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To: R. R. Smith

From: R. C. Tebo, PED, D. E. Knittig, Aberdeen

Date: April 2, 1990 VIS-I-A
Interoffice
Communication

Subject: 5305 RESIDUAL VCM REDUCTION

During the last four months, many extensive test runs and

experimental designs were done to evaluate further residual

VCM 1in 5305 to 250 ppb. The results look very promising.

Some of the major conclusions are listed below in order of

priority. By addressing these conclusions, Vista will be able

_— to produce 250 ppb RVCM 5305 for American Mirrex without 1lot
selecting.

Conclusions

1. Aberdeen's wet alr system reliability should be improved.
Large alr pressure swings cause increased variability of blend
tank and silo RVCM. Improved aeration would help RVCM removal
in the blend tanks and silos and significantly reduce RVCM
variability.
2. Aberdeen should evaluate the effect of changing the 5305
particle size specification. RVCM can be significantly
reduced by reducing the resin particle size. By targeting a
- 120 micron average particle size, RVCM can be reduced by about
30%.

3. An alr heater should be installed to heat the silo air to
150°F. Heating the aeration air going to the silos also has
a beneficial effect of reducing RVCM by 25%.

- 4. A system should be i1nstalled to steam heat the blend tanks
to maintain the temperature at 150°F. By keeping the blend
tank temperature at 150°F, blend tank RVCM can be reduced by

_______ up to 50%. For immediate benefit, operators should try to
keep the blend tank temperature high by rinsing the 5305
reactors with hot water.

- 5. Aberdeen needs to 1nvestigate ways to improve small and
large blend tank agitation. Currently, a resin heel forms on
the bottom of the blend tank which does not get aerated.
Improved agitation would result in more uniform blend tank
aeration. Blend tank RVCM would be reduced by over 20%.

6. Rotary dryer controls need to be improved. Loose control

of the rotary dryers causes wide RVCM variability out of the
dryer.
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These are believed to be the best ways to improve 5305 RVCM.
The detailed test run report with a complete 1list of
recommendations is attached.

Recommendations
A meeting will be held on April 10, 1990 at 2:00 p.m. in

Aberdeen to develop a project action plan. Interested parties
from PED, Aberdeen, R&D, and marketing should plan to attend.

ok Il Doy Leitty

— Rer
Rich Tebo Doug Knittig
Process Engilneer Process Engineer
cc: Aberdeen: RWS \ JDO \ RBN \ JME \ SCH \ JMV
| Houston: EJM \ PCS \ RDM \ MCM
— Saddle Brook: MAE
Austin: HGC

----- File: ABD.0.900402
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RESIDUAL VCM REDUCTION

ABERDEEN PVC PLANT

Introduction

A competitor has guaranteed American Mirrex that 80% of its
resin will have less than 250 ppb RVCM. Prior work has shown
that Vista can produce 250 ppb or less RVCM resin only one
third of the time during the winter months. The short term
goal of this prOJect is to provide Amerlcan Mirrex with 250
ppb RVCM 5305 resin.

The longer term goal 1s to consistently produce 5265 and 5305
resin with RVCM less than 250 ppb. Furthermore, the business
area believes that eventually RVCM levels will be targeted

down to 10 ppb in 5265 and 5305, and 100 ppb in 5385 and
5415.

Historically, RVCM in Vista's resin is highly variable.

There 1s a seasonal trend for RVCM, with RVCM being the
highest during the winter months and lowest during the mid
summer. Aberdeen can consistently meet the 250 ppb RVCM
target during the summer months, but cannot during the winter

and spring. To better illustrate, historical RVCM data is
shown below.

Table I
Historical RVCM Data

Control Limits

Resin Avqg Upper Lower
Summer 1989
5265 70 ppb 120 ppb 20 ppb
5305 100 ppb 180 ppb 20 ppb
Winter 1988
5265 440 ppb 650 ppb 220 ppb
5305 340 ppb 550 ppb 130 ppb

For the last four months, PED and Aberdeen have been
conducting extensive research into further RVCM reduction.
Three major test runs were completed between November 1989
and February 1990. Two experimental designs were done to
determine the major factors of 5305 RVCM removal. This
report 1is the culmination of that work.
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TO: Disribution

Interoffice From: Rich Tebo, Houston PED V|S-|-A
Communication Date: May 10, 1990

Subject: Status of RVCM Reduction Work

The attached table shows the status of the projects that
were identified during the April 10, 1990 RVCM reduction
meeting in Aberdeen. The project status table will be
updated every month to chart progress towards wintertime
250 ppb 5305.

;ézi{r\:zédé;“
Rich Tebo

Process Engineer
Engineering Department

Attachment
Distribution:
Aberdeen: RWS \ JDO \ RBN \ JME \ ¥\ JMV \ DEK
Houston: RRS \ MCM \ EJM \ PCS
Saddle Brook: MAE
Austin: HGC

File ABD.0.900510
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American Mirrex 250 ppb 5305
Project Status Update

Proiject Resp.
1. Heated Silo Air Abd
2. Hot Water Rinse PED
3. Plant Air System Abd/PED
4. Blend Tank Agitation PED

5. Reactor Stripping Abd

L LT T TR E R TT L UEE WA e

- | PR . M e

May 1990

Target
Date

Qtr 4 90

Qtr 4 90

Qtr 3 91

Otr 4 90

otr 3 91

Qtr 4 90

Status

Project has been submitted as a

fourth quarter project. Project
1s estimated at $10M

Minor valving adjustments are

required. Work will be installed
under a work order or misc. capital
request.

PED 1s investigating a low
pressure alr system for silo and/
or blend tank aeration. Aberdeen

1s looking into near term means to
improve reliability.

Aberdeen 1is submitting a fourth
quarter project to a) add blend
tank spargers to blend tank T-407,
and b) install air flow meters

on all the 5305 blend tanks.

PED 1s investigating alternate
ways to improve blend tank
agitation. Work is underway to

study jet mixing and mechanical
agitation.

Aberdeen has conducted a number
of test runs to improve reactor
stripping. The project is

budgeted for the fourth quarter.

™
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6.

7.

Prepare Estimates for
RVCM Reduction

Recipe Optimization

PED

R&D

May 1

May 1

Sept 1

Statistical work has been done to
estimate what RVCM levels will be

after improvements are made. Work
is complete.

R&D 1s to contact BASF about recipe
optimizations. No report vyet.

R&D to complete autoclave work and
and to conduct plant trials for

recipe optimization. No report yet.
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Vista Chemical Company Park 80 Plaza East Saddle Brook, New Jersey 07662
Phone (201) 845-3800

April 19, 1990

AMERICAN MIRREX CORPORATION
1389 School House Road
New Castle, DE 19720

Attention : Dave Pullin - Director, Materials Mngnt.
John Blum — Technical Services Mngr.
Carmine Covias — (Quality Assurance Mngr.

Gentlemen:

I am sending you a list of topics that Harold Coleman
and I will be prepared to discuss during our meeting
scheduled for Wednesday, April 25th. We will arrive at
the plant in time to begin the meeting at 10:00am and
I would like to invite all the meeting attendees to
join us for lunch.

Our primary objective for this meeting is to receive,
and provide, up—to—date feedback on a number
"technical i1ssues” relating to the quality of Vista’'s
rigid calendering PVC resins. The feedback we receive
from American Mirrex will allow us to prioritize and
appropriately allocate resources to the various
quality improvement projects underway at the Aberdeen
plant. We hope that this meeting can also be the
initiation of a "continuous feedback program" that
will help us evaluate and monitor the benefits of
quality improvement efforts.

Harold and I are looking forward to our visit to the
wonderful state of Delaware. If you have any questions
or comments concerning the attached list, please give
me a call.

Very truly vyours,

77l G Lot

Mark A. Eramo
Technical Sales Representative

Attachments

bcc: CJIM,MCM,RRS,RBN,JME ,JIPRWS ,EIM, HGC VAB. 0001097479




AMERICAN MIRREX

ATTACHMENT

LIST OF TOPICS FOR DISCUSSION:

I. 9305/5265 PHYSICAL PROPERTIES:

IT. 35305/7395269

III. "SPECIAL"

A)

B)
C)
D)

E)

A)
B)
C)
D)
E)

F)

A)

B)

CONTAMINATION
- QC levels
— Critical thin, clear
STREAMERS & "VELCRO"
RVCM
COLOR

OTHER 277

PROCESSING CHARACTERISTICS:
CLARITY

GELS & "FISHEYES™

PLATE-OQUT

GASSING

GENERAL PROCESSING ( Fusion

OTHER 727?77

9300 PRODUCTION TRIAL:
PHYSICAL PROPERTIES

PROCESSING

IV. 6015 PROJECT STATUS

V. CONTINUOUS FEEDBACK PROGRAM

vi. MISCELLANIOQUS

/  VISTA POLYMERS TECHNICAL MEETING

film
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II. ReCO ons

The following are recommended ways to reduce RVCM in 5305.
These recommendations are classified into three categories:
A) those with a major effect on RVCM, B) those with a
moderate effect on RVCM, and C) those with an undetermined
effect on RVCM.

A. Maijor Effect

The following is a list of recommendations which are
believed to have a major effect on RVCM removal in 5305.
Some of these recommendations, however, do not have an
additive RVCM removal effect with others and discretion

should be used in determining what recommendations are
used.

; 1. Plant Air Reliability - Aberdeen's wet air system
reliability needs to be improved. Blend tank and silo
aeration account for nearly all of the post reactor RVCM
removal in the process. With the current systems,
Aberdeen's aeration air is in very tight supply. The
blend tanks, silos, and activators do not consistently
get the required amount of air needed for their purposes.
This results in higher final product RVCM.

| 2. Resin Particle 8ize - Aberdeen should evaluate the
effect of changing the 5305 particle size specification.
RVCM has a strong correlation with resin particle size.
A 20 micron decrease in targeted particle size (from 140
to 120 micron) will result in a 35% decrease in product
RVCM. Customer quality specifications need to be
reevaluated to determine if Aberdeen can shift its
particle size target finer.

3. Recipe Optimization - A detailed experimental design
should be conducted in Aberdeen to determine optimum
conditions for 5305. Variables should include Polivic,
-F-50, GH-20, initiator and kill charge amounts. These
variables should be evaluated to optimize CPAs, CoVs,
RVCM, color and glassies. Morphology characteristics
could also be studied by R&D by using their microbalance.

| 4. Heated S8ilo Air - An air heater should be installed
to heat silo aeration air to 150°F. Heating the silo air

helps reduce residual RVCM by up to 25%, and does not
have a detrimental effect on resin color or
contamination.

VAB.00010974382
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J 5. Blend Tank Heating - Aberdeen should rinse the 5305
reactors with hot water. Increasing the small blend tank
temperature improves RVCM removal in the slurry. By

- rinsing the reactor with hot water, blend tank
temperatures could be raised by 10 to 15°F. Hot water
rinsing to the blend tanks can reduce slurry residual VCM

by 20%.

---------

To further reduce blend tank RVCM, Aberdeen should
install a blend tank steaming system. Continuously

- steaming the blend tanks to maintain temperature above
150°F during the 12 hour aeration period also helped
reduce slurry RVCM. Steaming the blend tanks reduced

o slurry RVCM out of the blend tanks by 50% during January

test runs.

However, the effects of blend tank steaming and hot water
rinsing are not additive. Steaming and hot water rinsing
will not reduce RVCM beyond the 50% claimed by steaming
alone.

[y -1y

m& 6. Blend Tank Agitation - Aberdeen needs to investigate
ways to improve small and large blend tank agitation.
With the current systems, a large resin heel forms in the
tanks which does not get aerated. Improved blend tank
agitation and/or aeration would improve slurry blend tank
RVCM.

Increased agitation/aeration by increasing air rates by
50% resulted in a 50% reduction in blend tank RVCM.
Further improvement should be expected if aeration air
flow is increased for the large slurry blend tank T-407
also.

- 7. Dryer Controls - Rotary dryer controls should be
improved. The 5305 dryers (dryers 6 and 8) currently
have the most difficulty controlling temperature.

-Improved dryer controls would reduce temperature swings
in the dryers. Tight temperature control would cause
RVCM variability out of the dryers to decrease. Reduced
RVCM variability out of the dryer would significantly
improve resin RVCM variability in the silo and
consistency of the final product.

VAB.0001097433




B. Moderate Effect

The following recommendations are believed to have a
moderate effect on reducing product residual VCM.

- 1. Reactor 8tripping - Temporary systems have been set
up to allow a small flow of cooling water to the
condenser during batch stripping. By supplying some
cooling to the system, steam flow to the reactor will
increase to maintain temperature setpoint. In reactors
D-700 and D-745, there has been a 50% reduction in
reactor RVCM with the new stripping procedures. However,
- reactor RVCM has only a moderate effect on product RVCM
due to an RVCM dampening effect in the blend tanks.

---------

2. F-50 Consistency - Aberdeen should investigate ways
to decrease F-50 variability. In order to make
consistently low RVCM, tight particle size control is

o essential. Inconsistent F-50 activity compounds the
problem.

et B ]

3. Aeration Indication - Blend tank sparger pluggage
must be minimized. Installation of air flow meters on
the large and small 5305 blend tanks would give early

- detection of sparger pluggage. Also, tank air flow
meters would reduce RVCM variability by improving air
distribution to all of the tanks.

4. 8ilo Aeration Improvements - RVCM can be reduced by
improving silo operation. Automatic air flow control is
needed on every 5305 silo, and yard operators need to
follow 5305 railcar unloading procedures carefully. Silo
air valve indication lights need to be repaired on the
dryer control panel also.

5. 8ilo Air Piping Changes - Piping changes to the
aeration air lines at the silos would result in more
consistent aeration to each silo. Because of the current
piping setup to the silos, some silos get better aeration
than others. Piping changes would allow a more uniform
alr distribution to all the silos.

VAB.0001097434



6. 8ilo Air Pressure Control - Air pressure to the silos

is now controlled by a manual valve. The manual valve

does a poor job controlling air pressure to the silos.

Replacing the existing inoperative pressure control valve
""""" would improve silo aeration and lower RVCM.

. 7. 8ilo Air Distribution - RVCM levels and variability
can be reduced by improving the air distribution through
the silos. With the present system, heavy air channeling
occurs and can be witnessed by observing the large air

. "perks" at the top of the silo. The perks are all in the
center of the silo. The silo's cone and outer edge do
not get aerated as fully as the middle.

C. Undetermined Effect

The following recommendations have an undetermined effect
on RVCM. However, it is believed that they do have merit
and good potential for improving residuals.

1. Bench 8S8cale 8ilo - Based on experience from the last
series of test runs, it is believed that there is an
optimum air flow rate. By testing a bench scale silo,
many things can be learned and applied, such as optimum
air flow, air temperature, and air distribution.

2. Increased Aeration of First Batch - RVCM seems to
always be at its highest at the beginning of a campaign.
One reason for this may be that the first batch of slurry
gets a bare minimum amount of aeration in the large blend
tank. It is recommended that if possible, the first
batch of 5305 be held in the large blend tank for four to
eight hours before the dryers are started.

3. Ethanol Based Kill - There is a theory claiming that
ethanol, put in the reactor, oxidizes to form an aldehyde
which 1s hard to strip and masks the VCM peak on the gas
chromatograph. In December, ethanol was being used in
the Isonox kill system for 5305. ‘At this time, Mirrex
noted that they saw a second peak on their gas
chromatograph which was partially masking VCM.

No evidence was found during the test runs to support or

- oppose the theory. However, just to be safe, it is
recommended that ethanol not be used in the kill system.

VAB.0001097485
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4. Continuous 8ilo Baghouse Pulsing - Some of the 5305
silos had baghouse problems resulting in continuous air
backflow to the filter. When the silo hatch was opened,
it was noted that these silos were under a small amount
of pressure. These silos also could not obtain adequate
aeration flow rates and consequently had higher RVCM
values.

5. Blend Tank Fume Exhausters - One observation during
the RVCM test runs was that the fume exhauster was
pulling air out of some blend tanks better than others.
The west row of tanks seemed to have a higher vacuum on
their exhaust line. It was also noted that the west row
of tanks cooled off quicker than the east side tanks.
These temperature differences could contribute to blend
tank RVCM variability.

Details about some of these recommendations can be found in
the discussion portion of this text.

III. Observations/Conclusions

Most of the major conclusions were addressed in the
recommendations section of this report. Listed below are
some further conclusions and observations pertinent to RVCM
removal.

1. Reactor residuals have a positive effect on small blend
tank pumpover residuals. To achieve the 250 ppb target,
reactor RVCM should be consistently below 120 ppnmn.

2. Reactor particle size and RVCM do not vary during the
reactor dump cycle.

3. RVCM removal in the blend tanks fits a non-Fickean
diffusion curve. R&D microbalance results also show
non-Fickean behavior for 5305. 5385 and 5415 show
"Fickean diffusion behavior.

4. For most efficient RVCM removal in the blend tanks, the
small blend tanks should be aerated for at least 12
hours. Any further aeration beyond 16 hours in a cold
blend tank does not significantly reduce RVCM.
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5. Of the total RVCM variation in the blend tanks, one
third of it is attributable to sampling and lab testing.
The remaining two thirds of the overall variation comes

from the process itself.

6. Blend tank residuals have a positive effect on dryer
RVCM. Lower blend tank RVCM reduces drver and product
RVCM. Large blend tank RVCM should be targeted at close
to one ppm as it is fed to the centrifuge.

7. Small blend tank RVCM varied during pumpover to the large
blend tank. Pumpover RVCM was at its highest during the
very start and end of the pumpover. There was no
particle size variation during pumpover.

---------

8. Large blend tank T-407 has only four spargers in it.
This allows for dead spots on the bottom of the tank.
If a sparger were to plug, the dead spot would become
very large.

9. All the blend tanks use only a fraction of the
amount of air recommended for complete agitation.

10. CPAs were run on dryer particle size screen cuts to see
if there were any relationship. The results gave a
parabolic curve with a minimum CPA at 100 mesh. The
overall composite, however, had an even lower CPA than
the 100 mesh cut. This is illustrated further in
Appendix B.

11. Average particle size seems to be related to the
coefficient of variance. Usually there was a positive
correlation. However, the correlation is not always
positive. During July 1989, there was a strong negative
correlation. All correlations had greater than 95%
confidence limits.

12. During the test runs, there was a positive correlation
- between dryer moistures and dryer RVCM. Improved dryer
- controls giving more consistent moistures would reduce
RVCM variability.

13. RVCM removal in the silos does not seem to follow a
smooth removal curve. This may be explained by

a. severe alr channeling in the silos

b. high dryer variability and mixing in the silos
c. frontal chromatography

VAB.0001097485
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14. There is a significant amount of drying for 5305 in the
silos. After 24 hours aeration, the resin moistures
- are reduced by over 50%.

15. Silo aeration removes at least 30% of the remaining RVCM
out of the dryers. §Silos should aerate at least 24
hours. However, no additional RVCM removal is seen with
cold air after 30 hours aeration.

— 16. RVCM measured by the Aberdeen lab often matches the lab
result reported by American Mirrex. Differences in
Aberdeen's and Mirrex RVCM numbers are due to weathering
and sample location. Aberdeen samples from the bottom

of the car, while Mirrex often samples from the top of
the car.

— 17. Lab RVCM testing for dry resin samples had very little

variability. Slurry lab RVCM testing had a very large
variability.

IV. Discussion
A. Plant Air Reliability

With the current systems, Aberdeen's aeration air is in very
tight supply. Frequently the air demand is high enough that
ailr flow to the silos, blend tanks, and activators is
insufficient. When this occurs, RVCM greatly increases.

Silos and blend tanks get minimal aeration resulting in
higher RVCM.

-------

High air demand results in lower system air pressure. ILow
air pressure limits the efficiency of the dryer activators.
B Low alr pressure can also lead to slower resin transfer,
plugged lines, and increased sifter overflow. Furthermore,
with low air pressure, the blend tank air spargers often

plug.

In order to adequately aerate the silos to achieve the 250
ppb target, air pressure to the silos must be maintained

above 25 psig. Silo aeration air pressure is currently below

25 psig over 40% of the time. Low air pressure causes
inefficient silo aeration.

Aeration in the blend tanks is also inadequate to achieve the
250 ppb target. Blend tank air flow rates are up to 50%
lower than recommended for complete agitation in RQIP.

- Furthermore, air flow to each of the blend tanks is variable.
The blend tank air flow is controlled by throttling a manual
plug valve at each individual sparger. Air distribution to

each sparger 1is unequal, causing RVCM variability and
possible sparger pluggage.

-l
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Because the agitation is insufficient, a resin heel forms in
" the blend tank (especially in the large blend tank T-407).
The resin in the heel does not get aerated and tends to
vellow and degrade. Improved blend tank aeration as was
..... ) provided for 1in the Blend Tank Mixing Improvement portion of
RQIP would help reduce 5305 RVCM, b-color and contamination.

A recently completed wet alir survey for Aberdeen is attached
in Appendix A.

B. Resin Particle 8ize

The current target for average particle size of Vista's 5305
resin is 140 micron. However, the average 5305 railcar
particle size ranges between 120 and 165 micron. Particle
size distributions typically tend to get wider with coarser
resin produced.

- Tight particle size control is important in making low RVCM
5305 resin. Lab results show a strong correlation between
RVCM and average particle size in dryer and railcar samples
for both summer and winter. 1In all cases, coarse resin tends
o to have higher RVCM.
In order to test the theory that RVCM is higher in larger
- particles, several dryer samples were taken and screened into
particle size cuts. Each screen cut was then tested for
RVCM. In all cases, resin on the 60 and 80 mesh screens had
RVCM over ten times higher than 200 mesh and pan resin.
Results were duplicated using lab dried reactor dump samples.
Table II shows the results of the lab tests for each particle
size cut.

i B

Table IIX
. Dryer RVCM Particle S8ize Relationship

Particle Size Cut C

RVCM

- Composite 1.1
60 Mesh 4.7

80 Mesh 2.5

100 Mesh 1.4

120 Mesh 0.6

140 Mesh 0.4

200 Mesh 0.3

Pan 0.1

V-l il
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— Using the information on RVCM content for each particle size
cut, the improvement in RVCM can be predicted for any
particle size distribution. Table III below shows the
expected improvement for different particle size
distributions. Since product RVCM is so variable, it is
extremely difficult to assign absolute numbers to each
particle size cut. Therefore, for the calculated RVCM, each
particle size distribution is compared with the target
particle size. The target particle size (140 micron) is
assigned an arbitrary RVCM value of 1.

ﬂﬂﬂﬂﬂﬂ

Table II1I
Particle S8ize Effects on Dryer RVCM
£ on 60/ Calculated

Actual

Avg Micron CoV 80 mesh opm_RVCM opm_RVCM
120 0.288 3.6% 0.64 0.366
130 0.272 6.8% 0.84 0.505
140 0.189 5.5% 0.90

Target-140 0.284 11.4% 1.00 0.608

150 0.281 17.1% 1.20 0.811
160 0.298 23.7% 1.41 1.487
180 0.357 31.4% 1.87 1.721

Attachments 1in appendix B also illustrate the particle size
effect on RVCM.

Table III shows that 1f the target particle size is shifted
to the finer side, a significant reduction in RVCM can be
expected. The table also shows that RVCM can be reduced by
reducing the particle size distribution (measured by the
coefficient of variance - CoV). Both lowering the target
particle size and tightening the size distribution are in
effect reducing the number of large, high RVCM particles.

. C. Recipe Optimization

Since the RQIP temporary systems have been installed, there
has been a lot of work done to determine how the recipe

effects resin properties. However, the work done up to now
concentrated on what was required to make an acceptable new
technology performance resin as soon as possible. For
example, Polivic charge amounts have not been changed or
investigated since Aberdeen started making acceptable 5305.
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Now that Aberdeen has established a baseline quality for its
performance resins, Vista has the opportunity to improve
resin quality by optimizing reactor charge recipes.

Recipe optimization probably would consist of a detailed
”“ experimental design to determine the effects of suspending
agents, initiators, and kill agents.

The 5305 resin recipe optimization should focus on improving
resin color, CPA, RVCM, glassies, and CoV. Morphology
characteristics should also be investigated by R&D by using
their microbalance. Once 5305 recipe is optimized, Aberdeen
should focus on optimizing 5415.

— D. 8ilo Air Heating

In 1986, when Aberdeen was trying to reduce RVCM to below 2
ppm for Nibco, R&D built a bench scale model of a resin silo
and performed aeration tests. One test showed that heating
_ silo aeration air helped reduce RVCM in old technology 5265.
- However, since the increased reduction was minor (10%), no
further work was done. .

One major conclusion to the bench scale tests was that the
rate of diffusion was dependent on the resin temperature.
Cold aeration air would cool the resin and slow the rate of
diffusion. Results of the bench scale test are attached in
- Appendix C.

During the February test runs, a 2° experimental design was
completed which studied the effects of 1) silo aeration air
temperature, 2) aeration time, and 3) Isonox kill amount.
Results showed that air temperature and aeration time
significantly reduced resin RVCM. Isonox kill amount (varied
- from 75 to 125 1lb) had no effect on RVCM.

In early January 1990, Aberdeen installed a small spare
electric heater. The heater was used to heat the silo
aeration air up to 100°F. It was found that RVCM could be
reduced by up to 25% in the silos by heating the air.

To ensure 5305 quality, during the heated air tests, the lab
monitored resin color, contamlnatlon, and molsture. Heated

air had no effect on resin color or contamination using

----- - heated air up to 130°F. Resin moisture levels in the silo,

however, were reduced.

11
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A larger air heater should be installed to heat all the silo
aeration air to 150°F. The existing heater is too small and
at full aeration rates can only heat the air to 80°F in the
winter. A larger heater with consistent temperature control
would be able to reduce RVCM by at least 25% from the
baseline RVCM, and also reduce final product variability.

Another finding during the silo aeration tests is that silo
aeration time has a significant effect on RVCM removal. For
best RVCM removal, the silos should be aerated at least 24
hours. No significant RVCM removal is seen after 30 hours of
aeration using cold aeration air.

sF T

Results of the experimental design and aeration studies done
by R&D are attached in Appendix C.

E. 8Small Blend Tank Heating

One of the experimental designs to lower product RVCM was
heating the small blend tanks during the 12 hour aeration
period. The 2’ experimental design was done using blend tank
steam heating, hot water reactor rinsing, and blend tank
aeration time as the three variables for study.

Steam heating the small blend tanks reduced small blend tank
RVCM by 50%. Rinsing the reactors with hot water instead of
cold water reduced the blend tank RVCM by 20%. As should be
expected, hot water rinsing in combination with blend tank
steam heating did not reduce blend tank RVCM beyond the 50%
realized with steam heating alone. The benefits of steam
heating and hot water rinsing are not additive.

Currently, reactor D-700 and D-745 are dumped and rinsed with
cold water to the small blend tanks. The slurry is then
aerated for 12 hours prior to being pumped over to the large
blend tank T-407 to be dried. The small blend tank

= temperature is about 150°F after rinsing. In the winter,
after aeration the tanks can cool down to as low as 100°F
(135°F in the summer). The cooling of the small blend tanks
slows the RVCM removal.

During the test runs, blend tank heating was supposed to keep
the blend tanks from cooling off. By rinsing the reactor
with hot water instead of cold water, the blend tank
temperature after rinsing was 165°F and the tank cooled down
to 145°F after 12 hours aeration. Steam heating the blend
tanks kept the tank temperature constant throughout the 12
hour aeration period. Steam heating kept the temperature
above 160°F when rinsing with hot water, and 150°F when
rinsing with cold water.

12
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During the blend tank heating tests, resin color and
contamination were closely monitored. No increase in
contamination or b-~color were seen during the test.

Due to practicality, only one set of blend tanks could be
used for the test. The slurry was blended, so no attempt was
made to determine the effect steam heating had on dryer RVCM.

The small blend tank steam heating test also studied the
effect of aeration time on blend tank RVCM removal. It was
discovered that RVCM variability was higher with no blend
tank steam heating. It was also discovered that there was
effective RVCM removal in the blend tank for up to 12 hours
aeration. Further aeration beyond 16 hours gave very little
RVCM removal.

The steam heated blend tanks had a much lower RVCM
variability and a somewhat different RVCM removal curve.

When the blend tanks were steamed, RVCM removal followed a
log-normal curve very similar to non-Fickean diffusion curves
developed by R&D. The R&D microbalance studies have shown
that diffusion 5305 1is non-Fickean in nature. 5415 and 5385
follow a Fickean diffusion curve.

All this information implies that when the blend tanks are
steamed, the rate limiting factor for RVCM removal in the
blend tanks is VCM diffusion out of the PVC particle. When
the blend tanks are not heated in any way, VCM stripping out
of the water may be limiting the rate of RVCM removal.

Appendix D contains the results of the experimental design,
as well as results from the extensive sampling program done
to determine blend tank RVCM removal efficiency.

F. Blend Tank Agitation/Aeration

With the present blend tank aeration system, air distribution
is such that a large resin heel forms in the tanks. This
heel does not get aerated and therefore contains high RVCM
levels. The heel can degrade and cause high b-color and
contamination. Improved blend tank agitation/aeration would
potentially improve blend tank RVCM, b-color, and
contamination.

13
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Testing in November 1989 showed that increased blend tank air
flow improves RVCM removal in the slurry. By increasing air
flow rates to the blend tank by 50% , a 50% reduction 1in
blend tank RVCM can be expected. Even further slurry RVCM
improvement can be expected if air flow is increased for the
large blend tank T-407 also.

llllllll

Aeration in all the blend tanks is inadequate. Blend tank
- air flow rates currently are up to 50% lower than recommended
for adequate agitation in RQIP. Furthermore, air flow to
each of the blend tanks is variable. The blend tank air flow
is controlled by throttling a manual plug valve at each
individual sparger. Air distribution to each sparger is
unequal, causing RVCM variability and possible sparger

pluggage.

Blend tank agitation is the worst in the large blend tank T-
407. T-407 only has four alr spargers, although according to
— the RQIP designs, it is supposed to have eight. Air flow
rates to T-407 are well below the recommended rate for
complete agitation. Improved blend tank aeration as was
' provided for in the Blend Tank Mixing Improvement portion of
- RQIP would help reduce 5305 RVCM and b-color.

One of the biggest causes of high RVCM is blend tank sparger
—_ pluggage. Blend tank air spargers plug fairly frequently.
However, there is no way to readily know when a air sparger
is plugged. Air flow meters on the blend tank aeration line
would not only show when a sparger is plugged, but would also
help provide consistent air flow to all the tanks.

Further information about blend tank agitation/aeration and
— its effect on RVCM is attached in Appendix E.

G. Dryer Controls

During the months of November 1989, and February 1990
extensive sampling was done to determine the how the process
affects RVCM. A major finding was that the magnitude of the

- process variability of the dryers was one of the largest
contributors to overall product variability.

It was always known that dryer RVCM from day to day was
highly variable. What was discovered was that dryer RVCM was
highly variable from hour to hour. 1In fact, dryer RVCM could
change up to 25% within one dryer activator cycle. Since the
test variability, as determined from the silo nested
experimental designs, is small, a great deal of process
variability is being introduced in the dryers.

o g PO
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There are some other factors that are believed to have a
major effect on dryer RVCM, but have not been proven in the

field. These include:

a. Large Blend Tank Level

b. Drying Efficiency

c. Individual Dryer Performance
d. Dryer Temperature

F ST

It was shown during previous test runs that the slurry solids
concentration changes significantly with blend tank level.
Maintaining a consistent blend tank level or improving blend
tank agitation would ensure a more consistent feed rate to
the dryers. In the event of an external stripping column for
5305, the continuous nature of the process would help keep a
consistent blend tank level. In the meantime, efforts should
be focused on improving blend tank aeration.

It is also believed that individual dryers have different VCM
— removal efficiencies. This theory could not be verified
because of the high variability of the process and limited
_ number of data points. Presently, dryers 6 and 8 are used to
- dry 5305. From looking at the dryer temperature strip
charts, it can be concluded that dryers 6 and 8 are the least
tightly controlled dryers.

The outlet temperature for dryers 6 and 8 have a cyclic
pattern while dryers 4, 5, and 7 have much tighter
temperature control. Appendix F contains temperature strip
charts for each of these dryers. Oscillating dryer
temperature may explain why dryer RVCM is highly variable
between each activator cycle.

There are many differences between Aberdeen's rotary dryers.
Dryer 4 seems to contaminate resin more rapidly than the
other dryers and therefore cannot be used for 5305. Dryer 6
e is the slowest dryer in Aberdeen. Often dryer 6 runs with
somewhat higher moistures than the other dryers. This is
probably because operators try to push as much resin through
the dryer as possible to keep up with production.

Durlng the February test run, a correlation between dryer
resin moistures and RVCM was revealed. Dryer resin had less

- RVCM than moist resin. This is not a surprise, since water
removal and VCM removal in the dryers are similar processes.

— The attached figures in Appendix F help illustrate the dryer
controls situation.

15
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H. 8ilo Operation Improvements

Silos need to always be aerated properly in order to make 250
ppb 5305. Most of the operational problems which result in
high RVCM happen at the silos. There is a potential for RVCM
improvement by improving silo operations. Suggested
operating improvements are listed below.

1. Automatic air flow control is needed at the silos.
This can be achieved by installing a 1" bypass line
around the silo air control valve (identical to the set-
up on silos 678-680, and 682). The yard operators need
to be aware of what these lines are for.

A A

- 2. Sillo aeration valve indication is needed in the
control room so that the dryer operator can tell if the
air is on. Currently, very few of the lights on the air

- valve on the dryer control panel are operable.

3. In order to ensure adequate 24 hour aeration, yard
operators must unload the silos properly. When a silo is
unloaded into a railcar, that silo needs to be completely
empty before the railcar is topped off with another silo.

4. Improved communication between the dryer panel
operator and the yard operator is needed. The yard
operator needs to call the dryer panel operator to turn
the air on or off when unloading a silo. After the yard
operator is through, he needs to inform the dryer panel
operator so that the air valve can be turned back on or
off.

Complete operating instructions are attached appendix G.

I. 8ilo Aeration Improvements

Silo aeration can be improved in a number of ways including:

1. Silo Air Pressure Control
2. Improved Air Distribution among the silos
3. Improved Air Distribution in the silos

The items above are ranked in order of best effect on silo
RVCM removal. Silo air pressure control valve would keep a
constant air pressure out to the silos. Keeping a constant
silo air pressure helps ensure that every silo gets
adequately aerated.
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Currently, there is a problem with air distribution among the
5305 silos. The silos which are the farthest down on the air
header (silos 678, 679, and 680) do not get as much air flow
as the silos farthest upstream on the header (683 & 684).

Consequently, silos 683 and 684 remove RVCM better than silos

— 678, 679 and 680.

All silos experience severe air channeling during aeration.
The center of the silo aerates much more than the outer edges
or the cone. Improved air distribution would give a more

uniform RVCM resin.

- Appendix G contains some charts which further illustrate the
silo aeration problems.

J. Bench Scale 8ilo

Silo aeration currently is highly variable. Large pressure
swings on the air header cause silo air flows to fluctuate
widely. Because of this, it is practically impossible to
conduct aeration tests in the plant. In 1986, R&D built a
small bench scale silo to test aeration on old technology
5265. A similar apparatus would be helpful in determining
optimum air flow rates and temperatures for 5305 RVCM
removal.

Results of the bench scale studies in 1986 are attached in
Appendix C. During the move to Austin, R&D dismantled the
silo and threw most of it away. However, according to R&D it
would be very inexpensive to build another bench model. It
would be deslirable to construct another bench scale silo.

K. Reactor Stripping

In early November, it was decided to try to improve reactor
stripping for 5305 in an effort to further reduce product
RVCM. To do this, a system was set up that would open the
condenser cooling water valve 10% when a) the reactor was in
the recovery mode, and b) the slurry temperature was at least
175°*F. By supplylng some cooling during stripping, steam
flow through the slurry would increase, resulting in lower
reactor dump RVCM.

A similar manual setup was tested on reactor D-744 with 5415.
The results of that test showed a 42% reduction in slurry

RVCM to 68 ppm. Testing lasted two months, and condenser
fouling on D-744 was comparable to the other reactors.
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An automatic system was setup for reactors D-700 and D-745 in
- mid November, 1989. 5305 reactor residuals were reduced by
50% (185 ppm to 92 ppm) in late November through January
1990. The improved stripping procedure also significantly
reduced slurry RVCM. Appendix H has some figures that better
illustrate the RVCM improvement during the test.

During the test, product quality was closely monitored. No
- resin quality deterioration was found during the test. Resin
b-color did not change, and contamination was low.

L. Nested Experimental Designs

A nested design attempts to assign a percent of the total
o variability of a process to different areas. The area with
the highest percentage of the total variability would be the
area worked to improve. The actual percentage is not as
important as the relative value in comparison to the other

areas.

-------

Two nested designs were completed in January. Both designs
determined the percent variability due to the process,
sampling and testing. Process variability refers to the
actual variability in the process including equipment and
operating variation. Sampling refers to the variation
between samples and from sampler to sampler. Testing
includes variation of the lab test and its technicians.

In order to nest a process, samples are taken in "layers".
Each time a data point is needed, the sampler takes two
samples. Each of these samples 1s divided so that each

o sample is tested in the lab twice. This forms three "layers"
of variability. Figure 1 shown below further illustrates

this layering.

Figure 1
Nested Design Layers

.-d el

Process o o

Sample o————l——ﬁ—o | o—-———[————-o

Test O ®) O O O o O O
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1. Blend Tank Nesting

Based on the blend tank nested design it was determined that
the process must be improved before the test and sampling

method are i1mproved.

TN TR

The blend tanks were nested to discover the process,

sampling, and testing variability. Two blend tank samples
- were taken and these samples were split into two. Four data

points were obtained per sample so that the three layers can

be formed.

.....

Eleven sets of blend tanks were sampled for this nesting
design. The sets of two were divided into individual tanks
for evaluation. The twelve hour aeration average RVCM for
both modules was 1.54 ppm for all the tanks. 0l1ld module
blend tanks averaged 2.16 ppm while the new module averaged
0.8 ppm. Listed below in Table IV are the assigned percent
variations due to the process, sampling, and testing.
Average RVCM and overall standard deviations are also
included in Table IV

~ Table IV

Blend Tank Nested Design

Overall 0ld Module New

Module % Variance - Process 66.9 35.4

71.3

% Variance - Sampling 13.9 - 28.7 5.6
““““ “ % Variance - Testing 19.2 35.9 23.1
Average RVCM, ppm 1.54 2.16 0.80
Standard Deviation 1.04 0.97 0.51

In the overall and new module cases the process is the best
area to concentrate the efforts to improve. The old module
percentages are practically equal, so process concerns are as
important as the other two areas. The process area becomes a
larger contributor to the total variance as the RVCM value
falls. The importance of the process is therefore magnified.

There is a definite difference between o0ld and new module
blend tanks. The difference is probably caused by variations
in the new reactor stripping procedures discussed earlier in
this report. During the nesting experiment, the improved

reactor stripping system was operating on D-745, but not on
D-=700.

ﬁﬁﬁﬁﬁ

The detailed results of the blend tank nested experimental
design are included in Appendix I.
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2. Silo Nesting

Based on the silo nested design, the process needs to be
improved before the lab testing and sampling methods are
improved.

The silos were nested to discover the process, sampling, and
testing variability. Two silo samples were taken and the
samples were split into two. Four data points are obtained
per sample taken so that the three layers can be evaluated.

Ten silos were chosen for the nested design data. The silos
were sampled from the top. The average RVCM value was 0.37
ppm. Listed below in Table V are the assigned percent
variations due to the process, sampling, and lab testing.
Also included in Table V is the average RVCM value, and the
overall standard deviation.

Table V
Silo Nested Design
Item Percent
$ Variance - Process 86.6
$ Variance - Sampling 1.8
$ Variance - Test 11.6
Average RVCM, ppm 0.37
Standard Deviation 0.30

The percent variance in the process is the obvious area to
concentrate efforts to improve. This data verifies past lab

studies which showed testing to be only 10% of the overall
variability of dried resin samples.

The detailed results of the silo nested experimental design
are included in Appendix I.

Summary

This report is the culmination of four months of intensive
test run work at Aberdeen in an effort to further reduce
RVCM. The recommendations presented in this report should
allow Vista to produce 250 ppb 5305 resin consistently.

To get to the long term target of 10 ppb RVCM, Vista will
probably have to make some fundamental changes in the way it

produces PVC. An experimental design for recipe optimization

and a potential future external steam stripping columns are

some fundamental changes that may contribute toward the long
term target.
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Disribution

From: Rich Tebo, Houston PED

Date: April 3, 1990
Subject: Agenda for American Mirrex 250 ppb RVCH Meeting

RW8, JDO, RBN, RRS, MCM, NAE, HGC, JME, BJM, S8SCH,
PCS, DEK, RCT

Purpose: To raview the status of the project and identity
action steps |

To:

Atteandees:

Meating Date: April 10, 1990
Neating Place: Aberdeen

Starting Time: 3:00 p.m.
Ending Time: 3130 p.m.

&

Zopic
Review Test Run Results
~and Recommendations

Discussion About Test Run rindings All 18

Discuss project priority & Timing a0
1. Project justification
2. Project Schedule

3. Product Invantory
Assign Action Bteps '
1. Marketing P ALl €0
2. RE&D
3. PED
4. Aberdeen

Review Action Steps
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‘Table li
Cost/Benefit of RVCM Reduction Projects

Cost % RVCM Coest / -
itemn (SM) Removal % Removed
1. Hot Water Rinses 10 12% 83 $/%
— 2. Improved Blend Tank Agitation 36 1496 252 $/%
3. Biend Tank Steaming 290 30% 973 $/%
4. increased Biend Tank Aeration 100 24% 412 $/%

- 8, Heatad 8llo Asration 8 25% 32 8$/%

Tabile lli
Cost/Benefit for Combinations of Projects
Cosat 9% RVCM Cost/

Combined Cases — (3M Removal % Removed
Casetand 8 | 18 30% 81 $/%
Cuse 3and 8 208 48%6 848 B/ %
Case 3and4 300 48% 860 $/%
Case 2and 4 30% 483 8§/ %
Case 2,4, and 8 144 439% 338 $/%
Case 3,4,and 8 81% 688 8/ %
Case 1,2, and & | 54 38% 164 8/ %
Cane 2,3.4.and8 434 8894 882 $/%
Case1,2, 4,and 5 184 48% 324 8/ %
A 80% reduction is required to achieve 2560 ppb conalstently without lot selecting
A 80% reduction is required If the plant air system i improved
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Table IV
Projected Winter RVCM Values
Base Case - Winter 1990 Rallcar RVCM

Busecuma0m0 | votmnse | 'Aghuton | iendTuks | hemton | oo

Basse Case = 0.80 Hot Ringe Blend Tanks | Aeration 8o Al

Note: ANl numbers are estimates of final product ppm RVCM for 5305 in winter

All estimates are +/- 28%
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v = "f'l

Table V'

Projected Winter RVCM Values
Assuming Heated SHo Air and Hot Blend Tank Rinsing are Done

Improve BT

Note: All numbers are estimates of final product ppm RVCM for 8308 In winter
AN sstimates are +/- 28%
Base Case - Winter 190 Ralloar RVCM

0.20
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i 09/\ ,U?C’ Date: March 5, 1990
A o
- UJQ‘:( Subject: 5305 RESIDUAL VCM REDUCTION
\

During the 1last four months, many extensive test runs and
experimental designs were done to reduce residual VCM in 5305.
Some of the results looked very promising. Some of the resulting
recommendations are listed below.

Recommendations

42. Aberdeen's wet air system reliability needs to be improved.
DEL’-! 7/ /"Large air pressure swings cause blend tank and silo aeration
variability which adversely affects RVCM. Blend tank and silo
/ aeration flow rates are consistently below recommended levels.
4 Improved aeration would help RVCM removal in the blend tanks and
; silos and significantly reduce RVCM variability.
L ) —_ - —— —— r——— i - ————— - - ;—-\‘\
-_ DEK g 2. Aberdeen should evaluate the effect of changing the 5305,%
" particle size specification. RVCM can be significantly reduced by’&'\(ﬂ
.|| shifting the resin particle size smaller. By targeting a 120
“Ng micron average particle size, RVCM can be reduced by about 30%..

{

ha .,
-.L H-

-

e

PED " AR A heater should be inst: ~Te o—heat—the silo#ﬁair to
150°F. Heating the aeration air going to the silos also has a
beneficial effect by reducing RVCM by 25%.

Slea,,»-lﬂ u"ﬂ 4. A system should be installed to steam heat the blend tanks to

P{;f‘}lu 4+~ maintain the temperature at 150°F. By keeping the blend tank

PED temperature at 150°F, blend tank RVCM can be reduced by up to 50%.

DEK For immediate benefit, operators should try to keep the blend tank
temperature up by rinsing the large reactors with hot water. 207,

DEL § 5. Aberdeen needs to investigate ways to improve small and large
blend tank agitation. Currently, a heel forms on the bottom of The
blend tank which does not get aerated. Improved agitation would
result in more uniform blend tank aeration. 2O og ba, N 2o fe s fion.

6. Rotary dryer controls need to be improved. ILoose control of
the rotary dryers causes wide RVCM variability out of the dryer.

These are believed to _be the best ways to improve 5305 RVCM. A

complete—fest regdrt with .'f-'tirt}her recommendatiens. will be_
"issued at'a latér date. = = y :
Rich Tebo _ Doug Knittig

Process Engineer Process Engineer

cc: RWS \ JDO \ EJM \ RBN \ SCH \ PCS \ JME
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