OPERATING MANUAL

OLD UNIT PVC REACTORS

ABERDEEN, MISSISSIPPI

I. INTRODUCTION

A.

Operator Responsibilities

The purpose of thié plant is to safely and economically convert vinyl
chloride monomer (VCM) into a usable form of polyvinyl chloride
(PVC). This is accomplished by a batch process in which VCM, water,
initiator and colloid solution are charged into the reactor and under
carefully controlled conditions PVC with the desired physical prop-
erties is produced. This chemical reaction, which changes VCM to PVC
is called polymerization. PVC leaves the reactor in slurry form and
is dried to product specificatién by centrifuging and drying with hot

air.

The operator helps fulfill the plant's purpose by making sufe that
quality production is obtained from his equipment with;ut endangering
himself, his fellow workers, or his equipment. The operator is able
to attain his goals in safety, job performance, and efficient opera-
tion through a training period, on the job experience, and passiﬁg

written and field examinations.

The operator fulfills his responsibilities by:
1. Demonstrating understanding of how his eqﬁipment functions.

2. Being able to explain whét role each piece of equipment plays in
the process. i : :

3. Keeping a close and regular check on equipment. : -

4. Being able to demonstrate troubleshooting and cerrective mea-
sures. - '

5. Keeping his area of responsibility safe and clean.ﬁ
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I. INTRODUCTION (CONTINUED)

A. Operator Responsibilities (Continued)

6. Keeping complete and accurate records.

7. Reporting process or equipment problems to his supervisor prompt-
ly.

This operating manual will cover the normal responsibilities and
duties of the old reactor unit lead and "A" operators. Each phase
of the production method will be covered. In addition to normal
operating methods it will also discuss operations under abnormal and
emergency conditions. The operator must be prepared to meet these
situations with temporary measures until the abnormal condition is

corrected or the emergency crisis ceases to exist.

Safety takes second place to no other plant activity. The safety of
the plant personnel and equipment is to be carefully considered be-
fore any job is started. The Conoco safety slogan "Our work is never
so urgent or important that we cannot take time to do it safely" is
an ideé that can help make the work area safer for everyone when it
is put into practice. Each operator is responsible for compliance to
all plant safety rules as stated in the plant safet} rulebook and

for reporting any infractions of.these rules by other personnel in

their units. This includes keeping himself safe by following the VCM

safety rules and wearing proﬁer_protecﬁive equipment as required.

Preventing the loss of raw materials and product in the area where he

works is another responsibility of the operator. Each operator 1is
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I.

INTRODUCTION (CONTINUED)

A.

Operator Responsibilities (Continued)

responsible for doing his job and producing resin without losing
any raw materials or resin or, if product loss is absolutely
necessary, by doing the job in a manner that minimizes such
losses. Any loss of material, whether resin, VCM, or other

raw materials, must be reported promptly by the operator to his
Supervisor and corrective steps will be taken as soon as possible.
Awareness of this problem, planning jobs before performing them,
reporting losses that occur, and being careful when handling raw
materials, will improve the plant vinyl efficiency and make the

plant operation more profitable.

Any loss of VCM from any process equipment or piping requires special
attention by the operator. VCM emissions are regulated by regula-
tions from the Environmental Protection Agency (EPA) and the Occu-
pational Safety and Health Administration (OSHA), becaﬁse it is a
suspected carcinogen (cancer causing agent). VCM losses must also
be minimized because it is extremely flammable. The operator is re-
sponsible for stopping any VCM léak that he is aware of (including
water leaks that have VCM in the water). If fhe operator cannot stop
the leak himself, he must noﬁify gis Supervisor immediately. égi
relief valve discharge, whefhefrmajor or minor, from a piece of
equipment that processes VCM is reportablg to government agencies,

and must be reported to a Supervisor immediately. Also, aﬁz VCM
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I.

INTRODUCTION (CONTINUED)

A.

Operator Responsibilities (Continued)

discharge which exceeds one pound of VCM is reportable to govern-
ment agencies within a few hours of its occurrence and must be

reported to a Supervisor and to the Operations Supervisor immedi-
ately (this includes releases due to "0" ring failures and other

miscellaneous losses of VCM).

Another important responsibility of each operator is energy effi-
ciency in his operating area. Plant operating costs are heavily
affected by energy usage and cost, and inefficent operation of
process equipment is very unprofitable. The operator must be aware
of the equipment that must be run to do his job and is responsible
for shutting down energy using equipment that is not needed; Prompt
reporting of steam leaks is also expected of each oper;tor to reduce
energy losses. The operator is responsible for notifying his Supervi-
sor if -a steam leak cannot be stopped, and the Supervisor will see
that a work order is written and that the leak is tagged. ASome other
examples of energyrinefficieﬁcies that should be watched for and cor-
Fecteg inq}uderair 1eaksr(writé maintenance work orders to repair),
steam tracing on in above freezing weather conditions, automatic
cooling tower fan controls ﬁqt running in automatic, an exceésive
number of cooling tower pumps rﬁnning, récovery system pumps leff
running, aeration on to empty blénd tanks, and dr&ers left running -

when there is no feed to them. The lead and "A" operators 1in the
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I. INTRODUCTION (CONTINUED)

A. Operator Responsibilities (Continued)

affected area must be aware of such unprofitable energy usage and
are responsible for correcting these and similar situations to mini-

mize energy losses.

Good communication is one of the most important keys to effective and
efficient plant operation. However, effective communication is not
easily attainable. It must be worked toward on a day-to-day basis by
each person involved and affected. The operator is responsible for
keeping his Supervisor and affected co-workers informed of operating
or mechanical problems in his area. The operator must also pass on
pertinent information to his shift relief, in detail, so thét plant
operation can continue smoothly from shift to shift. Communications
between the lead and "A" operators are most important and are
essential to good plant operations. The lead operator initiates énd
coordinates "A" operator actions, and then the "A" operator must
communicate back to the lead operator that the action has been com-

pleted as instructed.

Good housekeeping is also an important responéibilitonf each opera-
tor. It requires careful atfenti;n for safety reasons and for main-
taining good working conditions;' Cleaning up after a job is finishedv
is the responsibility of the person doing ;he job. A job is not -
considered completed_pntil all materials are picked_qp and-properly

stored. ) -
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I. INTRODUCTION (CONTINUED)

B. Process Information

1.

D

Vinyl Chloride Monomer

Vinyl chloride monomer (VCM), also called vinyl chloride or vinyl,
is the principal raw material used in the manufacture of poly-
vinyl chloride (PVC). It is a colorless, sweet-smelling gas at
room temperature and pressure and may be condensed to a color-
less liquid under moderate pressures (50-100 psig). It is an
extremely flammable gas that emits highly toxic fumes (carbon
monoxide and hydrogen chloride, an acid-gas) when burned.
Exposure to VCM is regulated by the EPA (Environmental Protection
Agency) and OSHA (Occupational Safety & Health Administration)
because it 1is a suspected cancer causing agent. Vinyl chloride
liquid is lighter than water and the vapor is heavier than air.
Liquid VCM will float on top of water in pressurized tanks, but
the water will be saturated with VCM and is an exposure hazard.
VCM vapors will collect in low spots and in the bottom of open
taﬂks and sewers since it is heavier than air. This will be
further discussed under VCM safety (below).

a. Manufacture and Use

"7 Vinyl chloride is made ffom ethylene and chlorine. Ethylene
is made from ethane .and propane['that’comes primarily:from
natural gas as LPG (liqqified ﬁetroleum gasi]ﬁr from naptﬁa

{3; refinery pet?Qleum‘cut Fhat is lighter than gaéoline). In
an ethylene plant, the ethane, propane, or naptha is "érackéd"<

at temperatures from 1500°F to 2000°F breaking the raw mate-
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

1. Vinyl Chloride Monomer (Continued)

a. Manufacture and Use (Continued)

rials into many chemical gaseous products, and ethylene is
the primary product that is distilled from the resulting
gases.

Ethylene is a highly versatile gas that is reacted with other
chemicals to make chemicals such as ethylene glycol (anti-
freeze), polyethylene (plastics), and vinyl chloride. A
vinyl chloride plant reacts ethylene with chlorine (which is
made in electrolytic cells in a chlorine plant from very
salty water known as "brine") to make ethylene dichloride
which is then "cracked" at 800-900°F. Vinyl chloride is
distilled from the resulting gases and is compressed and con-

densed (liquified) for shipment to PVC makers.

The primary industrial use of vinyl chloride at the present
time is for manufacture of PVC. Vinyl was used in the past
~ as a propellant in aerosol cans, but government regulations

on VCM halted its use.

Most of the VCM that éomes into this plant comes in tank-cars

from Conoco's VCM plént.ip Westlake, Louisiana. VCM also

occasionally comes from PPG in Lake Charles, Louisiana, B. F.

Goodrich in Qalvert City, Kentucky, or from UniroYéi in

Geismar, Louisiana. VCM tank cars typically hold 175,000
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

1. Vinyl Chloride Monomer (Continued)

a. Manufacture and Use (Continued)

pounds of veM (about 23,000 gallons of liquid) and are un-
loaded into the tank farm sphere by the yard department as
VCM is used by the reactor units,

b. Safety
Vinyl chloride is a hazardous chemical because it is
highly flammable and because it is a suspected cancer causing

agent.

Vinyl chloride mixes with air (oxygen) to form a very flam-
mable and potentially explosive mixture. The explosive range
for vinyl chloride is 3.6 to 33.0 percent or 36,000—to
330,000 ppm. Whenever vinyl is mixed with air in that range,
it can ignite if there is an ignition source (spark, welding,
- static electricity, and other similar sources). VCM and
oxygen burn and emit fumes which are highly toxie, including

hydrogen chloride gas and other very dangerous chemicals.

Tests have shown that vcﬁ may be liqked to acroosteolysis,
which is a bone finger disease, and to angiosarcoma, which is
a rare form of liver éaqpér. Acroosteolysis can be-preveﬁted
by avoiding or prevehtiﬁghdirecg coﬁtact with high concen-
trations of VCM. VCM was linked to this disease when ; higa

percentage of workers who cleaned reactor internals over long

periods of time without adequate protection were shown to
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

1. Vinyl Chloride Monomer (Continued)

'<§-b. Safety (Continued)

[ i<?,have a higher incidence of the disease. The direct
‘;;;;§§;;;> { g contact with dried PVC resin product is not considered

‘ ' 545_-toxic because of the very low levels of VCM contained in

the resin (less than 10 ppm).

’;__;;;;> ;<5/ Angiosarcoma was linked to VCM by geme studies th-t~SAéuhé9
showed that workers who-were exposed to breathing high
levels of VCM for many years had a highex incidence of
this rare form of liver cancer. The EPA and OSHA have
regulations on VCM which must be followed by plant per-
sonnel. The plant has taken extensive measures‘to elim-
inate exposure of plant personnel to VCM. All safety
rules concerning VCM must be followed by all employees
while on the job, and are listed in the current Safety
Rulebook or in the Engineering and Work Practices Control
Plan. If any problem concerning VCM exposure develops

~ that is not specifically covered by these rules, con-
sult your Supervisor. Every employee is expected to con-
trol his exposufe to VCM or other potentially haéardous '
chemicals used in tﬁe process in accordance with plant

safety standards. It is important to use sound materials

cak.
> handling practices when using the chemiecals to minimize

the potehtiql for skin and respiratory contact. This
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

1. Vinyl Chloride Monomer (Continued)

b. Safety (Continued)

includes respiratory protection, safe work practices, protec-
tive clothing and the like.

The following items warrant particular emphasis and explana-

tion concerning VCM exposures:

(1) @Breathing protection must be worn in any area where the

%CM concentration is greater than 1 ppm, as follows:

i{a. 1-10 ppm: VCM canister mask or air line respirator.
b. 10-1000 ppm: Air line respirator.

c. Above 1000 ppm or unknown concentration: Self-con-

tained breathing equipment (Scott Air Pack).

4,
) /IE; Honeywell continuous monitor alarm goes off in the

control room when the VCM concentration at :any of the 40

gy

‘monitoring points exceeds 3 ppm and the field alarm bea-

cons also come on at 3 ppm. Whenever the lights come

.—{;7 -
“on, employees are required to either leave the area

or put on a respirator. The lead operator will notify
the "A" operator upon acknowledging the—control room

" alarm, and will tell>him the location and concentration
of VCM at the site of the alarm. The "A" operator is
then respogsible>for ﬁaking sure all employees that ére
not wearing proﬁer fgspiratpry équipment cleér the

affected area. Personnel who have a need to work in an

area whe;e a warning light is flashing are resﬁonsible

for wearing proper respiratory equipment.
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I.

INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

1.

Vinyl Chloride Monomer (Continued)

b.

Safety (Continued)

(3) The fixed point monitor computer records the hourly

averaged levels of VCM for each Honeywell continuous
monitor point and gives a report at the end of each
shift. TIf the computer malfunction alarm comes on, the
lead operators must record the VCM concentration at each
monitoring point hourly on the continuous monitoring log
sheet. An instrument maintenance work order should be
filled out and turned in to repair fhe computer as soon

as possible.

The computer also monitors the individual‘Honeywell
points for EPA leaks. A "leak" is defined as three
successive readings of 5 ppm VCM or more at any given
fixed point. An alarm will go off in the control room
and the lead operator that acknowledges the alarm must
fi1l out a leak report form and have the "A" operator
put on proper respiratory equipmeqt and identify the
source of the ieak. -Each leak will be given a ;ucces— )
sive number by,thefcomputer to enable the leak to be
kept up with until it is fixed. If t.he leak is at the
tank farm, the lead operator will notify the yard opera- -

tor, whb‘mu$t~put on proper respiratory protection and
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

1. Vinyl Chloride Monomer (Continued)

b. Safety (Continued)

identify the source of the leak.

NOTE:

A VCM canister mask must be worn as the minimum
protection in VCM leak detection operations. 1If
the leak is 10.0 ppm or more as shown on the
printout in the control room, an air-line respi-
rator must be used when looking for the leak. The
operator will use a properly operating HNU as a
guide for what type of respiratory protection to
use once he is in the field. Proper operation of
the HNU must be verified before leaving the con-
trol room. The HNU can be tested using any or-
ganic vapors such as liquid paper or liquid paper
thinner fumes, or cigarette, tobacco or lighterffAJJ

glumes.

(4) Air line respirators, disposable coveralls, and rubber

(5)

gloves must be worn when changing VCM filters or water

filters that contain VCM (such as recovery seal water

or scrubber water).

DTH 000094290

When VCM can be smelled by the human nose, the concen-

tration is generally greater than 200 ppm. Thus, when an

operator smells VCM an air line respirator or Scott Air
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I.

INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

1.

Vinyl Chloride Monomer (Continued)

b. Safety (Continued)

The operator must evacuate the area and obtain proper
respiratory protection before re-entering the area.
Continued breathing of high concentrations of VCM can
cause dizziness, tingling sensations on various body
parts, unconscilousness, and can be fatal. Whenever VCM
is detected in high concentrations, a serious fire hazard

may be present.

(6) ‘Air 1line respirators are required for personnel who are
{
-
~‘on top of any large blend tank containing slurry and may

™
'be necessary on top of the small tanks if high residual

P
“slurry has been added and was just put on "aeration."

(7) JV&EZZanister masks are to be kept in the immediate area
of ;ach operating unit. Shift personnel who work in
each area are responsible for knowing the location of
the masks and for informing their Shift Supervisor if
they use the next to the last one at any storage point.
Shift Supervisors are responsible for notifying Safety Per-
sonnel about where the canisters came from, collecting
them, and seeing that they are put in the control room

or at the emergency equipment station.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

1. Vinyl Chloride Monomer (Continued)
—= b, Sadedy (Levctiued)

(8) Protective rubber gloves must be worn when cleaning culls

—_— from dump Sweco screenexs.
(9) Air line respirators are required when any pipe or line
that has contained VCM is broken or blanked (even if the

line or vessel has been evacuated and/or steam stripped).

(10) Special precautions should be taken before going into
low lying areas, sewers, or areas like the 500 series
= activators pit. VCM is heavier than air and will amd=wtRl
collect in low lying non-aerated placed and the oxygen
level may not be adequate for life support. A man-hole
watch must be present before entering such areas and the
pit, sewer, or area to be entered must be sniffed with a

HNU meter prior to entry.
(11) Entry of any vessel or piece of equipment requires an
feet
-—JE;> authorized entry permit and checkiaheat. The Shift Super-

visor is the only shift worker who can authorize an entry

permit.
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I.

INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

1.

Vinyl Chloride Monomer (Continued)

bJSafegy (Continued)

AN

(12)

(13)

Air line respirators which have been used during a shift
must be put into a receptacle for used respirators when-
ever they are no longer needed or at the end of a work

period.

After a Scott Air Pack is used it must be brought to the
emergency equipment station for service. Safety personnel
must be notified as soon as the emergency conditions have
been corrected so the air pack can be serviced and re-

turned to its normal storage location.
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I.

INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

2.

Poly Vinyl Chloride *

Poly Vinyl Chloride resin (PVC) is a dry granular white powder
4 used to make various products including pipe, siding, wire
and cable insulation, wall covering, car tops, seat covers,
phonograph records, and other plastic products. It is a
polymerized hydrocarbon made from vinyl chloride monomer (VCM).
PVC is the second largest volume plastic sold in the United
States, behind polyethylene. About 6 billion pounds of PVC
are produced in the United States yearly and current U.S. plant
capacity is 9 billion pounds. PVC resins produced today are
very stable and without sunlight and heat will not environ-
mentally degrade for hundreds of years. At elevated tempera-
tures, however, PVC becomes unstable, begins to lose its

physical properties, and becomes discolored.

a.' Manufacture
PVC is produced by the polymerization of vinyl chloride
monomer. Vinyl chloride is placed in the presence of very
unstable free radical initiators. These initiators (commonly
called catalysts in this plant) break down upon heating,

forming free radicals which react with the monomer.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

a.

Manufacture (Continued)

The free radicals activate the monomer molecule and it then
combines with another monomer molecule, which then combines
with another, etc., until very long chains of the monomer are
put together or "polymerized". The "length" of the PVC
chains (called the molecular weight) determines the viscosity
or resin type. The reaction is highly exothemic, which means
heat is produced from the reaction. One of the primary
factors in producing PVC commercially is control of the heat
released by the reaction. The polymerization reaction is
ended by adding a killing agent. Any monomer left after
killing is then recovered and the PVC is further processed

until product specifications are met.

There are four processes used to polymerize VCM to PVC:

- (1) Bulk or mass polymerization - VCM and initiator are put

into a reactor and a very high purity PVC is produced
since there are no other additives. This process is not
very prevalent but is gaining in importance because it
produces a very uniform particle size resin. The dis-
advantages of this process are high reactor pressures
and reactor heat transfer control.

(2) Solution polymerization - In this process, monomer is
polymerized in a solution containing other ingredients.

This is used by only one U. S. manufacturer to

DrH 000094295
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I. INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

2.

Poly Vinyl Chloride (Continued)

a.

Manufacture (Continued)

make a copolymer of vinyl acetate and vinyl chloride

for a specialized application.

(3) Suspension Polymerization - VCM is suspended in water
and suspending agent is used to stabilize the VCM drop-
lets by coating them. The amount of suspending agent
and agitation mode determine the resin particle size.
The water surrounding the particles facilitates heat
transfer control. Disadvantages of this process
are impurities in the resin from the suspending agent
and investment in equipment and energy to remove the

water from the resin.

(4) Enulsion Polymerization - VCM is polymerized in water
using an emulsifying agent. This produces a very fine
particle size resin which is then dried for use in
plastisols and paints.

The Aberdeen Chemical Plant produces PVC using a batch sus-

pension process in which VCM, water, suspending ageng,and

initiator are put into a reactor, controlled at between
115-155°F, and approximately 80% of the VCM in the reactor
e

is converted to PVC. The plant reactorjhas four 18,000

gallon reactors, four 22,000 gallon reactors and two 32100t7

?q“‘;"\ f?&c(f“wr
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I.

INTRODUCTION (CONTINUED)

BO

Process Information (Continued)

2.

Poly Vinyl Chloride (Continued)

a.

Manufacture (Continued)

The PVC leaves the reactors in a slurry form (mixed with
water) and most of the water is removed with centrifuges in
the dryer area. Further drying occurs by mixing hot air
with the resin in either the fluid bed dryer or omne of

the seven rotary dryers. If there were no VCM or resin
losses, every pound of VCM polymerized should produce a
pound of PVC. The plant efficiency usually is about 98
percent, meaning that two pounds of resin or VCM are lost
for every 100 pounds of VCM brought into the plant (or

20,000 pounds lost out of every million pounds of VCM).

NOTE: 1If 20,000 pounds of material are lost per day at a

typical price of about 20¢ per pound, then the plant
would lose $4,000 per day due to efficiency losses.
This emphasizes the importance of minimizing resin

and VCM losses in the reactor and dryer areas.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

b. Phases of Reactor and Dryer Operation

The phases of reactor operation at the Aberdeen plant and a

brief description of each phase follows:

(1) Evacuation - Steam ejectors are used to remove most of

(2)

(3)

the air from the reactor. Too much air left in the re-
actor will cause safety and quality problems. Reactor
evacuation requires 5-10 minutes depending on which
evacuation system is used and the size of the reactor

being evacuated.

Charge - Water, colloid, and VCM are charged into the
reactor using an automatic charge sequencing system.
Chain transfer agents, where required, and initiator
(catalyst) are charged into the reactor by the field

operator. Reactor charge takes about 10-15 minutes.

Polymerization - This is the time from initiator addi-

tion until most of the VCM has been converted to resin.
Steam is added to the reactor jacket for the first
hour of polymerization to heat the reactor contents to

"f@l "ld'uaw.' )
the desired polymerization/ ! At run temperaturey
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I.

INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

b. Phases of Reactor and Dryer Operation (Continued)

(3)

(4)

(5)

Polymerization (Continued)

the reaction begins to generate its own heat as the
liquid VCM is polymerized to PVC,mesdn. This heat is
removed by cooling water in the reactor jacket and
condenser. Reaction times vary depending on the
weather and cooling water temperatures. Generally,
polymerization requires five to seven hours, except in
the 32,000 gallon reactors where 3 to 4 hours is
usually required.

Recovery - The reaction is killed when it has reached
the desired conversion, and then the un-reacted VCM must
be removed from the reactor. A compressor-vacuum pump
system pulls the vaporized VCM from the reactor andtdA;A?
steam is added to the bottom of the reactor. The
steam rises through the PVC and water slurry to

"strip" the un-reacted VCM from the reaction mass.
Recovery requires about 55-65 minutes for the small re-
actors and 75-90 minutes for the extra large reactors.
Dump - After recovery is complete, the water and PVC
mixture (called "slurry") is gravity drained from the
reactor through a screenery and is pumped to slurry

holding tanks called blend tanks. The dryer operation

pTH 000094299
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

b. Phases of Reactor and Dryer Operation (Continued)

®) Dump (Cadviwad)
begins at the slurry blend tanks. Reactor dump re-

quires about 20-25 minutes except in the large reac-

tors where it takes about 30-35 minutes.

(6) Clean and Rinse - After dumping, the reﬁctor shell and
condenser are either chemically washed or are rinsed
with water according to an established schedule. This
cleans the reactor internals which is very important to
heat transfer control and to resin quality. Chemical
washing, and reactor rinsing each require about 20

minutes.

(7) Swirl -~ The reactor is filled with water which is agi-
tated to further clean the reactor. This is also set up
on a schedule according to the reactor cleanliness re-
quired to make a specified product. Reactor swirl
takes 10-20 minutes depending on whether a half swirl

or full swirl is required.

After reactor cleaning is completed, the reactor is ready to
be evacuated and charged. The total batch cycle usually

requires about 7 to 8 hours.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

b.

Phases of Reactor and Dryer Operation (Continued)

(1)

(2)

The phases of dryer operation at Aberdeen and a brief

———description of each phase follows:

Blend Tanks - The blend tank system provides storage

for slurry between the reactors and dryers. It con-
sists of tanks and the associated slurry pumps which

transfer slurry as needed to feed the centrifuges.

Tank agitation is provided by air injected into the

%ottom of each tank that also strips VCM out of the
%slurry. In the larger blend tanks, several reactor
%batches can be dumped and blended togethegx giving a
kmore consistent and uniform product.
LCentrifuges - The dryer centrifuges are fed slurry that
contains 60 to 70 percent water and concen-
trates the slurry into a wet cake, containing 20 to 25
percent water. After removing most of the water, the
centrifuge feeds wet cake into either a rotary dryer
or the fluid bed dryer. This reduction in water

shortens the drying time in the hot air dryers result-

ing in less energy used.

(3) Dryers - The plant employs two different type of dryers

to dry the wet cake from the centrifuges. Both types
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

. Phases of Reactor and Dryer Operation (Continued)

= 3)Dujﬂ9.ﬁ('aﬁhwl.
- 7;” usée hot air mixing with the wet cake to dry the wet

cake to a product containing 0.15 to 0.25 percent

) water.

s

[BAA Phpées\(Confinted)

The rotary dryers utilize an exhaust fan that pulls air

through a gas-fired burner and through the rotating
dryer. The wet cake drops into the dryer from the
centrifuge and is dried as it mixes with the hot air
and is swept through the dryer. The air and resin are
separated in a filter (dust collector) and then the
resin is screened to remove any oversize particles

before being transferred to the product silos.

The fluid bed dryer has two sections and a common ex-
haust fan pulls air through the gas-fired burner for
each section. Additional heat is provided in the first
section by circulating water that is heated by direct
steam injection. Wet cake is fed into the first section
(backmix section) from the centrifuge where it is
"fluidized" and dried to about one percent moisture. It
then flows into the second section (plug flow section)
where it is.dried to product specification. The resinA

overflows a weir at the fluid bed discharge and drops
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I.

INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

b. Phases of Reactor and Dryer Operation (Continued)

_— (%) Drgyers ((entimad).

through a screener into the transfer system. Resin in

the exhaust air from the fluid bed passes through a

cyclone and water scrubber system where the resin i & bl
i3 rembd frevc n and rege

réMoved aidl recycled into the bed orfback to the

slurry blend tanks.

(4) Resin Transfer System - Two types of transfer systems
are used in the plant to transfer dry resin from the
dryers to the product silos. The fluid bed dryer and
two of the‘rotary dryers have a continuous pneumatic
transfer system that utilize rotary valves which feed
the resin into lines that are pressurized with air from
a blower. The air then transfers the resin to the
proper destination. The five remaining dryers each feed
individual activators, which £i1ll to a certain level"
with resin, then are automatically pressurized with air
and the resin is blown to the silos. The air is cut
off automatically when the activator is emptied and the-

activator is refilled to start another load.
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I.

INTRODUCTION (CONTINUED)

B. Process Information (Continued)
2 'Eaﬂﬁ Vo Chlouels (Lacbined)
b. Phase's of Reactor and Dryer Operation (Continued)

(5) Silos - Résin is loaded into railcars, trucks or is

bagged for shipment from the silos. The vinyl department
is responsible for bagging operations and the yard depart-

ment loads trucks and railcars.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

¢c. Miscellaneous Raw Materials and Additives

Some of the raw materials and additives used in making PVC in
the Aberdeen vinyl department and a brief description of each
follows:

(1) Water - The process water used by the plant is pumped
from wells that are on the plant premises. Process
water 1s used as reactor charge water and rinse water,
rinse water for process lines, high pressure service
water (HPSW) and mechanical seal purge water (MSPW),
watér for making up methocel and chemical wash solu-
tions, and is used for numerous other plant activi-
ties. Well water also feeds the cooling towers which
supply reactor and process cooling water. City water
is the back-up for the process water systems and is
used as needed for process water as the demand for well

water exceeds the supply.

(2) Methocel - The suspending agent or colloid changed into
the reactors is a solution of Methocel* and water.
Methocel* is a granular white powder that comes into the
plant in 50 pound bags. Its chemical name is hydroxy-
propyl methylcellulose. A 1.5% solution is made up for
charging into the reactors. |

*Registered Trademark

DTH 000094305
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

c. Miscellaneous Raw Materials and Additives (Continued)

(2) Methocel (Continued)

(3)

The colloid or suspending agent solution is referred to
by plant personnel as methocel or PVA, and will be re-
ferred to in this manual as methocel. PVA (poly vinyl
alcohol) can be used as a suspending agent for VCM
polymerization but is not currently used in this plant.
The amount of methocel charged into the reactor is one
of the biggest factor affecting the resin particle size.
Too much methocel will cause small (fine) particles to
be formed in the reaction. Not enough methocel will
cause large (coarse) particles to be formed. Methocel
solution makeup is also very important and very critical

for consistently producing good resin particle size.

NOTE: Dust masks must be worn while handling the Metho-
cel* powder. This is to prevent inhalation of

the fines (dust) from the Methocel%,

Initiator - The initiator charged in the reactors de-
composes at reactor temperature and reacts with the
monomer causing the monomer to become reactive and start
long chains of polymer (polymerization). Initiators
used by the plant are generally peroxydicarbonates and

peroxyesters, and come into the plant in one gallon
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I. INTRODUCTION (CONTINUED)

B. Proceés Information (Continued)

2. Poly Vinyl Chloride (Continued)

c. Miscellaneous Raw Materials and Additives (Continued)

(3) Initiator (Continued)

plastic bottles. They are very unstable and must be
kept below 10°F. Heat or impact can cause the material
to decompose rapidly and explode. Plastic disposable
gloves must be worn when handling initiator bottles

or cases. Initiators are commonly called catalysts by
plant personnel and will be hereafter referred to as
catalysts in this manual to facilitate better communi-
cations. Catalysts decompose faster or slower accord-
ing to temperature and usually only one type of
catalyst is charged into a reactor. However, some of
the resins are made at an "in between'" temperature
where one type of catalyst is too fast and the next
higher type is too slow. Dual catalysts or two types
of catalyst are charged for these resins and one
catalyst controls the "front end" or first few houré of
the reaction.and the other catalyst controls the "back
end" or last few hours of the reaction. Whether a
catalyst reacts fast or slow is temperature dependent,
for example, L-223 reactsfaster the last few hours
with 5385 resin, but with 5305 resin polymerized at a
higher temperature, it is a "front end" catalyst,

reacting faster in the first few hours.

DTH 000094307



Operating Manual
0l1d Unit PVC Reactors
Page 30

I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

c. Miscellaneous Raw Materials and Additives (Continued)

(4) Chain Transfer Agents (CTA) - The use of chain transfer
agents allows lower molecular weight (smaller chain
length) PVC to be made at lower temperatures and pres-
sures. The CTA reacts with the polymer chain causing
it to stop growing before it reaches the normal length.
This gives chains that shorter than normal and results
in lower molecular weight resins. 5265 and 5305 are
made using the chain transfer agent 2-ethylhexaldehyde.
It comes into the plant as a clear liquid in 55 gallon
drums and has an irritating odor that will not easily
wash off of skin or out of clothing, so direct con-

tact with it should be avoided.

(5) Odorless Mineral Spirits (OMS) - Odorless mineral spirts

are charged into reactors with some products to lower
the dry time, which is a measure of plasticizer absorp-
tion. It comes into the plant in 55 gallon drums and
is a clear liquid. Chemically, OMS is a refinery cut

of hydrocarbons.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

c. Miscellaneous Raw Materials and Additives (Continued)

(6) Alpha-methylstyrene (AMS) - AMS is used to kill or ter-

minate the PVC polymerization. It reacts with the re-
activegrowing polymer chains in the reactor and deacti-
vates them, ending the reaction. It is a clear liquid
that comes into the plant in 55 gallon drums. "It will
irritate or burn the skin and should be immediately
washed or flushed off of the skin if contacted. Plastic
gloves must be used when killing reactors to avoid con-
tact with AﬁS. The amount of AMS put into the reactor
is critical. Some residual AMS is apparently carried
over into the recovery system during reactor recovery
and stays with the recovered VCM (RVCM) that is charged
into subsequent reactor batches. Too much AMS in the
RVCM will inhibitor slow down the polymerization and may
cause erratic particle size. On the other hand, toor
little AMS put intoa reactor will not entirely kill the
reaction and some of the RVCM will still contain reac- .
tive monomer molecules which will react in the recovery
system, recovered receivers, or in VCM charge lines,

causing troublesome polymer buildup problems.

DTH 000084309



Operating Manual

01d Unit PVC Reactors

Page 32

I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

c. Miscellaneous Raw Materials and Additives (Continued)

(7

(8)

(9

Naugard - Naugard 492 is an antioxidant which is added

to the resin to give it improved heat stability. As
mentioned previously, PVC degrades and discolors at ele-
vated temperatures which is partially due to impurities
in the resin such as catalyst residue. An antioxidant

is a material that reacts with the impurities in the
resin and prevent resin degradation. Naugard is a

very viscous light yellow liquid and comes into the plant
in 55 gallon drums. It is chemically a blend of a sub-
stitutive phenol and an organic phosphite which may

cause skin irritation if direct contact is not avoided.

Nitric Oxide - Nitric Oxide (NO) is used as an emergency

reactor killing agent. The mechanism of reaction termi-
nation is similar to AMS. It is stored in pressured
cylinders and is a yellowish~brown vapor when emitted to
atmosphere. NO is very dangerous to breathe and Scott

Air Paks must be worn while using it.

Antifoam (Bubble Breaker) - DF-160 LC is an antifoam

that is used in the reactors during recovery to reduce

reactor foaming. It is important that the antifoam be

DTH 000094310
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2, Poly Vinyl Chloride (Continued)

c. Miscellaneous and Raw Materials and Additives (Continued)

(9)

(10)

1y

Bubble Breaker (Continued)

be added to every reactor batch to prevent resin
carryover into the recovery systems. DF-160-LC is a
mixture of various oils and is a light tan colored

liquid that comes into the plant in 55 gallon drums.

Hydroquione ~ Hydroquinone is an antioxidant and poly-
merization inhibitor. It will react with reactive mono-
mer molecules and deactivate them, keeping them from
polymerizing in lines and vessels. Hydroquione is a
light tan powder that is made up with water as a 5%
solution and added to the recovery system seal water.
The powder comes into the plant in 100 pound fiber drums

and should be kept dry.

Calcium Stearate - Calcium stearate is a material used

to reduce torque on the bird centrifuges, reduce static
on the dried resin, and to increase resin bulk den-
sity. Calcium stearate alsc helps resin customers
process the resin easier and is especially desired by

customers that make PVC siding,
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

B. Poly Vinyl Chloride (Continued)

c. Miscellaneous Raw Materials and Additives (Continued)

(11) Calcium Stearate (Continued)

Chemically, the material is a neutralized dispersion
of calcium stearate in water and comes into the plant
as a white liquid in 55 gallon drums. Calcium stea-
rate solution will freeze below 40°F and will not go
back into solution, so it must be stored in a warm

place.

(12) Glycerine - Glycerine is added to some resins in the
dryer area to reduce stagic on the dried resin.
Static makes the resin cling together due to electri-
cal charges and it will not easily flow. Glycerine
comes to the plant in 55 gallon drums as a clear
liquid. 1Its chemical name is glycerol. A 107% solu-
tion of glycerine in water is made up by the dryer
operators and is sprayed as a fine mist on some resins

as they leave the rotary dryers.

(13) Caustic - A caustic solution is used to chemically wash
the reactors according to a set schedule and procedure.
The reactors are then rinsed for an extended period of
time and very little if any caustic should remain in

the reactor. Caustic 1s a solution of sodium
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Operating Manual
01d Unit PVC Reactors

Page 35

I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

C.

d.

Miscellaneous Raw Materials and Additives (Continued)

(13)

Caustic (Continued)

hydroxide (NaOH) which is brought into the plant in
bulk as 50% caustic and is diluted to 227% caustic by
the compound department. Further dilution may occur
in the vinyl chem wash tank prior to reactor cleaning.
Caustic very 1s dangerous and will cause severe burns
if it contacts the skin., Caustic will cause coarse
batches if it gets into a reactor. If may also in
increase the pH of the resin to unacceptable levels

and cause discoloration of the resin.

Resin Quality and Uses

Several types of resins are produced in the Aberdeen Chemical

* Plant vinyl department. The molecular weight of the resin,

which is indicated by the viscosity of the resin solution,

determines the resin type. There are five types produced at

the present time. 1In order of increasing viscosity, they

are:

(1N

5265 - Used for injection molding (pipe fittings, such
as valves, couplings, and tees). The low molecular
weight (viscosity) gives better and faster flow which

allows the molds to be filled more easily.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(2) 5305 - Used in calendering, where resin films are made
between heated rollers. Examples of calendered PVC in-
clude wall covering, seat covers, and plastic wrappers
that go around grocery and drug products.

(3) 5385 -~ Used for pipe, for PVC siding and for genéral
extrusion applications. |

(4) 5425 - Used for wire and cable insulation.

(5) 5465 - Used for wire and cable insulation and in various
specialty applications.

The middle two numbers of each type of resin indicate the

specific viscosity (e.g., 15385 has a specific viscosity of

0.38). The viscosity measured in the plant is inherent

- viscosity, which is not the same as the specific viscosity.

Most of the PVC made in this plant used to be pipe grade
resin. About 40%Z of all PVC made in the U.S. in 1981 wenf
into PVC pipe. Generally, pipe grade resin is easy to make
and low quality (Type III) 5385 can be sold to pipe customers
quite easily. The PVC marketplace is becoming more and more
deversified, however, as more uses are found for the plastic.
The monetary rewards and profits are also appealing in these
other markets. This requires much stricter quality control

and more attention to keeping the resin quality within the
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

quality specifications. Pressure is being applied by the
market place as more non-5385 resins are required which
causes more emphasis on making good quality resin because
there are very few outlets for low quality non-5385 resin.
The most important factor to making good quality resin con-

sistently is for each step of the production process to be

done the same way by every operator every time. Each quality

parameter is affected by some process variable in the re-
actors or dryers. It is important for each operator to know
how each production step affects resin quality and for oper-
ating procedures to be followed consistently. Consistent
resin quality is one of the most important factors customers
look for as they buy resin and try to use it to make

finished products for the market place.

Each of the resin quality parameters, how it is tested and
what process variable(s) affects it is listed below. The
resin specification sheet gives the specifications for each '
type resin (Figure 3 in the Appendix). Some customers are
even more specific, and resin specs tighter than the pub-
lished ones sometimes must be met. The spec sheets show the

quality specifications for the various types of resin that
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

d. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

are prime grade such as type I, type III, BC, and S. BC
stands for "Blendable into Compound" and this resin can
sometimes be used in the compound department for rigid

(dry blend) or flexible (compound) applications. "S" stands
for siding which has special specifications for contamination
and bulk density. The spec sheet shown in the Appendix does
not show 5265 specifications, which are the same as 5305
except for viscosity. 5265 must have a 0.66-0.71 inherent

viscosity.

Most of the quality tests are conducted on dryer "regular"
samples, which are samples taken off the dryers by the dryer
"A" operator for every reactor batch dumped into the blend
tanks. The regular samples show blended results from the
blend tanks but will -give indications of quality problems
according to the trend of each parameter. éhe problém can

" then usually be resolvedVbefore a rgsult is out of specifi-

cation.

DTH 000084316



Operating Manual

01d Unit PVC Reactors

Page 39
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B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(1)

Viscosity - Resin viscosity is a measure of the
resin molecular weight. The higher the reactor run
temperature the faster the monomer will react,
causing shorter chains of polymer and a lower mole-
cular weight (viscosity) resin. Thus, reactor run
temperature should be lowered to produce higher vis-
cosity resin and raised to produce lower viscosity

resin,

NOTE: The vapor pressure of VCM is dependent on

temperature; therefore, the reactor tempera-
ture will determine the reactor pressure.
"Raising the reactor run temperature will raise

the run pressure and lowering the run temper-

ature will lower the run pressure.
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I.

INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

2.

Poly Vinyl Chloride (Continued)

d.

Resin Quality and Uses (Continued)

(1)

Viscosity (Continued)

Generally, for each one degree Farenheit rise in temper-
ature, there will be a two psig rise in reactor pressure.
Relief valves on the small reactors start relieving at
185 psig and at 205 psig on the extra large reactors.
These maximum pressures limit the reactor run tempera-

tures in the plant's reactors.

The viscosity of the resin is a measure of how fast

it will flow when put in solution. Solutions of

shorter chains will flow with less resistaﬁce than
solutions of longer chains, thus the viscosity of lower
molecular weight resins is lower. The Instrument Devel-
opment Lab puts the resin in solution and measures the
solutibn viscosify in an apparatus called a viscometer.
Vigcosity gpecs range from .66 inherent viscosity for

5265 resin to 1.14 inherent viscosity for 5465 resin.
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I.

INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d.

L ¢1oﬁ/'3’

Resin Quality and Uses (Continued)

(1) Viscosity (Continued) ,
n@@ﬂmﬂ”ﬂ fn%hswwré'*aé;”rgqhﬂ
Resin viscosity is tosted daily e#f the dryers by test-

ing one sample from the dryer regulars for each product
eac
dried, and is tested daily on o%ewy reactor from the

residual samples taken by the reactor "A" operator when

R

the reactor is dummb’ﬂ‘sgas 1717 "f€5+b oL i/er‘!f 512,«4(74»-@

&/V\b( 'IL';M Cc%wumt"‘9" 5”';}/‘] SM/( 742& %ﬁrw

fowo +v fest A V(;Cdsl,‘f/7q

(2) Particle Size Distribution - Dried resin is put into a

éet of screens with an antistatic agent, shaken for a
given length of time, and then the amount of resin on
each screen is weighed. Typiéglly, the specs are that-
less than 20% of the resin ggz*go through the 140 mesh
screen with less than 5% being on thp-pan (whiéh'is

-under the 200 meshAécreeh).

\[(‘_)'A, LL‘// f‘al_/é%hh g,hc/ ;44[&/7 %/u(yé |
:(f Va/zl 4«15#«26/ Fer _V’J.(f)fz"f% .

5 /, ( /9}”"
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(2) Particle Size Distribution (Continued)

ﬂfdj%%u On 5305 and 5265 resins, 25% is the maximum through the

140 mesh screen, and resins for compound and dry
herin
blend can exceed the wewed specifications per values
given on the spec sheets. The maxium amount on the
SOUSn.

40 meshtis 0.1% for all resins. Typically, the
internal specs are that any result over 10% on the 60
mesh screen (which is under the 40 mesh screen) or over

4O .
18% through the 140 mesh;requires rechecking, extra

résampling, and possible corrective action.

Resin particle size distribution affects compound pro-
cessing and bulk handling properties. Fine particles

produce dusting problems both in bulk handling and in

processing. F&ae—pest%e%es=a¥etaaee—responsitieﬁfsm -
_ B ceven_absefpeion—ofepias%ieizef—during—dry-blending. On

the other hand, oversize (coarse) particles may not pro-

CavsSinm
cess properly and—may;eaé;e gels or. fish eyes in the

O wg,aj t)m«m?(
finished product because they do not _absorb shet#Lshar

el TP
of plasticizer during dry blending. Particle size is-
primarily controlled by the amount of nethocel charged -
into eaoh netéh._ : o -
o - DTH 000094320
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(2) Particle Size Distribution {(Continued)
WUIP
AZE;,For this reason methocel makeup is very important

because the methocel batch concentration will also
affect particle size. Methocel concentration must be
1.4-1,6% solids when tested according to both'thg scope
test and the oven test in the QC lab. Methocel%less

50//
than 1.4%jshould never be charged, as coarse batches may

;

result. Numerous ﬂthet thingsa-;/igo affect particle size J’S:(”'{"‘f’(‘é‘“
as—tTows:
(a) Catalyst Loadings and Polymerization Times - Gen-

erally, the-longer a batch runs, the more the

chance of it going coarse. Guidelines are set up

on each product for how long it can run before

killing it (see PolYmeriza;ion Operating Proce-

dures). Batches with excgssivéicatalySt loadings A

that are killéd eafly because‘of temperature or

bt

pressure runaway wil%ﬂégnerally be fine and should Az

[W s blind 9441//#0 ‘%fz 6/74’4 /M?K % %mé/fl’)oz

| _ TR
(b) Amount of RVCM Charged - When a 50% RVCM batch is _ -

chaigéd,.s_gallons less me;hocellshoula be charged.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2.

Poly Vinyl Chloride (Continued)

d.

Resin Quality and Uses (Continued)

(2) Particle Size Distribution (Continued)

(£)

TF ra "”’f

(g)

(h)

Impurities in the RVCM - Too much AMS, CTA, or
other impurities in the RVCM may cause erratic

particle size. 5265 and 5305 resins charged with

CTA must be charged with no RVCM due to its affect ?Z17Zi
Vet

onyparticle size.
réestn

Water to Monomer Ratio - Higher water to monomer

Gh€E wel At
ratios (ﬁﬁizn: of water divided by amou%t of total
Chaqtd

VCMA pive "tighter" particle size distributions

(less through the 140 mesh screen and less on the

40 and 60 mesh screens) while lower water to mono-

mer ratios will give "flatter" particle size dis-

tributions. - This\%s inversely proportional to in-
roductivitg ; .

creasing as higher water to monomer

ratios give good quality but low production, and

lower water to monomer ratios give higher produc-

tion but the resin has a ﬁore.spread out pérticle

size distribution. )

H over T (H/T) - The height of.liquid in the re-

actor (H) divided by diameter of the reactor (T) is

also a controliiﬁg-ﬁéctor in particle size distri-

bution. ~Changing batch size (which changes "H")

can thereforé affect_pafticle size.
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(2) Particle Size Distribution (Continued)

(1) Agitation - Reactor agitation is very important to
particle size. This is measured by the power to
volume ratio in the reactor. Agitator blade size
and configuration will determine the motor horse-
power put into the reactor, which is divided by the
total liquid volume in gallons to calculate the
ratio. Higher power to volume ratios give tighter
particle size distribution but involve using more
energy to make the resin.

(3) Baffles - Size, configuration, and numbgr of baf-
restn

fles in the rej?tor will admo affectpparticle size.

= () L[S ek o shet]

]

Resin particle Size is tested off the dryers for every

batch that is dumped into the blend tanks as a dryer
- draee
regular sample by theA"A" operator. If particle size
begins to shift (get fiﬁe; or cog;ser), slurry samp;eS'
off of the reactors may be caught as each reactor is
“‘—;;’ dumped and thg>s1ufry gg; be dfied'iﬁ the lab and tested
for particie-sizé. -
A new method of testing particlé siéé is béing used by
the lab using the Leeds and Northrup (L & N) Microtrac
Analyzer. 'This machine,—calied.the "L & N", ﬁses a |
laser.to rgcbrd the size of résin pérticles passed

through a cell and ‘gives a pfintout that may be related -

DTH 000094323
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(2) Particle Size Distribution (Continued)
k—é d/}*'ﬁ(% »

to screen particle sizes The L & N result utilizes

three numbers, showing the micron size that 207 of the
sample is less than, showing the median particlevsize
(50%Z micron size), and showing the micron sizevthat 80%
of the sample if less than. Typically, the 20% value
muff‘ Frea

4!‘9 than 100 microns, the 50% value should be
about 140-150 microns, and the 80% value should be less
than 240 microns. L & N samples are taken by the reac-
tor "A" operator on each reactor as it dumps, and are

analyzed by the lab once per shift and printed out

to the vinyl control room for analysis.

(3) Bulk Density - Bulk density is the weight of dry resin
per some given yolume. It can be measured as pouhds-p;r
cubic foof or as grams per cubic cenﬁ}meter. The lab
pours the resin into a small c;ntainer with an anti-
static agent_(exeep%—dh—é%&S—résin’whereicalcium~stea—-

-fate—is—the=antiseef9 and weighs the container to give
a measure of the bulk density. It 1sAr¢porFed in grams .
per cubic centimeter (to convert g/cc ?o 1b/cu. ft.,

multiply by 62.45; .

DTH 000094325
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(3) Bulk Density (Continued)

VolﬁﬁiVConoco resin specs run from 27-39 1b/cu. ft. or .438 to

+ —
_______:539 .624 g/cc)depending on thed;fff%;/ Lower molecular

,__-fgz weight resinswill € ack better and give higher
[an ?

.bulk densities./  The spherical shape and particle size

resian

distribution of the resin will affect thejbulk density,
?/N} 7l« /1’5
which ‘48 a measure of how closely the resiJWQill pack
and how much void space is around the particles. ¥ The
bulk density is sometimes an indicator of the resin
viscosity, but this is not always true and may give mis-

leading results.

The bulk density is important to customers because

higher bulk densities allow maximum compounding and pro-

::> : cessing rates. éitives Such as‘calcium stearaté are
e :
used to make resin bulk densities higher A/Some‘
- ——— e D “_/ s
~“customers also require that a fluff test be run.; This
e — ______,__/—’ N

<\“‘ib important because of high prqcessing rates required

for some uses such as s1d1ng-j\The resin is mixed or

fluffed 1n a blendervan? then the bulk density is re--
Int la
measured. The amount of calcium stearate in the resin

;;___ff;> also affectsthe fésults of the-fluff-test.

. DTH 000094326
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I.

INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(3)

(4)

Bulk Density (Continued)

Bulk density is sampled on the dryer regular sample
taken by the dryer "A" operator for every reactor batch
that is dumped. Fluff tests are run ouétgé every 5385
blend tank every shift on special fluff test sémples
taken by the dryer "A" operator.ﬁlmw bulk density or
fluff test resultd may require that additional calcium

stearate be added to the blend tanks.

Dry Time -~ The dry time is a measure of how long it will

take a given amount of resin to absorb a given amount of

plasticizer. This is important to the customer because

it affects the processing time. The more absorbent the
' Vo

resin is, the shorter the dry time. | Dry time is

measured on a machine in the lab ‘called a Brabenderr

Torque Rheometer using a~"

sigma" heaé which mixes the
plasticizer and resin. One cu;tomér, Southwire, re-
quires a spe;ial dry time test-qn 5425 rééin that has

no numerical testing results. The resin is either "OK",
"Ma?gina%g'or'"Wet;;aécbgding £o how it_"cakes" together
or flows when mixed with ﬁlasgiéizer Qith a mixing

blade.

DTH 000094327
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(4) Dry Time (Continued) , ;my
determs
The resin dry time is -affected by the reactor pressure
drop allowed before killing the reactor. As the batch
pressure drops, the outside or "crust" of the resin par-
ticles contracts and hardens, allowing less plaéticizer
absorption after longer pressure drops. To lower the
dry time, a shorter or small pressure drop is required,
and longer or larger pressure drops will give higher dry
times. The amount of "back end" catalyst when using
.dual catalysts also affects dry times because too much
"back end" catalyst causes a faster reaction and faster
pressure drop at the end of the batch.
Dry time is sampiediby the dryer "A" operator on dryer
regular samples whiéﬁ come off of each reactor batch |
dumped.
(5) ;EE£§=7 Gels are hard res}n parglcles which will not
Fkgﬁc/Wwahdf‘
absorb plast{cizer. In a finished ‘a#e¥e¥&) they may be
observed aé small spots or windows. They degrade and
discolor more than the surroun d g ;ésin bécause of the
plasticizer deficiency. [jéi¢1ab testsrfor.gels by mill- .
ing out_é‘Shegt.of resin that ig_plasfiéized,.then_ob;',

serving for "holes" or quts.in the shéet over a lighted

—_—

box . ,- — ) ; o ) - - - =
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(5) Gels (Continued)

ﬁ/@ Ml”) The gel rating is given according to how many holes are
counted, for example, l1-4 holes is given a 1 gel rating,
5-9 holes is a 2 gel, and 10-13 holes is a 3 gel, etc.
A three or less gel rating is Type I resin (e#cept on

5265 and 5305 where gels are not counted).

Reactor cleanliness is the main factor affecting gels.
Polymer buildup on reactor internals will go through
several batches and then "flake off" into a batch being
Cou

’/____:;;) produced and will make gels. Reactor chem washing,
rinsing, and swirling is used to keep the reactor inter-
nals clean. The frequency or length of time on these
may need to be increased if gels become a problem.
Another problem may be that the reactor and condenser
sprayheads are not functioning properly. These are
pipes that extend into the reactor and have—a—flat

J/ﬁmt ad Jesy wil 4o oyenly

washer-attachednear—the-end-to-cause=ga=even spreadig
or "spraylifg" & the chem wash or water onto the reactor
condenser or walls. The sprayhead pattern can be

visually checked through the reactor manway during rinse

to verify that the sprayhead is working properly.

DTH 000094329
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(5) Gels (Continued)

Resin or impurities that are charged into the reactor
with raw materials will also cause gels. The charge
_’___,J;ED filters on the raw materials (water,or fresh or re-
covered VCM) can be changed out, if needed, to prevent
gels in the resin. Resin gels are checked off the dryer
on the dryer regular sample taken by the dryer "A"
operator. If there is a problem with gels, a gallon

slurry sample may be required to be taken by the reactor

auch
‘ i "A" operator when dumping.a reactor to have the lab dry
_______;;;; the slurry and check for gels from é&Vspecific reactor.
« ¢uch
- (6) Co - The color of the resin gives a measure of the
- hi'stor
*””";5E;;> heat stability and thermal properties of the resin. At

elevated temperatures PVC is inherently unstable and
will have discoloration, increased melting viscosity,
embrittlement, sticking,and loss of HCl (which will
damage process equipment). Bhe=:esin=cns£cmez=has=£ﬁ«-
mix-expensive-heat—scabilizeré~with~themresin to process

-4%—§ntc—affinished~product: Customers desire resin with

. color relew matefyw ,
—_— good stabiiity to reduce th.as:epesa&iag—Zeeee—end prob-

1lems srirtrsrr="5A e ey S
—_— ond +o f*‘ % (mrs'(uzc# /)—ua»/aa/ (’Wrs‘/dn.‘/ d)‘ﬂ[w‘uﬁ/
bl
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2., Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(6) Color (Continued)

The lab measures color on a Gardner Colorimeter which

a b

___———::;9 gives a "L", "A", and “ﬁ" value for the resin sample.

They have the fdilowing meanings:

(a) "L" - White (high value) vs. Gray-Black (low value)
____—_—EED (b) '?S' - Red (high value) vs Green (low valﬁe)
(c) "B" - Yellow (high value) vs. Blue (low value)
High "L" values are desirable and the GZ" and jﬁ" values
should be between the respective red and green or yellow
and blue ends of the ranges. The spec sheet gives the
acceptable results for each resin type.
The color of the resin is controlled by reactor strip-
ping conditions when recovering a reactor and by the
amount of antioxidant added to the reactor. Naugard is
presently used as the antioxidant and is added when.
killing a reactor, which is just before reactor recovery
begins. The operator must be sure that the proper
amount of Naugard is added to each batch to keep the 67Z>
color and heat stability within specificationms. lggiig?;’
ping temperature and the length of time Ehe batch is
held at high temperatures affects color and heat stabil-
ity because bf the amount of heat the resin is subjected
to.

DTH 000094331
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

Color (Continued)

Stripping conditions are set up that will allow the
resin to remain within specifications}but the stripping

procedures must be closely followed or the batch will
Mew :
become discolored. { The vinyl department normally goes
by the "E" color value to determine whether the resin
is within specification. Usually, if the "B" value is
good, the "L" and'ﬁ%'value will also be within speci-
fication. If the color results are out of specification
more Naugard may be added to subsequent batches to give
lower color results so that the high color material can
be blended off iﬂ the large blend tanks. The reactor
temperature controllers may also need to be checked and
any malfunctions repaired_by.instrument maintenance if
color results' are high. E{é{é?i'ﬁor_‘may also be
affected by the dr&ers if the fesiﬁ is allowed to stay
in contact-with ﬁigh temperatures for exténded periods.
A good example of this is tﬁat Qhen'fesin facks up in a
dust collector. It. may Bgcome-discolored if it_is not
transfe;iéd out or if the heat is/not:sﬁut bff quickly.
also : ‘

The dryer';nlet temperatures must/be watched closely to

keep resin color within specification.

DTH 000094332
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(6) Color (Continued)

Color results are run off the dryers on every dryer
regular sample taken by the dryer "A" operator. If the
'ﬁ?' value is too high, further sampling may be required-
to determine if the slurry from the reactor had a high
color or if the dryers caused the bad result. This can
be checked by drying a slurry sample in the lab and
running the color test. The sample would be taken by
the reactor "A" operator when the reactor is dumped.

(7) Heat Stability - Resin heat stability tests are run by
the development lab once per week off of random dryer
regular samples from each product produced. A strip of

_______;:;;:> plasticized résin is put into a Metrggtat_oven and the
strip feeds out of the oven,_allqwing a progressive -
heating of thé=strip frop'one gnd to the other.. This is
then compared to sfandafd control %eéins to determine if
heat stabiiity is equivalent to the standérd. A heat -
stability value of 3.0 meané thé tegfed reéin was the
same as the cqntrol.resiﬁ! while a value of more.thah>
three ipdiéatgs.that heai'stébility ié worse £han the

control aﬁ@-values'less than-3,0_indicéte resin that is

better than the control resin. ‘
- . DTH 000094333
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(7) Heat Stability (Continued)

Resin heat stability is affected by the same parameters
that affect resin color.aadégad heat stability gives %Z
borned  productyobdk cammat /wmz?rmo&af,awg Candgs

resin customers/the—same—type—of—probiems—that=eome—fron /

&(}0('1[7!"‘*% oxtra foat hzewr whyh ad, easoine ond a teet o ustenir's aﬂ;r,

a et cff=eotor-restmw: The heat’stability may be affected ¢oste
more by the heat history of the resin, which will in-

clude temperature peaks during polymerization or heat

—_— kicks or runaway at the end of the polxﬁmerization timg.

céamg/nq v ffuc¢;1,
: s

These problems can usually be controlled by
reacter—catalyst=lvadings~or improving-heat—transfer—to
the—sreactor cataiyst loadings or improving heat transfer
to the reactor cooling water (i.e., more flow, cooler

water, or cleaner condensers).

(8) _ggg;gg;gaiign;1 Contamination in the resin can be aﬁy
small pieées of foreign,hatterlor may be particies of
burnt resin. These particles wili'not absorb plasticii
zer or fuse and will ébpear,as-black."spéés" in a
finished vinfl article. This is_objectionable from an
appearance standpoiﬁt‘aﬁQ'can ;lso iead_to weakening of

the finished product.

DTH 000094334
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Qualtiy and Uses (Continued)

(8) Contamination (Continued)

e

ﬁ];ﬁ%” For instance, in wire and cable insulation, the burnt

(\,/://;7;esin particle will be highly conductive and may»lead to
spark failures when the cable is tested. [E;é%:;ination
is tested every two hours off of each dryer (except on
some products where it may be required every héur as

—_— specified by the Sﬁpervisor) and guidelines are set up
for what procedures to take if the contamination level
is out of spec. Contamination results are reported as
black contamination and brown contamination. The inter-
nal specification for brown contamination is a maximum
of 100 except on certain customers such as Southwire
where brown contamination is more critical (brown con-
tamination maximums are not shown on the spec sheet).
The lab tests for contamination by putting a resin
sample in a soap solution and the heavier brown and

black particles will settle to the bottom and can be

counted.
Another method of checking the contamination 1s by ,
on @ )nm// 1/10/"4.?[/47 7‘“rcu9(¢14«;‘ nwﬂ{rm N
spreading a sample oveiha—em&%%—eeﬁveyefzhelt‘and;eennt- . /
tPS/,,‘ /hm} d@a,/(/ %’ \F(@“}' o

dxig the contaminated particles as the bedt—siowly—turnss
This test is required for wire and—cable—customers.

Jsau¥%6U/;€L
DTH 000094335
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(8) Contamination (Continued)

Q mogaind ﬁ{
Contamination is usually cemtrelled—y dryer cleanli-

ness. The rotary dryers will have some resin particles
build up on the baffles and the inlet portion of the
dryer and as thesev'flake" off, resin contamination is

¢fu;oﬁﬁow¢%

caused.

Going into and cleaning the dryer will usually clean up
the contamination. Occasionally the contamination may
come from the reactors, which may be determined by using
contamination tests on a slurry sample after it is dried
in the lab. The source of contamination must then be

-

isolated and, the. contamipati can topped.

@f‘iﬂu I n ¢%; o waah f/ u¥§f e u%&cf%%ﬂ au%mﬂ’ .

¢ e seuiel Lf M Féac c@/;u"’a,/l{/m:zéé\ 7/@ cu—lmél( Causis .»téwﬂ
9 Moisture - Moisture in the resin comes from water that &%J&*”ﬁ

is not removed from the wet cake in the dryers. The

moisture specification for all the resins produced in- (5

0.30 percent, maximum, as measured on a resin sample by

the Anacon moisture analyzer.  The analyzer uses in-

frared light to determine the moisture content of the

resin. Moisture content can also be determined by dry-.

ing a weighe& resin sample in an oven and then re-

weighing it after completely drying.
DTH 000094336
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2, Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(9) Moisture (Continued)

7 W «jfm l
ﬂ/bl' The internalAdepartment resin spec may vary from

season to season. In the winter, the spec must be
lowered to insure that moisture levels are very low in

the resin product.

[Z tuj7 n t?é/;\tijq;/Z;&§i§/3€;2k<i/g;g61§33/;0f\;hé\
1stiopter . _ . 4 =

pound-whieh—ts~sn-eXpenstve price torpay—for=water——A
railesar—eof=resin—atr-0;3% moisture-will-eontain about_ 500

:

P —or—60— “Watex price—of—abeut=$100

and—the=customer-doas—not—reeeive-500-pounds—of resin-
/mn 441/“4d“qw
that-was:pXid. for. Excessive moisture alse. cause; resin

transfer problems in the customer's transfer systems.
The moisture in a railcar will tend ta migraté to the
bottom of tbe compartment, causing unloading problems
’because the wet resin will not flow. 1In winter condi-

A ’ P
POVIES LV - : .
tions, that is an even bigger problem because the resin -

7~

o
can freeze and the railcar will not unload. E&ﬁ@I@tp

i : . . - “f’dﬂ res/a
ﬂListure mixed with-the other raw materials when 4t/is

/
a5
processed canjcause porosity or various other processing

‘problems in the finished product.

DTH 000094337
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinyl Chloride (Continued)

d. Resin Quality and Uses (Continued)

(9) Moisture (Continued)

Moisture in the resin is sampled every two hours off of
every dryer that is running. If the moisture result is
above the maximum limit, the dryer conditions must be

moré€ J!‘Y /‘951.'\ ’(;“Bﬂ’\
adjusted to make the resinjdeyér and thesdryer must be

resampled in one hour. T4 @ messta Mﬂ (M/.-w‘za 4

S %&n 44&:#5 On  ow d’m}ﬂ, % \/«4/ @f’mﬁ‘l ‘g/mdf/,,

potity e SUHE Seppuser and ol 415 ou Stouctoniz 73/(&#2:4/’7
(10) Residual VCM - The residual VCM maximum on all resin = ks

RS Tn sfru n-k?g
e——~’::E;> produced is 10 ppm. Residual VCM is tested by the &€

L .
__ﬂ___;;;; .E%véﬁvumgg /fab on all shipments and is tested off of the dryers on

every "regular" sample for 5265 and 5305. The specifi-
1hdla¥n7 Standlp o
cation of 10 ppm is set by BERA~and-OSHA—regulatioms be-
cause excessive VCM in the resin may be hazardous to
hum&n health ahd the environment. Excessive VCM in the
product can also cause problems for the resin customer
because when the resin is heated, the VCM may form gas-
eous bubbles giving_impurities in the fipished:product
' ydusey chlericle acid —ges . .
and may give off -hydscchlerie—aeid which will damage

process equipment. - : : -
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I. INTRODUCTION (CONTINUED)

B.

Process Information (Continued)

2.

Poly Vinyl Chloride (Continued)

d.

Resin Quality and Uses (Continued)

(10)

Residual VCM (Continued)

The residual VCM content in the resin is controlled by
reactor recovery and stripping conii;}ons)and by blend

ﬂh&qﬂﬁwf hawr € sHablis
tank aeration./(Reactor stripping conditions swe—wset=xup

et

Jﬁﬁ*eh will give acceptable amounts of VCM in the slurry

that is dumped from the reactors. The EPA has set a

1imit on the amount of residual VCM that can be con-
+Hhon

tained in the slurry, which must be less;400 ppm

averaged over all the batches dumped in a 24 hour

period.

Lack of compliance to this regulation could lead to
fines or plant shutdown, so stripping according to the
established procedures is essential. A sample for
residual VCM must be taken off of every batch dumped
o omp @ o i Mwww'w@uk s v
from the reactorsd Lengthy aeration times are
necessary in ;he blend tanks on some fesins.sugh as
5265 and 5305 which'&!éz;ioihé harder tb‘strip; These
resins must be du;ped into separate blend tanks and
aerated for a giveﬁ lengtﬁ of time prior to drying the .
slurry,op that _‘_‘M:i [Oppm rfsfa[aa‘a /C/f/,(-dfg/ww

“12ﬂ ¥%G 6&J;J?CA%;L\.(0”~‘ég-ﬁpdé,

DTH 000094339
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I. INTRODUCTION (CONTINUED)

B. Process Information (Continued)

2. Poly Vinvl Chloride (Continued)

(1) Volume Resistivity - Volume resistivity tests are run

once per month on 5425 and 5465 to check the electrical
properties of the resins. The tests are run by the
Development Lab and the resins are compared to a pre-
viously run control resin. Impurities of any type in
the resin can affect the volume resistivity and too
much or too little of the additives will also affect
it. The volume resistivity is important to electrical
customers in wire and cable applications where resin is

used to insulate electrical wires and cables.

. DTH 000094340
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IIT. OPERATING PROCEDURES

A.

Reactor Evacuation

General Information - — . _

Evacuation of the reactor is required prior to charging in order
to remove as much of the air (inert;)‘aékpoégiﬂié; Air is
introduced into the reactor during previous phases of the reactor
batch cycle since dump, riﬁs;, and chem wash require that the

reactor be vented to the atmosphere,

Proper reactor evacuation is extremely important., Some of the
problems that can occur if too much air is left in the reactor
prior to charge include:

1. A buildup of excess pressure in the reactor during charge.

2. An explosive mixture can be created as VCM is put into the
reactor that already contains oxygen from the air. Any spark
source, such as static, could then create a catastrophic
situation.

3. Poor temperature control during polymerization because of
inerts blanketing the condenser and impairing proper heat
transfer.

4. The production of off-grade PVC or a coarse batch,

5. A buildup of excess pressure in the recovery system as the

inerts are vented into that system.

DTH 000094341
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III. OPERATING PROCEDURES (Continued) .

Reactor Evacuation-(Continued)

General Information (Continued) - = -

Evacuation is accomplished using one of the two available two-

stage steam jet ejector systems. Evacuation is controlled by the
lead operator from the control panel. The "A" operator must check
on the evacuation jets and valves, if needed, and confirm that the

reactor is evacuated to the correct vacuum during evacuation.

Procedure
1, Prior to evacuating, the lead operator should start filling

out the Large Reactor Batch Sheet (Figure 2) for the reactor

to be evacuated. The following items should be completed:

Reactor: Write the reactor number on the sheet, The "batch
number" may also be recorded which increases by one
every time that particular reactor is to be charged
(e.g.,if reactor 743 had batch number 522 the last
time it was charged, the next time that 743 is charged
if would be batch number 523).

Type: Write the resin type to be charged (e.g.,5385).

Date: Write the current date. Note that the period from
midnight to 7 A,M, is considered to have the previous
day's date because the vinyl department “day" is from
7 A.M, one morning to 7 A,M. the following morning

(e.g.,at 5:00 AM, on 2/23/82, the date recorded on

DTH 000094342 '

the batch sheet should be 2/22/82).
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III. OPERATING PROCEDURES (Continued)

A. Reactor Evacuation {(Continued)

Procedure (Cortinued) - - -
Water Counts: Record the formula amount of water counts to
be charged and tl;e' cl;arge wa;:ef t;mpernture.
Methocel, gallons Record the formula amount of Methocel and

and inches:
inches of Methocel to be charged.

VCM,.Counts: Record the formula amount of total VCM to be
charged into the reactor.
RVCM, % and Write the 7% of the recovered VCM charge tank(s)

Counts:
and counts of RVCM to be charged.

Catalyst, gallons Record the amount and type of catalyst(s) to

and type:
be used.

NOTE: Several things should be considered before the amount of
catalyst to be charged is decided upon. The lead operator
has the responsibility of seeing that the reactors are
turned around as efficiently as possible and that catalyst
loadings are decided upon which will give needed production
with minimum downtime. The following should be taken
into account:

a. Run time and catalyst loading of the previous batch.

b. Reactor spacing - i.e., if catalyst is increased will the
shorter poly time be negated by waiting on recovery?

c. Outside weather conditions and projected conditions during

the batch - i.e., will the sun probably be coming up to

warm the weather up after the batch is charged?

d. Rasin particle size. DTH 000084343
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III. OPERATING PROCEDURES (Continued)

A. Reactor Evacuation (Continued)

Procedure (Continued)

NOTE: (Continued)

d. (Continued)

- Shorter poly times usually cause slightly finer resin and

longer poly times uéuélly cause slightly coarser resin. 1If

the particle size is close to out of specificaiton, a change

in catalyst loading may not be advisable.

If the lead operator thinks that a change in catalyst

loading should be made, he is responsible for contacting

and consulting with the shift supervisor and then making

the change if the supervisor approves it.

Run Temp.:

M}ﬁd} Run Pressure:
L

Set the temperature setpoint on the reactor
temperature controller to the specified
temperature for the product to be changed
in that reactor. Record that temperature
on the batch sheet.

Record the pressure that the reactor should

uraﬂ ‘Q run (according to previous batches).
&;‘M- Typical run temperatures and pressures are as follows:
Product Run Temp., O Run Pressure, psig
5265 150-152 ~~150
5305 143-145 ~135
5385 130-135 ~ 120 FIB
5425 123-127 ~~ 100
5465 116-120 90-95

DTH 000094344
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III. OPERATING PROCEDURES (Continued)

X. Reactor Evacuation (Continued)

Procedure {(Continued) - - _

2.

When the reactor is okay for charge and there are no

major problems known on raw materiais to bé cﬁarged, the

lead operator will record the time and his initial in the

appropriate blank on theblarge reactor batch sheet, One

important consideration is to make sure the reactor is empty

by re-checking for flow through the bullseye with the reactor ‘Z

sewer valve open and checking the reactor agitator amps. The

lead will then record the precharge amps on the large reactor

batch sheet. If there is any question about whether the

reactor is empty, the lead will contact the "A" operator and

have him check the bullseye in the field.

The lead operator puts the interlock mEZ‘e SEIECE%';Z "evacpatiop" at
m S e

for the reactor to be evacuated/ The only valves on the reactor CA?/‘

that should be able to open in this mode are the condenser valve,

the evacuation valve, and the jacket steam valve, All valve

lights should be showing -eshelves=bpen=exr closed with no double

indications.. ¥he lead will put any light that does not work

on the panel light list or contact the shift supervisor if an

"E" work order is required.

The lead operator tells the reactor "A" operator via radio

that the reactor is ready to put under evacuation and specifies

the reactor, product, and catalyst loading to be charged- e.g.,

"D-300 is ready for evacuation, 5385, five gallons of L-223 catalyst".

DTH 000094345
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III. OPERATING PROCEDURES (Continued)

A. Reactor Evacuation (Continued)

Procedure (Continued) _ - _

5.

The "A" operator responds and tells the lead which evacuation
system (big or little "jet"). touse, depending on what he is doing

and how long it will take him to get to the top of the reactors.

Energy conservation is very important for the "A" to consider here

e

reactor is pulled down to a vacuum several minutes before the A&aj- ?

’

because steam will be wasted if the big jet is used and the

"A" operator gets there to check vacuum, Also, note that
reactor evacuation and charge takes priority over most other
"A" operator jobs. The big evacuation system will pull the
reactor to a vacuum in about half the time that the little

evacuation system will.

If D-700 is being charged, the big evacuation system will auto-
matically be used. ‘777:
The lead operator opens the condenser valve and evacuation

valve on the reactor to be evacuated.

The lead operator opens the valves on the appropriate

evacuation system which has been chosen for that reactor

in step (5),as follows:

Little Evacuation System:

a. Open CV-151 which is between the reactor evacuation

Ho-

header and the two primary evacuation jets for the system. o 7
< {3

b. Open CV-152 which opens the steam for the two primary (v [t ‘
evacuation jets and the two secondary evacuation jets /Mé:

in the system (one actuated valve). DTH 000094346
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III. OPERATING PROCEDURES (Continued)

A. Réactor Evacuation (Continued)

Procedure (Continued) - — -

Big -Evacuation System:

a. Open CV-133 which is between the reactor evacuation
header and the primary evacuation jet‘for the system,
b. Open CV-131 which opens a steam valve going into each
6f the two jets (primary and secondary).
8. When the valves in step 7 are opened, the lead will check
on the camera to see that the jets came on.
9. The lead operator will open the emergency cooling water valve
which supplies cooling water to the reactor ocondenser.

NOTE: In cold weather, cooling water on the condenser will

lower the reactor temperature significantly, causing [J;*’VQLJJ
long heat-up times. Under these conditions, the emergency éﬂvhi
cooling water should be shut off as soon as the reactor Zmﬂ4/

temperature starts falling (this takes about 30 seconds to
a minute). However, the emergency cooling must always
be turned on initially during evacuation,

10. The lead operator will open the steam to the jacket valve on
the reactor being evacuated. This begins heating-up the
reactor shell and helpsreduce polymerization heat-up time.

11. The lead operator will record the time the evacuation started
on the batch sheet,

12. The reactor "A" operator will proceed to the top of the
reactors and will check the reactor vacuum on the reactor

mercury monometer using the following procedures: DTH 000094347
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III. OPERATING PROCEDURES (Continued)

A. Reactor Evacuation (Continued)

Procedure (Continued)

a. Check the pressure gauge on the reactor and make sure it
is showing a wvacuum. If.pressure is ;n the reactor and the
valve to the manometer is opened,the. mercuryin the manometer
éan be blown out and will have to be refilled.

b. Open the valve at the manometer for the reactor that is being
evacuated,

c. Watch the mercury level and when it reaches 28.5 inches of mercury
notify the lead operator - e.g.,, "28.5 on D-300".

d. Close the valve at the manometer once the proper vacuum
has been reached.

13. The lead operator checks the vacuum on the reactor from the
control room reactor pressure indicator when notified by the "A"
that a 28.5 inch vacuum has been obtained. If the pressure
indicator shows the incorrect pressure, the lead will have
the "A" recheck the vacuum and notify the shift supervisor if
there is a further problem.

14, When a 28.5 inch vacuum has been obtained per both the reactor
mercury manometer and the control room reactor pressure
indicator, the lead will shut the condenser and evacuation
valves on the reactor (this can be done by going to the charge

mode on the reactor),

DTH 000094348
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ITI. OPERATING PROCEDURES (Centinued)

A. Reactor Evacuation (Continued)

Procedure (Continued) - - _

15. The lead operator must then close the reactor emergency cooling
water valve. He will then scan the reactor control ﬁanel and
make sure all valves show closed except the steam to the jacket
valve.

16. The lead operator then closes the evacuation system off that was 0405[

,fc
e

started in step 7, by closing either CV-133 and CV-131 or
CV-151 and CV-152.
17. Evacuation is now complete and the reactor is ready for
i breaking vacuum.
18. The lead will record the time the evacuation is completed on the

batch sheet and record the vacuum attained.

Troubleshooting

1. One problem that commonly occurs is that one or more of the
actuated valves will not open. This is evidenced by the jets
not coming on or by the pressure on the reactor not falling
after the jets are on. If either of these conditions occur, the
following procedure will be followed:

a. The lead operator wild have the "A" check the valves in the
field by specifying which valve is the problem (if he can
tell from the control panel).

b. The "A" operator will then check the valve in the field and if
it is working improperly will follow the steps given in the
"Actuated and Automatic Valves'" section (Section Q) of this

manual and try to get the valve to open. DTH 000094349
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III. OPERATING PROCEDURES (Contimued)

ez
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Reactor Evacuation (Continued)

Troubleshooting

2.

If all the valves are working and the reactor will not evacuate,
check the plant steam pressure. It should run between 140-145
psig. If it is low, there may not be enough pressure to evacuate
a reactor. If steam pressﬁré is low, contact the supervisor for
priorities on what to use steam fér.If the steam pressure is below
125 psig, the leads should start cutting back on steam usage
immediately because of the possibility of rupturing boiler tubes,
and the supervisor should then be contacted and made aware of the
situation.

If the reactor will not evacuate at all and all the evacuation
system valves are open, a valve on the reactor may be open

that should not be open. This may include the vent valves,

the evacuation valve on another reactor, or the recovery valve

on the selected reactor. The lead operator should have the "A"
operator check for open valves and if none can be found, contact
the supervisor or chief lead operator. The lead may be able

to narrow down the cause of the problem by closing the selected
evacaation and condenser valves and having the evacuation header
pressure checked in the field. This will tell whether the problem
is on the selected reactor or if it is in the evacuation header
and jets. Another possibility is that the reactor could be
evacuating but the indicator in the control room may have mal-

functioned. This can be checked by pressure gauges in the field.

DTH 000084350
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IITI. OPERATING PROCEDURES (Continued)

A

Reactor Evacuation (Continued)

Troubleshooting - - -

4. 1If the reactor will evacuate partially but not reach a 28.5 inch

vacuum, the problem could again be that there are valves open

or partially open to the atmpsphere on eiiher the selected reactor
or another reactor. Another poss?bility is that water may have
beenvleft in the reactor and as a vacuum is pulled, the water will
evaporate, filling the reactor vapor space and preventing complete

evacuation. This can be checked by redraining the reactor.

Other problem areas to check if the reactor will not evacuate to
28.5 inches of mercury are the catalyst injection valve and the
Christmas tree valves on top of the reactor. If these are cracked

or left open, a 28.5 inch evacuation may not be attainable.

DTH 000084351



J

F I
/ol
opétating Manual
1d' Unit PVC Reactors
Page /

III. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves

General Information

Actuated and automatic are used throughout the reactor and dryer
. 1"{

____;;, units as control valves. These valves may be operated‘from the

control panel in the control room or from switches or controllers

in the field.

Actuated valves are valves that have air actuators on them which
open or close the valve according to an air signal from a solenoid
valve. The valves have one of two general types of actuators on
them, either an actuator that is spring loaded or ome that uses air
to drive the piston in the actuator both ways (open or closed).

The non-spring loaded types are most common in this plant. The

solenoid valve opens or cldées according to the electrical signal

,__-7 from the control valve switbﬂ and either allows air to enter or

exit the actuator and change the valve position.

Actuated valves have limit switches on them that use magnets to
give an electrical signal telling if the valve is open or closed.
Two types of 1limit switches are used. Reed* limit switches use
small horseshoe magnets mounted on the actuator that must come

very close to the Reed switch to actuate the electrical signal.

*Registered Trademark

DTH 0000894352 '
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I1I. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

General Information (Continued)

The signal will give an open or closed indication according to
the position of the actuated valve. Go* limit switches use a
circular disc on the actuator. Part of the disc is magnetic and
when it comes close the the Go* switch an electrical signal is

given, indicating the position of the actuated valve.

Automatic valves are control valves that open of close as a flow,
pressure, leve%,or temperture gets closer to or deviates from a
manually adjustable set 5245: (setpoint). For instance, if the
reactor temperature setpoint is 130°F, the automatic cooling
water valves will open as the reactor temperature rises to and
above 130°F. At a few degrees Farenheit above 130°F, the valves
will normally be wide open, allowing full cooling water flow to
the reactor jacket and condenser. Then as the temperature of the
reactor drops due to the cooling water flow, the automatic valves
will begin to close and will try to control the reactor tempera-
ture at the setpoint (130°F). If the temperature should fall
much below 130°F, the valves will completely close, allowing the
reactor to heat back up to the 130°F setpoint. The automatic
valve controller will normally have an automatic and manual

mode. In the manual mode, the valve can be manually opened or

closed as much as desired from a positioner on the controller.

-« [&ﬁ}sﬁ»«,b/ TM”(C’W@/ DTH 000094353
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III. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

General Information (Continued)

Many of the actuated and automatic valves have oilers in the air
1ine to the actuator or control mechanism. The o0il allows the

parts of the solenoid valves and actuators to work and fit together

- :;; properly without excessive wear tbﬂt destroys the equipment, caus-~

ing costly repairs. Keeping the oilers properly filled,is the "A"
on &
operator's responsibility,&er the valves in his unitg The oiler

should not be allowed to run empty, as this will cause valve mal-
functions. When filled, the oiler should be filled about one inch
from the top. An oiler needs filling if it has less than one inch
of o0il in the oiler. 01il cans are located strategically through-

N\Ht/(u?

out the unit allowiag

These 01l cans are checked weekly (or more often as needed) and

easy and fast availability when needed.

_____;fay kept filled by maintenance personnel. O0il can§ that are empty
should be reported to the Maintenance Superintendent. Also,
any oiler that does not work properly, is broken, or cannot be
unscrewed for filling must be reported on a maintenance work-

order so that the problem can be corrected.
The following section will give troubleshooting procedures that

can be used for actuated and automatic valves. These procedures

and steps should be implemented if a valve will not operate

DTH 0000894354
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OPERATING PROCEDURES (CONTINUED)

V.

Actuated and Automatic Valves (Continued)

General Information (Continued)

properly from the control panel. The lead operator and "A" opera-
tor should both be familiar with these procedures and may sometimes
be called on to use them veryg proficiently and quickly, depending
upon the situation. The lead operator is also responsible for
noting any abnormalities with panel lights or switches and if the
"A" operator cannot correct the problem in the field, he must
report the problem to the supervisor or note it on the panel light
list that instrument maintenance is to work on during the week.

The item will also be signed off as each panel light is repaired

by maintenance personnel,

NOTE: A copy of the panel light 1list should be made weekly by
sent
the Operations Supervisor and At to the Vinyl Operations
Superintendent, the Maintenance Superintendent, and the

I & E Supervisor. This will show progress being made on

panel light maintenance.

Actuated Valve Troubleshooting

1. If an actuated valves does not give a light on the control
panel in either the open or closed position, the lead opera-

tor will have the "A" operator check the position of the

DTH 000094355
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III. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Actuated Valve Troublshooting (Continued)

valve. The "A" operator will visually check the valve stem
and actuator position and will notify the lead operator which
position (open or closed) the valve is in. If the valve is
closed or open but not showing a light on the switch, the "A"
operator will inspect the limit swidyq. If magnets are broken
or have been removed, either replace the magnet or write a
work order to repair the magnet. If the magnets are in place
and in good shape, the limit switch may need repairing (write
an appropriate work order or place the light on the panel

light 1list).

2., If the lead operator opens or closes a valve but it will not
give the proper indication, he will have the "A" operator
check the valve in the field while he continues to try to
operate the valve from the switch. The "A" operator will
visually check the valve stem and actuator position and will
notify the lead operator which position (open or closed) the

valve is in.

If the valve is in the correct position, the "A" operator will
Jranl

check the 1imit switch as given inA#(above), and make repairs

or have the switch (or magnets) repaired by maintenance as

needed. The "A" operator will also check the oiler level

DTH 000094356
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OPERATING PROCEDURES (CONTINUED)

V.

Actuated and Automatic Valves (Continued)

Actuated Valve Troubleshooting (Continued)

for the valve and fill it if needed.

NOTE: Automatic safety systems ‘I?s‘&i on valve pos tio :Sli\a“j fﬂsf/"”‘
be overridden or bypasseqﬂpy attaching a magnet to a
limit switch as long as the valve is constantly attended
while the safety system is bypassed. Some operations
in the unit (such as charging VCM) cannot proceed until
a valve or set of valves is open (or closed). These
can be overridden to maintain operations but the "A"

operator must remain at the valve for the entire time

the valve safety system is bypassed.

If the valve is in the undesired position (open or closed), per
the "A" operator's visual check, the "A" operator must attempt
to manually override the valve by pushing the solenoid valve

manual override button.

If the valve goes to the desired position (open or closed) when
the override button is pushed, the valve will probably need to

be held in that position for a given time period. The "A"

DTH 000094357
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OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Actuated Valve Troubleshooting (Continued)

operator can accomplish this by closing the air supply to the

valve and releasing the override button. One of three things

will happen.

a.

The valve will remain in the desired position. This is
desirable for a given length of time. When the valve
needs to be retz{Aed to its original position, open the
air valve andAl'y;hould return to its original position.
If it does not, override the solenoid again and go though
the procedure to change the valve position. If the valve
will not operate properly from the panel, the valve oiler
may need to be filled. If the oiler has the correct oil
level, write a maintenance work order to change out the
solenoid valve.

The valve will go back to the undesired position. This

ﬁaylindicate that the valve is the spring loaded type

‘which will go back to the original position when air pres-

K:’ aM"

sure fails, Find an object that can be used to fddn the
valve in the desired position (without tearing it up) and

override the valve again to get in in the desired position.

DTH 000094358
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ITI. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Actuated Valve Troubleshooting (Continued)

Jam the valve while it is in the desired position to

keep it there.

NOTE: Be very careful whem jamming a valve manually.
Watch your fingers and hands, being careful not
to get them caught or pinched. Very serious

injury can result from having a finger caught

9 by a limit switch magnet or by the movable i

parts of the actuator or valve stem.

When the valve needs to be returned to its original
position, remove the jam (carefully). If the valve
will not properly operate from the panel, check the
yalve oiler for the oil level and fill if needed. 1If
thé.oiler is properly operating, write a work order
on the solenoid valve.

c. Tﬁe valve will go partially back to the undesired position.
There may be enough air left between the air valve and
the actuator to move it back to an "in between" position

(or even back to the undesired position). Find an object

DTH 000084359
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III. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Actuated Valve Troubleshooting (Continued)

to jam the valve with long enough to bleed off the air
wds. 35,
while the override is released (see Safety NOTEAabove).
This will leave the valve in the desired position even
after the jam is removed. To return the valve to its
original position, reopen the air supply valve. If the
valve sill not properly operate from the panel, check
an
the valve oiler for the o1l level sm fill if needed. If

the oiler is properly operating, write a work order on

the solenoid valve.

<=———:§7 4, If the valve wil not operat’e when the override button is

pushed the following problems may be responsible:

a. The alr supply valve to the actuated valve;:D closed.
Check the'valve position and open and close it to veri-

fy its proper operation.

<T—————~:; b. The air supply 1inec:r‘broken, disconnected, or leaking, ¥

mey be
This is usually evidenced by an air leak around the air

valve, solenoid valve, or actuator. Repair the line

if possible by tightening or reconnecting the fittings,
or have maintenance repair the air piping or tubing. If
the valve operation 1s needed immediately try to hold

the tubing or piping up to the proper solenoid connection

P —— | long enough to ;‘:ﬁ the valve.

DTH 000094360
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V. Actuated and Automatic Valves (Continued)

 Actuated Valve Troubleshooting (Continued)

c. Im freezing weather, water may get in the solenoid and {%etzgy

_,___f;- \
/‘? l WAoperation. Th&w poL theAsolenoid by blowing
|

steam on it.

d. The air pressure to the valve (or reactor unit) may be
low. Pressures below 60 psig will not operate most of
the valves in the reactor units. Notify the Shift
Supervisor and cut back on air usage in the unit where
possible.

e. The air line or tubing may be plugged with foreign
matter. Clear the line or tubing by disconnecting it
and blowing out the plug or have maintenance clear

the 1ine)if needed.

In anyAcases m the valve may be able to be opened

or assisted in openinf K manually turning the valve or
veing avatia
actuator stem/“if the actuator is not spring loaded). This

may be necessary if repairs or other steps cannot be de-

layed and the valve must be operated immediately.

«<— In all cases where any operator must work with or check an

';;EEzéi;)h éf}-— actuated valve in the field, he must check the oil level

«~——and limit switch for abnormalities. A problem overlooked

DTH 000094361
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OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Actuated Valve Troubleshooting (Continued)

in these areas may re-occur at a more critical time and
' the operator should try to avert such situations by watching
Félé and checking for problems and correéting them (filling oilers
or writing work orders on magnets and limit switches) as they

<— are noticed.

j To isolate an actuafted valve, the operator must close the air

supply to the valve and -WSBW push the override to make sure

it stays in the desired position or have the lead operator try

to operate the valve from the panel and make sure it stays in
<é>_ the desired position. The operator will then tag the air
supply valve with a '"DO NOT OPERATE" tag.

Automatic Valve Troubleshooting

1. When an automatic valve malfunctions, the lead operator and/or
"A" operator must first check the valve position. The lead
operator can check the valve position per the needle that in-
dicates valve position on the panel if it is a panel operated
valve. This indication may not alwdgﬂ be correct, however, and

should be field verified by the "A" operator.

DTH 0000894362
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III. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Automatic Valve Troubleshooting (Continued)

2. Once the valve position is checked, the valve may need to be
manually stroked Jzﬁ;:ﬁ or closed. This can be done for panel
operated valves by placing the controller in the manual mode
and turning the valve positioner to open or close the valve.
This can also be used to verify proper operation of the valve.
If the valve will not respond to manual positioner operation,
have the "A" operator check the air lines to the the valve
and make sure that the valves are open and the lines are not

plugged.

3. 1If the automatic valve is field controlled, after checking

2

the valve position the operator should move the setpoin} to
(WX

verify proper operation of the valve.A #W should either open
or close to try to move the operating variable (flow, tempera-
ture, etc.) closer to the setpoint. If the valve will not
respond to setpoint changes .ﬂ‘ﬁ“@ﬂy, check the air supply

~ > and/or write a work order as needed to re@%ir the controller.

that
4. Another problem with automatic valves is oftenfithe instrument

measuring the operating parameter (pressure, temperature,

flow, etc.) is malfunctioning. For instance, a flow

DTH 000094363
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ITI. OPERATING PROCEDURES (CONTINUED)

V. Actuated and Automatic Valves (Continued)

Automatic Valve Troubleshooting (Continued)

, “ndizeden whon s
°*74=jj> controllerpmay show (gpm g the control valve is open and

and pressures are correct on the line. This may indicate

s Alow fn [z o
that fthe flow indicator needs repairing (write an instrument

maintenance work order).

DTH 000094364



