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MONSANTO COMPANY 
Monsanto, Illinoi■

SAFETY REVIEW COMMITTEE

Mes srs:

P. E. Heisler - WGK 
H. C Carder - WGK 
Process Holders

Title:

Mt# Bucbnelin - Org. Res, 
H. LrCRobbaod - Org, Res.

Tentative Amendment No. "A"

Tentative Amendment No. "A" to the Standard Manufacturing Process for Aroclor 
(Dept. 246, WGK) dated 7/20/64.

Objective:

Alter present plant distillation system and operations for a plant test. Plant test 
will indicate equipment needs and ability to produce improved quality (stable) Aroclor.

Present Practice:

Two Aroclor Di stillation Systems are run in parallel. The two systems are continuous 
ly fed crude Aroclor from the #2 Blow Tank. The distillation is a straight take-over 
operation. When a run of one type (1242, 1248, etc.) is completed (80, 000-500, 000#) 
a final boil down is conducted in No. 2 still and the bottoms are dropped.

The boil down material is combined with the previously distilled material and pro­
cessed to finished product. The bottoms are drawn off and sold as Montar or discarded 
Following the boil down and bottom's drop the stills are ready for the next product run.

Proposed Procedure:

Run the two stills in series. Continuously feed the No. 1 still with crude Aroclor and 
use this system to pre-heat the entire feed and to distill off a low-boiler fraction 
(up to 10% of feed). Continously feed the No. 2 still from No. 1 still pot. Collect the 
intermediate fraction in No. 2 receiver and process as in normal operation.

At the end of the run (4-5 days) boil down and drop bottoms. Do not combine the boil 
down (high-boiler s) with the intermediate fraction. The low boiler s from No. 1 receiver 
and the high boilers from the boil-down will be isolated in a storage tank, if possible.
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Tentative Amendment "A' March 10, 1965- Z -

If they pass non-electrical Aroclor apecifications, they can be used as such. If 
the total amount has to be discarded because no storage is available, or because 
t hey are out of specification, the cost would be $3, 000 based on total product costs.

Specific operating conditions for the stills will have to be determine d in the field 
by cut and try methods.

Justification:

Foreign competition appears to be capable of producing Aroclor which is more 
stable than that presently made by Monsanto. An improvement of product stability 
is necessary to protect our market position.

laboratory data* indicates that the distillation operation ha s a significant effect on 
product stability. These data indicate that product stability can be improved by:

1. Removing an unstable low-boil fraction

Z. Preventing entrainment

3. Preventing contamination by high-boilers or bbil down

This test will evaluate our ability to control the plant distillation in the three areas 
mentioned above,, with existing equipment. Failure of the test will indicate that 
more drastic revisions to the existing equipment will be needed to approximate 
laboratory conditions.

Comments:'

The production rate will be limi-ted by maximum vapor and heat loads that can be 
sustained in the entrainment and condenser systems on N°, Z still. In the past 
55, 000#/day have been attained in these systems. The upper limit is not presently 
known.

Duration:

The test duration will be 4-5 days. If desired operation conditions cannot be obtained 
during this interval the test will be cancelled or revised.

Prepared by:
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Tentative Amendment "A" March 10, 1965- 3 -

Approval*:

Jr)f
-■ D. E, Harris Tl.. *L. Ttabbard '

COMPANY
confidential

TRAN 009195

WATER PCB-SD0000019425



» * <

MONSANTO COMPANY 
Monsanto, Illinois

July 12, 1965

Messrs;

P. E. Heisler - WGK 
H. C. Carder - WGK 
Process Holders

R. W. Bucknell - Org, Res . 
H. L>. Hubbard - Org. Res.

Tentative Amendment No. "B"

TITLE: '

Tentative Amendment No. "B" to the Standard Manufacturing Process 
for Aroclor (Dept. 246, WGK) dated 7/20/64.

OBJECTIVE: .

Run two plant tests using revaporized CI2 and dilute (25 mole %) Cl*, 
as feed stock for Aroclor 1242 production,

PRESENT PRACTICE:

i The Dept. 246 Chlorinators are batch charged with biphenyl (Bi0). The 
Bi0 is then chlorinated by continuously feeding "Snift" gas to the chlor- 
inator mass until the desired specific gravity is reached. The "Snift" 
Gas is a mixture of Cl2 (from DeNora 6c Hooker Cells) H2, N2, 02, C02 
and trace amounts Of organic impurities. The Cl2 concentration is in 
the range of 75 - 95 mole % and varies with operations in the Cl2 depart­
ments .

PROPOSED PRACTICE (Two Plant Tests, 1242 Aroclor)

1 . A plant chlorination test will be run using re vaporized Cl2 from 
Dept. 232 as the Cl2 feed stock, Due to limited capacity of the 
revaporizing facilities in Dept. 232, we will probably be able to 
run only two chlorinators at a time, making a total of 5 - 6 chlor- 
inator batches and processing through the remainder of the system 
as normal. Necessary samples and measurements will be taken 
to determine effect of concentrated and impurity free Cl2 on Aro­
clor stability. This material will be treated as normal production 
as it passes the routine plant controls.

2, A plant chlorination test will be run using revaporized Cl2 diluted 
to 25 mole % with dry air as Cl2 feed stock. This test will be 
limited to 2 chlorinators due to dry air capacity, making a total of 
5-6 chlorinator batches and processing through the remainder of 
the system as normal. Necessary samples and mea surements will, 
be taken to determine effect of dilute and impurity free Cl2 on Aro­
clor stability. This material will be segregated from normal electri­
cal grade 1242 Aroclor, It will be used Sox non-clectrical 1242 if it 
passes specification.
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Tentative Amendment No. "B11,

JUSTIFICATION:

Foreign competition appears to be capable of producing Aroclor which is 
more stable than that presently made by Monsanto, An improvement of 
product stability is necessary to protect our present U»S. market position 
and for possible expansion of foreign sales. These tests will provide
information as to the effect of contaminants in chlorine, and the possibility 
of local over chlorination due to concentration effects.

COMMENTS:

- For the revaporized Cl* test the production rate will be limited to about 
32, 0000/day for a duration of 1 - 1 1/2 days, For the dilute Cl* test the 
rate will be limited to about 11,0001/day for a duration of 3 days,

SAFETY:

No increase in safety hazards is for seen in these two test runs.

Prepared by:

APPROVALS:

.a P. % '~aUz

D, R. Middleton

COMPANY
CONFIDENTIAL

SAFETY REVIEW COMMITTE

tuA___

TRAN 009197

WATER PCB-SD0000019427



MONSANTO COMPANY 
Monsanto, Illinois

September 1, 1965

Me sere:
P. E. Heisler - WGK R. W. Bucknell - Org. Res.
H. C. Carder - WGK H. L. Hubbard - Org. Res.
Process Holder®

Tentative Amendment No. __ C

TITLE:

Tentative Amendment No. C to the Standard Manufacturing Process 
(Dept. 246, WGK) dated 7/20/64.

OBJECTIVE:

Run plant te6t using chlorinator without catalyst basket,

PRESENT PRACTICE:

The Dept. 2 46 batch chlorinators (31 diam, x 16' high) are batch charged 
with biphenyl, which is chlorinated with snift gas. At the present, each 
chlorinator has a catalyst bed. The catalyst bed is 2'3" in diam, and 81 
high and consists of 1 1/2" pipe nipples, 2" long.

PROPOSED PROCESS (1242 and 1260 Aroclor)

Remove the catalyst bed from one chlorinator and run three to five 1242 
and three to five 1260 batches in that chlorinator following standard operat­
ing procedures, except without the catalyst bed. The test material will be 
kept separate from other production and will be used only if it is equivalent 
to normal production aroclor, according to routine analyse 6,

Du ring the test batches the chlorinator off-gas will be sampled and analyzed 
for chlorine,, to check chlorine utilization of the chlorinators without the bed.

The purpose of the catalyst bed is to provide iron, which is chlorinated to 
ferric chloride, the reaction catalyst. It is standard operating procedure 
to charge 0. 05% by weight ferric chloride to each batch, Ferric chloride 
will, of course, be added to the test bate he s.

JUSTIFICATION:

During operation the catalyst becomes plugged with tars and ferric chloride 
and it is probable that only a small portion of the iron of the bed is available 
for utilization. Also, the plugged bed hinders chlorinator circulation and 
probably leads to hot spots in the chlorinator. There is a problem of cross 
contamination from batch to batch with the hed-^ which-results in an excessive 
amount of overchlorinated products ,

COMPANY "an 009198
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Tentative Amendment C 2

JUSTIFICATIONS (Cont'd.)

During 1 956 there were levere problem6 with aroclor stability, One of the 
problems wa s a lack of a consistent analytical method for checking stability. 
Previous to that time the catalyst bed was relied upon to supply ferric 
chloride and ferric chloride, per se, was not added. One of the results of 
the stability problem was the addition of ferric chloride to each chlorinator 
batch, to allure that sufficient catalyst was available. Since that time 
analytical methods have improved and any unstable aroclor produced would 
be detected immediately.

The removal of the catalyst bed, then, improves chlorinator operation by 
increased circulation, elimination of hot spots, and prevention of contamina­
tion, The addition of ferric chloride provides sufficient catalyst, Any 
unstable aroclor produced would be detected immediately by the present 
routine analyses.

SUPPORTING DATA:

It is reported in St. Louis Research Report Nos. 1640 and 2072 that a 
minimum level of 0. 03% FeCls is necessary to produce stable aroclor. 
No mention is made of the need for iron, and none wa6 used in the lab 
chlorinators.

SAFETY:

No increase in safety hazards is anticipated.

Work is in progress to improve aroclor quality (stability). It is anticipated 
that the removal of the basket will not harm quality but, if anything, will 
improve it due to improved circulation,, elimination of hot spots in the 
chlorinators, and elimination of cross-contamination from batch to batch.

DURATION OF TEST

Three to five 1242 and three to five 1260 batches will be made without the 
catalyst bed. If this material i6 equivalent to normal production material, 
according to routine analyses, the chlorinator without the catalyst bed will be 
used for normal operations, and this amendment incorporated as a process 
revision. If the test material is not equivalent to normal production the bed 
will be replaced.

QUALITY:
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Tentative Amendment No, C 3

COMMENTS:

This plant test would normally involve some loss of production. The pre­
sent aroclor stock position is such that it is anticipated that it will be nec­
essary to run only three of the five chlorinators during September. Also, 
some repair s to be made dur ing September will require removal of the 
catalyst bed from the No. 3 chlorinator, September, then, is an ideal 
time to run this test.

Prepared by:
W. C. KVamp/r

APPROVALS:

lr
P, E. Heisler Date

D. E. Harris Date

y 4 h-ju
p. -

SAFETY REVIEW COMMITTEE

• 9-t^

P~~ 3 —

9-7-^-g
emc .
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MONSANTO COMPANY 
Monsanto, Illinois

SAFETY REVIEW COMMITTEE

yo

October 20, 1965

Messrs:

P. E. Heisler - WGK 
H. C. Carder - WGK 
Process Holders

R. W. Bucknell - Org. Res.
H. L. Hubbard - Org. Res.

Tentative Amendment No. "D"

Title:

Tentative Amendment No, "D" to the Standard Manufacturing Process for 
Aroclor (Dept. 246, WGK) dated 7/20/64.

Objective:

Evaluate potassium carbonate as a replacement for lime in the Aroclor 
distillation system.

Present Practice:

Aroclor is distilled in two parallel Bystems, continuously fed from 
the No. 2 blow tank. At the start of a run (1242, 1248, etc. ) 200 lbs. 
of lime (calcium hydroxide) is added to each still pot. At the end 
of a run (250,000-500,000 lbs.) bottoms are dropped and the cycle is 
repeated.

Proposed Procedure:

Segregate the two distillation systems at the start of a 1242 run.
To one system, add the normal amount of lime to the still pot and 
proceed normally throughout the run. To the second system, substi­
tute 200 pounds of anhydrous potassium carbonate for the lime. Dis­
till away from the potassium carbonate for a minimum of two days.

The product distilled from the potassium carbonate will be analyzed 
by routine tests before it is combined with normal production 

, material. ' adverse *ay,
'-'it will b gyade/ .
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2 October 20, 19G5Tentative Amendment "D"

Justification:

The presence of a base during distillation serves two known purposes: 
It neutralizes free acid, and it reacts with the FeCla present. It 
is also thought that the base can react with some unstable Aroclors, 
converting them to a more stable form. Recent WGK PRfcD laboratory 
data indicates that distillation from KgCOs increases the stability 
of the high boiling fractions of Aroclor 1242 (low boil and mid­
fractions are essentially unaffected). If this proves to be the case, 
it would indicate that using KgCOa and making a simple low boil cut 
may be a practical way of making a stable Aroclor.

Safety:

No increase in safety hazard is anticipated. No unusual effect was 
seen in laboratory distillations using KgCO®.

Comments: - - - -■■■■-

No production loss will be involved since WOK Dept. 246 is presently 
running at only 75% of demonstrated capacity.

Prepared by:

APPROVALS:

\ E. Heisler

/o/>y/cr

Date

D. E. Harris

R. W, Bucknell

d
. A. Mullendore

Date

Date/

Date
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MONSANTO COMPANY
Monsanto* Illinois

December 3, 196 5

Msssr s: cc.

P. E, Heieler - WGK R. W. Bucknell - Org. Res
H. C, Carder - WGK H. L. Hubbard -Org, Res
Proxes^ Holders

Tentative Amendment No. "E11

TITLE

Tentative Amendment No. "E" to the Standard Manufacturing Pjcocess 
for Aroclor (Dept. 246, WGK) dated 7/20/64.

OBJECTIVE

Produce more stable Aroclor 1242 by chlorinating without a catalyst 
basket in the chlorinator and processing as normal.

Produce more stable Aroclor 1242 by chlorinating without a catalyst 
basket in the chlorinator and processing it through the still system 
with potassium hydroxide adpled in place of the normally used lime 
(calcium hydroxide).

Provide sufficient product, produced as above, for testing by customers, 

PRESENT PRACTICE

Biphenyl (Bi0) is chlorinated in the chlorinators which contain catalyst 
baskets. Previously the basket furnished FeClj catalyst for the reaction, 
Pre sently (since 1957) sufficient amount of catalyst, needed to produce 
stable Aroclor, is added to each chlorinator when batch charged.

At the beginning of a product (1242, 1240, etc.) run 200 pounds of lime 
is added to each still. The purpose of the lime is to tie up FeClj and 
neutralise HC1 in the crude.

PROPOSED PROCEDURE •

Produce 8-9 batches of 1142 in No. 5 chlorinator with the catalyst 
ba sket removed. This ha s been done previously a s per Tentative Amend­
ment No, "C", Process half of this crude material through the remainder 
of the system as normal, and drum it off from the finished product tank. 
Process the other half through No. 1 still system, but substitute potassium 
hydroxide (0.06% of crude charge) for the lime in the still. Drum this , 
material off from the finished product tank, thus producing approximately 

, 1, 000 gallons of each type of test material to be used as samples for
evaluation by electrical grade customers. Any^xcesa t estimatoria 1 will
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V , PROPOSED PROCEDURE (Cont'd. )

be sold as non-electrical grade 1242 providing it pastes all specifications. 

JUST1F1CA TION

From previous plant tests, the Aroclor produced in a chlorinator without 
the catalyst basket was equivalent or better than normal material. By 
removing the baskets, hold-up and cross - contamination are reduced.

Results of PR &c D Laboratory studies indicate more stable Aroclor (i.e. 
0. 15 ppm Cl by thermal chemical chlorides) can be made by addition of 
KOH to the still pot and stripping off the first 1.2% of the low boilers. 
Plant equipment will not permit this type of fractionation, but an improve­
ment over normal production is expected.

SAFETY

No increase in safety haazards is anticipated. No unusual effects were 
' seen in the laboratory distillation using KOH. Normal precautions in 

handling KOH will be followed.

Prepared by*. D. R. Middleton

APPROVALS:

A, Q. Oyi^LUz.
D. R. Middleton

9
P. E. Heisler

'M£ /<£? £. Mm#-
Date D. E. Harris

tKku' jPcu.dLdLitP
R. W, Bucknell

Date

ILhUlS
Date'

. A. Mullendore Date
SAFETY REVIEW

' liubbtird^' ‘ 'K

IEW COMMITTEE N

■r-r

ML___________________________

{j 0/^cX^ fl'fX <■

« /4j/0^ JL/udJ®
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Monsanto, Illinois 

.May 10, 1965 

AMENDMENT DISPOSITION

.Tentative Amendment No."A" to the Standard 
Manufacturing Process for Aroclor(Dept.246,
WOK) dated 7/20/64, Tentative Amendment 
No, ''A" Is dated 3/10/65.

TO: Messrs:

P. E. Heisler - WOK R. W. Bucknell - Org, Res,
H. C. Carder - WOK H. L. Hubbard - Org. Res.
D. E. Harris - WOK J. A. Mullendore - Gen. Off.
J. J. Luecken - WOK Process Holders - c/o P. J. Prader - WOK

This memo is to serve as a disposition of the subject tentative 
process amendment. •

The purpose of the amendment was to alter the present plant 
distillation system and operations for the duration of a plant 
test, The purpose of the plant test was to indicate equipment 
needs and ability to produce Improved quality (stable) Aroclor, 
No improvement in stability was realized and the need for 
fractionation was demonstrated,* The distillation system was 
returned to normal operation as specified in the Standard 
Manufacturing Process.

The subject amendment should be recorded in the Standard 
Manufacturing Process, but not incorporated as a process 
revision. •

D. R. Middleton
Technical Services Dept.

vmd

•WOK TSD Report - Aroclor: Improve Electrical Grade Quality,
91570:5198, Report No.l, dated 4/14/65.
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Dept. 246 <- Process Description 1.
AROCLOR

SECTION I

SYNOPSIS OF PROCESS

Aroclor Is a trade name used to designate chlorination products of 
biphenyl, biphenyl high boilers, or mixtures of the two. Liquid 
Aroclors are produced by chlorinating biphenyl to 21, J>2, M2, MB,
54, 60, and 62% chlorine content. • Chlorination above 6y% yields a 
solid product at normal temperatures. Liquid Aroclors are ldentlfiet 
by four digit numbers: The last two digit numbers represent the
chlorine content (percentage by weight), and the firrt two numbers 
represent the Aroclor condition (crude or distilled). Crude Aroclor: 
start with the prefix 11 whereas distilled Aroclors start with the 
prefix 12. For example, Aroclor 1242 is a distilled chlorinated 
biphenyl containing M2% chlorine.

The first process step in the manufacture of Aroclors is a chlorina­
tion reaction. Biphenyl ( 0-0) and chlorine (Cle) gas in the 
presence of a Ferric Chloride (FeCla) catalyst are reacted to form 
a chlorinated aromatic compound, Hydrogen chloride (HC1) gas is 
liberated during this reaction and piped to the muriatic acid 
department. The exact chemistry of biphenyl chlorination is 
unknown. Many Isomers are formed. A schematic representation of 
biphenyl chlorination is as follows:

yf n HC1 +■
26,200 n 
Btu.

BIPHENYL 
M.W. - 154

CHLORINE 
M.W. - 71

AROCLOR . HYDROGEN 
M.W.*(257.1- CHLORIDE

295.6) M.W. * 26.5
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Dept. 246 - Process Description 

AROCLOR

2.

SECTION I

SYNOPSIS OF PROCESS

The second process step is the aeration and distillation of the crude 
AtocIot, Dry air is blown through the crude Aroclor for a period of 
two hours or more. Aeration removes most of the free hydrogen 
chloride. Distillation ci-crude Aroclors is done-under vacuum auto­
matically controlled with the controller pre-set between 30 - 50 mm Hg. 
abs. to obtain the best performance. Distillation of crude Aroclor 
separates residue lime, ferric chloride, and tars from the finished 
product.

The third process step includes blending, filtration, and storage of 
Aroclors, Approximately 0. 1 -1 0.2% by weight of Attapulgus earth is 
.added to the distilled Aroclors The mixture is agitated and filtered to 
the finished product tank. The purpose of the Attapulgus earth is to 
absorb moisture and chloride ion to improve the electrical properties 
of the Aroclor. During the filtration of distilled Aroclor, 2-16 or. 
samples of the finished product are taken to the laboratory for control 
analyses. If the control analyses pass specifications, the batch is 
transferred to a storage tank.

This process description will describe the production of Aroclors 
1242, 1248, 1254, 1260, 1254■Xylene mix, and 1262. ,

COMPANY
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AROCLOR

SECTION II

FLOW SHEETS

This section contains the following flow sheets.

2. Complete process flow sheet.

2. Chlorination Reaction Step

3. Aeration and Distillation

4. Blending, Filtration and Storage.

Dept. 246 ■ Procen Description
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Dept, 246 - Process Description

AROCLOR

SECTION III

PROCESS IN DETAIL

A. Nomenclature and Batch Data

Aroclor i* a trade name used to designate chlorination products of 
bipbemyi^ biphenyl high belle rs, or a mixture of the two. The physical 
properties vary from light free flowing liquids to crystalline and non* 
crystalline solids, depending upon the degree of chlorination and the 
composition of the raw materials. Chlorinated biphenyl yields a liquid 
product of increasing viscosity up to and including 63% chlorine. Chlo- 

' rination above 63% yields a solid product at normal temperatures,

A numerical system of nomenclature, consisting of four digits, has 
been developed for identifying the various Arociors; The'first digit 
denotes the aromatic raw material used in the chlorination step. The 
figure 1--- indicates 100% technical grade biphenyl. The second digit 
denotes whether or not the product is distilled. The figure -1-- indicates 
undistilled product, and the figure -2- - indicates a distilled product. The 
last two digits of the nomenclature system denote the approximate percent­
age by weight of chlorine contained in the finished product. For example, 
Aroclor 1242 is a distilled chlorinated biphenyl containing 42% chlorine,

Manufacture of all liquid Aroclors is essentially the same. Batch data 
are listed below:

Type Aroclor 1242 1248 1254 1260 1262

Biphenyl Charge 4000# 4000# 4000# 4000# 4000#

Chlorination Time 10 - 12 hr. 10-12 hr. 14-17 hr. 16-20 hr. 16-22 hr.

Specific Gravity 
of Crude

1.349-58 
at 65*C

1.408-18 
at 65 *C

1.498-508 
at 65*C

1.558-69
at 90*C

1.580-90 
at 90‘C

Weight of
Crude Batch .

6670# 7580# 6450# 9600# 10,600#

Weight of Distilled
Batch

6330# 72001 8040# 9100# 9850#

Tons of 100% by-product 
HC1 per Batch 1.24 1.43 2.27 2.47 2.70

Theoretical Molecular 
Weight 257.7 292.6 326.6 369.5 395.6
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Dept, 246 ■ Proce»» Description 5.
AROCLOR 

SECTION III

PROCESS IN DETAIL 

B, Chlorination Reaction Step

Chlorination of biphenyl ie the only process step where a chemical 
reaction take* place, All other Arcelor process operations a re 
mechanical. The starting raw materials for Aroclor production are 
biphenyl and chlorine gas.

- Biphenyl is received in 8, 000 and 10, 000 gallon tank car* from Anniston, 
Alabama. The biphenyl in the tank cars is a solid mass because the 
crystallising point of biphenyl is .68. 7 *C. Steam must be applied to the

-----tank car coil® to melt the biphenyl. It-is n&ceeeary to ntsit-a vent hole-------
through the solid mass of biphenyl by insertion of a hairpin steam coil 
through the tank car dome before applying steam to the tank car coils.
The vent hole avoids a pressure build-up in the bottom of the tank car 
and possible damage to the car. When the biphenyl is completely melted, 
it is sampled for crystallising point and moisture content and unloaded 
through the tank car standpipe by air pressure to the 25, 000 gallon 
storage tank. Dry air is used to unload the biphenyl cars to keep the 
biphenyl free from moisture. The flash point of biphenyl is 112 »C.

Chlorine gas is received in a 4 inch pipeline from the chlorine depart­
ment. In order to facilitate operation of the chlorine liquefaction ay stem, 
"sniff gas with a purity of 75-95% (the remainder being air) is transferred 
from the chlorine department. The normal pressure of the chlorine gas 
in Department 246 is 20-25 psig.

Biphenyl (4000#) is charged into each chlorinator. from the measuring 
tank. The biphenyl charge in the measuring tank can be regulated by 
vs Ives at different overflow levels, The fotir overflow levels on the 
measuring tank permit biphenyl charges of 1800, 2800, 3600, and 4000 
pounds.

The measuring tank is equipped with an agitator and circulating pump.
Two pounds of ferric chloride (0. 05% of charge) are charged into the 
measuring tank for each batch. The charge from the measuring tank 
is pumped through the circulating line to the chiorinators.

Chlorination is carried out in five chiorinators . Each chlorinator is 
three feet in diameter by sixteen feet high, and constructed of steel.
Each chlorinator has a catalyst bed which is 2' 3" in diameter by 8 feet 
high. The catalyst bed con si sts of 1 1/2 inch diameter by 2 inches long 
pieces of pipe which are similar in nature to raschig rings.

The biphenyl charge is heated to 120*C. or higher before chlorination is . 
started. After charging the chlorinator, circulation of the charge is 
started before the chlorine feed is begun to maintain an even distribution 
of the ferric chloride catalyst.

COMPANY TgkN 009215
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Dept. 246 ■ Procet* Description 6.

AROCLOR 

SECTION 111

PROCESS IN DETAIL

B. Chlorine gas from the chlorine department passes through a Brink
mist eliminator and evaporator before entering the chlorinator. The 

. mist eliminator remove* most of the impurities, and the vaporator 
insures that all of the chlorine is gaseous.

The purified chlorine gas is admitted to the bottom of the chlorinator 
, through a distributor plate (Sparger) and passes through the catalyst 

bed. A chlorinator temperature less than 170*C. should be maintained 
during the chlorination reaction £o avoid sublimation and subsequent 
condensation of biphenyl in the off-.gas system. Each ^chlorinator is ____ 
equipped with a Brink mist eliminator. The purpose of the off-gas 
mist eliminators is to trap entrained particles of Aroclor and biphenyl.

The chlorination temperature in the chlorinator s is controlled by auto - 
raatie chlorine gas flew regulation to hold the temperature within 4* 5 *C. 
The chlorination tempe rature must be at least 120*C, at the beginning 
of the batch and no more than 170*C. to finish off a batch. The normal 
batch temperature is 150*C. The louvers of the aim cooled heat exchanger 
located in the external circulating line of the chlorinator are positioned 

( such that the batch temperature will remain between 120*C. and 170*C.
The exact batch temperature will depend on the chlorine flow rate which 
will fluctuate to maintain a batch temperature of 150*C. The louver 
adjustment is manually controlled by a hand valve located in the control 
room. The temperature of the batch is recorded at four different points;
(1) in the center of the chlorinator, (2) just above the chlorine sparger 
in the chlorinator, (3) at the discharge of the chlorinator pump, and 

^ (4) at the discharge of the air-cooled heat exchanger. Point 1 is alarmed 
for high temperatures, and point 4 is alarmed for low temperatures. As 

^ a safety device, a high temperature sensing element is positioned at
point 2 to shut off the chlorine gas flow if the reaction temperature exceeds 
190*C.

The batches are continuously circulated at an average flow rate of 200-220 
GPM from the bottom of the chlorinator, up through the air-cfeeled heat 
exchanger, and back into the top of the chlorinator over the catalyst bed. 
Chlorine feed up to e maximum of 1500 pounds per hour is fed into each 
chlorinator through a flow recorder-Integrator which is alarmed. The 
aero return integrator measures the total amount of chlorine gas flow 
per batch at any given time and will shut off the gas flow when the desired 
pre-set pounds of chlorine has entered the reactor. The average chlorine 
feed rate is 1000 pounds per hour.

Progress of the chlorination reaction is checked periodically as needed t 
after a pre-set amount of chlorine gas as measured by the recorder-inte­
grator passes into the chlorinator.

The degree of chlorination is measured by determining the specific gravity 
of a sample taken from the circulating line. More frequent gravity checks 
are made when approaching the end of chlorination.

TRAN 009216
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Dept. 246 - Process Description Y.
AROCLOR 

SECTION III

PROCESS IN DETAIL 

C. Aeration and Distillation

When chlorination is complete, the crude Aroclor is pumped into 
number two blow tank (Capacity 2000 gallons). The crude Aroclor is 
atmted In-the #2-bl©w tank for two hours or more with dry air. 
Aeration of crude Aroclor removes most of the free hydrogen chloride.

Crude aerated Aroclor is transferred from the #2 blow tank to the #1 
blow tank. The #1 blow tank Is used as a crude Aroclor feed tank to 

- the stills. Crude aerated Aroclor Is transferred from the #1 blow 
tank to vacuum stills through an automatic control valve which 
maintains a constant level fn the stills. Under normal conditions 
the automatic feed to the stills is. shut off after distilling about 
75,000 pounds of Aroclor. (This is equivalent to filling 7 still 
receivers). . The still is then boiled down until a temperature 0 
difference between the still coil inlet and outlet approaches 40 c.
At this point distillation is discontinued and all but a small heel 
of the residue is drawn off to drums and discarded or sold as Montar. 
The still is immediately recharged with crude Aroclor and 200 pounds 
of lime is added directly to the still pot. Hydrated lime is 
received in 50 pound bags. The lime neutralizes any residual HC1 
in the still liquor and prevents sublimation of ferric chloride 
during the distillation period. Distillation of Aroelors is done 
under vacuum automatically controlled. The best performance is 
obtained at a steady vacuum which can be pre-set by a controller 
between >0-50 mm Hg. Abs.

Natural gas is used to heat the coil of the Aroclor still furnaces. 
The pressure of the gas burner (eclipse, st. 108.5* 2", #508, 600»00C 
BTU/nr.) is adjusted as needed for production requirements^ The 
normal gas pressure is 2-> psig. . '

D. Blending, Filtration, and Storage

When the still receiver is filled, the distilled Aroclor is pumped tc 
the blend tank (2000 gallon capacity). After two fillings of the 
receiver tank have been pumped to the blend tank, approximately 40 
pounds of attapulgus smrth is added t© the distilled 1242 Aroclor.
All other Aroelors are earth-treated with 20 pounds of Attapulgus 
earth. Regular Attapulgus earth is received in 50 pound bags. The 
mixture is agitated and filtered to the finished product tank (2000 
gallon capacity) through a >6 inch stainless steel Sparkler Filter. 
The Attapulgus earth is roasted at 250°C. for a minimum of four hourt

. in a Qrieve-Hendry drying oven before addition to the blend tank.
The purpose of earth heat treatment is to remove any moisture in the 
earth and activate it. The Attapulgus earth absorbs water and ; 
ionic impurities. This improves the electrical-quality properties oi 
the Aroclor.

COMPANY TRAN 009217
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AROCLOR

SECTION III

PROCESS IN DETAIL

D. Blending, Filtration, end Storage (Cont'd.)

is cleaned after about 5-7 batches or as needed. During 
the filtration, 2-16 os, samples are taken to the laboratory for control 
analyses, If the control analyses pass specifications, the batch is trans­
ferred from the product tank to a storage tank. After several batches 
have accumulated in the storage tank, the contents of the tank are mixed,

' and composite samples are taken for lot analyses,

Three underground (15, 000 gallon) tanks and five Above-surface (each
~ 20, OOO gallons) are available for storage of the finished product®.

The blend tanks, finished product tanks, and Aroclor 1242 and 1254 ‘
storage tanks are blanketed with nitrogen. The pressure of the nitrogen 
g&s is 10 psig. Nitrogen blanketing maintains the electrical properties 
of the Aroclors.

The Aroclor® from the storage tapks are drummed, "pumped to tank cars,
' pumped to tank trucks', or transferred to Department ;A<-24 6 or B-246' mixing 
' tanks for the production of Fyranols, interteens, or Pydraul A-200.

Batches of A roclor 1254-mix are mixed in the #1 blend tank. This opera - 
tion consists of a mijc of 10% xylene, and 90% Aroclor 1254. Xylene is • 
received in 55 gallon drums , The flash point of xylene is 85 *F. Mixing, 
sampling and drumming of 1254-mix is accomplished directly from the 
blend tanks. After the blending operation, the blend tank must be cleaned.
The bottom outlet of the tank is opened and the tank is cleaned out with 
live steam and then blown with air. ,

E. By-product Hydrogen Chloride

The by-product hydrogen from the chlorinators is collected in a common 
pipeline header and flows to the central HCl absorption unit to manufacture 
Muriatic Acid in Department F-218. If Department F-218 is unable to 
handle the off-gas, it may be sewered at Department 246 by pasting 
through a Haveg S-K drowning jet. The removal of HCl from the off-gas 
concentrates the original quantity of hydrogen and air to a point well with­
in the explosive limit. Therefore, it is essential to either dilute thip gas 
going up the vent stack or increase its velocity past the flame proportion 
rate (15 ft. /aec.). This is accomplished by introducing a sufficient 
quantity of steam into the vent stack.

COMPANY
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COMMENTS ON PROCESS

CHLORINATION STEP

Dept, 246 ° Process De scription

AROCLOR

SECTION IV

A, Raw Material Yields

Biphenyl and chlorine are reacted to form a chlorinated biphenyl called 
Aroclor. The yields on biphenyl and chlorine vary with the type of Aro- 
clora produced. Each particular type of Aroclor has its own standard 
yield factors. Yields are not reported for the individual type on Aroclor 
each month. An average yield is reported monthly and compared with 
standard and theoretical yields which are calculated according to the 
quantities of the various Aroclor s produced during the month.

Standard and theoretical conversion factors used in computing Chlorine 
and biphenyl yields are listed below.

STANDARD CONVERSION FACTORS

AROCLOR CHLORINE BIPHENYL
Htti Product MH Product

1242 .9032 0.6180
1248 1,0323 0.5580
1254 1,6130 0.4978
1260 1.2903 0.4368
1262 1.3333 . 0.4163
1232 0.6882 0.7216 .
1254 Xylene 1.0452 0.4480

»•
THEORETICAL CONVERSION FACTORS

AROCLOR CHLORINE BIPHENYL
#/0 Product #/0 Product

1132 - 1232 0.6400 0.6891
1142 - 1242 0.840Q 0.5919
1148 - 1248 0. 9600 0.5357
1154 - 1254 1.0800 . . . 0.4754
1160 - 1260 1,2000 0.4147
1162 - 1262 1.2400 0.3976
1254 - 10% Xylene 0.9720 0.4279

COMPANY
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SECTION IV

COMMENTS ON PROCESS

CHLORINATION STEP_____

B. Capacity

The monthly production capacity of Department 246 is 1,700, 000 pounds
(2, 400, 000 pounds is expected by August 1, 1964) of Aroclors on a 7 day 

„ per week ba sis. The capacity of the chlorinators is a function of the
following variables. '

* - Baleh Cooling Rate ° Chlorination of biphenyl i# an exothermic
reaction which produce s 510 BTUS per pound of chlorine gas unde r- 
going a reaction with biphenyl. Biphenyl can be chlorinated as fast 
as the exothermic heat can be removed from the batch and maintain 
a batch temperature of 150 *C.

2. Chlorine Flow Rate - the reaction time decreases as the Chlorine 
flow rate increases. The chlorine flow Tate is approximately 1000 
pounds per hour per chlorinator. A maximum chlorine flow rate of

' 1500 pounds per hour per chlorinator can be attained if desired. The
concentration of chlorine in the "anift" gas is another factor control­
ling the rate of chlorination.

3, Catalyst - The chlorination rate increases when ferric chloride 
catalyst i6 added to the charge. The be6t re6ult6 are obtained when 
the biphenyl charge contains .05% ferric chloride catalyst,

C. Quality .

Some of the factors which affect Aroclor quality are as follows:

1. Temperature - According to re search experimental results, the 
chlorinator temperature must be greater than 120*C. at the beginning 
of the chlorination reaction to produce stable Aroclors.

2. Catalyst - Good contact is necessary to produce stable Aroclors.
It is suspected that agitation and circulation of the reactants improve 
the effectiveness of the catalyst. The catalyst is also responsible for 
the chlorine positioning on the biphenyl molecule. Ferric chloride 
catalyst may be responsible for producing the desired end product, 
Results of research work concerning catalyst and Isomeric distribution 
are given in Appendix N.

rn£MPAHY
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AROCLOR

11.

SECTION IV

COMMENTS ON PROCESS 

CHLORINATION STEP

C. Quality (CoatM, )

3. Raw Material Purity - The purity of raw materials can affect the
quality of Aroclors both directly and indirectly. In a direct manner, 
impurities which are ionic lessen the resistivity of Aroclors, Dis- 

- tillation of crude Aroclor separates most of the ionic impurities;
however, minute impurities can be carried over to the receiver tanks. 
Attapulgus earth can remove the remaining impurities in most instances. 
If any ionic impurities remain after the earth treatment, the resistivity 
of the Aroclors will be low because such impurities will conduct 
electricity even in minute concentrations.

In an indirect sense, impurities such as sulfates in the chlorine gas, 
will poison the ferric chloride catalyst and thus unstable Aroclors 
will be produced. The chemistry and mechanism of the catalyst 
poisoning are not known for certain.

AERATION AND DISTILLATION

Steam is not applied to the coils of the blow tanks when aerating Aroclor•
1142 and 1148. This prevents the loss of Aroclor vapors. Eighty.psig steam 
is applied to the coils when aerating other Aroclors. High moisture may be 
removed effectively by blowing the crude Aroclor with dry air.

Vacuum trouble on the stills is usually caused by flashing of product, air 
leaks, plugged vacuum lines, or improper functioning of the vacuum jets.

Flashing can usually be stopped by operating the still at a slower rate or 
increasing the flow of cooling water to the vapor condenser.

Vacuum trouble can be traced systematically from the jets and usually 
ieolated.

High color and entrainment will result from overheating (around 25*C. ; 
above normal distillation temperature) Aroclor , faulty operation of the 
distillation step, or boiling down the still too far, (Tars will carry over). 
The "tail - end" still fraction (tars) is a possible source of unstable 
Aroclors.

COMPANY
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AROCLOR

SECTION IV

COMMENTS ON PROCESS 

BLENDING AND FILTRATION

Attapulgus Earth it added in the blend tanks to reduce moisture and 
inorganic chlorides as well as improve electrical properties. If 
batches do not meet specification (See Appendix B)« redistillation may 
be necessary.

The Attapulgus Earth is roasted for 4 hours at 250*C, before addition 
to the blend tanks ,

Dept, 246 - Process Description
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AROCLOR

APPENDIX A

EQUIPMENT LIST

This section contains an equipment list with each piece of equipment listed 
by Item Numbers in a consecutive numerical sequence. Miscellaneous 
items of Dept, 246 such as Instruments have not been assigned Item Num­
bers. Equipment without Item Numbers is not included in this equipment 
list. All equipment of Dept, 246 will have Itejcn Numbers assigned some - 
time in the future. This equipment list should be expanded as additional 
Item Numbers are assigned.

Item Equipment
No, Name

2 01 Biphenyl Transfer
Pump

Equipment
Number

19-0582
66-3930

Description

Taber vertical submerged cent, 
pump, size C"3, 2 1/2" inlet, 
2" outlet. Connection bronze 
except shaft which is monel.
Motor is 3 HP, 1800 RPM.

102

103

Biphenyl Storage 
Tank

Biphenyl Head
Tank

21-2210

21-0767
16-7225

104

105

Biphenyl Feed

Chlorinator #1

66-7224

21-3261

Tank purchased from Rogers 
and Wrigler. Capacity is 25, 000 
gallons. 10" 6" DIA x 40' 6" 
long. 3/8" plate shell. Design
pressure is 50 p6i.

Tank made by Graver. Dwg.
C-799. Steel tank 4' 6" ID x 
51 611 str. side, dished heads, 
shell 3/8", top head 3/8", and 
bottom head 3/4" with 1/2" 
jacket over it and ending 9" up on 
tank side . Welded throu ghout.
Test of tank is 60# and jacket is 
105# hydro, pressure. Mixer i6 
Mixco Model N33G75, gear driven 
propeller. Motor is 440/3/60 
TEFC, 1725 RPM.

Durco Horiz. Cent) pump. 2" 
inlet, 2" outlet. Cap. 100 GPM 
Motor is 7 1/2 HP, 1760 RPM

Tank made by Nooter. Dwg. E-880. 
3* ID x 16' long with pig. head.
Shell 3/8" and head 7/16" thick,
3/16" jacket over lower half of 
tank. .

106 Chlorinator #2 21-3245 Same as Item No. 105.

COMPANY
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APPENDIX A EQUIPMENT LIST (Cont'd.)

Item
No.

Equipment
Name

Equipment
Number Description

107 Chlorinator
#3

21-3251 Tank made by Leader Iron Works. 
Otherwise, same as Item No. 105.

108 Chlorinator
#4

21-1283 Same as Item No. 107.

109 Chlorinator
ft

21-1432 Same as Item No. 107

110 m Mist 
Eliminator

15-0581 . Tank made of carbon steel. Element 
made or carbon steel. Design pressure 
is 50 psig. and design temperature is 
300°F.

111 ft Mist 
Eliminator

15-0582 Same as Item No. 110.

112 ft Mist 
Eliminator

15-0583 Same as Item No. 110.

113 #4 Mist 
Eliminator

15-0584 Same as Item No. 110.

114 ft Mist 
Eliminator

15-0586 Same as Item No. 110.

115 Chlorine
Mist
Eliminator

21-4042 Tank made by Alpha. Carbon steel 
construction. Coded tank. Element 316 
stainless steel. 15" Dla, glass fiber 
inverted type. Design pressure is 50 
psig and design temperature is 300°F.

116 Chlorine .
Vaporizer

38-5487 Chlorine vaporizer made by Armstrong 
Company. 8 5/8" OD x 11• long. Carbon 
steel construction. Chlorine side 
designed for 250 psig. at 400°F. Steam
side designed for 100 psig at 400°F.

120 Knockout Steel vertical 60 gal. tank.

121 Chlorinator 
ft Pump

19-4305
66-8109

Durco Mark 11 horiz. cent. pump. Inlet 
is 3" and outlet is 2", ductile iron, 
with Durametalllc seal and Manzel
lubricator. Rate is 200 OPM at 25' 
static head Sp. or, of 1.5* Motor is 
10 HP, 1800 RPM.

COMPANY
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AROCLOR

APPENDIX A EQUIPMENT LIST (Cont'd.)

Item
No.

Equipment
Name

Equipment
Number Description

122 Chlorinator 
*02 Pump

19-4506
66-8110

Same as Item No. 121.

125 Chlorinator 
#5 Pump

19-4507
66-8111

Same as Item No. 121•

124 Chlorinator 
#4 Pump

19-4508
66-8112

Same as Item No. 121.

125 Chlorinator 
#5 Pump

69-5892 •
66-6509 ....

Same as Item No.121.

126 Blow Tank
#2

21-2086 Tank made by Graver. Dwg. E-865. 7' Die 
x 7' str. sides, dished heads 1/2", 
Shell 5/8", 5 turn coil of 2" pipe sup. 
ported on brackets welded.

127 Blow Tank 
#2 Pump

66-2956
69-0577

Taber horiz. cent. pump. Type L-2.
2y" x 2". Semi-steel with monel shaft 
and water jacketed stuffing box. At
20' static head, rate is 80 0PM, 1.5
Sp. Or. at 5O0°F. Motor is 5 HP, 1800 
RPM.

128 Air Dryer 14-0104 Anders lykens Corp. Air dehydrator.
Two code welded tanks filled with 55 llz 
activated alumina. Dwg. *06456.

129 Blow Tank 
#1 Pump

19-0629
66-9080 .

Same as Item No. 127,

150 Still *01 20-0045

. 1

Vacuum still purchased from Graver.
Dwg. C-809. Size 6' Dia. x 5'6" lg.
on str. side, shell, dished head
5/8". 60*0 hydro, pressure test.

151 Furnace #1 27-0045 Steel heater furnace. Steel shell 5/1* 
x 5'9" Dia. x 4* 10i" lg. lined with 
insulating fire brick. One coil 2" xHj 
pipe, 12 turns formed into a 2' Dia 
coil with spare blocks and legs. Dwg. 
E-886.

152 Still #1 19-0594
Pump 66-4891

COMPANY
CONFIDENTIAL

Taber vert. sub. cent. pump, type L-2. 
Casing, yoke, and Impeller made of 
steel. 2" inlet and 2" outlet. Length 
7' 9". Capacity is 75 0PM., static heat 
15', Sp. Or. 1.8 at 700°F. Motor is 5 
HP., 1750 RPM.
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APPENDIX A EQUIPMENT LIST (Cont'd. )

Item
No.

Equipment
Name

Equipment 
Numbe r

Description

133 Still #2 20-0062 Vacuum still purchased from Noote r, 
Dwg. 6944. 6J ID x 11' 10" str. shell, 
internal pipes, standard dished heads. 
Glass wool insulation 3" with 1/2" 
finished coat.

134 ' Furnace #2 20-0066 Same as Item No, 131.

135 Still #2
Pump

66-1759
69-1277

Taber vertical sub. cent, pump. Type 
CL-4, 2 1/2 X 2", size 384, Pump
is dynamo steel. Capacity is 75 CPM 
at 25' static head, Sp, Gr. 1.8. Motor 
is 7 1/2 HP, 1750 RPM.

136 Condenser #1 38-0770 Heat exchanger, made by Nooter. Dwg. 
B-651. 12" DIA 5' long having nineteen
2" O. D. 11 ga. monel tube6, monel 
tube sheets, monel reducer, and carbon 
steel jacket and back up ring6 on flanges

137 Condenser #2 38-1378 Same as Item No. 136.

138 Receiver Tank #1 21-0771 Vacuum receiver tank made by Nooter.
Dwg. C-795. Size is 5' 6" D1A x 
5' 6" str. side, 3/8" shell, 1/2" bottom 
and removable head. 2" IP, size xHy 
monel coil with 2" inlet and 1" outlet.
3 turns, 5* D1A along side and 3 turns 
spiral on bottom. 60# hydro, pressure 
test on tank and 300# on coil.

139 Receiver Tank #2 21-1377 Tank made by Nooter. Dwg. C-795. 
Same as Item No. 138.

140 Receiver Pump #1 66-9067
69-0565

Blackmer pump. Type PA-50L, bronze 
rotary pump, monel shaft, C.l, base. 
Capacity is 50 GPM, 1.65 Sp. Gr. , 350 
to 500 *F. Motor is 2 HP, 1740 RPM.

141 Receiver Pump #2 66-5670
69-1258

Same as Item No. 140.
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Item
No.

Equipment
Name

Equipment
Number Description

142 Blend Tank
41 ,

21-0779 Tank made by Graver. Dwg. E-862.
Welded steel tank, 7* Dia. x 71 high, 
dished heads shell 3/8", All sur­
faces sprayed with .005" zinc then .003 
tin. 2" xHy pipe coil and supports.
Cage bronze stirrer and bronze shaft. 
Test of tank is 60# and coil is 300# 
hydro, pressure.

143 Blend Tank
42

21-1399
66-0217

Same as Item No. 142.

144 Blend Tank 
Pump

Taber Horiz, Centrifugal pump. 304 s.s. 
2" x l£" capacity 60 GPM, 100' head. 
Motor is 10.0 HP, 1800 RPM.

1*5 36*' Sparkler
Filter

15-0238 Filter made by Sparkler Mfg. Co., 33-D- 
12 horizontal plate filter. Type 304 
s.s. Jacket tested for pressure of
30 psi.

146 Finished
Product
Tank #1

21-0780 Filtrate receiver tank. Dwg. E-862. 
Same as Item No. l42, .

147 Finished
Product
Tank 42.

2i-i4oo Tank made by Nooter. Otherwise, same 
as Item No. 142.

146 Storage
Tank #3

21-0768
.*

Tank made by Graver. Dwg. C-609. 
Horizontal steel, 10' Dia. x 2o' long 
on str. side, dished heads, shell i", 
head 9/16". Test of tank is 6o4 and 
coil is 300# hydro. pressure. All 
coils, supports, inside surface sprayed 
with .005'' zinc and .003" tin.

149 Storage
Transfer
Pump #3

19-0585
66-0853

Taber Vert. Sub. pump. Dwg. A-387.
Type C->, 2" x 2", C.I. body, length
11’6", Cap. 50 GPM, 60» static head,
Sp. Or. 1.18 at 170°F. Motor is 3 HP, 
1800 RPM.

150 Storage
Tank iil\

21-0769 Same as Item No. 148,

151 Storage
Transfer
Pump 4l*

19-0584
66-1501

Taber Vert. Sub. Pump. Type L-2. 2|" x 
2". Length 11'6". Cap 50 GPM at 40' 
static head. Motor is 3 HP, 1800 RPM

COMPANY
CONFIDENTIAL

TRAN 009227

WATER PCB-SDOOOO019457



Dept. 246 - Process Description 18.

AROCLOR

APPENDIX A EQUIPMENT LIST

Item
No.

Equipment
Name

Equipment
Number

152 Storage
Tank

21-1310

153 Storage
Transfer
Pump #5

19-OQ29
66-0856

15* Storage
Tank #8

21-3526

155 Storage 
Transfer 
Pump #8

19-3172
66-2651

156 Storage
Tank fl

21-2404

157 Storage
Transfer
Pump #7

19-2077
66-1691

158 Scales 24-0246
24-0187

167 Blow Tank 
#1

21-0750

169 Surge Tank 22-0751

170 City Water 
Pump #1

69-1083
66-3365

171 City Water 
Pump #2

69-2078
66-1796

C
D O Exhaust

Blower
11-0265

COMPANY
CONFIDENTIAL

(Cont»d. )

Description

Tank made by Leader Iron Works. Dwg. 
C-609. 10' OD x 26' Long on str. she 
Same as Item No. 148 for other 
characteristics.

Same as Item No. 151, except length 1; 
4'7".

Alpha tank 12«6” Dla. x 22' high.
20,000 gallon storage capacity. 
Aluminum constructed Dwg. TS-D-301X.

Durco pump, model WH2 Alloy constr. 2' 
x l£", 8" impeller. Cap. 160 QPM at 
55' head. Motor Is 7i HP, 1740 RPM.

Slpha tanlc, 15' O.D. x 20’ high. 
Vertical tank, constructed of 3/8" mi: 
steel. Capacity Is 20,000 gallons.

Pump made by Blackmer. Monel shaft, 
2*" x 2$". Cap. 90 QPM, 15' head. 
Motor Is 3 HP, 1750 RPM.

Made by Toledo Scale Co. 800# capacity 
dial type scale.

Tank.made by graver. Dwg. E-B63. 7' 
Dla. x 7' str. side, dished heads i", 
shell 3/8". 5 turn coll of 2" xHY pipe

Cyclone collector made by Graver. Dwg. 
B-695. 48" Dla. x 27" on str. side, 3' 
6" long and tangential inlet near top 
of side. 3/16" steel throughout of 
vrelded construction.

Taber Horlz, pump, Model CB5, 3" x 2§-' 
9" impeller. Cap. 180 GPM, 50' head. 
Motor is 7i HP, 1800 RPM.

Same as Item No. 170

Made by American Blower Co. Type 450E. 
Capacity is 6408 SCFM at 1310 RPM. Dwc 
E-10699. Motor Is 15 HP.

TRAN 009228

WATER PCB-SD0000019458



Dept. 246 - Prooess Description 19.

AROCLOR

APPENDIX A EQUIPMENT LIST (Cont'd.)

Item Equipment Equipment -
No. Name Number Description

185 Coke 21-0756
Scrubber

01

Scrubber liquor tank made by Graver. 
Dwg. C-800. ^•6" Dla. x 5'6T‘ on Str. 
Side. Coil 5 turns of l£" xHY pipe.

186 Coke
Scrubber 02

21-1596

200 Cyclone 21-1415
" Separator

201- Air-cooled
Heat
Exchanger

05

58-5528

205 Steam Vacuum 55-5525
Jet 01

264 Steam Vacuum 
Jet 02

55-1686

205 Steam Vacuum 
Jet #5

55-5555

206 Off-gas
Drowning
Jet

55-4756

207 Drying Oven 14-0158

210 Air-cooled 58-5564
Heat Ex­
changer 01

66-8115

211 Air-cooled
Heat Ex­
changer 02

212 Air-cooled 
Heat Ex­
changer #5

21J Air-cooled
Heat Ex­
changer #4

58-5566
66-8115

Same as Item No. 185,

Separator made by Heintz Steel. 5* id
6' high tangential separator with 
integral vapor pipe complete.

Air-cooled heat exchanger made by 
Dialer. Cooling capacity is l,200,0OC 
Btu/hr. Steel construction except for 
aluminum fins. Fan motor is 2 HP,
1150 RPM.

#2 i Worthington 5-stage vacuum Jet.

Same as Item No. 205.

5-stage porcelain Kubatl vacuum ejectc 
with 10" ID porcelain condenser. Jet 
has a capacity of 10#/hr. air at 
standard conditions. Jet designed for
150# steam and 2 mm Hg absolute.

•»
Made by Sehutte-Koertig. 8" Haveg fum< 
scrubber. Complete with standard 
nozzle.

Grieve Hendry drying oven, 44o V,, 5

Same as Item No. 201.

Same as Item No. 201. 

Same as Item No. 201.

manual reset temp.
0-4p0°C

201.
<

201.

<5

Oz

201.
°o

0

201.

TRAN 009229

WATER PCB-SD0000019459



Dept. 246 - process Description 20.
AROOLPR

APPENDIX A EQUIPMENT LIST (Qont'd.)

Item
No.

Equipment
Name

Equipment
Number Description

None Chlorine Pressure
Recorder

29-1547 Made by Taylor Instrument Co. 
Pressure Recorder with 2 pens. 
Cat. No. X176JF235.
Range 0-100 v

None #5 Chlorinator
Flow Recorder

29-2019 Made by Taylor Instrument Co. 
Plow Recorder - Controller. 
Cat. No. 137RF135. . 12” chart, 
0 to 10 Sq. root chart.

None Water Meter 29-2486 Made by Worthington Corporatlo 
3" model IH turbine type water 
meter.

None #1 Still Tempera­
ture Recorder

29-3885 Made by Leeds & Northrup Co. 
Temperature Recorder.
Range 0 - 400°C.

None #1 Still Absolute 
Pressure Controller

29-1170 Made by Taylor Instrument Co. 
Absolute pressure
Reoorder - Controller.

None 200# Steam Flow 
Recorder

29-0835 Made by Bailey Meter Company. 
Flow .Recorder.

None #2 Still Absolute 
Pressure Controller

29-3353 Made by Taylor Instrument Co. 
Absolute Pressure Recorder - 
Controller.

None #2 Still 29-0244
Temperature Recorder

t. Made by Leeds & Northrup Co.
' 6 point Temperature Recorder.

None #2 Still Level 
Controller

29-1463 Made by Taylor Instrument Co. 
Liquid Level
Recorder - Controller.

None Chlorinator 29-0288
Temperature Recorder

Made by Leeds & Northrup Co.
12 point Temperature Recorder.

None #1 Blow Tank 29-291$
Temperature Recorder

Made by Taylor Instrument Co. 
Temperature Recorder Controlle 
Adjusts 200# steam to #1 Blow 
Tank Cat. #86 RM43185-12.

COMPANY 
CONFIDENTIAL .

TRAN 009230

WATER PCB-SD0000019460



Dept. 2^6 - Process Description 21.

AROCLOR

APPENDIX A EQUIPMENT LIST (Cont'd.)

Item Equipment Equipment ,r
No, Name Number Description

None 80# Steam
Flow Recorder

None 200# Steam
Flow Recorder

29-5A52 Made by Foxboro Company. Type
T57, recording flow meter with 
integrator and indicator.
Meter body 3l6 S.S. Integrator 
for 80#, mOO°F. Steam.

29-5^52 Made by Foxboro Company. Type
T57 Recording Flow meter with 
integrator and indicator.
Meter body 316 S.S. Integrato 
for 200#, 510°F. Steam.

COMPANY
CONFIDENTIAL

TRAN 009231

WATER PCB-SD0000019461
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Dept. 246 - Process Description 

AROCLOR

APPENDIX B ,

SPECIFICATIONS

The folliwing is a list of the raw materials used for the manufacture 
of Aroclors. Specification sheets are Included w..ere they exist.

Material Code Raw Material

82601 ................................................................ Biphenyl
35500 ................................................................  Ferric Chloride
38800................................................................ Lime
19400....................................................................Attapulgus Earth
81059 ................................................................ Chlorine
43099 ................................................................ Nitrogen

The following is a list of the finished products manufactured in 
department 246. Specification sneets are included where they exist.

Product Code Product

MCS 295
Aroclor 1254-10^ Xylene 
Aroclor 1232

81101 (Electrical & Non-Electrical) Aroclor 1242
81102 (Electrical & Non-Electrical) Aroclor 1248
81103 (Electrical & Non-Electrical) Aroclor 1254
81105 (Electrical & Non-Electrical) Aroclor 1260
81107 Aroclor 1262
81101-81102 (Mix) 1242 - 1248 Mix '
82868 Montars 1,2,3 and 4.

I

COMPANY
CONFIDENTIAL

TRAN 009232

WATER PCB-SD0000019462



OftOANIC CMtMCAL* MVIAION

SPECIFICATION

MINO DtFTA.
246 • Issued 6/9/61 

W.G.Krummrlch Plant 
By If

AUFFLUR
ANNISTON PLANT

WATCRIAL
DIPHENYL (BIPHENYL)
CHIMICAL FORMULA

* 0-0

MOL »T. 1 54 • 20 .
>r|Cl 0P IAMPLI rO« AMALVtlt

2 x 16 oz. V.M.Bottles

UNRESTRICTED INFORMATION

Routine Tests

Property Specification Method Number

Appearance Light Yellow tJryat. ------ -- -

and color Solid 10,252

Crystallizing Point 68.7*C, min. 10,298

GENERAL INFORMATION

Distillation Range:

First Drop to 2.5°C, max. 10,299

Dry Point Must include 255*C
within Range

I

Thii specification Is the property of Monsanto Chemical Company and 
Is for Internal use only.

COMPANY
CONFIDENTIAL

___________________________________________ TRAN 009233
fTI »NM <««v. IA/MI

WATER PCB-SD0000019463



' MONSANTO CHEMICAL COMPANY
OHOAMC CHEMICAL* DIVISION

W. Q. Krummrlch Plant 
FINISHED PRODUCT 

SPECIFICATION

nnooucT cost

81059
|OE*T. OH JOS

1 252

USB

Internal
SALES CODE

PROOuef (Tftuie Nmit) TTPE

Chlorine (Snift .QagJ.__
Pnooucv (C*mb»I«aI T THE

CHEMICAL fOHMWLA

Issued DEC 23 w 
W. Q Krummrich Plant

RAW iViATtlRiAL 

Colo App.o<cdPA9.

For

Mixture

MOL WT.

New
• AMPLE POM ANALt»l»

100 c ,c, Gas Burette

UNCLASSIFIED INFORMATION

general Tests (made only on request)

Property 

Chlorine (Clg)

Oxygen (0g)

Carbon Dioxide (C02)

Carbon Monoxide (CO)

Hydrogen .(H2)

Inert Oases (By difference) 8.4$

Typical Analyses 

86$ By Volume 

5$ " "

1.5$ " "

0.1$ " "
1.0$ ” "

Moisture 
@ Std. Conditions

2.4 |A10“Sivera

Direct pipeline transfers to using Depts. 

255, 2?6, 257, 246

./ft.®

Method'Number

This specification is for internal use at WQK Plant only.

COMPANY
CONFIDENTIAL TRAN 009234

m in ■« intv. is/mi

WATER PCB-SD0000019464



MIWIU t@OK

MOflSANTO CHEMICAL COMPANY. 38800. ..
yrrVr^t^r“f»^

HAW MATESIAl
umm MM*.

222. 246
Dvrrw(BR

SPECIFICATION
MATIIHAL
—_IdJMU-gydE*tftd... ------------- ■—

PMUWl*

I»sued 6/20/6^ -
V. 0. Krvunmrich Plant 
By_ M, D. Dealy

Ca (0H)k

m®i. rr.
• W^BIUBDll IMU BP

—L^ZSI—--
ltWI.1 POM AMALVDII

UNCLASSIFIED INFORMATI0H

Oeneral Tests (made only on request)

Property " • Specification • Method Number

Appear an©® Fine white or slightly 
gray powder, free from 
lumps or gritty material

10,188

Assay (ca(OH)t) . 92.00^, min, , 10,191

Carbonates as (CaC0») ' ?.00£, max, . . 10,193

Magnesium ' • 0.50$, max. 10,192

Sulfates (as SOs ) . 0.200, max, • 10,189

*88^

TRAN 009235

m INH IMV. «/»*>

WATER PCB-SD0000019465



W. G. Krummrich Plant
MONSANTO CHEMICAL COMPANY

MATBftlAL COOS

33500
Wt«MC C MIMICAL* WVIIWH

RAW MATERIAL 
SPECIFICATION

U*IN* MAT*.

233 .
•UPPLII*

Issued 11/15/62
W. CL. Krummrich PlantMATBAIAL

Ferric Chloride Anhydride ^
CHCMtC Ai. PORMUkA (/

Fe Cl®

MOL WT. .21
lAMPkl row ANALYIII

2/26/57 3x8 02. W. M. Bottle

UNRESTRICTED INFORMATION

General Tests (made only on request)

Property Specification J.F.Q. Method No.

Appearance Black pov>dcr or 
granules

l6-A

Assay 97*0^, min. 22-570

Sulfates 0.0556, max. 120-570

Ferrous Salts Trace, max. S-570-1

Solubility; ' 112-D

10:10 of Water Complete to 
slightly turbid, 
max.

30:10 of Formula JO Complete to
ale ohol slightly turbid, 

max.

COMPANY
CONFIDENTIAL

TRAN 009236

CD • M M IMir. Il/Ml

WATER PCB-SD0000019466



fc.flh Sflpsm&iSf'.l
m«amc eitimau tmmtm

RAW MATERIAL
SriCIfICATION

fmmmmtkb mm ' 1 1
4giLQ0. . . •

; Issued 11/15/62
V. 0. Krummrich
Byfltfrftrezty

8

(MM Mirra. . ■ .
' 246 4
•um.Mii ’ •

g&rada, andPage, Tnc,________‘
MATMtlL • . .
_ AttaPUlKUB Earth 200/UP LVM
CHBMCAL POftMULA • .

' • . ’ Clay . . . ■ . •.
•» ’ • . ■" • . V

MM, *T. ’ ' ' . ' . .
mwimimi m>am »r . .

___ 5/1/59__________ _______ :____
•AIMkf fMI ANALTW* ‘ . . '
. .--2 X 16 PCl Vi Mi ______________  ' '

VNRESraiCTBD' INFORMATION ' ' . ' V

pontine Tests- > ; "

Prpperfcy ... . ■ • Speelfloatloh • Method Number

Volatile Matter (at 950*c). 6 > ;8^, . «

" . .; _ • •: ’ • • . • '' . ■ • 

iT,hrov®h..ysS 5^5 . / 90j£, .min. . • • - -* V

This material is not aooOpted without the supplier's analysis of the 
above properties.,. " ' ■ • . • • • ' ' ’ : ‘

V. COMPANY 
•CONFIDENTIAL.

■ «V- '' ■ ■ TRAN 009237

D JM M IH9, M>NI ' ’ ■' '

WATER PCB-SD0000019467



MONSANTO CHEMICAL COMPANY
ORGANIC CHIMC4U DIVItfOM

MOOWCT COOI jDIRT. OR JO*

81115 1 9k6 issued APR 7 1964
W. 0. Krummrich Plan 
FINISHED PRODUCT 

SPECIFICATION

v*c

' Internal J.F.Q.
W. Q^Uc^ww^eh yianT

1 At. It CODI

RRODWCT (Tts&t ttema)

Aroclor 1232
T

_________ (MCS - 236)_________ _____
Pn'oouCT (CAanlul H~»a) TTRI

32^ Chlorinated Biphenyl
CHI Ml CAL fOUMULA

MOL WT. *

New "
• AM1»LI POR ANAlTfttt

___________ 2 x 16 oz, W. M. Bottles_______ ,______________

Routine Tests Specification Method No.

Appearance Clear Liquid

Sp. Cr. ®25/15.5*C 1.266 - 1.276 10,114

Acid Number 0.014 mg. KOH/grm. max. 10,087

Color, APHA 100, max. 10,084

HgO 35 ppm., max. 10,620

General Tests

Chlorine 31.5 - 32.5*

This specification is for internal use only.

COMPANY
confident/ai.

TRAN 009238

mrs,?‘" • s*rj

□ IN *4 IMCV. 11/1*1

WATER PCB-SD0000019468



HONSARTO CHEMICAL COMPAHY PMOUCTCOM Alston
1246 - WOK Issued 1/24/62 

W.O.Kruamrich Plant 
by E,0. Martin

ANNISTON AND KRUMMRICH 
FINISHED PRODUCT

USE

SALES ___ _ -
SPECIFICATION

• ACU COOK

104 0-130-04/11/l6r0'?/09
PRODUCT

ARpOT.pR 3142

ftp*
CRUDE COMMERCIAL

PRODUCT (OnilHl /»«•■> ttpi

CHS MIC AC PONMUCA

' MIXTURE

MOC VT. ---

____ — ...
• AMPCI PON ANACVm

^^Battle WOK

UNRESTRICTED INFORMATION 

Routine Tests

Property Specification Method Number

Anniston WOK

Appearance and Color Brown to black 
oily liquid

- - - - 10,084

Specific Gravity 25°/l5.5°C 1.384 - I.394 14-49-54 10,114

Acid Number (mg. KOH/g.) 0.7# max. 14-46-54 11,552

RESTRICTED INFORMATION

Acid Number of the crude, which is stored in non-lacquered metal containers 
shall be 0.2mg. KOH/g. max.

COMPANy
CONFIDENTIAL

TRAN 009239

HI IN M <N«V. U/M)

WATER PCB-SD0000019469



MONSANTO CHEMICAL COMPANY 'OTJWWSk
8261! ANN. __num______

KRUMMRICH and ANNISTON
FINISHED PRODUCT

Ulfl
So 3 e s

Issued 4/12/62
W.0.Krummrlch Plant 
By 0< O* Tti

SPECIFICATION SALES CODE
1040-240-04/ll/l6-02/09

PROOUet (tim/a Nam*/ TTPI
AROCLOR 1242 ELECTRICAL GRADE (PYRANOL 1499)

PRODUCT (Ctaa)H) Hama) TtPC

CHEMICAL FORMULA

Mixture

MOL WT. ---

•UFEMIOEI»F«e» OF
4/17/61

SAMPLE FOR ANALYSIS
2x5 pt. Amber Bottles

UNRESTRICTED INFORMATION

Routine Tests
Method Number

Property Specification WOK ANNISTON

Color (APHA) 50, max. 10,084 14-44-54
Condition Clear 10,084 0-1
Sp. Or. § 25/15.5°C 1.281-1.292 10,114 14-49-54
Acidity (mg. K0H/g.) 0.010, max. 10,087 14-42-54
Moisture (Hg0) 25 ppm., max. 10,620 14-52-54
Refractive Index @ 25°C 1.6240-1.6260 10,125 14-24-54
Inorganic (Free) Chlorides 0.05 ppm., max. T-2092 014
Pour Point -14 °C or Lower 10,115 14-47-54
Dielectric Constant 4.70-4.90 11,608 ' 14-26-54

(3000 cycles @ 100°C) 
Resistivity 500, min. 11,607 14-25-57

(500 VDC 9 100°C 0.1" GAP)
A8 OHM-CM x 109

Hydrolysis Stability Test 1.0 ppm., max. T-2087 010
(As Chlorides)

Monsanto Stability Test 
(As Chlorides)

Distillation Range

0.4 ppm., max. 11,502 14-61-57

10,117 14-21-54
(ASTM D-20, Corrected)
10$ Distilled by wt. 225°C, min.
90$ Distilled by wt. 260°C, max.

GENERAL TESTS (Made only on request)

Sulfates None 12,169 ae»

Dielectric Strength S 25°C 25 KV, min. 11,605 04>
Flash Point (°F) 258-292 10,122 14-28-54
Fire Point None 10,122 14-28-54
Viscosity 9 100*F (SUS) 82-92 10,086 14-4-52
Corrosion Test 10,126 14-55-57

(6 hrs @ 210°C with bright 
aluminum foil) COMPANY

Change in wt. of AL ($) o.o CONFIDENTIAL
(Over) 009240TRAN

WT ■ . f*. • 2 — —

CTI »N »« (REV. 18/80)

WATER PCB-SD0000019470



A.C. Color (APHA) 60, max,
A.C. Condition Clear
A.C. Acidity (mg. KOH/g.) 0.010, max.
A.C. Inorganic(Free)Chlorides 0.05 ppm., max.

GENERAL INFORMATION .

Specific Heat @ 25°C 0.J0
Coefficient of Expansion 0.00068 cc/®C

(25-65°C) , ,
Fixed Chlorine 42.5-4?.5#

SPECIAL CUSTOMER REQUIREMENT

General Electric

Hydrolysis Stability Test 0.5 ppm., max.
(As Chlorides)

Thermal Chemical Chlorides , 0.75 ppm., max.

10,084 14-44.54
10,084 0-1
10,087 14-42-54
T-2092 014

T-2087 010

12,722

COMPANY
CONFIDENTIAL

TRAN 009241

WATER PCB-SD0000019471



MONSANTO CHEMICAL COMPANY
MtAMC CHCMCAL* DIVISION

Krummrich and Anniston 
FINISHED PRODUCT 

SPECIFICATION

fHOOUCT COOK

81102 - 82641
lotfT. on jod

IWOK 246-Ann.27
USB

Sales
itiu eoo«

1040-260-04/ll/l6-03/09
rAOOUCT (Two <»«■>.> • TTf 1

Aroclor 1248 ______Mon-Elec tribal G r ade_______
moowct (OwaM Hmme) T»n

CMtnui. pmmuLA

i8»ued_JML15J964_
W. 0. Krummrich Plant 
By VH 7,

Mixture

MOLJfT.___________
ivrimicii ifiu or ■Aim fON ANALVMI

UNRESTRICTED INFORMATION
WOK Anniston

Routine Tests Specification Method”Ro.

Appearance Colorless to light 
yellow-green liquid

10084 0-1

Condition Clear 10084 0-1

Color, APHA 100 max. 10084 046

Sp. Sr. 965/15.5*0 1.405 - 1.415 10114 052

Acidity (mg. KOH/g.) 0.010, max. 10087 050

Moisture (HgO) (ppm.) 50, max. 10620 047

Viscosity 9150*F (SUS) ’ 75 - 80 10086 049

General Tests •

Flash Point (*p) 370, min. 10123 14-28-54

COMPANY
CONFIDENTIAL

TRAN 009242

WATER PCB-SD0000019472



‘ ■OWAATO CHEMICAL COMTAHY
MWMt mammms

SPECIFICATION

rnmms? emma 46'WQK
81102 27 Ann. I.su.d 1/10/64

Sales ■ Sr
CCii'l

104o-260-04/ll/l6-05/09

Corrected 2-16-64

immvet . . tffa
Aroolor 1248 Electrical Grade (Prranol 1498)

«r«®&wgT <n«M tmmvj two

mtatae&t,

’ Mixture

wrawiMi ®*se» of
2-12-60

m amacvm

------ 3 x 5 Pt. Amber Bottles

UNRESTRICTED INFORMATION

Routing Tests Specification -

Color, APHA 
Condition
ip. Or. 965/15.5*C 
Acidity (mg. KOH/gm,) 
Moisture
Refraotive Index #25*C 
Inorganlos (Free) Chlorides 

( Pour Point
Dleleotrlc Constant 

(1000 cycles #100*0) 
■Resistivity

(500 VDC •l00*Cr.0,lM OAF) 
as OHM-CM x 10^ 

Hydrolysis Stability Test 
(as Chlorides}

Monsanto stability Test 
(as Chlorides) 

instillation Range '
(ASTM D-20, corrected)
10* Distilled by Wt.
90* Distilled by Wt.

50, max.
Clear
1.405 - 1.415
0.010, max.
55 ppm., max.
1.6285 - 1.6505
0.05 ppm., max. 
0*C, max.
4.5 - 4.7

500, min.

1.0 ppm., max.

0.5 ppm., max.

545*C, min.
585®C» max,

lOeneral Tests (made only on request)

Sulfates
Dieleotrio Strength #25*0 
Fire Point 4
Viscosity #54.4*C (SUS) 
Corrosion Test

(6 hrs. «210*C with bright 
aluminum foil)

Change in wt. of A1 (*)

( .

None
55 KV, min.
None to boiling point

73 - BO

0 0 COMPANY 
‘ CONFIDENTIAL

Method No*s 
WOK Annlsto

10,084 14-44-5
10,084 o-l
10.114 14-49-5
10,087 14-42-5 
10,620 14-55-5
10,125 14-54-5- 
T-2092 014 "
10.115 14-27-51 
11,608 14-56-51

11,607 14-55-51

T-2087 010 

11,505 14-61-57

10,117 14-51-54

12,169 - - -
11,605 045
10.125 14-28-54 
10,086 14-4-52
10.126 14-55-57

(over) TRAN 0092*3

tm M tt/MI

WATER PCB-SD0000019473



A. C. Color, APHA 60, max.
A. C. Condition Clear
A. C. Acidity (mg. KOH/g.) 0.010/ max.
A. C. Inorganic (Free) Chloridea 0.05 ppm., max.

GENERAL INFORMATION t

specific Heat ®25*C 0.27
Fixed Chlorine 47.5 - 48.5J6

10.084 14-44-54
10.084 0-1 
10,087 14-42-54 
10,118 010

COMPANY
CONFIDENTIAL nno:>44

TRAN 009244

WATER_PCB-SD0000019474



<

MONSANTO CHEMICAL COMPANY
MltMC CMKCtU DIVISION

Krummrich and Anniston 
FINISHED PRODUCT

SPECIFICATION

PRODUCT COOK loePT. OR JOB
81103 - 82613 !W0K-246-Ann.27
uei

Sales
mu coot

10M 0-280-04/11/16-03/09
FRDOUCV {Tre*» jvmma)

Aroclor 1254
• TVPS •
Non-Electrical Grade

VnODUCT Hmme) T VPS

Mixture

MDL *T.

WriMINI IfIM OP

5-4-61
MUPLI POR ANALVMt

3 x 16 _____

Issued JUL 1 5 1964
W. 0 . Krummrich 
By_ ‘

Krummrich Plarit
nr?* M

UNRESTRICTED INFORMATION
WGK Anniston

Routine Tests Specification Method' No.

Color, APHA 100, max. 10084 046

Sp. Or. ©65/15.5*0 1.495 - 1.505 10114 052

Acidity (mg. KOH/g.) 0.010, max. 10087 050 .

Moisture (H20) (ppm.) 50, max. 10620 047

Oeneral Tests

Flash Point None 10123 14-28-54

Viscosity ®210*P (SUS) 44-48 , 10086 049

COMPANY
CONFIDENTIAL

TRAN 009245

WATER PCB-SD0000019475



. WimiTO CHEMICAL COUP AtT ■
mhmc tNutiu mmmmi TgHr«« ngraRngpl * AM1L.___i_22_A.ftni -

Sales
SPECIFICATION • Mk« MM

1040-280-04/11/16-05/09
«»iie@tsn (M •««>. . rr»@

AROCLOR 1254 ELECTRICAL GRADE (PfRAMOL 1476)
• ?WI

smmou, rwuwu ,

■ Mixture

wt. —
NrtMpu emm ®r

IO/IO/6I
mm»li wm anautw

5 x 5 Pt. Aaber Bottles

UNRESTRICTED IMPORMATIOH . \ ■

Routine Tests .

Property .. 3p58|?ISaH©n

Issued 4/15/62 
W. 0. Krummrich Plant 
By g. 0. Martin

he Shod number 
VbF AHNISTON

Color, APHA .
Condition
Bp. Or. • 65/15.5/C t 
Aoidlty (ag. XOH/gm.)
Moisture (H*0)
Rtfraetlve Index • 25®C 
Inorganio (Free) Chlorides 
pour Point 
Dleleotrio Constant 

(1000 oyolee • 100*c)
Resistivity '

(500 VDC • 100*0 0.1® OAP) 
as OHM-CM x 10*

Hydrolysis Stability Test 
(As Chloride*)

Monsanto Stability Test 
(A* Chlorides) .

Distillation Range 
CASTM D-20, Correoted)
1^2$ Distilled by Vt.
50$ Distilled by*Wt.

Distilled by Vt.

GENERAL TESTS (Made only on request)

5©/
Clear • ■
I.495-I.505
0;010, 1ax.
55 »«,' ■ax*
•1.6570-1.6590
0.05 PFB., BftXi 
7*12*C ‘ 
4.15-4.55

500, aln.

1.0 ppm., stax. 

0.5 ppeu*

10,084
10,084
10.114 
10,087 
10,620 
10,125 
T-2092
10.115
11,608

11,607

T-2087

11,505

10,117

1A.44.54
0-1
14-49-54 
14-42-54 
14-55-54 
14-54-'54
014
14-27-54
14-56-54

14-55-57

010

14-61-57

14-51-54

StfUatea -
Dleleetrio Strength • 25*0 
PXbsh point
Fire Point .
y^oeslty • 210®f (SUS) 
Corrosion Test •

Ip hr* 9 210® C with bright 
aluBlnuB foil)

Change in et. of A1 {%)

None
55 KF, Bln. 
■one
Hone
44-48

12,169
11 *£05
10,125
10.125

.10,086
10.126

045 *
14-28^54
l4‘-aar54
14-4-52
14-55.-57

0.0

(Over)
IRAN 009246

m m M !■». COMPANY
CONFIDENTIAL

WATER PCB-SD0000019476



A.C. Color, APHA
A.C. Condition
A.C. Acidity (mg. KOH/g.)
A.C. Inorganic(Pr§«)chlorld«*

ICTSIKAL SPBCIPICATIOK .

Cornell - publiler

Resistivity '
(500 VDC • 100*C 0.1" CAP 
as OKM-CM X lo“)

OPISRAL IKP0RHATI0H

Speolflo Heat • 25*C
Coefficient of Expansion

(25-65’C)
Fixed Chlorine

60, max. 10,084 
Clear ' . 10,084 
O.OlOi'Isax.'io,087 
0.05 ppm*, max. 10,118

2500, min. 11,607

©.*?• “* • 
0.00066 oe/*C

54.5-55.5^

COMPANY
CONFIDENTIAL

14-44-54
0-1
14-42-54
010

14-55-54

TRAN 009247

WATER PCB-SD0000019477



MOKSAHTO CHEMICAL COMPANY
ORGANIC CHEMCAU WVI»ION

ANNISTON AND KRUMMRICH
FINISHED PRODUCT

SPECIFICATION

PRODUCT COOK DEPT. OR JO»

IffiUM- p_SMSSlston 1

Issued 1/24/62 
.0.Krummrich Plant

SALES
IALU COD*

PPO0UC1 (T*a*» TTPtt

AROfU.OR 3 ]60 CRUDE COMMERCTAT,
PRODUCT (CNalul nan.l TTPE

CHEMICAL PORMULA

■ MIXTURE

MOL »T. - - -
OUPgIWKBBS »PEC* OP

3/28/58________ __________-
IAMPLE rOH AMAL.YAI*

-3—PiL.—cjua-Ji n n i j nJ,_2^x__l5^jpz. _Bot±laA_ttflK_____

UNRESTRICTED INFORMATION •

Routine Tests

Property Specification Method Number

Appearance and Color Brown to black 
vIbcoub sticky 
mass

Anniston Vi OK

10,084

Specific Gravity 90Vl5.5eC 1.558 - 1.569 14-49-54 10,114

Acid Number (mg. KOH/g.) 0.7# max. 14-46-54 11,532

RESTRICTED INFORMATION
**

Acid Number of the e^nde, which is stored in non-lacquered metal containers 
shall be 0.2 mg. KOH/g., max.

COMPANY
CONFIDENTIAL

TRAN 009248

m in •« m«v. «<••!
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KONSANTO CHEMICAL COMPANY
SRIAHie CHEMICAL® DIVIMON

Krummrich and Anniston 
FINISHED PRODUCT

FRODUCT COOK

8ll05_ _«?_JB26l4
DEFT. OR JOE

WOK 246 Ann.27
uta

Salim

• ALU CODE

SPECIFICATION 104 0-290-04/ll/l 6-0‘S/09
F«00-.«CT (TIM* Hmm»> • TTFE

Aroclor 1260 _Non-Electric grade___________
FROOWCT (CMbIhI nmmt) TTFE

CHKtme&t. FORMULA

Issued__JUL
W. 0.
By Jfo _D /

Mixture

MOL TT.__________________

lUPIMIDII »F«CI OF ■ AMFLC FOR AHALYMt

■5rir..^L iil

UNRESTRICTED INFORMATION
WOK Annistc

Routine Tests Specification Metnoa No.

Condition Clear 10084 0-1

Color, APHA 150, max. . 10084 046

Sp. Or. ©90/15.5*0 1.555 - 1.566 10114 052 ■

Acidity (mg. KOH/g.) 0.014, max. IOO87 050

Moisture (Hg0) (ppm.) 50, max. 10620 047

Viscosity ®210*F (SUS) 72-78 10086 049

General Tests

Flash Point None 10125 14-28-5

Fire Point None 10125 14-28-5

COMPANY
CONFIDENTIAL

TRAN 009249

a IN M l*KV. !«/*•»

WATER PCB-SD0000019479



MONSANTO CHEMICAL COMPANY
•HtMC CHBttCALS WVIEION

Anniston and Krummrich Plants 
FINISHED NtODUCT

lull -'wok* 1 lie-'M

ms
Sales

SPECIFICATION
SALES eft&E

1040-290-04/11/16/-03/09
?*m@&ver 0m><o
AROCLOR 1250

TYPE
ELECTRICAL GRADE

.MDUCI (Otmmimt , TYP*
(FYRANOL 1482)

CMMCAL POdUULA

Issued 2/7/62 
W.O.Krummrich Plant 
By f,

Mixture

_______ _________ __________ _
SAMPLE POM ANALTSIS

? x 5 pt. Amber Bottles

UNRESTRICTED INFORMATION 

Routine Tests .

IUFIMIOII i
3/26/58

property

Color (APHA)
Condition
Speclflo Gravity 9 90/l5»5*C 
Acidity (mg KOH/g.)
Moisture (HgO) (ppm,) 
Viscosity 9 210*F (SUS) 
Refractive Index 9 25®C 
inorganic (Free) Chlorides 
Pour Point (*c)
Distillation Range 

(ASTM D-20,.Corrected)
10% Distilled by wt,
50* Distilled by wt.
90* Distilled by wt. 

Corrosion Test 
(6 hrs. 9 210*C with 
bright aluminum foil)

Change in weight of A1 (*) 
A.C• Color (APHA)
A.C. Condition '
A.C. Acidity (mg.KOH/g.)
A.C. Inorganic (Free) 
Chlorides

Specification

150, max.
Clear
1.555-1.566 
0.014, max.
35» max.
72-78
1.6455-1.6470 
No detectable amt. 
25-34

385-398 C 
390-4o4*C 
400-420*C

0.0 ,
150, max.
Clear
0.014, max.
No detectable amt.

Method No,
WOK ~ flrmTston
10,084 14-44-54
10,084 .................
10.114 14-49-54
10,087 14-42-54
10,620 14-53-54
10,086 14- 4-52
10,125 14-54-54
10,118 14-48-57
10.115 14-47-54
10,117 14-31-54

10,126 14-55-57

10,084 14-44-54
10,084 --------------
10,087 14-42-54
10,118 14-48-57

(Over)

COMPANY
CONFIDENTIAL

TRAN 009250

□ IN M (HIV. U/SII

WATER PCB-SD0000019480



UNRESTRICTED INFORMATION (oont'd) 

Property • •

general Tests (made only on request) 
Flash Point *
Fire Point 4
Fixed Chlorine ($)
Dielectric Strength f 50®C 
Resistivity

(500 VDC § 100*C 0.1" gap 
as ohra-cm. x 10°)

Dleleotrlc constant 
1000, eye las, 100*C

RESTRICTED INFORMATION

Monsanto Stability Test 
(As Chlorides in ppm.)

GENERAL INFORMATION

Evaporation Loss after 
6 hrs. • 100 *C (*)

Stability test - after JO 
days at 100*0 in glass 
sealed in air

0.2, max.

No liberation of 
chlorine or chlorides

Specification Method Number

it)
WOK Anniston

None 10,12J 14-28-54
None 10,123 14-28-54
59.5-60.5 10,088 14-1J-54
JO K.V., min. 11,605
500, min. 11,607 14-55-57

J.6-J.8 11,608 14-J6-45

0.7» max. 11,505 14-61-57

10,116 14-J2-54

COMPANY '
CONFIDENTIAL

TRAN 009251

WATER PCB-SD0000019481



morjarto chemical compart
OMAMC chimcau cxviiiom

MPP«er ee®i Imp?. m ,*•
,lf?o?:d8B * ______Lsi2;6aPletori

Issued 1/24/62 

W.G.Krummrlch Plant
by E.O. Martin

mm

SALES
SPECIFICATION

•ALU COOK

1040-170-04/11/1^-03/09___________

AROCT/m 116?
TTPE

__CRUDE COMMERCTAT.
paoouct roMiMi was.) TYPE

CMWCAI. POKMULA •

. MIXTURE

Mt. ®T. - « »
SUP1MBOM lf>l€S CP

3/86/58_______________________
SAMPL1 PM AMALVBII

1 Pt. can. Anniston; 2 x 16 02. W.M. Bottles WOK

UNRESTRICTED INFORMATION 

Routine Teste

Property Specification Method

Anniston

Number

WOK

Appearance Viscous liquid - - - - 10,084

Color Brown to black - - - - 10,084

Specific Gravity @90/l5.5°C 1.577 - 1.587 14-49-54 10,114

Acid No. (mg. KOH/g.) 0.7* max. 14-46-54 11,552

RESTRICTED INFORMATION

Aoid No. of the erode which is stored in non-lacquered containers shall be
0.2 mg. KOH/g., max.

COMPANY
CONFIDENTIAL

TRAN 009252

m in m «/»••

WATER PCB-SD0000019482



MONSAHTO CHEMICAL COMPANY
MltMC CHCttCAU WVlitOK

ANNISTON AND KRUMMRICH 
FINISHED PRODUCT

SPECIFICATION

M* ITKJffi Issued 1/24/62
W.G.Krummrich Plant
by E.O. MartinIM

SALES

1040-300-04/11/16-0-5-00
PMOOVKT (ftiOm jimme) TVP*

AROCLOR DISTILLED 1262
PRODUCT (C*mmla*J Hama) TYP1

CHBM1CAL POMMULA

MIXTURE

M&L WT. - - -

3/28/58 _
•AMPLK PON ANALYPW

................-.........................

UNRESTRICTED INFORMATION 

Routine Teats 

Property

Appearance

Color

Specific Gravity 9 90/15.5*C 

Acid No. (mg. KOH/g.) 

Viscosity @ 210°F

Specification 

Viscous liquid

APHA 150, max. 

1.572 - 1.583 

0.014, max.

86 - 100 SUS

Method Number

10,084

10,084

10,114

10,087

10,086

GENERAL INFORMATION

Pour Point (ASTM)

Distilling Range

Total Chlorine

Specific Gravity t coeff 
(85 - 130*C)

35 - 38°C 

390 - 425°C 

61.5 - 62.5* 

0.001/°C

COMPANY ' 
CONFIDENTIAL

m IM M l»IV. W/MI

TRAN 009253
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MONSANTO CHEMICAL COMPANY
OMDAMIC CHIMCAU OtVUIOM

Krummrlch and Anniston
FINISHED PRODUCT 

SPECIFICATION

FDDOUCT CODE 

82868
DEPT. OH JOi

WOK.gJ6 Ann, H
utc

Sa les
• ALII CODE

•See Below
PAD0UCT (Tt«* Nmme)

Montars 1 and
PR&bugt (Chmti—I fimn*)

type

T YP«

hlorlnated Polyphenvls
CHEMICAL FORMULA

Issued .'Ml. 1 5 1964 
W. 0wITriT
By.

Mixture

>L WT.

6-15-61
• AMPLE POE ANALTSU

2 _x 16 o z

UNRESTRICTED INFORMATION

Routine Tests Specification

Appearance Black Solid

General Information

Physical Properties (Typical Values) Montar 1

Softening Point (ASTM E-28-51T) 5^-160‘C

Acidity • Slightly Basic

Chlorine Content 

•CaO

Fe

Benzene Insoluble 

Flash point

36-42*

5-15*

o.5-1.0*

500-620*?

RESTRICTED INFORMATION

Anniston WOK
WeTFod No.

14-17-52 11321

Montar 2 

70-170*C 

Slightly Basic 

44-48*

5-15*

0.5-1.0*

12.5*

Montars 1 and 2 are the still residues from distillation of Aroclors 1242 
and 1248 respectively. Composition of these Montars Is not controlled, being 
entirely dependent on conditions required to make acceptable distilled 
product.

Sales Code Noa.

Montar 1 6405 - 001 - 04 - 03/09 
Montar 2 6405 - 002 - 04 - 03/09

COMPANY
CONFIDENTIAL TR*N °°«5*

□ m *4 <HEV. •*<»»»

WATER PCB-SD0000019484



MONSANTO CHEMICAL COMPANY
Oil AMC C HIM CALI DIVISION

Krummrich and Anniston
FINISHED PRODUCT 

SPECIFICATION

PRODUCT COOS

82868
dipt. OS JOS

WOK 246 Ann.27
USE

Sales
SALE* CODE

•See Below
PRODUCT (Trta. tat;

Montars 5 and 4
TTPI

PftOOUCT (Ofuml—I Htm») • WPS

Polychlorinated Polyphenyls
CMIMICAL POPMULA

issued ju^51964
W. 0. Krujnmrich Plantsy___ >> D'hi.I

Mixture

%mt wt,_________
IUPIMIMI IPICI Of

6-15-61'
aampic reo anawyam

2 x 16 oz. W. M. Bottles

UNRESTRICTED INFORMATION

Routine Tests

Appearance 

Oeneral Information 

Physical Properties (Typical Values) 

Softening Point (Method ASTM E28-51T) 

Acidity

Specification 

Black Solid

Montar 5 

86-l68°C 

Slightly Basic

Chlorine Content

CaO

Fe

50-52#

5-10#

0.5-0.6#
RESTRICTED INFORMATION

Anniston WOK 
Metho? No.

14-17-52 11521

Montar 4 

92-206*C 

Slightly Basic 

54-56#

5-10#

0.5-1.0#

Montars 5 and 4 are the still residues from distillation of Aroclors 1254 
and 1260 respectively. Composition of these Montars is not controlled, 
being entirely dependent on conditions required to make acceptable dis­
tilled product.

♦Sales Code Nos.

Montar 5 6405 - 005 - 04 - 05/09 
Montar 4 6405 - 004 - 04 - 05/09

COMPANY
CONFIDENTIAL

TRAN 009255

m in m mty.

WATER PCB-SD0000019485
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AROCLOR

APPENDIX 0

PHYSICAL AND CHEMICAL DATA
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Dept. 246 - Process Description
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AROCLOR

APPENDIX C 

PHYSICAL CONSTANTS

GENERAL PHYSICAL PROPERTIES OF AROCLORS

Aroclor 1242 Aroclor 1248 Aroclor 1254 Aroclor 1260 Aroclor 1262
F orm............................................................. Practically Yellow tinted Light yellow Light yellow Light yellow

colorless mobile oil viscous oil soft sticky sticky clear
, mobile oil resin resin

Color............................................................  100 Max. 100 Max. 150 Max. 150 Max. 150 Max.
(APHA) (APHA) (ARIA) (APHA) (APHA)

Acidity-Maximum (Mgm. KOH per 0. 015
Gnu )

0.015% 0.015 0.015 0.02

Average Coefficient of
Expansion................................... cc/cc’C. 0. 00068 0.00070 0.00066 0. 00067 0.00064

(25*-64*C) (25*-65*C) (25*-65*C) (20*-100*0 (25*-65*C)

Typical Density
Specific Gravity 25*/25*C (77*/77f)l. 380 1.445 1.538 1.620 1.646
Pounds per Gal. -25#C (77*F) 11. 50 12. 04 12.82 13. 50 13. 72

Distillation Range-ASTM D-20(Mod)
•C ............................................... 325*-360* 340*-375* 365*-390* 385*-420* 400*-430*

Evaporation Lo®s-%-ASTM D-6Mod.
163*C........................................ 5 hrs. 3:0 to 3. 6 3.0 to 4. 0 1.1 to 1. 3 0.5 to 0.8 0. 5 to 0. 6
100 *C.......................................... 6 hrs. 0. 0 to 0. 4 0.0 to 0. 3 0. 0 to 0. 2 0. 0 to 0.1 0. 0 to 0.1

Flash Point-Cleveland Open Cup. *C 176*-180* 193*-196* None None None
' *F 348*-356* 379*-384*

Fire Point-Cl eve. Open Cup... .*C None*
*F

None None None None

Four Point-ASTM D-97............ *C -19* -7* 10* 31* 37*
*F 2* 19- 4* 50* 88* 99*

Softening Point-ASTM E-28 *C - - -- - - -- --
*F -- - - -- - “

WATER PCB-SD0000019487



Dept. 246 - Process Description 2^.

AROCLOR '

APPENDIX C

PHYSICAL CONSTANTS (Cont’d.)

GENERAL PHYSICAL PROPERTIES OR AROCLORS (Cont'd.)

Aroclor 1242 Aroclor 1248
Form.................................................... . Practically Yellow tinted

colorless mobile oil
mobile oil

Fefractive Index-D-line 20*C 1.627-1.629 1.630-1631

Viscoaity-Saybolt Universal 210 *F (98. 9*C) 34-35 36-37
Sec. (ASTM)-D-88) 130*F (54.4* C) 49-56 69-78

100*F (37.8'C) 80-93 185-240

Aroclor 1254 
Light yellow 
viscous oil

1. 639-1. 641

44-48 
260-340 *

1800-2500

Aroclor 1260* 
Light yellow 
soft sticky 
resin

1. 647-1. 649

72-78
3200-4500

Aroclor 1262 
Light yellow 
sticky clear 
resin

1.6501-1.6517

90-103
600-103
(160* F or 71*C)

O

go

I?

70
2

OO
fu
in

WATER PCB-SD0000019488



Dept. 246 - process Description

AROCLOR

APPENDIX C

PHYSICAL CONSTANTS (Cont'd.) 

PHYSICAL AND CHEMICAL DATA

Diphenyl

Specific Gravity j 0.992 at 75°C/4°c.

The swann chemical Company bulletin of 1930 gave thermal 
data on diphenyl.

Viscosity of plphenyl (from Anniston piles)

°P. centipoiB'es
_rrT^.

170 1.309
l8o 1.208
190 1.114
200 1.054
220 0.901
250 0.752
300 0.574
350 0.459
400 0.374
4 50 0.313
482 0.283

Specific Heat (from Anniston Files)

°F. B.T.U./lb

200 0.416
300 0.470
400 0.547
500 0.616
600 O.658
700 0.679
800 0.686
900 0.690

1000 O.696

COMPANY
CONFIDENTIAL tran 009259

WATER PCB-SD0000019489



Dept. 246 - process Description 27.
AROCLOR

APPENDIX C

PHYSICAL AND CHEMICAL DATA (Cont'd. )

Diphenyl (cont'd.)

Another record gives the following values for liquid diphenyl• 

°C. sp. Heat cals./gram

100 0.260
150 0.280
200 0.412
250 0.460
>00 0.518
250 •0.575
400 0.610
4 50 0.625

Vapour op - 0.460

0.625
•*pu°C. (D. a. Roper, Design Data for units 4 & 5)

penalty of Liquid Diphenyl (from Anniston files ) .

°C prams ,/cc

75 0.9885
100 0.9695
150 0.9294
200 0.8885
250 0.8470
200 0.8010
250 • O.75IO
400 0.6918
450 0.6180

Heat of vaporization.»

65.4 g. cal./g. at 258.5°C.

COMPANY
CONFIDENTIAL TRAN 009260

WATER PCB-SDOOOO019490



Dept. 246 - process Description 28.

AROCLOR

appendix c

PHYSICAL AND CHEMICAL DATA (Cont'd.)

Specific gravity of Aroclora 
at Various temp era Cures

For

12*2

Temp, SP • Or. Lbs. per gallon (us)

1248

1254 or 
GE 1476

1260 or 
OE 1482

60
65
70

30 
85 
90 
95 

100

60
65
70

%
85
90
95

100

60
65
70

£
85
90
95

loo

60
65
70

ll
85
90
95

100

1.547 11.25
1.544 11.20
1.558 11.16
1.555 11.15
1.55a 11.10
1.529
1.524

11.07
11.05

1.519 11.00
1.515 10.96

1.415 11.78
1.410 11.75
1.405 11.71
1.400 11.68
1.597 11.65
1.594 11.62
1.590 11.58
1.585 11.55
1.581 11.51

1.505 12.55
1.500
1.495

12.50 
12.46

1.490 12.42
1.485 12.58
1.480 12.54
1.475 12.50
1.470 12.26
1.465 12.21

1.584 15.21
1.580 15.17
1.575 15.15
1.570 15.09
1.5165 15.05
1.560 15.01
1.555 12.96
1.550
1.545

12.92
12.88

COMPANY
confidential

TRAN 009261

WATER PCB-SD0000019491



Dept. 246 - process Description 29.
AROCLOR

APPENDIX C

PHYSICAL AND CHEMICAL DATA (cont'd.)

Temp,

60
65
70

ll
85
90
95

loo

Specific Gravity of Aroclors
at Various Temperatures (cont!d)

SP- Or.

1.604
1.600
1.597

1:IU
1.562 
1.577 
1.572 
1.568

Lbs. per gallon (us)

15.40
15.56
15.52
15.28
15.24
15.19
15.15
15.11
15.07

Heat capacity of Aroclors at various Temperatures (cal/gm°c.)
‘^Temperature
ArocloT’^Z^* 0 50 100 125 150 175 200 250 500

1242 .280 .500 .520 .550 .555 .540 • 550 .565 .580
1248 .270 .280 .295 .505 .515 .520 • 550. .540 .555
1254 .255 .265 .275 .285 .295 .500 .510 • 525 .540
1260 .220 .255 .250 .260 .265 .270

!
.280 .290 • 505

Aroclor

1242
1248
1254
1260

Latent Heat of vaporization of Aroclors

Temp. Range

500°-510®c.
500°-55Q°C. 
500®-550°c.
50C°-570°C.

Latent Heat of vaporization

61
51*

%
Ca1/gm
Cal/gm
Cal/gm
Cal/gm

COMPANY ' 
CONFIDENTIAL

TRAN 009262
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a....  PHYSICAL CONSTANTS DATA
w. ■"’""■an »«-a» .jcWIITiJjei

.ABjCO^QH..JUL IB—(-X£-dm_LC_aJJ.

tbxifilio %y~

» V M. Kllcnbnrj
NAME

FormulaC'| o H « C1 ■ 
Molee ol »*_ We*|hl
kmumsi... _______ „____ ’____ II
lo'iM PiL'S ____
Besiiss-feni M m
BfiiiiQLfflinUL. _m
Botlini Point i______55’.

CtYiUlluigg Point______
telling Point
SotUion Point 
Soecific GuvitY t 3ALXUl
Specific Gftvily y______________ _
Powxli per~5al. <■ ~?5 5C "
Coelltcient ot Expmon
Reliactive Index t>
'ill1.4.As* Spectmni (Hrlcrf.net)__________________ J
Ullf 1 Viold Spectrum iktfttnct)

Viscosity« ______________________ _____
Viscosity *_________________ ____ _________
Met I toil qd____________1___________
Solubility in Wig_______________________
Solubility in_____„
Solfttlity m____________________
Sp, Gf, Temp. Coeff. (50- 100°CT^

FlishPoint °F HUM) C. O.C.

*>*♦« 194/
. 7/5/57

lTaweTw«aw f oaLuw"a "

Syst 47^
d 3>t>

Cl

Total CU 47,5 - 40. 5 IT
-jgttgeg-VPATE____

Saacs. ■l<Lll/.a5
■ II 1 ■ . -UII iy |,LhiiT

1 . 410-1.420

UTMUWJ9TT

382
Fife PoinrC
Hell ol Coafeustion
HfiUf Fereigien________________
Thermil_SI Jbjjjty _____
Ktiti Hiii oi~ Fusion_____ ,_____
UMAlMO*,_________ 1___
feBilicJfA 
Ciittcil Twoeidute 
ClltitlLglBSMt,,,!

Toxicity fdvt Rtftrenet)

Maae_

SfiJaLwairlz - U. S. P uAJigflii

Specs, 47~n/pp

.... - .t~

Specs. 4/11/55

Arocior Bullet 
* • »

in OP * lljj

TRAN 009244

h SgrYACp Bu.ll JI2!> .

NOTEi Tkete iota tkeali mi bi r*
— 1 iii8¥. j-ge'jBg" CT
hatti oaltiti of Momo/ix# Ckemiem Caw&ny. Ute additional tkt

aT.a_r^>> A Snlvpm 1 _
til 1/ ngeeitery.

WATER PCB-SD0000019493
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IN ft# PHYSICAL CONSTANTS DATA

AE^lLm^JASO^Jl£SbRi£MlL

JZ,£8=

tewFrnnsrIT ..... bJLVK' 1^47
Hov. Hv A. M. ~ il-.'nburff 7/5/57 1

^ — ri fi

<• N AMI source t BATt
Foreiula . _ C•»kCLc ta Total CL 59. 5-60. 5% Snprs 17 -?1 -S4
Molecular t«iM " ~ - -
As»t8l»C8 JELilqwa1q„MbxJljs11ckv mai 5 Soecs 12-21-54
Both* Point i 710 wn t
fcwiifil Pom A Cn
fed lift ? Point A mi f
Bwlint Point at mm ' *
CmUllitinc Point • «
Uoflinf Point

'SolUion Point
SkiIic Gravity , (F07T575 1.558 -1.572 Soecs. 12-2 1-54
Specific Gravity *
tand* per Gel. • 25 *C 13.5 ......... -
Coetlicient of Exoanjion 0
Refractive Indu 1 » S •
Mu Red Spectrum (Keftrtnce/ ' * '

............ ............... .............. •
Ultra Violet Spectrum (Atfmtnttj
Viscosity #

-------------------- ------------ ---------------- -

visrantyj:____________________•_____________
Sarfaea Ter)*jof|

. *

Solubility to Ms . f
Sotubilitv m ' •
Solubility m . .. •
So Gr. Temp. Coeff. (75- 130WC) i- 1 o IO [O io c n

! L Specs 12-21-54

fTssh Point #F fJteW; .

— ----------------------- ------------ ---

Nona
Fire Point °C . None . e
HpA.fi! £a#uiiim__________________ _____
Hc'ii of FwmMion

—

Thermal ability (eM^to/awn.) ,
LMfnt Hfpt pi f(Bion •
LMenl Heat of V».
$PfCilie Heit ----------  . ----------------- ------ ■— ---------------------------• - r •
Cttticil Testureaturt '
Cntieil Piessure
Dmoelatie® CodlMtf '

<4 ■ w ' ~
e L ‘ -u
m *

TRAN 009265 “5
_ 1

TelieKY fCiw AtferemttJ S chMLajlx;__U,_S^PiihL-Hejalt.
"InAisieial Poison^MiA rds and Solvents",by M. 1

NOTE: lAiif 4oio sh&u&d mi h@ L%Ja«c^Cawpiny.^il additictai ikttu if

WATER PCB-SD0000019494



- jtr&BpT 'I*
JtM 9t9

£i
LH8 O
Q

PHYSICAL CONSTANTS -DATA
TWIWwff*"“
___ .... A ROC LOR 1154 fTechnical)

TWBFtitD rr-”-.

JL A. M. Elleimurg
NAME

..„X^DhFoimuli______
ifejeeulit. *fi|M
ksama_____________
loji.ifu Point ilSlm_____

Paid *... -«w__ _
Beitint Point M _. j
ftoilmi Point g mm____________________

jPfyoUllumjt Point______________;____________

M\m ffilfll____________________
SoJt<ipn Point______________________

. fii, liLJj__
Specific Gravity t______ _
Poonde pcflTSl. n~ '>j~ «C

Coefficient o( Expainon____

ReliKtivc tnde» /___ 111
tntli Red (Hrfrtrt>rw/

Ultra Violet Spectrum fR*£«renc«/______ _______
ViS-esity_  ____ j____________________
y.iss.®ii*y..?_____________ ______________
SMfto.IfilSJfift__________________________ _
Soimililr In Wig___
Selubilitv'in « _________________________
Sillily In_____________________________
^J^.'L.Xtrnp... tQf.f LI5.5

Flash Point ftF (UahodJ________
Fire PoIjlIc_____________________

HflUU^ujUSP_________
HeJ. oJ Fetmfw__________._____
Thermit.  ̂Jbili tjf M.At/OMDrL

Ufflt H^qI Etsign_____ __
i»„

Specific Heat '' 
Ciitical Tetnoentpft

CiilMAmii______ _
Oittocution Casial

_ L.
£5

Tonicity (Pit* kilrtinct)

™T-TffTT
7/5/3 7

»T«WCTU*Al. ro«MUk <

-■ i

7,
i •1

SSO

Cl

Total Cl3 53. 5 - 547b%

iJM.-iSuiI

12

0. 000957gC~ "

None
Nont_

4---------

Sehw3_rtIZ U. S, J? u ^
\r~» h icj tr- i tn.i i“Industrial Poisons, Vol.il, -463-364 l»4i

L
_S2U.rS££JL£AIt________

__Spaes.. JL2.? 21-54.

-■Sous.. 12-

ir

____ 4

TRAN 009266

NOTf i Tkttt dal* tKauld Ml i< rWiuif flans BeSpaajf. Ml 2(Jfi/il({o?»><»«ll l/ n« rt« «um

WATER PCB-SDOOOO019495



CD- PHYSICAL CONSTANTS DATA
__________ AROCLOR 1162 (Technical)

WwrnnTrrr:—________

NAME
Fwwula........................ Q ) 9H.CI.
Haleculai Weight__________ J _
Appearance______________________ _
Mini Point * 760 tnm_____________

foil* Al-m______ ______
Jffl.

Boiling Point a mm _ 
Ciystillitini Point___________
UelUQt.Punl_______
Solution Point________
Specific Gfivitv f9Q/i5_5.
Specitic Gravity 4_________________
Pounds pei Gal. 4 °C_____ ^
Coefficient of Expansion _
Roll active indexy _L__________
Inlii Red Spectrum (Reft
Ullii Violet Spednnn/Rf/vtiif*;____________
¥&o*j5l€__________________________
VUEtEty........ ....... ... ---------- !
Mm Imiiefl_______________________
Solubility in W4jr_________________________
MMikm__________________________
Solubility in_____________________________
SsUOr.. .Xante ,C Q£lL 18£-12QEq_

Plash Point °P (Ueth&dj____________
Hie Point ?cT____________________
Hjaiil.Ca'ijbyiiiO!'..........................
Heat el Feimaien____________

le.*L.Afc>intL.___________
iliepi H«t ef.Fuuw. ______________
kiuoi Him. ?J .to-....
feOiilifJUl_______________
CjHiHL!SB*«iSif!*_____ ,_____
CaluiLEaum____________
Dissociation Cmalat

i#

fl
S|

o
Toiicity (Giv* Rtftirntt)

TTfT-J^T
„..2£1L1L

Cl.

Total CI3 61.5 -62.5%

JL_5ZL-_L_&JiJIT0
jix_izinr:

9.___ L-Spaa .lil USA. .

’LumHc.JZTl

Nnnp
{-Non®—

S^hWjLTlz^ U. S- Pub-Jjj&altlJ5ej^i£g_ Hull » 229__ LiLJtl

-iffiitact A-CLAta. . _

TRAN 009267

NOTE: fAtst rfeie thouli mt

I ’’liidusirial-Pj&i^^
»« rtltmi amtftf »/£»AtMto cXa&icoTcompany! iht •Jfitionat t

IvgnLs bY.frLi^—
inn if Mm '**>>.

WATER PCB-SD0000019496
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PHYSICAL CONSTANTS DATA
TUffrlW

ARfrCLOR i 2-42

-1 /

?o
^UCTUsIl. rOUMWi a“

TftBPItrB Wf

NAME
F oi mu I a __ ____________
htolecelat frri|ht_____
ftcpcii*ace ....................
|&ihn| P^int & 760j»m__ Ra r. g v_________
Boiling il -L M____1._______
BsLuiiS faint ,M....„8B ______________ ..
Boiling Pom) il____m
Crvshlli/ing Point____  . ____________
UeJliui Point. _ .___________ ________*. .
iPlrf'.ofl.Peinj____ __________
^PfL'iic Gmiiyj . ..Q.i_______
Specific Oiavtfjf - S/ i *>. S C,
Pounds* jjei Gil. «■_ ________
CnelOcieni ol Eapinsion Ji -1>5 C.
RfliKlivo Index » ib C., . ft i_______
Infu Red Speelium iRtjtimir/____________ ___
Uiti*.Vioiet Spectrum___________
yl»cpsity « . 4 1.0. .fl*. 
Viscesily • i.OAT * ____ ________
Surface Tension.. .Qy: fJ/ crn J„|0 X 
SoJtfjilj.tj in Mer
Selufiiityjn.. \A A.- Le'jei. ,(a_2.2_'.C
SoJubiHty in Pyrdire___(5 30 ’C.

mr-------
r
v.i

Cl 7. H? CJj_______
»2S? .avi________________
Color iegs Mc-K > Q:\ 
•?25 - 1*0 C. .

__l£iZ55_£L__ I__ VZ

c r ynt a 11 e_ .

_____
l J81 - I , '3..'

„XL^OQ^L .wcyxc/lCL_____

. JJ.-.T5. .SMS..... 

.Wr.9i.sv.s.-..: 
-£i-.3__________
W. at ' _Jb,.o

.1-ULnJAQL.ss... ______ _
i1LJL£^LLQ£.„£s___________

Flash Point c ■ o. c ,
c . o.cFile Pqint__C________

Heal ol Combustion___ ■.......... .....
Heat ol Formation
TlfOMl S^jjbiiily |e*LAfc’.'!ni*jL.
C*fint HsS e| Fjoisic..____ __
LAtni Hk&d 1jb,_™±L*HU.
SfieiljtHe.iL A5 C. 
Cijticil Temperature

OitsMiation Cotarik
Soer t:c Heat (5 JOQ’C.

Po •• r Pc; r •
T'pnna Crt'.ducMvjt

cm/ 'Cltee.
£*LL

D <e er r:c Cor§is< 100-C.

u
s&S0
©

^0 ey^.

ToaiCtlr ft* it Rtftttntt)

■~t------

180 C
N.■None

0_ZV-

-H C. f.r lovuer

24.0 28 fc~

JLi

Contact Medea D^k-

.........'
-- Ch ____ _

------------ source « DATE . _

OP 1

Sl?.t£a.lL< A 4-.il-
. . .

a
SprL.I.XaiJ.i. . 2. .1 -I - \\

..M..J3. .QP.--..

- la . i 1
. ..

r.

Cjux.uLju.cA . .. .

T P be. p .b. j.-. auL.--- ---------------

______

TRAN 009268

_____________
----------1

NOTE: Jhtse Jala ikattJti **I t« rtltattj aalliJt af Ma/uaala Ckrmital CompaMy. Ut* addUtoaal it«ii 1/ wm-J'*

WATER PCB-SD0000019497
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tltM ete PHYSICAL CONSTANTS DATA

..ARQCJ^OJlAMk.
I

p.f-r

^ Jl£I53*L*_________
W' U-.l^..j ..

ctwib if ' —i &m 1 -
A. M. Ellenburg 4-25-57 Cl4

NAME • soumet 1 DATE
Formula • C 12 H6 CU .
Molecular Weight ' _ 292 (A.vg* > „
Aouflirmce - Yellow Timed Mot£ Oil Monsanto Bull. OP-115/19
Boilmt Poirit i 760 mm Range 345-385°C. M
Boilim Point it 3 m " __J.fi5^1Qwr. • II
Beilins Foi|a S sra
Boilitt Point * tw *
Crysiallifine Point . Non-crystallizing If
41r>ltini Point
Solution Point fi
Specific Gravity #• 25/25'C 1.445 II
Specific Gravity t 65/15. 5WC. 1.405-1.415 Sp e e If ,lc a t j on s. 8 ■ 9,54
Pounds p«r Oil. f 25 °C 12. 04 M.B. OP- 115—-■ — •• — •
Coefficient ot Expansion 25-65°C. _CL.0Qg7fl_js/cC;wC.
Retractive Index 25uCn & f 1.6285-1.6305 Specification 9/9,54
Inin Red Spectrum (Reference) --------------- ------------- ------- --
Ultra Violet Spectrum (Reference}
Viscosity.* 130°F. 73-80 £US... . M.B. OP-115
Viscosity y .
Surface Tension Dvnes/em ®20WC. 44.2 ..J._ CoU. ILe_i,_ 7^.166. (1952
jjoiuhifitv in Wl« insoluble M.$. OP-115
Solubility in 3A Alcohol @ 25WC. 15 g. /100 ee
SoltfciUty in _ Jlyxidlne__@_2JL_CL___ 1 i 1. 4e. /100 cc If

. *
Flash Point ^K/W*w; c. o. c. ' l96wr ^ M
File Point ®C r o e. None _ ‘ M
Heat ol Combustion
Heal of Formation , .
Thsmal SS^iiity feal./la.'min,} . . ■
LApnl Rcj| of Fusion .....
Laenl He a ol Vmj. cal/ffm. ^4 . Calculated
Specific He*t @ ?5ur CL 211 . _ —M. n. CP: LLi___________ _
Critical Temoorature '
Critical Ptustrt .
Dissociation CoMtant
SpeMflP Heat © 300WC. 0.356 • IB

Poor Point 0°C. or lower II
Thermal Conductivity, cal/ 23. 6 @ 28ur. To be Dubllshed

s cm/wC/sec.
5 Dieleet rig.CoaslMl, 1 QPfCL-
I hZ ev. .

4.5-4.7 _______
o «* * a

<§» • •
© • * TRAN 009269

, ^
•

TOXIcKy (G*w Reference) CoAact Medical Dept. M.B. OP-TT5

HOTEi These tfsta the M nol he rebate* cainrf* ef Henterto Chtmitai Cempanj, Vte e*dttwnaf sheet t if •ettttvj.

WATER PCB-SD0000019498
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_____ PHYSICAL CONSTANTS DATA
'WfVrfwrr 

A ROC’LOR !?*«4

■rronrte'rr
AM. El.e-b-rg

NAME
Foimuli__m___________ ^
Kteie_cu[i2_iei|W_______
tou/tfct________
&'.'Lni.P.S>l!S i ?&•">__ Ei'.gt.‘ ' . jut
Swims Ceioi A—no.
Soiling Point 4 mm____________
”rysUlli;ing Ponil___________ ;____ _
Memos fQiqt________

• $oh4ipn P_qi]H___
Stitcilic GuviIya 2 VTTX.______ ____ 1 . *-38___ J
Specific Grevity t 6!>/ i >. *»UC. . . .. 1 i55_. _LC:
&umii per Gal, r p'■ °C _____________1?. B2
Coellicitirt o( Eipision l •’ pv^C. 
fteliective Imfe* ^ ~ -?5>n£
Inin Red SpfctlU* (Rtftrtnttt 
UlUi Violet Sped run ______ •I•
Viscosity c ____ 2AP_E_________
Viscowjy £....
SutliCLlttsion_____ ElmiS.Lsin______ 4
SSMliitt.!?. Mm_______ l ____©.
Split iUiy ip. _3A Al:o*-.ol ® 2~ C
Solubility i* P\ r .dire.@ J1_C

RijrPoiin ___o. c.
File Pioijrt.fC________ c. o e. _
•ifiiji cwtitiuw_______________
Heat ef Fwoigiqn _ ____ _______
thei.rn»i_Sl*5j lily. (c»j jAfc.'mnJ_____
LUent Hjpjtjjj. Ftaton___________
UttniK«4Pty®.____ zallgm.fcttiUcm_ *
CjiJicil Tjewfilmt.

OiimiUpp QwAM 
fkj.^JLi.e.iiUL

_P«oili_Emi____________
rnul Covductlvttv . Cal

I D.«»ler. r:c Co* lOO^CiT
pn c'.

5

Tclltrty ((jive Rtlrrriittl

w---
4 •?':> 4.*

£yfr 4. 
ST^fe

JTffUCTUft Al rOAMUk A

xizjfeja*.

JPaIp Vf Low LLL2flJA.PiL
36* 40, °C
i ftQ -?T0or

Nor crys- al. u* >1 u____ _

juiQDfif -----------
1.63?0 1.6390

J±^l.s::s. _____

^^JlZELZuJL® L0.n_D.
fn&flbfck *
IQ g.JiQ'Lcc___
n4.e.7io° cc

MUPE J.U.

"* M *■•*“““*

II

N?rf
.■Noie____

jjO

0-33*

4. If: 4.3:

iouwce. a oate__

-MctLifi.r_Q.ILLL ,OP_ u: .'IS.It
“«*— — II —

SrxjLtl-rxrar

...L.

■Spr-lJ14. ;1
l

Cfclculj 
.MB JOE

; rd_hi

To be p „bit-bed . ... ...... ...

MR -OP-11*

TRAN 009270

C o r_ia “1.JVlh“ al -MLB__QELJJLi_______

H0T E : I'Aft* 4«l« theuM net it ttitatti Mlnii of Montontc CAtauca/ Co*ifany. t'«« aifllieaai »A«tll */ •if*'"'''•

WATER PCB-SD0000019499
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PHYSICAL CONSTANTS DATA sle
ITUy eTu"5TL"Vo«2ot f~~=“ ^■ftitrfirrr**

______ahocloh l?PQ_____ _

fBOrsri.? B"6 ? --------------------—
A . M ;.~M< i-.nu ris

............................ NAME _ _

fpjmuia............. .........
t<toi«u!ai Weigh) _  ______
Awyjwse! .7 ’ 77.7T.7

Pointftpwn... s1'.

|"6»rt-----
___LJL-71l

Cl l. i6

* //

----------r— ------- r-A.---------------- 4—- --lS«a£tJ_aATe .

..7iLL.7i.v^,_ L
iliCiL'L.ril'UC.,

ans c.................
1 jI'.-UAITc... i. ____Ooiiim tajit .* i.BOL____V..... ..............

Hail mi PfiinLi . ...........^
Boilin£ P_oi.nl.A_ mm______ _______  .

zj_n£ Point _ ..........._.. _ .
McltJOi fUltt .* . .................... ......... ....

' 5oW'*i Point................ . ........ _.L
spoi'iicQnvijy. .„ _L\..£■_....... [..J .. ...... „
touts Qwiiy..*. ._.. <.o, t v *( ... J ,i .a; . \. ?*. l-.._ .................
PaunJs pel Gal. » ■< 6C ...... .................... . 1. _ ... ................
Coefficient o( E.*p.Tnsjon_ ^ >J .±0.7 C . . .. .0.AU'.i'J ~ CL. L.
Rfijictive indet .* _"f. _n_I.. '. ,y.-U.J______
InlU fled SpetUum {ktlfoptej ...... .

.-ilWIAilTLO ! I7' j. ,

I

Ulti* Violet.$j>Klium/Nf/.»T*»f*/ ..._.. .
Viscosity. • _................. 'Llf’f ____
Viscosity ..................... _ ._ ..........r
Suit ice ItniiOQ ............... ... .... .
lolobjlityjn Wjtjet ___ ______ _________
Soltf H'ty 'A ............ „.. ________ _
Jo'l.ubility.in.....................L ... ... ......

Ftuh.Point __ ZL.Js.S.i________ ,
Fite Point_®C ____ c_O..C___ _ . .
Hfit pi Qf^tuMion................ ........ ......  . .
Heat.ot FyreAjon. .. _____ .. __ __________
Theim*StAjlily (cai...Vfc'mi/i.1 . .. ............ ....
(jltn't He?t el Fusion............................
UttN Hf* 9J V.JP............................. .......
totl't. HcUa.......... _ d ______
C.ijjicil T*npei«tur.t____ .__________ ______
Cntic'il Pleasure
Dinociition totMrt ...___

Li-xmcPobi.

§!.lLLi:i^i:.:LLc-Cu?t«:4r>., ltfO £.
oi______________________ JLO.£:t

.it=
r

loncity fGite Htftrente)

S' S

. iCd’.';*

.JilB.Oli.LL-

iMaoptii'.

.1 I

No <•
‘>:r7.7."

•id .

ii. AOi

AJL-lLJi.

C oV 4 st Mc-j . Dt P1..

...CAiifiyJ.j.'y.ii 
... MJ{ OP.' 11 ’?

TRAN 009271

____ 777. J7 7
"MR OP 11 5

NOTE: rin r fl'filo lAoWtf asi ii rtltottd Mlid< of Moitioiuo CKomteol Company. Vie addiimaol tirili if aerei' in 
. • • «

WATER PCB-SD0000019500



''PCM Ji$ '

a.... PHYSICAL CONSTANTS DATA
Sy.$79,

y su

sg
s s
o?

A ROC LOP 1260 . 10% Toluol Mix

rttwrtnrir

t\ vr Fllf.nhi
NAME

l££*

Fo.MWlJ_____________ ___ ;
Moltculu ieifhl___:______
Appearance___________ ___

ffiiJULZSSL M.__

Botlina Point 4__m__
ftoilint Point t__ mm _
Cfyililliliftt Point_
toliinf Paml .
Salt*ton Point_____ _____
toeciliC-grivitY i___AQjl
Soecitic Gravity *>__ _
rounds pei Gil. « 95 ~sr
Coellicient ol Expansion •
fteliaetive Index /________" n i
fnfff Red Spectrum (Htitrtntr)
01.1, Violt* __________ _
iucosiiyi_____ :.._10Q°EL___________ —
5Q«otily i_________219^E_____________ %

• krisa I mum_____________ 1
SolitilitY in Wier
Solubility ift_____________________ _
Sol^Htity inl_.

L5IL2xa.(232 JSU£j_.,
I3.B.5USi____

Flaah’Polnt 6F /u*w/_Ta g open.CJ*lL
Fir«_fojrtlF________^ 71 ^
Ksmi.CMtoiiliM_______
Heat ol FormMion
Tt^rm^_^!lltjf.("eSJA&i'5)nfL__ '.1
U(.«nt Hjul oi.fjBtSfi.•-------------------------------

iC.-------------------- ---------------
Specific Heat, 
Cfllical TwefKwi:___________ J----------.----------
Critical Pjmmii
DjgmirtwJjMM..

ToilClty (C*vt Ar/rrrncr/

"BXf a.............

7/3/57

Mixture by Weight

90% - Aroclor 1260 
10% - Toluol

1^I5xL.4«5.

12_jL

105

SOWCE & PATE

Specs.,. AJ HxaS-

.1 .

WOK-Laki.B*ai.

WGK Lab 12 / 5~4«~

TRAN 009272

HOT E ! Tktto data ikould Ml ko rot oat id Mln*i of Monoomo Ckomitol Company. Uta additional tkoott i / **«•**“'?>

WATER PCB-SD0000019501
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PHYSICAL CONSTANTS DATA
iSttyHAL fOUMkTuk9

s^nr,

•^SSc

twmtmr------ --------—~—1—"—"—“——■■5xn—----------------- \_
A M. L’tlenbjrer 7/3/57 ’

\____*
VCT?

NAME sounet edate

Formula ' Ci'iHojCln ■' 0
Molecular Weiiht ’ 3 95 .. ^ •
AAQfetrjmrt Liffht veil, sticky Resin .Monsamto-Bijiletin OP-115
Bftllmt_Peii* J 7W mm _ 390-425°C " (195
BwliifiTflte JL° *__
Initial Point M M , '
Boiliv Point A mm
Crvstatkeine Point , 1
Ueltins Point

'Solution Point _
Specific Gfivitv i. J?071 5 5°C . 1-577-1.587 ~ Soecs. 4/11/55
Specific Gnvihr* 25/25°C '1.646 • Mn op.iis
Pounds per Cat. * ?s °C ra. 72
Coeflicient of Expansion 25.66°r 0. 0006 4 ec7ee7_wC II “ —
Reflective Index s 2n 2 » ‘ ■ 1.648-1.650 . "
tnfie Red Spectrum (Rtft"nct)
Ultn Violet Spectrum (Rtf"met) »
Viscosity o S,lQ°JF\ 86-100 SUS ‘ Specs. 4/11/55
Viscosity *
Surf set Tension . f
Solubility In Via
Solubility in .
Solubility in . *

A
Flesh Point °F tun)**)) None -MB OP-115
Fin Point °C -None______ I______________ II
Hyt of Condition
Hei of Feriiien
Thermil ability ilrt,/kLMn.l .
Litnt Hiat of Fusion
Lient Hut of Vsp.
Specific Heat \
Crltiui Tempiriuri
Critics) Pres sure . *»
Oiiueitrian Canal Ml • ' a
Pocr Pbint •

n
s # . ..
o f •
M ■ __  TRAN 009273
5 *

TOXiClty (Ci\/t Rtftrmet) JMB_QEjdLL5_____ ______ ___
0

ConiJLCt MeiL Degt.
1 " ™" 1 “

NOTE I Thttt rf*r« tketdd Ml Ii r$Umed emlaido *f ViiumW Cktmital t/e® aikniaM/ i*t*n if Mtttmry.

WATER PCB-SD0000019502



Dept. 246 - Process Description X>.
AROCLOR 

APPENDIX D

UTILITIES

Tne utility calculations are based on design calculations for a 28.8 
million pounds per year productlon rate.

The breakdown of utility usage by Individual equipment Is only on 
estimate. The estimates of utility usage are average values in 
most instances as it Is difficult to measure the operating time 
and load for a particular piece of equipment with great accuracy.

The total usage of each utility was taken from the cost sheets.
' Estimates of individual operating time and percentage of the total 

load were made to calculate the distribution of utilities as given 
in the following pages of this section.

COMPANY
CONFIDENTIAL

TRAN 009274
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Dept. 246 • Process Description 

AROCLOR

APPENDIX D UTILITIES (Cont'd. )

I. Power Consumption

A. Electricity - 440 V., 3 phaise, 60 cycle

Item Equipment Motor
Peak
Load

Monthly
Usage

No. Motor HP KW KWH

101 Biphenyl transfer 3.00 2.6 8o

103
pump

Biphenyl head tank .75 0.7 240

104
pump

Biphenyl feed pump 7.50 6.6 1980

121 #5 Chlorlnator pump 10.00 8.8 3040

122 #4 Chlorlnator pump 10.00 8.8 3040

123 0 Chlorlnator pump 10.00 8.8 3040

124 0 Chlorlnator pump 10.00 8.8 3040

125 0 Chlorlnator pump 10.00 8.8 3040

127 #2 Blow tank pump 5.00 4.4 200

129 #1 Blow tank pump 5.00 4.4 1580

132 #1 Still pump 5.00 4.4 1580

135 #2 Still pump 7.50 6.6 2340

i4o 0 Receiver pump 2.00 1.7 20

141 #2 Receiver pump 2.00 1.7 20

144 Blend tank pump 3.00 2.6 200

149 0 Storage transfer 3.00 2.6 160

151
pump

#4 Storage transfer 3.00 2.6 240

155
pump

0 Storage transfer 3.oo 2.6 200

155
pump

0 Storage transfer 3.00 2.6 80

157
pump

#{ Storage transfer 3.00 2.6 80

170
pump

0 City water pump 7.50 6.6 2340

171 #2 City water pump 7.50 6.6 0

l8o Exhaust blower 15.00 13.0 0

Miscellaneous 0.9 >«.o
Totals iy^7TS TT157B SU7BCU

WATER PCB-SD0000019504
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pcpt. 246 - Process Description 52.

AROCLOR

APPENDIX D UTILITIES (Cont'd.)

1. Power Consumption (Cont'd.)

■ B. Electricity - 110 V. , one phase, 60 cycle
Peak Load Monthly Usage

Equipment KW KWH

Lighting 15 5600

Instrumentation 2 1440

Miscellaneous 5 ,2150
Totals 20 7T5iT

Natural Gas

Item Using
No. Equipment

Normal Use 
SCFH

Peak Use 
SCFH

Monthly
Usage

MSCF

151 #1 Furnace 1200 2400 450

152 #2 Furnace 1200 2400 450
Totals 2400 TSUIT" 880

Compressed (plant) Air

Item
No.

Using
Equipment

Normal Use
SCFM

Peak Use
SCFM

Monthly
Usage

MSCF

127 #2 Blow tank 60 200 2590

148 #5 Storage tank 60 200 90

150 #4 Storage tank 60 200 90

152 #5 Storage tank 60 200 90

151* #8 Storage tank 60 200 90

156 #7 Storage tank 60 200 . 90

Miscellaneous 10 200 550
Totals 570 XTOT" JTCTP

TRAN 009276

WATER PCB-SD0000019505
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Dept. 2*i6 - Process Description 33.

AROCLOR

APPENDIX D UTILITIES (Cont'd.)
... . ........ ..... .

• • Nitrogen
Monthly

Item Using Normal Use Peak Use Uoagc
No. Equipment SCFH SCFH SCF

1*12 . ffl Blend Tank 3 it 21*10
1*5 ft Blend Tank 5 it 21*10
146 ffl Product Tank 5 4 21*10
147 #2 Product Tank 5 4 21*10
1^0 #3 Storage Tank 3 4 21*10
150 ff4 Storage Tank 3 4 21*10
152 #5 Storage Tank 3 4 21*10

Totals 7T~ 28” 14,yoO

5. Purchased Water ’
Monthly

Item Using Normal Use Peak Use Usage
No. Equipment 0PM 0 PM M. Gal.

130 #1 Still 3 5 150
131 #2 Still 3 5 150
203 #1 Vacuum Jet 20 20 8?0
20*1 $2 Vacuum Jet 18 20 770
205 #3 Vacuum Jet 15 20 650
206 S-K Drowning Jet 25 30 120

Miscellaneous 2 10 100
Totals “86“ T10 ?8T0“

High pressure Steam
200"'PSlt at '5BB°F.

Monthly
Item Using Normal Use Peak use Usage

No. Equipment Lb./hr. Lb./hr. M. Lb

167 ffl Blow Tank 210 310 150
203 ffl Vacuum Jet *150 670 320
20*1 jf2 Vacuum Jet 400 615 290
205 jf2 Vacuum Jet 325 500 240

Totals 1383” 5075“ TOUO”
Low :Pressure Steam
“ 80 PSIO 1025*7.

Monthly
Item Using Normal Use Peak Use Usage

No. Equipment Lb ./hr. Lb./hr.. M. Lb

102 Blpnenyl Storage 700 900 500
Tank

138 ffl Receiver Tank TOO 900 500
139 ft Receiver Tank 700 • 900 500
1*12 ffl Blend Tank 200 300 150
1**3 ft Blend Tank 200 300 150
1*16 ffl Finished Prodict200 300 150

Tank
Totals 2T0U j>UUU 1358

TRAN 009277

WATER PCB-SD0000019506



Dept. 2^6 - process Description

AROCLOR

APPENDIX D UTILITIES (Cont'd.)

7. Low Pressure Steam (Cont'd.■)

Item 
No.

Using
Equipment

Normal Use 
Lb./hr.

Pea* Use 
Lb./hr.

Month!
Usage

m. ;

1^7 #2 Finished 
Product Tank

200 500 150

148 #5 Storage Tank 700 900 500

150 #4 Storage Tank 700 900 500

152 #5 Storage Tank 700 900 500

154 $8 Storage Tank 700 900 500

156 #7 Storage Tank 700 900 500

Miscellaneous 1400 2800 1000
Totals TBUU“ 10,500 5b00

COMPANY
CONFIDENTIAL
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Dept. 2^6 - process Description

AROCLOR

APPENDIX E PERSONNEL

Departments 2^6, a-2^6, B-2^6 and C-2^6 are closely related. 
Operating personnel may work in all of the departments •
in a given day. For this reason, the description of operating 
classifications and assignments for departments 2^6, a-2^6, B-246 
and c-2^6 is given as though all four of the departments are Just 
one department.

Operating Classifications ' •

- Job ■ .Number of Men
7 day/weck Sohedule 1 10 & ^ Schedule

Premium Operator 5
Standard Operator 2
Repairman 1 1
Packer 2 2
Porter t * •
Swingman ' 1 0

Total 12* 9*

The swingman works two shifts per week (Saturday and Sunday) as a relief 
foreman, two shifts as a repairman, and one shift operating the premium 
job. There is an open shift on t.ie standard operator Job that is covered 
by overtime. The premium operator and standard operator cover three 
shifts each day. The repairman works the day shift, and with the swingman, 
there is 7 days per week repairman coverage. Packers work the day and 
middle shift 5 days per week. The porter works half time in department 
2^6 and half time in department 2^2. The premium operator has lead 
responsibility for his shift.

The work force works all three departments Aroclor, Pyranol and Pydraul 
as one coordinated operation. The assignment of time is 70% to Aroclors, 
\y% to Pyranol and 15# to Pydraul.

Operating Assignments;

Premium Operator: Has overall responsibility and operates 5 chlorinators
2 stills and covers the necessary absences of the standard operator.

Standard Operator: Operates.2 blend tanks filter, 2 finished product
tanks, storage tanks, makes pyranol and pydraul mixes, loads trailer, 
and tank cars, charges chlorinators and transfers receivers and also 
belongs to the Fire Brigade. .

Repairman; Unloads cars and trailers of Biphenyl, Trichlorobenzene and 
Tetra-Trlchlorobenzene and finished product, makes weekly safety inspections 
and department minor repair work.

COMPANY TraN 009279

CONFIDENTIAL

WATER PCB-SD0000019508



Dept. 2^6 - Process Description

AHOCLOR

APPENDIX E PERSONNEL (Cont'd.)

Packer: Fills, stencils and labels 5 gallon, JO and 55 gallon drums and
clean-up assignments when not drumming.

Porter; Cleans office, control room, repair room, wash room and smoking 
shelter.

Swlngman? Works one day per week as premium operator, two days as repalr- 
man and two days as relief foreman, as relief foreman takes overall 
supervision and day shift on weekends Including arranging for maintenance, 
night sheets and line-up of work.

WATER PCB-SD0000019509



Dept. 246 - Process Description

AROCLOR

APPENDIX F PACKAGING Sc SHIPPING

Aroclor, Pyranol & Pydraul are filled about half in drums and half 
In tank cars or tank trucks.

A substantial amount (about 40#) of Aroclor is used to make Pyranol 
and Pydraul.

Sales are largely directly to the customer. The remainder is in 
bulk shipments to the J. F. Queeny Plant.

All electrical grade tank truck shipments are made in the customers 
trucks which are stainless steel. Non-electrical Aroclors are shipped in 
leased trucks and may be iron although other materials of construction 
are suitable Pydraul is shipped in steel tank trucks.

Electrical grade Aroclor and Pyranols are shipped in lined tank cars 
either 4,000 or 6,000 gallons in capacity. The lining is either tin, 
zinc or aluminum spray because iron contamination is detrimental to the 
electrical properties. Electrical grade cars are either owned by Monsanto 
or on a long term lease. Non-Electrical grade Aroclor is shipped in 
steel cars.

All electrical grade lots and bulk shipments of non-electrical 
material are sampled from the final container. That is all tank cars 
and tank trucks are sampled and analyzed after loading. All electrical 
grade drums are sampled from one of the drums.

Tank cars and tank trucks are inspected to be aure they are free of 
dirt and water or other foreign material before loading. Heels are drained 
before loading some materials. Car washing when necessary is done by the 
repair track. Tank cars are sealed with a numbered aluminum seal

Lacquer lined drums are used for Aroclor and Pyranol and plain 
steel drums are used for Pydrauls.

A summary of products, weights and containers current use Is as
follow8 :

Product 5 Oal.
Weights and
" r—

Containers
”55H5aTT“" TT TC

< ‘

1232 m 600# 0
>■ l—

1242 60 - 600# Yes Yes < LLi
1248 Go - 600# Yes Yes Sfe O
1234 60 - 600# Yes Yes

O U-
og

0

1254 Xylene - - 600# - -
1260 60 - 600# Yes Yes
1262 60 - 600# - -
MCS295 • - - 6*15# - -

Pyranol 1488 — 675# -
Pyranol l48l - - 675# - -

TRAN 009281
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'Dept. 2*6 - Process Description 

AROCLOR

APPENDIX F PACKAGING tc SHIPPING (Cont'd.)

Product 5 Gal.
Weights and

S'CTOal.
Containers

TT TC

Pyranol A-13B3B 65 360# 88 *000 Gal.
Inerteen PPO 65 360# - *000 Gal. &

Pydraul A-200 59 6*5# Yes
8000 Gal.

Pydraul 280 - - 625# - -

COMPANY
CONFIDENTIAL

TRAN 009282
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Dept. 2^6 - Process Description 39*
AROCLOR

APPENDIX 0 MATERIAL BALANCE

The material balance on Dept. 2^6 was made with a minimum of field 
measurements. Most of the estimates on the following page check fairly 
close with actual raw material usages that can be readily measured. The 
exact composition of some of the intermediate process streams is uncertain.

COMPANY
CONFIDENTIAL

TRAN 009283
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APPENDIX 0 SUMMARY OP MATERIAL BALANCE RESULTS

Dept. 246 - Process Description

AROCLOR

Raw Material
& Cost ($/Ib.)

Biphenyl (.0662)

Chlorine (.0217)

AROCLOR 1242

Usages -
Theory

Lbs./lOO lbs. product 
Material Balance

Material Balance 
Usages lbs/100 lbs.

58 63 58 Finished Prod.
1 Filter Cake
3.5 Still Bottans 

.5 Off-Gas HCl
UJ70

84 91.8 42 Finished Prta.
1.5 Filter Cake 

.05 Vacuum Jet 
2.8 Still Bottoms 

.95 Air-HCl Mix­
ture

44.50 Off-Oas HCl
vnm

♦Ferric Chloride (.129) 0.03 .0}
♦Attapulgus Earth(.0302) 15 .15
♦Air (.00055) • 3 3
♦Lime (.0100) 0.5 0.5

.03

.15
3.0
0.5

BJphenyl (.0662)

Chlorine (.0217)

52

96

AROCLOR 1248

56.5

103.2

52 Finish Product 
1 Filter Cake 
3 Still Bottoms

Off-Gas HC1

48 Finished Prod. 
1.5 Filter Cake 

.05 Vacuum Jet 
2.55 Still Bottom 

.95 Air-HCl Mix­
ture

50.15 Off-Oaa HCl
Tuyrsu

♦These raw materials are the same for production of all Aroelors.

COMPANY
CONFIDENTIAL TRAN 009285
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APPENDIX 0 SUMMARY OF MATERIAL BALANCE RESULTS (Cont'd .)

Dept. 246 - Process Description

AROCLOR

AROCLOR 1354

Raw Material
k Cost ($/Ib.) '

Biphenyl (.0662)

Chlorine (.0217) 108 .117-5

Usages - Lbs./lOO lbs. product 
Theory Material Balance

46 49.8

Material Balance 
Usages Lba,/lOQ lbs.

46 Finished Product
0.5 FI Iter Cake
2.8 Still Bottoms 
0.5 Off-Oas HC1

54 Finished product
1 Filter Cake
O. 05 Vacuum Jet
6.8 Still Bottoms
P. 95 Alr-HCl Mixture 

54.7 Off-Gas HC1TTr5U

AROCLOR 1260

Biphenyl (.0662) 4o 4J.4

Chlorine (.0217) 120 128.8

4o Finished Product 
0.9 Filter Cake
2.0 Still Bottoms 

Off-Oas HCl

60 Finished Product 
0.5 Fi Iter Cake 
0.05 Vacuum jet 
4.8 still Bottoms 
O.95 Alr-HCl Mixture 

62.50 Off-Gas HCl 
T2B78U

COMPANY
CONFIDENTIAL

TRAM 009286
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Dept. 2^6 - proceEE Description

AROCLOR
*2.

APPENDIX H ATMOSPHERIC PISCHAROE - WASTE DISPOSAL

Lbs. per C Lbs.
Discharge to Atmosphere of Aroclor Produced

2. HCl fume a from blow tanks O.Ol

2. HCl fumes from other tanks
vented to atmosphere 0.01

5. Chlorine gas from chlorlnator
vented to blow tank Upknnvn

4. Aroclor lc Biphenyl vapors
of tanks vented to atmosphere Unknown

Discharge to Sewers

3 . HCl from chlorlnators 2.5*

2. Cle from chlorlnators 2.0*

Discharge to Waste Disposal

1. Montar O.0176*

2. Aroclor 0.55*

Total Lbs./Yr. based 
on Prod. Rate 28.6Hltgfr

•2,000.

2,000

illnknpwn

• Unknown

500,000*

50,000*

5,000*

95,000*

♦Estimated

COMPANY
CONFIDENTIAL

TRAN 009287
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Dept 246 - process Description 43.

AROCLOR

APPENDIX I

Sampling
Point

Chlorinatore

Blend Tanks

Frequency

2-3 times 
per batch

J times 
each day

PROCESS CONTROL

Reason for 
Sample

Specific Gravity

♦♦♦♦Normal 
• Range

.011

Color (APHA) _
Sp.Qr. at 25/15-5 C. 
Acidity (mg. KOH/g.) 

♦Moisture (H*0) (PPM) 
♦Refractive Index at 

25°C.
♦Inorganic (free)Chlorides

♦Dielectric Constant 
♦Resistivity (500 VDC at 

100°C. Q
0.1" OAP as ohm-cm X 10“ 

♦Hydrolysis Stability 
Test (as Chlorides)

50-150 Max.
.011
.014 Max. 

55 PPM Max.

.0020 

.05PPM 
Max.

.20

500,Min.

1.0 PPM 
Max. 

0.5 PPM

Method 
Numbef

10,084
10,114
10,087
10,620

10,125

T-20Q2
ll,6o8

11,607

T-2087

(As Chlorides) Max. 11,503
♦♦Sulfates None 12,169
♦♦Dielectric Strength at

25°C. 55 KV Min. 11,605
♦♦Viscosity at 100°F.(SuS) 10 10,086

♦♦♦Thermal Chemical Chlorid­ 0.75 PPM
es Max. 12,722

Storage Tank Every 1-2 Same as blend tanks
Composite days

Tank Cars & Every Load Same as blend tanks
Trailers

♦Tests made on electrical grade Aroclora only.
♦♦Tests made on request only.

♦♦♦Special customer test.
♦♦♦♦Maximum range for all Aroelors including electrical and non-electrical

grades.

COMPANY
CONFIDENTIAL TRAN 009288
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AROCLOR

APPENDIX J SAFETY tc TOXICITY DATA

Dept. 2*16 - Process Description

Safety Equipment

The following is a list of safety equipment (personal and departmental) 
required in department 2*<6.

1. Fire extinguishers: .

A. Dry Chemical [}) - Southwest corner Bldg. CR - Main Floor.

- - West wall at top of stairs of Second Floor.

B. Carbon Dioxide Snow - Southwest corner of Bldg. CR, ground level.

2. Chlorine Oas Masks (*1) - Southwest corner, second floor

- Control room, seoond floor

- East side, outside control room

- Wall, Southwest comer of sprinkler house, 
main floor.

3. Scott Air Masks - West of Lean-To

*1. Safety Showers (2) - Southeast corner of Bldg. CR, ground level.

- Southeast corner of Bldg. CR, 2nd Floor.

5. Davis Vapotester

6. Eye Baths

7. sprinkler system 

Safety Precautions

The folliwing are safety precautions followed in the operation of .
department 256.

1. Safety Equipment of Employee
Each employee" has the following safety equipment: (1) Hard hat 
(2) Safety glasses (5) Goggles (*J) Rubber and canvas gloves 
(5) Rubber overshoes. Special equipment may be issued as 
necessary for performing a particular Job in a safe manner.

COMPANY
CONFIDENTIAL
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Dept. g*l6 - Process Description *5.

AROCLOR

APPENDIX J SAFETY fc TOXICITY DATA (Cont'd.)

Safety Precautions (Cont1d. )

2. Sampling of Crude Aroclor
The samples of Aroclor taken during the chlorination reaction are 
hot (170°C.). Precaution must be taken to avoid akin contact of 
samples and Inhalation of Hydrogen Chloride, Chlorine and Aroclor 
vapors.

5. FI res
Fires may result from the Ignition of leaking gas, Xylene, Diphenyl, 

__ rags, paper, wood, etc. Automatic fire extinguishers and sprinklers 
have been Installed to combat fires.

4. Explosions
' Explosions may be caused from accumulated pockets of natural gas 

or a rapid burning of Diphenyl In a closed container such as a 
Chlorlnator. Chlerlnators are equipped with a 10" diameter 
pressure relief line with a rupture disc made to burst at 22 psl 
In ease Diphenyl within the Chlorlnator Ignites.

5. Toxicity
Toxicity does not present a serious problem. However, a complete 
dally change of clean clothes Is supplied to each person and time 
Is allotted at the end of each shift to take a bath. Instructions 
are also Issued to avoid actual skin contact with Biphenyl and 
Aroclor as much as possible and to wash hands and face before 
eating.

6. Miscellaneous
There are many accidents that can occur that may be classified as 
health and safety hazards. These accidents may result from such 
things as broken process lines, acid leaks, steam leaks, etc.

The worst inherent hazards are as follows:

. 1. Free Chlorine from ruptured line or major leak.
2. HC1 Gas from ruptured line or major leak.
J>. Dropping bottoms from stills.
4. Hot Aroclor & Diphenyl.

Safety Record

The last lost-time Injury In Dept. 2H6 was January 28, 19^8. The 
frequency of minor Injuries is low, around one per month.

Toxicity: This material is a liquid under normal conditions and has a
medium toxicity range for liquid Ingestion and high toxicity for vapor 
Inhalation. The maximum allowable concentration (M.A.C.) is 1 mg/cubic 
meter.

Fire Hazard: There Is no fire hazard under normal conditions. ' Aroclor
mixes (Xylene, Toluene, Butyl Acetate, etc.) may burn and explose at high 
temperatures when exposed to flames.

" COMPANY
CONFIDENTIAL TRAN 009290
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Dept. 246 - Process Description 46.

AROCLOR

APfENDIX J SAFETY & TOXICITY DATA (Cont'd.)

Other Hazards: This material can cause dermatitis, systemic poisoning
Prom the fumes, and yellow atrophy of the liver. There are skin, mucous 
membraneb and eye hazards encountered in handling this material.

Treatment and Antidotes; Call a physician and remove patient from fumes.

Storage and Handling: Protect the skin, lungs, and eyes by wearing
approved protective clothing, respirator, and goggles. People who handle 
this material at elevated temperatures should have medical supervision, 
and the air should be sampled to insure compliance with M.A.C. There are 
no special storage restrictions under normal conditions except store in a 
ventilated area. ' -

Shippingt There are no special shipping restrictions.

FERRIC CHLORIDE (FeCl3)

Toxicity: This material is a solid under normal conditions and is non-
toxlc or has a rating as low.

Fire Hazard: There is no fire hazard under normal conditions, but it
will emit toxic fumes at high temperatures.

Other Hazards: Some people are allergic to this material and may develop
skin rash, and there is an eye hazard.

Treatment and Antidotes: Cal1 a physician .

Storage and Handling: protect the s.iin with approved protective clothing,
avoid the breathing of FeCls dust, wear approved respirator with adequate 
cartridge, and protect the cyco wlt»i approved goggles. There are no 
storage regulations.

Shipping; There are no shipping restrictions.

DIPHENYL (C6HSC6HC,)

Toxicity: This material is a solid at normal conditions and is medium
toxic. The M.A.C. of vapor is 2 mg/cubic meter of air. If Ingested, 
the lethal uouc is 2.4 g/Kg of body weight. The fumes are not dangerously 
deadly, bufr-they are poisonous over a prolonged time.

Fire Hazard: Diphenyl is very flammable and will burn when exposed to 
heat or flame or oxidizing materials.

Other Hazards: 
the eyes.

Diphenyl Is not too corrosive to skin, but it will affect

' COMPANY ‘ 
CONFIDENTIAL TRAN 009291
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Dept. 2*16 - Process Description ^7.

AROCLOR

APPENDIX J SAFETY & TOXICITY DATA (Cont'd . )

DIPHENYL (C6H5C6H5) (Cont'd. )

Treatment and Antluotes: Wash eyes with water and get the patient to
Fresh air" Try-to“;ctpatient to vomit, and call a physician.

Storage and Handling; This material can be stored In steel containers 
away from lire hazards and oxidizing agents. Wear suitable clothes and 
approved goggles when handling diphenyl.

Shipping: Ship In cars or other suitable containers with a red warning 
label or flammability.

XYLENE (C6Hu(CH3)*

Toxicity: This material Is a liquid under normal conditions arid Is very 
toxic in liquid or gaseous form, but it Is less toxic than toluene. The 
M.A.C. Is 200 ppm.

Fire Hazard: This material Is very flammable and tne limiting explosive
concentration is 1-5>J# by volume in air. it will also react with 
oxidlzing agents .

Other Hazards: This material will cause necrosis if enough is Inhaled,
and I6 hazardous to eyes, mucous membranes, and the skin.

Treatment and Antidotes: Oet patient to fresh air, and call a physician.
If injested, get patient to vomit. Wash eyes and skin with water.

Storage and Handling: This material should be stored In a cool well-
ventilated area away from fire hazards or strong oxidizing agents. The 
material for storage can be steel cars or tanks. Wear approved 
protective clothing, respirator, and goggles.

Shipping; Ship in containers of steel or appropriate material with a 
red label.

TRICHLOROBENZENE;

Toxicity: This material is a solid at room temperature and the vapors
are quj te toxic. The solid is poison if ingested. The M.A.C. is 50 ppm.

Fire Hazard: This solid is flammable but is listed only as a moderate
fire hazard. Will burn at M20°C. or above.

Other Hazards; This material will affect the liver, eyes, and mucous 
membranes. “

Treatment and Antidotes; Wash eyes with water, and get patient to fresh 
_T_- (jan a physician. •
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48.Dept. 246 - Process Description 

AROCLOR

APPENDIX J SAFETY tc TOXICITY DATA (Cont'd. )

TRICHLOROBENZENE (Cont'd, )

Storage and Hand ling; Store this material in cool, well-ventilated 
area uway from hazards anu oxidizing agents. Wear protective clothing, 
chemical safe goggles and approved respirator.

Shipping; Ship in steel containers like cars on tanks with red label.

TETRA-TRI-CHLOROBENZENE

Toxicity: This material is a solid at normal temperatures and is medium
toxic. The M.A.C. of vapor is 50-75 ppm.

Fire Hazard; This material is not a very great fire hazard, but it will 
burn at high temperatures and will decompose and emit chlorine.

Other Hazards; This material will affect the eyes, akin, and mucous 
membranes.

Treatment and Handling: Wash eyes and skin with water and get patient
to fresh air. Call a physician. '

Storage and Handling: Store this material in a cool place away from fire 
hazards and strong oxidizing agents. This material can be stored in steel 
cars, tanks, or etc. Wear protective clothing, approved respirator, and 
chemical safe goggles when handling this material.

Shipping; Ship this material in containers marked with a red label.

LIME Ca(0H)a

Toxicity; Lime Is not dangerously toxic, and it is regarded as more of 
a nuisance. This material Is a solid or slurry.

Fire Hazard; This material is not flammable.

Other Hazards: Lime is very hazardous to the eyes. It will burn the skin
also, and thedust will affect the mucous membranes.

Treatment and Antidotes: Flood eyes and skin with large quantities of
water. If lime is Ingested, get patient to vomit and call physician.

Storage and Handling; Lime can be stored In steel containers, and people 
should wear protective clothing, respirators, and rubber or chemical safe 
goggles when handling lime.

Shipping: There are no special restrictions for shipping, but the
containers should have a white label, a caustic warning.
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Dept. 246 - Process Description *9.
AROCLOR

APPENDIX J SAFETY tc TOXICITY DATA (Cont'd.)

ATTAPULGUS EARTH: .

Toxicity; Tills earth ia not toxic In general.

Fire Hazard; There la no fire hazard.

Other Hazards; Attapulgua earth can create a duat hazard similar to 
other dusts that contain silica.

Treatment and Antidotes: Consult a physician.

Storage and Handling: Attapulsug earth presents no special storage
problem and Bhould be handled by persons wearing an approved respirator.

Shipping; There are no special restrictions on shipping.

HYDROGEN CHLORIDE (HC1)

Toxicity: This material is a gas under normal conditions and is very
toxic. The M.A.G. is 5-10 ppm and a concentration of 1500-2000 ppm would 
be fatal to humans in a few minutes.

Fire Hazard: There is no fire hazard under normal conditions, but wet 
gas reactswith some metals to form hazardous hydrogen.

Other Hazards: This material is hazardous to teeth, skin, eyes, and 
mucous memoranes.

Treatment and Antidotes; Wash profusely with water, if invested, eat chalk, 
magnesium hydroxide, egg whites, and milk, and also administer oxygen.
Call a physician.

Storage and Handling: This material should be stored in a cool, well
ventilated area away from oxidizing agents. This material can be stored 
in rubber lined, glass, or tantalum vessels. People handling this 
material should wear suitable clothing like rubber aprons, shoes, and 
gloves. Also rubber goggles or chemical safe grades and approved pack 
or canister gas masks.

Shippings Shipping containers must have a white warning label and a 
non-flammable label. Ship in appropriate containers such as rail car 
or carboy. •

CHLORINE (Cl.)

Toxicity: This material is a gas under normal conditions and is very
toxic. The M.A.C. 18 .55 to 2 ppm. A concentration of 1000 ppm would 
be rapidly fatal. Least concentration with detectable odor is 5.5 ppm

r~ COMPANY TRAN 009294
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Dept. 2^6 . Process Description 50.

AROCLOR

APPENDIX J SAFETY k TOXICITY DATA (Cont'd,)

CHLORINE (Cl.) (Cont'd. )

Fire Hazard: There is no fire hazard under normal conditions, but there 
is an explosion hazard if ohlorine is mixed with a strong reducing agent 
such as hydrogen or hydrocarbons at high temperature.

Other Hazards: This material causes eye, skin, and mucous membrane
irritation.

Treatment and Antidotes: The patient should be given oxygen immediately
and treated for shock. Call a physician.

Storage and Handling: This material should be stored in a ventilated
and cool place away from fire hazards. When handling, wear a gas mask 
or approved respirator, clothing and rubber or chemical safe goggles.
In strong chlorine concentrations, wear canister gas masks, Scott air 
pack, or oxygen breathing apparatus.

Shipping: The shipping containers must have a green gas label and a
hon-iTammable label on. Ship In steel cars or oylinders.
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Dept. 246 
AROCLOR

51.

APPENDIX K BACK GROUND INFORMATION

The manufacture of Aroclors was developed quite by chance. The Indian 
Refining Company, dn the latter part of 1926, approached the Swann Chemical 
Company located in Anniston, Alabama, regarding the production of Biphenyl 
which the Indian Refining Company wanted to use as a heat transfer medium. 
The Swann Chemical Company agreed to produce Biphenyl, but first a process 
had to be developed.

Two years later, in 1926, a pilot plant for producing Biphenyl became 
operative. However, in the meantime, the Indian Refining Company dropped 
all interest in Biphenyl. Since a process had been developed for 
manufacturing Biphenyl, the Swann Chemical Company started looking for 
other outlets for this material <, The simplest outlet was in the form of 
Chlorinated Biphenyls which were produced in the laboratory in 1929.

The Chlorinated Biphenyls produced exhibited good electrical properties. 
This was reported to the Oeneral Electric Company who immediately became 
interested in the product which ultimately developed into large scale 
consumption in electrical transformers and capacitors.

The trade name "Aroclors" was adopted for the Chlorinated Biphenyl 
products. The properties of Aroclors vary from mobile oily liquids to 
fine white crystals and hard transparent resins. The excellent electrical 
properties, fire resistance and inertness of the Aroclors make them useful 
for many applications.

plant equipment was Installed to produce Aroclors at a rate of >000 pounds 
per day or 1 million pounds per year. In the following years, this 
production rate was insufficient to meet the increased sales requirements.

The Swann Chemical Company was purchased by the Monsanto Company in 1955* 
This purchase gave Monsanto access to the patent rights for the production
of Aroclors. -

production Capacity needed to be expanded, and since Monsanto had a 
Chlorine Plant at Plant"B" (now called the W. 0. Krummrich Plant), the 
Aroclor production was transferred from the Anniston Plant to the 
Monsanto, Illinois Plant, where operations at an increased productive 
capacity started in September, 1926.

By 19^0, the Krummrich Plant production capacity was Inadequate, and in 
19^1, a similar production unit was installed In the Anniston Plant.
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Mor»3unto Company 
Monsanto, Illinois

SAFETY REVIEW COMMITTEE

Accepted by production Original signed by*
WBJ CWR 2-19-64

ODD 2-20-64

HBF 2-10-61

January 17, 1964

Messrs: . ■ - - -

P. E. Heisler - WOK
E. E. Martin - WGK
R. W. Bucknell - Org. Res.

K. L. McHugh - Org. Res.
Process Holders

TITLE:

TENTATIVE AMENDMENT NO. "A”

Aroclor Standard Manufacturing Process of Dec 17, 19&2
811.01 - Bll 07 .

OBJECTIVE:

Increase amount of Ferric Chloride Catalyst added to the Biphenyl in 
Dept. 246, Aroclor.

PRESENT PRACTICE:

Presently 1 lb. of ferric chloride is added to the biphenyl charge tank 
to 4000 lbs. of biphenyl. It is suggested that this amount be Increased to 
2 lbs. of ferric chloride per 4000 lbs. charge of biphenyl added to the 
charge tank. It has been shown in the St. Louis Research Reports Nos.
1640 and 2072 that a minimum level of Fe Cl® catalyst is 0.0J$6 to 
produce stable Aroclors.

Aroclors manufactured at the W 0. Krumorich plant do not meet specs . 
by as comfortable a margin as Anniston's Aroclors do. If we are to 
retain our customers for electrical-grade Aroclors at W.G.K., the 
quality must be Improved. Safety will not be affected in any way.
This will be a permanent procedure change.

W. B. Johnson
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Tentative Amendment No. "A1

APPROVAL:

Original signed by;

P-. T^Heirfer^^SaiT

E. E. Martin 
E. fc. Martin - WoK"

R. f.-S.

(Cont'd.)

DATE:.

2/11/64

■■ .J/il/6*Date

■- -2/14/64
Date

2/19/64
Date -----
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DISTRIBUTION LIST:

1. H. L. Minckler/R. S. Wobue - Oen. Offices
2. R- E. Soden - WOK 
3- T. W. Dalton - WOK
4. . J. R. Kellogg - WOK

5-6. st. Louis Research
7. Vital Records Center 
0. WOK Standards Department 
9. WOK Technical Services

10. vault Copy
11. England
12. England

13»l4. Anniston - R. 0 Moody 
15-16. Extra

. May 9, 196^ '

TENTATIVE AMENDMENT NO. A

PROCESS DESCRIPTION FOR THE MANUFACTURE OF AROCLOR IN DEPT. 246
"DE^MBER'TTTTggr'^nyTir. KrUmmAiCFTLa^t, Monsanto, Illinois

SUB-TITLE: Preparation of Aroclor 1232 by the direct
chlorination process common to Aroclor 1242,
1248, 1254, 1260 and 1262.

PRESENT PROCESS: Aroclors are the reaction products formed by the
chlorination of diphenyl in the presence of iron chloride catalyst.
The crude Aroclor, produced in the chlorlnator, is air blown, distilled 
over calcium oxide treated with Attapulgus earth, filtered, and 
transferred to storage

PROPOSED CHANCE: Amend the existing manufacturing process to Include
the production of Aroclor 1232, which contains high percentages of 
dlchDorobiphenyl, to be used in the large scale preparation of MCS 177, 
a 700°-800c>F. heat transfer fluid.

Aroclor 1232 is prepared by the direct chlorination of diphenyl to 
a specific gravity of 1.232 to 1.236 at 55°/15-5°C. in the presence of 
iron chloride catalyst. The crude Aroclor 1232 is air blown, and 
distilled over calcium oxide prior to transfer of the product into 
storage containers at 50° to oO°C. Insoluble isomers, present in this 
special Aroclor 1232, slowly separates out of solution upon prolonged 
standing at room temperatures and are very difficult to redissolve.
Since this product is a starting material for the MCS 177 process, the 
Attapulgus treatment and final filtration are optional but not necessary.
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Tills special Aroclor 1252 cannot be back-blended If the finished 
product is off on its prescribed chlorine specifications The 
JncorporatIon of excess monochloroblphenyls Into the product will 
increase the volatility of the MCS 177 and the addition of trlchloro- 
olpheny1b will drastically raise the pour point of the finished heat 
transfer fluid. Abnormal compositions of this Aroclor 1252 are 
readily detectable by gag-liquid chromatographic analyses.

Approval 18 requested to demonstrate this change as a source of 
the necessary starting material for Monsanto's candidate, In the 
lucrative field of high temperature heat transfer applications.

ORIGINAL SIGNED BY:

' Written by J. D* Sullivan
J. h. Sullivan

Date_________ 5/9/65

Approved By:
Original signed by;

W. R. Richard_________W. R. Richard

p. E. Heisler P. E. Helsler

E. E. Martin_______ E. E. Martin

Safety Review Committee;
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1. R. S. Wobus 8. England
2. C. Barb re 9. P. 0 Marsh
2. T H. Becker 10. Plant B
4. J. Soffranko 11. Plant B
5. St. L. Res. Lib. 12. Plant B
6. St. L. Res. Lib. 13. H. L. Hubbard
7. Plant B 14.

TENTATIVE AMENDMENT

J. Mitoray

January 23,

AROCLOR PROCESS 

Dept. 246, Plant B

This amendment provides for the addition of anhydrous FeCls, 0.}# by 
weight of biphenyl, to the chlorlnator as fortifying catalyst for the 
production of Aroolor 1160

This change in process operation is' a result of a complaint submitted 
because of the presence of green color in Aroclor 1260. Research work 
has Indicated a trend toward improved color when anhydrous FeCla la 
used either alone or in combinatinn with plant steel catalyst. To 
cite an example, using 2% by weight plant steel catalyst, an untreated 
Aroclor 1260 was prepared in the laboratory having a color of 56% 
Transmission (Fisher Electrophotometer, filler 425B), whereas from a 
batch in which the same catalyst plus 0 2% by weight anhydrous FeCls 
was employed, an Aroclor 1260 of 72% Transmission was obtained. 
Extensive analyses of the Aroclor 1260, which was prepared using plant 
steel in conjunction with 0.2% by weight anhydrous FeCls, did not 
indicate any abnormalities or deviations from usual quality material.
A complete summary of the Research work is presented in a memorandum 
to Dr. R. M. Hitchens, January.24, 1951.

It is proposed to condut a plant demonstration which will comprise 
the production of three to four chlorination batches of Aroclor ll6o 
using 0.2% by weight of the bjphenyl charge as anhydrous FeCl®. 
Depending on the outcome of this plant trial, that is, if a color 
improvement is observed and a normal quality product is retained, a 
run of longer duration will be planned to study further the effect 
of anhydrous FeCls catalyst on the color of Aroclor 1260. This may 
Include variations In the amount of FeCls charged to the chlorlnator.

In
January 24 1951

APPROVED:

Original signed by;

H L?'HuUbar£&ftrd ~ V25@i,

Original signed by; ' j. p. Mltoray
-j y Mitoray

. , T. ¥. JD&I
T. W Dalton

, _ D. Bj. Rosmer 
D. B. Hosmer

0/25^_

-1/26^51
ate
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-Paul Q. Marsh 
P. G. Marsh
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SAFETY REVIEW COMMITTEE
Original signed by s

_10„R,„EL7

___ JLJLJL.

___ -__________________■JIQ-Q-C-.7

September 27# 1957

Distribution:

Dr. 0. J. Welnkauff - Research 
R. S. Wobus - Roberts Bldg.
T. M.Patrick - Research 
A. M. Ellenburg - Research

T. W. Dalton - WOK 
J R. Kellogg - WOK 
Process Holders

TENTATIVE AMENDMENT NO. B

Title:

Aroclor - Standard Manufacturing Process 

Objective:

This amendment covers changes in the chlorination step of the Aroclor 
process; In particular, it suggests that the batch of biphenyl be circulated 
in the chlorinator during the entire period of chlorination, and that a 
temperature of 1J0-150°C., be maintained during the whole chlorination

Previous Practice:

In the Manufacturjng Process, no definite temperature is described for the 
start of the Chlorination. For the biphenyl measuring tank a temperature of 
at least 85°C., is recommended and as a "finishing temperature" a range 
of 120-1J5°C is described for Aroclor 1242 and 1248, a "finishing temp­
erature " of 120-150°C., for Aroclor 1254, 1260 and 1262.

The circulation of each batch in the chlorinator is started after the first 
four (4) hours of the chlorination (approximately half of the total 
chlorination time of Aroclor 1242).

Proposed Amendment:

The biphenyl charge will be heated to at least 115-120°C., in the measuring 
tank. After charging the chlorinator, circulation will be started before 
the chlorine feed is begun to allow distribution of the ferric chloride 
catalyst.

The temperature of the chlorinator should be brought up to 1J0°C.» in a 
minimum time usually 20 to JO minutes after the chlorine introduction 
The chlorination of bJphenyl to all liquid Aroclors should be carried out 
at a reaction temperature of 1J0-150°C.
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Tentative Amendment No. B -2- September 27, 1957

Proposed Amendment (Cont1d.)

NOTE: In order to mechanically reduce losses due to sublimation and en­
trainment, it is suggested that the circulating line introducing the 
charge into the top of the chlorination be extended to the surface 
level of the biphenyl charge. This will prevent the reaction mix­
ture from being sprayed into the exit gas stream and should ell 
minate some entrainment.

justification:

Laboratory experiments and actual plant runs have indicated that catalyst 
concentration and reaction temperature are imperative for the production 
of an end product of good quality. (Final Report No. I6M0, October 22,
1956 "by H Merten, Progess Report No. 5; job No 3*128 Code IND PL, 
of August, 1957 by H Merten and A. M. Ellanburg.

Circulating each biphenyl batch from the beginning of the chlorination 
should facilitate the production of a more uniform material, since a better 
contact of the biphenyl charge with the catalyst at the start of each chlori­
nation is made possible. The catalyst will be distributed more evenly and 
hot spots will be eliminated.

The production of inferior Aroclor caused by too low a chlorination temp­
erature of deficient catalyst distribution would be avoided by changing 
the present Manufacturing Process according to this amendment.

In addition to the data obtained by laboratory experiments (described 
above) the following Table I illustrates the effect of temperature changes 
on the quality of the end product of actual plant runs (shown by stability 
chloride values ). Table II Indicates the improvement In the stability of 
different Aroclors produced by circulation of the batches during the whole 
chlorination period compared to runs carried out with catch circulation 
after the lapse of a four-hour chlorination period.

TABLE I

Batch Temperature Stability Chloride
No. Low . High ppm./l6 hrs

319 9k 116 0.80
320 110 129 0.71*
321 • 133 1*5 0.M9
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Tentative Amendment He.___ B -3- September 27, 1957

TABLE II

Circulation

after 4 hours 
after 4 hours 
entire period 
entire period 
after 4 hours 
after k hours 
entire period 
entire period

Aroclor Stability c
No. Lot No. ppm ./16 f

• . 125? T-631 .85
125*4 T-632 .89
1251* T-635 .J5
125*4 T-636 .*»5
1260 T-104M .52
1260 T-1045 .57
1260 T-10*4o .39
1260 T-101*9 • .i*5-

precautions;

No Increased toxicity or safety hazards will result from this process change 

Extent of Demonstrations:

It Is suggested that this amendment be incorporated in the standard 
Manufacturing Process as soon as possible.

Original signed by; h. L. Merten
. H. L. Merten

Research Department

In

Approved:
Original signed byj 

j. R. Kellogg 
' J. R. Kellogg

A. M- Ellenburg 
A. M. Elienburg

T. W. Dalton T. M. Patrick, Jr.
T. W Dalton f. M. Patrick
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Safety Review Committee
ORIGINAL SIGNED BY:
H. L. Hubbard 5/18/ 57

R. H. M. 3/16/57

R. E. Howard 5/18/57

March 15, 1957

Distribution:

Dr. a. J. Welnkauff - Research 
R. S. Wobus - Roberts Bldg.
H. L. Hubbard - Research 
A. M. Ellenburg - Research

T. W Dalton - WOK 
J. R. Kellogg - WOK 
Process Holders

Tentative Amendment No. A

Title:
Aroclor - Standard Manufacturing Process for Department 2*16,
W. 0. Krummrich - Revised 5/15/55 - 0. N. Schwartz.

Objective:
This amendment covers process changes in the chlorination step of 
the Aroclor Process, Section V Part B, concerning the Catalyst.

Present Practice:
The biphenyl charge is dropped by gravity to the #1 2, 5, 4 or 5
chlorlnators. The chlorlnators are constructed of steel and are 5 
feet in diameter x 16 feet in height. For catalyst, they contain an 
8 foot bed of coarse steel turnings which have been burned free of 
oil and moisture over an open gas flame prior to their introduction 
Into the chlorinator. Additional catalyst is added to the chlorlnators 
as required. Normally, this is not necessary more than once a year.

Proposed Amendment:
In addition to the present catalyst source, each chlorinator batch of 
5600 or *1000 pounds of biphenyl will be charged with 2 pounds of an­
hydrous ferric chloride before the chlorination begins.

Justification:
Experience has shown that various degrees of unstable Aroclor can result 
at times from the present method of supplying catalyst to the chlorination 
step. The use of FeCl® has been investigated and found to give a very 
stable product when used In the suggested purport ion

The complaints from Oeneral Electric Company on Aroclor 12*12 re­
garding the instability of certa n material produced in July and August, 
1956, make it mandatory that we maintain our Aroclor quality at its 
maximum at all times.
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March 1? 1957 -2- Tentative Amendment No.A

Precautions:
No Increased toxicity or safety hazard will result from this process 
change• Ferric chloride is highly hygroscopic and is acidic in nature, 
therefore care shoul-d be tanke to prevent contact with skin or clothing.

Extent of Demonstration:
The process change has been demonstrated at Anniston. This amendment 
will be a permanent change and should be incorporated in the next 
revision of the manufacturing process.

A. M. Ellenburg 
Organic Research 
Group Leader

Approved:
Original signed by»

j. R. Kellogg A. M. Ellenburg
: j, rt, Kellogg “ A. M. Ellenburg

T. W. Dalton F* B. Zienty >19-57
T. W. balton 1 ’ ~ ' T. M. Patrick

for t* M* Patrick

In
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Monsanto, Illinois

June 8, 1959

CC: C. M. Edelblut - Anniston
J. Clegorn - Anniston 
Safety Review Committee 
Original signed by j

T.M.P. 6-12-59 

B-ff-H. 6-12-59 

R, HL M. 6-15-59 .

Messrs.
T. W. Dalton
T, m. Patrick - Research 
«. M. Ellenburg - Research 
H. S. 'Scott
Process Holders PROCESS AMENDMENT - AROCLORS

geprrrw- w, q nrrTOwr—

Title
Modification of chlorination temperatures for Aroclor production 

Purpose
*0 provide chlorination temperature ranges that are more compatible 
with plant conditions

Old Procedure
Biphenyl chlorination is performed at tenperature range of 150 to 150 C. 

Proposed Procedure
Initial" chlorination of Biphenyl may be started at a minimum temperature 
of 95°C. provided that 120^0 is reached within 1/2 hour. Chlorination 
may be continued for the next tow hours at a temperature no less than 
120°C. Completion of the batch will then be controlled between 150 and 
150°C.

Reason and justification
Normal Biphenyl storage is maintained at approximately 95 0. to keep 
safely below the flash point. Therefore to adhere strictly to the 
process would require heating of the batch to 150°C. before chlorination. 
This results in production delays and increased Biphenyl pluggage in 
chlorlnator off gas lines. Based on plant experience most chlorinators 
are recharged while still hot from the preceeding batch; this normally 
yeiIds a starting temperature in the range of 120°C. However, occasionally 
delays cause charging to a cooler chlorlnator where the net temperature 
may approach 95°C. This proposal would allow chlorination to start 
immediately under these conditions The batch temperature would then rise 
rapidly from its own heat with water being applied later to line 
out the temperature somewhere slightly above 120°C. A lower temperature 
range 120 to 150°C. is needed for the first two hours to reduce Biphenyl 
carry-over into the off gas lines.
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ThJb proposed process ammendment has tentative approval from Research.

J. R. Kellogg

In
Original Signed by?

' T- W* Dalton J. R. Kellogg
T. W. Dalton " J. ft Kellogg

A. M. Ellenburg T. M. Patrick 6-12-59
M Eiienbiirg ““ ” T. M Patrick “
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52.Dept. 246 - process Description

AROCLOR

APPENDIX L TIME CYCLE

The design capacity of the department Is 1,700,000 (2,400,000 after August, 
1964) pounds per month, or 20,400,000 pounds per year.

Figure 1 of this section illustrates the flow pattern of the Aroclor 
process and lists the approximate time needed to complete each process 
step. The time table for the Aroclor process is summorlzed below:

Operation
Equivalent pounds 

Time (hours) of Finished Product

Charge Chlorlnator 
Chlorination

Transfer to blow tanks
Aeration
D3 stlllation

Blending 
Filtering
Dropping to Storage

.25
1242 • 8.70 6550
1248 9.20 7200
1254 11.10 8o40
1260 12.50

.25
2.00

9100

1242 1.75
1248 1.75
1254 1.75
1260 1.75

2.00
2.00
2.00

The time required to make completed batches of the various Aroclors are 
tabulated below:

Aroclor
-T747”

1248
1254
1260

Batch Time (hrs.)
.—re Sr-3---------

19.45
21.55
22.55

Process operations including filter press cleaning, sampling, etc. are 
independent of the batch completion time cycle because production time 
is not lost.
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51.

QUALITY CONSIDERATIONS •

. The Aroclor compound* ere among the most versatile chemically-made 
materials in industry, Aroclors are useful in many ways because of 
their outstanding inertness.

Aroclors are used alone for particular physical jobs such as insulating, 
heat transfer, sealants, and expansion media; and they are used as com­

, ponents or extendors in elastomers, adhesives, paints, lacquers, var­
nishes, pigments and waxes.

Aroclors must be highly pure, with dependably minimal traces of electro­
lytes for use in electrical applications. Electrical grade Aroclors must 
pass numerous stringent specifications. The following tests determine. 
Aroclor quality:

Hydrolysis stability

Dept. 246 - Process De«cription

AROCLOR

APPENDIX M

Munch or Monsanto 
Stability Test

Thermal Chemical 
Chloride

Resistivity 

Power Factor

Dielectric Constant

Specific Gravity, : 
refractive index

The stability and electrical properties of electrical-grade Aroclors are 
paramount in quality considerations. The chlorination step of the process 
is most critical because many properties of the final product are deter­
mined by the properties of the crude Aroclor, Condition* in the chlorinator 
needed for a good quality product are:

1. Chlorination Temperature - The chlorination temperature must be 
greater thanU20*G4‘‘At the beginning of the chlorination reaction to 
produce stable Aroclors. Results of research tests indicate that ' 
product stability is better as the initial chlorination temperature is 
increased.

TRAN 009311COMPANY
CONFIDENTIAL

Measure of chemically unstable chlorine 
compounds.

Measure of thermally unstable chlorine
compounds at elevated temperatures.

Developed by the General Electric Co. 
to measure chemically and thermally 
unstable chlorine compounds.

Measure of insulative properties.

Measures power loss due to current 
through a capacitor.

Measures the capacitance of a standard 
such as air compared to the capacitances 
of Aroclor.

Measures of chlorination level. '
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QUALITY CONSIDERATIONS

2. Ferric Chloride Concentration - Research ha* found that the ferric 
chloride concentration must be at least 0. 03% to form stable products. 
Research recommends 0. 05% ferric chloride. Lower catalyst ratioB 
result in increased "addition" chlorination as opposed to "substitution" 
chlorination, indicated by higher chloride values and lower yields.

The isomeric distribution of the final product is a function of the type 
and concentration of the catalyst used in the reaction.

Homogeneous suspension of the catalyst is extremely important.
Good catalyst contact can not be attained without homogeneous sui* 
pension. Since ferric chloride does not mix well with biphenyl, the 
dry catalyst must not be poured into the chlorinator.

3. Geometry of Reacting Vessel - The shape of the reactor affects the 
circulation and flow pattern of the reactants, It is suspected that the 
chlorine ga6 channels through a void space. in the existing catalyst 
basket. This problem is presently being studied.

The reactor must be designed such that circulation of reactants is 
rapid and homogeneous and local over-chlorination does not occur.

4. Cleanliness - The ferric chloride catalyst settles to the bottom of 
the chlorinator. Areas of the packed bed become plugged with ferric 
chloride and channeling of reactant flow may result,

A steam clean-out of the chlorinator may be an expedient method to 
remove the ferric chloride. This method was tried in the department, 
and evidently was successful. Further tests by the laboratory will 
verify the effectiveness of a steam clean-out.

5. Sparging - The sparger controls the gas distribution under the cata­
lyst hold-up plate and the size of gas bubbles. It is not known whether 
the catalyst basket or sparger or botlvare^the critical fa^ter^^in 
achieving the proper flow of gas through the reactor. It is believed 
that the sparger should distribute small bubbles give good gas dis­
tribution throughout the chlorinator. The small bubbles have a greater

• surface area per unit volume of gas for mass transfer,‘ and this should 
increase, the'rdafetidn rite'.. .* • :

6. Raw Material Purity - The purity of raw materials can affect the 
quality of Aroclors. Sulfates are particularly harmful in the chlorine 
gas. It is suspected that sulfates poison the ferric chloride catalyst 
and Sulfonate .some of the biphenyl. If the ferric chloride cata lyst is . 
poisoned, the effective catalyst concentration i^reduced atfd^thue un­
stable aroclors will be produced. The chemistry and mechanism of 
catalytic poisoning are not known for certain. Sulfonated biphenyl is 
carried-over during distillation and is not removed by earth treating.

TRAN 009312

WATER PCB-SD0000019541



55.

AROCLOR

APPENDIX M

QUALITY CONSIDERATIONS

6. Raw Material Purity (Cont’d.)
Sulfonated biphenyl has ionic properties which lowers the resis­
tivity of the finished product. A Brink Mist Eliminator has been 
installed in Dept. 246 to eliminate the chlorine impurities.

7. Earth Treatment - The factors affecting stability also influence
„ the electrical properties of Aroclors. An absorbent will be inef­

fective if the Aroclor was not prepared in a manner such that a 
stable product was formed during the chlorination reaction.

However, research has found that absorbents are very effective 
for improvement of electrical properties by removing ferric 
chloride and tars carried-over during distillation, provided the 
crude Aroclor has good stability.

The absorbent used in Dept. 246 (after distillation) is Attapulgus Earth; .. 
the concentration should be 0.05% for Aroclor 1242 and 0.1% for other 
Aroclors, The earth must be heat treated at 250*C. for a minimum 
of 4 hours before addition to the Aroclor. Heat treatment reduces 
the moisture and activates the earth.

\• • • *
8. Lime Treatment - It is important that proper amount of lime 

(250 pounds per still run) be added to the still to prevent sublima­
tion of ferric chloride.

9. The blend tanks, finished product tanks, and Aroclor 1242 and 1254
storage tanks are blanketed with nitrogen gas. Nitrogen blanketing 
maintains the electrical properties of the Aroclors by preventing 
corrosion of the equipment. ,, ,

In summary, the chlorination step of the process is the most critical.
A good quality Aroclor can not be produced if a stable compound is 
not formed during chlorination.

Once a stable compound is formed, other techniques such as use of 
lime, absorbents, and nitrogen blanketing are used to maintain and 
improve electrical properties.

Dept, 246 - Process Description
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AROCLOR

APPENDIX M QUALITY CONSIDERATIONS (Cont'd.)

Absorbents

Numerous absorbents have been screened in the laboratory at various 
contact temperatures* for their effect on resistivity of plant untreated 
Aroclor 1242.

The most satisfactory absorbent pound for improving the resistivity 
of Aroclor 1242 was LVM attasorb. Table I of this section lists the 
laboratory results of the different absorbents used to treat Aroclor 1242.

Degradation of Aroclors

Degradation of Aroclors, which leads to loss in eleotrical resistivity, 
is one of the short comings of using Aroclor as a dielectric, especially 
since only a very minor degradation can cause a serious breakdown in 
electrical equipment.

The thermal degradation of fractionated Aroclor has been measured at 
250°C. and the amount of Hydrogen Chloride liberated was measured. The 
results of these tests are listed in table II of this section.
0

* Aroclor 1242 has been degraded by ultravlolent light, and the decrease 
in electrical resistivity with irradiation time was measured. The plot of 
resistivity versus time of irradiation (Figure 1 of this section) resembles 
a conductivity versus oonoentration curve for a weak electrolyte. It is 
possible to remove the conducting material brought about by photo-degrad­
ation, and restore the resistivity to its original value by passing the 
degraded material over activated alumina.

Thermal degradation of Aroclors is minor compared to photo chemical 
degradation. Thermal treatment causes release of a small amount of 
hydrogen Chloride Initially, but this evolution ceases after a short time. 
Such behavior is attributed to thermal degradation of impurities. If 
Aroclor is irrodiated, then exposed to a thermal treatment, appreciably 
more HC1 is liberated.
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AROCLOR

APPENDIX M QUALITY CONSIDERATIONS (Cont*d.1

TABLE I

ADSORBENT SCREENING DATA

Adsorbent
Adsorbent Pretreatment

LVM Attapulgus
Earth ' None

LVM Attapulgus Heated at 250°C
Earth 12 hours.

LVM Attapulgus Heated at 350°C
Earth. 12 hours.

LVM Attapulgus Heated at 350°C
Earth. 4 hours.

Attasorb - LVM None

Attaclay None

Activated Alumina 
(Alcoa Grade F-3 
-525 mesh)

None

Voclay 325 .
(Western
Bentonite)

None

Panther Creek None
(Southern
Bentonite) •
Filtrol Grade 1 None
Zeolex 7 None
(Zeolite)
Florite 00 mesh None
(Activated
Bauxite)
Suprex L-G None
(Kaolin)
Attasorb -■ LVM Heated 350°C.-

12 hours.
Attasorb - RVM None

Volume Resistivity 
Contact •; 1 at 100°c.

Temperature °C. ohm-cm. x 10°

60 34oo
80 2000

100 2800
120 2900
60 4200
Bo 6400

100 7200
120 6100
6o 9500
80 9000

100 6300
120 6300
60 2400
8o 5600

100 6000
120 5700
60 9700
8o 12,100

100 13.700
120 17 ,800
80 10,200

100 5400
120 6000
60 2100
80 2500

100 2800
120 3100

BO
100

5700
3o©0

120 9700
80 ^ < 6200

100
120

s s

11.300
8100

80 2600
8o 7000

100

■ °o
3600

100 O 4500

100 12,200

100 TRAN 009315 '6,200
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APPENDIX M QUALITY CONSIDERATIONS (Cont'd . )

• .
Adsorbent

TABLE I (Cont'd.)

Contact
Volume Resist 

at 100°C. ,
Adsorbent Pretreatment Temperature C. ohm-cm. x 10

Linde Molecular 
Sieve Type 4-a

None 60 2100

Laminar Alumina
(Dayton)

None 60 900

Note: Resistivity of Aroclor before treatment -lx 1CT ohm-cm.
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AROCLOR

APPENDIX M QUALITY CONSIDERATIONS

TABLE II

THERMAL DEGRADATION OF AROCLORS AT 250°

Aroclor gm. of HCl/gm x 10^ Heating Time

1221 3.35 • 1 hr.
6.73 2 hrs.

11.07 5 hrs.

1252 f.91 1 hr.
6.42 • 2 hrs.
9.81 5 hrs.

1242 5.96 1 hr
9.58 2 hrs .

15.00 5 hrs.

1248 3.61 1 hr.
5.44 2 hrs.
8.48 5 hrs .

1254 3.43 1 hr.
3.?6 . 2 hrs .
6.43 5 hrs .
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60.

AROCLOR

APPENDIX N

• MISCELLANEOUS 

REFERENCES

1. St. Louie Report No. 2694, Job No. 171-1028, February 15, 1952.

Title: Operation of Aroclor Still# At Increased Pressure For 
Increased Rates

~ Summary: Distillation runs were mads at 20 to 30 mm Hg.
The rate of Distillation of 1200 series Aroclors 
increases with pressure.

2. St. Louis Report No. 2755, Job No, 2-02-760. 01 - 3948-3
March 6, 1961. .

Title: Improved Aroclor 1242 Studies

Summary: Studies were carried out to determine the effect of 
temperature, chlorine content, and catalyst concen­
tration in chlorinated biphenyl mixtures. 2, 4-dich- 
lorobiphenyl is the percursor of the high dielectric 
constant, trichlorinated components.

3. St. Louis Report No. 2072, Job No. 2-02-750. 01-3428,
May 4, 1958. •

Title: Final Report on Aroclor Process Studies.

Summary: Purity of raw materials, catalyst concentration,
reaction temperature and rate of chlorination were 
the variables studied with respect to their influence 
on the stability of the finished product.

4. St. Louis Report No. 2540, Job No. 171-616, December 28, 1958.

Title: The Effect of Prolonged Heat on the Electrical Properties 
of Aroclors,

Summary: Aroclors 1232, 1242, 1248 and 1254 were held at
130*C. The power factor was periodically measured.

5. St. Louis Report No. 2234, Job No. 171-451, June 14, 1956.

Title: Evaporation Loss of Aroclors.

Summary: The evaporation loss of Aroclors was determined at 
100*C. under static conditions.

Dept, 246 - Procen Description

TRAN 009319COMPANY
CONFIDENTIAL

WATER PCB-SD0000019548



6l.

Dept. 246 - Process Descrlption 

AROCLOR 

APPENDIX N

MISCELLANEOUS

REFERENCES

6. St. Louis Report No. 2790, Job No. 171-1028, July 3, 1952.

Title: Increased Production of Arociors by More Rapid Rate 
of Chlorination.

Summary: Chlorination rate was increased from 400 pounds per 
hour to 770 pounds per hour. Arociors produced at 
increased rate was within specifications.

7. St. Louis Report No. 1842, Job No. 2-02-750. 01-3368
July 12, 1957.

Title: Use of Ferric Chloride as Catalyst for Production of 
Aroclor 1242.

- Summary: The Comparison of stability chloride values revealed 
no difference between the product made with iron 
turnings as catalyst and ferric chloride as catalyst.

‘ 8. St. Louis Report No. 2096, Job No. 2-02-750. 01-3202, June 6, 1958.

Title: Resistivity Improvement of Aroclor 1242.

Summary: Numerous absorbents were screened at various contact 
temperatures for their effect on resistivity of plant 
untreated Aroclor 1242. Heat activation of Attapulgus 
Earth was also studied.

9. E. E. Martin, OPERATING INSTRUCTIONS FOR DEPT. 246,
W. G. Krummrich Plant, 1961. ”

- 10. E. E.'Martin, PROCESS DESCRIPTION FOR MANUFACTURE
OF AROCLORSTTfST; 1 “

11. E. Mather, PROCESS DESCRIPTION FOR MANUFACTURE
OF AROCLORS, 1955^ ’ '

COMPANY
CONFIDENTIAL

TRAN 009320

WATER PCB-SD0000019549



Dept. 2*46 - Process Description 62.

AROCLOR

APPENDIX N MISCELLANEOUS

The following table shows the results of tests which measured the 
evaporation losses of the various Aroclors.

Aroclor
Evaporation Rate
gins ./cmf/hr ./100°C.

Aroclor 1221 .0017*4

Aroclor 1222 .00087*4

Aroclor 12*42 • .000228

Aroclor 12*48 .000152

Aroclor 125*4 • .000052

Aroclor 1260 .0000088

Aroclor 1262 .0000122

From the above results, the evaporation rate for Aroclor 1262 Is
greater than that of Aroclor 1260. This unexpected result may be 
explained by some difference in the conditions of which the two lots 
were prepared.

The reaction products In Biphenyl Chlorination differ with the 
type of catalyst used. Results of research Investigations are listed 
below:

Isomer Distribution of Aroclor 1232
Catalyst “T- ^77r—T^r=“ *4 , *4 * tri

Fe Cl 9 15^ 7* 15* 6% 5§# n% 9*
Sb Cls 11 0.7 20 2.6 ?§ 18 9
Ti Cl 4 11 - 0 20 2.2 m6 1*4 7
Sn CI4 ■ 2*4 1 16 2.3 28 18 1.2
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AHOCLOR

APPENDIX N MISCELLANEOUS (Cont'd.)

Some of the typical operating dlff cultles In 
possible remedies are given below:

department 246 and

CHLORINATORS

Trouble Cause Remedy

Chlorlnators operating 
against too much back
pressure.

Plugged off-gas lines Open lines and steam 
them out, Dry out lines 
with air before resuming 
operation.

Chlorlnator slow In 
picking up gravity

1. Low Chlorine pres­
sure or low chlorine 
gas concentration

2. Wet Biphenyl

1. Call Chlorine Dept.
■ for more gas

2. Check Biphenyl 
storage tanks for 
moisture.

BLOW TANKS

Blow tanks stacking off Operating chlorlnators 
with vent open.

Close chlorlnator vent; 
possibly reduce air to 
blow tanks

STILLS

Not enough vacuum 1. Ejectors not pull­
ing properly

2. Coke scrubber 
Contains water

1. Check Ejectors

2. Drain Coke scrubber

36" SPARKLER FILTER

Foreign material .
In filtrate samples ’

Dirty filter or 
broken paper

Clean it re-paper press
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