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numerous sectors of the economy. Forms include shapes for structural
housings or parts, films, sheets, surface coatings, adhesive liquids,
foams, fibers, and filaments. Many types of manufacturing processes are
used to shape resin into these forms. The various kinds of shaping
techniques used include blow molding, tubular film blowing, calendaring,
injection molding, rotational molding, casting, coating, extrusion,
foaming, and elongation to orient fibers. These shaping operations are
noted, but not elaborated on in this document. "(This document discusses
the manufacturing of the above selected polymers but does not include
the fabrication of polymer products.)

These products are used in every sector of the economy with
particularly large applications in the construction, transportation,
clothing, consumer goods, and electrical industries. Generally, end-use
functions include structural components in equipment or appliances,
insulation, film for packaging wrap, and fiber for lines or clothing.

Each major polymer or resin product has its own properties, forms,
and end-use sectors. The important end-uses of each polymer chosen for
NSPS development are summarized below.

3.1.1.1 End-Uses of Polypropylene. Polypropylenes, which are made
by many different processes, are lightweight, water- and chemical-resistant
plastics, somewhat rigid, but easy to process. They are thermoplastic
and belong to the olefins family. Polypropylene products can be formed
in many ways, including molding, extrusion, rotational molding, powder
coating, thermoforming, foam molding, and fiber orientation.

Molded applications include bottles for syrups and foods, caps,
auto parts, appliance parts, toys, housewares, and furniture components.
Polypropylene fibers and filaments are used in carpets, rugs, carpet
backing, woven bags, and cordage. Film uses include packaging for
cigarettes, records, toys, and housewares. Extrusions include pipes,
profiles, wire and cable coatings, and corrugated packing sheets.2

Products formed by injection molding consume about 41 percent of
the polypropylene produced domestically. The second most utilized
form, fibers and filaments, accounts for 31 percent of the total
production. Other forms account for the remaining 28 percent.3
The major sectors using polypropylenes are consumer/institutional
(19 percent), furniture/furnishings (18 percent), packaging (16 percent),
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transportation (12 percent), and electrical/electronics (7 percent).
Other uses account for the remaining 28 percent.3

3.1.1.2 End-Uses of Polyethylenes: Low Density and High Density.
Polyethylenes are the largest volume plastics produced, both domestically
and internationally. These thermoplastic polymers are valued for their
structural strength, water and chemical resistance, and easy processing
characteristics.

There is nearly an infinite variety of polyethylenes that differ in
melting point, clarity, and density. They are generally divided into
two broad categories, low and high density, both of which are flexible,
although high density polyethylene (HDPE) is more rigid. Within the
last few years, a new class of LDPE has appeared - linear low density
polyethylene (LLDPE). LLDPE combines the linear molecular structure of
HDPE with the physical and optical properties of conventional LDPE, and
its overall properties are superior to those of conventional LDPE.%
Polyethylenes are often extruded into film, sheets, pipe, or profiles,
injection molded, blow molded, rotationally molded, foamed, or formed in
other ways.5

3.1.1.2.1 Low density polyethylene (LDPE). Conventional LDPE is
used primarily in packaging. Specific applications include packaging
film and wrap, trash bags, garment bags, and molded forms (toys, housewares,
containers, and others).® End-uses are found in many segments of the
economy, including the packaging industry (62 percent), consumer/institutional
industries (11 percent), electrical/electronics industries (7 percent),
and other sectors (21 percent).b

Like conventional LDPE, LLDPE is suitable for many end-uses.
Specific applications may include housewares, 1ids, closures, blow
molded parts (e.g., toys, bottles, and drums), wire and cable insulation,
extruded pipe and tubing, and industrial and consumer fiims (e.g., food
packaging, trash bags, and garment bags).7

3.1.1.2.2 High density polyethylene (HDPE). The primary application
for HDPE is the manufacture of blow molded bottles for bleaches, liquid
detergents, milk, and other fluids. Other blow molded forms for which
HDPE is used include automotive gas tanks, drums, and carboys. HDPE is
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material recovery, polymer extrusion and pelletizing, and product cooling
drying and storage. The process descriptions in this section are repre-
sentative of most of the polymerization processes used to manufacture
the products of the source categories chosen for NSPS development.

The remainder of this section presents information on the polymers
and resins listed below, including their production processes and the
process emissions associated with each process.

1. Polypropylene - continuous, liquid phase siurry process
2. Polypropylene - gas phase process

3. LDPE - high-pressure process

4, LDPE - low-pressure process

5. HDPE - liquid phase slurry process

6. HDPE - liquid phase solution process

7. HOPE - gas phase process

8. Polystyrene - batch process

9. Polystyrene - continuous process

10. Expandable Polystyrene - post-impregnation suspension process
11. Expandable Polystyrene - in-situ suspension process

12. PET - Dimethyl terephthalate (DMT) process

13. PET - Terephthalic acid (TPA) process
Fugitive emissions, which originate from equipment components common to
all of the processes, are treated in the same manner for the entire
industry and are discussed separately in Section 3.3.
3.2.1 Polypropylene

Polypropylene is a high molecular weight, crystalline polymer of
propylene. With-a density of 0.902 to 0.904 g/cm3, it is one of the
lightest commercial thermoplastics. The general formula for polypropylene
is:

ees = CHp - Cﬁ - CHp = CH - CHp = CH - CHp - ...
CH3 CHs CH3

Polypropylene can be stereospecific, which means that each repeating
methyl group of the polymer chain can be attached to its neighboring
groups in two different geometrical arrangements. Depending on the
geometrical arrangement of the methyl groups, the polymer exists in the
following three forms: (1) isotactic - with all methyl groups aligned
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