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MONSANTO COMPANY

Monsanto, lllinocie
SAFETY REVIEW COMMITTEE

k. 74‘;‘// . )= é,{
@ 3 A5 {,4
Z/U',\\,IL A R

March 10. 1965

Messrs:
P. E. Heisler - WGK "R, W. Buckneddn - Org. Res,
H. C Carder - WGK H. Lr@Aobbapd - Org. Res.

Process Holders
: Tentative Amendment No. "A"

Title:

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) Arocler,

Presen{ Practice:

Two Aroclor Distillation Systerms are run in parallel, The two systems are continuous.
ly fed crude Aroclor {rom the #2 Blow Tank. The distillationis a straight take-over
operation. When a run of one type (1242, 1248, etc.) is completed (80, 000-500, 000#)

a final beil down i8 conducted in No. 2 still and the bottomns 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,.l still with crude Aroclor and
use this system to pre-heat the entire feed and to distill off a low-boller fraction
(up to 10% of feed). Continously feed the No, 2 still from No.l 8till pot. Collect the
intermediate {raction in Neo. 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-boiler8) with the intermediate fraction. The low boilers from No,] receiver
and the high boilers from the boil-down will be isolated in a storage tank, if possible.

COMPANY
CONF'DENTIAL TRAN 009193
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Tentative Amendment "A'" - 2 - March 10, 1965

If they pass non-electrical Aroclor specifications, they can be used as such, If
the total amount has to be disc'arded because no storage is available, or because
they 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 Monsante. An improvement of product stability
is necessary to protect our market position. :

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

1. Removing an unstable low-boil fraction
2. Preventing entrainment
3. Preventing contamination by high-boilers or boil down

Thie 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 b approximate

laboratory conditions.

Commentsg

The production rate will be limi:ted by maximum vapor and heat loads that can be
sustained in the entrainment and candenser systems on N©, 2 still. In the past
55,0004 /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:

COMPANY b. I;Q.‘R./}giddleton

CONFIDENTIAL ; £ AL

J. Luecken

*WGK PR&D Reports J-62, 2/15/65 and
J-78, 3/ 8/65 TRAN 009194
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Tentative Amendment "A'"' -3 - March 10, 1965

Approvals:
(Prwrets » Lo 2.,/
\f. E. Heisler A "R. W. Bucinell - 7

O, 5 Ausisiiss NI,
- D, E. Harris "H. L. Rubbard 7

y A M ' o
Cf. A. Mullendore

vmd
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MONSANTO COMPANY
Monsanto, lllinois

July 12, 1965

Messrs:

P, E, Heisler - WGK R. W, Bucknell - Org, Res,
H, C, Carder - WGK H, L, Hubbard - Org, Res,
Process Holders

Tentative Amendment No, ''B"

TITLE:

Tenfative Amendment No, '"B" to the Standard Manufacturing Process
for Aroclor (Dept, 246, WGK) dated 7/20/_64.

OBJECTIVE:

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

PRESENT PRACTICE:

The Dept, 246 Chlorinators are batch charged with biphenyl (Bi®), The
BiQ® 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 Cl; (from DeNora & Hooker Cells) H,;, N,, O;, CO,
and trace amounts of organic impurities, The Cl; concentration is in
the range of 75 ~ 95 mole % and varies with operations in the Cl, depart-
ments,

PROPOSED PRACTICE (Two Plant Tests, 1242 Aroclor)

1. A plant chlorination test will be run using revaporized Cl; from
Dept, 232 as the Cl; 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 Cl, 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 Cl, diluted
to 25 mole % with dry air as Cl; 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 measurements will.
be taken to determine effect of dilute and impurity {free Cl; on Aro-

clor stability, This material will be segregated from normal electri-

cal grade 1242 Aroclor, It will be used for non-electrical 1242 if it

passes specification,
COMPANY
CONFIDENTIAL
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Tentative Amendment No, ""B",

JUSTIFICA TION:

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 overchlorination due to concentration effects,

COMMENTS:

- For the revaporized Cl; test the production rate will be limited to about
32,0004/day for a durationof ] = 1 1/2 days, For the dilute Cl; test the
rate will be limited to about 11,0004/day for a duration of 3 days,

SAFETY:

No increase in safety hazards is {orseen in these two test runs,

Prepared by:

DR M SMhLZ

D, R, Middleton

APPROVALS:

.

W 9felr
' . E, Heisler

L2 & Mz 7-/6-65 T e fons.c|
D, E, Harris _ 7L, Kubbard '
)j Mcjm 7//’/45 SAFETY REVIEW COMMITTE

., Mullendore
//Z;z /"_77—ada-£'.’
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MONSANTO COMPANY

Monsanto, lllinois

Mesesrs:
P, E., Heisler = WGK
H, C. Carder - WGK
Process Holders

September 1, 1965

R, W, Bucknell - Org. Res,
H. 1., Hubbard - Org, Res,

Tentative Amendment No, C

TITLE:

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

OBJECTIVE:

Run plant test using chlorinator without catalyst basket,

PRESENT PRACTICE:

The Dept., 246 batch chlorinators (3' 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 8'
high and consists of 1 1/2" pipe nipples, 2' long,

PROPOSED PROCESS (1242 and 1260 Aroclor)

Remove the catalyst bed {rom 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 rnaterial will be
kept separate from other production and will be used only if it is equivalent
to normal production aroclor, according to routine analyses,

During 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, 1t is standard operating procedure
to charge 0, OS% by weight ferric chloride to each batch, Ferric chloride
will, of course, be added to the test batches,

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 bed, which results in an excessive

amount of overchlorinated products,
COMPANY  TRan 009198
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Tentative Amendment C - 2 =

JUSTIFICATION: (Cont'd,)

During 1956 there were severe problems with aroclor stability, One of the
problems was a lack of & 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, wae not added. One of the results of
the stability problem was the addition of ferric chloride to each chlorinator
batch, to assure 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 pre sent
routine analyses,

SUPPORTING DATA:

1t is reported in St, Louis Research Report Nos. 1640 and 2072 that a
minimum level of 0,03% FeCly; is necessary to produce stable aroclor.
No mention ie made of the need for iron, and none was used in the lab

chlorinators,

SAFETY:

No increase in safety hazards is anticipated,

QUALITY:

Work i in progress to improve aroclor quality (stability), 1t 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 is 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 a8 & process
revision, 1f the test material is not equivalent to normal production the bed

will be replaced,

COMPANY
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Tentative Amendment No, C e 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 repairs to be made during 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: zA4.2. ;:@_.:;?ﬁ
CTe W. G. Krampg

APPROVALS:

fw _914?/_ W 3
, £, Heisler Dat R, W, €knel te

g. E, Harris Date

/4 A'yu.%,«%u_. F-2-¢5

(J. A, Mullendore ate

SAFETY REVIEW COMMITTEE

emec
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MONSANTO COMPANY
Monsanto, Illinois

SAFETY REVIEW COMMITTEE

e K [D-26-65

’ — & p—

A N R

October 20, 196%

Messrs:
P. E. Heisler - WGK R. W. Bucknell - Org. Res.
H. C. Carder - WGK ] ’ ~ H. L., Hubbard - Org. Res.

Process Holders
Tentative Amendment No. "D"

Title:

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

Obvjective:

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

Pfeeent Practice:

Aroclor is distilled in two parallel systems, continuously fed from
the No. 2 blow tank. At the start of a run (1242, 1248, etc.) 200 1bs.
of lime (calcium hydroxide) is added to each still pot. At the end

of a run (250,000-500,000 1bs.) 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 norm&lly throughout the run. To the second system, substi-
tute 200 pounds of anhydrous potassium carbonate for the lime. Dis-
t111 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, t progdct deviates fyOm no 1l 4dn y adv 3/nay,
“it will b soYated d will/not be(sold & ical vgsz
s

t
TPV A Ol e A g i

A
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Tentative Amendment "D" -2 - October 20, 1965

Justification:

The presence of a base during distillation serves two known purposes:
It neutralizes free acid, and it reacts with the FeCls present. It
is aleso thought that the base can react with some unstable Aroclors,
converting them to a more stable form. Recent WGK PR%D laboratory
data indicates that distillation from KpCOas 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 K2C0s and making a simple low boil cut
may be a practical way of making a stable Aroclor.

Safety:

No 4increase in safety hazard is anticipated. No unusual effect was
seen in laboratory distillations using KzCOs.

Commente: - . . o

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

Prepared by:

%Mecken

APPROVALS:

LN

f Ut /0 favles -

P, E. Heisler Date

£ / (02245

D. E, Harris Date

bl !

R, W, Bucknell !

0, A . Mullendore Date /A‘L ﬁ‘ "é"“““{fllw‘“’z’{

o = pddcal Vil gecdoidit
COMPANY cwdéun.x:mu&7o/'ﬁnlala A@Z:
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MONSANTO COMPANY
Monsanto, Illinois

Messrs:
P, E, Heisler - WGK

H, C, Carder - WGK
Process Holders

TITLE

December 3, 1965

cc,

R, W, Bucknell
H. L., Hubbard

Org. Res.
-Org. Res,

Tentative Amendment No, "E'"

Tentative Amendment No, "E' to the Standard Manufacturing Process.

for Aroclor (Dept, 246, WGK)

OBJECTIVE

dated 7/20/64,

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
baeket in the chlorinator and processing it through the still system
with potassium hydroxide added in place of the normally used lime

(calcium hydroxide),

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

PRESENT PRACTICE

Biphenyl (Bi®) 1is chlorinated in the chlorinators which contain catalyst
baekete, Previously the basket furnished FeCl; catalyst for the reaction,
Presently (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 pounde of lime

is added to each still,

PROPOSED PROCEDURE

Produce 8 - 9 batches of 1142 in No, 5 chlorinater with the catalyst
basket removed, This has been done previouely as per Tentative Amend-
ment No, ""C'", Process half of this erude material through the remainder
of the system as normal, and drum it off {rom the finished product tank,
Process the other half through No, 1 still systern, 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 excess testmaterial will

COMPANY 4,
CONFIDENTIAL

The purpose of the lime is to tie up FeCl; and
neutralize HCl in the crude,

009203
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‘. PROPOSED PROCEDURE (Cont'd.)

.

be sold as non-electrical grade 1242 providing it passes all specifications,

JUSTIFICA 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 & 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 {ractionation, but an improve-

ment over normal production is expected,

SAFETY

No increase in saféty hazzards 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: '
d. Q %&Mﬁx 1Y3/¢$ @ [ Aevin e
D. R. Middleton Date Harris Date
CP‘Z’.(AMZ% /Y%/(f @W@M 2 fafe
. E. Heisler Déte R, W, Bucknell Date’
Jﬂ MIM— l-//ﬂ'«:',.j:. /H 44:("1 Jr’ "f—
G. A. Mullendore Date H. L. Aubbard \ ate
SAFETY REVIEW COMMITTEE

W /Z/{/éj
¢ LLpT [ s ) L /L5
/uwt.(ow/{fa"‘z’ M ;/é/ﬁfj
/4-0‘(. A eocke 1L T2 e\rwo[A Heoen o red
e
{ M‘f‘_&/“(_ er:ﬁ/‘d- é(/m/yar‘gécua&—
? 0/( w‘«.ﬁff‘dg d
C] A\ COMPANY TRAN 009204
/ CONFIDENTIAL
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i Monsanto, Illinois
May 10, 1965
" 'AMENDMENT DISPOSITION

.Tentative Amendment No."A" to the Standard
Menufacturing Process for Aroclor(Dept.246,

WaK

dated 7/20/64, Tentative Amendment

No. A" 18 dated 3/10/65,

.TO:

Messrs:

P. E. Helsler - WGK R. W. Bucknell - Org. Res.
“H. C. Carder - WOK H. L. Hubbard - Org. Res.
D. E. Harris - WGK J. A. Mullendore - Gen. Off.

J. J. Luecken ¢/o P. J. Prader - WOK

WQaK Process Holders

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 & 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 Standarg
Manufacturing Process, but not incorporated as a process

revision. .
S0 Moaslt
D. R. Middleton
Technical Services Dept.
vmd

#W0K TSD Report - Aroclor: Improve Electrical Grade Quality,
91370:3198, Report No.l, dated 4/14/65.

COMPANY TRAN 009205
CONFIDENTIAL
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Devl . 246 - Process Description 1

AROCLOR

SECTION 1
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, 32, 42, 48,
54, 60, and 62% chlorine content. . Chlorination above 63% ylelds a
solid product at normal temperatures. Liquid Aroclors are identifie
by four digit numbers: The last two digit numbers represent the
chiorine content (percentage by weight), and the first 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 42% chlorine.

The {irst process step in the manufacture of Aroclors is a chlorina-
tion reaction. Biphenyl ( g-g) and chlorine (Clpz) gas in the
presence of a Ferric Chloride (FeCl;) catalyst are reacted to form
a chlorinated aromatic compound. Hydrogen chloride (HCl) gas is
liberated during thls reaction and piped to the muriatic acid
department. The exact chemlistry of biphenyl chlorination is
unknown. Many isomers are formed. A schematic representation of
biphenyl chlorination is as follows:

n varies 3.05——> 6.75

120°-170%C.
+ n Clg —Fells

Btu.
BIPHENYL CHLORINE AROCLOR . HYDROGEN
M.w. = 154 MQwQ = 71 . Mowo=(257-1' CHI@RIDE

395.6) M.W, = 36.5

COMPANY
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Dept, 246 - Process Description 2,

AROCLOR

SECTION 1
SYNOPSIS OF PROCESS

The second process step is the aeration and distillation of the crude
Aroclor, Dry air is blown through the crude Aroclor for & period of
two hours or more, Aeration removes most of the free hydrogen
chloride, Distillation of erude Aroclors is done under vacuum auto-
metically 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 - 0,2% by weight of Attapulgus earth is
.added to the distilled Aroclor, The mixture is agitated and {iltered to .
the finished product tank, The purpoge of the Attepulgue earth is to
absorb moisture and chloride ion to improve the electrical properties
of the Aroclor, During the filtration of distilled Aroclor, 2 - 16 oz,
samples of the finished product are taken to the laboratory for control
analyses, If the control analyses pass specifications, the batch is

transferred to & storage tank,

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

COMPANY
CONFIDENTIAL TRAN 009209
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Dept, 246 - Process Delcrp‘tion 5.

AROCLOR

SECTION 11
FLOW SHEETS

This section contains the following flow sheets,
1, Cor;'lplete process {low sheet,

2 Chlorination Reaction Step

3, Aeration and Distillation
4

Blending, Filtration and Storage,

COMPANY
CONF[DENTIAL TRAN 009210
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Dept, 246 - Process Description Y,

AROCLOR

SECTION 1l

PROCESS IN DETAIL

Nomenclature and Batch Data

Aroclor is a trade name used to designate chlorination products of
biphenyl; biphenyl high bullers, or a mixture of the two, The physical
properties vary from light free flowing liguids to crystalline and non-
crystalline solide, 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 systemn of nomenclature, consisting of four digits, has

been developed for identifying the various Arociors, The Tirst digit -
denotes the aromatic raw material used in the chlorination step, The
figure l--- indicates 100% technical grade biphenyl. The second digit
denotes whether or not the product is distilled, The figure -1-- indicates
undisetilled product, and the figure -2-- indicates & 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¢ 40004 4000¢ 40004

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

Specific Gravity 1.349-58 1.408-18 1,498-508 1.558-69 1.580-90
of Crude at 65°C at 65°C at 65°C at 90°C at 90¢C

Weight of 66704 75804 84504 9600# 10,6004
Crude Batch .

Weight of Distilled 63304 72004 8040¢ 91004 - 98504
Batch

Tons of 100% by-product
HC1 per Batch 1,24 1,43 2.27 2,47 2,70

Theoretical Molecular
Weight 257,17 292.,6 ' 326.6 369.5 395.6

COMPANY
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Dept, 246 - Process Description 5

ARCCLOR

SECTION 1l

PROCESS IN DETAIL

Chlorination Reaction Step

Chlerinstion of biphenyl i the only process step where a chemical
reaction takes place, All other Aroclor process operations are
mechanical, The starting raw materials for Aroclor production are

biphenyl and chlorine gas,

Biphenyl is received in 8,000 and 10, 000 gallon tank cars from Anniston,
Alabama, The biphenyl in the tank cars is 2 solid mass because the
crystallizing point of biphenyl i8.68,7°C, Steam must be applied to the

o ae

tank car coils to melt the biphenyl, It-ie.neceseary o melt-a veat 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 ie samnpled for erystallizing point and moeisture 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 {rom 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 system,
Ygnift' gas with a purity of 75-95% (the remainder being air) is transferred
fromn the chlorine department, The normal pressure of the chlorine gas

in Departrment 246 is 20-25 psig,

Biphenyl (4000#) ie charged into each chlorinator. from the measuring
tank, The biphenyl charge in the measuring tank can be regulated by
valves at different overflow levels, The folir 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
measur tank for each batch, The charge {rom the measuring tank
is pumped through the circulating line to the chlorinators.

Chlorination is carried out in five chlorinators . 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 consists 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 i# begun to maintain an even distribution

of the ferrie chloride catalyst,
COMPANY e 009215
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Dept, 246 - Process Description 6.

AROCLOR

SECTION 11l

PROCESS IN DETAIL

Chlorine gas from the chlorine department passes through a Brink
mist eliminator and evaporator before entering the chlorinator, The
mist eliminator removes 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 & distributor plate (sparger) and passes through the catalyst
bed, A chlorinator temperature less than 170°C, should be maintained
during the chlorination reaction to avoid sublimation and subsequent

_ condensation of biphenyl in the off-gas systern, 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 chlorinators ie controlled by auto-
matic chlorine gae flow regulation to hold the temnperature within 4° 5°C,
The chlorination tempe rature rmust 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 air-cooled heat exchanger
located in the external circulating line of the chlorinator are poeitioned
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

peint 2 to shut off the chlorine gas flow if the reaction temperature exceeds

190°C.

The batehes are continuously eirculated at an average flow rate of 200-220
GPM from the bottom of the chlorinator, up through the air-cdeled heat
exchenger, and back into the top of the chiorinator over the catalysi bed,
Chlorine feed up to a maximum of 1500 pounds per hour is fed into each
chlorinator through a flow recorder-integrater which is alarmed, The
zero 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
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 & 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 1.

AROCLOR
SECTION 111

PROCESS IN DETAIL

Aeration and Distillation

When chlorination is complete, the crude Aroclor is pumped into
number two blow tank (Capacity 2000 gallons). The crude Aroclor is
serated in the #2 blow tank for two hours or more with dry air.
Aeration of orude Aroclor removes most of the f{ree hydrogen chloride.

Crude aerated Aroclor is tangferred from the #2 blow tank to the #1
blow tank. The #1 blow tank is used as a crude Aroclor feed tank to
the 8tills. Crude aerated Aroclor is transferred from the #1 blow
tank to vacuum 8tills through an automatic control valve which
maintains a constant level in the 8¢ills. Under normal conditions

~.the automatic feed to the stills is shut off after distilling about

75,000 pounds of Aroclor. (This i equivalent to filling 7 still
receivers). . The still is then boiled down until a temperature
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 s8cld 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 8till liquor and prevents sublimation of ferric chloride
during the distillation period. Distillation of Aroclors is done
under vacuum automatically controlled. The best performance is
obtained at a steady vacuum which can be pre-set by a controller

between 30-50 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, 600,00(
BTU/hr.) is adjusted ae needed for production requirements. The

normal gas pressure is 2-3 psig. . -
Blending, Filtration, and Storage

When the Btill 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 earth is &dded to tvhe distilled 1242 Aroclor,
All other Aroclors 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 36 inch stainless steel Sparkler Filter.
The Attapulgus earth is roasted at 250°C. for a minimum of four hour:
in a Grieve-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

ioniec impurities. This improves the electrical-quality properties o!

‘the Aroclor.

COMPANY TRAN 009217
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Dept, 246 - Process Description 8.

AROCLOR

SECTION 1l

PROCESS IN DETAIL

Blending, Filtration, and Storage (Cont'd.)

The fillerprese is clemned afier about 5-7 batches or as needed, During
the filtration, 2-16 oz, samples are taken to the laboratory for control
analyses, 1f 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

~ 20,000 galions) are available for storage of the {inished products,

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

of the Aroclers,

"The Aroclors from the storage tanks are drummed, 'ppmped to tank cars,
" pumnped to tank trucks, o¥ transferred to Department -A-246 or B-246 mixing
“tanks for the production of Pyranols, Interteens, or Pydraul A-200.

Batches of Aroclor 1254-mix are mixed in the #1 blend tank, This opera-
tion consists of a mix 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 tanke, 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,

By-product Hydrogen Chloride

The by-product hydrogen {rom 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 &t Department 246 by passing
through a Haveg S-K drowning jet, The removal of HCl from the off-gas
concentrates the original Quantity of hydrogen and air to 2 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 propogation
rate (15 ft, /sec,). This is accomplished by introducing a sufficient
quantity of steam into the vent stack,

COMPANY
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Dept, 246 - Process Description 9

AROCLOR

SECTION 1V

COMMENTS ON PROCESS

CHLORINATION STEP

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-
clors 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 Aroclors 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
#/4 Product #/4 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

THEDRETICAL CONVERSION FACTORS

AROCLOR CHLORINE BIPHENY L
#/# Product fi/§ Product
1132 - 1232 0.6400 0.6891
1142 - 1242 0,.8400 0,.59i9
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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Dept, 246 - Process Description 10.

AROCLOR

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 ona 7 day

. per week basis, The capacity of the chlorinators is a function of the
following variables, '

1

_Bateh Cooling Rate - Chlorination of biphenyl is an exothermic

reaction which produces 510 BTUS per pound of chlorine gas under-
going a reaction with biphenyl, Biphenyl can be chiorinated as fast
as the exothermic heat can be removed from the batch and maintain
a batch temperature of 150°C,

Chlorine Flow Rate - the reaction time decreases as the Chlorine

flow rate increases, The chlorine flow rate i8 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 "snift' gas is another factor control-
ling the rate of chlorination,

Catalyst - The chlorination rate increases when ferric chloride
catalyst is added to the charge, The best results are obtained when
the biphenyl charge contains ,05% ferric chloride catalyst,

C. Quality

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

lo

Temperature - According to research experimental results, the

chlorinator temperature must be greater than 120°C, at the beginning
of the chlorination reaction to produce stable Aroclers,

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,
Resulte of research work concerning catalyst and isomeric distribution
are given in Appendix N,

TRAN 009220
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AROCLOR

SECTION 1V
‘COMMENTS ON PROCESS

CHLORINATION STEP

C. Quality {Cont'd,)

3, Raw Material Purity - The purity of raw materiels can affect the
quelity 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 iomnic 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 chermnistry and mechanism of the catalyst
poisoning are not known for certain, -

.AERA TION AND DISTILLA TION

Steam is not applied to the coils of the blow tanks when aerating Aroclorsg

1142 and 1148, This prevents the loss of Aroclor vapors, Ejghty 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 8tills 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 jete 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,
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AROCLOR

SECTION IV

COMMENTS ON PROCESS
BLENDING AND FILTRATION

Attapulgus Earth is 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,

COMPA
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Dept, 246 - Process Description 13,

AROCLOR

APPENDIX A

Item
No,

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 Jtern Numbers is not included in this equipment
list, All equipment of Dept, 246 will have Iteyrn Nuinbers assigned some-
time in the future, This equipment list should be expanded as additional
item Numbers are assigned,

Equipment Equipment
Name Number Description

101

102

103

104

105

106

Biphenyl Transfer 19-0582 - - Taber vertical submerged cent,

Pump 66-3930 pump, size C-3, 2 1/2" inlet,
2" outlet, Connection bronze
except shaft which is monel,
Motor is 3 HP, 1800 RPM,

Biphenyl Storage 21-2210 Tank purchased from Rogers

Tank . and Wrigler, Capacity is 25,000
gallons, 10" 6' DIA x 40' 6"
long, 3/8'" plate shell, Design
pressure i8 50 psi,

Biphenyl Head 21-0767 Tank made by Graver, Dwg,
Tank 16-7225 C-799. Steel tank 4' 6" ID x
§' 6" 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 throughout,
Test of tank is 604 and jackel is
1054 hydro, pressure, Mixer is
. Mixco Model N33G75, gear driven
propeller, Motor is 440/3/60
TEFC, 1725 RPM,

Biphenyl Feed 66-7224 Durco Horiz, C.ent; pump, 2"
inlet, 2" outlet, Cap, 100 GPM
Motor is 7 1/2 HP, 1760 RPM

Chlorinator {1 21-3261 Tank made by Nooter, Dwg, E-880,
3'ID x 16" long with plg. head.
Shell 3/8" and head 7/16" thick,

3/16" jacket over lower half o
tank, .

Chlorinator #2 21-3245 Same ae Item No, 105,

COMPANY TRAN 009223
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Dept. 246 - Process Description 14,

AROCLOR
APPENDIX A EQUIPMENT LIST (cont'd.)
Item Equipment Equipment
No. Name Numbeyr Deseription
107 Chlorinator 21-3251 Tank made by Leader Iron Works.
#3 Otherwise, same as Item No. 105,
108 cgﬁorinator 21-1283 Same as Item No. 107,
109 Chlorinator 21-1432 Same as Item No. 107
. #5
110 #1 Mist 15-0581 . Tank made of carbon steel. Element
Eliminator A . made of carbon steel. Design pressure
80 psig. and design temperature is
)OO
111 #2 Mist 15-0582 Same as Item No. 110.
Eliminator
112 #3 Mist 15-0583 Same as Item No. 110.
Eliminator
113 #l4 Mist 15-0584 Same as Item No. 110.
Eliminator
114 #5 Mist 15-0586 Same &8s Item No. 110.
Eliminator
115 Chlorine 21-4042 Tank made by Alpha. Carbon steel
Mist construction. Coded tank. Element 316
Eliminator stainless steel., 15" Dia, glass fiber

inverted type. Design pressure 1is 50
psig and design temperature is 300°F,

116 Chlorine  38-5487 Chlorine vaporizer made by Armstrong
Vaporizer Company. 8 5/8" OD x 11! long. Carbon
steel construction. Chlorine side
designed for 250 psig. at 4OOPF, Steam
side designed for 100 psig at 400CF.

120  Knockout Steel vertical 60 gal. tank.
121 Chlorinator 19-4305 Durco Mark II horiz. cent. pump. 1lnlet
#1 Pump 66-8109 is 3" and outlet is 2", ductile iron,

with Durametallic seal and Manzel
lubricator. Rate is 200 GPM at ¢5'
static head Sp. Gr. of 1.5, Motor 1is
10 HP, 1800 RPM.

COMPANY 009224
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AROCLOR
APPENDIX A EQUIPMENT LIST (Cont'd.)
Item Equipment Equipment
No. Name Number Description
122 Chlorinator 19-4306 Same as Item No. 121,
#2 Pump 66-8110

123  Chlorinator 19-4307 Same as Item No. 121,
#3 Pump 66-8111

124 Chlorinator 19-4308 Same as Item No. 121.
- #4 pump 66-8112

125 Chlorinator 69-3892 Same as Item No.l21.

- #5 Pump 66-6509 » : -

126 Blow Tank 21-2086 Tank made by Graver. Dwg. E-863, 7' Di:

#2 X 7' str, sides, dished heads 1/2",
Shell 3/8", 5 turn coil of 2" pipe sup-
ported on brackets welded.

127 Blow Tank 66-2956 Taber horiz. cent. pump. Type L-2.

#2 Pump 69-0577 28" x 2". Semi-steel with monel shaft
and water jacketed stuffing box. At
20' static heag, rate is 80 GPM, 1.
Sp. Gr., at 500F. Motor is > HP, 1800
RPM.

128 Air Dryer 14-0104 Anders lLykens Corp. Air dehydrator.
Two code welded tanks filled with 55 1lx
activated alumina. Dwg. #0456,

129 Blow Tank 19-0629 Same as Item No. 127.

#1 Pump 66-9080

130 Still #1 20-0043 Vacuum still purchased from Graver.
Dwg. C-809. Size 6' Dia. x 5'6" 1g.

" on str, side, #" shell, dished head
5/8". 60# hydro. pressure test.

131 Purnace #1 27-0045 Steel heater furnace. Steel shell 3/if
% 3'9" Dia, x 4' 108" 1lg. lined with
insulating fire brick. One coil 2" xH)
pipe, 12 turns formed into a 2' Dia
coil with spare blocks and legs. Dwg.
E-886,

132 Sstill f 18-0894 Taber vert. sub. cent. pump. type ‘L-2.

. Pump 66-4891 Casing, yoke, and impeller made of
steel, 2" inlet and 2" outlet. Length
Tt 9". Cepacity is 75 GPM., static hea:
COMPANY !:;5', s;7>. or. 1,8 at 7O00°F. Motor 18 5
P., 1750 RPM.
CONF!DENT!AL TRAN 009225
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AROCLOR

APPENDIX A

Item Equipment

No, Name

133 Still #2

134 Furnace #2

135 Still §2

Pump

136 Condenser #1

137 Condenser #2

138 Receiver Tank #1}

139 Receiver Tank §2

140 Receiver Pump f1
. 141 Receiver Pump 2

16.

EQUIPMENT LIST (Cont'd,)

Equipment
Number

20-0062

20-0066
66-1759

66-1277

38-0770

38-1378
21-0771

21-1377

66-9067
69-0565

66-5670
69-1258

Description

Vacuum still purchased from Nooter,
Dwg, 6944, 6']1D x 11'10" str, shell,
internal pipes, standard dished heads,
Glass wool insulation 3" with 1/2"
finished coat.

Same as Jtemn No, 131;

Taber vertical sub. cent, pump., Type
CL-4, 21/2 X 2", size 384, Pump

. is dynamo steel, Capacity is 75 CPM

at 25' static head, Sp, Gr, 1.8, Motor
is 71/2 HP, 1750 RPM,

Heat exchanger made by Nooter, Dwg,
B-651, 12" DIA 5'long having nineteen
2" O,D, 1] ga, monel tubes, monel
tube sheets, monel reducer, and carbon
steel jacket and back up rings on flanges,

Same a5 Itermm No, 136,

Vacuum receiver tank made by Nooter,
Dwg. C-795, Size is 5' 6" DIA x

5' 6" gty, side, 3/B' shell, 1/2" bottom
and removable head, 2'" IP, size xHy
monel coil with 2! inlet and 1" outlet,

3 turns, 5' DIA along side and 3 turns
spiral on bottom. 60# hydro, pressure
test on tank and 3004 on coil,

Tank made by Nooter, Dwg, C-795,
Same as ftem No, 138,

Blackmer pump, Type PA-50L, bronze
rotary pump, monel shaft, C,], base,
Capacity is 50 GPM, 1,65 Sp. Gr,, 350
to 500 °F, Motor is 2 HP, 1740 RPM,

Same a8 Iterm No, 140,

COMPANY
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AROCLOR

APPENDIX A

Item Equipment Equipment

No, * Name Number

142 Blend Tank 21-0779

#1 :

143 Blend Tank 21-13%99

o #e 66-0217

144 Blend Tank 19-175
Pump 66-371

145 36" Sparkler 15-0238
Filter

146 Finished 21-0780
Product
Tank #1

147 Finished 21-1400
Product
Tank #2.

148 Storage 21-0768
Tank #3

149 Storage 19-0585
Transfer 66-0853
Pump #3

150 Storaie 21-0769
Tank #!

iéi Storage 19-0584
Transfer 66-1501
Pump #l

COMPANY
CONFIDENTIAL

Description

Tank made by Graver. Dwg. E-862,
Welded steel tank, 7' Dia., x 7' high,
dished heads 8", shell 3/8", All sur-
fsces eprayed 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.

Same as Item No. 142,

Taber Horiz., Centrifugal pump. 304 s.s.
2" x 18" capacity 60 GPM, 100' head.
Motor is 10.0 HP, 1800 RPM.

Filter made by Sparkler Mfg. Co., 35-D-
12 horizontal plate filter. Type 30
B.8. Jacket tested for pressure of

30 psi,

Filtrate receiver tank. Dwg. E-862.
Same as Item No. 142, .

Tank made by Nooter. Otherwise, same
as Item No. 142, ’

Tank made by Graver. Dwg. C-602.
Horizontal steel, 10' Dia. x 20' long
on str. side. dished heads, shell &',
head 9/16", Test of tank is 60# and
coil is 300# hydro. pressure. All
colils, supports, inside surface sprayed
with 005" zinc and .003" tin.

Taber Vert. Sub. pump. Dwg. A-387.
Type C"}) 2" X 2“’ c.1. bOdy’ length
11'6", Cap. 50 GPM, 60' static head,
Sg. or. 1.18 at 170°F. Motor is 3 HP,
1800 RPM.

Same as Item No., 148,

Taber Vert., Sub, Pump. Type 1L-2. 24" x
2". Length 11'6", Cap 50 GPM at 40°
static head. Motor is 3 HP, 1800 RPM

TRAN 009227
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(Conttd.)

AROCLOR

APPENDIX A EQUIPMENT LIST

Item  Equipment Equipment

No. Name Number

152 Storage 21-1310
Tank_ 5

153 Storage 19-0929
Transfer 62-0356
Pump #5

154 Storage 21-3526
Tank

155 Storage 19-3172
Transfer 66-2651
Pump #8

156 Storage 21-2404
Tank

157-  Storage 19-2077
Transfer 66-1691
Pump #7

158 Scales 24-0246

24-0187

167 Blow Tank 21-0750
#1

169 Surge Tank 22=-0751

170 City Wwater 69-1083
Pump #1 66-3365

171 City Water 69-2078
Pump #2 66-1796

180 Exhaust 11-0265
Blower

COMPANY
CONFIDENTIAL

Description

Tank made by lLeader Iron Works. Dwg.
Cc-609, 10* OD x 20' Long on str. she
Same as Item No. 148 for other
characteristics,

§?$3 as ltem No. 151, except length 4:

Alpha tank 12'6" Dia. x 22' high.
20,000 gallon storage capacity.
Aluminum constructed Dwg. TS-D-3011,

Durco pump,'model WH2 Alloy constr, 2'
x 14", 8" impeller. Cap. 160 GPM at
55' head. Motor is 7%# HP, 1740 RPM.

Slpha tank, 13' 0.D.- x 20' high.
Vertical tank, constructed of 3/8" mi:
steel, Capacity i1s 20,000 gallons.

Pump made by Blackmer. Monel shaft,
24" x 24", Cap. 90 GPM, 15' head.
Motor is 3 HP, 1750 RPM.

Made by Toledo Scale Co. 800# capacit)
dial type scale.

Tank.made by graver. Dwg. E-863. T!
Dia. x 7' str. side, dished heads ¢",
shell 3/8". 5 turn coil of 2" xHY pipe

Cyclone collector made by Graver. Dwg.
B-695. 48" pia. x 27" on str. side, 5
6" long and tangential inlet near top
of side., 3/16" steel throughout of
welded construction.

Tauber Horiz. pump, Model CBS, 3" x 23
9" impeller. Cap. 180 GPM, 50' head.
Motor 48 74 HP, 1800 RPM.

Same as Item No. 170

Made by American Blower Co. Type 450E.

Capacity is 6408 SCFM at 1310 RPM. Dwg
E-10699, Motor is 15 HP.

TRAN 009228

WATER_PCB-SD0000019458



19,
Dept. 246 - Prooess Description 9

AROCLOR

APPENDIX A EQUIPMENT LI1ST (Cont'd.)

Item Equipment Equipment

No. Name Number: Description

185 Coke 21-0756 Scrubber liquor tank made by Graver.
Scrubber Dwg. C-B00. 4'6" Dia, x 5'6" on Str.

#1 Side. Coil 3 turns of 14" xHY pipe.

186  Coke 21-1396 Same as Item No. 185,

Scrubber #2
200 Cyclone 21-1413 Separator made by Heintz Steel. 3' 1d
- Separator 6! high tangential separator with
integral vapor pipe complete.

{053 Air-cocled 38-5328 Air-cooled heat exchanger made by
Heeat Disler, Cooling capacity is 1,200,00(
Exchanger Btu/hr. Steel construction except for

# aluminum fins. Fan motor is 2 HP,
1150 RPM.

203 Steam Vacuum  35-3523 #2 4 Worthington 3<stage vacuum Jet.
Jet #l ' A

204 Steam Vacuum  35-1686 Same as Item No. 203,

Jet #2 :
205 Steam Vacuum 353533 3-stage porcelain Kubati vacuum eject:
Jet #> 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.

206 Off-gas 35-47586 Made by Schutte-Koertig. 8" Haveg fum:
Drowning scrubber, Complete with standard
Jetbt nozzle.

207 Drying Oven 14-0138 Grieve Hendry drying oven, 440 V., 3

phase, 60 cycle, manual reset temp.
controller range 0-400°C, A

210 Air-cooled 38-2564 Same as Item No. 201. >p.5£
Heat Ex- 66-8113 zE5
changer #1 < {1

211 Air-cooled 38-5562 Same as Item No. 201, % 9
Heat Exe- 66-811 (T
changer #2 Eg =

212 Air-cooled 38-3566 Same as Item No. 201. Eg
Heat Ex- 66-8115
changer #3

213 Air-cooled 38—3562 Same as Item No. 201,

Heat Ex- 66-811
changer #4 TRAN 009229
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EQUIPMENT LIST (Cont'd.)

AROCILOR

APPENDIX A

Item Equipment Equipment

No. Name - Number

None Chlorine Pressure 29-1547
Recorder

None #5 Chlorinator 29-2019
Flow Recorder

None Water Meter 29-2486

None #1 Stdll Tempera- 29-3885
ture Recorder

None #1 Still Absolute 29-1170
Pressure Controller

None 200# Steam Flow 29-0835
Recorder

None #2 Sti111 Absolute 29-3353
Pressure Controller

None #2 Sti1l 29-0244
Temperature Recorder

None #2 Still Level 29-1463
Controller

None Chlorinator 29-0288
Temperature Recorder :

None #1 Blow Tank 29-2916

Temperature Recorder

Description

Made by Taylor Instrument Co.
Pressure Recorder with 2 pens.
cat. No. X176JFr235.

Range 0-100 \

Made by Taylor Instrument Co.
Flow Recorder - Controller.
cat. No. 137TRF135. . 12" chart,
0 to 10 Sq. root chart.

Made by Worthington Corporatio:
3" model IH turbine type wdter
meter.

Made by Leeds & Northrup Co.
Temperature Rscorder
Range O - 400

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

Made by Balley Meter Company.
Flow ,Recorder,

Made by Taylor Instrument Co.
Absolute Pressure Recorder =
Controller.

Made by leeds & Northrup Co.
6 point Temperature Recorder.

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

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

Made by Taylor Instrument Co.

Temperature Recorder Controlle
Ad justs 202g%steam to #1 Blow

Tank Cat, RM43185-12.

COMPANY
CONFIDENTIAL

TRAN 009230

WATER_PCB-SD0000019460



yDept. 246 - Process Description

AROCLOR

APPENDIX A

Item Equipment
No. Name

None - 80# Steam

Flow Recorder

2004 Steam
Flow Recorder

None

2l,

EQUIPMENT LIST (Cont'd.)

Equipment o

Number Description

29-5452 Made by Foxboro Company. Type
T37, recording flow meter with
integrator and indicator.

Meter bodx 316 S.8. Integrator
for 80#, 400°F. Steam.

29-5453 Made by Foxboro Company. Type
T37 Recording Flow meter with
integrator and indicator.
Meter body 316 S.S8. Integrato
for 200#, 510°F. Steam.

CONFIDENTIAL

TRAN 009231
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Dept. 246 - Process Description

AROCLOR
APPENDIX B
SPECIFICATIONS

2e.

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

82601 . . .
33500
38800
19400
81059
3 43099

e e o©o o o
®© o © o o

e © ©° o o

®

e o © o o o

The following is a 1ist
6. Specification sneets are included where they exist.

department 2

Produet Code

of the finished

°

L]

L]

L]

© © o o o o

Raw Material

. Biphenyl

o © o e o

Ferric Chloride
Lime

Attapulgus Earth
Chlorine
Nitrogen

products manufactured in

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

- 81101-81102 (Mix)

82868

Aroclor 1262 -
1242 - 1248 Mix
Montars 1,2,3 and 4.

(:C)AAFLQPq\/

CONFIDENTA;

TRAN 009232
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ORGANMIC CHRMICALY DIVIBION USING DEPTS.

Issued 6/9/61

¥ °Wmmm 246

SUPPLIER

W.G Krummrich Plant

SPECIFICATION ANNISTON PLANT BY LO gl

MATERIAL

— DIPHENYL (BIPHENYL)

CHEMICAL PORMULA

oL @v. lsu 020

lwgylbll ePBES OF BAMPLE FPOR ANALYVOIG

2 x 16

0z. W.M.Bottles

UNRESTRICTED INFORMATION
Routine Tests

property Specification Method Number
Abpeafance Light Yellow Tryst. -

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

This specification is the property of Monsanto Chemical Company and

{8 for internal use only.

COMPANY
CONFIDENTIAL

TRAN 009233
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' MONSANTO CHEMICAL COMPANY
SR ANC CHEMICALS DIVIBION

W. 6. Krummrich Plant
FINISHED PRODUCTY
SPECIFICATION

PROBUCY CcOBE oEPY. OR JOB

PRODUCY (Tvedo Name)

Chlorine (Snift Gas)

81059 292
B &
Internal
BALES CoDE
YYPE

PROBUEY (Cheminal Wame)

TVved

CHEMICEAL PORMVLA

Issued DEC 23193

W. @ rummric an
By Il ‘h' 5

RAW MATE AL

For Deptfdd. 36,432 &

Mixture
4BL Y,
GUPERGEADES HPECE OF BatsPLE POA ANALYSIE
New 100 c.c. Qas Burette

UNCLASSIFIED INFORMATION

Oeneral Tests (made only on request)

Propert

Chlorine (Clz)
oxygen (0z)

Carbon Dioxide (COz)
Carbon Monoxide (CO)
Hydrogen .(Hz)

Typical Analyses

86% By Volume
3% L1} L

1 . 5% " L[]

0 . 1% L] [ {]

1.0% L "

Inert Gases (By difference) 8.4g " "

Molsture (Hz0
@ std. ogdztions

2.4 X\ 30-apRg- /188

Direct pipeline transfers to using Depts.
233, 236, 237, 246

Me thod *Number

This specification is for internal use at WGK Plant only.

COMPANY
CONFIDENTIAL

TRAN 009234

l.. ' i 84 (REV. 1R/06)
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uATERIAL €608
MORSANTO CHEMICAL CORPANY. 38800 ‘I("ued 6/20/63 -
ORQAKIE € HELAE ALY DIVISIO Uius BEPYE. « G, Xrummrich Plant
v. %Awrm %Rg’f‘“ 222, 236 By__M. D, Dealy
. .
SPECIFICATION diiny

MAVERIAL

o
CHEMIC AL PORIVLA .
Ca (Ou). i
MO TV
8UPEROBDES BPEES OF BAMPLE POR ANALYSID :
-~ 6/8/87 1 % 16 oz, W. ¥ Bottis

UNCLASSIFIED INFORMATION

General Tests (mad; only on regquest)

Property " Specification ‘ Method Number
Appearance Fine white or slightly 10,188
: gray powder, free from
;umpa or gritty material
assay (Ca(OH)e) . . - 92,008, min, 10,191
Carbonates ap (CaCy) 3,008, max, | 10,193
Magnesium - 0.50%, max, _ 10,192
Sulfates (as 80s) : 0.,30%, max, - : | 10,189
COMPANy

CONF’DENT[AL | TRAN 009235

£ 1w 86 (RBY. 18R - - .
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W. C. mmrich Plant lwavemiae cooe
MNSAKT b CREMICAL DonlPARY © 33500
SROANMIE €HEMIC ALD DIVIDION UB1:® DEPYE,
RAW MATERIAL 232
BUPPLIER
SPECIFICATION Issued 11/15/62
MATERIAL . W, « Kr ich Plant
Ferric Chloride Anhydrjde ) By ,
CHEMICAL PORMUL A .
Fe Clg
wor wr, 162,21
BUPERVEDES BPGCES ©F BAMPLE FOR AMALYEID
2/26/57 1 x 8 oz, W. M. Bottle

UNRESTRICTED INFORMATION

Gencral Tests (made only on request) -

Property Specification J.F.Q. Method No.
Appcarance Black powder or 16-A
granules
AsBRY 8T7.0%, min, 22-5T0
Sulfates . 0.05%, max. 120-570
Ferrous Salts Trace, max. 's-570-1
Soluhility: - | 117-n
10:10 of Water Complete to
. slightly turbid,
max.
JO:10 of Formula 30 Complete to
alcohol slightly turbid,
max.
CONFIDENTIAL

TRAN 009236

D 1 69 tREV. Br08)
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‘dﬂﬂnﬂ' EREA TN 4’"-‘:3?&90 | e
”.Aﬂc C'.‘ aLB gTvesion oK saPves . .o v
RAW MATERIAL — ’
SPECIFICATION Barada snd Page, Inc, ' Issued 11/15/62
MATERIAL ' : i V. G. Krummrieh
VM Pla
CHEMCAL PORMULA By
0133' - '
8L WY, . . B
SUPEROEDED EPROS BP . . [sawrrs Pen amaLven ; '
5/1/59 : . i

.
' . Y

~ UNRESTRICTED 'INFORMATION
.Bogtlne Tests - | '

Property . . .- - Specification
Volatdde Matter [at 950 c) _ 6-8}.
Wodpiests 0 S
hrowgh USS 325 .. ' 90%, mta.

. Thise material 48 not aocepted without the nuppner'
above propertiea. a - .

i

. - COMPANY

m 3K B8 (REV, BB

. “.CONFIDENTIAL

Method Number

B analyaiu or the

TRAN 009237
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MONSANTO CHEMICAL COMPANY "‘°‘é"" 1‘°°' DErT. on Job
ORGANIC EHEMIEALS DIVIBION —~ 1115 246 Issued APR 7 1964
W. 0. Krummrich Planp™* W. an
ternal J.F.Q, ,
FINISHED PRODUCT  frrrancernal J.F.Q By
SPECIFICATION
PRODVUCY (Trade Nawne) Tyea
-.. . _Aroclor 1232 _(Mcs - 236)
PRODUCY (Chamieel Name) Tvee
. 32% Chlorinated Biphenyl
ENTMIC AL PORMULA
0L @Y e e —
R;_I—Il-;;(l 8PE co.'._or BAMPLE POR ANALYSID
New 2 x 16 oz, W, M, Bottles
Routine Tests Specification Method No.

{3 e va trEY. 1R780)

Appegrance
Sp. Gr. ®25/15,5°C
Acid Number

Color, APHA

Ha0

Qeneral Tests

Chlorine

Clear Liquid
1,266 - 1.276

0.014 mg. KOH/grm. max.

100, max,

35 ppm., max.

31.5 - 32.5%

This specification is for internal use only.

- TR T, P T T TR T T R ¢ e R R AR VT e TR P S T ST ST

COMPANY
CONFIDENT}AL

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

TRAN 009238
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BONSARTO CHEMICAL COMPARY

PROBUCY CODE

E‘g ?3’821““

Issued 1/24/62

OREANIE CHELBCALD BIVIBION

ANNISTON AND KRU CH
FINISHED rnogW¥5

SALES

W,G,Krummrich Plant
by E,O0, Martin

SPECIFICATION

R e R Ry
PRODUCYT (Tvase Wemo)

CLOR 1142

pal.E8 €ODE

1040-130-04 /)
CRUDE COMMERCTAL

-03/09

YVPE

PRODUCY (Chamleal Nane)

vVYPR

CHEMICAL PORMULA

MIXTURE
0L ¥l row
SUPERBEDES BPLES OF BAMPLE POR ANALYEIB .
3/28/58 1 0%, Bottle Anniston:2x16 oz, W.M . Bottle WOK

UNRESTRICTED INFORMATION

Routine Tests

Property

Appearance and Color

Specific Gravity 25°/15.5°C
Acid Number (mg. KOH/g.)
RESTRICTED INFORMATION

Specification Method Number
Anniston WGK
Brown to black - e - - 10,084
oily liquid
1,384 - 1,394 14-49-54 10,114
0.7, max. 14-46-54 11,532

Acid Number of the crude, which is stored in non-lacquered metal containers

shall be 0.2mg. KOH/g. max.

COMPANY
CONFIDENTIAL

TRAN 009239
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MONSANTO CHEMICAL couPARY | TPPYT1°WEK ey bk
CROANE CHELRCALD DIVISION »__gg_i? ANN . 27L ANN,
KRUMMRICH and ANNISTON  fuse roles
FINISHED PRODUCT s
SALED CODE Issued 4/13/62
SPECIFICATION 1040-240-04/11/16-0%/09 W.G.Krummrich Plant
“PRODUCT (Tvade Name) TYPE By nﬁ' P el
AROCLOR 1242 ELECTRICAL GRADE (PYRANOL 1499)
‘PROOUEY (Chamlesl Hamo) TVYPE
ENEMICAL PORMULA Tt T T T
Mixture
«OL UY,. oo o
:U-P; BEDED BPEES OF SAMPLE POR ANALYSIS
; 3 x 5 pt. Amber Bottles
UNRESTRICTED INFORMATION
Rouline Tests .
Method Number
Property Specification WOK ANNISTON
color (APHA) 50, max. 10,084 144454
Condition Clear 10,084 6-1
Sp. Gr. @ 25/15,5°C 1.381-1.392 10,114 14-49.54
Acidity (mg. XOH/g.) 0.010, max. 10,087 14-h2-5Y4
Moisture (H20) 35 pEm., max. 10,620 14-53.54
Refractive Index @ 25°C 1.6240-1.6260 10,125 14-34.5)
Inorganic (Free) Chlorides 0.05 ppm., max, T-2092 014
Pour Point -14°Cc or Lower 10,115 14-47-54
Dieleciric Constant 4,70-4.90 11,608 ° 14.36-54
(1000 cycles @ 100°C)
Resistivity 500, min. 11,607 14-35.57
(500 VDC @ 1oo°g 0.1" GAP) :
A8 OHM-CM x 10
Hydrolysis Stability Test 1,0 ppm., max. T-2087 010
(As Chlorides)
Monsanto Stability Test 0.4 ppm., max. 11,503 14-61-57
(A8 Chlorides)
Distillation Range 10,117 14-31-54
(ASTM D-20, Corrected)
10¢ Distilled by wt, 225°C, min.,
90% Distilled by wt., 360°C, max.
GENERAL TESTS (Made only on request)
Sulfates None 12,169 coe
Dielectric Strength @ 25°C 35 KV, min. 11,605 o043
Flash Point (°F) 338-392 10,123 14-28-54
Fire Point None 10,123 14-28-5Y4
Viscosity @ 100°F (SUS) 82-92 10,086 14-4-52
Corrosion Test : 10,126 14-55-57
(6 nrs @ 210°C)w1th bright COMPANY
gluminum foil -
Change in wi. of AL (%) 0.0 CONFIDENTIAL
(Over)

TRAN 009240
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A.C. Color (APHA) 60, max, 10,084 14allo5Yy
A.C. Condition Clear 10,084 G-1
A.C. Acidity (mg. KOH/g.) 0,010, max. 10,087 14-42.54
A.C. Inorganic(Free)Chlorides 0.05 ppm., max. T-2092 014

GENERAL INFORMATION

Specific Heat @ 25°C 0.30

Coefficient of Expansion 0.00068 cc/°C
(25-65°C)
Fixed Chlorine 42,5-43,5%

SPECTAL CUSTOMER REQUIREMENT

Qeneral Electric

Hydrolysis Stability Test 0.5 ppm., max. T-2087 010
(A8 Cchlorides)
Thermal Chemical Chlorides . 0.75 ppm., max. 12,722
COMPANY
CONFIDENTIAL

TRAN 009241
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BONSARTO CHEMICAL COMPARY

PRODUET CODE lurt. oR 408
SR AMIE EKHEICALS DIVIBION

81102 - B264)

WOK 246-Ann.27 Iﬂ’uedx_ JUL 15 1964
usE W. G. Tummrice an

Krummrich and Anniston
Sales B ])
FINISHED PRODUCT TR TR YN P Dy
SPECIFICATION 1040-260-04/11/16-0% /09
PAGDULY (Tvads Nemo) . TveR

__Aroclor 1248 _ _ Non-Electrical @rade

PRODUEY (Chamical Nemo) TVPR

CeHEMEAL PORMULA

Mixture
oL FY,
;U_Pl.llbll eraees oF SAMEPLE PORN ARALYES .
5-4-61 3 x 16 oz, W, M, Bottles
UNRESTRICTED INFORMATION
WOK Anniston
Routine Tests Speoification = Method No.
Appearance Colorless to light 10084 G-1
yellow-green liquid
Condition Clear 10084 G-1
Color, APHA 100 max. 10084 o046
Sp. Gr. 865/15.5°C 1,405 - 1.415 10114 052
Acidity (mg. XOH/g.) 0.010, max. . 10087 050
Moisture (H-0) (ppm.) 50, max. 10620 ou7
Viscosity 8130°F (SUS) T3 - 80 10086 0lg
General Tests ) .
Plash Point (°F) 370, min, 10123 14-28-54

COMPANY
CONFIDENTIAL

TRAN 009242
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-'Q“WK

ReBucY ceaa

Tssuea 1/10/64

BONSANTO CHEMICAL COMPARY
@20AC CIERS CALS BIVIBION _81102 27 Ann, Josu -
M n
ONISHE% RooueT e e By ’h‘ﬁ”)“
SPECIFICATION 1040-260-04/11/16-03/09
V"l

1PREDUCT (Tved beee)
__Aroolor 12484;;ectr1031 Qrade (gzgnnol 1408)

PRoDVET fh)d Bamve)

TVeE

BeEWMBCAL PetaMsLA

HMizture

Corrected 2-16-64

@I ¥V,
BPPEARLEDES OPRCH OF SABPLE PER ANALYRS
2-12-60 3 x 5 pt. Amber Bottles

UNRESTRICTED INFORMATION

Routine Tests

Color, APHA

Condition

S$p. or. 865/15.5°C

:czdicy (mg. KOH/gm.)
oisture

Refractive Index @25°C

Inorganios (Pree) Chlorides

Pour Point
Dielectric Constant
(1000 cycles @100°C)

Resistivity

"Speeification.

50, max.

Clear

1.405 - 1,415

G 010, MBX
gm BAX .

1 62 5 - 1,6305

0.05 ppm., max.

0°C, max.,

h 5 hd ~¢7

500, min.

(500 VDC @100°C _0.1" GAP)

as OHM-CM x 109

Hydrolysis Stability Test

(a8 Chlorides)
Monsanto Stability Test

(a8 Chlorides)
ibistillation Range

(ASTM D-20, Corrected)

10% Distilled by Wt.
90% Distilled by Wt.

1,0 ppm., max.
0.5 ppm., !PX-

3&5'0, min,

‘0eperal Tests (made only on request)

Bulfates

Dieleoctric Strength @25°C

Pire Point
Viscosity osu n°c (sus)

Corrogion Te

(6 hrs. 9210 C with bright

aluminum foil
Change in wt. of Al (%)

Method No's
WoK Annisto

10,084 14-44-5
10, oeh G-1

10, 114 14-49-5
10, 06? 14-42-5
10, 620 14. sa -5
10,125 14-34.5.
Te 2092 014y -~
10,115 14-27-8!
11, 608 14 -36-5!

11,607 14-35-57

T-2087 010
"11,503 14-61-57
10,117 14-31-54

385 €, max,
None 12,169 - - -
35 KV, min. 11,605 043
None to beiling point 10,123 14-28-54
- 80 10,086 14-4-52
1o, 1126 14-55-57

COMPANY

"®  CONFIDENTIAL

(over)

TRAN 009243
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60, max. 10,084 14-44-5Y

@ ® m
A. Co Color, AP o I 10,08“ 1.

o Co dition
:. g. gggdity ( KOH/g. 0.010, max., 10,087 1b4-42.54
A C, znorganiemgrree) Chloridea 0.05 ppm., max. 10,118 010
OENERAL INFORMATION
Specific Heat 825°C 0.27
Ffzed Chlorine 47.5 - 48.5%

COMPANY
CONFIDENTIAL

TRAN 009244
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"~ NICA N PRODUCY CODE DEPY. OR JOB
“ﬁfﬁ:‘iﬁti,‘“ﬁ COMPANY 181103 - 82613 |wak-246-Ann.27 lesued JUL 15 1964
Krummrich and Anniston e W 0.\“:%E?21§F Plapt
Sales By
FINISHED PRODUCT TR T 125
SPECIFICATION 10h0-280-0u/11/16-0}/09
PRODUCYT (Tvads Weme) : TveE g
Aroclor 1254 Non-Electrical Qrade
PRODVEY (ﬁ-lu’ Remmne) : Tveg
cCHEMICAL PORMULA
Mixture
mL "' . b e e e © & o RS e & e —— [Rersy .
WPI!DIDI;T'TGI (-14 = AP LE POA amal Vedse
5461 _ 3 x 16 oz, W, M, Bottles
UNRESTRICTED INFORMATION - -
. WOK Anniston
Routine Tests Specification = Method WNo.
Color, APHA 100, max. 10084 ou6
Sp. Gr. 865/15,5°C 1,495 - 1,505 10114 052
Acidity (mg. KOH/g.) 0.010, max, 10087 050 .
Moisture (H.0) (ppm.) 50, max. 10620 o047
General Tests
Flash Point None 10123 14-28-54
Viscosity @210°F (SUS) hy-u8 . 10086 okg
COMPANY
CONFIDENTIAL
TRAN 009245
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- '°""... et 0¥ hox | Ble Iosued b/13/62
& |
and STON [== ' ¥. 0. Krummr
t%!cs ED PR {JCY . Bales By E. 0. nﬁi't’:ﬁ“m
BaLED CoDl .
; "EC‘"C“'ON ' 1040-280-04/11/16-03/09
-
AROCLOR 12 §4 BLECTRICAL GRADE (PYRANOL 1476)
maun(&-hdlu-d . Tvee

C e GHEBLEEAL PRAVLA

Hixture
ol W, mow
cuPR DRSS eV 2025018 PER ARALYVTED
/10 61 3 x 5 pt. Amber Bottles
UNRBSTRICTED INFORMATION aa
Routine Tests . e
: : _____ : e thod Number
Property .. ggoi?ioitIBi ibx ANNISTON
Color, APHA | 50, max. 10,084 18-RAh-54
Conditien Cleur T - 10, OSl @-1
Bp. Or. e 65/15 5°¢ 1.495-1,505 30,114 14-49-54
Aoidity ng. §o gn.) 0:010, -ax. 10,087 1k-82.54
Moisture 25 ppm 10, ,620 14-53 .54
( Refrlctivo Index @ 25°C e 6370-1 6}90 10,125 lh-} 54
Inorganic (Pree) Chlorides 0. 05 ppn., BAX . T-2002
Pour Polnt 7- 10,11 14- Z
Dielectric Constant 15-# 35 11,60 14
(1000 cycles @ 100°C)
Repistivit 500. min. 11,607 14-35-57
(500 VDC 100‘5 0.1 GAP)
as OHM-CH x 10 T )
Hydrolysis Stability Test 1,0 ppm., m&x. T-2087 010
(A8 Chlorides) R
Monsanto Stability Test 0.5 ppm.;, m&x. 11,503 18-61-57
(As Chlorides) .
Distillation Range 10,117 143154
STHM D-20, Corrected) R
0% Distilled by Wt, 366-3 ’c :
B50% Distilled by wWt. 5713
_ 90§ Distilled by Ws. 579-3
b
GENKRAL TESTS (Ildn enly on roqualt)
su1rate| : Mone 12,169 con
Disleetrioc Btrength @ 25' 35 KV, min, 11,605 o3
Fn'h Nint Fone 10,123 1“-28-5\
Fire Point Fone 10,123 1528554
Visoesity @ 210°F (8US) 8448 .10,086 18-4-52
Corrosion Test : 10,126 185557
( (E’hr. @ 210°C with bright : ,
‘aluminum fo0il)
Change 4in wt. of Al (’) 0.0
" TRAN 009246
i {Over)
L300 very. e COMPANY
CONFIDENTIAL

WATER_PCB-SD0000019476



.oy PLIE §

A.C. Color, APHA
A.C. Condition

A.C. Acidity (mg. KOH/g.)
A.C. Inorganic(Pree)Chlorides

EXTERNAL SPECIPICATION
Cornell - Dubilier
Resistivity '
(500 VDC @ 100°C 0.1" QAP
a8 OHM-CM x 109)
QENERAL INPORMATION
gpecific Heat @ 25°C
coefficient of Expansion

(25-65°C)
Pixed Chlorine

60, max.

20,084

§-44.
clesr . 107088 ger "
0,010; "#ax, 10,08 15-42-54
0.05 ppm., max. 10,11 010
150‘0, nino 11.607 1“’35'5u
0.e7 -~ -

0.00066 ce/*c
54,5-55,5¢
COMPANY
CONFIDENTIAL TRAN 009247
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HORSANTO CHEMICAL COMPANY E‘%"E}Z‘Eﬁ'ﬁ ) T Anniston |
GREANIC CHEMCALS DIVIBION e - QEE_-_QPQ
ANNISTON AND KRU CH
FINISHED PRO U%% SALES
BALES CODE
SPECIFICATION y Tssued 1/24/62
— _1040-170-04/21/16-0%/09 {.0.Krummrich Plant
PRODUCY (Tvade Namo) TYPE ]
_AROCLOR 1160 _____._. CRUDE _COMMERCIAL By_L. 0. % st
PRODUCEY (Chamleal Remo) TYPE
CHEMCAL PORMULA
MIXTURE
ML TTy @ o o
SUPERSEDES SPECLE OF SAMPLE POR aNALYDIS
5 /28/58 1 pt. can Anniston: 2 x 16 oz, W.M, Bottles WOK

UNRESTRICTED INFORMATION

Routine Tests

Property Specificetion Method Number
Anniston WGK
Appearance and Color Brown to black = ececce-- 10,084
viscous sticky
mass
Specific Gravity 90°/15.5°C 1,558 - 1.569 14-ko.54 10,114
Acid Number (mg. KOH/g.) 0.7, max. 14-46-54 11,532

RESTRICTED INFORMATION

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

L

COMPANY
CONFIDENTIAL

TRAN 009248

1w 06 tmev. 1700
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2.2

HONSAHKTO CHEMICAL COMPARY

PRODUCY €ODE

81105 - B2614

DEPT. OR JOB

OROAIC CHEMACALE DIVIBION
Krummrich and Anniston

usa

Saleg

WOK 246 Ann,27|

Issued JUL 1519
RN Gl

1

FINISHED PRODUCT
SPECIFICATION

BALES €ODE

b 72 =0l 6-

R S ST
FRODEY (Tvass Namo)

__Aroclor 1260

YVyPR

PRODUCT (Chemsleal Mamo)

Non-Electric Qrade

TYPE

crEmical FORMULA

Mixtur

DL ¥V,

e

SUPHERBEDES BPECH OF

5-4-62

BAMPLE POR ANAL VRIS

3 x 16 oz, W, M. Bottles

UNRESTRICTED INFORMATION
Routine Tests

Condition

Color, APHA

Sp. Gr. 890/15.5°C
Acidity (mg. KOH/g.)
Moisture (H20) (ppm.)
Viscosity ©210°F (sus)

Qeneral Tests

Flash Point
Fire Point

' WoK Anniste
Specification Method No.
Clear 10084 G-1
150, max. 10084 oub
1,555 - 1,566 10114 052 .
0.014, max. 10087 050
50, max. 10620 ou7
72-78 10086 o49
None 10123 14-28-5
None 10123 14-28-5

COMPANY
CONFIDENTIAL
TRAN 009249

2] s 84 wmav. 12/00)
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BWOKSANTO CHEMICAL COMPAKY eBIY T%knn. Al
OMEHCK;NIDCA;I 3;"'?.3“ t él..lﬁ_'_[m( ngzs - 58K
Annigton an ummric ants
FINISHED PRODUCT - Sales
\ SALES & Ia'
{ SPECIFICATION 1040-290-04/11/16/-03/09 g .o?eguiﬁ{% Plant
- AROCLOR 1260 ELECTRICAL GRADE VL Oyt
PRAOBVEY (Chanicel Namo) vyvyee
(PYRANOL 1482)
CHBURCAL PORBMULA
Mixture
oL 7% wow
BUPEREEDES GPECE OF SAMPLE POR ANALYSID
'3/28/58 3 x 5 pt. Amber Bottles
UNRESTRICTED INFORMATION
Routine Tests
Property ' Specification Method No,
MoK Anniston
Color (APHA) 150, max. 10,084  1h-hh.sy
Condition Clear 10,084 eccceaa-
Specific Gravity € 90/15.5°C 1,555-1,566 10,114  13-49.54
Acidity (mg XOH/g.) 0.014, max. 10,087  lh4-42-54
Moisture (Hg0) (ppm.) 35, max. 10,620 13-53-54
Viscosity @ 210°F (SUS) 72-78 10,086 14- 4.52
Refractive Index @& 25°C 1.,6455-1,6470 10,125  14-34-54
Inorganic (Pree) Chlorides No detectable amt. 10,218  14-48-57
Pour Point (°C) 25-34 - 10,115  14-47-54
Distillation Range 10,117 1433154
(ASTM D=-20, Corrected)
10% Distilled by wt, 385-398°¢C
504 Distilled by wt., 390-404°C
90% Distilled by wt. 400-420°C
Corrosion Test 10,126  14-55.57
(6 hrs. @ 210°C with
bright alumigum foll)
Change in weight of Al (%) 0.0 ,
A.C. Color (APHA) 150, max. 10,084  13-44-54
A.C. Condition Clear ‘ 10,084 ecccccece
A.C. Acidity (mg.KOH/g.) 0,014, max, 10,087  14-42-54
A.Co Inorganiomirree) No detectable amt. 10,118  14-48-57
Chlorides
(Over)
( COMPANY
CONFIDENTIAL

TRAN 009250

23 1w 84 (rav. 18700
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UNRESTRICTED INFORMATION (oont'd)

Property - : Specification Hethod Number

' : ¥ax Anniston
General Tests (made only on request)
Flash Point ' None 10,12 14-28-54
Fire Point None 101123 1&-28-§u
Fixed Chlorine (%) 59.5-60.5 10,088  14-13-54
Dielectric Strength @ 50°C 30 XK.V., min. 11,605 ecccoc--
Resistivit

: 500, ®min, 11,60 14-35.

(500 VDC @ 100°C 0.1" gap ! T 25-51
as ohm-cm, x 109)

Dielectric Constant 3,.6-3.8 11,608 14-36-45
1000 eyeles, 100°C

RESTRICTED INFORMATION

Monsanto 8Stability Test 0.7, max. 11,503 14-61-57
(AB Chlorides in ppm.)

GENERAL INFORMATION

Evaporation Loss after

6 hrs. @ 100°C (%) 0.2, max. 10,116  14-32-54
8tability test - after 30 No liberation of cromenr  emoemces
dayes at 100°C 4in glass chlorine or ohlorides

pealed in air

LY

COMPANY
CONFIDENTIAL

TRAN 009251
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BONSANTO CHERICAL COMPARY
0RO ANIC CHEMICALS DAVISION

eSS AT R

SPECIFICATION

=AND. - iston
pre ~ = Issued 1/24/62
SALES W.G.Krummrich Plant
BALES COOE by E.0. Martin

1040-170-04/11/16-03/09

S—
PROOULY (Tvads Heme)

AROCLOR 1162

Yvea

CRUDE COMMERCTAY,

PRODUET (Chamieal Name)

Tvea

CHEMCAL PORMULA

MIXTURE

oL BY, o o o

SUPERSEDES 8PECE OF

% /28/58

BAMPLE POR AKALYSID

1 pt. can, Anniston; 2 x 16 oz, W,M., Bottles WOK

UNRESTRICTED INFORMATION
Routine Tests

Property Specification Method Number
Anniston WoK
Appearance Viscous liquid - e = = 10,084
Color Brown to black © o = = 10,084
Specific Gravity €90/15.5°C 1,577 - 1,587 14-49-54 10,114
Acid No. (mg. KOH/E.) 0.7, max. 14-46-54 11,532

RESTRICTED INFORMATION

Acid No. of the ocrude which is stored in non-lacquered containers shall be

0.2 mg. KOH/B., max,

COMPANY - TRAN 009252
CONFIDENTIAL

2 v vs trav. wreer

WATER_PCB-SD0000019482



T ey

MONSANTO CHERICAL COMPARY

GROAMNIC CHEMBCALS BAVIOIOH

ANNISTON AND KRUMMRICH

'§§§E§TE§E !°§?émbﬁ% Issued 1/24/62
e - , =40K ¥W.Q.Krumnrich Plant

by E,0, Martin

FINISHED PRODUCT - SALES
[} €oba
SPECIFICATION 1040-300-04/11/16-0%-09
PACOUCY (Tras fene) Tvre
_AROCLOR DISTILLED . 1262

PROBUCY (Chamicel Namo)

A id

EHEwiICAL PORMULA

MIXTURE

MOL WY, woo

BUPERBEDES BPECH OF

2/28/58

BAMPLE FOR AMALYEIO

2 x 16 o2, W. M, Bottlesn

UNRESTRICTED INFORMATION
Routine Tests

Property Specification Method Number
Appearance Viscous liquid 10,084
Color APHA 150, max. 10,084
Specific Gravity @ 90/15.5°C 1.572 - 1,583 10,114
Acid No. (mg. KOH/g.) 0.01%, max. 10,087
Viscosity @ 210°F 86 - 100 Sus 10,086
GENERAL INFORMATION
Pour Point (ASTM) 35 - 38°C
Distilling Range 390 - 425°C
Total Chlorine 61.5 - 62.5%
Specific Qravity t coeff 0.001/°C

(85 - 130°C)

COMPANY

CONFIDENTIAL TRAN 009253

5] v 80 tmav. saree)

WATER_PCB-SD0000019483



BOHSARTO CHEMICAL COMPANY
ORGANIC CHRMICALS DIVIBION
Krummrich and Anniston
FINISHED PRODUCT
SPECIFICATION

PRODVEY cobpE

82868

bEFPT. OB JOB

WOK 246 Ann, 2]

UBE

Sale

8

' W. @
By,

8ALRSE CODE

#See PBelow

PRODUCT (Tvads Namo)
_Montars 1 and 2 _

TVveR

PRODUCT (Chemles! Name)

TVPE

_Polychlorinated Polyphenyls

CHEMICAL PORRULA

Issued .M 15 1964

Mixture
[~ -188 2
BUPERDRORS BPECO ©OF AP LE FOR AKKALYVEIS
6-15-61" 2 x 16 oz, W, M, Bottlem

UNRESTRICTED INFORMATION

Routine Tests

Appearance

General Information

Specif

ication

Black

Physical Properties (Typical Values)

Softening Point (ASTM E-28-51T)

Aclaity
Chlorine Content

."Ca0
Fe
Benzene Insoluble
Flash Point
RESTRICTED INFORMATION

Solid

Yontar 1

- 54-160°C

Slightly Basic

36-42¢
5-15¢
005'10%

500-620°F

Anniston

WOK

14-17-52

Method No.
11321

Montar 2
'70_{70.0
Slightly Basic
by-48g

5-15¢
0.5-1.0%
12.5%

Montars 1 and 2 are the 8till residues from distillation of Aroclors 1242
Composition of these Montars is not controlled, being
entirely dependent on conditions required to make acceptable distilled

and 1248 respectively.

product.

@R VO P T UETRLA R TV |G CTYSW e s SURTY W' VR AL

T v se wmrv. wree

Sales

Code Nos.

Montar 1 A405 - 001 - O4 - 03/09
Montar 2 6405 - 002 - O4 - 03/09

COMPANY
CONFIDENTIAL

TRAN 00925¢
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7o

. JUL 1§
MONSANTO CHEMICAL COMPANY | eouer coos pert. O8 190 Issued 5 1964
NG ANIC CHEMICALS DIVIBION — 82868 |WGK 246 Ann.27 W. G. K?u,mmri cth riant
Krummrich and Anniston Sales By ™ ¢
FINISHED PRODUCT faiicoot )
SPECIFICATION #See Below

PRODUCT (Tvess Mano) TVPE
__Montare 3 and 4
PRODUCY (Chamles! Name) * YYPE

__Polychlorinated Polyphenyls

CHEMICAL PORMULA

Mixture

HOL FV.
BUPERBEDES BPECS OF BAMPLE POR AMALVBIS

6-15-61 - 2 x 16 oz, W. M. Bottles

UNRESTRICTED INFORMATION
Anniston WOK

Routine Tests Specification ““HMethod No.
Appearance Black Solid 14-17-52 11321
Oeneral Information

Physical Properties (Typical Values) Montar 3 Montar 4
Softening Point (Method ASTM E28-51T) 86-168°¢ 92-206°C
Acidity Slightly Basic Slightly Basic
Chlorine Content 50-52¢% 54-56%

cad 5-10% 5-10%

Fe 0.3-0.6% 0.5-1.0%

RESTRICTED INFORMATION

Montars 3 and 4 are the 8till residues from distillation of Aroclors 1254
and 1260 respectively. Composition of these Montars is not controlled,
being entirely dependent on concitions required to make acceptable dis-
tilled product.

*Sales Code Nos.

Montar 3 6405 - 003 - O4 - 03/09
Montar 4 6405 - 004 - 04 - o;/og

COMPANY
CONFIDENTIAL

TRAN 009255

pa—— SEI s 2

oo FER TR

l_ } 104 84 (REV. 18/80)
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Dept. 246 - Process Description 25,

AROCLOR
APPENDIX C

PHYSICAL AND CHEMICAL DATA

COMPANY
CONFIDENTIAL TRAN 009256
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IVILNIAIINOD
ANVYdINOD

L62600 NVYL

Dept. 246 - Process Description

AROCLOR

APPENDIX C

PHYSICAL CONSTANTS

2k,

GENERAL PHYSICAL PROPERTIES OF AROCLORS

Aroclor 1242

FOrmi..c.oviiveverencneaonananes Practically
colorless
mobile oil

Color.. .. i iiiiitirenrcenncennn 100 Max.
(APHA)

Acidity-Maximum (Mgm. KOH per 0. 015

Gm. }

Average Coeffieient of

Expansion.....ccocoeveese cc/cc®C. 0.00068
{25°-64°C)

Typical Density
Specific Gravity 25°/25°C (77° /779 1. 380
Pounds per Gal. -25°C (77°F) i1.50

Distillation Range-ASTM D-20(Mod)

PC tectertcersirttnaonan 325°-360°
Evaporation Loss-%-ASTM D-6Med.

163°C .. ittt 5 hrs. 3.0 to 3.6

100°C. .. ..o vv i ccnenns 6 hrs. 0.0 to 0.4

Flash Point-Cleveland Open Cup. °C 176° -180°
' *F 348°-356°

Fire Point-Cleve. Open Cup....°C None*
°F

Four Point-ASTM D-97 ...... °C -19°
.F z.

Softening Point-ASTM E-28 °C .-
L F - -

Aroclor 1248
Yellow tinted
mobile oil

100 Max.
(APHA)

0.015%

0.00070
(25°-65°C)

1. 445
i2. 04

340°-375°

3.0t 4.0
0.0t 0.3

193°-196°
379°-384°

None

-7°
19. 4°

-

Aroclor 1254 Aroclor 1260 Aroclor 1262

Light yellow Light yellow

viscous oil

150 Max.
(ABMA)

0.015

0. 00066
(5°-65°C)

1.538
12.82

365°-390°

L.Lito L. 3
0.0t0 0.2

None
None

10°
50°

soft sticky
resin

150 Max.
{APHA]}

0.015

0. 00067
{20°-100°C)

1.620
13.50

385°-420°

oo .
ow
~»
)
ose
-

None

None

3l
88°

Light yellow
sticky clear
resin

150 Max.
(APHA)

0.02

0. 00064
{25°-65°C)

1.646
13.72

400°-430°

oo
QoW
L dl~d
=3 ]
oo

)

=N

None

None

37°
99°

v

-

WATER_PCB-SD0000019487



Dept. 246 - Process Description 25.

AROCLOR

APPENDIX C
PHYSICAL CONSTANTS (Cont'd.)

GENERAL PHYSICAL PROPERTIES OR AROCLORS (Cont'd.)

Aroclor 1260. Aroclor 1262

Aroclor 1242 Aroclor 1248 Aroclor 1254
Light yellow Light yellow

Yellow tinted Light yellow

Form.....oce0.n cescsesesens . Practically
colorless mobile oil viscous oil soft sticky sticky clear
mobile oil : resin resin

Fefractive Index-D-line 20°C 1.627-1.629 1.630-1631 1.639-1.641 "1.647-1.649 1.6501-1. 6517

Viscosity-Saybolt Universal 210°F (98.9°C) 34-35 36-37 44-48 . 72-178 90-103
130°F (54.4° C) 49-56 69-78 260-340 3200-4500 600-103
(160°F or 71°C)

Sec.{ASTM)-D-88)

100°F (37.8°C) 80-93 185-240 1800-2500 ~—-

VILNIQIINOD
ANVANOD

NY¥L1

852600

WATER_PCB-SD0000019488



pept. 246 - Process pescription

AROCLOR
APPENDIX C

PHYSICAL CONSTANTS (cont'd.)

PHYSICAL AND CHEMICAL DATA

Diphenyl

Specific Gravity:

.

0.992 at 75%c/4%.

The swann Chemical Company bulletin of 1930 gave thermal

data on diphenyl.

Viscoslty of piphenyl (from Anniston Flles)

OF-

“T50
170
180
190
200
220
250
300
350
400

Ag2

Centipoises

.45
1.0

1.20

1,114
1,054
0.601
0.752
0.574
0.559
0.574
0.313
0.283

specific Heat (from anniston Files)

OF-

200
500
400
$00
600
00
00
900
1000

B.T.U./1b.

COMPANY
CONFIDENTIAL  Tran oo092s9

WATER_PCB-SD0000019489



pept. 246 - process pescription 27.

AROCLOR
APPENDIX C
PHYSICAL AND CHEMICAL DATA (cont'd.)
bDiphenyl (cont'd.)
Another record gives the following values for liquid diphenyl:

%¢. Sp. Heat cals./gram
100 0.360
150 0. 380
200 o0.412
- 250 0.460
200 0.518
250 0.575
400 0.610
450 0.625

vapour Cp = 0.460
250°T

0'625
¥50°C. (D. A. Roper, Design Data for ynits 4 & 5)

pensity of Liquid plphenyl (from anniston files)

C. grams./cc

75 0.9885
100 8.9293
150 .
200 o.gsgs
250 0.8470
300 0.8010

v 350 . o.gslo
00 0.6618
450 0.6180

Heat of vaporization:
65.4 g. cal./g. at 258.5°¢.

COMPAN
CONF'DENNTTAL TRAN 009260

WATER_PCB-SD0000019490



pept. 246 - process pescription 28

AROCLOR
APPENDIX C

PHYSICAL AND CHEMICAL DATA (cont'd.)

specific gravity of Aroclors
=&t Various Temperatures

For Temp . °c. sp. Qr. Lbs. per gallon (US)
1242 60 1,347 11.23
o 65 1,344 11.20
70 1.348 11.16
5 1,335 11,13
0 1.32%2 B i 11.10
85 1,32 11.07
90 1.32 11.03
95 1.319 11,00
100 1,315 10.96
1248 60 1.413 11.78
65 1.410 11.75
70 1,405 11.71
5 : 1,400 11.68
0] 1,597 11.65
85 1,304 11.62
90 1,390 11,58
95 1,365 11.55
100 1,581 11.51
1254 or 60 1.505 12.55
GE 1476 65 1.500 12.50
‘(0 1,495 12.46
‘S 1,490 12.42
0 1.485 12,38
85 1.480 12.54
90 1.4(5 12.50
95 1.470 12.26
100 1.465- 12.21
1260 or 60 1.584 13.21
OE 1482 65 1,580 15.17 .
70 1.575 15.13
5 1.570 15,00
0 1,565 15,05
85 1.560 13.01
90 1.555 12.96
95 1.550 12.g2
100 1.545 12.88

(:C)hdeqpq\/ TRAN 009261
CONF’DENT’AL
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pept. 246 - process Dpescription

AROCLOR
APPENDIX C

29.

PHYSICAL AND CHEMICAL DATA (cont'd.)

specific Gravity of Aroclors
—Tat various Temperatures (cont'd)

(s)

For Temp. “¢. sSp. Gr. Lbs. per gallon (ys)
1262 60 1.604 13.40
65 1.600 13,36
. 70 1.597 13.52
75 1.593 13,28
80 1,588 13,24
85 1.582 13.19
90 1.577 13.15
95 1,572 13.11
100 1.568 15.07
Heat capaclty of Aroclors at yarious Temperatures (cal/gmoc.)
emperacturc
Aﬁoclo °c. 0 50 100 125 150 175 200 250 200
1242 .280 |.300 |.320 |.350 |.235 | .340 |.350 | .%65 | .3B0
1248 .270 |.280 |.295 |.505 |.315 | .320 |.33%0. | .340 | .355
1260 .,220 |.235 |.250 |.260 [.265 | .270 !.280 | .290 | .30%5
I1atent Heat of vaporization of Aroclors
Aroclor Temp. Range iatent Heat of vaporizatlion
1242 300°-310%¢. 61 cal/gm
1248 2002-3300C. 54 cal/gm
1254 }000-}5000. EO cal/gm
1260 30L°-370%. 8 cal/gm
|
COMPANY
CONFIDENTIAL

TRAN 009262
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TR S Susr 479
D ore PHYSICAL CONSTANTS DATA. 5306
ST BTAUCTURAL FORBULS = =

9 ® < > < ; >
TORPTTET 8V - bate 1947 R

v, 1y A M Ellenburyg . 1/%/57 . Ch,
. NAME . ol SOURCE & DAYE _ ___ ____
formula (hl—“ sCL. ivtal Clg 47.5 - 48.5% | Spees A/11/55._ _ . ..
wl"u'.‘ we'ﬂ‘ . —— - — . t——— e 4 s re cimer e+ o Yy . e mer e @ . T
bopsarance . . ) YR P TR I L SR N TTA Y BTN R A D, R
Ew\u Poig o 160 »n - e e e e

Bolire o 8 gm0 . : . e e
Emhnz.ﬂmm.L_n._- . . vt e e
Botling Pownt @ _ mav . ———— e e e s
Crystailizing Point —_— c e e -
felling Pount —— —— .

- Slgion Poin] ———— .
Sescitic Gravi 65/15. 5 1.410-1.420 Specs. 471155

Spectlic Gravily ¢ —— — U § ——— - - B
Pounds per Gol. ¢ 25 OC 1.12.0 —
Coellicient of Ex E xpansion _— -

Relractive Index » ng ) —— - _ -

tnmRod_§geclv (ermuce/ AR FEUR R, e s o e+ e S
Ultra Violel Spectrum (Reference/ 1. SRS S Sy S

wositye o
viscosye. .. e

Swtae Teosion . " i e
Solwbility In Wale N A S
Seloiiity in - ] j - — e e e e
M‘!’" e e 1 S U
Sp.Gr. Temp. Coell. (50-100°¢) | 0.00097°C Spess. 41155

?

.-

- b e cemn - ceme e

Ct— e - 4 ST -

Flash | Pmm °FJN¢MJ} C.O0.C. 282 _ 1 _Aroclor Bulletin ()B;i 15
Fire Poinl 5C __ 1 None _ T

Hedl of Combystion —_ ) S -1l .+ e —
Heg of Formagion — ——— - v m ran e
The«molaﬁllltymlmuml I — - e
Latent Meal of Fysion . . _ ... e - ——— o o e e e = e
(et MegotYm,_ . o\ e ..
Soecitic He o e e e i . e e e e e
Critical Tempergute - e e e e e a
Critical Pressuge : . e e e =
Dissociation Cenglant — - : e e o

L4 . TRAN 009264

Other Constanis

Toricly (Give Rejerence) Schwartz, U.S, Pub, Health Service Bull, 228 ~ "7~

COMPANY
' CONFIDENTIAL
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PHYSICAL CONSTANTS DATA

Sqer

ToRTTIACT

AROCLOR 1160 (Technical)

L
L]

EBUFICEE BV ST
Rev. Wy A VM ilonburg

oavYe 1947
7/5/51

N
SVYAVCTURAL roRmMuUL A

: Cl6 25

,58°

@ MAME

T

SOURCE & DATE _ _

Fola __ ____ CiaHy 55Clg a5

Wolecular Weight

Tota] Cl, 509.5-60.5%

Spees, 12-21-84 . _. .

Brown lo black sticky mag

s 2=21-54 ..

Borling Poirl & 160 ma

em G e e - . -

Boiting Poil & __ g - ‘

Boiling Point & @& >

Botling Poirt_at @M \ '

Crystallizing Point _ ' .

befting Painl .

Soldion Point

Soecilic Gegyily ¢ 90/ 15.5

Specs _12-21-54 _ .

1.558-1.572

itic Gravity ¢

ownds pes Gal. w25 OC ) . Jdixs. T o e )
Coefiicient of Exgansion . 3
Refraclive Index & ng o -
Infta Red Spectivm (Reference R — N T
Uitz Violet Specttum (Reference) . __ | e D
Visese. _ _ oom_ - e B
VisoosIty @ e e A —_— e
Smiace Tension .. oo -— —— e e _—
olwility s Wag - - e e n
a{mmnm,f__ — e e e e e -

wility

B Oy e CoelT, [T5-130°C] 10, 00107°C ~SeeesizAiiLL . D
Flash Point OF (Mathod) None _ L _
Fite Point °C None - . . _ _
Heat of Combustion . _ . . s ] e et e . — .
Heat of Formalion - . e e
Therma! Stgbility feal /X5, '®in,) v — o 8 e e -
Laent Heat of Evsion ... . 4 e e e = e e e - —
Laent Het of YO, _ e et o o e e e e e et m e eaa
Sagific Hedl N _ . -
Critical Veqperature _— i - - - —— e am -
Ciitical Pressige - ————— e ——
Rissoci o Constal - v - —
-~ i
g o o @ e
D A

@

g — TRAN 009265 —
Tonichy (Give Roference) _ ~__1Schwartz. 11 S Pub Healt! 220, Ll

"Industrial Poisons, Hazga!

NOTE: Theae dato should nol be relcesed ouﬂ?ﬁ%ﬁmﬁlﬂmﬂu

463-464

h Seevice Bull #320.
ds and Solvents

Coup-:nyl.gl?tlc additionel sheats if necessory

_hy M N
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had él i1y

y’ sto

B a4

AROCLOR 1154 (Technical)

SYRVETUQRAL PoRMUL &

TOUPILED BV "o o= = . DATE 1'9 37
e A M Lllenburg 7:5/,317 \‘5
. _MAME _SOURCE § DAY -
Formula _ _g l ("l Total Cj_%_53. 5 - 54. 5% Spnns.,...ll:m-;f_——' -
Vomular vmlh( e _ -
Apeamnst  _ o .. Brown to black oy lquid] "Spees, 12-2(:54 " " ~
Pojing Poirt g )0 e __ - : 4o ————————
Boing Point # ._mm . _ e e e -
Bofling Poesl 8 . 08 @ e e e e e e e o e e o
Borng Poind | _&m —— —— e e o e et
E?.‘&'!Ll_'.ﬂx.'l%‘_-__‘- — - e T
Molbng BOIOL. o o e e e e e _———
Solion Point . ... j —_ —
g_s.uf.i;_g_uw.r-__ £5,05.5 1 500 -1.5 o T T
CIfe Lle
Pwnds_@%_g L B YT '_'F'_“_' Tt
Coelircient of Expansion 1o o _ T o
Rehaclive index » Ay . v -
infra Red Specttum (Referrnces B __,_j_ _ S R i
Oitea Violel Specttom (Reforemeey | T T T
ViSEOSIY 2 . o i o e e e e e [ S, N
ML EI0 A T S U S oo
Surtace TenSION o et e e e e e e e e e e e -
m.mu.m_!;.«__. . — — ——— e e e e
ity . . ————— ——— - - - — ..
Sondility in__ __ _ e em e - —— - .
Sp, Gr. Temp, Coeff (55-105°C) [ 0,0009579C T -
e o G —— — e e B Oh g SEEE, & s . me ) om—— - . - P — - — > D s W g, e s .. . we e
F'uu?gmi °F1__'_@Z:___~_';:'_: I Nome T o T ..
Fate Poini_°C . .'EQD.*L ...... —_ I .
Heal of oMU . o e o e o b e e et e e e e e s e . -
Hedt ol Formatoen __ _ _ ..o o e .
Thewmal Saility el o) L oty i — e
Lot Hem O EUION . o e A o e e et e o e s
Latent Hed of Y. S S L EEEES ER P .-
Specilic Heal ' - e i e e e e e e
Cilieal Tenperatug. S N S
Cuilical Preswire —_— - -
Qissoc: glion Copstand — —_——— . -
1 L.
o = —— e i s —_——— s ms e
T—— _—
£ T TS
(3] ()
2 — P erpe -
o . ’ o TRAN 009266
Torichy (Give Reference) Schwarte, U S, Pub, ﬂealm rvice, Bull. ~2—2'-_:7_—-::
"Industrial Poisons, Vol.f, -463-364 194 1 L

. NOTEv Theoo dote showld ot be reloased uuodao c? 593.19%§2.£ﬁf9§§p5’.¥ M. oBJJ:’IIwnn? oot if Raeeturs
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7 st

TR ET

AROCLOR 1162 (Technleal)

LALCIALD

A\

TOUPICRE oV - - = -

Rev.' 3v A. M. Ellenburg

LEACER ST ¥
7/5/47

. O=D

— T o =T

AL POlrayL A

Cl7

— . HAME ___mm.t._o_éu. - __.:
Foimuls ___,__,__,C,,zHSCL, Total Cl, 61.5 -62.5% Specs _4-11-55. _ . o
Molecular Weight - . _ ———. S
Aopearance _ Brown to black sticky mags Spec 4-11-55 = __
Boiling Poin a__ } I e e e e - ¥ ——
Boiling Poj _&m e
Boulene Poinl 8 _smm LN S S e i e e e
Boiling Poit & _mm e e e e e
Crystaltiziog Point__ _ _ _ _ _ —— —— e e e
Helung Pount - - — e e e e ——— e =
Soludion Poial . . _____ — e e e
Soecilic Gravitye . 90/15.5__ . _ |1 .577-1.587 _ @ | Specd-11-%3. ._. . .
?ghc Gravily ¢ " SRS S U S -
Pounds per Gal ¢ 95 3C N O 2 — T ]
Coetficrent of Expansion o e .. .
Refractive index v h g o o —_—
Iolia Red Spectium (Reference)___ .4
Ulig Viplet Spectivm Referemce) ! _ e . ..
OS2 e e e e e e e e — e
VISCOMIY ¢ oo oo ee mimmme = f oo e - — b e = .
Suriscn Jensied . .. .. oo o e e e e o e e
Solubrity in Water —_ — e e
i . . e e
Solwbilityin__ _ . .. o . 5 e e e o
Sp. Gr. TempCoeil [§5-120%C€)  [0.0010/%C — " "T"Spec 4-11:55 ... ___
Flash Pont OF (maheds . |None __ I
Fire Point ¢ _ - —— | None - —— e
Heat of Combustion. _ ... Lo e s e e e e .
Hest of Formaion __ . - - - - .
Thermat-Siabibity fest./hgmind . _ L o e e e e e e e e e -
Latend Haat of FuBIon. . oo ] e e e e . —————— - -
Latent Heat of Y. . _. e S e -
Soecilic Hedt _ _ _ e e e e e e .
Critical Yemperalpre e et e v m e e e -
Cubical Pressue — . ——-
Qissecistion Conslat o — e mm e -
- ——— e
: oo L. o sam
E . - .
S - - - o e
u e
£ TRAN 009267 .
(=4 - -
Toitily (Give Reference) Schwarty, 11.S Puh Heal EETR
"Industri Mo EL

A
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2 PHYSICAL CONSTANTS DATA 3 ¢po

B ——
m _=._ I s e e e e e ppon—
Ri7 1388744 ] ’"'lucw 2T S T

ARDCLOR ;242

. e P
e . ¢ p A
. THRPILED BV ATd N S
p‘ﬂ - /\, M, Elte-burg *4-25.57 1,
J46 e e o o NAME . - — —SOURCE 8 DATE . _ _ _ _
Formola Cl2 Hy Cia

Wolecular weight . —.1.®257 jave, R

Bopeatance . ... . __ "1 Coloriess Mck..e O
Pomg Point & 160om __ Rarvge ) 328 - %O°'C, _ . . A e
Bogooyg 3 g . | .15___1‘?5_9_ Y P
Beifirg Poim . ®m&__ ______ . __ .. .}
Bowtmg Por @ _ ew __ . - - e
Crystallizing Poist | Norocrystailizi-e_ - ) L
Metwg Pond. e e e ..

Soiuion Point _ . _ . S — e e i e — e el

Sorgilie Gravny s 25728 €, .___.J.__ﬂ_.-._..-_---.--.._. e =
Bm"" "‘"'_! 29/18.5 Co .1 1. 381 1,92 T lspec.ticats-
Pounds per Bal. '« 26 T T .l'__s_o_-.-__.-_____- M B._OP...: L.
Coetticient of Expansion 3565 C, | 0.000h& (gsec/oCo | T T
reltactive 'MCX~ 25 C, nd - 162458 - 1. 6268 .--S-P:-L-th--.l -2 ‘4.-.- L
infra Red SQQC!'WD/R'JW"W-_._--.- e e e e e —
Ultra Violel Spectrum (Referenee) .. __ 1. ____ RN S
Viscosty e 210 F. o o] 34-35 8US M. B, QP-_.%. .
Viscosity ¢ _ 100 F, 4-82:92 SVUS e
Suige Tension. . Dyres/cm @ 20-C. " I L T0% NN NLEI o7 USRI STy SR o
Solwilly 1 Weler | drec i bo d. B, OP-1.3 ... _. ..
Solwility 0. YA Alcer ol @ 29" Q... 23, 3. /10C cc e e
Solility in_Pyr dire @ 30°C 432 _LEA_LLQQ.;_L Y O R

e

— Mirzrariy. -Bu“ OP1..

. s . ———— - =+ = o P T —

T

ut\,, .

I‘.
N

Y

oo T . S U
i . e e e
T e e
Flash Point ®Bllethog) € .0, C. j80 ¢, T
Fue Point 3¢ c.o.c, Nene e T T

Heal of Combustion _ " . e e e e el e e e
Heat of Formation _ __ _ — . B —
Thermat Siability feal. Mg min) . SN S
Latent Haal of Fasion . . o e o e e e e e i e
Laenl Hedt of Vap,_Ca'/@m, el e . _lCa:culated. e
Specitic Hest _ @ 25 C., e 0489 eI MR, OP..5 . . .
Critical Tmpemue 1 Y S

Crilical Pressige - : e

G et & 300°C. 0,370 g o

Po.v Pe:pt ~14-C, ar lowery "
T-erina_ Cacductavity, calf

COMPANY

.
<
E 20 cm/ Cleec, | 24.0 @G3R C To be n.h-.!_‘ ed
[ SLDeecirc Corstare 100:C,. > e
A €. 60 ey, 4.> -4.9 : M, B, OP-3.5
E :L-——' . ‘ . e et e ieem
= £ TRAN 009268
(&

't-oxmll(r:-'w Reference) Contact Med ca  Dep* . M, B OP-11%

..... - g

MNOTE: 1heas doto should not be raleaseyd ovtside of Mopsente Chemical Company. Use edditional sheats if neees urs.
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PHYSICAL CONSTANTS DATA 1570
biaar i = %wu e
— ABOCLOR 1248 .
, ' . (]
14 i4ia -k 24 v [ 184
D T A. M Ellenburg 4-25-57 1
gp . NAME - SOURCE & DATE —
o4& Formula Ci2 He Clg
Molecular Wenght 292 (Avg,) )
Ameuance N Yellow Tinted Mot Ol | Monsanto Bull, OP-115(10
Boiling Pk # 1@ g __Renge 345-3859C, "
Boiling Poit & 3 em_ 185-210°C "
Bolling Frin A . B6 . - ——
Boiling Poit & __&m - . P
Crystatiizing Point Non-ecrystallizing . R
dlelling Pott .. .. e e
Soluion Point. . e e e e
&QL_C.GJML (L 1.445 A .
ecific Grav 65/15,5°C, 1.4058-1.415 Sp:cmmmn,s_s‘a FYI
oURds per ll v _25 O 12,04 B,OP-115 . _—
Coeflicient of Eapansion 26-659C 0.00070 ce/ees C, ﬁr -
Relractive Indes » 25-Cn¢ ‘ 1,6285-1,630% | Specificatior 979,54 __
inlta Red Speclium (Reference) et = m——— e — i
mm lee{ | Spectrum ¢ (Re]mm) — —— e = — et —
Yiscositv¢ . _ _130CF, 73-80 SUS. .. ....._. M.B.OP-115_____ .
Yiscosity v . S S U
Mnlnn:n .“-D_Y_ns.s./_c.m_@_Z_Q_.C___f_n‘i__Z_l_Br.. — J. Coll, Sei, 7,166, (1952
Souility in Wele Spiupie -- M’.LLL-_.--_. -
Solwility ;. _3A Alcohol @ 25° 1 15pg./100cc - — —
Solpikity i ___y:mu:m _._@zs_c.-_ LAll.4g. /100 ce e e ——
S _.._. 2 —_——
Flash Point *K/Hethed) C. O, C, 186°¢ ) " - —_—
FiePoM _ ___cne _None " e e
Heal ol Combustion c—- —_—— - - ———
Hed! of Formalion, _ — _ —
Thermsi Sierfity (col./%e. min,) ——— :
Latent Hexf of Fusion _ . L. . —_— T
Laenl Hedl of Yoo, U_g_gl./lm, 84 . _ _ e J Calewlated . _ .
SDQEUJG.“{L@..,&_.C_. 0,210 . M B _OP-1IS8_ .. —_—
Cuitical Tempotatyre * — - -
canEJ.nML _
s;g ific Heat @ 300°C 0,356 .
- —
< Pour Polnt 00C, or lower "
> = Thermal Conductivity, €al/ | 23,6 @ 289, To be published
< Z s em/ C/sec.
EE_ W  2[Dielectric Constent, 100°C, | 4.5-4.7 M.B. OP-11%
3 he Y,
E E x] A o
Q= £ ; TRAN 009269
O O [} ——
© Tonicily f CoWiscl Medicsl Dept M.B, OP-115
0x1City (Geus Reference) OWRLEC egicss Uept. B,

NOTE: These dota 1hould not be relves od oviside of Montento Chomieed Company, Use edditional sheats if ascessary.
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L gpT 996 v S4ST 4.
) ER i PHYSICAL CONSTANTS DATA & eto

TCITvAweL ' e B TRUCY VA AL PoR S ST TTESES TSRS
AROCLOR 1254 - ' '

TOUPTCEB BT — 5TY% k..- "

A M Eleborg 4-2% 4°

. . _NAME Dave -
Fo«mula 2 @ . __. . €12 He Cls : e = -
lhl_e_cyl_a_:_m;hl _____ - 326 ‘Avg,* L

Aooearance . . 1 Pale Yelow 1t=0.4 0il | Morsar_o B4l OF 11 19
Boiling Point 17&-'“ _B.a;ge 36% _40,.°C N F

BoithgOog 8 2 - et 1R6 2200C . T
anﬂimroml-._m . - e
Boiting Poid & _ _mm N S

»..
soystalliciog Pod A Nor crysatowog | _ .t

o G

m&ut’:ml_ ....... T

. - Soldion Poind ___ - —_— ; ————— —— e

e &egﬂpo:_ﬁljau; er °¢ VR U 1 Y R S ._‘l
ppecmc Gravity ¢ 5.'\' __C..._ —_— 1 4085 0120 ) Srecif sstipne v B LT
Pounds per Gal. v _2,_C 12.82 o= ----.....,..MH__QP.-JJ‘ - -
Coellicient of Expansion 7 65°C, 0 _0NPRE ~ocal . —
Relmlm “index # B, Jauk 1,64%0.1. 639N ____54_‘__1__4__4_2__1.1_._ )
In(u Red Mﬁlm (Reference) e .
Ullu Violel Spectium ngm_é I R __:_____ S S
viscosty s . .. __2L0_F - 44 4888 T TTI'MBOPOOE . T
Viscositty e . _ L ool . = o e e L e e e -
Suface Teosion __ __ .Qz.::_s.._tm__ 50,3 @2°"C 4. 0@00°C Mt . L L.
Solwruty 1n Wae [nsoluble . .* . 1 __ " . ___ .

’ Sowilty . _3A AL30°01 Q_U‘VL {10g /10 cc__g_. et e -
Solubitity in Py L_,gl_g_@_ ll4g.71_0_" cs ' "

" e v e csend e a- e oo - o oce

© cnn e - ¢ o~ o Co— -
e - OB —— e . —— o 0 e et e e — - ] —— & SE———T— —— —— = o . .- - -
T - @ e w e em e v b s G . o - . v o —— - - o
—ae . o o T e . P e e SO e G S - - e e @ com— - - te = - o

Flash Point °{_(ua 0.6 Nire ; 1 ——r ———m e e
' Fie Pont C__-___ —C.0.c. 1l Noe — | L R . -

MealotComsion _ 1 e o

Hed of Foemation _  _____ ___ JE VO [ SV
Thermat Staility fcal /hg/min,) SR E R ..
Lgent Hemt ol Fumton,__ ... ... . . ... . o . .

Laent Hed ol V.. catlgm. o 430 Celzuaed
Specilic_teal _._ @r: C 0 261 i oo | MR OP 11 e

Critical_Temperaiure e e e - s e o e o o —
Critical Pressige

Dmmonm Constand - _——

Sirolle Hea @300 Co ]_0.33F —_—

- . - e e mmme

T Pa.a Poitc . T12°¢C " - —— -

ed
<
ZE
< E n’:‘:———ﬁﬁ‘_ﬁ'ﬁ{—u“g‘—”mn ~ductivity, Cal’ | @9 0 @ 28°¢ To be pubirsted ..
ﬂ. D =3 . . £ . . c—
o]
g EI-.. 235_9' r:::('TB' 082, 100YCe | 4,1° 4, 3° IMB.OP-11¢ T
© A0 e,
05 BT — —— ———e
X 8 - TRAN 009270
ey (Give Reference) | Cor-a~ Mediza. Deg: ME_OP 11 Tl

WHOTE: I'hese dote should ot be relonsed outside ok Monsonto CAemscal Compeny. l'se eddilwnel sheets 1f necaseain.
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Lot PHYSICAL CONSTANTS DATA 1579

' .‘i—i-— = _-— T T - o amans cumm . -
" v BTRUCTUAAL '° :—-‘—-—-——-.. St e L TemTE

o —_ LOW 1260 _ e - ,, .
. | ,

N | ‘\\ />/
PROTLYERY - = —— e o « e ¢ -____..Tb. e et /

[y o
. >,
AN P lervpury Lo { 4 Nyt Lo

S — o Y VS

formua L N -

. bbtetum wggh! e e ___J AL AL e
dwevance . AR A W i:.-....oa.Of' ST S ICTLY
liiting Poirk 2160 mm Ko™ gee L S8 AMNCL L
Bomeg oy o Spm .. .. Iy GE el T

Botding POl @ . BB .. o e ) e e e e e e e
Boumg Po & e __ .

Crystalhizing Poant R I :iﬂ:l‘..(..l N .41 TE L e e
UOIUBE POIM 2. oo e e e b e e e e e .I — e
-4
-l

.. --SQURCE & Dave _  _

" Mo gurto m-.; Chorid

"“‘T‘T‘

w—rm e s e e oes s . -t

_.q- -— s
'
L
¥

i
]
¥
1

TRl ot o g e bl e e -
Specitic Gravity « ..;._.;5“2..-;,- e a7 et e : .
Specttic Granty « | _ | g 1l .1.‘.:..'-.%.:A.-.:-_ SpraliCatme, Sis o
Poungs per Gal. o T SC T L T T et g LA OLLLL

Coethicient of Bpmsion. 0 100 B BT T &
Relractive index » v LNE
lnm Red Specuum Ikclnrm'fl o

; S SO W YRS ;Li';;.'-._-.-.f. RN T
viscosty «_ 0% TS s’"".’ L mBopIs L T
Viscosty « SRR W - .. e .
Swisce Tension ... ... ... oL ol e o e e e e e Gy e =
solwrity o Waler

, oty I e ] e L TIEN REPHESP AP .
Solwbility in .

.......

. ... e e i a e e B e e e e e e e e
N R _'_.f.';; [
Fnsht’omt"muw s Y Nae L .

Fug Pont %€ _ PR - T -SRI B ot SNSRI S . e
Meat of Gomoustion . _ . __ .. .. SO VRS DU . .
Wewol Fymaion _ __ . . Lo oToTITo

Theimat Staitity (cal, hp' mm\
Latent Heatof Fusion . . ... ._ _.. |. e e e et e e -
Laent He o) V®. . .. _calyem. .. ) 49 . . .. L. L Caleplsied .
Spegilic Heapo @l lwmre .. . loamoPriily o
Cribeeat chm&ue __._.___-__.-__._.L.-- e e e e v ey e b e e o .
Cilical Pregaute SR NN B T

Disseciation Consient 5 e e e e o e e e i e
MLL;.-..H.LLQJOQ C. --—..'-'.--'.ﬂ‘ ® e o — o e o m s ¢ e ——

N , .. )
L put Poin: 2 e34°C, ! ——— e

A e 2 M -— e ® . . - -
l—.' N4 a8

Licaee.scic Consart Co g bt 38 .. ) — e e e

G - . o e we = e

[
- X — - TRAN 009271

Other t_:onshnls

~ COMPANY
CONFIDENTIAL

o ’ 1 I YO
L A S R T
Tom;d; (Gise Reference) ’.'c,__‘._'.;:. Mcuia, Dopt, MB OP - ..

ROTE: These dato |Aould not be ralecsed ovtside n[ Monscaso Chemscel Company. U'se edduional sheets 1f neress ars
8
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PHYSICAL CONSTANTS DATA 7 580

FURIvERET

AROCLOR 1260 - 10% Toluo! M('x

CEUPTLEG §Y
@

DAYH

7/3,51

sTaAvCTVRAL POAMYL A ol

Mixture by Weight

80% - Aroclor 1260
10% - Toluol

Ultra Viotel Spectrum rReference) .. .__L
Vigosity g ___ _ . 100OF ______
Viscosstye ___ .. . 21Q°F__ .. __ .}
Sudgs Tension .. e

Solwnlity in ¥ete —

4.9 ¢s. (IB2US)

A M _Flleohure -
- NAME — SOURCE 6 DAYE
Formuta . . —
Volecum *ﬂ_‘_' R e c— e - - =
- ngwv liquid ___‘Spggs_ AJ_U.J_::;'}_____ N
Boilvng Poit # 180w _ . - k. —— '
Boitre Coig . _mm \ - S e e e e e
Pounld __om . : e e
Hing Point_& am —_— e e .
Coystalliging Pont - ——- — e o .
Keluns Pont . — . - — e e - -
-Saluion Po) — 4 s o e e = .
mm::ekﬁ-wsnus 3°C 1.475-1.495 _— —— e
ecific Gravi - e s e - [ S
s pr G-+ 57 TiEs s L
Coelficient of Expansion ‘ ) — - e e
Refrachive Index » hg ——— .
Infra Red Spectium (Keference) 1 o i e e e o .

[50.2 £s. (23 sum_._;wnxm.i_an_ L

Solpility 10 . . e

Solwdity —_—

o e O ¢ e - G G ey G D S e ®

- e G o T e

Flash Pomt F (Mathod ) 1§g_nggn_£_g‘.p_

Fite Pot_nl—(f‘ RO

Heal ol Combustion _ .

Heat of Formgion -

Tww mmm: feal he/min) .
Lot Heat of Fasion _. ... _|..
Laen Hegt of Ve, e

* Spegilic Heat

A I L)
CITITIIIIID e
tog’ T I WGK Lab 37546 . 1T
110 - o e o e emm o
N B S
e i ez e e o s e @ s em G GO S G o e— P - - - - -

Criticel_Tempergture . e e e [ A
Criticel Pressige ———— -
Quasocistion Constant . -- S
- . e —
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. PHYSICAL CONSTANTS DATA

1138114

“Solution Point

'

575‘7977
F, s8¢

TEUPILYO 6V

a4 Al Fllenburp

AYE

7/3/57

SYavcivamal FOAMYL A

HNAME

Formule

C12H3Cle

fen o —— v

Volecular Weight

Aomarance

Boiline Point & 160 B

300-425°C

395 v L —_—
Light vell sticky Hesin | Monsanta Bulletin OP- %g
‘ " (‘1’—

Beiiing Pain i - _sm

- -

Boauling Pornt 8 &8

Boiling Polni & __mm

)

stalhi2ing Point

. e cmme b o

belting Paint

Soecilic Grovity 4 _©0/15 5°C

1 577-1.587

Specs, 4/11/55

ectlic Gravity s 25/25Y9C

‘1.646

MB OP=115 __ ..

ounds pet Gal.v 25 9% 13.12 —_—— e
Coefliciont of Eapasion 25 .850C 0. 00064 cc/ec/OC il e e e
Refraclive Idex sy 259C 0§ a1 B4B-1 650 . " —

Ifra Red Spectium (Reerence)

Ultea Violet Spectium (Reference) o

Visgosity o 910%F

B6.300 SUS :

Viscosity #
Sudace Tension

Soldility in Walel

Salubllity in
Solubiilty in

Flash Point OF (Method)

None

MB QP-115
i

Fire Polm °C

None

Heat of Compystion
He® of Formation

Thetmal Sgbllity (cal,/kp/min,)

Latent Host of Fusion

Laten Mot of Vi,

Soecilic Het
Grltics! Temporeture
NI

Pozr Pbint

35-389C

TRAN 009273

QOther Comslamtls
29

-y

] 'y

MB QP-1195

ToxieRy (Cive Reference)

Conlart Mﬁ.d.:_D.:ih

X

MOTE! These dase shoeld not bo relees od ostside of Honsante Chomicel Compeny, Use edditional shoats if neeesswry.

.

WATER_PCB-SD0000019502



hept. 246 - Process Description 30,

AROCLOR
NPPENDIX D

UTILITIES

Toe utility calculations are based on design calculations for a 28.8
million pounds per year production rate.

The breakdown of utility usage by individual equipment 18 only on
estimate. The estimates of utility usage are average values in
most instances &8 it is difficult to measure the operating time
and load for a particular piece of equipment with great accuracy.

Tiie total usage of each utility was taken from the cost shects.
Estimates of individual operating time and percentage of the tutal

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

COMPANY'
CONFIDENTIAL
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Dept. 246 - Process Description

AROCLOR

APPENDIX D

1.

UTILITIES (Cont'd.)

Power Consumption

COMPANY
FIDENTIAL

C

Ao

Electricity - 440 V., 3 phase, 60 cycle

Item Equipment

- No. Motor

101 Biphenyl transfer
pump

103 Biphenyl head tank
pump

104 Biphenyl feed pump

121 # Chlorinator pump

122 #4 Chlorinator pump

123 #3 Chlorinator pump

124 #2 Chlorinator pump

125 #1 Chlorinator pump

127 #2 Blow tank pump

129 #1 Blow tank pump

132 #1 Still pump

135 #2 Still pump

140 #1 Receiver pump

14 #2 Receiver pump

144 Blend tank pump

149 #> Storage transfer
pump

151 #4 Storage transfer
pump

153 #5 Storage transfer
pump

155 #8 storage transfer
pump

157 #! Storage transfer
pump

170 #1 City water pump

171 #2 City water pump

180 Exhaust blower

Miscellaneous
Totals

Peak
Motor Load
HP KW
3.00 2.6
15 0.7
7.50 6.6
10.00 8.8
10.00 8.8
10.00 8.8
10.00 8.8
10.00 8.8
5.00 4.4
5.00 4.4
5.00 4.4
7.50 6.6
2.00 1.7
2.00 1.7
3.00 2.6
3.00 2.6
3.00 2.6
3.00 2.6
3.00 2.6
3.00 2.6
7.50 6.6
7.50 6.6
15.00 13.0

. 0.
135778 .

31.

Monthly
Usage

KWH

80
240
1980
3040
040
3040
3040
3040
200
1580
1580
2340
20
20
200
160
2lo
200
8o
8o
2340
0

)

2.V

20,860

TRAN 009275
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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 3600
Instrumentation e 1440
Miscellaneous ) ;2150
- , Totals 20
2. Natural Gas
Monthly
Item Usling Normal Use Peak Use Usage
No. Equipment SCFH SCFH ‘MSCF
131 #1 Furnace 1200 2400 430
132 #2 Furnace 1200 2400 430
Totals ~ 2800 “TB00
3. Compressed (plant) Air
Monthly
Item Using Normal Use Peak Use Usage
No. Equigment SCFM SCFM MSCF
127 #2 Blow tank 60 R 200 2590
148 #5 Storage tank 60 200 90
150 #4 Storage tank 60 200 90
152 #5 Storage tank 60 200 90
154 #8 Storage tank 60 200 90
156 #7 Storage tank 60 200 . go
Miscellaneous 10 200 330
Totals 370 14300 3060
CO%OMPANY
. FIDENTIAL TRAN 009276
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AROCLOR
APPENDIX D UTILITIES (Cont'd.)
y, Nitrogen
Monthly
Item Using Normal Use Peak Use Usage
No. Equipment SCFH SCFH SCF
142 . #1 Blend Tank 3 y 2140
143 #2 Rlend Tank 3 y 2140
146 #1 Product Tank 3 Y 2140
147 #2 Product Tank 3 4 2140
148 #% Storage Tank 3 Y 2140
150 #4 Storage Tank 3 4 2140
- 152 #5 Storage Tank 3 4 2140
Totals -2 28 13,3580
5. Purchased Water
Monthly
Item Using Normal Use Peak Use Usage
No. Equipment aPM GPM M. Cal.
130 #1 Sti11 3 5 150
131 #2 still 3 5 150
203 #1 vacuum Jet 20 20 ' 870
204 #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 8o 110
6. High Pressure Steam
G a
Monthly
Item Using Normal Use Peak Use Usaye
No. Equipment Lb./hr. 1b./hr. M. LL.
167 #1 Blow Tank 210 310 150
2035 #1 Vacuum Jet 450 670 320
204 #2 Vacuum Jet 400 615 220
205 #3 Vacuum Jet 325 500 240
Totals 1385 I000—
7. Low Pressure Steam
=T
Monthly
Item Using Normal Use Peak Use Usage
3 No. Equipment Lb.{hr. Lb./hr. M. Lb.
< 102 Bipnenyl Storage 700 900 500
> = Tank
2 > 138 #1 Receiver Tank 700 900 500
< i 139 #2 Receilver Tank TO00 900 500
0. 0O 142 #1 Blend Tank €00 300 150
s = 143 #2 Blend Tank 200 300 150
O 22 146 #1 Finished Produt200 300 150
Tank
o 8 Totals 2700 5500 1550

TRAN 009277
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AROCLOR
) APPENDIX D UTILITIES (Cont'd.)
7. low Pressure Steam (Cont'd.)
Monthly
Item Using Normal Use Peux Use Usage
No. Equipment Lb./hr. Lb./hr. M. Lbs.
147 - #2 Pinished 200 300 150
Product Tank
148 #3 Storage Tank T00 900 500
i 150 #4 Storage Tank T00 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 7800 10,500
i
COMPANY
CONFIDENTIAL
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Dept. 246 - Process Description

AROCLOR
APPENDIX E PERSONNEL

Departments 246, A-246, B-246 and Cc-246 are closely related,
Operating personnel may work in all of the departments

in a given day., For this reason, the description of operating
clussifications and assignments for departments 246, A-246, B-246
and C-246 is given as though all four of the departments are Just
one department.

Operating Classifications

- Job : Number of Men
( day/weer Gohedule | 10 & 4 Schedule
Premium Operator y 3
Standard Operator 4 3
Repairman 1 1
Packer 2 2
Porter H %
Swingmen 1 0
Total 124 e}

~

The swingman works two shifts per week (Saturday and Sunday) as a relief
foreman, two shifts as & repairman, and one shift operatlng the premium
Jjob. There is an open shift on t.ie standard operator job that is covered
by overtime. The premium operator and standard operator cover three

ghifts each day. The repairman works the day shift, and with the swingman,
there is 7 days per week repalirman coverage. Packers work the day and
middle shift 5 days per week. The porter works half time in department
246 and half time in department 243. The premium operator hus 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,
15% to Pyranol and 15% to Pydraul. :

Operating Assignments:

Premium Operator: Has overall responsibility and operates 5 chlorinators
8t 8 and covers the necessary absences of the standard operator.

Standard Operator: Operates.2 blend tanks filter, 2 finished product

Yanks, storage tanks, makes Pyranol and pydraul mlixes, loads trailer,
and tank cars, charges chlorinators and transfers receivers and also -

belongs to the Fire Brigade.

Repairman: Unloads cars and trallers of Biphenyl, Trichlorobenzene and
Tetra=Trichlorobenzene and finished product, makes weekly safety inspectioms

und department minor repair work.
COMPANY TRAN 009279

CONFIDENTIAL
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‘Dept . 246 - Process Description

AROCLOR
APPENDIX E PERSONNEL (Cont'd.)
Packer: Fills, stencils and labels 5 gallon, 30 and 55 gallon drums and

clean-up assignments when not drumming.

Porteb: Cleans office, control room, repair room, wash room and smoking

shelter.

Swingman: Works one day per Week as premium operator, two days as repair-
man angd two days as relief foreman. ASs relief foreman takes overall

pupervision and day shift on weekends including arranging for maintenance,
night sheets and line-up of work.

COMPpA
CONFIDENA;-),A L

{RAN 009280
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pept ., 246 - Process Description

AROCLOR

APPENDIX F PACKAGING & SHIPPING

Aroclor, Pyranol & Pydraul are filled about half in drums and halfl
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 8,000 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 & 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 {rom the final container. That is all tank cars
and tenk trucks are sampled and analyzed after loading. All electrical
grade drums are sampled {rom one of the drums.

Tank cars and tank trucks are inspected to be 8ure they are free of
dirt and water or other foreign material before loading. Heels are drained
before loading some materials. Car washing when necessary i1s done by the
repair track. Tank cars are sealed with a numbered aluminum seal

lacquer lined drums are used f{or Aroclor and Pyranol and plain'
steel drums are used for Pydrauls.

A summary of products, weights and containers current use is as
follows: '

Welghts and Containers =4
Product 5 gal, 30 0al. 55 0al. TT TC > é
1232 - - 600# - - =z 2Z
1242 60 - 600# Yes Yes << L
1248 0o - 600# Yes  Yes &N
1254 60 - 6004 Yes Yes = ™
1254 Xylene - - 600# - - ®) =
1260 60 - 600# Yes Yes O e
1262 60 - 600# - -
MCS295 - - 64s# - - Qo
Pyranol 1488 - - 675# - -
Pyranol 1481 - - 675# - -

TRAN 009281
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‘ "Dept. 246 - Process Description

AROCLOR
APPENDIX F PACKAGING & SHIPPING (Cont'd,)
Weilghts and Containers

Product gal, o0 (al. 55 al. IT - TC

Pyranol A-13B3B 65 3604 672# - 4000 gal.

inerteen PPO 65 360# 6744 - 4000 Gal. &
: 8000 Gal.

Pydraul A=-200 59 - YLY s - Yes -

Pydraul 280 - - 6254 - -

COMPANY
CONFIDENTIAL

TRAN 009282
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AROCLOR
APPENDIX G MATERIAL BALANCE

The material balance on Dept. 246 was made with a minimum of field
measurements. Most of the estimates on the followlng page check fairly
close with actual raw materijal usages that can be readlily measured. The
exact compostion of some of the intermediate process streams 18 uncertain.

COMPANY
CONFIDENTIAL
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Dept . 246 - Process Description

AROCLOR
APPENDIX QG

Raw Materlal

& cost ($/1b.)
Biphenyl (.0662)

Chlorine (.0217)

#Ferric Chloride é
#Attapulgus Earth
#Adr 2 .00055)
#Lime (.0100)

Biphenyl (.0€62)

Chlorine (.0217)

4o,

SUMMARY OF MATERIAL BALANCE RESULTS

AROCLOR 1242

Usages - Lbs./100 1bs., product Material Balance

Theory Material Balance
58 63

84 91.8

0.03 .03

15 .15

2 3

0 0.5

52

AROCLOR 1248

56.5

103.2

Usages 1bs/100 1bs

58 Frinished Prod.
1l Filter Cake
3.5 Still Bottmms

.5 0ff-Qas HC1]

®

42 Finished Prai.
1.5 Filter Cake
.05 vVacuum Jet
2.8 stil1 Bottoms
.95 Air-HCl1 Mix-
ture

uu.go Off-Gas HC1

.03

.15
3.0
0.5

52 Finish Product
1l Pilter Cake

3 8t1l1) Bottoms

.5 Ofl'-Gas HC1

48 Flnished Prod.
1.5 Filter Cake
.05 Vacuum Jet
2.55 Still Bottonn
.95 Air-HCl Mix-
ture
50.15 Off-0as liC1

#These raw materials are the same for production of all Aroeclors.

~ COMPANY

CONFIDENT}AL

TRAN 009285
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Dept. 246 - Process Description u1.

AROCLOR

APPENDIX G SUMMARY OF MATERIAL BALANCE RESULTS (Cont'd.)

AROCLOR 1254

Raw Material . Usages - Lbs./100 1lbs. product Material Balance

& Cost ($/1b.)° Theory Material Balance Usages Lbs./100 1bs.

Biphenyl (.0662) 46 49.8 Finished Product
Filter Cake
Stil)l Bottoms

- ‘Off=-Gas HC)

Chlorine (.0217) 108 .117.5 Finished Product
Filter Cake
Vacuum Jet
St111 Bottoms
Air-HC1 Mixture
Off-Cas HC1

AROCLOR 1260

BJphenyl (.0662) 4o 43.4 Finished Product
Filter Cake
Still Bottoms
Orf-Oag HC1

Chlorine (.0217) 120 128.8 Finished Product

COMPANY
CONFIDENTIAL

Fllter Cake
Vacuum Jet
Still Bottoms
Air-HCl Mixture
Off-Gas HC1
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Dept, 246 - process Description iz,
HLROCLOR
APPENDIX H ATMOSPHERIC DISCHARGCE - WASTE DISPOSAL
Lbs. per C lbs. Total Lbs./Yr. based

Discharge to Atmosphere of Aroclor Produced on Prod. Rate 28.6Mim
1. HCl fumes rrqm blow tanks 0.01 . .240N0.
2. HCl fumes from other tanks

vented to atmosphere 0.01 2,000
3, Chlorine gas f{rom chlorinator

vented to blow tank Unlnnym Unknown
4, proclor & Biphenyl vapors

of tanks vented to atmosphere Unknown + Unknown
Discharge to Sewers
1. HCl from chlorinators 2.5% 500, 000%
2. Clg from chlorinators 2.0%# 30,000
Discharge to Waste Disposal
1. Montar 0.0176% 5,000#
2. Aroclor 0,33 95, 000%

#Estimated

COMPANY
CONFIDENTIAL

TRAN 009287
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AROCLOR
APPENDIX 1 PROCESS CONTROL
Sampling Reason for st Normal Mcthod
Point Frequency Sample .. Range Numbe 1’
Chlorinators 2-3 times Specific Gravity .011
per batch _
Blend Tanks > times Color (APHA) o 50-150 Max. 10,084
each day Sp.Gr. at 25/15.5°C. .011 10,114
Acidity (mg. KOH/g.; .014 Max. 10,087
- #Moisture (HgO) (PPM 35 PPM Max. 10,620
#Refractive Index at
25°c. .0020 10,125
#Inorganic (free)Chlorides .OSPPM
Max, T-?Og?
#Dielectric Constant .20 11,60
#Resistivity (500 VDC at
100°c. 500,Min. 11,607
0.1" OAP &8 ohm-cm X 10°
#Hydrolysis Stability 1.0 PPM
Test (as Chlorides) Max . T-208"
itMonsanto Stabllity Test 0.5 PPM
(A8 Chlorides) Max. 11,503
#itSulfates None 12,169
**Dislectric Strength at
257C. 35 KV Min, 11,604
##viscosity at 100°F. (Sus) 10 10,086
##4#Thermal Chemical Chlorid- 0.75 PPM
es Max. 12,'t22
Storage Tank Every 1l-2 Same &s blend tanks
Composite days
Tank Cars & Every Load Same &8 blend tanks
Trailers

#Tepts made on electrical grade Aroclors only.
##Tegls made on request only.
###Special customer test.
#sadMaximum range for 811 Aroclors including electrical and non-electrical
grades,

COMPANY
CONFIDENTIAL TRAN. 009288
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AROCLOR

APPENDIX J SAFETY & TOXICITY DATA

Sufety Equipment

The following is & list of safety equipment (personal and departmental)
required in department 246. |

1.

5.
6.

7.

Fire extinguishers:
A. Dry Chemical (3) - 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.
Chlorine Gas Masks (4) - Southwest corner, second floor

Control roem, second floor

East side, outaside control room

Wall, Southwest corner of sprinkler house,
main {loor.

Scott Air Maske - West of lean-To
safety Showers (2) - Southeast corner of Bldg. CR, ground level.
= Southeast corner of Bldg. CR, 2nd Floor.

Davis Vapotester
Eye Baths
Sprinkler System

safety Precautions

The folliwin% are safety precautions followed in the operation of
department 246.

1. Safet uipment of Employee
Each gﬁp%oyee'ﬁ?i‘fﬁi'¥511371ng safety equipment: (1) Hard hat

2) safety glasses (3) Goggles (4) Rubber and canvas gloves
5) Rubber overshoes. Speclal equipment may be issued &s
necessary for performing a particular job in & safe manner.

COMPANY
CONFIDENTIAL % °7%%
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AROCLOR
APPENDIX J SAFETY & TOXICITY DATA (Cont'd.)

Safety Precautions (Cont'd.)

2. Sampling of Crude Arcclor
The samples ol Arocior taken during the chlorinaiion reaction are
hot (170°C.). Precaution must be taken to avoid skin contact of
samples and inhalation of llydrogen Chloride, Chlorine and Aroclor
vapors.

2. Fires

Firee 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 {rom accumulated pockets of natural gas

or a rapid burning of Diphenyl in a closed container such &s a
Chlerinator. Chlorinators are equipped with a 10" diameter
pressure relief line with a rupture disc made to burst at 22 psi
in case Diphenyl within the Chlerinator ignites.

Toxicit

Toxicity does not present a serious problem, However, a complete
daily 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 algso 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 eccur that may be classified as

health and safety hazards. These accidents may result {rom such
things a8 broken process lines, acid leaks, steam leaks, etc.

The worst inherent hazards are as follows:

. Pree Chlorine from ruptured line or major leak.
. HCl Gas from ruptured line or major leak.

. Dropping bottoms from stills,

. Hot Aroclor & Diphenyl.

L2 R

Safety Record

The last lost-time inJury in Dept. 246 was January 28, 1948. The
frequency of minor injuries is low, around one per month,

Toxicity: This material is a liquid under normal conditions and has a
medijum toxicity range for liquid ing2stion 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 conditlons. Aroclor
mixes (Xylene, Toluene, Butyl Acetate, etc.) may burn and explose at high
temperatures when exposed to f{lames.

~ COMPANY
CONFIDENTIAL TRAN 009290
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AROCLOR
APPENDIX J SAFETY & TOXICITY DATA (Cont'd.)

Other Hazards: This material can cause dermatitis, systemic poisoning
Trom the Tumes, and yellow atrophy of the liver. There are skin, mucous
membranes 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
thls material at elevated temperatures should have medical supervision,
und 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.

Shipping: There are no special shipping restrictions,

FERRIC CHLORIDE (FeClj)

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

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

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

Treatment and Antidotes: Call a physician.

Storagec and Handling: Protect the s.«in with approved protective clothing,
avold the oreathing of FeCla dust, weur approved respirator with adequate
cartridge, and protect the cyco wlin approved goggles. Tnere are no
storauge regulatlions.

Shlpping: There are no shipping restrictions.

D1PHENYL (CeHsCeHs)

Toxlcity: This materlal is a s0lid at normal conditions and is medium
ToxJc. 7The M.A.C. of vapor is 2 mg/cubic meter of air. If ingested,

the lethal uovse Js 2.4 g/Kg of body weight. The fumes are not dangerously
deadly, butr-they are polsonous over a prolonged time.

Fire Hazard: Diphenyl is very f{lammable and will burn when exposed to
heat or {Jame or oxidizing materials.

Other Hazards: Diphenyl is not too corrosive to skin, but it will affect

The eyes.
COMPANY
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Dept. 246 - Process Description 47,

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

Treatment and antluotes: Wash eyes with water and get the patient to
Tresh a.r. 1ry vO .,ct patient to vomic, and call a physician.

Storage and Handling: This material can be stored in steel containers
away {rom Iire hazards and oxidizing agents. Wear sultable clothes and
approved goggles when handling diphenyl.

Shipping: Ship in cars or other suitable containers with a red warning
]aBe§ o% flammability.

XYLENE (CgHy(CHa)e

Toxicity: This material is a liquid under normal conditions and is very
oxic In liquid or gaseous form, but it 1s less toxic thun toluene. The

M.A.C. 18 200 ppm,

Fire Hazard: This materlal is very flammable and the limiting explosive
concentration is 1-5.3% by volume in air. It will also react with
oxidizing agents. - '

Other Hazards: This material will cause necrosis if enough is inhaled,
and 1s hazardous to eyes, mucous membranes, and the skin. :

Treatment and Antidotes: Qet patient to fresh air, and call a physician,
JT Injested, getl patlient to vomit. Wash eyes and skin with water.

Storage and Handling: This material should be stored in & cool well-
ventilated area away from {ire hazards or strong oxidizing agents. The
material for storage can be steel cars or tanks. Wear approved
protective clothing, respiraor, and goggles.

'Shipping: Ship in containers of steel or appropriate material with a
od YEbeT.

TRICHLOROBENZENE :

Tuxicity: This material is & solid al room temperature and the vapors
are qu.te toxie. The solid is poison if Ingested. The M.,A.C. is 50 ppm.

Fire Hazard: This so0lid 1is flgmmable but 18 listed only as & moderate
TIve hazard. Will burn at 420°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
alr., Call & physician. .
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Dept. 246 - Process Description 48,

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

TRICHIOROBENZENE (Cont'd.)

Storuge and Handling: Store this material in cool, well-ventilated
wrea away from hazarde anu oxldizing 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 {ire hazard, but it will
burn at high temperatures and will decompose and emit chlorine.

Other Hazards: This material will affect the eyes, skin, and mucous
membranes.

Treatment and Handling: Wash eyes and skin with water and get patient
0 Iresh air. Call & physician, ’

Storage and Handling: Store this material in & 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(OH)e

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

Fire Hazard: This material is not flammable.

Other Hazards: Lime i8 very hazardous to the eyes. It will burn the skin
8180, and the dust will affect the mucous membranes.

Treatment and Antidotes: Flood eyes and skin with large quantities of
water. 11 Jlime 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 spécial restrictiones for shipping, but the
conEaIners should have & white label, & caustic warning.

009293
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Dept. 246 - Process Description Ng,

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

ATTAPULGUS EARTH: .

Toxicity: This earth is not toxic in general.

Fire Hazard; Thére is no fire hazard.

Other Hazards: Attapulgus earth can create a dust haiard similar to
other dusts that contain silica.

Treatment and Antidotes: Consult a physician.

Storage and Handling: Attapulsug earth presents no special storage
problem and should 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
Eoiiafj The M,A.C., 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 reacivs with some metals to form hazardous hydrogen.

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

Treatment and Antidotes: Wash profusely with water, if injested, 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

Oor canister gas masks.

Shipping: Shipping containers must have & white warning label and a
non-%Iammable label. Ship in appropriate containers such as rail car

or carboy. .

CHLORINE (Clg)

Toxicity: This material is a gas under normal conditions and 1s very
Yoxic. The M.A.C, is .35 to 2 ppm. A concentration of 1000 ppm would
be rapidly fatal. Least concentration with detectable odor is 3.5 ppm

" COMPANY TRAN 009294
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pept. 246 - Process Description 50.

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

CHLORINE (Clz) (Cont'd.)

Fire Hazard: There is no {ire hazard under normal conditions, but there

T8 an explosion hagard if chlorine is mixed with a strong reducing agent
such as hydrogen or hydrocarbons at high temperature.

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

Treatment and Antidotes: The patimnt should be given oxygen immediately
#no treated lor shock. Call a physician.

Storage and Handling: This material should be stored in a ventilated
and cool place away Jrom fire hazards. When handling, wear a gas mdsk
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
non-?Iammable label on. Ship in steel cars or oylinders.
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Dept., 246 - Process Deacription ‘ 51.

AROCLOR
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 & heat transfer medium.
The Swann Chemical Company agreed to produce Biphenyl, but first a process

had to be developed.

Two years later, in 1928, a pilot plant for producing Biphenyl became
operative. However, in the meantime, the Indian Refining Company dropped
all interest in Biphenyl. 8Since a process had been developed for
manufacturing Blphenyl, the Swann Chemical Company started looking for
other outlets for this material. The simplest outlet was in the form of
Chilorinated Biphenyls which were produced in the laboratery in 1928.

The Chlorinated Biphenyls produced exhibited good electrical properties.
This was reported to the General Electric Company who immediately became
interested in the produect which ultimately developed into large scale
consumptionin electrical transformere and capacitors.

The trade name "Aroclore" was adopted for the Chlorinated Biphenyl
products. The properties of Aroclors vary from @obile 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.

pPlant equilpment was installed to produce Aroclors at a rate of 3000 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 1935.
This purchase gave Monsanto access to the patent rights for the productlion

of Aroclors. -

Production Capacity needed to be expanded, and since Monsanto had a
Chlorine Plant at Plant"B" (now called the W. G. Xrummrich 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, 1936.

By 1940, the Krummrich Plant production capacity was inadequate, and in
1941, a similar production unit was installed in the Anniston Plant.
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Monsunto Company
Monsanto, Illlinois

. SAFETY REVIEW COMMITTEE
Accepted by production Original slgned by:
‘WBJ CWR __2-19-64
oDG  2-20-64

HBP = 2-10-61
January 17, 1964

Mes8rs
P. E. Helsler - WQK K. L, McHugh = Org. Res.
E. E. Martin - WGK Process Holders

R. W. Bucknell - Org. Res.

TENTATIVE AMENDMENT NO. "A"

TITLE:

Aroclor Standard Manufacturing Process of Dec 17, 1962
811.01 - B11 o7

OBJECTIVE:

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

PRESENT PRACTICE:

Presently 1 1b, of ferric chloride is added to the biphenyl charge tank

to 4000 1bs. of biphenyl. It is suggested that this amount be increased to
.2 1bs. of ferric chloride per 4000 1bs. charge of biphenyl added to the
charge tank. 1t has been shown in the St. lLouis Research Reports Nos.

1640 and 2072 that a minimum level of Pe Cls catalyst is 0.03% to

produce stable Aroclors.

Aroclors manufactured at the W G. Xrummrich 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, "A" (Cont'd.)

APPROVAL: ' DATE:

original signed by:

P.E, teisler 2/11/64
. . delsler - Date

E. E. Martin 2/11/64
E. E. Martin - WGK Date

n. B, Hosmer ) _2/14/64
Dn Bo HOBmeX' el Gl 00 Da—te

2/19/64

. . uc e = ° . ° D&te
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DISTRIBUTION LIST:

H. L. Minckler/R. S. Wobus - Qen. Offices
R: E. Soden - WGK
T. W. Dalton - WGK
. . J. R. Kellogg - WGK
St. Louls Research
. Vital Records Center
WGK Standards Department
. WGK Technical Services
10. vault Copy
11. Englend
12. England
13%14. Anniston - R. @ Moody
1516. Extra

h
WO CO~1 ON 2y ) =

) May 9, 1963
TENTATIVE AMENDMENT NO. A
PROCESS DESCRIPTION FOR THE MANUFACTURE OF AROCLOR IN DEPT. 246

OF DECEMBER 17, 19062 - W. O0. KRUMMRICH PFLANT, MONSANTO, ILLINOIS
SUB-TITLE: Preparation of Aroclor 12}2 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 ol diphenyl in the presence of iron chloride catalyst.

The crude Aroclor, produced in the chlorinator, is air blown, distilled
over calcium oxide treated with Attapulgus earth, filtered, and

transferred to storage

PROPOSED CHANGE: Amend the existing manufacturing process to include
the proauction of Aroclor 1232, which contains high percentages of
dich]orobighenyl. to be used in the large scale preparation of MCS 177,
a 700°-8B00O°F. heat transfer fluid.

Aroclor 1232 is prepared by the direct chlorination of diphenyl to
a specific gravity of 1.232 to 1.235 at 650/15.5°C. in the presence of
iron chloride catalyst. The crude Aroclor 1232 18 air blown, and
distilled over calcium oxlde prior to transfer of the product into
storage containers at 50° to BO®°C. 1iInsoluble isomers, present in this
special Aroclor 1232, slouwly 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
Attupulgus treutment and final filtration are optional but not necessary.

-
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This special Aroclor 1232 cannot be back-blended if the finlshed
product is off on its prescribed chlorine specifications The
Jncorporat ion of excess monochlorobliphenyls into the product will
increase the volatllity of the MCS 177 and the addition of trichloro-
viphenyls will drastically raise the pour point of the finished heat
transfer fluid. Abnormal compositions of this Aroclor 1232 are
rcadlily detectable by gas-1iquid chromatographic analyses.

Approvdl is fequested 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:

i Written by J. D. Sullivan
J. D. sulllivan

Date 5/9/63

Approved By:
original signed by:

W. R. Richard W. R. Richard
P. E. Helsler P. E. Helsler
E. E. Martin E. E. Martin

safety Review Committee:
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1. R. S. Wobus 8. England

2. C. Barbre _ 9. P. 0 Marsh
3. T H. Becker 10. Plant B

4, J. Soffrankoe 11. Plant B

5. St. L. Res. Lib, 12. Plant B

6. Sst. L. Res. Lib, 13. H. L. Hubbard
Y. Plant B 14, J. Mitoray

January 23, 1051
TENTATIVE AMENDMENT
AROCLOR PROCESS

Dept. 246, Plant B

This amendment provides for the addition of anhydrous FeCls, 0.3% by
weight of biphenyl, to the chlorinator as fortifying catalyst for the
production of Aroclor 1160

This change in process operation 48 & result of a complaint submitted
because of the presence of green color in Arocleor 1260. Research work
has indicated a trend toward improved color when anhydrous FeCls is
used either alone or in combination with plant steel catalyst. To
cite an example, using S% by weight plant steel catalyst(, an untreated
Aroclor 1260 was prepared in the laboratory having a color of S6%
Transmission (Fisher Electrophotometer, filler 425B), whereas from a
batch in which the same catalyst plus O 3% by weight anhydrous FeCla
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 0.3% by weight anhydrous FeCls, did not
indlicate any abnormalities or deviations f{rom usual quality material.
A complete summary of the Research work is presented in & memorandum
to Dr. R. M. Hltchens, January 24, 1951.

1t s proposed to condut a plant demonstiration which will comprise
the production of three to four chlorination batches of Aroclor 1160
using 0.3% by weight of the b.phenyl 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 FeClas charged to the chlorinator.

original signed by: = J. P. Mitoray
J P Mltoray

In
January 24 1951 ,’

COMPANY
APPROVED : CONF’DENTIAL |

original Signed by:

H. I angoand 142565% Qj J: ¥gigkauff 1/25/51
. Hubbar ave . - Welnkau “gite

. rbre ' 6/2 1

W Dpaiton 6a%e c. Bar%re ate
. osmer 26/51 paul Q. Harsh 1/26/51

. Hosmer ate . . Mars vate
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SAFETY REVIEW COMMITTEE
Ooriginal signed by
PR 0 ) DO

1n.R-57
R.E.H 10-9-57
R.H.M. : 10-Q-67

September 27, 1957

Distribution:

Dr. 0. J. Weinkauff - Research T. W. Dalton - W@GK
R. S. Wobus - Roberts Bldg. J R. Kellogg - WGK
T. M.-patrick - Research Process Holders

A. M. Ellenburg - Research
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 perlod of chlorination, and that a
temperature of 130-150°C., be maintained during the whole chlorination

Previous Practice:

in the Manufactur.ng Process, no definite temperature is described for the
start of the Chlorination. For the biphenyl measuring tank & temperature of
at least Bg°c., is recommended &and as a "finishing temperature" a range

of 120-135"¢C is dsscribed for Aroclor 1242 and 1248, a "finishing temp-
erature" of 120-150°C., for Aroclor 1254, 1260 and 1262.

The cireculation of each batch in the chlorinator is started after the first
four (4) hours of the chlorination (approximately half of the total

chlorination t.me of Aroclor 1242).

Proposed Amendment :

The biphenyl charge will be heated to at least 115-120°C., in the measurlng
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 chlerinator should be brought up to 1>o°c., in a
minimum time usually 20 to 30 minutes after the chlorine introduction
The chlorination of bijphenyl to &1l liquid Aroclors should be earried out

at a reaction temperature of 130-150°cC.
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Tentative Amendment No. B -2- September 27, 1957

proposed Amendment (Cont'd.)

NOTE: 1n order to mechanically reduce losses due to sublimatlion and en-
T 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. 1640, October 22,
1956 by H Merten, Progess Report No. 5; Job No 3428 cCode IND FL,

of August, 1957 by H Merten and A. M. Ellanburg.

Clrculating each blphenyl batch from the beginning of the chlorination

should facilitate the production of a more uniform material, since & better
contact of the biphenyl charge with the catalyst at the start of each chlori-
nation is made pogsible, 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 1 illustrates the effect of temperature changes
on the quality of the end product of actual plant runs (shown by stability
chloride values). Table Il 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 patch circulation
after the lapse of & four-hour chlorination period.

TABLE I
Batch Temperature Stabllity Chloride
No. Low _ High ~ ppm./16 hrs.
319 ol 116 0.80
320 110 129 0.74
321 - 133 145 0.49

COMPANY
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Tentative Amendment No. B -3- September 27, 1957

TABLE 11
Aroclor Stability Chloride
Circulation No. Lot No. ppm./16 hrs.
after 4 hours . 1254 T-631 .85
after 4 hours 1254 T7-632 : .89
entire period 1254 T-635 45
entire period 1254 T-636 45
after 4 hours 1260 T-1044 .52
after 4 hours 1260 T-104 : .57
entire period 1260 T-104 .39
entire period 1260 T-1049 4 . s,

Precautions:

No increased toxicity or safety hazards will result from this process chaunge

Extent of Demonstrations:

It 18 suggested that this amendment be incorporated in the standard
Manufacturing Process &8s soon as possible.

Original signed by: H. L. Merten

H. L. Merten
Research Department

in
Approved:
Original Signed by:
J. R. Kellogg A. M. Ellenburg
J. R. Rellogg A. M. Ellenburg
Tb W' Da]'ton To Mo Paﬁ!‘ick. J!".
1. W Dalton —  _T. M. patrick
P
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Safety Review Committee

ORIGINAL SIGNED BY:
H. L. Hubbard /18,57

R. H. M, 3/18/57

R. E. Howard 3/18/57
March 13, 1957

pistribution:

pr. 0. J. Weinkauff - Research T. W Dalton - WGK
R. S. Wobus - Roberts Bldg. J. R. Kellogg - WOK
H. L., Hubbard - Research Process Holders

A. M. Ellenburg - Research

Tentative Amendment No, A

Title:
Aroclor - Standard Manufacturing Process for Department 246,

W. G. Xrummrich - Revised 3/15/55 = @. N. Schwartz.

ObJective:
Thls amendment covers process changes in the chlorination step of

the Aroclor Process, Section V Part B, concerning the Cutalyst.

Present Practice:

The biphenyl charge 1s dropped by gravity to the #1 2, 3, 4 or 5
chlorinators. The chlorinators are constructed of siteel and are 3

feel in diameter x 16 feet in height. For catalyslL, they contain an

8§ fool bed of coarse steel tumings which have been burned free of

0il and moisture over an open gas flame prior to their introduction
into the chlorinator. Additional catalys. is added to the chlorinators
as required. Normally, this is not necessary more than once & year.

Proposed Amendment:

in addition to the present catalyst source, each chlorinator batch of
5600 or 4000 pounds of biphenyl will be charged with 2 pounds of &n-
hydrous ferric chlorlde 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 FeCls has been investigated and found to give a very
stable product when used in the suggested purportion

The complainte {rom General Electric Company on Aroclor 1242 re-
garding the instability of certa n material produced in July and August,
1956, make it mandatory that we maintain our Aroclop quality at its

maximum at all times.

.
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March 13 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 should 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:
originel signed by:
J. R. Kellogg A. M. Ellenburg
J. K. Kelliogg A. M. Ellenburg
T. W. palton F. B. Zienty 3-19-57
T. W. Dalton T. M. Patrick
- for T. M. patrick
" in
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Monsanto, Illinois . CC: C. M. Edelblut - Anniston
J. Clegorn - Anniston
Safety Review Committee
Ooriginal gigned by

T M, P, 6-12-59
REH (=-12-59

R, H, M, 6-15-59

June 8 N 1959

Messrs.,

. W. Dalton

. M. Patrick = Research
n. M. Ellenburg - Research

H. S. Scott
Process Holders PROCESS AMENDMENT - AROCLORS

eP . et .G.

Title
ModiTication of chlorination temperatures for Aroclor production

Purpose ‘
To provide chlorination temperature ranges that are more compatible
with plant conditions

0ld Procedure
BIphenyl chlorination is performed at temperature range of 130 to 150 c.

Proposed Procedure
Initial chiorination of Bighenyl may be started at a minimum temperature

of 95°C. provided that 120°C 1s reached within 1/2 hour. Chlorination
may be continued for the next tow hours at & temperature no less than
120°c Completion of the batch will then be controlled between 130 and

150°¢C.

Reason and Justification
Normal Biphenyl storage is maintained at approximately 95 C. to keep

-paflely below the flash point. Therefore to adherg strictly to the

process would require heating of the batch to 130°C. before chlorination.
This results in production delays and increased Biphenyl pluggage in
chlorinator off gas lines. Based on plant experience most chlorinators
are recharged while s8till hot from the preceeding batch; this normally
yeilds a starting temperature in the range of 120°c. However, occasionally
delays cause charging to a cooler chlorinator where the net temperature
may approach 95°C. This proposal would allow chlorination to start
immediately under these conditions The bateh 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 130°C. is needed for the first two hours to reduce Biphenyl
carry-over into the off gas lines.
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This proposed process ammendment has tentative approval from Research,

J. R. Kellogg

in
original Signed by:

" 7. W. Dalton J. R. Kellogg
T. W. Dalton J. R Kellogg

4. M. Ellenburg T. M. Patrick 6-12-59
A. M. kBllenburg T. M Patrick
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pept . 246 - Process Description 52,

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 summorized below:

Equivalent pounds

Operation Time (hours) of Pinished Product

Charge Chlorinator .25

Chlorination 1242 : 8.70 6330

‘ 1248 9.20 7200

1254 11.10 8040

1260 12.30 9100
Transfer to blow tanks .25
Aeration 2.00
Distillation 1242 1.75
1248 1.75
1254 1.75
1260 1.75
Blending 2.00
Filtering 2.00
2.00

Dropping to Storage

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

Aroclor Batch Time (hrs.)
102 16 95
1248 19.45
1254 21.35
1260 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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Dept, 246 - Process Description

AROCLOR

APPENDIX M

"QUALITY CONSIDERATIONS

The Aroclor compounde are 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
pase numerous stringent specifications, The following tests determine.
Aroclor quality:

Hydrolyesis stability Measure of chemically unstable chlorine
compounde,

Munch or Monsanto Measure of thermally unstable ehlorine

( Stability Test compounds at elevated temperatures,

Thermal Chemical . Developed by the General Electric Co,

Chloride to measure chemically and thermally
unstable chlorine compounds,

Resistivity Measure of insulative properties,

Power Factor Measures power loss due to current

through & capacitor,

Dielectric Constant Measurees the capacitance of a standard
. such a8 air compared to the capacitances
of Aroclor,

Specific Gravity, : . - Measures of chlorination level,
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 erude Aroclor, Conditions in the chlorinator
needed for a good Quality product are:

1, Chlorination Temperature - The chlorination temperature must be
greater thanil20°C ' at the beginning of the chlorination reaction to

t produce stable Aroclors, Results of research tests indicate that
product stability is better as the initial chlorination temperature is

increased,

COMPA
CONFIDENN:‘TAL T oozt

WATER_PCB-SD0000019540



54,
Department 246 - Process Description
AROCLDR
APPENDIX M .
QUALITY CONSIDERATIONS
2. Fe;ric Chloride Concentration - Reséarch has found that the ferric

chloride concentration must be at least 0, 03% to form stable products.
Research recommends 0, 05% ferric chloride. Lower catalyst ratios
result in increased 'addition® chlorination a8 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 sus-
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 {low pattern of the reactants, It is suspected that the
chlorine gas 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 {low may result,

A steamn clean-out of the chlorinatér may be an expedient method to
remove the ferric chloride, This method was tried in the department,
and evidently was suecessful, Further tests by the laboratery will
verify the effectiveness of a stearn clean-out,

5., Spa rgine - The sparger controls the gas distribution under the cata-
yst hold-up plate and the size of gas bubbles, It is not known whether

the eatzlyst besket or sparger or both are-the critical {actore=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 fhis should

incredse the rdactidn rate. - . e

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 catalyst is
poisoned, the effective catalyst concentration is reduced and thus 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,
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AROCLOR

Dept, 246 - Process Description

APPENDIX M

"QUALITY CONSIDERATIONS

6.

Raw Material Purity (Cont'd,)
Sulfonated biphenyl Ell 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,

Earth Treatment - The factors affecting stability aleo 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 Attapulgue 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 2 minimum

of 4 hours before addition to the Aroclor, Heat treatment reduces

the moisture and activates the earth,
\

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,

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 2 stable compound is
not formed during chlogination,

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,
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AROCLOR
APPENDIX M | QUALITY CONSIDERATIONS (Cont'd,)

Absorbents

Numerous absorbents have bsen screened in the laboratory at various
contact temperatures' for their effect on resistivity of plant untreated

Aroclor 1242,

The most aétisfactory 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

ﬁégradation of Aroclors, which leads to loss in eleotrical resistivity,
is one of the short comings of using Aroclor as & dielectric, especially
since only & very minor degradation can cause & Berious breakdown in

electrical equipment.

The thermal degradation of f{ractionated 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.

°  Aroclor 1242 has been degraded by ultraviolent light, and the decrease
in electrical resistivity with irradiation time was measured. The plot of
registivity versus time of irradiation (Figure 1 of this section) resembles
a conductivity versus concentration 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. 1If
Aroclor is irrodiated, then exposed to a thermal treatment, appreciably

more HCl is liberated.
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Dept. 246 - Process Description 57.

AROCLOR
APPENDIX M QUALITY CONSIDERATIONS (Cont'd.)
TABLE I
ADSORBENT SCREENING DATA
Volume Resistivity
Adsorbent Contact : tat 100°C.
Adsorbent Pretreatment Temperature °C. ohm-cm. x 10°
LVM Attapulgus , ,
Earth - None 60 3400
8o 2000
100 2800
o ' 120 2900
LVM Attapulgus Heated at 250 C.- 60 . 4200
Earth 12 hours. 8o 6400
100 7200
o 120 6100
LVM Attapulgus Heated at 350 C.- 60 9300
Earth. 12 hours. 8o - 9000
100 6300
o 120 6300
LVM Attapulgus Heated at 350 C.=- 60 2400
Earth. 4 hours. 80 5600
100 6000
120 ' 5700
Attasordb - LVM None 60 9700
80 12,100
100 13,700
120 17,800
Attaclay None 80 : 10,200
100 5400
. 120 6000
Activated Alumina None 60 2100
(Alcoa QGrade F=3 80 2300
-325 mesh) 100 2800
lgg 3100
Voclay 325 . . None ‘ 5700
(Western 100 3%%0
Bentonite) 120 o 9700
Panther Creek None 80 < 6200
(Southern , 100 > = 11,300
Bentonite) 120 2> 8100
Filtrol Grade 1 None 80 <C ] 2600
Zeolex 7 None 80 a. a T000
(Zeoliteg ==
Florite 00 mesh None 100 e (TH 3600
(Activated O <
Bauxite) (@) :
Suprex L~ None 100 (&) 4500
(Keolin) ' o
Attasordb - LVM Heated 350°C.- 100 " 12,200
A 12 hours,
Attasorb - RVM None 100 tpan o00931s 6,200
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AROCLOR )
!, APPENDIX M QUALITY CONSIDERATIONS (Cont'd.)
TABLE I (Cont'd.)
Volume Resistivit
. Adsorbent Contact . at 100°C. g

Adsorbent Pretreatment Temperature C, ohm-cm. x 10
Linde Molecular None 60 2100
Sieve Type 4-A

laminar Alumina None 60 : 900

(payton)

Note: Resistlvity of Aroclor before treatment =« 1 x 109 ohm-cm.
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Dept. 246 - Process Description 59,

AROCLOR
APPENDIX M QUALITY CONSIDERATIONS
TABLE 11
THERMAL DEGRADATION OF AROCLORS AT 250°C.
Aroclor gm. of HCl/gm x 106 Heating Time
1221 2.35 1 hr.
6.73 2 hrs.
11.07 5 hra.
1232 3,91 1 hr.
6.22 2 hrs.,
g.81 5 hrs.
1242 5.96 1l hr
9.58 2 hrs.
13.00 5 hrs.
1248 3.61 1l hr.
g,uu 2 hrs.
.48 S hrs.
1254 3.43 1l hr,
3.56 . 2 hrs.
6.43 5 hrs.
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Dept, 246 - Process Description

AROCLOR

APPENDIX N
MISCELLANEOUS

REFERENCES
i, St, louis Report No, 2694, Job No, 171-1028, February 15, 1952,

Title: Operation of Aroclor Stills At Increased Pressure For
Increased Rates

- Summary: Distillation runs were made at Zb to 30 mm Hg,

The rate of Distillation of 1200 geries 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, 171-45], June 14, 1956,
Title: Evapon.tion Lou of Aroclors.

Summary: The evaporation loes of Aroclors was dete rmined at
100°C, under static conditions,

COMPANY w003
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Dept, 246 - Process Description

AROCLOR

APPENDIX N

MISCELLA NEOUS

REFERENCES

6.  5t. Louis Report No, 2790, Job No. 171-1028, July 3, 1952,

Title: Increased Production of Aroclors by More Rapid Rate
of Chlorinatien,

Summary: Chlorination rate was increased from 400 pounds per
hour to 770 pounds per hour, Aroclors produced at
increased rate was within lpeciﬁcationl.

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 férric chloride as catalyst,

‘. 8. St, Louis Report No, 2096, Job No. 2-02-750,0!-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. Krummerich Plant, 961,

- 10, E. E, ' Martin, PROCESS DESCRIPTION FOR MANUFACTURE
OF AROCLORS, 196¢,

11, E. Mather, PROCESS DESCRIPTION FOR MANUFACTURE
OF AROCLORS, 1955,
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Dept. 246 - Prucess Descrlption 62.

AROCLIOR
APPENDIX N MISCELLANEOUS

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

Evaporation Rate

Aroclor gms . /em2/hr./100°¢C.
Aroclor 1221 .00174
- Aroclor 1232 .000874
Aroclor 1242 . .000338
Aroclor 1248 .000152
Aroclor 1254 . ,000053
Aroclor 1260 0000088
Aroclor 1262 .0000132

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

Wwere 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 2 - 4. @g,8' - ¢e,4d- 2,4v < 4y tri
Fe Cls 15% 7% 15¢ 6% 38¢% 1) % 9%
Sb Cls 11 0.7 20 3.6 EB 18 9
Ti Clg 11 . (o] 20 2.2 6 14 7
Sn Clg . o4 1 16 2.3 38 18 1.3
COMPANY
CONFIDENTIAL
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Dept 246 - Process Description : 63.

AROCLOR
APPENDIX N MISCELLANEOUS (Cont'd.)

Some of the typical operating diff culties in department 246 and
pogssible remedies are given below:

CHLORINATORS
Trouble Cause Remedy
Chlorinators operating Plugged off-gas lines Open lines and steam
against too much back ‘them out, Dry out lines
pressure. with air before resuming
operation.,
Chlorinator slow in l. Low Chlorine pres- l. Call Chlorine Dept.
picking up gravity ' sure or low chlorine -for more gas
gas concentration 2. Check Biphenyl
2. Wet Biphenyl storage tanks for
moisture.
BLOW TANKS
Blow tanks stacking off Operating Chlorinators Close chlorinator vent;
with vent open. possibly reduce air to
blow tanks
STILLS
Not enough vacuum B 1. EjJectors not pull- 1, Check Ejectors
ing properly
2. Coke scrubber 2. Drain Coke scrubber

Contains water

36" SPARKLER PILTER

Foreign material . Dirty filter oi Clean & re-paper press
in filtrate samples broken paper
COMPANY
CONFIDENTIAL

TRAN 009322
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