Massachusetis 38 8 49 5 260 3 41 a54
Michigan a7 10 ao| 4 63 30 10] 820
Minnesota » 201 3z L] 182 15 2 a08
Missisaippt 7 2 17 3 64 ° 10 122
Missouri 45 7! 25 5 148 7 8| 285
Montana 1 NAj 0 NA] 12 NAJ 0 123
Nabraska 2 3 3 5 48 4 2 70
Nevada 1 1 3 7 28 2 0 48
New Hampshire 12 3 4 3 67 1 12 115
New Jersey ) 7 70 7 245 a8 2 arn2
New Mexico 3 NAL ul 1 7 NA] o 1
New York 5 10 48 12 as54 27 17 552
North Carolina 71 1" 47 10 218 2| 33 407
North Dekota 1 1 1 1 10 NA| 0 14
Ohio %0 28 78 21 542 a7 2 923
Oklahoma 1 8 12 4 57 't 1 s
Oregon 8 s 9 7 87 3 3 128
Pennsyhania 58 1 58 18 as7 1] 2
Rhode isiend 2 1 " 1 56 4 ] [
South Carolina 1% [ 20 ] 82 ¥ 20 1
South Dakota 1 2 4 N, 18 NA] 0 25
Tennessee 25 4 20 ;l 171 18 L 262
Toxas 82 13 B4 26 3852 82, 3 L1
Lah 10 [ 5 3 88 i 4 119
Vermont 2 NA| 5 NA| 2 1 8] 38
Virginia 14 2 30 4 82| 9] 17 158
Washington 18 ¢ 17 s ol 5; 4 154
West Virginia ] 1 5 4 10 5 1 a3
Wisconsin 27 5 57 5 240 18 [ 382
Wyoming 0 0 0 0 8 0 0 8
Puerto Rico 3 0 D o 8 1 of 10

Source: TownsendTarnell.Com, Inc. A-2
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INJECTION MOLDERS

Ranked by sales of injectlon moided products in most recent full fiscal year
Originatly published April 11, 2005, in Plastics News. Some daia may have baen updatad.
Injection

Rank Company

1

10

"

12

13

14

15

16

17
1w
19

Colling & Aikman Gorp, P
Troy, MI

"
Troy, M1
"
Van Buren Township, MI

®)
Southfield, Mt

plastech Engineared Producis ing, °
Dearbormn, ML

Plasti
Evansvilie, IN

Newell Rubbermaid Inc, )
Atanta, GA

®

Toledo, OH

Nypro Inc.,
Clinton, MA
De b
Concord, Ontario
Warren, ME

™
Glenview, IL
Guide Corp,
Pendiston, IN

b
Holland, MI
St. Louis, MO
Letica Com.
Rochestsr, M
Grand Rapids, Mi
Dearbomn, MI

Fraser, Ml

Northvills, MI

Top Injection

molding sales
molding official {millions $)
Charles Backer 1,600.00%
Acting CEO 0000
Kevin Heigel 1,441,00
Business line sxscutive
Tom Burke 1,350.00F
VP, North American mfg.
operations
Lou Salvatore 1,100.00
President, interiors &
electrical
Julis Brown 830.00F
Chairwoman & CEQ
Ira Boota 754.00
CEQ & President
Joseph Galll 720.00F
CEQ
Michasl McDaniel 805.00E
VP & GM, closures &
Brian Jones 561.20
CEO
Alan Power 573.00
CEO & President
D. James Davis 485.00F
CEO & President
W. James Farrell 425.00F
Chairman & CEQ
George Sloan 400.00"
Presidsnt
Cartos Maxzorin 385.00F
Chairman & CEQ
David Adams 371.00
CEO
Anton Letica 330.00F
President
Richard Lacks Jr. 300.00
CEQ & President
H. H. Wacaser 300.008
CEO & President
Michael Alexander 200.00F
CFO & VP
Tim Nelscn 280.00
COO & President

hatp://www.plasticsnews.com/subscriber/rankings/listrank. html?mode=in;

6/16/2005
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21

8

23

27

3

a3

3

ar

7

41

47

Neaton Auto Products Manufactyring

Inc,
Eaton, OH

Chino, CA
T

North Versailles, PA

Princeton, NJ

Cascade

Grand Rapids, Mi
Summit Polym
Portage, MI

Salem, OH

Philligs Plastics Corp.

Hudson, Wi

Raleigh, NC

Magk Group Inc.
Arlington, VT

i in Exteriors LLC

Troy, Ml

San Jose, CA

Flax-N-Gale Piastice Group

Warren, M|

City of industry, CA

NYX inc.
Livonia, MI

Portage, M}
AptarGroup Inc.,
Crystal Lake, IL

Sheboygan Falis, Wi

Slerlite Corp.
Townsend, MA

Chicago, IL

Minture Precision Components Inc,

Walworth, Wi
Naw Albany, IN

Bo
Fullerton, CA

Tupoerware Corp, ) d
Orlando, FL

Dallas, TX

Un G
Westmont, IL
Eria, PA
Crestiine, OH

ADAC Plastics Inc.
Grand Rapids, M|
{P}

St Damien, Quebec
http://www plasticsnews.com/subscriber/rankings/listrank.htmi?mode=inj

Inc,

-

f

Masayuki Furugori
President

Earl Payton
CEQ
John Weeks

Chairman & CEC
Terry Sutter

President, Tyco Plastics &

Adhesives Group
Fred Keller

Chaiman, CEO & Pres.

James Haas
President

Clifford Croley
CEO & Prasident

Robert Cervenka
Chairman

Tom Linton
CEOQ & President

Don Kendall
CEC & President

Victor Schneider
Vice President

Jack Watts
Chairman & CEO

Shahid Khan
President

John McKeman
CEO & Prasident

Chain Sandhu
CEO

Greg Botner
CEO

Carl Siebel

CEO & Presidont

Peter Bamis
Executive VP

David Stone
President

Doug Ramsadale
CEO

Jim Brost
President

Doug Batliner
President

Grag Toft
Frasident

R. Glenn Drake

Group Prasident, North
America

Ron Embres
President

Richard Harris
coo

Joseph Prischak
CEO

Kevin Earty
President

Jim Tosts
COO & President

Maurice Beauchamp

Dir. of operations

276.00

270.00E

264.00

2680.00E

250.00
250.00F
240.00
208.00
207.00
202.00
200.00%
196.00
195.008
195.008
190.00
190.00F
180.00F
180.00%
175.00F
170.00E
167.00
185.00
165.00F

165.00E

160.00
160.00

155.00F

154.00

153.00

161.60
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Louisville, KY
Tech Groyp Inc.
Scottsdale, AZ
Sarns

Marysville, M
Lamson & Ses:
Cleveland, OH
ABC Groyp inc.
Toronto, Ontario
Solo Cup Co,
Highland Park, IL
Grand Rapids, MI
Kort Group Ing.
Lancaster, PA
Gallaway, TN

P

Appl
Radnor, PA

Victor, 1A

ucts Co, inc.

Plastic Pred
Lindstrom, MN

Allantis Plastice Molded Products
n. Py h
Handerson, KY

Tiercon Industries Ing.,
Stoney Creek, Ontario

(P}
Torrance, CA

Elbridge, NY

Plagtican Inc.
Lesominster, MA

Crown Risdon
Watertown, CT
Nvioncratt inc, *
Mishawaka, IN

a
Troy, Mi

0 _

Downears Grove, IL
Clinton, MA

(Pym

Carthage, MO

Engineered Plastic Components "

Mattawan, M1

!
Bryson City, NC

g

Lg]

lastic Division

Craig Jones
CEC

Harold Faig
CEOQ & President

Andrew Ridgway -
President

John Schulze
CEO & President

Claude Elgner
Executive VP

Anil 8hah
Sr. VP operations

Bill Backman
President

Richard Hofmann
CEOQ & President

Mark Dorris
President

Raymond Langton
CEO

Michael Tryon
CEO & President

Mariene Messin
President

John Geary
VP & GM

Chuck Villa
COO & President

Don Waellington
President

Russeil Wooten
Injection molding mgr.
Anthony Catenaccl
Prasident

Marc Mason
VP manufacturing

Rick Legate
COOQ & President

James Swartwout
President

Roland Beck
Prasident

John Clementi
Prasident

Jim Adams
VP operations

Jim Krzyzewsk|
President

Nick Bogdanos
COO & President

Glenn Paulson
President

Paul Naxzaro
President

Jim Ukena

President, Plastics Group

Robert Alexander
Vice President, Alcoa

Steve Norman
VP operations

145.10
145.00
145.00€
129.00
120.00
120.005

113.00°"

110.00%

110.00E

105.00
102.50
101.80

100.00

100.00
100.00
100.00E
96.00
29.00
98.80
£26.00
96.00
05.00€
£0.00

80.00
90.00E

20.00E

85.00

85.00

85.00F

84.00
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100

101

102

102

102

102

108

107

107

107

107

111

Toledo, OH
Glendora, CA

Chatham, NY

Filtertek tnc,
Hebron, iL

Costa Mesa, CA

Mayco Plastics inc,
Sterling Heights, M|

Cormy, PA
- o

Nilas, M|

Thermotach

Hopking, MN

Rehau Inc.

Lessburg, VA

Lionville, PA

Sterling Heights, M|

Wilhert Plaslic Services P

Harrisburg, NC

Leon Plastics Inc,

Grand Rapids, Mi

Gl Plastek

Newburyport, MA

Pt tries Inc.

Hatfield, PA

Evco Plastics

DeForest, Wi

Reiss | i

Englishtown, NJ

Vaupeil Inc. 9

Sealile, WA

Bethal, VT

Norseman Plaglics Ltd,
Rexdale, Ontario

Injax industries inc,
Hayward, CA

Bericap Inc.
Burlington, Ontario
Georgia-Pacific Corp. (P
Afignta, GA
Peros inc.
Fort Worth, TX

ver
St. Clair, Ml
Cowan Plastics LLC
Providence, R
Eawn Industri
Timonium, MD
South Elgin, IL
Newnan, GA

Ypsilanti, MI

Products Inc.

")

Dave Spotts
General mifg. manager

Richard Gordinier
CEO & Presidant

Bob Puschi
Divigion VP
Rick Renjillan
VP operations
Sumito Furuya
President
Timothy Hoefer
President

Hoop Roche
Chairman

Doug Walt

Plant manager

John Bonham

CEO & President
Oliver Kaestner

VP production

Bob Hargesheimer
President, Device Group
Andrew Greeniese
CEO & Pregident
Curtis Zamec
Chairman, CEO & Pres.
Tom Pykosz

President

Randy Herman
Prasident

8. James Spierer
President

Dale Evans
President

Carl Relss
President

Joe Jahn

CEO & President
Brenan Rishl
CEO A& President

Walter Raghunathan
VP operations

Hermilo Martinez
Manufacturing manager

Scott Ambrose
COO & President

Bob Clark
Sr. dir. of operations

Isto Hantlla
President

Tim Erdmann
Prasident

Willlam Dessel
President

John Franzone
CEO

Robert Hoffer
President

Philip Mengel
CEO

Gerald Edwards
CEO

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

81.00
80.00
80.00
70.00
79.00
78.00
77.80
75.00
75.00
75.008
75.008
74.00
74.00
72.50
71.20
71.00F
£8.00
68.00
85.40
65.30

65.00F

80.00
80.00F
80.00%
80.00F
56.00
56.00
55.00
55.00
55.00€

£1.00E
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112

113

13

113

113

17

118

118

121

121

121

124

128

125

127

128

128

128

128

132

132

132

132

138

137

138

139

130

141

14

New Brighton, MN
Rochester, NY

La Praire, Quebec
Eimo Americas
Vicksburg, M|
DeSoto, KS

Arkay Industries inc.
West Chester, OH
DA Ing,
Charlestown, IN
Erie, PA

Intec Group inc.
Palatine, IL

Alcan Packaging
Chicago, IL

Bosti Americas
Minden, LA

Toronto, Ontario

UFE Inc,

Stillwater, MN
Harborcreek, PA

AMP Industries
Harrison Township, M1
Engipeered Products Industries LL.C
Hazeiwood, MO

El Paso, TX

Mold-R|

Pilattsburg, NY

Nati olding
Farmingdale, NY
Rexam Sussex
Sussex, W|

Fenton, MO

Waverly, NE

ORC, Plastics
Oneida, NY

Lisle, IL
Niles, OH
Clayton, MO

Plastech Corp.

Rush City, MN _
Alliance Precision Plastics Corp,
Rochester, NY

Elgin, IL

Easley Custom Plastics Inc. *
Easley, SC

EM Corp,
Rogers, AR

Treasa Springett
President

Ron Ricotta
President

Normand Tanguay
President

Joe O'Brien
General Manager

Kalle Tanhuanpli
Exacutive VP, Americas

Kevin Kuhnash
Co-CEO & President

Kenji Kanli
COO & President

Don Cunningham
President

Steve Poriman
Presidenl

Jerry Rodell

VP operations

Tommy Neat
co0

Morton Arshinoff
President

Lelan Jamison
General Manager

John Johnson
President

Rick Besseatte
Vice President

Ron McGes
VP & Dir. tech. services

Kris Lovell
Dir. sales & marksting

Mark Goyatte
Maolding manager

Joseph Anscher
President

Ksith Everson
President

A.J. Koller 1
President

Paritosh Chakrabarti
CEO & President

Kimball Bradley
COO & Prasident, Raunion
Industries Inc.

John Winkler
VP intemal operations

Ksn Leonard
Vice President

George Abd
CEO & President

Dennis Frandsen
CEO

Bradiey Scott
President

Daie White

coo

Steven Oison
VP sales & engineering

Mike Watts
CEO
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ths;:n'. Cntario
Annvilie, KY
P, MA
Federaisburg, MD
Mora, MN
cn;;rin Falls, OH
Marietta, GA
Bellevue, OH

Libraiter Plastics lnc. *
Walled Lake, M|

Sur-Fio Plastics & Engingering Inc.

Warren, Mi

Innatech LLC
Rochester, Mi

AMA Piastics Ing,
Corona, CA
Cambridge, MD
Whitby, Ontario
Elgin, IL
Meadville, PA
Fairport, NY
Forest City, NC
Midland, Ontario
McHervy, Il
Cranfo;d. NJ
Clinton Township, M1
New Baltimore, MI
Lubbock, TX

Port Hu.rm. M
Omaha, NE
Minneapolis, MN
Hot Springs, AR
Fowlerville, W

Carthupias Ing.
Kennebunk, ME

injeciron Corp.
Plginfleld, NJ

Glenn Coates
Prasident

Ted Cochis
President

ian MacLeod
Vice President

Ailen Penrod
President

Jeoft Fackler
Vica President

Scolt Balogh
President

Dalsuke Yokata
President

Todd Young
President

Alan Barr
Presidant

James Marshall
CEO

John Palmer

Sales & marketing mgr.

Mark Atchison
CEO & President

Douglas Bennett
President

Asif Rizvi
President

W.S. Baxter
President

Dennis Frampton
President

Vern DaWitt
President
Todd Bennett
President

Anton Mudde
CEOC

Kelth Wagner
General Manager

Geoff Engsistein
President

Kurt Nerva
President

Gerrit Vresken
President

Calvin Leach
General Manager

Peter Mytnyk
CO0

Tim McConnell
President

Peter Thompaon
President

Eric Kirkman
CEO & President

Rick Scofield
President

Peter Cirlello
CEO & President

Lou Pollsk
President
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188
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192
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Brampton, Ontario

Chesterfiskd, MI

Top Seal

Boyertown, PA

Baldwin Park, CA

Vingent Industrial Plgstics inc.
Henderson, KY

Grand Haven, MI

Haltom City, TX

Powsll, TN

Innovative Iniection
West Des Moines, [A

Ironwood Plaslics Inc.
Ironwood, Mi

Penndel, PA
Sellz Corp.
Torrington, CT

Trostel SEG inc,
Lake Geneva, Wi

Tin
Anoka, MN
Schnipke Engraving Co. Ing.
Otioville, OH

Specinlty Manufachurers Ing.
Indianapolis, IN

Craftech Corp.
Anaheim, CA

Agapé Plastics inc.
Grand Rapids, Mi

n Systems USA Inc.

Marysville, MI
PIA Corp,
Oxford, CT
QMR Piaslics
River Falls, Wi

Falgon Plasi
Brookings, SD

198 $f

198

g

g 8 8 8
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Somerset, NJ
i tics Ing.

Geneva, OH

»uno inc.

Anoka, MN

Norco Injection Molding Ing.
Chino, CA

Donnelty Custom Manufaiuring Co.

Alexandria, MN

Loaktile Corp,
Leominster, MA

Sanmina-SC| Enclosure Systems

Turtie Lake, W1

Tom Smith Indystries Inc.
Clayton, OH

Traex
Dane, Wi

Technologies lng.

T. Breckenridge
President

William Lianos
President

Fred Blesecker
President
Wayne Oxford
CEOQ

James Vincent
CEOQ & Prasident

Alan Chapel
President

John Reichwein Jr.
President

Andrew Adams
Dir. of operations

Robert Jansczko
CEO & President

Mark Stephsns
Vice President

Raymond Mslenfant
Presidant

Damian Macaluso
VP & GM

Tom Sloans
Prasident

Marty Sweerin
Secretary & Treasurer

Eilasn Halter
CEQ

John Lucas
CEO

Alfredo Bonetto
8r. Vice President

Cynthla Alt
Chairman

Troy Buset
Molding manager
Ray Seelsy

CEQ

Aron Yngve
Executive VP

Jay Bender
coo

Gene Stull Sr.
CEQ & President

Dan Weber
Plant manager

Archie Olson
President

Jack Williams
CEOQ

Sam Wagner
Dir. of advanced
manufacturing

Rodnay Sparrow
President

Phil Sorensen
Operations manager

Steve Good
President

Steve Boeder
Plant manager
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25.00%
25.00F
24.50
24.00
24.00
24.00
24.00
24.00
23.50
23.00
23.00
23.00F
22,90
22.30

22.00

22.00%
21.90
21.10
21.00

21.00F

20.00

20.00
20.00
20.00

20.00

Page 7 of 23

6/16/2005



Plastics News - Injection Molders

200

g

211

212

213

213

213

213

213

219

B B 8 B ¥ BB B BB

»
s

g

2%

\astl
Mansfisid, OH
Grand Rapids, M
Haysville, KS
Plasoros ing.
McHenry, IL
Middiefield, OH
Elgin, IL

IMT-Mercer Growp inc. v
Lawrenceville, NJ

Wise-Hamlin Plastics Inc.
St. Charies, IL

A Service Plastic Mokling|

Dayton, OH

Inc.,
Elgin, IL
Norridge, IL
San Diego, CA
Ashaboro, NC
Turlock, CA
Femiot Inc.
Akron, OH
Adkay Inc,
Goodland, IN
Myrtie Beach, SC
Louisville, KY
Circlavilla, OH

Odessa, MO

slics Co,

Butier, IN
Agonquin, IL
North Vermnon, IN
Barrie, Ontario
LMR Plastics
Grasnaville, TN
Piscataway, NJ
Contour P
Baldwin, W|

Waterford, Wi

Grinnell, 1A

Kugz-Kasgh Ing,
Dayton, OH

Lomont Molding Inc.
Mount Pleasant, 1A

Perry Brady
Plant manager

Rod Adams
President

Dennis Velliqustte
Plant manager

Norman Dusenbaerry
Vica Preskient

Joseph Bergen
CEOQ

James Weinhart
President

Tony Lessnsky]
President

Fred Wise
President

Joe Kavalauskas
Vice Prasident

Ragnar Korthase
Presidant

Michasl Quig
President

R. Scott White
VF operations

Brian Tauber
President

Steve Volk
VP operations
Craig Ferriot

Dir. moiding & finishing div.

Gary Rheude
President

8. Richard Averstte
President

Gersld Cox
Prasident

David Greeniles
President

Bruce Bellington
CEO

Rick Waiters
VP operations

Karl Schiffmayer
President

John Kussman
President

Dennis Nykoliation
President

Bob Leonard
Preaident

Dennis Eckels
VP manufacturing
Barry Grant
President

Peter Keddie
President

Reza Kargarzadeh
President

Chris Eichmann
Dir. of sales

J.D. Schimmelpfannig
President
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Albertvilie, AL
Newton Falls, OH

P
Portland, TN

\mperial Plastics Inc,
Lakevite, MN

- mifacturing Technologies Inc.
Grand Rapids, M

Ferguson Produdion Inc.
McPherson, KS

Madan Plastics Inc.
Cranford, NJ
Rochester, NY
Elgin Molded Plastics InG.
Elgin, IL

: w
Holland, MI
Plasticorp
Harbor City, CA
Liverpool, NY
Long Beach, CA
Zeeland, M|
Marion, KY
Morend, Mi
Phillipsburg, NJ
Whitmore Lake, MI
C-Plastics Corp,
Leominster, MA
Fenner Drives
Manheim, PA
Hilco Technologies
Grand Rapids, M|
Matrix Inc.
East Providence, Ri
Temecula, CA
Ansonia, CT
Akron, OH
Burtington, IL
South Plainfield, NJ
Arden, NC
Sheridan, M|

Hansen Plastics Corp,
Eigin, iL

Elasthec Melding 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
Michae! Madan
General Manager

Kan Desroslers
President

Todd Farwell
Dir. of operations

Pster Prouty
President
Deannis Mitchell
President

Thomas Falcone
President

Thomas Hutchinson

Prasident

Noel Cusllar
President

Charlie Hicklin
VP operations

Jeffrey Owen
President

Robert Zappa
VP & GM

Roberi Bretz
President

Gordon Curtis
CEQ

Erik Nadeau
Plant manager

Dan Tallaferro
Vice President

John Harker
President

Gregg Hughes
President

Ed Flaherty
VP engineering

Crawford 8mith
Plant manager

Stephen Motis|
President

William Wilson
President

Yutaka Klyuu
President

Robert Luce
President

David Watermann
President

John Kimberiin
Engineer
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293
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29
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Elk River, MN
Minneapolis, MN
Scottsburg, IN
Sae;enow;. PA
Whitewater, W1

River Clty Plastic
Three Rivers, M|

True Precision Plaglics LLC *

Lancaster, PA
QOrange, CA

i Y
East Troy, Wi
Warminster, PA

S&W Plastics LLC
Eden Prairie, MN
z
Upland, CA

Agrot
Kerrville, TX

Custom Plast
Cobourg, Ontario
P

Milwaukee, W1
Polycel Struc
Somerville, NJ
Syntec Technologies Inc.
Paviion, NY .
Altek Inc,

Liberty Lake, WA
Artistic Plastics Inc,
Anaheim, CA

ABK Lehigh Valley
Philadeiphia, PA

Eclipse Mold Inc.,
Clinton Township, M
]

Hampson Corp.
North Ridgeville, OH
Columbia Clty, IN
Soul

Mishawaka, IN
Yorktown, NY
Sieinwall Inc,

Coon Rapids, MN
Hicks Plastics Co. inc,
Macomb Township, MI
Dixon, KY
Protomold Co. Ing,
Maple Plain, MN

Sun Plastics Inc,

Elk Grove Village, IL

Corcna, CA

Tim Osterman
CEQC & President

Ron Rogers
President

James Gladden
CEO & Prasident

Charles Johnston
Operations manager

Jaff Keller
VP operations & GM

Howard Ross
President

Jim Kempf
Vice President

Robert King
Vice President

Jay Horan
Divisional Vice Prasident

Oscar Musitano
President

Dave Presler
Co0

Rocky Morrison
Dir, of operations

. Thomas Houdeshsll

VP & GM

Peter Harrison
President

Ted Muccio
President
Ayman Sawaged
Dir. of operations
Paul Tolley
President

Mike Marzetta
President

Dians Mixson
President

Andy Vartanian
Presidant

Steve Craprotta
VP & GM

Doug Johnson
VP & COO

Ronald Richey
CEO & Presidsnt

Austin Drinkalt
CEOQ

Matt Kness
General Manager

Maureen Steinwall
President

Tim Hicks
General Manager

Edward Knapp
President

Bradley Cleveland
CEO & President

George Gemberling
President & owner

Thomas Pridonoff
President
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2

312
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12

M2

312

312

Mz

Grand Haven, Ml
Bardot Plaglics Inc.
Easton, PA
Corry, PA
Pittafield, MA
Anaheim, CA
Denville, NJ
South Bend, IN
Santa Rosa, CA

) .
Sturbridge, MA
Hamelin Enterprises
Boucherville, Qusbec
Orchard Park, NY
RICInG
West St. Paul, MN
Milan, Ml
Omaha, NE
Biue Slar Plastics Inc.
Lexington, KY
Hutchina, TX

New Waterford, OH

Engineered Plastics Corp
Mencmonas Falis, Wi

b
Avilla, IN

Plastocon Ing,
Oconomowoc, Wi
Nampa, ID
Spir-it Inc,
Andover, MA,
Stratford, Ontario
Elroy, W1

Thogus Prod
Avon Lake, OH

Aastics LLG

Miian, IL

Pittaburgh, PA
Centech Piastics Inc.
Elk Grove Village, IL

Clairson Plastics
Ocala, FL

Schiller Park, IL

Fox Valley Molding Inc.
Plano, IL

Glenn Anderson
President

J. Lee Boucher
President

Kelly Goodse!
CEO & Prasident

wWm Kristensen Sr.
President

Keith Johnson
Vice President

Theodore Plerson
President

Robert Tennyson
CEO

Bob Stoesser
President

John Argitis
Prasident

Nadine Hamelin
Prasident

Jack Berisch

Prasident

Mark Nelson
Presidsnt

Robert Bedrosian
CEO & President

John Nepper Jr.
President

Rager Storch
Ganeral Manager

Frank Haas
President

Don Brothers
Chairman & CEO

Deb Bristoll
President

Rick Wiecinski
General Manager

Jim Nurmi
President

Dorothea Christiansen
President

Robert Morissette
VP operations

Gil Kiimer

VP sales & marketing

John Wiide
CEO & President

Kathleon Hiavin
President

Brig Vandsrwoude
President

Russell Smith
President

Peter Varhegyl
CEO & President

Steve Nilson
Dir. of operations &
enginesring

Larry Caldrone
President

Don Haag
President
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Mount Vernon, IN

$t. Charles, IL

Qregon Precision indusiries ing, dba

PakTech
Eugene, OR

Performance Enginegred Prodycts Inc.

Pomona, CA
M;nskogon. ‘MI
Meadville, PA
Sheiby Township, MI'
Russelis Point, OH
Coeur d'Alene, ID
New ‘Buﬂalo, Ml
McPharson, KS
Gardene, CA
Auburmn, NY
Guttenberg, 1A
Libertyville, IL
Nordan Inc,
Rochester, NY
Perry, MO ;

El Paso, TX
Putnam, CT
w&oc

EP| Advanced LLC ©
Sherman, MS

Flak Molded Plastics Ing,
Evangville, IN

Lakeview, OH

Polyfab Corp,
Sheboygan, Wt
Polienvases SA de CV
Garcia, Nuevo Ledn
Amtec Molded Products
Rockford, IL

Harbor Plastics Manufacturing Co.

Richmond, CA
Lexington, KY
Winchester, TN

Ventura, CA

N.A.

Ed Hahn
Dir. of manufacturing

Jim Borg
President

Carl Dispenziere
Prasident

8l Klungle
General Manager

Chris Adams
Operations manager

Raymond Kalinowski
CEO

Steve Buchenroth
President

Dale Mayer
President

Robert Orlaske
CFO

Tom Bumholz
Dir. of manufacturing

Scott Taylor
President

John Currier
President

Don Overman
Vice President

Robert Grala
President

Terry Donovan
CEO & President

David Berry
Vice President

Charias Sholtis
CEO

Jeannes Zesut
VP & GM

Gunter Weiss
President

Dan Lewis
General Manager
Jim Peters
President

D. Andrew Tempiston
President

Richard Gilf
CEOQ

ismasl Gomez
President

Wiiliam Pizzo
VP operations

Jon Lawiis
President

Staniey Isensteln
President

Michael L. Cherry Sr.
CEO & President

Ronald Stambarsky
President

John Van Bosch
Chairman & CEO
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Potterville, Mi

ABA-PGT Inc.
Manchester, CT

Arder;. NC
Bridgeview, IL
Benton Harbor, MI
Leominster, MA
Fort Lauderdale, FL

Rome, NY
Techno Piagtics Industries Ing,
Afiasco, PR

Anahsim, CA

Portage, M|

Wilden Plastics
Peachtree City, GA
Denver, PA

Grant Plastics Inc.
Brookline, NH

Corona, CA

Loves Park, IL
Santa Rosa, CA
Brookville, OH

B&B Molders L.
Mishawaks, N
Caprock Menufacthiring Inc,
Lubbock, TX

i m Produets Inc,
DeGraff, OH

Crascent industries Inc.
New Freadom, PA

Distinctive Plastics Inc,

Vista, CA

Kenton, OH

Molding Corp, of America

Pacoima, CA

Amelia, OH

Imperigl Cuslom Molding inc. dba ICM

Plastics

Rogers, MN

Wadal Plasti

Medford, Wi

EPP Team Inc. dba Empire Pracision
Rochester, NY

Acom-Gencon Plastics LLG ©

Greg Dobie
VP operations

Samusl Piesson
President

Cari Morris
President

Rich Andre
Sales manager

John Eberhardt
Dir. of manufacturing

Peter Criscl
President

N.A,

R.D. Trank
President

Henry W. Harding Jr.

President
Roberto Tous
Fresident & GM

Murray Anderson
Dir. sales & markasting

Al McKesown
President

Heinz Diersslhuis
Dir. of operations
Michasl Frey

VP operations
Bruce Curtis
Plant manager
Koby Loossn
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
Operations manager

Tim Curnutt
President

Keith Kinnear
Prasident

Miguel Barba
Molding manager

William Deimiling
CEO & President

Robert King
President
Robert Langs
CEQ & President

Neal Elll
President

Jaff Wyche
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8.00
8.00
8.00
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8.00
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Chino, CA

Aliance-Caroling
Arden, NC

Automation Plastics Corp,
Aurorz, OH

Bright Plastics
Greensboro, NC

Caroba Plastics Inc,
Englewood, CO

Engineering Industries Inc,
Verona, Wi

Global Plastics Ing.
indianapolis, IN

Nescor Plastics Corp.
Mesopotamia, OH

Kasota, MN

Tech NH Inc.
Merrimack, NH

Accutec Systems Inc,

Elk Grove Village, IL
| )

Canton, OH

Cary, IL

Mastarcraft Cos,
Phoenix, AZ

Dundee, MI

Polymer Engineered Products Inc,

Rochester, NY

Kirtland, OH

Xten Industries LLG
Kenosha, Wi

All-Plastics Molding
Addison, TX
Franklin, IN

Qctex Corp,
Sarasola, FL

Kyuger Plastic Products
Bridgman, M}

Boardman Molded Products Ing,

Youngstown, OH
HIT| Plastics
Lincoin, NE
Hudson, MA
Piastic Te

Santa Ana, CA

Brent River Corp.
Hilisborough, NJ

Diversifiad Manufactyring Inc,
Pear, MS

T
Clinton, MA

Salamanca, NY

Stellar P
St. Charles, IL

r ing Inc.

Titusville, FL

President
George Lewis
President
Harry Smith
President

Joe Vest
VF manufacturing

Barry Hart
President

Dean Vandeberg
President

J.R. Spitznogle
President

Darrell McNair
President

Chip Greens

VP operations
Greg Gardner
General Manager

Larry Sternal
VP manufacturing

isasc Kirbawy
Process enginesr
David Butt
President

Arle Rawlings
CEO & President
Keith Ruby
President

Neal Onderdonk
President

Mark Dillllo
President

William Renick
Exec. VP operations

Larry Byrd
President

Tom Murray
Operations manager

John Weaver
Secretary & Treasurer
Patrick Brandstatter
Vice President

Ronald Kessler
CEO & President

Paut Aimburg
President

Richard McKenney
Prasident

Greg Davia

Piant manager

Thomas Dolan
President

Sreemukh Sanne
Presiient

John Schmidt
President

Jerry Collins
President

G, Frelmuth
President

Rodney Hillsman
CEO
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Hi-Tech Mdding & Tooling

Anderson, SC
1
Elgin, IL

Largo, FL

CIMA Plagtics Group
Twinsburg, OH

Eptech Corp,
Mount Laurel, NJ
.

Humphrey Line in
Milwaukie, OR

Industria) Molded Products Co. Inc,
Palatine, IL

el

St Louis, MO
Polveore Qplical USA
Reno, NV

Resistance Tachnology inc.
Arden Hills, MN

Endeavor, Wi

P&P Indusiries Inc.
Morrison, IL

Vanguard Plastics Cofp.
Southington, CT

Lyna-Plast Inc.
Ramssy, MN

Advantage Manufacturing Com.
Friendship, TN

Elite Plastic Products jnc.
Shelby Township, M|

Microdyne Plaslics Inc.
Ontario, CA

Part Inc,
Clover, SC

Veriplas Containers log,
Litte Rock, AR

Micron Molding Ing,
Bloomington, MN
Plastics Plus Technology Inc.
Ontario, CA

Nazareth, PA

p
Latrobe, PA

Hy-Ten Plastics inc,
Milford, NH

Knightsbrig

Fremont, CA

Blyea Ridge Industries ing.
Winchester, VA

Am Pro Custom Molding
Leeds, AL

Ithaca, MI

AAE Plastics Inc.
Elgin, IL

Alabama Plastics Inc,
Birmingham, AL

Holland, MI

Tom Baddos
President

Michael Tietz
Prasident

Edward Venner
CEO & President

James Stewart
Preskient

Chris Rapacki
Vice President

Melvin Ellls
Prasident

Lee Benson
Prasident

Ron Strauser
Prasident

Phil Milier
Production manager

N.A.

Harald Zacharias
Prasident

Anthony Nardi
VP operations

Lawrence Budnick Jr.

CEO

Dave Kalina
CEO

Wanda Rea
Preskient

Robert Mandeville
Prasident

Ronald Brown
President

Dennis Denton
President

Thomas McCain
President

CW. Johnson
Co-President

Kathy Bodor
President
John Bungert
President
Fred Crocker
Prasident

Cralg Heinselman
General Manager

David Platt
President

Mary Sarle
Prasident

Mailcolm Kidd
General Manager

George Balley
Vice President

John Vinka
Vice President

Perry Greer
General Manager

Tim Locks

Engineering manager

8.10
6.10
6.00*
6.00
8.00

6.00

€.00
.00
6.00
6.00
6.00E
8.00F

6.00E

5.80
5.80
5.60
5.60
5.80
5.80
5.50
5.50
5.50

5.50

5.50E
5508
5.40
5.20
5.20
5.00
5.00

5.00
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3

3

472

472

472

472

481

484

T
St. Croix Falls, Wl

Los Angeles, CA

Almena, Wl

Leominster, MA
Minot, ND

Crystal Lake, IL
Glastonbury, CT
Sterling Heights, MI .

Petsrborough, Ontario

Olan Plastics Inc,
Canal Winchester, OH

Riviers Beach, FL
Prism Plaslics ing,
New Richmond, Wi

Iy H
Jacksonville, TX

& Engingering Ing.
Muncie, IN

All.
Antioch, IL

Advanced Plastics Corp,
Warren, M

Omaha, NE

Johnson Precision Ing,
Amherst, NH

P
Opelika, AL

Affinity.

Meandon, M!

Boyrbon Plastics Inc.

Bousbon, IN

Londonderry, NH
Plagti

Wixom, MI

Mountain, Wi

Superior Plasticg Inc,

Piain Clty, OH

Matrix Tool Inc.
Fairview, PA

SP1 Ingustries
South Bend, IN

Glendale, CA

Warren, OH

Dana Molded Produ
Arlington Heights, IL
Canastota, NY

Stering Manufechuring Co. Inc,

Nell Johnson
President

Ronald Miller
Vica President

Miio Hennemann
President

Hank Lisciotti
Vice President

Ron Martin
Molding supervisor
Fred Dickman
President

Ron Bodeau
Production manager

Marco Pisrobon
Vice President

Tim Barrie
President & GM

QOlan Long
CEC

Warren Avis
President

8ill Johnson
Sales manager

George Douglas
Ganeral Manager

Bruce Carmichael
General Manager

Errol Westergaard
President

Charles Worswick
Plant manager

Scott Drvol
President

Richard 8t. Onge
President

Jorry Plath
President & owner

Todd Cook
Owner & pperations mgr.

Rick Green
President

John Callsnan
President

Dennis Walters
Operations manager

Robert Macintosh
VP & COO0

Ed Grimm
VP product devaiopment

Dave Lewis Sr.
President

John Doster
President

Carl Newall
President

Bo Campbaell
Plant manager

Daniel Hidding
CEO

Ronald Farley
President

Dennis Wrzesinski

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

5.00
5.00
5.00
5.00
5.00

5.00

-

5.00
5.00%
5.00%
5.00F
5.00€
5.00E
5.00€
5.00E
4.80
4,80
4.60
4.80
4.680
4.50
450
4.50
4.50
4.50

4.50

4.50

4 50F

440
4.28
4N
4.20

4.10
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485

486

487

487

487

497

497

497

512

514

514
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South Lancaster, MA
Pittsburgh Plastics My, Inc,
Butier, PA

LCS Pracision Mojding Inc.
Waterville, MN

DAL Tooling & Plastics ing,
Jacksonville, TX

Elex Products
Caristadt, NJ
Elyte Toot & Di
Bridgeport, CT
Proto-Cast LL.C
Douglassville, PA

Monroe, Wi

GCal Am Manufaciuring
Pacoima, CA

Rayster Products Intemational ing,
Phoanix, AZ

Leland, NC

Hartland, W1

red Plastics Inc,
{.awrance, Ml
Oniario, CA

Hapeo Inc.
Baraboo, W1
{nnovative Plagtic Soluti
Abingdon, MD
Quashnick Toot Corp.
Lodi, CA

Cincinnati, OH
RE&D Plasticg LLC
Hilisboro, OR

l .
Cockeysville, MD

ies Inc.,

Hospers, |1A
Synbeit Plastics Inc,
Frisco, TX
Brea, CA

San Diego, CA
Industrial Plastic Products Inc,
Miami Lakes, F|

Plasti |
Roanoke, VA

Kelly Co, inc,

Clinton, MA
Hotvath Co. LLC
Scoftsdaie, AZ

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

Sanolite Plastics Corp.
Gloucester, MA
Cummiing, GA

Myco Plastics Inc.
Jacksonville, TX

President
Dave Schmitt
Plant manager

Roger Michalski
Coo

Tommy Dement
Prosident

Chris Smolar
Plant manager

M. Haddock
Operations manager
Jossph Glzara
Prasident

Steve Streff
Prasident

Blas Alcala
Piant manager

Doug Goodman
President

Rick Cauwels
Plant manager

Waiter Eberhardt
President

Annstte Crandall
President

Linn Derickson
President

Larry Skalonz
Plant manager

Ray Seward
Prasident

Duane Saville
Ptant manager

Tom Mendsl
President

Rod Roth
President

Steven Kovens
Executive VP

John Den Hartog
President

John Anselimi
President & owner

Vern Meurer
Vica Prasidant

David Kabbal
President

Gearge Thorne
CEC
David Wallenbom

CEO & President

Jos Kelly
CEO

T. Horvath
N.A.

Dave Fry
Molding manager
Pater Lawrence
President

Dave Saiomone
Piani manager

Edward Snider
Prasident

4,08
4.00*
4.00
4.00
4,00
4.00
4.00
4,00F
4,00F
4,008

4,008

383
3.80
3.80
3.80
3.80
3.80%
388

3.60

3.60

3.60
3.50
3.50
3.50
3.50
a.s50f
344
3.40
3.30
3.20

3.20
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$17

817

517

517

2

Lry)

-3

521

521

521

521

521

521

521

s21

521

E

g

837

537

541

541

S41

541

41

541
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Natech Plastics Inc,
Ronkonkoma, NY

( Too!
Angheim, CA

Astar Inc,
South Bend, IN
Princelon, IN

Sonors, CA
Injecti
Riverside, CA

Addison, iL
Middlesex, NJ
Gearge Ko Industries Inc.

Erie, PA
ring Ing.
Buckner, KY

Concord, MI
M.D.R, nternationai
North Miami, FL

Shape Globai Technology
Sanford, ME

Qm;&ﬂﬂmmu_mg
Jackson, M

gam.&mmﬂasm_m
Lake Gensva, W]

Magnus Molding

Pittsfieid, MA

Mokding Servicas of llinois Inc, f
Olnay, IL
River Valley Plastics Inc.
Elkart, IN

Vision Tachnical Molding LG
Manchester, CT

MPS Piagtics
Mariborough, CT

Limmco Inc,
New Albany, IN

I
Riverside, CA

Plastech Inc,
Corvallis, OR
Precision Mojd & Tool Inc.
Kissimmee, FL
Jaoliet, IL
Acgcurate Molded Products Inc.
Warwick, R

in s C
Skokie, IL
Microphor
Willits, CA
Styletek Inc,
Lowst, MA
Toct Plastics Inc.
Shalby, NC

Addison, IL

Thomas Nagier
President

Bil Hall
CEQ

Sidney Moore Jr.
CEo

Alan Hozmeyer
President

Mitch Young
General Manager

Larry Harden

President
Mike Stiglianese
Prasident

Al Santelli Jr,
Ovwner

Matt Koket
President

Tony Hartlage
Sales & engineering

Lamry Holfman
Prasident

Bemard Ghelbendorf
President

Bob Crans
Engineering
W.C. Hoge Jr.
Owner

Minoo Seifoddini
Prasidant

Dave Pedrotti
President

Anthony King
President

Haroid McCracken
President

Anthony Brodeur
President

David Nickolenko
General Manager

- Joff Mosey

Sales manager

Shane Erwin
Sales manager

Michae! Hendrickson
President & owner

Mark Longbrake
Vice President

Raymond Steinhart
Vice President

Howard Devine Sr.
President

Gabrisl Hostalet
President

Poter Keightley-Pugh

Manager, custom division

Richard Salvo
Englneering manager

Glen Smith
President

Lew Sinderson
President

3.20
310
3.10
3.10
3.10
3.00
3.00
3.00
3.00
3.00
3.00
3,00
3.00
3.00
3.00F
3.00F
3.00%
3.00%
295
230
2m
270
270
270
2.70E
2.50
250
2.50
250
2.50

250
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548

581

581

561

581

se1

581

561

561

561

574

575

378

575

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

Ansonia, CT

Derby Plagtics Lid.
Neenah, Wi

Oscoda, M

Asheboro, NC
Ho [
Madisonville, TN

Southern Plastic &
Ormond Beach, FL
JTechna- i
Lahighton, PA

. h Tooling Inc,
Gartand, TX
Petrait Mok
ira Township, Mi
Nvlacarb Corp,
Vero Beach, FL
Falconer, NY
Jiutepec, Morelos
Auburn, NY
Quake Industries Inc.
Belgrade, MT
Plymouth, Mt
High Sierra Plastics
Bishop, CA

1
Grand Rapids, M|

Micromold Ing.
Riverside, CA
M

Simi Valley, CA
Noble Plastics Ing,
Lafaystie, LA
Plagtics Group
Lawrenceville, GA
Richard

Laurel, MS

Ruco Products Inc,
Blus Springs, MO
Seimax Corp.
Selinsgrove, PA
Pittsfieid, MA
Slallar Plastics Ing.
San Marcos, TX

Yorkvile, IL

h Plaslics

Ontario, CA

Poly-Jact Inc.
Amherst, NH

in's

1C.

Larry Saffran
President

Thomas Derby
President

Mark Welles
Plant manager

Dean Lajl
President

John Hourenagle
CEO

Frank Noce
Owner

Steve Barilla
Prasident

Tom O'Connor
Pragident

Craig Johnson
Operations manager
Frank Cooley
President

Marcus Turner
President

Marco Castilin
Subdirector

Charles Back
President

Ron Plerzina
Vice President

Jorry Jagacki
General Manager

Robert Wiilson
Ownar

Olivia Benitez
Presidant

Ron Psterson
General Manager

Pater Minaskanlan
President

Melissa Rogers
President

Buzz Brockway
Operations manager
David Buck
President

Brenda Rupert
Prasident

Ken Mease
CEQ

David Allen
Proesident

Frad Smith
Prasident

Scott Haws
Owner

Lioyd Baker
CEO

Wililam Byer
President

James Prior
President

Larry Thibeauit
President

2.50F

245
2.40
240
230
230
230
2.30F
2.20
2.20
210
2.10
2.04
2.00*
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
200
2,008
1.80
1.80
1.80

1.80
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575

581

581

]
~

§ § 8 8 8 8 ¢ 8 8 8 8 &

On:ario, OR
Orangeburg, SC
Brimfieid, IN
Lake Zurich, I
Bridgeport, C-T
Middlefield, C.T
Xenia, OH
York, PA

G.ALM, Engineering
Bensenville, IL

Aim Processing Inc,
Longmont, CO

Denwver, CO

Clinton Township, Mt
Basg ]
Leominster, MA

F
Fenton, MO

Malor
Maadville, PA

loc.
Edon, OH

Pearl Custom Plas
Gwynneville, IN
Pikes P

Colorado Springs, CO
Pyramid Plasti
Cleveland, OH

RE&D Molders Inc.
Austin, TX

Hartsalle, AL

Enginesring & Moidi
Technology inc.

Riverside, CA
Arden, NC
Kissimmee, FL
Upland, CA
Acutek [nc,
Odessa, MO
Feortile, IA

Post Fails, ID

Summitt Molding & Engineering ng,

Madisonville, KY

Jgvelopment & MIg. Ing.

Synlech Dev
Chino, CA

Nodtic Inc.
Oriskany, NY

Clair Havens
Owner

Will Smstana
President

Kimm Hunt
General Manager

Robert Hinman
Prasident

John Szalan
President

Waldo Parmeles
President

Richard Kelch
Prasident

Frederick Stermer
Presidant

Skip Glatt
President

Jecqueline Jones
President

Tim Dalley
President

Jim Jarrett
President

Ciifford Basque
President

Mark Fox
President

Edward Maloney
Presidant

Joe Peterfeso
Prasident

Kan Grimes
Owner

Dave Anthony
Presidant

James Newman
Prasidant

Gregory Brown
President

Thomas Kerr
Vice President

Donald Furness
President

R. Dennis Weaver
President

W.A. Massina
CEQ & Presaident

Ted VanVoorhis
President

Terry Stebbins
Production manager
Greg Knopf ‘
President

Joff Lange
President

Charles Rothe
President & co-owner

Bob Hobbs
CEOQ & President

Colsman Harding
Prasident

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

1.80E

1.80E

1.77
1.75
1.75
1.75
1.70
1.70
1.68
1.60
1.60
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

1.50F

1.50F

145
1.45
1.40
1.40
1.40
1.40
1.40

1.35
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811

812

812

014

614

817

818

819

8

B 8 8 & 8

Huntsville, AL
Gator P h
Miami, FL
Wilks Precision instryment Co. Inc,
Union Bridge, MD
Ayanna_Plasfics & Enginsenng Inc,
Largo, FL
Yenture 1 Division, Gibson County
Plastics inc.
Yorkvilla, TN

na Tech
Largo, FL

Hoffiman Precision Plastics Inc,
Blackwood, NJ

Forreston, IL

Advantage Plastic Products Inc,
Manchester, NH

Greenteof §

Lenoir City, TN
All-State Plastics Inc.
City of Industry, CA

Engrave Inc.
Lawrenceburg, IN

Great Plains Plastic Molding LI.C
Fargo, ND

Molded F
Woonsocket, Ri

Pro Mold Ing.
Riversids, CA
P
Wyoming, Ml
V&S Molding Inc.
Longmont, CO
Ventura Pracision Molding Inc,
Ventura, CA

620 Decatur Plastics Inc.

g

g

g

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

Decatur, TN

I g Co, LLC
Gallatin, TN

Mato Plastics

Saugus, CA

La Vernia, TX

Precision Molded Products
San Antonio, TX

Loveland, CO

Manufacturing inc,

Lusby, MD
Deer Park, NY

St. Petersburg, FL

Anaheim, CA

R.C. Westburo Enginsering inc.
Laguna Hilig, CA

Sierra Chief

Lemoncove, CA

Chicago, iL

Mark Bannister
President

James O'Brien
President
Thomas Wilks
President

Scott Redmond
General Manager

Ben Cottrell
Marketing

Terry Welsch
President

Joseph Belville
Plant manager

Eric Erdmann
President

Waynne Froman
VP operations

Earle Sagrest
CEO & President

Patrick Minyard
President

David Polewski
VP manufacturing

Joseph Schabel
Plant manager

Marcel Coutu
General Manager

Randal Herr
VP & GM

Brian Chambers
General Manager

Ben Veitien
President

Richard Sloane
President

Doug Jackson
Vice Prasident

Hayden Black
President

Manfred Toll
Owner

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
Prasident

Tom Cairns
Owner

David Hahn
Assistant GM

1.30

1.30

1.27
1.25

1.25

120

1.20F
1.15€
1.10
1.06
1.05
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.008
1.00%

0.90
0.87

0.85

0.82E

" 078

0.75

075

0.70

0.70

0.70

0.65
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640 Anderson Plasiics Inc, Steve Anderson 0.62
Girard, PA President

641  Eorl City Custom Plastics Brenda Adams 0.60
Muskegon, MI Plant manager

642 Jemico Toolinc Jeremy Pelrick 0.50
Alden, NY Molding manager

842 Pilastics USAIne, Jerry Covington 0.50E
West Malbourne, FL President

644 HPI Moiding A_J. Dillard 048
Eigin, iL Owner

645 Wolf Moid Inc, Randy Carnuthers 0.40
Hayden, ID Exacutive VP

8468 Rix Products Rick Rideout 0.38
Evansvilie, IN Owner

647 Q&D Plastics InC. Don Slezak 0.38
Forest Grove, OR President

848 Robson Co, Inc. Christopher Robaon 0.30
Girard, PA Prasident

849  Stackiech Systems Calffornia Lid.' John Catalano 0.25
Walnut, CA Business manager

630 Red Cedar Plastics LLC Kelly Kadinger 0.23
Menomonie, Wl President

651 Modern Moiding Inc. Ted Graham 0.18
Jupiter, FL President

852 WDL Enterpriges Inc. Wayne Lenhart 0.16
Clifton, KS President

853 MitejectIng Dick Merritt 0.15
Santee, CA President

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

635 Plastics and Concepts of Conneclicyt  John Harris 0.10
Inc, Genaral Manager
Manchester, CT

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

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

* Midpoint of a company-provided range

** Company-provided estimate

Epiastics News and industry estimates. These figures were not provided by the compeny.

CURRENCY NOTE: All Canadian sales figures have besn converted o U.S. dollars using the

average annual exchange rate for the 12 months of each company's fiscal year. For fiscal

gr& ﬂ;l;ocorraspond to calendar-year 2004 the following average annual rate was used:
1=US8$0.77.

All companies’ fiscal ysars correspond the calandar-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 Intemational inc., has taken the
company private, sffective March 6, 2005. Magna plans to combine the Decoma injection
molding business with its Magna Donnelly Corp. and operate the firms jointly under the Magna
Donnelty nama.

¢} Homa Producis International Inc. was acquired by equity firn Storage Acquisition Co, LLC
in November 2004 and taken privaia.

d) Tupperware Corp.'s data raflects recent layoffs; the company is continuing to curtall U.S.
manufacturing operations.

6} Moll Industries Inc. acquired Textron Inc.'s InteSys Technologies Inc. unit and Formec SA
de CV's Monterrey, Mexico, business, sarly this year. Also reflected in Mo¥'s listing is s
acquisition of Creative Plastic Molders Inc. In May 2004.

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

g) Switzerland-baged Sarna Polymer Holding Inc. has put its Sarnamotive auto supply group
up for sale, including Samamotive Biue Water Inc. Also, Samamotive Blue Water will closs its
Lexington, Mich., injection molding site by the end of July.

h) Atiantis Plastics Moided Products Division's data includes its purchase of LavVanture
Plastics in November 2004, which included injection molder Molded Designs Technology Inc.
i) Jarden Plastic Solutions previously was listad as Unimark Plastics.
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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 asssts of Automold of America Inc., which It
acquired Qct. 29, 2004.

1) Injecironics Inc.'s listing includes its May 2004 purchasa of Gilreath Inc.

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

n) Alcea Inc. signed a fetter of intent to fully acquire AFL Automotive from joint venture partner
Fujlkura Ltd. of Japan. Engineered Plastic Components is part of the AFL auto business.

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

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

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

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

) Libralter Plastics Inc.’s data includes the oparations of Alping Plastics inc. The firms
recently were consolidated on the basis of common ownership.

t) Parker Haennifin Corp. acquired Webster Plastics inc.'s parent, Acadia Elastomers Corp., in
Novefmber 2004,

u) LMT-Mercer Group Inc. data includes cartain assests of Hartville Plastics 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 Piastics Corp., previously Kam Industries LLC, is now partly employee-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 Accallent inc. and is moving its
headquarters o the Boston area.

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

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

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

e8) Humphrey Line Inc. previously was listed under parent Molded Container Corp., which
consolidated into its Humphrey division.

ff) Molding Services of liinois Inc. previously was listad as Molding Systems Corp.

g0) Hope Industries Inc. previously was listad as Rauschert Injection Moiding Inc.

hh) Gator Plastics inc. previously was listed as Disposable Plastics,

i) Stacktech Systems Califomnia Lid. 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

" méterials A major part in this development
bas 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-tlectric 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, recrganizing
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 fiexible tasks,
it nevertheless takes a whole series of pe-
riphera] 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-cylinderchanging 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 1o 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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Abstract—A 2-year study has been carried out into the emissions produced during the processing of
thermoplastic materials. One of the main reasons for the inception of the work was the perceived need
by the plastics processing industry and material suppiiers for data in order to comply with recent
work-place legislation. Very few data obtained under ‘real life’ situations were available for
consultation 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 bulk
commercial thermoplastic materials were covered, including polyvinyl chloride {PVC), Nylon 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 possibie to detect the
relevant monomer(s) in some cases. However, none of the situations studied were found to generate a
high leve] of process fume. The concentrations of the species detected were found to be in the range 0-2
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 occupationai 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
monitors 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 also 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 thermopiastics industry could be exposed to a heaith
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 Pfaffli, 1989).
In addition, Shaposhnikov et al. (1975) determined the volatile products during the
processing of a limited number of polypropylene, PVC (polyvinylchloride) and ABS
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(acrylonitrile-butadiene-styrene) plastics and Lemmen et 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 would 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 employed 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)

(b)
(c)

(d)

(e)

)

(1)

(2)

(3)

4)

)

(6)

7

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’;
in the majority of the monitoring situations an attempt was made to investigate
the effect that purging of the machine had on the emissions produced;
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;
in the monitoring positions chosen stainless steel tubes packed with one or
more of the following, Tenax, Chromosorb or Poropak, were employed. In
addition glass NIOSH type tubes packed with charcoal were used for plastics
where monomers might be present for which thcre were estabhshed solvent
desorption based methods;
to evaluate reproducibility duplicate determinations were carried out on
selected monitoring positions during certain moaitoring situations. Examples
of these determinations are shown in the data tables; and _
where liquid bubblers were to be used for the determination of hydrogen
cyanide, they were placed either side of the process machine at a distance of
approximately 1.5 m.

SUMMARY OF THE SITUATIONS STUDIED

Material: Acrylonitrile-butadiene-styrene, ABS
Process: Injection moulding

Environment: A

Material: High impact polystyrene, HIPS
Process: Injection moulding

Environment: A

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

Material: A low density polyethylene-linear low density polyethylene blend,
LDPE-LLDPE

Process: Blown film

Environment: B

Material: Nylon 6
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Process: Extrusion
Environment: A
(8) Material: Polypropylene
Process: Tape extrusion
Environment: B
(9) Material: PVC (rigid)
Process: Injection moulding
Environment: A
(10) Material: PVC (plasticised)
Process: Cable extrusion
Environment: B
(11) Matenial: SAN
Process: Injection moulding
Eavironment: 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.
Sampies 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-CL02 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 35450
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 m! min~!, and the sample size varied from 10 to 151. 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 cyanide present during the processing of ABS and SAN
was determined in each case using two liquid bubblers, filled with 10 ml of 0.1 m NaOH
solution. The amount of hydrogen cyanide 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 2 mlmin ™', with conductivity detection. Calibration curves were produced
using potassium cyanide standards in the range 1-50 ppm.

During this study spot measurements for the species hydrogen cyanide, formalde-
hyde 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 polymer 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
1x10"*mgm™>.

(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 1. Emissions data obtained on ABS during an injection moulding process using Tenax

ABS—injection moulding
Adsorbent, Tenax; Melt temperature, 245°C
Tube [ 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 {mgm~3)  {mgm™?) {mgm™?) {mg m~3)
2-Propenenitrile nd nd nd 0.02
Hydrocarbon (~C,~C,) 0.01 0.01 <0.01 <001
Trichioromethane nd <0.01 <0.01 0.02
1,1,1-Trichlorosthane <0.01 <0.01 nd nd
Benzene <0.01 <(.01 nd nd
Trichloroethene ' 0.01 < (.01 <0.01 nd
Unknown <0.01 nd nd nd
Alcohol (~Cy) 0.01 0.03 0.01 nd
Toluene 0.02 0.02 0.02 0.03
Hydrocarbon (~Cg~C, ) 0.01 0.01 0.01 <0.01
Unknown <001 nd <0.01 nd
Xylene isomers 0.03 0.03 (.02 0.01
Styrene ' 0.01 0.02 0.01 0.20
Hydrocarben (~C,,—C,,) 0.01 <001 0.02 0.04
Alcohol (~C,)? 0.01 0.01 0.01 - 0.02
Benzene, methyl, ethyl isomers <0.01 0.01 <0.01 0.03
Benzene, propyl isomer <0.01 <0.01 <0.01 nd
Unknown nd nd nd 0.03
Benzene, trimethyl isomers 0.02 0.02 0.02 <001
Alpha methyl styrene <0.01 0.01 <0.01 0.30
Benzene, ethenyl, methyl isomers <0.01 <0.01 <0.01 0.22
Benzene, dichloroisomer 0.01 0.01 0.01 nd
Acetophenone nd <0.01 nd nd
Benzene, diethyl isomer nd <0.01 nd nd
Unknown nd <0.01 nd nd
Hydrocarbon (~C,,~C,,) 0.04 0.06 0.04 0.07
Benzene, ethyl, dimethyl isomers 0.01 <0.01 . 0.01 <0.01
Benzene, methyl, diethyl isomers <0.01 <0.01 nd nd
Naphthalene, tetrahydro isomer <001 nd <0.01 nd
Benzene, ethyl, methylethyl isomer nd . nd <0.01 nd
Siloxane 001 0.01 0.01 nd
Unknown nd 0.01 '<0.01 nd
Naphthaiene, tetrahydro, methyl isomers <0.01 0.01 <0.01 <(.01
BHT nd <0.01 <(.01 nd
Alcobol (~C,,)? <0 <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 any peaks at an elution time which corresponded to that of the cyanide
ion. No hydrogen cyanide 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 formaldehyde,
using Draeger tubes having a detection limit of 0.2 ppm. Using the same sampling
strategy as for the determination of hydrogen cyanide, no formaldehyde 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 4
Compound (mgm™) (mgm~?) (mgm73 (mgm~?)
Acrylonitrile nd nd nd 0.01
Methyl propenoic acid, methyl ester nd 0.01 <0.01 0.07
Toluene <001 0.01 <0.01 0.05
Ethenyl cyciohexene <0.01 0.01 <0.01 0.14
Xylene isomers <0.01 0.03 0.01 0.38
Styrene 0.03 0.13 0.05 1.48
Hydrocarbon {~Cz~C;,) <001 0.01 0.01 0.02
Propyl benzene isomers <001 0.01 <0.01 0.13
Alpha methyl styrene <0.01 0.01 <0.01 0.10
Ethenyl dimethyl cyclohexene <0.01 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,,-C;3) <0.01 0.02 <0.01 0.01

nd =not detected.

were primarily aromatic in nature, styrene being one of the most prominemnt. 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 neot 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.

Ll
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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~™? (mgm~? (mgm~?) (mgm~?)

Compound (standard) (standard) ({standard) (purge)
Dichloromethane 0.36 0.25 036 0.27
Toluene 0.31 0.28 0.23 0.32
Alcohol (C,) 0.33 0.30 0.22 0.46
Hydrocarbon (~C,) 0.13 <0.1 <0.1 <0.1
Xylene 1.60 0.66 0.49 0.40
Hydrocarbon (~C,) <0.1 0.12 <0.1 <0.]
Propylbenzene <0.1 0.38 <01 nd
Benzene, ethyl, methyl isomer 0.21 0.18 <0.1 <0.1
Benzene, ethyl, methy! 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 <(.1 nd
Hydrocarbon (~C,,) 0.42 (.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,,) 0.15 0.15 <01 <0.1

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 ™3 (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 desorptlon 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 is 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 prooess 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 moulding process using
Chromosorb

HIPS—injection moulding
Adsorbent, Chromosorb; 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 7

fmgm~®) (mgm~?) (mgm~? (mgm™) i !

Compound (standard) (standard) (standard) (purge) .,"j .
£

Acetone 0.17 0.16 <0.1 <0.1 A
Dichloromethane 1.23 0.87 0.33 0.80 P
Unknown 0.11 0.14 <0.1 0.11 i
1,1,1 Trichloroethane 043 0.34 0.19 0.19 - TR
Benzene ) <0.1 0.16 <0.1 <0.1 A
Methyl methacrylate <0.1 0.15 <0.1 nd g [ ;
Toluene 040 069 0.29 0.17 |
Alcohol (Cy) 0.41 0.59 nd <0.1 .. gt
Hydrocarbon (~C,) 0.16 0.17 <0.1 <0.1 L
Xylene 1.30 0.99 0.48 - 0.59 _ |
Hydrocarbon (~C,,) 0.12 0.37 <0.1 <01 - v
Propylbenzene 0.13 <0.1 <0.1 nd - |
Benzene, ethyl, methyl isomer 0.22 0.21 0.10 <0.1 P
Benzene, ethyl, methyl isomer <0.1 0.10 <0.1 nd |
Benzene, trimethyl isomer 0.35 0.31 0.27 nd |
Benzene, dichloro isomer 0.75 0.83 0.76 0.21 m
Hydrocarbon (~C,,) 0.37 0.83 0.31 <0Q.1
Benzene, tnimethyl isomer 0.13 : 0.12 0.10 nd
Hydrocarbon (~C,;) 0.38 <0.1 0.33 <0.1
Hydrocarbon (~C, ;) 0.23 nd 0.18 <0.1

nd =not detected.

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

HDPE—blow moulding
Adsorbent, Tenax; Melt 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~®) (mgm~?® (mgm~3)
Hydrocarbon (~C,—C.) 0.01 <00 <0.01 0.01
Toluene <0,01 <001 <0.01 0.01
Hydrocarbon (~Cg~C,,) 0.0t <0.01 <0.01 <0.01
Hydrocarbon (~C,~C;,) <0.01 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; Meit temperature, 276°C
Tube ! operator
Tube 2 static—machine (purge)
Tube 3 static—background {purge)
Tube 4 static—machine
Tube 5 static—background

Concentration
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

(mgm™) (mgm™?) (mgm™®) (mgm~}} (mgm7?)
Compound {standard) {purge) (purge) {(standard) (standard)
Chiorodifiuoromethane nd nd 0.86 nd nd
Ethane, 1-chloro-1, 1-difluoro- nd nd 0.24 nd nd
Acetone <0.1 nd 0.76 <0.1 nd
Dichloromethane - <01 <0.1 1.04 <0.1 <0.1
Benzene <0.1 <0.1 0.31 <0.1 <0.1
Hydrocarbon {~ C~C,) <01 0.18 091 <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 <0.1
a-Methyl styrene <0.1 <0.1 ' 0.84 <0.1 <0.1
Hydrocarbon (~Cy-C, ;) <0.1 0.27 0.11 <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.

(S) 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
perceptable 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 selationship
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Tabie 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 5 static-—background

Concentration
Tube 1 Tube 2 Tube 3 Tube 4 Tube 3
fmgm™) (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 <0.1 <Q.1
Hydrocarbon (~C4-C;) <0.1 0.16 0.71 <(.1 nd
Toluene _ <0.] 0.19 0.59 <0.1 <0.1
Xylene <0.1 <0.1 322 <0.1 <0.1
Hydrocarbon (~Cy—C,,) - <0.1 0.65 3.40 <0.1 0.68
a-Methyl 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 .o
Benzene, (1,1-dimethyl, ethyl)- nd nd nd nd 0.12
Benzene, 1-methyl-4-
{methylethyl)- nd nd nd nd 0.12
Benzene, (1-ethylpropyl)- nd nd nd nd 0.12
Hydrocarbon (~Cy-C, ) <0.1 1.58 5.80 <0.1 0.57
Naphthalene, 1,2,3,4- :
tetrahydro- nd nd nd nd Q.13
Hydrocarbon (~C,;-C,,) <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) Polyvinylchioride (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 polypropylene during a tape extrusion process using Tenax

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—machine/operator (purging)
Tube 2 static—background (purging)

Concentration
Tube 1 Tube 2 Tube 3 Tube 1 Tube 2
(mgm~™3) (mgm~? (mgm™3) (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 <0.1 <0.]
Hydrocarbon (~C4-Cy) 0.37 0.74 0.35 <Q.1 <0.1
a-Methyl styrene 0.16 <0.1 nd 0.11 nd
Hydrocarbon (~C,~C,) 0.58 0.46 1.79 1.05 0.79
Hydrocarbon (~Cg~C, ;) 0.73 0.67 298 0.32 0.17
Hydrocarbon (~C,—C,,) 1.49 1.04 524 <0.1 0.23
Hydrocarbon (~C,,-C,,) 0.89 0.44 268 <0.1 0.14
Hydrocarbon (~C,,—C,,) 143 ©0.97 538 <0.1 0.87
Hydrocarbon (~C,,-C,,) 227 0.15 6.69 <0.1 0.23
Hydrocarbon (~C,3-C,s) 0.88 0.52 1.70 <0.1 <0.1

nd =not detected.

Table 9. Emissions data obtained on polypropylene 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 1 Tube 2 Tube 3 Tube 1 Tube 2
(mgm™®) (mgm~’) (mgm™) (mgm~?) (mgm"3)

Compound (standard) (standard) {(standard) {purge) (purge)
Hydrocarbon (~C.—C,) <0.] 0.15 0.57 <0.1 0.25
Hydrocarbon (~Cg—C,) <0.1 0.32 2.16 047 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 (~Cg—C,,) <0.1 0.44 0.66 <(.1 0.66
a-Methyl styrene nd <0.1 nd <0.1 0.10
Hydrocarbon (~Cy-C,,) <0.1 1.11 2.63 <0.1 245
Hydrocarbon (~C,,—C, ;) <0.1 0.14 - 127 <0 0.36
Hydrocarbon (~C,,—C,,) <0.] 0.12 0.25 <0.1 1.09
Hydrocarbon (~C,,~C,,) 0.11 0.10 <0.1 <0.1 1.56
Benzene, atkyl derivative <0.1 <0.1 nd nd 040

nd =not detected.
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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 5 static—background (purge)

Concentration
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5
(mgm™®) (mgm™*) (mgm™) (mgm~?!) (mgm™?)

Compound (standard) (standard) (standard): {purge) {purge)
Dichloromethane nd <0.1 <0.1 1.72 1.13
Ethyl acetate nd - 0.60 0.84 (.68 0.64
Ethene, trichloro- <0.1 0.13 0.12 <0.1 <01 -
Hydrocarbon (~Cg—Cy) <0.1 <0.1 0.10 0.12 1.17
Toluene ‘ <0.1 <0.1 <0.1 0.2¢ 0.16
Benzene, chloro- ' 0.43. 0.42 0.35 0.24 0.11
Xylene <0.! <0.1 <{.1 0.60 1.26
Cyclic alkene (C,,-H,4) <0.1 0.15 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 0.30 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
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 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 takenat ~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 chioride 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 § static—background (purge)

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

Compound (standard} (standard} (standard) {purge) (purge)
Acetone <0.1 <(0.1 <0.1 0.17 0.15
Dichioromethane <0.1 <0.1 <0.1 10.61 9.48
Ethyl acetate 1.51 1.23 127 0.77 1.19
Ethene, trichioro 0.24 0.15 0.17 nd nd
Methyl methacryiate nd <0.1 0.13 0.27 0.41
Hydrocarbon (~C,-C,) 0.10 <0.1 0.21 <0.1 0.20
Toluene <0.1 0.10 <0.1 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,o'H, 4 0.79 0.52 0.37 <0.1 0.32
a-Methyl styrene <0.t <Q.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 concentrations found 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 prooess fume being determined.

Spot measurements were taken using Draeger tubes both during standard



Table 2. Emissions data obtained on PYC during a cable extrusion process using Tenax and Poropak

PVC—cable extrusion
Adsorbents, Tenax and Poropak
Melt temperature, t40°C (standuard conditions), 180°C (purging)
Tube | static machine/operalor (1)}--Tenax
Tube 2 static machine/operator (2)—Tenax
Tube 3 static machine/operator®* (purging)}—Tenax
Tube 4 static background—Tenax |
Tube 5 static background—Tenax 2
Tube 6 static machine/operator (2)—Poropak

Concentration

sonsejdouLrayy Suissaooad woay suorssuy

Tube | Tube 2 Tube 3 Tube 4 Tube 5 Tube 6
Compound mgm™) (mgm™?) mgm™ (mgm™3) {(mgm ) (mgm3)
1,1,1 Trichloroethane 002 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 (~Cy—C,,) 0.57 0.03 0.17 031 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 <0.01 <001 <001
Hydrocarbon (~Cy-C,,) 043 0.17 1.00 0.28 0.44 0.64
Hydrocarbon {~C,,~C,,) 0.09 0.04 0.99 005 0.07 003
Hydrocarbon (~C,,-C,;) <(.01 <0.01 0.96 0.04 <0.01 0.07

*Different extrusion line.

oy
o
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Table 13. Emissions data obtained on a LDPE-LLDPE biend during a blown film
process using Tenax

LDPE-LLDPE—blown film
Adsorbent, Tenax; 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™¥) (mgm™* (mgm~?)
Hexane <0.1 nd 0.14
Hydrocarbon (~Cy) <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 <0.1 012 <0.1
Aliphatic aldehyde (~C,;) 0.32 0.34 0.30
Benzene, dimethyl, pentyl isomer 0.12 <0.1 nd
Aliphatic aldehyde (~C,,) 0.69 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 0.50

nd =not detected.

Tabie 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 | static—-machine ;
Tube 2 static—operator
Tube 3 static—background

Concentration
‘ Tube 1 Tube 2 Tube 3

Compound (mgm~? (mgm™?) (mgm~?)
Acetone <0.1 0.12 nd
Hydrocarbon (~C;~C,) 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 jsomer 0.14 0.38 nd
Hydrocarbon (~Cy4-C,.} 2.31 2.10 <Q.1
Benzaldehyde 0.21 X nd
a-Methyl styrene 0.59 045 nd
Benzene, trimethyi 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 !

Tube 2 operator—Tenax 2

Tube 3 static machine—Tenax 1

Tube 4 static machine—Tenax 2

Tube 5 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~?) (mgm~}) (mgm™3) (mgm™3) (mgm3) (mgm3) (mgm~?)
Hydrocarbon (~C,) 0.01 0.01 <0.01 nd nd 0.01 0.01 .03
Trichloromethane 0.01 0.01 <0.01 <0.01 nd (.01 001 0.01
1,1,1 Trichloroethane 0.01 <0.01 <0.01 <0.01 nd <0.01 <0.01 <0.01
Hydrocarbon (~C4-Cg) 0.01 <0.01 <001 <0.01 nd <0.01 <0.0] <0.01
Toluene 0.1t 0.07 0.01 0.01 <0.01 0.01 . 0.0t 0.01
Hydrocarbon (~C,4-C, ) 0.02 0.03 0.02 <001 <0.01 0.01 0.03 0.02
Xylene isomer : 0.01 0.01 <0.0¢ <0.01 <0.01 < 0.0l <0 <0.01
Hydrocarbon (~C,,-C;) 0.01 0.01 <001 <0.0f - <001 <6.01 0.1 0.02
Hydrocarbon (~C,,-C, ;) <0.01 0.02 <001 <0.01 T <001 <0.01 <001 0.0

sonsejdowsay: Buisssoosd wod) sworssTy

nd =not detected.

LY
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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 cyamdc above the detection limit of the
tubes (2 ppm).

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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Fig. 2-4 Sequence of operations for a reciprocating screw machine.

Source: Injection Molding Handbook, 3™ Edition, 2000, Kluwer Academic Publishers.
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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.”

Mﬁ
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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 permits 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
govemns 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

permnit requirements:

1) 2 tons per year of CO, and

2) 1 ton per year of NOx, 502, 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 ]bs 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 poteéritial to'eémit in the range of 0.0022 to 0.22tons 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.

Reqpe tfully submitted,

\\b\m)

Patridia F. Sl"narkey
On Behalf of the
Chemical Industry Council of Illinois

This Documents is Printed on Recycled Paper



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.
(i1) Nitrogen.
(iii) Oxygen.
(iv) Carbon dioxide.
»-Heliwm.. ... .. . .
(vi) Neon.
(vii) Argon.
(viii) Krypton.
(ix) Xenon.
(d) Plastic thermoforming equipment.

(¢) 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 J
15, 1997,
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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:
(i) The facility does not qualify for the exemption under paragraph
(AY(1)(K) or (A)(1)(m) of rule 3745-31-03 of the Administrative Code;

and

(ii) 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 1

<<Prey Rule Texas Administrative Code Next Rulez>
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 Jowa 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
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,
2003, 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
a facility is trying to circumvent permitting requirements,

3. Allowing the use of exemptions currently in DNR administrative rule to be
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:

R N

10.
1.

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.

= D
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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.



12. 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.

13. Vents from continuous emissions monitors and other analyzers.

14, Natural gas pressure regulator vents, excluding venting at oil and gas
production facilities.

15. Equipment used for surface coating by brush or roller, painting, and dipping
operations, except those that will emit VOC or HAP.

16. Hydraulic and hydrostatic testing equipment.

17. Environmental chambers not using HAP gasses.

18. Shock chambers and humidity chambers, and solar simulators.

19. Fugitive dust emissions related to movement of passenger vehicles on
unpaved road surfaces, provided the emissions are not counted for

1! applicability purposes and any fugitive dust control plan or its equivalent is
submitted as required by the department.

20. Process water filtration systems and demineralizers, demineralized water
tanks, and demineralizer vents.

21. Boiler water treatment operations, not including cooling towers.

22. Oxygen scavenging (de-aeration) of water.

23. Fire suppression systems.

24. Emergency road flares.

25. Steam vents and safety relief valves, steam leaks, and steam sterilizers.

26. Steam sterilizers.

27. 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 fumaces, laser, electric,
plasma, and gaseous fuel cutting, dry cleaners, cooling towers, polymer mixing,

* ——3» 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.



