- -
, o . g“
-
:ﬁm

crom i EnarTe CHLMICAL COMPANY

‘ Wt AHB TG

R. A, Coffey

At Springfield, Massachusetts F. A, Duston
R. K. Perry
Dato 1060 R. E. Pollard
_ ey 24, 19 W. P. Willis
A, O. Ericksbergv/’ Reforente
Standards Dept. U Re Limit Procedures:
o P92-19~1) Effect of PDR-1 Conc,
L and pH AdJjustment

) _Q p88-42, Addition of Lauric Acid and
Maleilc Anhydride

Subject limited procedures have been reported in "Interim Report:
PDR-1 Characterization by Plant Trial” A.P.T./F.A.D., Feb. 25, 1060,

In brief, the concentratlions of laurlc acid and malelc anhydride
normally encountered 1in raw materials (L2 02, PDR~1, MGD) do not
affect homopolymer quality.

PDR-1 concentration changes in homopolymer formulations do
influence various properties such as heat stabillty, bulk density,
and particle structure., The optimum PDR-1 concentratlon is 0,15%.
The adjustment of the pH of the suspending medium with sulfuric
acld or sodium hydroxide offers no PVC quality advantages.

ond

Archle P. Torrenzano

Joy
/1
{ "Ii/‘ e
P oy [ 7 ) C/ _
bg Lo ? /'C.J--(yb.ﬁ,.iiﬂ’n/ -g o \Lu_..n, uéﬂ”" ,"""‘“"2*" o, : M ey, NL(;,,J
£
/ I L r - % ,
VAR SR Q‘u"“‘f}" I T et £ %\4\. 7"‘*‘- éiz £ i
£ o g
L
fon s, ' ot e S ) 74 - P I
i dz' A¥ Himia, /w] ’r;;,,,,(\ Ay S (L L o el s
W vy - rd
L
AP |
ke b Lo, of L A e s
PR o . j\‘ L
Vi
/ ;) L
L NN A

RSV0024070




* b ‘ ! ” R
gw tg L IORT. ST TTAN
[ ey St

. .;!ul i . ‘ ’ '(; 4 d "I‘" :1 e " q;‘l\ /‘;‘.‘.% .“-u-w:n [ "I'?\‘N:.Jf.:"“ “:
SN Gn 0D e T -
S - T - ‘. F. 5. Avon
Al upringxleld M., 0. Debacher
Date  gune 2, 1980
To A, 0. Ericksberg¥ Referenta

> S .
Interim Hepor
Vinyl Resin Technical Project No. R-51

We are returning a copvy of the subject report,

sent to us by your Department for approval, for
distribution of this report Overseas. Due to

the nature of this pescub.. cventbhaagh if covers

Limited Procedurey P 92-19-1 and P 88-4%:)we .
feel that the contellts of this report are of

such a nature that 1t is notl suitable for

Overseag distribution.

j— .

o / / /

Hugh F ﬁrmstrong

/evl
enc.¥

RSV0024071




MONSANTO CHEMICAL COMPANY
PLASTICS DIVISION
SPRINGFIELD, MASSACHUSETTS

N. E. Aubrey
R. A. Coffey L, E. Louraine

0. P, Cohen 0. L. Smith

D. V. Collins R. K. Perry
R. I. Dunlap R+ E. Pollard
0. Ericksberg J. L. Shriver

Fantl W. P, Willis

. F. Gabel R. T. Clark

Interim Report
PDR~1 Chasracterization by Plant Tial

Vinyl Resin Technical Project No. R-51

Work Done During: March, 1959 to December 1959

Report Prepered By: A. P. Torrenzano

Date Typed:February 25, -1359-
(ri L

RSV0024072




Table of Contents

Introduction

Sumeary

Conclusions

Recommendations

Work in Progress

ﬁeferences

Discussion

A. Need for Project

B, Review of Previous Work
Experimental Approa.-c:h
Effect of PDR-1 Lotis
1. PDR-1l Lots Versus PVC Homopolymer Quality
2. PDR-1 Lots Versus PVC Homopolymer Quality Using EDC Monomer

. 3, PDR-1 Lots Versus PVC Copolymer Quality
. E. Correlation

F. PIR-1 Specification

G. PDR-1 Concentration in PVC Formulation

~ H. Acid and Base Addition to PVC Formulation
Operating Procedure
Description of Equipement
Test Procedures

Appendix

RSV0024073




I. Introduction

In May 1959 a PDR-1 characterization study was started with the objective

of redefining PDR-1 quality requirements besed on performance in plant FVC
suspension polymerizations. This project was prompted by the erratic quality
level of puspension homopolymer resins, the simultaneously poor to average
performance of PDR~1 lots in the coke bottle acceptance test for copolyer
usage, the critically low inventories of acceptable PDR-1, and the general
belief that improved PDR-1 quality was needeito produce PVC for & more critical

market.

The objective of redefining PDR-1 quallty requirements imposed these specific
problenms:

1. To establish significent quality differences in PVC suspension homopolymer
and copolymer resins caused by changes in PDRfl lots.

2. To correlate & PIR-1 physical property with the PVC resin quality.
3. To establish PDR-1 specifications for both Springfield and foreign plants.

In addition to recommending a PDR-1 raw material specification,1%his report
will review the piant studies on the effect of PDR~1 concentration changes
and addition of acids and base to the PVC formulation.

II. Summary ,

A. Fourteen PIR~1 lots were tested in Standard Opalon 300FM and Opalon 510
polymerizations to establish signiglcant PVC quality shifte with PDR-1
lot changes. To maximize the probability of WC quality shifts, the
PIR~1 lots were selected to cover e wide range in properties: Seven
lots were unacceptable by the coke bottle~copolymer acceptance test; the
specific vigcosity ranged from 3.9 to 9.2; the PDR-1l conversion ranged
from 67 to 85 percent.

The polymerization results showed that Opalon 510 copolymer properties
. Were completely insensitive to changes in the PDR-1 lots, while differences
in the PDR~1 lots were responsible for very large shifts in Opalon 300FM
particle size - equal to four times the specification range -~ and shifts

in Opalon 300FM heat stebility.

The Opalon 300FM particle size results, as measured by the screen analysis
factor, correlated with (1) the specific viscosity of purified PDR-1, (2)

the specific viscosity of unpurified PDR-1, and (3) the specific conductivity
of & PDR-1 (unpurified) wamter sclution. The results of experiments performed
during this project and by Research showed that purified PDR-1 specific vig-
cosity was the prime variable, while unpurified PDR-1 specific viscosity

and specific conductivity were secondary var’ sbles. This fact was established
vhen post polymerization treatment (purifyir. and increasing the impurity of
PDR-1)did not alter its suspending power. '
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The Opalon 300FM heat stability level correlated with the specific con-
ductivity of the PDR-1 (unpurified) water solution. A 10% improvement
(50 to 55% transmission) in gquality was measured for & 500 micromhos
decrease in specific conductivity.

One ancmalous FPDR-1 lot was encountered during the project. Three dif-
ferent samples of PDR-1 lot 222 would not dissolve completely in acetone,
during the specific viscosity test, indicating the presence of polyvinyl
acetate (insoluble) and VAMA (soluble) polymer with excess vinyl acetate.
A VAMA polymer with excess vinyl acetate - instead of an equimolar ratio
of vinyl acetate to maleic anhydride - would exhibit a specific viscosity
higher than "equimolar" VAMA of the same molecular weight, but not contribute
to increasing the suspending power of the polymer. The problem of distin-
guishing between "equimolar™ and "acetete rich"” VAMA can be handled by
rejecting any PDR-1 lot which contains insoluble polymer, or a high con-
centration of unreacted maleic anyhdride - via a specific conduetivity

test.

Four PDR-1 lots were studied at various concentrations in the PVC formula-
tion to determine the possibility of improving homopolymer quality and/or
compensating for lot to lot variations in PDR-1 quality by optimizing the
FDR-1 concentration. The results showed that PDR-1 concentration lmd little
effect on the homopolymer screen analysis and therefore could not be used
to compensate for PDR~1 quality differences which had a major effect on

resin particle size.

PIR-1 concentration changes hed a significant effect on the shape and
structure of the PVC particle agglomerste. Although the oversll gize

of the agglomerate did not change, as measured by the screen analysis,

the low PDR-1 concentration produced a more consgistent, spherical agglo-
merate similar to successful competitive resins. This spherical agglomerate
resulted in a resin of higher bulk density and consequently poorer Brabender
fusion time. With high PDR-1 concentrations, the individual agglomerates
consisted of 10 to 15 smell particles fused together into myrisd shapes thus
resulting in & low bulk density resin and & broader screen analysis distri-

bution.

At low PDR-1 concentrations the resin extrusion grade was affected adversely
while the resin heat stability wes improved markedly. As a result, the
optimum PPR-1 concentration with the present method of operation was 0.12«
0.15%, very close to Standard. Improvements in Brabender fusion time and
extrusion grade could be obtained at the 0.18-0.20% PDR-1 concentration
provided the "excess"” PDR-1 could be removed by more efficient washing in
the centrifuge to maintain an acceptable heat stability level.

. laurie acid and Maleic Anhydride were added to the Opalon 3300FM formilation

to determine tolerable concentrations for these raw material impurties. The
results of twelve Cpalon 300FM batches showed no significant resin quality
differences when Lauric Acid or Meleic Anhydride were present at concentra-
tions as high as 10-12%, based on the weight of Lauroyl peroxide or PDR~1.
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D. The possibility of employing a combination of a PDR-l concentration change
gnd pH adjustment to control resin particle size and distribution was the
subject of a designed 25 batch plant experiment in April, 1958. Sulfuric
acid and sodium hydroxide were used to adjust the pH of the suspending
medium to levels ranging from 1.7 to 4.6, while PDR-1 was employed at
concentrations from 0.06 to 0.26 percent. This experiment was halted
after 16 batches when the results of the acidified batches showed a
drastic effect on resin heat stability.

In general, the results indicated no practical advantages to pH adjust-
ment since the acidified batches exhiblited poor resin heat stability
and extrusion properties, while batches made with sodium hydroxide had
8 broad perticle size distribution and, as expected, a lower volume
resistivity level. The particle size level for the acidified batches
was coarse, by comparison to standard batches, with a distribution

that was approximately normal for coarse resin. The particle size
level for batches with caustic was approximately unchanged, but asg
mentioned above, the particle size distribution was broadened.

III. Conclusions

A, Opalon 510 copolymer resins are unaffected by PDR~1 lot changes ranging
in specific viscosity from 4.0 to 9.2.

B. An 8.0 minimum PDR-1 specific viscosity is required to minimize the effect
of PIR-1 lot changes on homopolymer particle size.

C. Resin heat stability level is dependent on PDR-1 specific conductivity {a
meagure of unreacted monomers) with the present method of washing PVC
slurry in the centrifuge.

D. PDR«1 concentration changes in the PVC formulaticn cannot be used to com-
pengate for the effect of low specific vigcosity PDR-1 on resin perticle

gize.

E. With the present method of operation, the optimum PDR-1 concentration is
the standard 0.15%. However, further work should be directed towards
improving centrifuge washing and better defining the various PVC particle
parameter requirements. ;

F. In concentrations normally encountered in raw materials, lauric acid and
maleic anhydride, per se, do not affect homopolymer gquality.

G. The adjustﬁent of the pH of the suspending medium with sulfuric acid or
sodium hydroxide offers no FVC quality adventages.

IV. Recommendations

A. From the results to-date, the following FDR-1 raw materiai'specifications
would be required to insure PVC quality control both for Springfield and
foreign plants.
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1. For Bomopolymer Usqgg'
8. Specific viscosity of purified PDR-1...8.0 min. to *13.0 max.

in water

b. Specific conducivity of e 0.4% PDR-1 wever
501ution, MICTOMNOS +vrvrssenrvsssarsansssansnasasss 1600 Max.

¢, PDR-1 free of polymer insoluble in acetone
For Copolymer Usage

a. Specific viscosity of purified PDR-1...6.0 min. to ¥13.0 max.
in water

b. PDR-1 free of polymer insoluble in acetone

¢c. Master blends for use in copolymer must consist of individusl FDR-1
lots with & 6.0 minimum specifie viscosity.

The excellent heat level for Opalon 300FM made with low PDR-1 concentrations
- 0.06% - suggests this possibility for Opalon 306~69 resin where heat
stability is of paramount importance.

The present centrifuge washing studies indicate & marked improvement in
resin heat stability. This technique may cancel completely the effect of
PDR-1 specific conductivity and PDR-1l concentration on resin heat stability.
However, if the washing is not completely successful then FDR-1 purification
gshould be evaluasted and/or the PDR-1 specific conductivity specification
lowered.

. If the centrifuge washing permits, it is recommended that a 0.20% PIR-1
concentration be evaluated for captive resins.

A better definition of desireable, basic PVC particle parameters ls required
before a superior dry blending resin can be specified or manufactured. A '
few accurate, meaningful gauges of resin performence unbiased or unconfounded
by the test equipment or other PVC variables are necessary. By contrast,--

1. A variety of different shaped particles will produce the same screen
analysis -

2. Resin bulk dengity changes can be achieved in any one of four ways, -
particle size level, particle size distribution, particle porosity
and particle shape .

3. A good Brabender fusion time can be achieved with low bulk density
‘resin, regardless of most other factors. &

4. Dry time results are as much dependent on resin particle size, particle

shape, and equipment variables as on resin porosity.

* Tentative until work In progress completed.
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5. Resin Fisheye count, regardleseg of the test equipment, will vary
markedly by smaell changes in the amount of intensive mixing due to
the semi-Fisheye nature of Opalon resin (basically a problem of
variable placticizer absorption due to the inconsistency of the
PVC particles).

In short, the present specifications can be met by a variety of FVC
particles that do not necessarily produce good dry blending resins.

F. The interesting effect on resin particle shape and structure by changes in
the PDR-1 concentration indicates that two problems are encountered during

the polymerization.

1. Controlling the size of the individual particles‘ﬁhich eventually
agglomerate.
‘2. Controlling the menner (shape and number) in which the individual

particles agglomerate

It would appear rather fortuitous for one suspension systenm (susp. agents
plus agitation) to be the optimum level for both problems. Altering the
suspension system during the polymerization would appear necessary to prow-
duce the desired resin particle agglomerates.

Work in grogress

- The following PDR-1 Characterization studies are in progress:

A. Effect of high (above 10.0) PDR-1 specific viscosity on resin quality.
B. Effect of blending PDR-1 lots of low and high specific viscosity.

C. Effect of FPDR-1 solution age on resin quality.

In addition, samples of Opalon 300FM will be mieroscopically inspected and
tested in the porosimeter to better define particle parameters.
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VII. DISCUSSION

A. NEED FOR FROJECT

In May 1959, Vinyl PTS Resin Project R-51 was initiated to redefine FDR-1
quality requirements for PVC suspension polymerization. The need for this
project ceme from both direct and indirect problems associated with PDR-1

quality.

Directly: From January to May 1959 approximately 20 percent of the tested
PDR-1 failed to meet product specifications, notably the coke bottle control
lab test I~ PDR-1 acceptance as & suspending agent in Vinyl Chloride -
vinyl acetate copolymerization. As a result, considerable guantities of
unacceptable PDR-1 were held in inventory while the product was retested
repeatedly in the unreproducible coke bottle test. The results of the coke
bottle test could not be correlated with any known factors and therefore
supplied no direction for improvement of PDR~l. OSubsequently, inventories
of PDR-1 for use &s a copolymer polymerization suspending agent were danger-
ously low.

Indirectly: PIDR-1 quality was a suspect in three copolymer coagulated batches
- and in homopolymer quality control problems. The three coagulated copolymer

batches, which required a total of epproximately 10 weeks to "Mine" out of

the reactors, raised the fear that the entire k kettle line used for copelymer

would be lost for & month 1f the four batches in process coagulated as a

result of poor PDR-1. In homopolymer polymerization, the "poor to average' .

PDR-1 was not above suspicion for the simultaneously poor and erratic level

in PVC blendsability, extrusion, and heat stability.

Thus, Port Plastic wae charged with the responsibility of improving PIR-1
quality level and variability while Springfield was commissioned with the
project of determining the relationship between FDR-1 quality and FVC
quality in order to redefine PDR-1 specifications. The marked improvement
snd continuing progress achieved by Port Plastics on this quality problem&nd
of increazsed PDR-1 productivity had been documented in a series of progress
reports by R.J.Grace. The results of work on the Springfield phase of the
problem is the subject of this report.

B. REVIEW OF PREVIOUS WORK

It was considered essential to this present project to review past reports
characterizing PDR~1'as & suspending agent for PVC polymerization in order
to guide the experimental approach and help interpret results. A few
previous reports pertinent to this project were paraphrased below.

Messrs. M. Baer and R.A. Holmes (in References 1, 2, and 3 ) defined five
characteristice of PDR-1 with good suspending power, based on pnumerous
coke tests and pilot plant studies.

l. Composition of VAMA: The best suspending power (defined.by the minimum
concentration of suspending agent needed to produce a FVC polymer pass-
ing a 60 mesh screen) was obtained with PDR-1 made with about equimolar
proportionsg of Vinyl Acetate and partlally esterified Maleic Anhydride.
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2. Molecular Weight of VAMA: The suspending power increased with increas-
ing molecular weight. VAMA of high molecular weight did not necessarily
produce FVC of finer particle gize than VAMA of lower molecular welght,
but rather lowered the concentration of VAMA in PVC formulation needed
to produce the optimum PVC particle size. As an example, 0.08% PDR=-1
(besed on the weight of VCM) of 6.0 specific viscosity wag sufficient to
produce the required PVC particle size, while O.4 - 0.5% PIR-1 of 1.6k
specific viscosity was required.

Only PDR-1 batches prepared by polymerizing VA-MA in equimoler propor-
tiong can be compared for specific viscosity since small changes in the
ratioc of the two monomers resulit in large changes in the viscosity of

the resulting heteropolymer.

"Bffect of Varying Monomer Ratio on the Viscosity of Resulting Heteropolymers"

Vac (mols) MA (mols) *Specific Viscosity
1.0 1.0 2.30
1.0 1.1 2.12
1.0 1.2 2.10
1.0 1.4 1.80
1.1 1.0 2.64
1.2 1.0 2.97
1.4 1.0 L,09

*Note: The above specific viscosity results were for a 0.4% concen-
tration in water of unpreciritated PDR-1 made by the solvent-
non solvent technique.

At ratios of higher than 1:1, VA polymerized by itself producing a
wvater insoluble polymer which was emulsified by the VAMA resulting in
a cloudy dispersion.

Infra-red absorption studies indicated that two polymers which differed
only in their method of preparation had very different absorption
-spectras. In one of the polymers, the absorption band of the anhydride
group was greatly diminished indicating a disappearance on anhydride
groups possibly because of lactone formation. Any change in chemiecal

e struchture of VAMA would, of course, have considerable influence on the
viscosity of it's solutions, so that two polymers of identiecal molecular
weight could display widely different specifilec viscosities. This could
explain some discrepancies of results and some unexpected viscosity
values.

The molecular weight of VAMA affected makedly the bulk density of
suspension PVC, This correlation can be seen in the data on the
following page.
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Specific Visc. PVC Bulk Density
(0.4% in Water) (of 40 Mesh Material GR/CC)
: 2.63 0.615

2.37 0.55k4

2.30 0.516

1.91 0.490

1.6k . 0.354

0.29% - mat'l obtained by
blending PDR-1 and
1.64 spec. viscosity.

Rather surprising was the fect that when two VAMA batches of markedly
different viscosities were blended the bulk density of the resulting
FVC polymer was not only lower than the average of the bulk densities
obtained, but also lower than the bulk density of either individual
batch. If two VAMA batches of widely different specific viscosities
were blended the PVC produced was coarse.- .. particle size than that
produced by either individual bateh. Thu. Z_7 not take place if the
batches had about equal viscosities. ‘

Initially PDR-1 was a copolymer of vinyl-acetate - maleic anhydride
polymerized by a solvent (benzene) - non solvent technigue. With
continued development work the suspending action of PDR-1 was improved
by modifying the balence of hydrophobic to hydrophilic groups in the
polymer by partially esterifying some of the maleic anhydride with
P-ethyl hexanol prior to polymerization. In addition to {he change

in polymer composition, further developments improved the suspending
action of PDR-1 by defining a modified mass polymerization technigue
which increased. the level of the VAMA molecular weight than was above that
possible with the solvent - non solvent technique and consequently
improved suspending action.

Purity of PIR~l: 1Indications were that the more complete the poly-
merization of the VA-MA monomers the better the suspending action of
the PDR-1. Low conversion PDR-1 which had been completely freed from
unreacted monomers did not show any improvement in suspending action.
Also, the suspending action of a good PDR~-1 was not impaired by the
addition of vinyl acetate or meleic anhydride in concentrations of
those found in PDR-1 batches of poor conversion. It was concluded,
therefore, that whatever caused conversion to be incomplete was also
the cause for the poor suspending action. (Note: The PIR-1 produced
by the recommended modified mass polymerization conteined less than
2% unreacted maleic anhydride and had a specific viscosity greater
than 1.7 for 1% unpurified PDR-1l in cyclohexanone).

Concentration of PDR-~1 in PVC Formulation: The concentration of PDR~-1
needed to produce PVC of desirable particle size depended on the molecular
weight of the PDR-1 and the sgitation of the PVC reactor. With constant
agitation, the suspending action increased with increasing molecular
weight. Although the meolecular weight of PDR-1 did not determine the
Tineness of the PVC polymer but only the amount of suspending agent
required to optimize FVC particle size, it had been found that PTIR-1 of
less than 2.0 - 2.5 specific viscosity (0.4% concentration in water)

did not produce FVC polymers of satisfactory particle size.
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If +the concentration of PDR-1 as a suspending agent was plotted against
the particle size of the resulting FVC, a curve showing a minimum was
always obtained. The exact shape of the curve and the relative position
of the minimum in the curve varied from batch to batech of FDR-1 but a
minimunm was always present. Three PDR-1 batches having specific vis-
cosities of 1.6, 2.8, and 6.5 showed & minimum at a concentration of

0.4 - 0.5, 0.3 - 0.35, and 0.07 ~ 0.09 percent respectively.

5. Aging of PDR-1 Agueous Solutions: On heating and long standing, chemical
changes teke place which cause the solutions to decrease in viscosity and
the pH to drop, probably due to the hydrolysis of some acetate groups in
VAMA with the liberation of acetic acid and by formatlion of lactones.

PVC polymerization tests using aged PDR-l solutions indicated that the
guspending properties of PDR-1 became progressively poorer.

Age of VAMA Solutions % PVC Passing
at 50°C 60 Mesh 80 Mesh
0 a7 87
1.5 hrs. 96 77
6.5 hrs. 88 63
. £2.5 hrs. 85 60
30.5 hrs. 80 52

Based on suspension stability studies in the Laboratory and pilot plant,

C. T, Chmiel defined (in Ref. 4 and 5) a procedure to distinguish between
"good" and "poor" suspending sgents. In addition, a pE adjustment of the
suspending medium was recommended to improve the suspending power of poor
PIR-1 lots, and to narrow the particle size distribution of PVC homopoly-

mer resin.

1. PDR-1 Chacterization by Adsorption on FVC: By carefully dispersing
PVC of approximately one micron in size in PDR-1 solutions of known
concentration, and then filtering and titrating the filtrate with
NaOE, an accurate messurement was obtained on the amount of adsorped
PDR-1 on FVC resin. The results indicated that a correlation existed
between the amount of suspending agent adsorped and the averesge
particle size of PVC resin prepared in suspension polymerization.

The adsorption isctherm for a PDR-1 -~ FVC system ghowed for two FIR-1
samples #42 and #46, that up to concentrations of 0.005 N PDR-1 the
adsorption characteristics were the same. Beyond this concentration,
the adsorption of sample #42 ("poor" PDR-1) decreased sharply whereas
for sample #46 ("good" PDR-1) the adsorption remained reasonsbly
constant. At a concentration of 0.01lN PDR-1, which corresponded to
the concentration employed for standard vinyl chloride polymerization,
the adsorption of #42 was about two thirds that of sample #L6.

2 Batch pE Adjustment: Polymerization studies showed that acidifying
the suspending medium with mineral acid to 1.7 pH would improve ‘'poor"
suspending agents with a narrowing of the particle size distribution.
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With "gool' suspending agents, the pH adjustment resulted in an
overall coarsening effect and narrowing of the particle size dis-
tribution. If NaOH was added instead of acid, & ceoarsening effect
was also obtained as the pH increased from 3 to 5, but in general,
the particle size distribution was broadened. At still higher pH
large hard beads were formed. ‘

C. EXPERIMENTAL APPROACH

Based on results of past studies it was decided that the objective of
redefining PDR~-1 specifications to meet the present day PVC requirements
imposed three specific problems. .

1. To establish signigicant quality differences in PVC suspension homo-
polymer and copolymer resins caused by changes in PDR-1 batches. In
order to maximize the possibility for differences, batches of FIR-1
were selected which were acceptable by the coke bottle test, unacceptable
by the coke bottle test, and covering a wide range of specificviscosity
and conversion. The PVC properties to be considered were:

_  Opalon 300 FM Opalon 510
8. Particle size
8. Particle size b. Bulk density
b. Dry time ' c. Melt index
e¢. Bulk density

d. Color and heat stability
" e. Extrusion properties
f. Brabender fusion time and fisheyes

2. To correlate & PDR-1 physical property with FVC resin quality. The
first attempts at correlation were to be with the simpler tests such
as (&) PDR-1 specific viscosity, using both purified and unpurified
PDR-1, (b) FH and NaCH neutralization, and (c) conductivity of unpuri-
fied PIR-1,in water. If further testing was required, determinations
could be made with (d) the polarogreph for concentrations of free
Mzleic Anhydride, and (3) infrared analysis. Should these test tech-

‘niques fail to correlate with PVC quality, then the suspending charac-
teristics of PIR-1 could be explored using the adsorption technique
developed by Chet Chmiel and lastly, the coke bottle test could be
improved and possibly reduced in sensitivety to obtain a correlation.

3. To establish PDR~1 guality requirements for both Springfield and
forelgn plants. Since the guality problems at Springfield were not
necessarily the same as those in foreign plants due to unavoidable
basic differences ( such as VCM and water quality) PDR-1 quality
specifications different from those required at Springfileld could,
if economically Justified, be utilized to improve PVC quality.

Another important phase of study which required simultaneous attention
was the possibility of compensating for PDR-1 quality variations or even
improving the FVC quality by altering the PDR-1 concentration in the FVC
formulation. Conceivably FIR-Ll specifications could be defined to permit
an improved PVC quality at a PDR-1 concentration different from standard.
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D. RESULTS AT  STANDARD OPERATING CONDITIONS

The PDR-1 batches employed during this project were listed in Table 1.
together with their pertinent data. Different groups of these 17 listed
PDR-1 batches were utilized in a series of ten experiments designed to
characterize PDR-L performance. :

1. PDR-I LOTS VERSUS PVC HOMOPOLYMER QUALITY (Exp. #2,#7)

PDR-1 lots 222, 225, 236, 237, and 242 (Group A) and later, lots 230,
240, 277, 278, 287, and 242 (Groupd B) were used in the polymerization
of 50 acceptable batches of Opalon 300 FM by the X-57 process. Each
bateh was made in accordance with the Standard Operating Procedure.

Any bateh failing to adhere to the SOP was rejected and the run repeated.
A sample of each batch was taken from the reactor, dried in the labora-~
tory oven and tested for quality level. Since it was not pogsible to
employ the same raw materials other than PDR-1) for the entire project,
the comparison of results from one experiment to another, when necessary,
was accomplished by using one PDR-1 lot as a control. In this case,

Lot 242 was employed in both Groups. In any one experiment all vari-
ables not under study were held constant, including the lots of GMS,
L2072 and DAM.

8. Particle Size: Differences in PDR~1 lots were responsible for very
large shifts in particle size level. The severity of the shiftg
can best be gauged by inspecting Fig. 1 and noting that the spread
of results wag approximetely four times as great as the Opalon 300FM
specification range, which was ca. 90 to 14O SAF,

There was no significant difference in particle size variability
assocliated with any PIR-1l lots.

The particle size results for the twe groups of FDR-1 were compared
on s common basis by adjusting the SAF results of Group B by an
emount equal to the difference between lot 242 in Group A and in

Group B.

PDR-1 Lot Average SAT Adjusted Average SAF
225 L7 . L7
222 6L 64
2h2 97 oT
236 9g 99
237 105 105
230 63 57
240 76 67
287 ol 81
277 118 o7
278 119 .98
22 118 w97
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b. Kitchen Mixer Dry Time: There was no change in dry time level
with changes in PIR-1 Lots; see Fig. 2. The resin dry time
averaged 4'40", with one run above 5'30".

¢. Bulk Density: There was no apparent shift in bulk density with
PDR-1 lot changes except where PDR-1 coarsened resin particle
size and consequently increased the bulk density; see Fig. 3

d. Heat Stability: There wes a significant (99%) variance in
heat stability with changes in PDR-1 lots. The range of results
of each FDR-1 were plotted in Fig. 4.

e. Extrusion Properties: There was no apparent significant shift
in resin extrusion grade or rate with PDR-1 lot change. The
extrusion grade ranged predominately between a B and D rating;

see Fig. 5.

o It was rather surprising to encounter a reasonably good level of
) extrusion grade for the very coarse resin batches made with PDR-1
Lots 222, 225, 230 and 240. It was believed generally that
good extrusion grades could not be obtained with resin coarser

than 90 SAF.

For the 40 batches tested, 39 batches were within the specifica-
tion limit of E maximum, with the average level at C. The
extrusion rate averaged 145 GPM.

f. Brebender Properties: Six of the seven Brabender fusion time
results for PDR-1 Lot 287 were the highest values encountered-
et standard operating condltions - during this project. As
can be seen in Fig. 6, two samples of Opalon 300FM made with
PDR-1 lot 287 did not fuse (20+). The only known difference
between lot 287 and the other tested lots of PDR-1 was in the
pethod of manufacturing.

Lot 287 waes representative of & series of PDR-1 batches made at
Port Plastics to determine the effect of replacing 10% of the
tertiary butyl per benzoate catalyst with benzoyl peroxide. Lot
277 and 278 represented PDR-1 batches made with 5% benzoyl peroxide,
and all other PDR-1 lots tested were manufactured under standard
operating condlitions.

FIR-1 lot 287 wes used again in a PDR-1 concentration study, which
will be discussed in Section VI E, and showed & fusion time of
approximately 25% higher than batches made with PDR-1 lot 277.

It should not be concluded from these data that the 10% benzoyl
peroxide catalyst system was responsible for the behavior of

lot 287, but only that further testing of representative FDR-1
lots wes warrented if the change to the 10% benzoyl peroxide
catalyst system was considered desireble from a manufacturing
point of view.
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The Brabender fusion time results obtained when employing Group B
PDR-1 lots renged from ca. 5 to 11 chart units (excluding Lot 287)
while Group A ranged from ca. 4 to 8 chart units, implying e
change in an uncontrolled PVC process varisble or a lack of under-
gtanding as to the meaning of Brabender fusion time values.

There was no correlation between Brabender Fisheye count snd PDR-1
lots, Fig. T. ’

2. PDR-1 LOTS VERSUS PVC HOMOPOLYMER QUALITY WHEN USING EDC VINYL
MONOMER (Exp 7% )

Tn an attempt to distinquish differences between PDR-1 lotg 236, 237,
and 242, which behaved very similerly when tested in Group A, eight
batches of Opalon 300FM where menufactured using EDC vinyl chloride

monomer .

About three months previously, in April 1959, two million pounds of
vinyl chloride monomer made from ethylene dichloride, EDC,were
received and used in the PVC operations with a simultaneous shift

in resin particle size. The shift in particle size was to a coarse-
ness level that could not compensated for by changes in FPVC operat-
ing conditions. As a result, over one million pounds of out-of-
specification PVC was produced with a drastic effect on manufactur-
ing costs. One tank of EDC monomer containing approximately 100,000
pounds was set aside for use again when the FVC particle size level
returned to & normal level. ‘

The elght batches of Opalon 300FM mede with the three lots of PDR-1
were agein very similar in all properties and comparable to the
batches previously made with these lots when tested in Group A.

The resin particle size level with the EDC monomer was only slightly
coarser than normal production batches (sans EDC); see data sheets

for experiment #2 and #4.
PDR-1 LOTS VERSUS PVC COPOLYMER QUALITY (EXP. #3 AND #5)

After PDR-1 lots 222, 225, 236, 237, and 242 had been tested in
homopolymer polymerizations, the same five lots where used with
the X-26 process to polymerize 18 batches of Opalon 510 copolymer.
When no problems were encountered with these five lots of PDR-1,
four lots of PDR-1 - 24k, 247, 249, 251 -~ were tested which did
not pass the coke bottle acceptance test but did have an acceptable
specific viscosity and specific conductivity.

a. Particle Size: Copolymer was unaffected by the changes in the
PDR-1 lots tested. See Fig. 8, 9.

Bulk Density: No shift in bulk deniity with PDR-1 lot changes;
bee Fig. 10. .

Melt Index: There was no change in melt iﬁdex with PDR-1 lot
changes; see Fig. 10. -
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E. CORRELATION OF PDR-1 QUALITY AND PVC QUALITY

The only properties significantly affected by more than one lot of PIR-1
were suspension homopolymer particle size and heat stability.

1. PARTICLE SIZE VERSUS PDR~-1 QUALITY

After experimenting with PDR-1 lots in Group A, it appeared thet the
only correlation between particle size and PDR-1 quality was with
specific conductivity (Ref. 6). However, after testing samples of
the specific drum of PDR-1 used in the experiment and with further
data from Group B, PDR-1 lots, it was evident that a significant
correlation also existed with both purified and unpurified PDR -1
gpecific viscosity. ‘

The relstionship between resin particle size and purified PDR-1
specific viscosity, Fig. 11, showed that very litile change in particle
gize occurred between a 7.0 « 9.0 gpecific viscosity level, while
below a 7.0 specific viscosity the particle size cosrsened rapidly.

A very similar relationship, Fig. 12, was obtained between resin
particle size and unpurified PDR-1 specific viscosity, with the criti-
cal point at a 3 specifie viscosity.

The statement by M. Baer (Section VI, B) that only VAMA polymerized in
equimolar proportions of vinyl acetate and malele enhydride could be
compared for specific viscosity was of particular importance in help-
" ing to interpret the experimental results obtained with PDR-1 lot 222.
When tested in Group A, PDR-1 lot 222 resulted in very coarse homopoly-
mer resin - 64 average SAF., This perticle size level was inconsistent
with the 7.8 specific viscosity resulted obtained for this lot. Two
additional samples from the drum of PDR-1 used during the experiment
were tested together with s repeat testing of the first sample. The
results were inconsistent due to a difference in the PDR-1 quality for
each sample tested.

Specific Viscosity For Lot 222

Sample Purified PDR-~1 Unpurified PDR-1
I...a 708 ) 2'35
I"b 6! -
IT 6.1 ‘ -
IXI 7 1.78

During the specific viscosity test, it was not possible to dissclve
the PDR-1 completely in acetone before proceeding with the VAMA
precipitetion with benzene. It was necessary therefore to filter

the mixtrue - removing the polyvinyl acelate solids - before complet-
ing the test. Samples II, I and IIT contained increasing amounts of
polyvinyl acetate, with sample IITI producing insufficient gquantities
of benzene precipitated VAMA to test for specific viscosity. The
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"pAcetate Rich" VAMA polymer precipitated with benzene should exhibit
& specific viscosity higher than anticipated from resin particle size
data and Fig. 11. Therefors the SAF ~ specific viscosity data point
for lot 222 was not added to TFig. 11l.

To distinguish between "Equimolar" and "Acetate Rich" specific viscosity
results would be a control test problem. Obviously any lot of PDR-1
vwhich showed polymer insoluble in acetone should be rejected. Since,
according to Ref. 1, VAMA conteining as much as 20% excess vinyl
scetate could be dissolved without a sign of polyvinyl acetate insol-
ubles, and since this material would exhibit a 50% "higher" specific
viscosity (which does not contribute to the suspending power of the
VAMA) some additional safeguards were necesgsary. One scolution would
be to messure the presence of unreacted maleic anhydride to insure a
minimum conversion of this monomer; a specific conductivity test
would provide an approximete measurement. Adequate PDR-1 quality
control could be expected with an 8.0 minimum specific viscosity, a
1600 micromhos meximum specific conductivity, rejection of PDR-1

lots exhibiting insoluble polymer, and the standard plant trial of
one suspension batch, Note that lot 222 would have been rejected

on &ll four counts. ’

The specific conductivity of a PDR-1 water solution was initailly of
considerable interest prior to establishing the specific viscoslty
correlations. To understand the significance of specific conductivity
variastions, semples of PDR-1 were purified and tested. The results
- ghowed & level of approximately 550 micromhos for VAMA that had been
benzene preclpitated., In addition, conduectivity levels were synthesized
~ by adding vinyl acetate, maleic anhydride, and both vinyl acetate and
meleic anhydride to PDR-1 water solutions. These date showed that with
only maleic anhydride added, the conductivity was affected as shown
in Fig. 13, and the influence (the slope of the line) was approximately
50% thet expected from the general correlation between PIR-1 conversion
and specific conductivity in Fig. 1k, VWhen added alone vinyl acetate
had & negligible effect on conductivity, while when added together
with malelc anhydride, the vinyl acetate apparently hydrolyzed to
‘acetic acid and acetaldehyde and contributed to the solution conductive
ity. The conduetivity data for the PDR-1 solutions with added maleie
anhydride and vinyl scetate showed the same slope as Fig. 14 up to a
9% monomer concentration, with a sharp leveling off as additionsl
moncmer was added, Fig. 15.

A significant correlation was obtained also between resin particle size
and the specific conductivity of a PDR-1 (unpurified) water solution for
the various PDR-1 lots tested, Fig. 16. The fact that when maleic
anhydride added to the PVC formulation did not influence the resin
particle size indicated that the conductivity was not the prime var-
iable. The same was true for unpurified FPIR-1 specific viscosity since
research work had shown no change in suspending power when PDR-1 was
purified prior to use in PVC polymerizations and no change when PDR-1
was wade more "impure" by adding vinyl acetate and meleic anhydride.

I% wae concluded, therefore, that the prime varieble was the molecular
welght of the VAMA, which was related to the specific viscosity of a
purified PDR-1. o
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The secondary correlations with unpurified PDR-1 specific viscosity
and specific conductivity were understandable since the polymeriza-
tion of high molecular weight VAMA was synonymous generally with
high monomer conversiocn.

2. HEAT STABILITY VERSUS PDR-1 QUALITY

There was & significant (99%) correlation between resin heat stability
and PDk~l specific conductivity, but not with PDR-1l speclfic viscosity.
This indicated that the unreacted monomers affected the resin heat

stability.

In figure 17 the calculated correlated curve for all the data was

shown with a solid line; the two sigme confidence limits were + 11%
transmission. Actually it was suspected that thecorrelation might be
slightly steeper but for the variation in efficlency of washing slurry
samples prior to testing. All the samples were washed in the same
manner, employing & specified amount of water per specified weight

of resin. The coarse resin with less total surface area probably was
washed more efficiently than the finer resins. Sincethe PDR-1 specific
conductivity also was inversely proportionalk to the resin particle
size, it was possible that the heat sitability correlation was masked
partially. By eliminsting the two very high specific conductivity data
points - 2740 and 2355 micromhos - that were associated with very
coarse resin and recalculating the correlation for the remaining
points, & steeper correlation was obtained that was 99.9% significant
(dotted line on Fig. 17).

Further experimentation with additional PIR-1 lots to explolt the
accurate correlation was not considered justified since a specific
viscoslty and specific conductivity specification imposed to insure
PVC particle size control would also satisfy the heat stability
requirement.

Obviously the purification of PDR-1 prior to use in PVC polymerization
would warrant consideration if the centrifuge washing studies do not
eliminate the resin heat stability dependency on PDR-1 quality and
quantity.

F. PDR-1 RAW MATERTAL SPECIFICATIONS

From the results todate, the following specifications would be required
to insure PVC quality control.

1. FOR HOMOPOLYMER USAGE

&. Specific Viscosity of purfied........ 8.0 minimum
PDR-1 in water ¥13.0 maximum
b. Specific conductivity of O.4%....... 1600 maximum

PDR-1 Water Solution, Micromhos

¢. No FDR-1 Polymer Insoluble in Acetone
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2. FOR COPOLYMER USAGE

a. Specific Viscosity of Purified........... 6.0 minimum
PIR-1 in Water erearevesss¥13.0 maximum

b. No PIR-1 Polymer Insoluble in Acetone

¢. Master Blends For Use In Copolymer Must Consist of Individusl
PDR-1 Lots Each With A 6.0 Minimum Specific Viscosity.

The reagsons for the homopolymer usage requirements were discussed
in the previous section. The safe, 6.0 minimum specific viscosity
and blending PIR-1 specifications for copolymer usage were selected
to prevent any boarderline PDR-1 quality which might result in
coagulated copolymer batches.

No attempt was made to distinguish between Springfield and foreign
plant reguirements for PIR-1 gquality.

G.. PDR-1 CONCENTRATION IN PVC FORMULATION ‘ /

. The possibility of improving PVC quality and/or compensating for lot to
lot variations in PDR-1 gquality by optimizing the PLR-1 concentration
in the PVC homopolymer formulation was explored during this project.

Some previously unreported plant work will also be added to the discussion
below to support the conclusions.

Back in March 1958, a study of PDR~1 concentration was started in 92
Building using Opalon 300 (X-57) as the subject. It should be noted
that the agitative systems in 88 and 92 Buildings differed - and still
do ~ by the type and position of the baffles in the reactor. This
difference was pointed out since it was believed that agltation and
guspending agent behavior were interrelated and conclusions based, for
example, on coke bottle results, pilot plant reactor, or even 92 Build-
ing results, might not show up in a different agitative system.

The influence of baffling of the reactor can be highlighted from the
particle size date below which were collected simultaneously in both
88 and 92 Buildings while all other known variables were held constent.

88 Building
Agitation: 54 inch span, retreating type impeller, rotsting at 121 RPM,
with two 43" x 15" three fingered baffles positioned low in the reactor.
RUN NO. PARTICLE SIZE % ON MESH
60 B0 100 140 200 PAN SAF
6 k8 22 11 89
10 46 29 12 93
10 U6 29 12 93
3 32 38 23 104
1) 48 30 10 21
8 31 3 19 99
L s 28 12 ol

5-81
5-87
>~95
5-102
5-109
5-116
>-123

' &
coocoooold
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92 Building

Agitation: 54 inch span, retreating type impeller, rotating at 121 RPM,
with two S3" x 24" two fingered baffles positioned high in the reactor.

RUN NO. PARTICLE SIZE, % ON MESH

bo 60 80 100 140 200 PAN SAF
8-6409 0 T 7 22 k5 21 " h -3
8-6k22 0 1 4 20 5 20 4 1
8-6429 0 1 5 20 48 22 & 146
8-6437 0 1 8 o4 L4s 18 4 140
8-6L45 T 4 30 32 271 6 1 119
86453 0 2 11 29 4y 13 2 132
8-61460 T 2 11 &2 W 17 ok 136

Ave.137

The larger baffles in 92 Building had approximately 408 square inches of
surface ares as compared %o 203 square inches per baffle for the smaller
baffles in 88 Bullding. This factor increased the baffling efficiency
and resulted in & higher agiteting intensity, as defined by the "Pfaudler
Agitative System"; & 105 A.I. for 88 Building and al2.3 A.I. for 92
Buidling. However, when the Agitative Intensity was changed g comparable
amount by increasing the impeller speed in 88 Buidling very little effect
was noted on resin particle size. It could be concluded only that the
large baffles, positioned high in the reactor produced a finer resin due
to & basic difference in flow pattern which probably provided a higher
rate of vertical flow for the agltated fluid.

1. EFFECT OF PDR-1 CONCENTRATION ON OPALON 300 IN 92 BLDG. (Exp.#A)

The date in Table 2 were obtained from Opalon 300 batches using
different concentrations for PDR-1 Master Blend #35.

Excluding runs 12 and 15 which appeared to be influenced by some other
variable, these data indicated that PDR-1 concentration changes from
0.03% to 0.20% had very little effect on resin particle size level or
distribution. With PDR-1 concentrations above 0.20%, the resin particle
_pize distribution was broasdened. This can be seen in Fig. 18 which

shows the PDR-1 concentraEicn plotted versus the Geometrie Standard
Deviation - defined as the slope of the partiecle size distribution

- curve when plotted on logarithmic probability paper, Ref. 7. Surpris-
ing was the fact that as little as 0.03% PDR-1 was sufficient to
maintein an adequate suspension. Run 18, which was made using a
0.018% PDR-1 concentration, had over 20% resin of plus 40 mesh size
and not tested for other properties. ‘ '

With increasing PDR-1 concentrations the resin bulk density, Reed
Mixer dry time, extrusion grade, and extrusion Fisheye count all
decreased significantly. See Figures 19, 20, 21, and 22, Unfor-
tunstely no resin heat stability data wes obtained dquring this
experiment.
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The rather promising resin processing characteristics for a "full
conversion" type resin was pursued further in a study of PDR-1 con-
centration and batch pH, which will be discussed in Section VII, H.

2. EFFECT OF PDR-1 CONCENTRATION ON OPALON 300FM IN 88 BLDG.(Exp.fl)

During this present PDR-1 characterization project, further PDR-1
concentration studies were made and this time Opalon 300FM (X-57)
in 88 Building was the subject.

Sixteen batches were polymerized in two kettles with slightly different
baffle positions using PDR-1 master blend 47 and lot 237 at four levels
of concentration - 0.06%, 0.12%, 0.18%, and 0. o,

a. Particle Size: The particle size data, Fig. 23, for this experiment
was extremely variable and could not be corrélated with the vari-
ables under study, or for that metter, with any other veriable.
Therefore no useful particle slze data was obtained from this experi-
ment.

b. Dry Time: There was no apparent correlation between PDR-1 conceﬁ-f
tration and kitchen mixer dry time results Fig. 24, however the
particle size variasbility could have confounded this relationship.

The relationship between the two dependent variables of kitchen
mixer dry time and resin particle size can be seen in Fig. 25.. I%
wes hypothesized that the poor dry time levels for fine resins was
primarily a result of the poor mixing action of fine resin in the
type equipment used in this test and does not necessarily mean fine
resin has less total void volume for plasticizer adsorption. The
interraction of resin properties-other than the property understudy -
with test equipment can be extremely misleading especially if indus~
trial equipment behaves differently.

c. Bulk Density: Increasing PDR-1 concentration decreased resin bulk
density as seen in Fig. 26. The cause for the bulk density wes
apparent when samples were examined under a microscope. With low
PDR~1 concentrations, the individual PVC aggidmerates consisted
of 3 to 4 particles fused together into & generally spherical
shape; the agglomerates were fairly coarse. With high PIOR-1 con-
centrations, the individual agglowerates consisted of 10 to 15 small
particles fused together into myrisad sh&pes thus resulting in a
low bulk density.

d. DBrabender Properties: Increasing the PDR-1 concentration had, in
general, the same effect on Brabender fusion time as cn bulk
density. It was suspected that this again was a case vhere a
' dependent variable (bulk density) and test equipemnt were confound-

ing ‘the gignificance of fusion time results. See Fig. 27.

The Brabender Fisheye count showed ne correlation with PDR~-
concentration, Fig. 28.
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e. Extrusion Properties: There was no correlation between PDR-l
concentration and Opalon 300FM extrusion grade, Fig. 29.

f, Heat Stability: Kettle slurry samples were washed in the control
~ lab prior to drying and testing. The heat stability of the
samples were improved markedly by water washing, Fig. 30. Im
determining the effect of PDR-1 concentration on heat stability,
all samples were washed equally. The results showed that decreas-
ing the PDR-1 conceniration improved resin heat stability, Fig.31l.

The importance of this correlation will depend on a centrifuge
weshing study now in progress. It has been established already
that the present method of contrifuging Opalon 300FM was equiva-
lent to approximately "one washing" in the laboratory (see

Section VITI; A). Marked improvements were expected by improved
washing in the centrifuge such that regardless of the PIR-1 con-
centration the same high level of heat stability might be attained
by removing all excess PDR~1 adscorbed on PVC resin.

3. EFFECT OF PIR-1 CONCENTRATION OF OPALON 300FM in 88 Bldg.(Exp.#8.)

The PDR-1 concentration study was repeated but this time the kettle
baffle variable was eliminated and the experiment run in triplicate
using PDR-1 lot 277 and lot 287 at four levels of concentration -
0.06%, 0.12%, 0.18%, and 0.24%. PDR-1 lots 277 and 287 were selected
since lot 277 represented the highest quality (specific viscosity)
PDR~1 available at the time and lot 287 nroduced significantly higher
Brabender fusion time results when previously compared in Group B
(Section VII,D).

Within the range studied, PDR-1 concentration changes showed little
effect on the resin particle size level (or more exactly, the screen
analysis) except for an indication of a coarsening effect when PIR-1
lot 277 concentration dropped from a 0.12% to 0.06% level. No
marked difference in screen analysis distribution was encountered
at the high PDR-1 concentrations ss had been the case with PDR-1
master blend 35 in 92 Building.

With both PIR-~1 lots, PVC resin bulk density, Brabender fusion time
and heat stebility ageain showed a dependency on PIR-1 concentration.
Resulisin general, agreed with the data previously obtained on COpalon

300 in 92 Building. See Figures 32,33, 3%,35, 36, and 37.

L. SUMMARY AND CONCIUSIONS

PDR-1 concentration chsnges had a significant effect on the shape

and structure of the PVC particle agglomerate. Although the overall
size of the agglomerate did not change, as measured by a screen
analysis, the low PDR-1 concentration produced a more consistent,
gpherical aggolmerate similar to successful competitive resins made
by Dow and Goodrich. Thig sphericel agglomerate resulted in a resin
of higher bulk density and consequently poorer Brabender fusion time.
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Since the more consistent shperical particles did not have the total
gsurface area possessed by the varied shaped particles made with high
PDR-1 concentration, the dry time for full conversion resin such as
Opaibn 30Q was high, With the low conversion FM resins the internal
void volume became the controlling factor in plasticizer adsorption
rates and therefore there was little noticeable difference in dry
time results for high and low PDR-~l made batches.

The myried shapes encountered with Opalon 300FM particles made with
high PDR-1 concentrations explained the tendency for a broader screen
analysis distribution.

The extrusion grades obtained from FVC batches made with various PDR-1
concentration was contrary to what would be expected from the particle
shape. Better extrusion grades were obtained from Opalon 300 as the
PDR-1 concentration was increased and the particle shape made irregular
and inconsistent. With Opalon 300FM a poorer extrusion grade was
obtained at very low PDR-1 concentrations, with the more spherical,
consistent particles. Possibly, with the large individuel particles
comprising the agglomerrsates (at the low PDR-1 concentration) any
impervious particle was readily apparent in an extruded ribbon, while
a small impervious particle would be much less noticeable.

Resin heat stability level was progessively poorer as the PIDR-1 con~

centration was increased. A higher concentration of adsorbed FPDR-1

in the dryed PVC product was the explanation. This undesireable result
'~ can be improved by more efficient washing of the PVC polymer during the

centrifuging operation.

By the present specifications for PVC, improved resin quality could be
obtained at the higher PIR-1 concentrations, movided the excess PDR-1
was washed off the PVC resin. Although this approach would improve the
" PVC quality level as measured by the present specifications, and might
also produce a more competitive resin, it was the author's opinion thsat
basically this approach would never produce an excellent dry blending
.resin, since a very important requirement for proper performance in
extrusion was a high bulk density resin (obtained with sperical shape
not et & sacrifice of particle porosity) with good dry blend flowing
properties.

H. ACID AND BASE ADDITIONS TO PVC FORMULATION

1. EFFECT OF PDR-1 CONCENTRATION AND pH ADJUSTMENT (Exp. 8)

Research work (Ref. 4 and 5) had shown that acidifying the suspending
medium with mineral acids to a pH of 1.7 would improve poor PDR~1 lots,
result in a narrowing of the resin particle size distribution, and a
coarsening of the particle size level. If sodium hydroxide was added

 instead of acid, a coarsening effect would be obtained as the pH was
increased from 3 to 5, with the particle size distribution broadened.
At still higher pH, large hard particle beads would be formed.

R8V0024095




-23-

The possibility of employing PDR-1l concentration and pH adjustment to
control resin particle size and distribution was the subject of a
designed 25 batch plant experiment in April 1958. Sulfuric acid and
sodium hydroxide were used to adjust the pH of the suspending medium -
prior to the addition of VCM - to pH levels of 1.8, 2.4, 3.0, 3.5, and
4,0 while PDR-1 Master Blend 38 was used at concentrations of 0.06,
0.10, 0.15, 0.20, and 0.25 percent.

The procedure employed during the experiment consisted of dissolving
the specified amount of PIR-1 in the pre-mix tank and after charging to
the reactor - which contained the process water - sampling the dilute
golution and measuring the pH and titrating with sodium hydroxide. The
ti{ter wes compared to a PDR-1 concentration - NaOH neutralization,
pelibration curve for the specific lot of PDR-1 being used. In this
menner the examct PDR-1 concentration in the reactor was measured (Note:
With the multi-kettle PDR-1 charging system gains or losses of PIR-1
were possible from one charge to another.) After the pH measurement
the amount of 98% sulfuric acid or 50% sodium hydroxide required to
adjust the pH to the specified level was estimated. The addition to
the reactor was made, the reactor contents allowed to agitate for 5
minutes, and then & sample taken. After the polymerization was completed,
a slurry sample wes taken from the kettle, dewantered and dryed in the
laboratory. One very lmportant operstion was overlooked during this
experiment, that of diluting and washing the slurry samples to simulate
plant slurry handling operations. This omission must certainly have
been partially responsible for the resin heat stability and volume
resistivity results obtained.

After manufacturing 16 batches of Opalon 300 in 92 Bldg. the experi-
ment was halted when the feed-back of quality results for the acldified
beteches showed an unsxpected drastic effect on resin heat stability.
Possible reasons for the poor heat stability were (1) the catalytic
effect on thermel degradation by the sulfuric acid adsorbed on the FVC
polymer and (2) the loss of the stabilizing effect of glyceryl mono-
stearate by an accelerated acid-water hydrolysis of the ester to
glycerol and stearic acid. The "loss" of the glyceryl monostearate
~could also account for the poorer resin extrusion grade of the
acidified batches.

The quality results were summarized in order of increasing pH in
Teble 3.

a. Particle Sizet The addition of sulfuric acid ceused a coarsening
effect on the resin particle size level. The effect of sulfuric
acid on the particle size distribution was negligible, in genaral,
when compared to distributions for other coarse resin sueh as
produced by low viscosity PDR-1. However, an accurate measurement
of the screen analysis distribution for coarse resins can not be
obtained with the size screens used in the standard test. Thisz
was due to the large difference in screen aperatures for the 40 and
60 mesh screens, as compared to the screen aperature difference for
the other screens.
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U.S. Screen Mesh Aperature, Microns
40 k20
60 250
80 : 77
100 149
140 105
200 Th

Acs can be seen from the above listing, the difference between &
40 and 60 mesh screen was approximately equal to the difference
between a 60 and 200 mesh screen. Since there were three
additional screens between the 60 and 200 mesh screens, the
impression of a broader distribution was created, s shown below.

Screens, Megh Screens, Mesh
Lo 60 80 100 140 200 PAN Lo 60 200 PAN
1 8 12 2 1 T T 1 84 15 T
1L 93 3 T 1 1 T 1 93 P T
T 1 14 2 38 18 5 T 1 9k 5
T 8 26 17 23 15 11 T 8 81 11

Since there was an insufficient number of screens between the 40
and 80 mesh fractions, accurate distribution measurements, even

with probability paper, were not possible With the finer resinsg

& more meaningful measurement was possible.

Tncreasing the PIR-1 concentration and/or adding sodium hydroxide
had a broadening effect on the particle size distribution as can
be seen by the increase in the Geometriec Standard Deviation Values
in Fig. 38.

The effect of adding scdium hydrozide was primarily on the particle
gize distribution with little change (possibly finer) on the
particle size level. Not evident from the screen analysis for th
4 .63 TH batch was the fact that this batch had approximatlly 5%
agglomerated particles of plus 20 mesh size. Quite probaebly any

- batch polymerized at a pH of 5. or sbove would have been a total
loss.

b. Bulk Density: The lowering of the resin tulk density with incrzasz-
ing PDR-1 concentration was again gquite significant, Fig. 39.

c. Volume Resistivity: The expected effect on volume resistivity by

the additon of sodium hydroxide was evident from Table 3, The
sdditicon of sulfuric acid had nc marked influence on VR, with

poseibly a decrease in VR when the pH was lowered down fto the

1.6 ~ 1.8 range. :
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d. Extrusion Properties: The extrusion Fisheye count was increased
markedly by the addition of sulfuric acid, as can be seen in Pig.40.
The limited data plotted could be somewhat misleading implying an
improvement in the Fisheye count at low PDR-1 concentrations. It
was suspected that additional datawould show & generally worse
end more variable level in extrusion properties as the PIR-1 con-
centration was decreased, with the average level at any one PIR-1
concentration becoming progressively poorer as the batch pH was
lowered.

The extrusion grade was related directly to the éxtrusion Fisheye
count.

e. Heat Stability: The limited data on resin heat stability showed an
extremely poor level for the batches made with sulfuric acid.

SUMMARY AND CONCIUSIONS

The results indicated no practical advantages to pH adjustment since
seidified batches exhibited poor extrusion properties and heat
stability, while batches made with sodium hydroxide had s broad particle
size dlstribution and a lower volume resistivity level. The effect on
resin particle size level by pE adjustment was of no practical value
since low specific viscosity PRD-1 would produce coarse resin comparabls
to acidified batches, while the effect of sodium hydroxide on resin

particle size could be duplicated by increased PDR-1 concentration.

ADDITION OF LAURIC ACID AND MALEIC ANHYDRIDE (Exp. #6)

There was reason to suspect that the concentration of acidic material

in two PVC suspension raw materials was related to changes in homo-
polymer resin particle size. Previous plant work had established a
correlation between the free fatty acid concentration in nine lots of
laurcyl peroxide and changes in resin particle size. In addition, ths
acidity of methyl glucoside dllaurate was a suspect in the particle

size control problem encountered when attempting to use this raw material
as & replacement for glyceryl monostearate.

ILauric acid was added to the PVC formulation of nine Opalon 300™M
batches to determine the maximum tolerable concentration. The follow-
ing formulation was used during this study, with the reagent grade
lguric acid charged to the reactor at the same time as the laurdyl
peroxide.
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OPALON 300FM, X-58 PROCESS

Raw Material Weight Percent

VoM 10,980.  1bs. 100.

Water 14,820, 1bs. 135.

PDR~1 16,5 lbs. 0.15

GMS : 22,0 1lbs. 0.20

Le0p 22.0 1bs. 0.20

DAM 1,600, 1bs. 0.035

Lauric Acid ' 100 to 900 grams 1.0 to 9.0 based on La02

Following this lauric acid series, three batches of Opalon 300FM

were made with maleic anhydride added to the formulation = 1ln place

of lauric acid -~ to determine if resin particle size was affected by
the presence of unreacted maleic anhydride in PDR-1. Note that
research work during the development of PDR-1 had shown no apparent
effect on resin particle size by the purification’ of PIR-1 or addition
of maleic anhydride to PIR-] post-polymerization.

Monsanto technical grade meleic anhydride was dissolved in one gallon
of water and added@ to the PDR-1 pre-mix tank at the start of the FDR-1
dissolving operation. The smount of maleic anhydride added was
sufficient 4o increase the specific conductivity of a 0.4% PDR-1 water
solution from 1520 to 2700 micromhos. If the presence of unreacted
maleic anhydride per se was the cause for the large shifts in homo-

_ polymer particle size encountered with different lots of PDR-1, then
the particle size level should be reaated to the specific conductivity

es shown in Fig.

The particle size results of all the batches made using lauric acid
or maleic anhydride showed no significant differences, as shown in
Tade 4. It was concluded, therefore, that neither lauric sacid nor
maleic anhydride was theprime variable in the raw materlal difficul-
ties mentioned above.

VII. OPERATING PROCEDURE

The standard operating procedures as described in "Vinyl Chloride Polymeri-
zation, 92 Bldg., 5.0.P., Manual Sections 630.0 through 6359.0, Jan,27,195%9"
were employed during this study except for the defined formulztion changes
and the handling of the slurry for dewatering and drying. The galient
features of the processes were summarized below.

A. SUSFENSION EOMOPOLYMER

1. FORMUTATION:
OPALON 300FM (X~-57 PROCESS) OPALON 300

Rew Material Perts/100 Parts VCM Weight Parts/100Parts VCM Weight
Vinyl Chloride Monomer 10,950, 1lbs. 100, 10,980 1bs.
Water 14,320, 1vs. 135. 14,820 1bs.
Glyceryl Monostearate 22. 1bs. 0.2 22 Ibs.
Lauroyl Peroxide - 28.5 1bs. 0.26 28.5 1bs.
Diallyl Maleate . 0.20 1lbs. 0 0
*PDR~1 16.5 1bs. 0.15 16.5 1bs.
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*Represented the amount used under standard operating conditions.

2. REACTION TEMPERATURE: 53 T 1 ¢ ror both products

3. CONVERSION: Opalon3COFM was approximately 77% conversion polymer. To
obtain this conversion, 1200 lbs. VCM wasz " slow vented” over a one
hour perilod sterting approximately 10 hours after the VCM charge to
the reactor, and 1000 1bs. VCM was "final vented" over a 25 minute
period starting at a 90 psig. level during the pressure drop. Approx-
imately 330 lbs. of VCM were left in the polymer slurry.

Opalon 300 wag approximately 91% conversion polymer, obtained bjl

allowing the polymerization to near completion and then final venting
600 1bs. of VCM starting at a 50 psig. level during the pressure drop.

Approximately 400 1bs. of VCM was left in the polymer slurry.

DEWATERING AND DRYING: This phase of the operation was performed in
the Control ILeboratory. A three gallon slurry sample of each FVC batch
mede was taken from the reactor immediately afte the completion of the
polymerization. The polymer in the sample was allowed to settle out
and the liquid phase was decanted. The polymer was then transferred

to porcelaein trays and dryed at air temperatures of 50-60°C for approx-
imately a4 - 36 hours (or until dry to the touch).

When resin heat stability results were desired = portion (approximately

_ one gellon) of the slurry sample was washed prior to drying. This was
performed by decanting off the ligquid from the settled out polymer,
transferring the polymer to a Buchner funnel (muslin cloth as the
filtering media) and allowing to drain. Then a 1000 grams of the wet
polymer was reslurried in & clear gallon Jjar with 1000 milliliters of
approximately 20 - 25°C tap water. The slurry, after being hand
shakened for approximately 2 minutes, was again filtered in the Buch-~
ner funnel. This operation was termed "one washing", and by repeating
the reslurrying of the wet polymer as many washing as specified were
obtained.

B. SUSPENSION COPOLYMER

1. FORMULATION: )

- OPALON 510 (X-26 PROCESS)

Rew Material Parts/106 parts VOM+VAc Weight
Vinyl Chloride Monomer ER 9,020 1bs.
Vinyl Acetate Monomer 18, 1,980 1bs.
Water 1%6. 13,860 1bs.
Lauroyl Peroxide 0.20 22 1bs.
Trichloroethylene 1.0 110 1bs.
PIR-1 0.127 1k 1bs.

2. REACTION TEMPERATURE: + &°C

RSV0024100




~28-

3. CONVERSION: Opalon 510 was approXimately 90 conversion polymer, obtained
by allowing the polymerization to proceed until the batch pressure dropped
to 25 psig and then cooling the batch (via the jacket water system) as
repidly as possible until the bateh pressure reached opsig.

L, DEWATERING AND DRYING: A one gallon sample of the slurry in the reactor
wag taken to the Control Laboratory for decanting and oven dryed with
40-50°C air.

IX. DESCRIPTION OF EQUIPMENT

All the Opalon 300 FM experimental batches were polymerized in 88 Bldg. equip-
ment while the 92 Bldg. equipment was used for the Opalon 300 and Opalon 510
batches. The only known major difference in the eguipemnt was the agitative
systems for the reactors.

AGITATIVE SYSTEMS

Type PVC Kettle Impeller Type Baffle Agitative
Resin Bldg. Size Speed Baffles Position Intensity
Op. 300 FM %1’8"88 Bldg. 54" 126 RFPM A, A X i2.0
. 88 Bldg. 54" 126 RPM A, B X 12.0
’ #6, 88 Blag. 54" 126 RPM A, A X 12.0
T #7, 88 Bldg. 54" 126 RPM A, B Y 12.0
Opalon 300 #5, 92 Bldg. 54" 121 RPM c, ¢ A 12.0
#6, 92 Bldg. 54" 121 RPM ¢, ¢ Z 12.0
#7, 92 Bldg. 54" 121 RPM ¢, C Z 12.0
#8, 92 Bldg. Sk" 121 RPM ¢, ¢ Z 12.0
Opalon 510 #1, 92 Bldg. 54" 121 RPM c, C Z 12.0
2, 92 Bldg. 54" 121 RPM c, C Z 12.0
#3, 92 Bldg. 54" 121 RPM c, C Z 12.0
#4, 92 Bldg. 54" 121 RPM ¢, C Z 12.0

Notes

A= §Z" x 15" three fingered upward deflecting baffle

B= 45" x 15" three fingered downward deflecting baffle

C= 82" x 24" two fingered upward delecting baffle

X= Baffle positioned perpendicular to flow. Baffle length into kettle
ranged from 100 to 106 inches

Y= Baffle positioned perpendicular to flow. Baffle length into kettle
ranged from 78 to 81 inches

Z= Baffle positioned perpendiculer to flow. Baffle length into kettle was
69 inches : :

Tegt Procedures

The quality results reported, were obtained with the below listed test pro-
cedures. ‘

A. PIR-1 QUALITY
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ll H]RH'IED SPEC]:FIC VISCOSITYOIQnIOlnl!!!tl..lllu."ll.lnulSDP-508"‘72 B
Prior to testing, the sample was purified by dissolving in acetone
(to remove acetone, vinyl acetate, and maleic anhydride) and pre-

cipitating the polymeric VAMA with benzene.

2. UNPURIFIED SPECIFIC VISCOSITY
Same test procedure as above was used, except for the elimination of

acetone dissolving - benzene precipitating technigue for sample prep-
aration. The PDR-1 was tested "as is".

3. DITUTE SOLUTION SPECIFIC VISCOSITY
The sample was not purified. Efflux times were measured for a 0.10%

PDR-1 water solution at 60°C. The two viscosity procedures listed
above employed a 1.0% PDR-1 water solution at 25°C,

ho %ﬁCONVERSION qon....ono-..;avo-o-oc.---ocattoo-n--u-oloSDP-508-72'h

5. SPECEIC CONNCTIVITY --...-n.......---....--'--.-oo--..SDP-508-72~5

B. OPALON 300 FM QUALITY «eseevnns SDP-508-1359-1A
lo PARTICIE sIZE--nona--onou-ac-||ooolonlooo..uovvvtqcaooSDP-508‘1359—lA

Note: SAF = (% on 40 mesh)(40)+(% on 60 mesh)(60)+...+(% on Pan)(250)
100

2. BUI[I{ DENSITYIQ..IOIQIO...“ll'..'.l...l'..'....'l.I‘SDP—soa—lSOOA

3. DRY TIME
a.. Reed.-c-tco-'onocu'-ttcc-oolcnco.nnn.noc.-tllntnnasDP-508“1368

b. KitChen Mixer;....--.....-....'...-.o-.....-.....SDP-508-1368~1

h-. HEA‘r. STABILITYI.‘I'II.O..OCOUCI’..ll.l.‘.l...t...l.l'|SDP-508-'136%

5+ EXTRUSION PROPERTIES.teteunvesnssnssenstsssnssesssssSDP-508-13664

6. BRABENDER PROPERTIES
As described in "Opalon Technical Service Application Laboratory Report
#3: Development of a Test Procedure for Determination of Performsnce
Regquirements of Dry Blending Resin", A.B.Banneville, J.L.Young,

Sept. 4, 1959.

C. OPALON 510-26 QUALITY

l- PARTICIAE SIZE-.......-.-«.-............-.....--....-SDP-508'1359‘”1A
Note: SAF for copolymer was celculated the same as sbove except that
the "% on Pan" was multiplied by 300,

20 BU’{K DENSITY-..|¢0llc¢-¢0|olollnullauc.o.uolnocolu-DSDP"508"'150'OA

3. MELT INDEXOK'OI!OIClnAlll.nctl.l-ll‘nlll‘l'l!lldll;.OSDP—508-1358 Plus
SDP-508-10618
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TABLE I

SUMMARY OF PDR-L LOTS TESTED

roup PIR-1 Lot Specific Viscosly 4 Conversion Spec.Conductivity Ccke Bottle Acceptance Test

A B C Micrcomhos Copolymer Homopolymer
A 22p-I,a  T.79 2.35 0.60 75.1 1855 NG 0K
A 222-I,b 6.90 - - - - - -
A 222-11 6.10 = - - - - -
A 222-III % \
A 225 3.86 1.21 0.28 70.1 2740 oK
A 236 6.79 9.97 0.93 82.3 1510 0K
A 237 8.21 3.73 1.25 77.0 1410 OK
A 242 8.48 3.26 1.11 8.4 1560 0):9
B 230 .19 1.25 - 67.0 2355 NG 0):8
B 20 4,30 1.36 - 69.0 1992 NG 0K
B 217 8.9¢ k.36 - 83.7 887 0K -
B 278 8.98 L.77 - 85 .4 922 -
B 287 5,75 2.52 - 79.9 1283 (0):4
¢ ok 7.7 - 8,/ 11h2 NG - 0K
C o4 9.0 - 86.5 - - 985 NG OK
¢ a9 9.2 - - 83 1012 NG 0K
c' 251 6.0 - - 81.5 1397 NG 0K
MB 35 R.87 . - -
‘MB 38 6.56 - -
MB L7 5.45 - -

Notes:
8pecific Viscosity= PDR~1 lots in Group A and B were tested by the East Control Lab

for specific viscosity using three procedures.

A = 1% PDR-1 water solution at 25°C, using PDR-1 that was purified by dissolving
in acetone and precipitaeting with benzene. Present S.D.P. test.

B = 1% PDR-1 water solution at 25°, using unpurified PDR-1, i.e. material as
received and used in the plant.

¢ = 0.1% PDR-1 water solution at 60°C, using "unpurified" PIR-1.
Three different samples of PIR-1 Lot 222 would not dissolve completely in scetone,

showing a veriable amount of insolubles (polyvinyl acetate). There was insufficient
precipitated POR-1 ~ Lot 222 IXT =~ to complete the specific viscosity test.
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PIR-1
CONC .

.02
.03
LOh
.06
.06
.07
.07
.08
.09
.12
.16
17
.18
.20

L
A

.28

.30

.21

~
W o\~

RUN
NO.

18
1
16
8
11
10
13
7
)
15
6
1
12

SCREEN ANALYSIS, % ON MESH

= 2

EFFECT OF PDR-1 CONCENTRATION CHANGES ON OPALON 300 RESIN IN 92 BLDG.

——— — —

PHMOHFPWHEEEOMKMEBARAS

8
16
8

© Very coarse

31
L1

37

BULK DENSITY, GR./CC.

*

REED DRY TIME, MIN.: SCC EXTRUSION

4o~ 60 BO 100 140 200 PAN SAF RESIN DRY BLEND VISUAL ADJUSTED RATE GRADE FISHEYES
o1 o 6 3 110 .576 Ryat g:45 9:45 152 ¥V 39
23 17 2 1 96  .575 675 8:15 6:15 150 IV 22
32 18 T 3 98  .520 .635 T:15 8:00 160 vV 43
33 24 3 T 105 .545 640 9:15 6:45 151 IIT 13
38 21 2 T 102 .530 628~ 8:30 9: 00 156 v 34
o9 22 1 T 99 - - - - - - -
31 18 2 7 97  .505 .650 8:15 B: 00 159 Vv kO
36 32 4 1 119 - - - - - - -
g9 L 1 T .505 620 4:15 3:30 150 I 5
28 1k 3 T 95 - - - - - - -
28 35 1b 2 107 - - - - - -
10 6 5 2 8 435 554 L:15 4:30 155 III i2
29 26 5 1 107 .450 .580 6:45 k:30 152 III 15
1 12 10 T 95 - - - - - - -
20 18 6 T 98 .5 .553 4:00 hils 5%  IT 13
2 29 20 2 1% - -~ - - - - -
15 22 18 1 15 - - - - -




@ -

EFFECT OF PDR-1 CONCENTRATION AND pE ADJUSTMENT ON OPALON 300 RESIN IN 92 BLIDG.

AMOURT OF ACID(A) SCREEN ANALYSIS,%on MESH RESIN BULX  REED DRY TIME EXTRUSION V.R. HEAT
OR BASE(3)ADDED 4O 60 80 100 140 200 PAN DENSITY,GR./CC MIN: SEC GRADE F.E

070 21# 5 oz.

8
.185 184 T
128 18# T

-533
Aiy2
.500

.5l
493
470
k65

-

W
[a RV RN

o7
52
o7

o7
54
35
27

e
o &) O
TR

.060  3# 12 oz. 12
096 W 5 oz, 2
.163 . 11
.225 5

.10k
Jh1
.205
.260

=R BB ==
rhoo oFw

NP

g w

22 465
22 455
19 ' A3
19 . 405

oh Jss
17 L20
10 A35

n
An Nl
AW\ NN\ o

30
25
13

8

b

RO
FEOFRE WPV

4

vl =
~ = O0N

ol -l

=g

(6]
080#‘ =W

wE W
[@R¥;: RN

L11h
.228
155

12

13
L

1k
16

S8E &C°°

H D
Q
N

b

18 455
20 <430

:103
.180

3.
3
3
3
b

(oo Jap
]
<]
3 WwHER

oo
(a2
£
(o]
o
=
A\ R

98% Reagent Sulfuric Acid
50% Technical Sodium Hydroxide

TT1¥C00ASY




.BLEI;.

EFFECT OF LAURIC ACID AND MALEIC ANHYDRIDE ON OPALON 300FM PARTICLE SIZE

RUN AMOUNT OF LAURICE ACID (L) PARTICLE SIZE, % ON MESH

NO. AND MALEIC ANHYDRIDE(M)ADDED PERCENT* ho 60 80 100 140 200 PAN SAF
L GRAMS . o

3 0 {Control) - h 36 29 16 6 2 1 85
7 0 (L) - 1 23 47 20 5 2 T 85
8 100 (L) 1.0 1 35 ho 17 5 1 1 84
1 200 (L) 2.0 T 30 50 14 5 3 T 8s
5 200 (1) 2.0 1 16 k6 25 8 3 1 92
10 200 (L) 2.0 1 20 50 20 6 2 T 85
2 300 (L) 3.0 T 30 48 15 6 1 T 82
L 400 (1) k.0 T 9 k2 28 16 H 1 100
g 500 (L) 5.0 1 k7 37 11 3 1 T 75
11 600 (1.) 6.0 1 20 48 22 5 1 T 81
6 900 - (L) 9.0 1 11 k2 29 13 L 2 101
2 0 (Control) - T 4k 32 35 19 6 2 107
Iy 0 {(Control) - T 1 20 39 28 9 3 120
1 315 (M) .2 T 13 L6 27 9 2 1 91
3 630 (M) 8.4 T 9 43 32 11 3 1 96
5 9hs5 (M) 12.6 T 3 30 37 22 5 1 106

* Weight percent for Lauric Acid was computed using the weight of LoOoas the basis, while for Maleic
Anhydride, PDR-1 was the basis.

TITPT00ASYE




]
f

ERFELT

-

i -

mm— . S

P _ m ! 3 A B 2% A

] T. . 1 L « BT - tlon
P R i IR A P - T
) ,.1,.-2_!- H R | i 1 : ; N
T x T . : ey -.mmww.._.w;%ay
e I | i e
P R _ : : oy

| PRRSY

JTER LGTS OF | on L

fery

PARTACLE | SVRE

OP& LD 300 T

Al den 1‘

b ——

i
i

Groul A MG TESTED AT THL ZbMT TIME,

AR N

St legENDY

LATER, GROUP & WAS

V=L

205G

ERTED

e

ppiia Ml . i
DIFFERENT ConNDATIONG

Wi,

‘

. _A'S:

P CONTROL

!
{

H

i

T

1
L
!
i
)
|

|

O o

A T R

to

T R

~ i
T
E.. f 10
T
1

mma - .rﬁ

\

TG

RSV0024113

vy R eyd U HISS TR Trranad qﬂ..
WD sHLOLGOI X 01 =at




oo

'

Y .0\:“. TEW LOTS oOF POR-L oW

FiG.2. EFFE

. cteinln s

'
'

OPALON 300 FM _ WTCWEN . MIXER DRY Tt

H
+

T
v
:

=

" i ——

A

I UG S DR

r
|
{
]
Rt
_
i
RIS

oy e

T

RN et T £

.w..AvJ

= [.Qmm —401

i

t
i
s

2
H

e eor

""_"'-_'T"‘""_“‘ ——
!
4
ot

o ”;;Tf -
o ._
- 1:» e —

S N

-

[ B TR

vi-6sE

TG HISTY R RSN
T AL OL O X O

=2
TR
oA

"
oo

ra

=i

RSV0024114




b faan

G

Y

[
i

oF | TR A1y oF :POR-)

Rl

s e

o I_','T‘,'T'.T",',_:",_ "T"T

|

BULK  DEMSITY

!

Tod T

.y

ESFEL
EEALON

i
i

o lExPERIeLNY

i

T T

R

i
v

U SN S

H
o

L

T

o = i

]

A e

. ! -
SR R
N
)

]

I U o

|

e et b e o
P

o [ BERs o

FER ERNEN,

$’ ‘
- "r}f“ ":'_' L
5

o

i

|

i
R
le .. - _\I!I_‘ﬁ T lrmrll - l(;.“vv
[

R R A L

A

Bl

.a

!
R
i

i

S

|
|

- 450 e g

t
i

. 4.59“- _.-._'."_

o

7
g

t
[ ' i .
e e ap e o s e

foO gy 5

s o e — = A s —

hCEPIETIV A B ]

rL6eLaE

OO LSS IR IR INdn
WD AHL WL O X O =n S

up, b,

3

FIG,

RSV0024115




o]
v b

LOF. TR ARS8, P00

i
1 (.

T

Ll EEEReT

2.
¢

3

COORLOM. BOD FHL WEKY 5T

oy

MAVLATY |

i

e

[ i

'...?.._?_..7‘_.‘,‘ —

i

B> X LA R N

I ..,Z.L—v-.h

e

Sl e

' _i |
i

i

o ngy s

o ""_ 1}""

]
- 1.
'

|ergam it

fm orney i e o b

* '
Feoos
§e

' vt G N TEed "0 GIASET 6 1T N uw._:.»r.m
PI-EGE WD IHLOLGL X O T8

¥Fig A

RSV0024116




wmbin

oA N
GRADE

]
.
|

¢

EXTRAASIONS

L4

Ery. LGV AL OF . PpRe|

o
§

b
.l

T..Q
LEXEERAME

'
s i

l
.g,.,
!

OPRLOW Hoe ¥
|
-l
i
g

]

)

t
E_— -

Y 3

H

!

BETEA
i

| CEFEG

r‘,'_i'_’i".T.. 7

!
f
i
]
S
|
i
1
|

'
}

gt —— - =

T
{
!
L
f

1.

J
S

-H_ T
- _ ,”,W.a,..”....«“
c,.lﬁ

R e o B 3T ERTUSC R

i

EER-ae -

{

r&-

&

- “"

3

)i

|
[N S

A

i.

e d § i e i

o o i s

RS Bt v AT
Ao
- i

S

i
H

T I S

T .
PSR iy

[ENSRNSR - VY

i

et w st e i

P

==

VPSS
: oo i

10

.‘“ . .
L S

GRS

L R 2 AE TS L

e

i
i-

PSR,

¥ou un A

vi-65E

O3 UISST W AL LNAA
W Ak GL QL X TF

;
- PO \.. -
A NN

i

JUNNS SR I

-—

i
[
i

L
o
|
!
|

i~
-1
b
¥

-

3
i i
UL

Fig, &,

RSV0024117




N

Flg, &

L R B
e

: I R P

)
DT S S S
. [

L |

f

OPRLONTOO T

RSV0024118

]
}

-+ wnwm_wau,m.:_w

5

LN

}\
TTLRRET

avin)

1
Cod
-l
1

b

- b : S 4
: & o ol _i . ! AR
IRy m SR SO St LIPS SRS SRR I
- b e SO I
! m . 1 ‘M [ I I -t 1 H
5 S G . D d_
T R Lo et R et B X -
= T LT T L2 AT
. . e [ - ! )
- R . - ' AP
s} R TNNEIN B PO g

T T T T

L YRE - A -
‘ o .
1 .
5 -]
| : !

BRABEHD

-t
H '

T
I

EFFEC

i

OSSN S S &

Ny

. ...,i? R -t \r % 71

e n o st el ot

G S S ST WL

L, u I
1 - ) _...,,.

4

tof-

e e

Lt - s O o

o R A S T B Sk I N A T
. ”M.”. N ” SO Lo T L zgﬂ...w‘m#wazumfw.am, b .
Lol A ol . [N PORES ST TAELE SORET ST N Loa i whetd 90 Y LETS TR Sotd SRT Tt IS SRR IS LI

S A D LTSN IIANIN P
FL-8GE vl 3IHLOLO X O <™




1

FisHEvYes '

22 hor

i

e ey

i

TG FI S VA

)
t

on  ofalon BEa T

4.

POR-}

I
i

o

e

1

s

1
i

_1 ¢

= "i':"

SR

OF TEW \OTS OF.

'

T

et = i,

—

T
1

\

1

EFFE

 :ﬁ:F@§:L.

T3 HISET R TIIAINTA
W AHL 04 O X O

e

RSV0024119



e

L

—

ol
Y
b,
ﬁ.;
£
P

4

zev har wy

TEEY
OPRLoWN: §10 -

T

-

'

ERPERIVMENT

FRPO N

RO RS L SR

1
|

1.

S

i i
L2 SR

|

{

i
'

i
‘

- dmen

o

o P .
e R B

4..-..
[

N

SRS S O S S

i
-

- .....:.'f‘_-.:l...-;. -

fa s emeee

]

Ve

o=

e e e e

,H.IJOv

_,av.n.wnr_.
A

p Iy vp—

‘03 NEIOZLIIA INIDNT

FEIEIRRIE
WAV eSO NMIUZTLAZIG an BOTE DI

e

.(r_@ %

Yig B,

RSV0024120




T m YT e

Ho

1000

)

!

SECEER LS

RSV0024121

I
1

| BATILE | RETECTED. |

!

e d -

b
i

of.. Cokk

1
1
i
)
s
:

S A VU A
R
e

i
'

i

i
[P

=
wts .

4o an

'

|
wf:
il
al
d
%
&
B
Z
g
ot
£
8-
gt

Coen ooy
B ekt S Fare =

L "
TTEXPERTHTWT
1
i

U S —

B ‘i ! -
B S e B S

i
|
{

ffj’fE&%‘j‘_ -

IS s
NI

P
1 2

o]

[N N S

K A QU HALAWT
GO M3IBZLIG INIANZ GldVa HavhD NISTLIIG v poOve Or




[

T
i
i

OHF _FWIT_LoTs of . Bhk:

R
i

oo
E¢T

Fi&X0. CFF

1
o

'

AT MEAT \RDER.

BOLK, | DERHTY

j

I

e |.,T.0..uyu.l.ulf —

]

i

e b adi Lol

sy e - ———

o

CERPERIMENT. 3

- wJ;..!T.i.w. .

5 P S

4

o ma D an mm mn ——

4 v ———

B e

GO S U R N

L

R U

S
S
P .

| EEEE

C el
o

|
i
[
'
'

]
un

T?r-‘;'
Ao

o
_“_'ri"___ i

P

.

tl

{
N
i
:

S R

[,

20

I3

¥ 1 BHEII3A COD PIRST U IFIAN A
v".mwm.EUthOFwao_

RSV0024122




IR PR
IR _
. _
-

-y

R

1
!
‘
i
’

; -!I{ﬂi 4!4 ,_..,i., :

NGRS PR —

SOOI P
I |
|

i i s

e
RSV0024123

©

T .
SCOBITY OF PRECIFATATED PDR-U IN WATTR

Y
| ST

1
i i :
[SS FSUSERUIF DR S S S J

e oo
|

i

1

la

i

{

1

JERDRNED DU SO

..)th«tT.J.! l._l [ h.lnwh‘ g
|
P

PR N

e e =

&

.H-.\
1
o
e
15
T
-
L
mm
'3
148
e
s

G _ .
I
_ S

. y.lnhll.\_liyirl(.(:xc

i

OF
R OPALON 300 FH, PALTACLE

'
“
I
—
L
-
!
]
. -
L

g e
o
-

/1

v
[

—

EFfECT

i
1

'SPECIFAC

i
]
i
. i !
SRS S U S
f
!
!
i

4
i
P
|

4001 SV ALY S

P

g |

1

{
h
'
'
1
[}
i
)
v m————
t
|

S

.....BO [ SRR

t
|
!
A

23S !

[
TS AL W T d L f. -

WID Uni 02 0L X QL G




-

-
‘w

&

-

3

ot ————— o —— s+ = 8 A Rt

=

TOOF

g (20 EFREC

T

TRIL: ViSCAsITY

SIE

CUNPURARIED BPOR-T

TON OPALON Boo EMT PRETICLE

jr
\

]

i

)

[ .
e e e

i
I
!
1

!
- 1]
P

e |

e e e |

[
B

F

T lulﬂ.ll... mJ(,lI..lilx PR

R A

|
t
.
R

IR

=

g
i

t
i

4o =

|
{

NV D

T

i
i

t
e

]
1
t
1
o
i

! .
P
! . H

o

e e

i
I
|

1
!
{
1

U S
Co
t
1
1
H
1
H
1

o s e+ — p—— i

]
i
' -
-
i

1
e
'

[P
:
i
)
i
i
U S
H : 1
Lo

!
[

|

B e T

t
1
'
3

|
|

KSR WU SN S A D

!

St _
RN fe
o}
e S :
: i 1
i # | H
i ! i
: - H L}
Rt Tl S TN
i H . i E
_ : | i B
| ST U T B Lk a
| m . M i o
1 :
m Voo i i - H
. R
V- S U A ; -
“. ! _ - t ' \.WT
SR i | | i
H w | ! _ _
R e T N L v
! i TR ! i
W B '
i

k “
: o
SRR
- - .ﬁ. - \:¢_. - lm‘ll -
| 1
B
b me e 1
8 .

SLIENLLINN S

:

i

_E;Bg____ii__

160
264 -
150

TER)

POR-L N WAT

]
Al

l

SPECIVFIC Vingos

TY OF UNPURZFITD

[ EETRCE LI B R Y S |

W SHL O O X 01

[y -

s VY

RSV0024124



t
!

4 ra e e

1
B .
| L
ien o —t s
o
'

g
o

HWJ v ;.M;;.m 3 .fA“, ”ﬂ.gu i
IO b P _ : R B _ .
S N O TR EE R N AR R
i L S I - .
i e e S “

. s ; |

]
H
+

1
i

. tIemt "
i
T
{

e

{
{
H

THE EFRECTIOF ADDING MALEIC. ANKYDRIDE [TO. .
1 WATER P SoL0Tion (O TRE SPEQFV

PDR

HEOLUTAON, :

COMDVCTINITY OF TWE

i

o

MALEL - -
THRU WEIGHT

1

INCREALING  AHIUNTS OF
pPL WERE ARDTD.

h
i
y
i
{
{
I N
{
!
}
i
|

s, ke + Wb, MA

1
b
‘
!

F MR RTDED W bovaTaaN T
of A = 185, MA

FOBl WATER  SOLUTION UStNg foa-i
EFMED A5
- ,...l;_,«
|

2
J
Ry

LEEEND! ..
AMUY b

18 ©

We 24
TPERCEMTY W

i 0 A 0-*"/:;

¢
+
]

B ]

|
!
J
i
T
.
1

' 4___..1._ v

L o P .Z.ipl

—f ]

(R
ANWY DRIDE ADPED

r.._~__.:_.‘.

8 ‘
NT OF MALEIC

b

20 .
.

Wﬂw—v\.ll.w}Y—.l Y‘I-J —— |A'|I.‘

Iv

i

i 13

4 !
: MO

:_r
1
! i H .
! t i
. . - i X . J -
e ncer b _ _ - T T
i a4 : m | W . ' I
I R A ] | -
bl I:M: N S IR S .“,11“.1_?1.1. \14_I.mnl .1Im_»|,..'lvrhhti.iu lrLl..x(m —
T roT U R N T s .
) WH DR N e _ “. emoﬁs.adif X —7.54&13 ;.;uﬂ 4s . Loy s
I haloaee g B R LN Ayl B RN TN it

poroadii

L-HGE

R HASST /T EANTIN BF ko

o
WO AHL OL OV X 0L kT

LR}

RSV0024125




-~ -S2RMaY

w&@i

1

O0S r!deaB

l_.\
i
R

_m

Wl

L

w&w..zo?of

1
i
i
i
.

_Jo __\ ..Y.or

ﬂjf—ﬂdu -I

,|.M|¢x s Jzygpndgm oy - 14'!\1 B Rt et T St SET n_..] iR - l..lmo A - MX N
Lo L S82 19N Sum e RSN \ NS .
N C ToloTamanmyy L " S i Ive tS <~
COUTRN S U OSSO, ...,_,.1.W A s e el — AL
SO AU N IR SR L ;o o ~
Sk L e R R O
T e S e P e R
T ! : __ : [ T i ' Py
b T reoe W -~ ,.m b : ' i m .

TN, 1 . [ - m ; : -
i~ = ¥ B S O T -
SR Lo m : S S R w

: ] : m ; “_ _ ; N i :

b e «M ! - s i .5(.% N L ml G

: ‘ . | _ P :
= P oo i 3 m y R v
. Lo . : o ! R ,"
T e :
_ o . : “ M_ W ;
S Pl el S N
H - 1 H - * . N i i
' : ” i . i _. t - :
T T T Lt W o St B
S i SR 1 SE L i Za,ndurﬁouﬂw X Mau i TR IS
il oo _ Aoods ] ﬁ?ﬂdi?tﬁolf@ﬂiaﬁuylﬂ.r:wyﬂam .HPAM !VPHVQP..U?DH& v _ T

_
qlin. ‘\4 - /W :“

;
IR
' ]
: i
! ]
3 ;
| i
[ B
g
e ;
Y .
[ :
P |
L e e

mu%:w
_

e T e T

i ;
1T ' - 1

!
- -_-_!.- —_—

- W M TQwR

‘B NI0ILAIA ANIDONT

. EETE L TN NI !

HBIUVY dVSH NIGIIA A YV E TOr
-

B UG JUUOE TG

{

. !
T
PR

L RS R
1 H
fl

i

'

- )Wﬁ(

R

.- mmw, e R

3L

Farar e

INBVERS T THYET

NONG WIAMES

. I
\ G
S e SRR SRR,
i ' '
T :
; 1 i
Do ieode o
! ) .
o ! V
H ! :
- == pm Tty
| o
[ : §
.1 -
“ H |
] __ '

RSV0024126




TNOUMOTIRNS W3 1F3ad L0 a0 KUMNADAGNOD

Twa

B EREN FAR

RSV0024127

'

1
(

‘ﬁaa*a'né

e
SR

i

™

A

t
i

[

z
N |\A.:

v
RCEUCINN L) B A
> N i -
R 4
I’ : L%
: N
‘ ol v -

P

e et ——

e e

o+ 4l,i_.l.|..,r.1(.,4

7

R B II:L. e T

| TR B . . .F. v
RS IS | WA 00RO TIVAO.
FAIDAOPG G RPAMYYYS: WA 80

seafeipiecie gosra-esvr]s [ER St P Fiat1y ey

¢a=z_un;.Ouzwmmuen_u_u_u:ux nﬂ.&lsﬁ
. PI"6GE WD IHLOLOI X OF &7




ey —

SEECIFIC VUSLOSTY

1
1 '
1 w 1 . .
B B it SE S SRS SRR P P 4 e
' ' y i i . :
ot . 4 Loi : * 5 L
: H H % : ool
SO U B e B R eeens ——- -

e it o s

,-If:\C{-\v.;,EVFEILT OF PDR-L

i
i
]
H

i

1,

P

P g

PRCSEMT Y, TUE. ANCR G

g R
ol ' ! X -
w jordd
.I;‘ BN
ORI SV A 4~ 30
b ” mu
[V H
N s .D_.A.‘
Fal Lo

W RERY STABRILTY

RES

U CoWDULTIVITY On
SR

1
i
{
!
H

ST FoR B b Rown)

i
g
'

[

'
i
1
[}
i

R Bt AL SN U X

1
)

!
L.
i

R S *,"'i'"-'t’—"'

- J_ SRS W

SDVOUEE VUL SN S
' I
Lo

35

W WATER

50

4.0

SPECARIGL WALCOHTY oF PRECIFITATES DRI

|

'

'
H
3
T |
1
'
H

* i

R i ancs SEERIPEES S B

L. L..

o[-

1dwﬁ€.mz¢
— .A
.._
n

_.TM,;..,.?_,

i
i
|
—

}
SN

. '
o 1.
: !
R b

e S I

3
{

1
1
I

!

N ma

o v—— e
-

3 1 1 PR SR b et S-St SRR Bk B
R LR B (S R R
iy S _ L !
S A S e St S S
.. R SR
B ' R S | D
* ¢ . . m o
' [ (RS SRS SN W
o _x...l (.._q x’».!mtlulu_t.}l T m -
S RS SR R
| i L
RS el bt At Pt slrul et A
N
1 o .
SRR A
[ N
S SR BN
§
i

i
I
i
i

i

Q.
»

e 50 -

w..u.,;w.iw S

.w 1 ..

Fif—.-

u.:FiJ.....nw h ]

Q
L.
15 - ktwj

L
._
‘-_.
__

Vi ERE

ST SET N Y T

BT 2HL GL D8 X DL

- 30

¢

‘h‘l &:ﬁl

3

$

Bl WARTRR

%o

]

¢
T AN POCLTINATY ©OF A&

:

VT

At

RSV0024128




N T
m m. '
” ; i
T S A
S R
: i i
O SR
" "1 H
b ! .4
, } t.
S SO N
! i
oo
i :
b R

T

e

R r———

=
S
]

i
A
|

T T

P
!.‘ o
T
RIS
! i

-

!

v{

!

I

'

LT OF_PDR-\ CONCENTRATICN oW

1
t

! :
.._..q'....'...“. —_

t

{

v
1
i
i

sy PN )ﬂ.l ————

T4 ’ I

|
i
]

'
i
i
g
i
1

!
H
)
i

——— krem e —

!,11!.
T

1

1

bl .
i .

—- ““'j”“‘"i" e .

‘
)

e bt
'

EiG. (B EFEE

i

AL DIETRY GUTD R

OPALGN HOO PARTICCE

t
}
RN

i
-
o

!

[E SUSEEEER SR VRV

i

r

D

= * .

.-. r.-
3
“

[ ASS— -

TE. P U

1

_.:-;_L . 'E.bl" J——

1

'

-

.

R

a S Rt

-y

o

)

BN RGNS

G

|
e

[FTr
I _ *

| i
]
1 :
N g‘..,_h.:.._.' M

...;..-.l.__A..T......-._..... -
L ! i
- i
- 1

1

..'__

S S
N :

v g

:

i

t
[

et b e n

PR SR

S ‘"'"17__',‘“ .
SRR M

'7_7hf“"'

i

v it A

|
|
!
. "
i .
P BT [ 1
I ;
RSN ST
I i
CoE
e
IR N
A_ ] n #
: _ s
S S
(-

i
1
'
i

o

4
e -
'

i
!
|
e

i

v
|

e b e ]

ER SO N
L Bk

OO ILES B T a4anTd
WD TIHLC8 G X Ot

el

w

2

Fog

RSV0024129




<
€N
1
i " N
FR - g
A | o 2
I 13 7 >
N ! ' R w1
".. A iy : : R
; Ik e .t [
lm - uy .“. Rt b
i { N Tt .
I ', 1 :
- 1 _ ' T
=

P
- )
b
!

:.,l}'__. -

x o
_.L._'.L-—A--:-l_ .

SRR KNI S URNE T
! it i e
L ! .
P i T P
i g S
1 m I R M

CORCERTRATION oW

T oPALer 200 BULK DT AT

N !
I AN B

i ROSISEE ECEL IS S Mo

S b {

OF Phked

o R '
I !
- [N} -t
A !
RO o
T 0T

EVVERT

i ! :
“ _ Vo B N o ! B
S (RO NETSE I - AR S ..L,I.tglsht,hlnni,l"!.;.».;w.-i - o -2 W !
| R S B B St s e B e
& T “x.m._...m e . v e - m o]
| _ I R
; Rl B i

7_..._..'_._....‘_... —

WD IHLGL O X OL

Pt T¥e O HaLSD 0 VIAINEY B Ly -



g

ks

!

i

|

5 PORY) CONC, WeRRRSED,

|
!
1

oy mimemm e L

i
f
P
!

OF.PDR-

S
e e
H
|

RAT\OR

YR

20

i

loealan 300

|

e pn o s mam s

bl
.

| ERPERAMENT -y, et ol o

T

UGN U SUPAR PUUNVRLLY S S

ST
Ly
X
3y ‘v M— m
3
A e
Gl - B
i 1 -
S mm - “ wmz, i
S R e
Q . . . A .wh
Sy SR SN N0 S S —-wd
e

ITC AT

AWD

DM—’

=i
b
1

1'1‘.'

|

e d

SoLEveL
Nl
L

SR
",‘I s

B ST

o e e -

g .....'If.._’.‘._

o SV,

i

|
]

I
{
t

ey

[
i
i

AR Y

i
|
f

o

v
{
|
]
+

AB

! .\‘ﬂ'

i

°

J

1

— s ———

J:-l i

PDR-\. CONCENTRAT\Q

+

T PERCENT.

1
r

i

H H 1

b :

H i

i H

i :

I S B

H

i H

{ e

{
-1

i

g

¢
4
i-

1
1
'
B -
1}

JE Sy pE S S S SO,

s

s e el
a
. v
- 1
i -
e

o
{

'
'

|
|
N

'
!
'
[
l
{
.

.
' .
1. _ .
H . A
SOOURE SR N A

m.
R
i
H i
i
AR N
R ¥

R TR R R T S R HER FI ]

FI-SGE UMD AHL GL O X Ul

2.0,

AU

RSV0024131




{
«

!

| CONGERTRATION. .o /oPelon

R et
ey
[

Lol N

{
1
L
SRR SN

|
I
i

' !

‘

_EFFCLT! oF foR-

LF\G..2).

CoMWMT.

EXTELHON FAUEWENT

o

! i

Pt
- LU L
PN

i
'

A mnm e ek < = s

R t.--'...'..._-.--u- —

i
S et

b

i

] L
o e e

R b

...n_.,ﬂ,w,p,ww*m.

'

: .'_._',_...l’___'__.‘.‘,.._:._ﬂ_

.
|

;

!

.
e,
i
:

i
.
1
!

b
!
i

f

1
\
4
t
!
'
!
i
H
RS N S

T

i

'

i
b

i
P
i
i

e B bt

t

Vi

L

628

Eh

o ALY A TT AU
W F3HL OL O X O

TG 2\

RSV0024132




|
o
|

[
P
T T
o

4
i

v
¢
|
]
R R
i

e ———— = e i

1

; .

| Lo
L ST e

\

t

et e b e el ek}
I '
' H
i
1
I

¢
i

i
"l

AMD ERTRLSON  FASHEYE CAWNT.,

'
i
- —

i
o
!

-

-

e o JRAO S

b et

i
i
4

|

i
1

*
)

R

]

4

B

EXTERANENT

B

0

‘
v
H

_,___.\

{
)

LRRY LT

P8
LRERD.

N

{
},I,}, 1
!
|

4

iy -
1
i

AR

m B

i

4

i
i

i

i
-t-

z.,am ...nyrxwl ;

.mz.&o.. Bu.,,wﬁww

!
a1
T

%
{
[T N

LR AR LR

vi-65¢

TGTE BINSI T ILININ
N GG

i 0L X G

FiG R,

RSV0024133




Ao

e —

RS TPRRNEE TRRE, T T

TVERSUS ofslow

'
i

e
1

i
ISR S NS,

i iy mmmmb
1
HENPT P

[

RSV0024134

Y

i
4

SWARGE

- n\dhll.l,):”i.,“_..rlw!l {

B S S S
b -t

on. vem .

aB

B
L SO SN

X

‘

U RYCESMAREWT

HASED

T
1
i

Twp KETRE 1ol

v

WTLPOR-L,

Ly BG KESTE

B AT PRR-r AT RETTLVE -

iz

PLRCLE

Ba 237 O~y %4, kEXTLE

L. AT PoR-

.

Bs 237 ALY

I S

A%

ASGEND:

SN SV
o

|
HP ..
i .
H

rag
¢
Ky
.
gl
2
L
2
<1
pI RS
f
o
b4
.ﬁ.
g
g

T

!

1

I .
i- -
1

1
P
1
i

e —————

]
'

T
'

¥ S N G HILAWET I .
‘00 NIDZLHIO IN3IONI THIdYY HaYaD NIDZABG dW HOVE "OF




-

KOeweEN WINER DRY TWAT /|

o

._I#EELP

|
Dol il
i

® B, 2257 POLA YL nDnh

& Bl AT DR SKETIES
— W B ZHT ¥

@ B AT PIAH § 4T WETTVL

L LEGEMAD.

~ pET

Q..).

| NUMERICAL VALES WEXT Toloask

.

1

i

RonIts P ARE | RestN SR

!'T"‘f'_""',

LA

N e s

i

) il
AEPARENT.. CORRELATIGN

1

o

®los|

srmmrbie e e

.20

i
{

. A5 0T 2 S
PLOLEMT PDR-L, BASED! On VCW TMARGE T

i

AD

T NIEGMT,

i

3

B e e U A

R - BT IEE L]

O3 N3ISXLIIA INIANRTI

2 ILT kT TH N .
HIdYS HAVED NIDZIIIG g HOTFE TOr

RSV00241335




man;Zz,a _.Zmeuw_ A e SREN I
B . : i T ° m

T
i

-
——
t

an
i,

i
i
i
bl T g e ©
B N I B e 3
w BU RS S
H ....JH &l.. S
| L >
i Stk nﬁm
P.j.wad@u.-i mmkc visap”s
N “ i ,u\ _..
SRR S WL : 5
b HRE I
at e
o
_” - 0
A - 1
. . b
- e
i R e
i | |
= g
...”T ..... W.A
‘7
A
,M. veliden t."r-:rl + .tT%;”q.w..
e . .
b _-.,_,..ﬁt.d; airuos Loz
L WIMG L Lxued LSBT VR 6 | foc )
N RN\ Py S-S Rl DRI F
e .__ TAAT O & voeaT Ly W :
R el aa & T anaY
: W L A _ . - L
U S PR
L
[ "
_ “.
| ot
£ .._ I _H.r?wicau»xm._ ..... .
: ok IR : RESR A b b i i -
: ; L ams] Ivoweta) weds any | a0l s | L :
,.a.wwiuaiuuua w?r AL ﬂuw?Tm,..- _i_pu?o,rf\m,a s o
R .._‘.‘...L R S UL SN M.,.LHE.. L\T_I\\,rilml.!:-:,L
.. * PEIRISS R ) ¥ \
sam WaATIaG 33803 . MYV HAYSR NIDZLIG wiv HOWE O




i

3 SN,

WEXL. 0.
RESw

KETLL

A T e e
* % .
A7 ReTNE T

e

VRLIES

.
v

i
e
U7X B EET PhRA

0
\
\

BOLK DT ATy

i

!

R

® B AT PDR; | Yo KETHE

® B 257 PDRA
| DRTA POINTS

CLEGRENDY
CNOMERACAL

8 B A1 RDRA

6%Lm~x B oA

\
{

_BASED. Grlve,

s

ke anbE .n..v.u ...eL,,.’: -

- 28

.0‘\

+
‘
)
'

el

R

.

‘

N A 1

L
= -

A

i

e el ﬂ...lw_ e

L PBR-L  LonlCERTRET\OY

Ll T o e e s e

-

}
I
1
i
i
H
1
{

Nt

- s

‘B3 NIDZLIIT B¥dvd HJVBD NIDZLI3Q @ HOVE O

Fig 2k

RSV0024137




-

iy

i
'
i
'

TT AMD BRRAQEMDLR

FULIAN TANE

G WETTLE

h

\‘\{Nﬂ e ::"‘*""‘—'f':"

'E.‘I;G‘E%\

BT 257 6D *

.
i

@

®

NMETTLED P
e

o

-
e
i

PR

R R

BATCR ZET POR-L 3 | a7 RETYLE T

LBLEND AT Pped

. BLEND 1 4T PDRe

A0

f

j RAS IR

[

| RCE
WEIGHT PERCENT OF PORA

N

P RO T

‘00 NMINZLIC FNIONT

AT

Bicdvd HaYHEO NIBDZLI1A

S MOV E

On

25

, BASED N I NCM I CWARGE.

e e sk x e s

'
+

VGV L S,

i

i

L,
.

PR

i
f e
1
!
i i
H :
i P
+ 1
P : N
: :
' i
[
. ;
Lo
P
i
i

Fik.2.

RSV0024138




ELBA,

- - ]ﬂ .._ fval
QL ¥
T ) W. ; "
T - A
L r
_ o
R T o«
B? et -
TR <
.__F..‘, o
A . Rt (=]
,.. W
o
+
m .
Y
[
Y
o
%
b1
L
(4
bt
[*R 3
Z
ut Lo i
0 - : A
: T NE
o NWHK . _
. x I N o -
YA
- K-y
e T
P
3 3€% ¢
&
VD-.M-;.
TR
235
@ﬁ-
=l

o

BROSHIES S (RS Y- I 2

i .

ey e e

!
j
|
_
]
|
!

4

o
1
[P
1

i
H
i
o
4.
!

N LR HIL3ws N .
Y NEBIZLIG INIENT BIdYY HaAYHD NIAZLIIG dw sOvE G




i
\
|

WETLE

'._.l."'m

1

L BOAFM -

IUEREWNS QTN

1
'

Bom - @RAD

Jow e e b Pe

A%

—,
\A

L CONGEWNT A

-

'
i

o
L

\
Oy

N

T
i -

r_né.ub R
&ﬁ»“l POR- 3 W

B!

BL-AT -2 vy

L
. 8

.« R

= B 25T R
% Bh 037

b KETTE,

.
1

PoR|

EXTRUSION &\&

¢
:

CCORRELATION . WITH _PD&R-L . Cone.

- "'L"_"" '—""_J
! }

eoR:t 1 LOTS |

1
1

IPOLSIBLE  CORRTIKT \edl \wiTh

—
1

I

:

‘——~
1 T

e
I

-1 H
: J

la
Ao

]

t

JR
d T

g :
LEEEL I

PN

<

L8 .
TRALED OWTNCH, CMARLTE

_!,.....__—. f..“,._._ S __“\f‘"“ .

AR
PERCENT PHGA

:

|7 WEIGHT

LI B BTN TV

AD NIADZLG 3NN

HILTIMLUIEN .
BIdvad HaAVHED NIBZLIHIQ o HOVPE “Or

!
4.2
o

RSV0024140




By

1
{

i._.. St

S S
i

CFECT.. on [ ofhlon. bos

EYA L ME AT St BIATYLL @Y

v

NWATER,

i

!

WHhORMG, |

LoLD..

ALEGERD .

1

'

OF OF.-300TH MAYL

ORI RETTUE WATH CBL4T) PR
o WASWE DI ZRwa. ()

[y

L SRMMES

rmues

WMESE T T

i
'l

T

!

{
COLD WLTE R,

JESNE - X

X, ANE D

+.

N

i

'

W

TUELE TiMED (W

i
i
i

_"i -
4

s

\\\“E-..‘...

LA

RESWN | SRR TUES WKW |

TWE EFTECT oW MRS STARWNTY.

S CONTROL - LAR - Ta DEYT
MY 0.24 Ppoil

4o WERE T WASHED: ZERD AND -OWNE!

i
I

[ R
.
v

[
T

S

TOBAAIN

o

b
T

e e e et & A & L

1N

!
[P S
!

20
Cg -

AP SN

2z

R .L . R

8}

i

D [N S

.-. ! 3 -
2. 1830 E

[ I TR T 0%

"GO N3IDZLIIA FINIENT

HIdvd HaYa NIBILZI0 aw BOLL O

NCM . GHARGE

BREED.. O

SPRNG DR S

¥, 50

RS8V0024141




T

YA

AL SAMAZS WASHED TUREE TumEs

'
i

e L 5 BT BB G KRTILE e
S B 231 A o
B Y Ny 508 R AR a2 at

i

5
R

I

[P
.

!
-...

TIEIE L

+ 7 REITLE,

A%
P

g me s e

Qog_:sm

v
4

B 23T PDR.

:
]
i
]
t

g

-

]

RSV0024142

T
!
i
i
i
.

24

BASTD ORY VAM | CWARGE

PR LQEN
[ BN 47 PpR-

““"—‘“1:“”*'§‘.‘“'!“'—"' -

. LA «]
S i .. :
ll(“o).‘. u‘. e p— I_'l.“ I ] _nl,VI“.: - .lll,mvyl.ml.l, .
S “ S cod
- d i : e m i Co
SRNCTUE AU DR S SN S IO . : ;
TRE G H T F N B
N 4 8 S S P N . i _ ' . !
,,,,, ET N T
S Y .,N_ T T - i
; m.& mu ! by SR B H, i
I S [ - e IS SN ST SN
1w - : -

R i s o

Vi P e -
R BT b lietee S-S TS N SRR, R, . N ﬁ PR T
TR RN
N b B
SRREN R B I DT N U Rl ST

a L L EE R R PO AR TR
o B! : # N U F Y- S .“ b
0 . IR A
P P o : EERE AT et BRARY " St SRt o
c:\. + e b 4 ” b U I W m i
ul_ i k! . i e ! _“
P : - J__. u.-.ri.._._--}‘_ REICHRCI IR z._.

o i . (O TSI RO . SH 1C JOUN N A
L SR I P N D
N R SRR N EEE ) i
2 GLE L @ A .

| P \w.. PE “

» : m \.ﬁ " : o ) v.Vd_r.)A
. .- - BE ot -t

_ ; SEC fe b

. - . kD i3 i

. R R . 1“. N

¥ & O oM dQvk BIL AT i N
03 N3ISZL310 23903 Hidvd HAdwB NIBZLIIA oW HOPE 01




P

2
!

e “.w.ll._‘.l.\l.lli _ | ,1.11“ T (l—! )«I}J&l..ltf#s! l»i;n__l.\l lqlJ.a».vw:,rnqllﬁivn.l«._l 4_\1 e l\i“i.;.il!cfv.i..&l T T T T T T T T T T T T e e
. N i i

i SR _
| _

)
v
‘.

s

e
£
|

v
1
|
b
¥
i
!
-
1
)
PR — ..._..l....,..._f-. -

v
'
t
i
I omrt e m

vl
’I

ll.vlt.\t.-y |l.||l - - Xc.n.l....y..vl.,

_ :

)
i
l

R

T
!

wil el | ..

i
1
!

B ] L NGES PPRY'. SIS S

o 7
B

i
i

e L

t

t

i

1

St

YAVARXN B

.'.;

!

|

R5V0024 143

T

[

I
i

d

|
i
!
H .__,_.?‘__

i
[

S
A
r-..:
o
a
- ol
o T
g | . =) “ 4
£ ._ i H “ ; i ' :
IR R B e | o R e S Lo Sl I O B
o L i : HE i - i - : T d [ !
7 b _ P ; Foret ! _ ; :
<IN O BT S ! | R S _ A e "_ _ ¢ ; _
: > : b= = r PR PR LR FEE R P - - !
ER u b w w m | fo _T ! : Co 5 ;
I e R N ¥
e - PO R R T PRCUUUE BRI SN NI S SEUR S b : i
L] o A i S o T (it e I S
P ) ! S -t - 4. [ TR | A i R N i L
R R S S s ST INTS ' S SRNEY U SN S VOO O B @ = . .
R T PR A ! Co ! ﬁ O @y =k w m
H i | M i - - L ' '
S , E ! 2o
i _ _ : u . ;
- J
L Z
AN a
!
3 ot

e

e it
i
-
t
!
!

|
|
!

i
i
i

A2

 PRR
i

L pmeT e LT
L
SN Q-
x

i

[

f =

R

[

|

H

i

b
i

i
b
1
T

i
.
i

¢
-

A
i
v
!

B

i

[l
-

1

FIGAZ CFFECY _ OF POR

i
)
o
_
1
L
i
. 1.
o e - =t i Bl ST STUR FO U 4 ((z.ﬁ !x..l_>,.»| -~ |1(I...)uh®
i-
.

aaer § ron = m e
e
[
:

: N :
B e ST I T N ——
. , ,
;
i
i

'
1
i .
i et s e
i
!
§
i

iy v o i v

) SR . SN . i i P & - ) :
- l,n.ilv“.l T e |l—| i nvln o " _ _.IA ‘w - e ot lmmu quJ»ﬂ st u - - 4”.‘ N i pt e - - - H‘ x._
o _ N . u G 1 m m Y u .m_,_nwun-wwﬁ me.deﬂM. : : “
o R A R P R AR R FE ! b
ST S # donedagk ol TS T RN N P I | m b t

L] Y] -.._.:.m'u.‘A RPN
i GS5€ TR IHL OL DL X Ol




(. A S

1
i
i
1
i

1

RIS VU

'
'
1
:
'
!
i .
'
]

a%:.

; _ P ; ; ; R
I " H i H ' N i { .
o . P i : L PR ' :
‘ : . H i
8 H v i . H
SO SO SO SR BNSUUEN SO SO Y S RS S
i ; : . i | T i
| b | ] 1 HE \ .
K ; L S N i 1
i i i I : : g b H
. ' . - ! 4 S N I
B . - - R SO USROS USROS
H - i [ b

AT T

et

i
3

1] 1 .
~ ! 2 . ] ! m ; ! 1 N
i . I S -k ). e i . !
, R I R I B L Loy L
CEUU T CACS SR o L SIS e e A E L SRR S 1 oo HE: .
- R 1 B 53 oo S “\ : 38“ x ! . ! ] : ' :
B %-| B EEa A BT R R IR S RN I R L A : m
AT Y1 AN REJ0-5 TO G S RSO SO ¥ ) _ “ _, : _
: e 2 i 2 ST e LT R R B GO Ty T T
; ; 3t H U B I RPN B w oLy ! Co { " _, _ i _
m b5 & | _Mcx. LN S m i Lo S m _ : i
e Tl B R e e e T S (etalts S pree et e -
i _ T - I i ; : i v _. ; : ,_ _ ‘ : | :
L 3 i M oy o R - - i- i ! , : P ! : ! _ _ :
N | R S S A S __ T |
A e S T L A A A :
i i 21 i i o : { ‘ _ : i i . . ' : . !
1} S B | T e i TR S ,
“r«.lulll_:l(.l,.ll o fmn,..._.lxl_lllr.. L IR o . 1 ! ! { : " [ _ m ! - i : N
i ‘ I A N ; : : ' i _ . ! t : i A ; ' : : _ g
SRR P Lo U SR R S R SR S R
e -1 I S e T R BRI R EIE R SR . [ R T
H i i L, &L : . : v, ' . ; H ﬂ } Co ; : { ; .
! ! i W oo Lot : : A | ; | . M _ ' . ; ! ! ©
i . . R __ o Lo i _ Lo _ i i u :
Tt R . o 3 ,:;:l-w.-iw LI et el S b u& Q— - R LS P _
ﬂ B H FF w b A T : o ' | ; . ‘ ' ) _
P _ om « - M T R _ Lo _ 1 ; : | ; “, m
. L AN [ SEUUURES SN S NP SN SR TS SO SUUE AU S SR b i : .
P n " F oo ‘ i . w o I b T SRt SERE S
i i Y o . b ) ! - : ' : i ¢ :
N S I L TV N B L B RS IS S SR SR S R
b e o) w I R L T : ! ! -1 ! i i i t o ' : i
; ! o b % : : m PR e N R S S R N DN (U
S P it I AR S R U A S U T S N B S .
B E SUEEE EE T AR S O S B A
_ll _— b w I i 1 ] 1 | ! — | 1 " ! ! | i
! ; e Byt e e e e s B e e I EE
! H [ o R oo i oy . i i ! [ Aﬁ - oo ] ! .
1= i R e - - R { v g i T | ; :
' a0 { i g | ! A | ! i ! I [ : { i :
AR S W 51} S SECHUUS MR IR S ST : ; i _‘ § ! R ! : | m
f i I B P e e i I B E m R S o ey SR PR S S
A N AR S BN B S N A S A ST SR (T AU S A o O
W. 1 T | wy s P ! ' 1 ' i i S ! - j i \
. STt T T TTTETT YT T T _ : oy e ‘ 1
1 T SR — : I _ : : e e I e
; : . S e Q. & ™ 3 lp <+ o .. A P _ :
W L e g T2 0k I SR N Ut S b P
N :Lrl.l—l.\!.fllr..cl.lcl.tl e e e e e ...r - ) ; ) : : : i “_ i ‘ __ i
! _m P m R 5 m LNV T caickw ,:.vfdr.m?.omw.f.-ii;i i Aats RS SR i
w ; : } L T e i TR i i ! A . . 3 ¢
: i P o RN | i “ ! ! ' o w b _ ! . i
P e e S R e e L I AU (PO A S U S S T U
Lo o I R P _ oL i | i Lo S “ : i
| i bl [ S P i S e | ; ; ! :
Lol [IEETAER TN WIS CRNSTTN S Y IR do _ SN SO SN S P S5 PR RN oo L ;

-

™=

RSV0024144




TG, B,

2
o
C T
. @
&
Z
3
3
a
8
e
P
0

'

RSV0024145

.-..T,§_'.‘._...,".,.":_ |

‘_“)s"

) :
W P

b
T\C}{Q : * LTty Y

(
]
i

ICTWTRA

LTVELT.

i
0
)
v

OPAL O ZCOFM  BULK  DEW AT

PR

doen
L

A

;Fw‘, :?'ﬁ-
{

.
e
RPN 5

R R L R I R KFETES
PI"6GSE W2 AHLOL O X Ot




|
{
t
!
i
!
.
i
i
i
}

[

Lol

g

i

'

!
| i
AL N VRN POV

i

i

;

!

:

1

)

-

P

'

et e
DD R

l R
}
i
!
i
t

!
i
!

RSV0024146

T

!
S S S
‘V;"*-“"" [ S R,

[
1

Loy, 28

SRR

s |
i

LU P

v

T S

'

| CONCERTRATION ©rl OPALON X0t Fi1

i
;
|
T
1
i
i
1
t
R S S
!
!

N _.._._;.,T;_;A.-.l .

ot ‘ih—ﬁ:_

s e

3

e

{

i OST% . .WJOID, .

|
i
{
§

V'

-
I
s s '. ‘-i
T

'
'
§

i
"t
{

P R L

U AU SO S

taB

S

Al

|

- l.l l..rlulwl.u(._

S

4 et =

TERAMERT B
|

B
1
i
_

-BRe

i
4
i
¥

. M_I ——

i

Ll
z
-
Z
g
5]
o
L
i 4
5
o]
z
[
o
£
74
LY

dm b

YR .
~:\j__;_hom.€.r_~'_1'ﬁ.ﬁ-
| | ' i
. ' i
e e

Ao

'

'
i
i

U S

)
“f

| EFFECT oF PDR-

Pk

wo Fusow
vl
N S
hY
i S
H
B

A}
t
i
i

i
i
i
4
X
'

5

|
1
. 4
{ o afre rmm x -
' ==

A
)
ot

'

i
'
i

TG B

x
A
i
- ._..:-_Tu_.i._.
f. ; . .
|
)
=0
n
1
1

, - i ST Ty e ey
T L N SN o...-wf,w.yluﬁﬁﬂduo_ s
Pl N Ry N A S R L

H“,M

‘.‘....._.l_'_..._,:

i

-—4
' 1
1

.
i oo
R
O T H
. O S
T En T
: I

N do

i
!
ol
i
{

— e eanaaem

A

v KOTTOE OO HISHEE W TR ed Y
ﬁTmmm‘..IUuzhoho_xo-




{

i
-
i
b

Fomima

!
i

|
1

Y.
i
N .
._‘..._4._'.‘...._.‘-:_-—&_..-.,‘,.,‘._._,-
Cod i .
i !

‘__‘_‘;L‘I
!

TED--

SRS

B
: b
. '

3

v e e

!
|
!
!

o m
i

SR S SRS LRI
!
w -

’
!
|

T
1
i
i
i
]
!

RSV0024147

S A
“.,..wu‘..L.:.l

H
[
b ——————
LRI SN SN
i
i
L
! . . vyt
| SUURINE SO
!
t

5
i
i
¢
t
i .
|
M
I
1
i

;

‘e i - . %
L}

287

toR-t Loy 217
2 TARY 8T 29T PR

‘
iy

T ‘._..._‘__‘:.

t
¥
'
|
{

i
i
A
3

1
i

toT.287

¥

e m———

)
t
i
1
B
1

|
|
|
7
i
1

I T
_ A
T el

. TR 5

o

g
i

i
!

;
i

. ..u-m.s. e
:
H

Y IR
f

,.n....lw o

CLORRStR Pyl CELW AND PRobad
TWASHED MoRT ETFCIENTL

SRR

_—

i
i

1

i
R
1
.
i
prbr e b
;
t
i

|

:
i
L)

!
H

TS ST S S S S

!
!
H
!
)

1

|

i

|

'

:

. v
1

%
SV ~)
¢ it e ST

EYABILNTY

i
S
[
S
H
]
t

RPN S S-S RO DS

O
T O A

CON LENTRATION . ON

—— s s,

OF PDR-}
|
|
: t
R
o
ONGERTRATION

e XN .
e

v
£
ul
£t @O
("
zl 7
uf
mm
&
WE
g
ARE
O
g

EFFECT

CRG BG6.

TS

26

-0
¥

|
E

—_—r— e

I s T

T
AnEduA
‘I-T‘.ﬂuﬁml)erTutl‘.llw

\ i L
T NOWSS G ST
; ! Rl

: ;l_

-

.__.‘.—_..+ -v-_A

| i ;.
PR 20O I

PRI SUAE SR S-S S

OTE el PG T T e AN
D DL 0L O X O




!
i

L

!

1

I

{

.4

[

— s
= v

!

1

'

!

Lo
f

, a

]
e
s s s
o
B L

D
!

RSV0024148

}
f
i

e =
;
b
P h
1 .
,
A
oede bl

| EFFECT (QF PDR-{ COMCENTRATION oW OfN.ow 300FwW |

..H!I":'

P

R e
1

&

R el

i
t
i

N

TXPCRAMENT. B

-
;
b

L
3 . N
[
¥
;

' .
)
v
1
'

1 _CONGE NTRAT)

.
[
|
S
1

i
i
!

S

-

EXTRUION RAGSON GEADE

I
. ‘ Il
! 3 L.

LN SR T

H

—

i

1

:

1

:

;

i
i
i
!
v am— -_.j.. .y.—u-.‘
]
1
A

RPN T A gV SNy D

i
i
{

dde - mas

i
'

e s

¢
b
I

Sty of 1[“.11#101.. .iL e i Am“‘xlu..lp

‘i\='\q:_§5’7 ’
\

b

¢

i
m
S

4

+

)

!

—

I

i

¥

!
_T""

-.._L..-.., -._._._.'—r -
f P .
N
T

R

- _ - o |
. S U S S 11...!1 - : . F— , )
; ; “ _ ; : mualmd vﬁ@dﬁ mﬂno S e x__wt‘, S R
NI R A A R A A O R N T N O
_. B U FUUD U S SR VOO R T..lb-tw.lé . . v!"T(,.l."_Ii, S i {o RN
| __ i b Lo w ” SER U I | P
T N t - : H ' - - - [
< H L B ' : H [ [ [ Lt
R PO S U Ot WOUCE e R LI R S RN S 0 i N 4 3

i Aa DD UIEST W DU N MU(._..s
P EEE WO IHLGLOL X oL <L7ai




LIRS Tl §

rLEGE

-

ale TR IR T R W T
A IHL OL G X Gl

I
e

— T T 1 T ,:,_: _< TR
Tl . “ - b S T . o ~ : I s 1
U T EE N R ELIE S SIS S U AE N
I . \ m m : D% ._Y : Lol . RIS 3 “ \ m s .
: LT I . v 1 rel N i T . !
I oo HE S SWM NP JUUR SN IRNSSC PIY « SRE N I S S LT TN
“_ N ] Sl u : o T S B B _ b
L: 4o e o L O & _m + S R R
- pol _ N T SEREIES DS TR o
1 1 . . i OHWN A ! — e SRS OSSN UL g J S S £ U .
1 — ] -y R hakd 214 : T ' "
TP T - iy " L : R R |
[T S ¥ . R - [N . 1 |
- R N I *Z - h.. 3 VT B T RS I EE O R T
iz EE I L a. & > A “b : : S b : I '
B AEURE'S v .E.\NU(’ [N R R o ..%vl, RO . St e D S CRRE ..mx,(‘ - -
o e e le By e I B [ R R
iz o agny BEGL e T e e
e Pl P Liaigd . RSN R ST S N S A o -
B R & Tt e Tkt i e e N A
i I B2 o e N R I RN R
m. 21 N - e : v . o u i f u !
ul . . - i o
"M -, LPAOW\D - l&« Ty io;ul FE R ST B
< d A e % B R N & {oL o
" I I D R
i Vi I 55 R : i ; . | !
M .M Bl 1T : o T .m-x,mx.*f BN m( B R T
b o T AN PRSI R S SR AT Y R A N m
' i i H H ' - i - - - . H '
m\m. ”_“Lz e R WI L B T ” L g R I Wy BT xn.,_qi.lu B O Lu. I m ~ i
S R St St AN iy S ENRENI B o s LT ) ;
m A _ a o “ . m ﬁ_ - ! ‘_ RERSER < . ~ i i m i '
; ! 10 : - : i i ) : . i
o B i RO S A B NN NP SRR NN TR A N
M J g i Cod * S ; | 7 (o P _ o
v W <k S ._ L S S USROS TN STt S e D
L _E 2 e R S T
RS = SO B IR s S IR | o b T w _ m
¢ 1z i b e R s [T NN IS U PU SRS R
ol o ST SR " A | i m !
& al L S ! vm . M N RO N e i- . 1
W i % I : 0 P _ _ ol T * 1 “ m i :
SR SRR B 4 B S B B e e Bt S e *
c 9 o Y R ST A T N SR S S R
L A w SR T SRR NN S SUIN UL S S S
Ly o - s S P, S e e i e i e e - v e e e e i
O i N B AEn b S
el S T PR I Co
- E.W B A e f_m;.” =g .‘:mx -~ ﬁ g “.,.\l_.-l, .%ui,x%.v”y —1- _. ...... A T
: : . e ; oo Lo N . i - i : I i
S SR T N ST S __ ;
. I LR T i B SRS S i-w.z p.l.*_fs.,..r..»rél.. LSRR SRS S
. T H - H 1 ¢ [ ' - H . ' !
: | ! ! T i ' RE O .A_ i : ! !
. R S o = I “ ._ |
o ! ! ! ! : o 1 o P D )
M — ! S A r i B LA R W b w
SO AR Yoo 'S A A A
B SR S S T o 4 L f i ;. ' : .
..... 2 .w. L L S _ ; m __ |
ey )] . ' 0 S . S S, —— . L .
w e e SR 1 E S ) I sy AR B R “_ |
B N S U UUE SN SO . .-_. S oo S DU R T o
! SN b ”; i I I R
CE EECTIRTEN EANRAT LU ORI RS S L P g | Lo eiabe

RSV(0024149




|4

G- 188 oW |

E“..—

i

© ':,'.:,i‘
-

2757 ot

03652

To 8

AL

=TRRT eW

z%&éi

%.._

Ko 338

RSV0024150

AOEL

o

!

77 B

)

=¥

7

ATION:

L}

ok
DEN ST Y

i
i
H

_cawte

T
{
i

|
OF PDR-Y

7
COPALOW 204 BY

LeR

CETEEC

s

Expe el B

!
i
'

CENTRAT
i‘
j—

i

!
v‘ -—-‘——’—:—-----—‘" -
P

i
:
j

b —

ol ..

!

:
:
-+

|
F

-4

| p————

1

RIS
PERCENT. LPDR-L _COMN

-
!
!

ol

-

'

IS

|
f
1
l

I
b b

i
) .

o R N e

mae il EECCTLRE SRR

TS TRNE e oD WIASST M M1IEINTN i
A i 25 X



t
et
e

oA

T
IR
i~

RSV0024151

:_‘—“ P

i

AT b

R

QE,;L(:-\:'“AE
podihe Ay £i0= 23

T

242
Lo

1

@ s Te M,

L33,

HT
fenedo

s
T - I . i A
S LG U e R Wil

e

L4

i

o

R S S

!

i
\Bo

y

i

[

|
Lt
SEMTRAT

jons |

'

=T
Lo

'
o

U SR S

f
i

v
t

H
&
=Eacqu_LFn§- \
R
T

4. |

L

0
£
v}
< n
55
R
Y

t..

—— e

v

Rt

foms a2 e

1
i
}
IR

: ::_\!.EEEJ\ E\\%’.\;’T_

MR
'

i

e :"'T'_ T

X
DL

<y

on |oPALeH (HOD

1

T

iR

i

\
i
'

Lok

4Dl E¥FE

o

A S
'

. - b .
Lo
AT

_
_
T¥UETAMIIGse 0D HASSI P 13FANIN [
wi-Roe woanioLol xo1 305




