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PVC Resins

What Is a Mono-mer?

e A single compound from which a
polymer is made

» Ethylene, propylene, styrene, and
vinyl chloride are examples of
monomers

" 1 Evc'T n. <l
H. _Cl H. N
#%%n w®%r wCw

mMonaeer

What Is Polymerization?

1. The bonding of two or more
monomers to form a polymer.

2. A chemical process that effects this

bonding.
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Topics

Introduction

+ Definitions and Chemical Structures
Public Concerns

Manufacturing Process

+ Types of Processes
+ Typical Flow Diagram and General Recipes

Key Resin Property
Summary and Questions

What Is a Poly-mer?

» Alarge molecule composed of a
finite number of repeating units
(monomers)

+ Poly- = many
+ -Mer = part

S

Vinyl Chloride Monomer

Odorless, Colorless, Gas
Liquid under Pressure

Boiling Point -14° C (Freon 134A
boils at -26.5 ° C)

Very Low Solubility in Water
Molecular Weight = 62.5
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Polyinyl Chloride

Public Concerns

1. Angiosarcoma
2. Brain Tumors

3. Dioxin
White powder

Good insulator
PVC is NOT soluble in VCM or water

Allegation

Allegation
Fact

Fact

Allegation

et Dioxin (cont

Dioxin: Summary of the Dioxin ent Science

Questions and

Answers about Dioxin
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How Is PVC Made?
Process Breakdown

There are 4 major types of polymerization:

e Suspension

* Dispersion

—

Caustic

VCM

Two Major Types of

Major Resin Processes : : :
Dispersion Resin

» Suspension resin (S-PVC) particle size is

determined by agglomeration in the » Emulsion

reactor and is 75 - 200 um in size. + Water soluble initiator; Particle size
- Dispersion resin (D-PVC) has no large [adenendeniolaoiialon,

agglomeration and particle size is * Microsuspension : -
e e e S e + Monomer soluble initiator; High shear mixing

Dispersion PVC Process Emulsion Polymerization

= Reactor

Charge ‘ =

Vessd] Micellar : Soap forms 50 A micelles that swell with

<= == S?{*“—‘h VCM. Water soluble initiator is absorbed causing the
Mixer - o il monomer to react to polymer. Large VCM droplets

= e TeiE feed the growing micelles.

‘ Feed Stripper Nucleation : Polymerization occurs in the water

5§ Tank phase and grow till they precipitate. Surfactant is

[ L absorbed on the surface, stabilizing the particle.
Grinders

Bagger_ ]




Typical Emulsion
Formulation
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Blending Resins

Made by the suspension process

Low residual suspension agent level

Water 120 PHR Non'-absolrpnve part|c|e§ . ' .
Particle size between dispersion and suspension particles
VCM 100 (30 microns)

Surfactant 1 Advantages

o + Lower costs
Initiator 0.05 + Lower viscosity at low and high shear

Buffers 0.1 + Improved air release

. 8 + lower gloss
Reaction Temperature 45-55 ° C Disadvantages

Reaction Time 8-18 hours + Lower physical properties

Summary Large Reactor SPVC Process

« For Dispersion/Emulsion resin the critical properties are:
Surfactant type and level

Degree of agglomeration

Particle size distribution

molecular weight

+
+
+
+

* These four properties affect
+ Rheology
+ Gelation
+ Gloss
+ Clarity

Polymerization Recipe PVC Reactor

Water e 20M —50M gal
VCM capacity (50M —

Suspending Agent(s) 150M Ib/batch)

Initiator(s) » Often bottom

Optional Ingredients Douniediaaiiatan

Molecular Weight regulators (X-linking or CTA)
Buffers




Stripping Column
(Residual VCM)

* Removes (strips)
un-polymerized
VCM, to be
recovered and
reused
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PVC Dryers
Many types of
dryers are used to
dry PVC:
e Fluid Bed
» Flash-Fluid
Flash Cyclone

Why PVC Particles?

» PVC is the only major polymer that is
processed into end products in the
same physical form that it was
produced in the reactors.

e All other major polymers are
compounded and sold as pellets.

¢ The formation and morphology of the

PVC Particle (Cross Section

Stage Il
Resin Particle
100-180 pm

Stage Il
Primary
Particle

S-PVC Resin Particle
K10[0).9

Interior S-PVC Particle
90% Conversion 3000X
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S-PVC Effect of Temperature

Molecular Weight

Porosity

|
\

Molecular Weight

Length of polymer—increases with increasing MW
Physical properties—increase with increasing MW
Flexibility — increases with increasing MW

Processing temp — increases with increasing MW

What Is a Polymer Molecular Weight?

In macromolecules (polymers), the MW is
more difficult to characterize.

A large molecule composed of a finite
number (n) of repeating units (monomers).

In PVC, the molecular weight is: (62.5)*n
where n > 1000

Key Resin Properties

Molecular Weight (MW)
Porosity
Bulk Density (BD)

. Particle Size Distribution (PSD)
Color & Heat Stability

. Contamination

. Gels
A. Hard
B. Soft

. Residuals
A. Vinyl Chloride Monomer (RVCM)
B. Volatiles
C. Methanol Extractables

What is Molecular Weight?

» The sum of the atomic weights of all
of the atoms in a molecule

* In normal molecules, such as
ammonia, water, and methanol, MW’s
are easy to determine:

+ NH3 =14+ (3)*1 = 17
+ H20 =(2)*1 + 16 = 18
+ CH30H =12+ (3)*1 + 16 + 1 = 32

What Is a Average Molecular Weight?

e The average MW of a single polymeric

chain in a bulk polymer, reflecting a
distribution of chain lengths present in all
polymers.

This average MW is reported in several
ways and is dependent on the
measurement procedure used in its
determination.
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Note: be carefull On aplot
Tilees this, moleeuliar weight
often increases from right
to left, not from left to right!

Factors Influencing Average
Molecular Weight Measurements

¢ Solvent
e Temperature

e Concentration

Interior S-PVC Particle
90% Conversion 3000X
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Reporting Average Molecular Weight

Commercially, Viscosity Average MW
is used to characterize PVC.

Relative Viscosity is the fundamental
measurement of solution viscosity.

K Value is a mathematical
relationship based on relative
viscosity and concentration by mass
of PVC in a dilute solution.

Properties Influenced by
Molecular Weight

Processing Rate (fusion)

Physical Properties (impact, stability, shear
strength, etc. )

IV, RV, K-Value

BD

Porosity

Moisture

RVCM

Types of PVC Resins

Rigid — Typically K-66 (IV = 0.92) and
lower; little if any plasticizer (tensile
modulus > 689 MPa at std conditions)

Flexible - Typically K-67 (IV = 0.93)
and higher; miscellaneous
plasticizers (< 20.7 MPa at std
conditions)
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Types of PVC Resin Summary

- Semi-Rigid Polyvinyl chloride (PVC) resin is a polymer.

. The are several different types of PVC
+ Typically K-61 (1V-0.80) to K-67 (1V-0.93) resins, with diverse properties and uses.

+ These resins are used in both plasticized A resin’s molecular weight determines its
and unplasticized applications initial physical properties and processing

+ One definition = tensile modulus between characteristics.

20.7 and 689 Mpa at std conditions The wide variety of compounds that can be
made from PVC make it a versatile resin,
suitable for many applications.

Resins And Selection Appendix

e Thank you!

e Process description

Formosa Plastics Corporation

Steve Rice

e Questions?




