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MONSANTO COMPANY
Monsanto, lllinois
SAFETY REVIEW COMMITTEE

g [ S
M 3.«) 68"

Lw\’l(. e

March IO, 1965

Messrs:
P, E, Heisler - WGK ‘R, W( Buckneddn - Org. Res,
H., C. Carder - WGK ‘H. UsrQabbard - Org. Res,

Process Holders
Tentative Amendment No. "A"
Tide:

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

Objective:

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

Present Practice:

Two Aroclor Distillation Systems are run in parallel. The two systems are continuous-
ly fed crude Aroclor {rom the #2 Blow Tank, The distillation is a straight take-over
operation, When a run of one type (1242, 1248, etc.) is completed (80, 000-500, 0004)

a final boil down is conducted in No, 2 still and the bottoms are dropped.

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

Proposed Procedure:

Run the two s1i)ls in series, Continuously feed the No,1 still with crude Aroclor and
usc this system to pre-heat the entire feed and to distill off a low-boiler fraction
(up to 10% of feed), Continously feed the No, 2 still from No,1 still pot, Collect the
intermediate fraction in No,2 receiver and process as in normal operation.

At the end of the run (4-5 days) boil down and drop bottoms. Do not combine the boil

down (high-boilers) with the intermediate fraction, The low boilers from No,l receiver
and the high boilers from the boil-down will be isolated in a storage tank, if possible.
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Tentative Amendment "A" -2~ March 10, 1965

If they pass non-electrical Aroclor specifications, they can be used as such, If
the total amount has to be discarded 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 etills will have to be determine d in the field
by cut and try methods,

Justification:
Forcign competition appears to be capable of producing Aroclor which is more
stable than that presently made by Monsanto. An improvement of product stability

is necessary to protect our market position,

Laboratory data* indicates that the distillation operation 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 bdil down
This test will evaluate our ability to control the plant distillation in the three areas
mentioned above, with existing equipment, Failure of the test will indicate that
more drastic revisions to the existing equipment will be needed © approximate

laboratory conditions,

Commentig

The production rate will be limiited by maximum vapor and heat loads that can be
sustained in the entrainment and condenser systems on NO, 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:

N R, M sl bd

D. R. Middleton

% % J. Luecken
*WGK PR&D Reports J-62, 2/15/65 and

J-78, 3/ 8/65 MONS 054762




Tentative Amendment ""A" -3 - March 10, 1965

Approvals:

(P et

\P. E, Heisler

B E Rbris Al A o f

D. E, Harris K. L. Budbbard

U

(JJ, A, Millendore

vmd
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MONSANTO COMPANY
Monsanto, Illinois

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:

Tentative Amendment No, '"B" to the Standard Manufacturing Process
for Aroclor (Depl, 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
Bi® is then chlorinated by continuously feeding ''Snift' gas to the chlor-
inator mass until the desired specific gravity is reached, The "Snift"
Gas js 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,

A plant chlorination test will be run using revaporized Cl, diluted

to 25 mole % with dry air as Cl; feed ptock, This test will be

limited to 2 chlorinators due to dry air capacity, making a total of

§ - 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 wil) be segregated from normal electri-
cal grade 1242 Aroclor, It will be used for non-electrical 1242 if it
passes specification,
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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 stadbility 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 duration of 1 ~ 1 1/2 days, For the dilute Cl; test the

rate will be limited to about 11, 000#/day for a duration of 3 days,
SAFETY:

No increase in safety hazards is forseen in these two test runs,

Prepared by:

DR M dlldz

D. R. Middleton

APPROVALS:
et _fichc Puf. Lo/
. E, Heisler . W, Bucknell

E2.E Mz’ 7-l6-6:5 2 e
D, E, Rarris 4 - %/f:f‘ s I
A l’\’\&dﬂwd% 7//%& SAFETY REVIEW COMMITTEE:

, Mullendore
Z?ﬂz & ol O - ‘.
ovL ., -

fusl  7-23-€5
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MONSANTO COMPANY

Monsanto, Illinois

September 1, 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, _ C

TITLE:

Tentative Amendment No, C to the Standard Manufacturing Process
(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 from one chlorinator and run three to five 1242
and three to five 1260 batches in that chlorinator following standard operat-
ing procedures, except without the catalyst bed., The test material will be
kept separate from other production and will be used only if it is equivalent
to normal production aroclor, according to routine 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, It is standard operating procedure
to charge 0,05% by weight ferric chloride to each batch, Ferric chloride
will, of course, be added to the test 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 utilication, Also, the plugged bed hinders chlorinator circulation and
probably leads to hot spots in the chlorinator, There is a problem of cross
contamination {rom batch to batch with the bed, which results in an excessive
amount of overchlorinated products,
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Tentative Amendment C - 2 -

JUSTIFICATION: (Cont'd.)

During 1956 there were severe problems with aroclor stability, One of the
problems wae a lack of a consistent analytical method for checking stability,
Previous to that time the catalyst bed was relied upon to supply ferric
chloride and ferric chloride, per se, was not added, One of the results of
the stability problem was the addition of ferric chloride to each chlorinator
batch, to 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 present
routine analyses,

SUPPORTING DATA:

It 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 is made of the need for iron, and none was used in the lab
chlorinators,

SAFETY:
No increase in safety hagards is anticipated,

QUALITY:
Work is in progress to improve aroclor quality (stability), It is anticipated
that the removal of the basket will not harm quality but, if anything, will
improve it' due to improved circulation, elimination of hot spots in the

chlorinators, and elimination of cross-contamination from batch to batch,

DURATION OF TEST

Three to five 1242 and three to five 1260 batches will be made without the
catalyst bed, I 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 48 & process
revision, If the test material is not equivalent to normal production the bed
will be replaced,
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Tentative Amendment No, C - 3 -

COMMENTS:

This plant test would normally involve some loss of production. The pre-
sent aroclor stock position is such that it is anticipated that it will be nec-
essary to run only three of the five chlorinators during September, Also,
some 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: 4.2,
. W, G, Kramp,

APPROVALS:

)
g 04»&.\ QIL f Glé;
E. Heisler at R, w, nel te

2, wf -
é. % ﬁ'arris ate

4 AW%»G__ G-2-48

.

emc

A, Mullendore Date

SAFETY REVIEW COMMITTEE
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MONSANTO COMPANY
Monsanto, Illinois

SAFETY REVIEW COMMITTEE

K jp-26-65
oo g
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October 20, 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. "D"

Title:

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

Objective:

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

Present Practice:

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

of & rug (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 Btill pot and
proceed normally throughout the run. To the second system, substi-
tute 200 pounds of anhydrous potassium carbonate for the lime. Dis-
til1) away from the potassium carbonate for & minimum of two days.

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

il ol fo 4l aa clicktcal .

/4
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Tentative Amendment "D" -2 - October 20, 1905

Juskification:

The presence of a base during distlllation serves two known purposes:
It neutralizes free acid, and it reacts with the FeCls present. It
is also 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 K2CO3 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 KpCOs and making a simple low boil cut
may be a practical way of making a stable Aroclor.

Safety:

No increase in safety hazard is anticipated. No unusual effect was
seen in laboratory distillations using K2COa.

Comments:

No production loss will be involved since WGK Dept. 246 1s presently
running at only 75% of demonstrated ocapacity.

Prepared by:

% J. Luecken

APPROVALS:

~

Pttt Jo ot -

P, E. Heisler Date

. W, Bucknell

[ 4 hothdl - Hpis

A, Mullendore Date Plonse é,‘ K_ m{f//ol/w
0 Aoy - W V74 W““‘J‘/ M

é)m{m woveal A 15 antoa /// L
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MONSANTO COMPANY
Monsanto, Illinois

December 3, 1965

Messrs: cc,

P. E. Heisler - WGK R, W, Bucknell -

Org. Res,

H, C, Carder - WGK . H. L, Hubbard -Org, Res,

Process Holders

Tentative Amendment No, "E"

TITLE ___

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

for Aroclor (Dept, 246, WGK) dated 7/20/64.
OBJECTIVE

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

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

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

PRESENT PRACTICE

Biphenyl (Bi®) is chlorinated in the chlorinators which contain catalyst
baskets, Previously the basket furnished ¥eCl; 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 pounds of lime

is added to each still, The purpose of the lime is to tie up FeCly and
neutralize HC] in the crude,

PROPOSED PROCEDURE

Produce 8 ~ 9 batches of 1142 in No, 5 chlorinator with the catalyst

basket removed, This has been done previously as per Tentative Amend-
ment No, "C', Process half of this crude material through the remainder
of the system as normal, and drum it off from the finished product tank,
Process the other half through No, 1 still system, but substitute potassium
hydroxide (0,06% of crude charge) for the lime in the still, Drum this
material off from the finished product tank, thus producing approximately

1,000 gallons of each type of test material to be used as pamples for

evaluation by electrical grade customers, Any excess test material will

MONS 054771



0
PROPOSED PROCEDURE (Cont'd.)

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

JUSTIFICATION
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 fractionation, but an improve-
ment over normal production is expected,

SAFETY

No increase in nafély hagzards 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: .

o ARl s L e s
D, R, Middleton Date D, E, Harris Date
Y T Uaislor (o fils bt sl 1fefe

P, E, Heisler Dhte R. W, Bucknell Dale
,/ﬂ M/m IS T , pr —
ate

. A, Mullendore - Date . L. flubbar
SAFETY REVIEW COMMITTEE
(gt ETLI/RS
2 LB L) b )
~ Ly ¢

e budd  zfisss
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Monsanto, Illinois

May

10, 1965

" AMENDMENT DISPOSITION

.Tentative Amendment No,"A" to the Standard
Manufacturing Process for Aroclor{Dept.2i6,

WOK
No.

.TO:

dated 7/20/64, Tentative Amendment

aA" is dated 3/10/65.

Messrs:

P, E, Heisler
H, C, Carder
D, E. Harris
J. J. Luecken

WGK R. W. Bucknell - Org. Res,
WaK H. L., Hubbard - Org, Res.
WGK J. A, Mullendore - Gen. Off.
WaK Process Holders - ¢/o P. J. Prader - WOK

L I B

This memo 48 {0 Berve &as a disposition of the subject tentative
process amendment. .

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

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

revision, :
B.0) mosatte,
D. R. Middleton
Technical Services Dept.
vmd

*WGK TSD Report - Aroclor: Improve Electrical Grade Quality,
91370:3198, Report No.l, dated 4/14/65,
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peot. 246 - Process Description 1,

ARGCLOR
, SECTION I
SYNOPSIS OF PROCESS

Aroclor 1s a trade name used to designate ohlorination products of
biphenyl, biphenyl high bollers, or mixtures of the two. Liquid
Aroclors are produced by ohlorinating biphenyl to 21, 32, 42, 48,

54, 60, and 62% chlorine content, « Chlorination above 63% yields a
solid product at normal temperatures. Liquid Aroclors are identified
by four digit numbers: The last two digit numbers represent the
chlorine content (percentage by weight), and the first two numbers
represent the Aroclor condition (orude or distilled). Crude Aroclors
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 first process step in the manufacture of Aroclors is a chlorina-
tion reaction. Biphenyl ( g-#) and chlorine (Clz) gas in the
presence of a Ferric Chloride (FeCls) catalyst are reacted to form
a chlorinated aromatic compound. Hydrogen chloride (HCl) gas 1is
liberated Auring thls reaction and piped to the muriatic acid
department. The exact chemistry of biphenyl chlorination is
unknown. Many isomers are formed, A schematic representation of
biphenyl chlorlnation is as follows:

{ n varies 3.05—> 6.75 Cln
120°.170°¢. ‘
36,200 n
Btu,
BIPHENYL CHLORINE AROCLOR HYDROGEN
MM, o= 154 MW, =72 M.,W,=(257.1- CHLORIDE

395.6) MW, = %6.5
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Dept, 246 - Process Description 2.

AROCLOR
SECTION J
SYNOPSIS OF PROCESS

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

The third process step includes blending, filtration, and storage of
Aroclore, Approximately 0,1 - 0,2% by weight of Attapulgus earth is
added to the distilled Aroclor, The mixture is agitated and filtered to
the finished product tank, The purpose of the Attapulgus earth is to
absorb moisture and chloride ion to improve the electrical properties
of the Aroclor, During the filtration of distilled Aroclor, 2 - 16 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 a storage tank,

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

MONS 0547227



Dept, 246 - Process Description

AROCL,OR

SECTION 1
FLOW SHEETS

This section contains the following flow sheets,
1, Complete process flow sheet,

2, Chlorination Reaction Step

3, Aeration and Distillation

4, Blending, Filtration and Storage,

MONS 0547278
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Dept, 246 - Process Description u.,

AROCLOR
SECTION 111
PROCESS_IN DETAIL

A, Nomenclature and Batch Data

Aroclor ie a trade name used to designate chlorination products of
biphenyl, biphenyl high boilers, or a mixture of the two, The physical
properties vary from light free flowing liguids to crystalline and non-
crystalline solids, depending upon the degree of chlorination and the
composition of the raw materials, Chlorinated biphenyl yields a liquid
product of increasing viscosity up to and including 63% chlorine, Chlo-
rination above 63% yields a solid product at normal temperatures,

A numerical system of nomenclature, consisting of four digits, has

been developed for identifying the various Aroclors, The first digit
denotes the aromatic raw material used in the chlorination step, The
figure 1--~ indicates 100% technical grade biphenyl, The second digit
denotes whether or not the product is distilled, The figure -1-- indicates
undistilled product, and the figure -2-- indicates a distilled product, The
last two digite 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 40004 40004 40004 40004 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 96004 10,6004
Crude Batch .

Weight of Distilled 63304 72004 8040¢ 91004 98504
Batch

Tons of 100% by-product
HCl per Batch 1,24 1,43 2,27 2.47 2,10

Thevretical Molecular
Weight 257,17 292.6 326.6 369.5 395.6
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AROCLOR
SECTION 11
PROCESS IN DETAIL

B, Chlorination Reaction Step

Chlorination of biphenyl is the only process step where a chemical
reaction takes place, All other Aroclor process operations are

mechanical, The starting raw materials for Aroclor production ar
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 {8 a solid mass because the
crystallizing point of biphenyl is 68,7°C, Steam must be applied to the
tank car coils to melt the biphenyl, It is necessary to melt a vent hole
through the solid mass of biphenyl by insertion of a hairpin steam coil
through the tank car dome before applying steam to the tank car coils,
The vent hole avoids a pressure build-up in the bottom of the tank car
and possible damage to the car, When the biphenyl is completely melted
it is sampled for crystallizing point and moisture content and unloaded
through the tank car standpipe by air pressure to the 25, 000 gallon
storage tank, Dry air is used to unload the biphenyl cars to keep the
biphenyl free from moisture., The flash point of biphenyl is 112°C,

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

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

The measuring tank is equipped with an agitator and circulating pump,
Two pounds of ferric chloride (0, 05% of charge) are charged into the

measuring tank for each batch, The charge from the measuring tank
is pumped through the circulating line to the 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 consiste of 1 1/2 inch diameter by 2 inches long
pieces of pipe which are similar in nature to raschig rings,

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

MONS 054783
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Dept, 246 - Process Description 6.

AROCLOR

SECTION 1l

B.

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 a 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 system, Each chlorinator is
equipped with a Brink mist eliminator, The purpose of the off-gas
mist eliminators is to trap entrained particles of Aroclor and biphenyl,

The chlorination temperature in the chlorinators is controlled by auto-
matic chlorine gas flow regulation to hold the temperature within ¢+ 5°C,
The chlorination temperature must be at least 120°C, at the beginning

of the batch and no more than 170°C, to finish off a batch, The normal
batch temperature is 150°C, The louvers of the air-cooled heat exchanger
located in the external circulating line of the chlorinator are positioned
such that the batch temperature will remain between 120°C. and 170°C,
The exact batch temperature will depend on the chlorine flow rate which
will fluctuate to maintain a batch temperature of 150°C, The louver
adjustment {8 manually controlled by a hand valve located in the control
room, The temperature of the batch is recorded at four different points:
(1) in the center of the chlorinator, (2) just above the chlorine sparger
in the chlorinator, (3) at the discharge of the chlorinator pump, and

(4) at the discharge of the air-cooled heat exchanger, Point 1 is alarmed
for high temperatures, and point 4 is alarmed for low temperatures, As
a safety device, a high temperature sensing element is positioned at

point 2 to shut off the chlorine gas flow if the reaction temperature exceeds
190°C,

The batches are continuously circulated at an average flow rate of 200-220
GPM from the bottom of the chlorinator, up through the air-cboled heat
exchanger, and back into the top of the chlorinator over the catalyst bed,
Chlorine feed up to a maximum of 1500 pounds per hour is fed into each
chlorinator through a flow recorder-integrator 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 a sample taken from the circulating line, More frequent gravity checks
are made when approaching the end of chlorination,
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AROCIOR _
SECTION 111

PROCESS IN DETAIL

C. Aeration and Distillation

when chlorination is complete, the crude Aroclor is pumped into
number two blow tank (Capacity 2000 gallons). The crude Aroclor is
aerated in the #2 blow tank for two hours or more with dry air.
Aeration of crude Aroclor removes most of the free hydrogen chlorlde.

Crude aerated Aroclor istmnsferred from the #2 blow tank to the #1
blow tank. The #1 blow tank is used as a crude Aroclor feed tank to
the 8t1118. Crude aerated Aroclor 18 transferred from the #1 blow
tank to vacuum stills through an automatic control valve which
maintains a constant level in the stills. Under normal conditions
the automatioc feed to the stills is shut off after distilling about
75,000 pounds of Aroclor., (This is equivalent to filling 7 still
recelvers). . The still 1s then boiled down until a temperature °
difference between the still coil inlet and outlet approaches 40 C,
At this point distillation is discontinued and a&ll but a small heel
of the residue is drawn off to drums and discarded or sold as Montar.
The 8til1l 1s immediately recharged with crude Aroclor and 200 pounds
of lime 1s added directly to the still pot. Hydrated lime 1is
received in 50 pound bags. The lime neutralizes any residual HCl

in the 8%111 ligquor 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 1s used to heat the coil of the Aroclor still furnaces.
The pressure of the gas burner (eclipse, st. 108.5, 2", #5068, 600,000
BTU/hr.) is adjusted as needed for production requirements. The
normal gas pressure is 2-3 psig. 4

D. Blending, Filltration, and Storage

when the 8till receiver is filled, the distilled Aroclor is pumped to
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 added to the distilled 1242 Aroclor.
All other Aroclors are earth-treated with 20 pounds of Attapulgus
earth. Regular Attapulgus carth is received in 50 pound bags. The
mixture i1s 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 hours
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
ionic impurities. This improves the electrical-quality properties of
the Aroclor,
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AROCLOR
SECTION_111
PROCESS IN DETAIL

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

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

Three underground (15,000 gallon) tanks and five above-surface (each
20,000 gallons) are available for storage of the finished 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 Aroclors,

‘The Aroclors ffom the storage tanks are drummed, ‘ppmped 10 tank oars,
" pumped to tank trucks;, ok transferred to Depariment 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,
sanpling and drumming of 1254-mix is accomplished directly from the
blend tanks, After the blending operation, the blend tank must be cleaned,
The bottom outlet of the tank is opened and the tank is cleaned out with
live steamn and then blown with air,

E, 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, 1f Department F-218 is unable to
handle the off-gas, it may be sewered at 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 a point well with-
in the explosive limit, Therefore, it is essential to either dilute this 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,
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AROCLOR
SECTION IV

COMMENTS ON_PROCESS

CHLORINATION STEP

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 #/# Product

1242 . 9032 0.6180

1248 1,0323 0,5580

1254 1,6130 0,4978

1260 1,2903 0,4368

1262 1,3333 . 0,4163

1232 0,6882 0,7216 .

1254 Xylene 1,0452 0.4480

THEORETICAL CONVERSION FACTORS

AROCLOR CHLORINE BIPHENY L
T 44 Produet #/4_Product
1132 -~ 1232 0, 6400 0.6891

1142 - 1242 0, 8400 0.5919

1148 - 1248 0,9600 0.5357

1154 - 1254 1,0800 . . -.0,4754

1160 - 1260 1,2000 0.4147

1162 - 1262 1,2400 0.3976

1254 - 10% Xylene 0,9720 0.4279
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AROCLOR

SECTION 1V
COMMENTS ON_PROCESS

B,

CHLORINATION STEP

Cepacity

The monthly production capacity of Department 246 is 1, 700, 000 pounds
{2,400, 000 pounds is expected by August 1, 1964) of Aroclors on a 7 day
per weck basis, The capacity of the chlorinators is a function of the
following variables, ' .

1.

3.

Batch 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 chlorinated 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

ow rate increases, The chlorine flow rate is approximately 1000
pounds per hour per chlorinator, A maximum chlorine flow rate of
1500 pounds per hour per chlorinator can be attained if desired, The
concentration of chlorine in the "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,

Quality

Some of the factors which affect Aroclor qu"ality are as follows:

1,

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 Aroclors,

Catalyst - Good contact is necessary to produce stable Aroclors,

1t is suspected that agitation and circulation of the reactants improve
the effectiveness of the catalyst. The catalyst is also responsible for
the chlorine positioning on the biphenyl molecule, Ferric chloride
catalyst may be responsible for producing the desired end product,
Results of research work concerning catalyst and isomeric distribution
are given in Appendix N,
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AROCLOR

SECTION_IV.

COMMENTS ON PROCESS

CHLORINATION STEP

Quality (Cont'd, )

3. Raw Material Purity - The purity of raw materials can affect the
quality of Aroclors both directly and indirectly, In a direct manner,
impurities which are ionic lessen the resistivity of Aroclors, Dis-
tillation of crude Aroclor separates most of the ionic impurities;
however, minute impurities can be carried over to the receiver tanks,
Attapulgus earth can remove the remaining impurities in most instances,
If any ionic impurities remain after the earth treatment, the resistivity
of the Aroclors will be low because such impurities will conduct
electricity even in minute concentrations,

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

lAERATlON AND DISTILLA TION

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

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

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

Vacuum trouble can be traced systematically from the jets and usually
idolated,

Bigh color and entrainment will result {rom 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,

MONS 054789



Dept, 246 - Process Description

AROCLOR _
SECTION 1V
COMMENTS ON_PROCESS

BLENDING AND FILTRATION

Attapulgus Earth is added in the blend tanks to reduce moisture and
inorganic chlorides as well a8 improve electrical properties, If
batches do not meet specification (See Appendix B), redistillation may
be necessary, .

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

MONS 054790
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AROCLOR

APPENDIX A

Item
No,

EQUIPMENT LIST

This section containe 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 IJtem Numbers is not included in this equipment
list, All equipment of Dept, 246 will have Jtem Nuinbers assigned some-
time in the future, This equipment list should be expanded as additional
Jtem Numbers are assigned, ' '

Equipment Equipment o
Name Number Description

101

102

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 is 50 pei,

Biphenyl Head 21-07617 Tank made by Graver, Dwg,
Tank 16-7225 C-799. Steel tank 4' 6" ID x
5' 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 60# and jacket 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, Cent, 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,
3V ID x 16' long with plg, head,
Shell 3/8" and head 7/16" thick,
3/16" jacket over lower half of
tank, .

Chlorinator #2 21-3245 Same as Item No, 105,
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AROCLOR
APPENDIX A EQUIPMENT LIST {Cont'd.)
Item  Equipment Equipment
No. Name Number Description
107 Chlorinator 21-3251 Tank made by Leader Iron Works,
#> Otherwise, Same as ltem No. 105,
108 c;ﬁorinaCOr 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 made of carbon steel. Design pressure
is EO psig. and deslgn vemperature is
0
111 #2 Mist 15-0582 same as Item No, 110.
Eliminator
112 #3 Mist 15-0583 Same as Item No, 110,
Eliminator
113 #4 Mist 15-0584 Same as Item No, 110,
Eliminator
14 #5 Mist 15-0586 Same as 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. Designh pressure is 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
designea for 250 psig. at 400C°F, Steam
side designed for 100 psig at 40QCF.
120 Knookout Steel vertical 60 gal. tenk.
121 Chlorinator 19-4305 Durco Mark 11 horiz. cent. pump. lnlet
#1 Pump 66-8109 is 3" and outlet is 2", ductile iron,

with Durametallic seal and Manzel
lubricator, Rate is 200 GPM at 25'
static head Sp. Or. of 1.5. Motor is
10 HP, 1800 RPM.
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AROCLOR

APPENDIX A EQUIPMENT LIST (Cont'd.)

Jtem  Equipment Equipment

No, Name Number Description

122 Chlorinator 12-4306 Same as Item No., 121.

#2 Pump 66-8110
12> Chlorinator 19-4307 ' Same as Item No. 121.
#3 Pump 66-8111
124 Chlorinator 19-4308 Same as Item No, 121,
Pump 66-8112
125  Chlorinator 62-}892 Same as Item No.l2l,
#5 Pump 66-6509
126 Blow Tank 21-2086 Tank made by Graver. Dwg. E-863. 7' Dia.
#e 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 24" x 2", Semi-steel with monel shaft
and water Jacketed stuffing box. At
20' static head, rate is 80 GPM, l.g
Sp. Gr. at 500°F. Motor is 3 HP, 1800
RPM,

128 Air Dryer 14-0104 Anders Lykens Corp. Air dehydrator.
Two code welded tanks filled with 55 Its.
activated alumina. Dwg. #OU56.

129 Blow Tank 19-0629 Same &8 Item No. 127.

#1 Pump 66-~9080
130 Still M 20-0043 Vacuum still purchased from Graver.

Dwg. C-B809. Size 6' Dia. x 5'6" 1g.
N on str, side, #" shell, dished head
5/8". 60# hydro. pressure test.

131 Furnace #1  27-0045 Steel heater furnace, Steel shell 3/16"
x 3'9" Dia, x 4' 108" 1g. lined with
insulating fire briock. One coll 2" xHy
pipe, 12 turns formed into a 2' Dia
c0ll with spare blocks and legs. Dwg.

E-886.
132 Stil1 M1 19-0394 Taber vert, sub, cent, pump. type L-2.
Pump 66-4891 Casing, yoke, and impeller made of

steel, 2" inlet and 2" outlet. length
7' 9", Capacity is 75 GPM,, static head
15!, Sp. Or. 1.8 at TOOOF, Motor is 5
HP., 1750 RPM.
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AROCLOR
APPENDIX A EQUIPMENT LIST (Cont'd.)
Item Equipment Equipment Description
No, Name Number e
133 Still #2 20-0062 Vacuum still purchased from Nooter,
Dwg, 6944, 6'ID x 11'10'" str, shell,
internal pipes, standard dished heads.
Glass wool insulation 3' with 1/2"
finished coat,
134 Furnace #2 20-0066 Same as Jtem No, 131,
135 Still #2 66-1759 Taber vertical sub, cent, pump, Type
Pump 69-1277 CL-4, 21/2 X 2", size 384, Pump
is dynamo steel, Capacity is 75 GPM
at 25' static head, Sp, Gr, 1,8, Motor
is 71/2 HP, 1750 RPM,
136 Condenser #) 38-0770 Heat exchanger made by Nooter, Dwg,
B-651, 12''DIA 5'long having nineteen
2" 0,D, 1l ga, monel tubes, monel
tube sheets, monel reducer, and carbon
steel jacket and back up rings on flanges,
137 Condenser #2 38-1378 Same as Item No, 136,
138 Receiver Tank #1 21-0771 Vacuum receiver tank made by Nooter,
Dwg, C-795, Size is 5' 6" DIA x
5t 6" str, side, 3/8" shell, 1/2" bottom
and removable head, 2" IP, size xHy
monel coil with 2 inlet and 1" outlet,
3 turns, 5' DIA along side and 3 turns
spiral on bottom, 604 hydro, pressure
test on tank and 300# on coil,
139 Receiver Tank #2  21-1377 Tank made by Nooter, Dwg, C-795,
’ . Same as Item No, 138,
140 Receiver Pump #1  66-9067 Blackmer pump. Type PA-50L, bronze
69-0565 rotary pump, monel shaft, C,I, base,
Capacity is 50 GPM, 1,65 Sp, Gr,, 350
to 500 *F, Motor is 2 HP, 1740 RPM,
. 141 Receiver Pump #2 66-5670 Same as Itemn No, 140,

69-1258
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17.

Description

Tank made by Oraver. Dwg. E-B62,
Welded steel tank, 7' Dia, x 7' high,
dished heads 4%, shell 3/8". All sur-
faces sprayed with ,005" zinc then ,003"
tin. 2" xHy pipe coil and supports,

Cape bronze stirrer and bronze shaft.
Test of tank is 60# and coil is 300#

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., 33-D-
12 horizontal plate filter, Type 30
8.8, Jacket tested for pressure of

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

Tank made by Nooter. Otherwise, same

Tank made by Graver. Dwg. C-609.

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

colls, suPports, inside surface sprayed
zinc and 003" ¢in.

Taber Vert. Sub. pump. Dwg. A-3B7.
Type C-3, 2" x 2", C.I, body, length
11'6", Cap. 50 GPM, 60' static head,
sE. gr. 1.187at 170°F., Motor is 3 HP,
1800

Same as ltem No. 148,

Taber Vert. Sub, Pump. Type L-2. 24" x
2", length 11'6", Cap 50 GPM at 40!

AROCLOR
APPENDIX A EQUIPMENT LIST (Cont'd,)
Item  Equipment Equipment
No. Name Number
142 B;gnd Tank 21-0779
hydro. pressure.
143 Blend Tank 21-1399
#2 66-0217
144 Blend Tank 18-175
Pump 66-371
145 36" Sparkler 15-0238
Filter
30 psi,
146 Finished 21-0780
Product
Tank #1
147 Pinished 21-1400
Product as Item No, 142,
Tank #2.
148 Storage 21-0768
Tank #3
with ,005"
149 Storage 19-0585
Transfer 66-08%3
Pump #2
RPM,
150 Stora%e 21-0769
Tank #i
151  Storage 19-0584
Transfer 66-1501
Pump #h

static head., Motor is 3 HP, 1800 RPM
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AROCLOR

APPENDIX A EQUIPMENT LIST

Item Equipment Equipment

No.  Name Number

152 Storage 21-1310
Tank %5

153 Storage 19-092
Transfer 62-0852
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 62—1691
Pump #7

158 Scales 24-0246

24~0187

167 B;gw Tank 21-0750

169 Surge Tank 22-0751

170 City Water 69-1083
Pump #1 62-3}65

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

180 Exhaust 11-0265
Blower

Description

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

E??s as Item No, 151, except lengih is

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

Durgo pump, model WH2 Alloy constr., 2"
x 13", 8" impeller., Cap. 160 GPM at
55' head. Motor is T4 HP, 1740 RPM.

Slpha tank, 13' 0.D. x 20' high.
Vertical tank, constructed of 3/8" milc
steel, Capacity is 20,000 gallons,

Pump made by Blackmer. Monel shaft,
24" x 28", Cap. 90 GPM, 15' head.
Motor is > HP, 1750 RPM.

Made by Toledo Scale Co. B0O# capacity,
dial type scale,

Tank.made by graver. Dwg. E-B863, 7!
Dia, x 7! str, side, dished heads 3",
shell 3/8", 5 turn coil of 2" xHY pipe.

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

Taber Horiz. pump, Model CB5, 3" x 23"
9" impeller. Cap. 180 GPM, 50' head.
Motor is 7# HP, 1800 RPM.

Same as Item No. 170

Made by American Blower Co. Type USOE.

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

MONS 054796
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19,

(Cont'd,)

AROCLOR
APPENDIX A EQUIPMENT LIST
Item  Equipment Equipment
No.  Name Number
185 Coke 21-0756
Scrubber
#1
186 Coke 21-1396
Scrubber #2
200 Cyclone 21-1413
Separator
201 Air-cooled 38-5328
Heat
Exohanger
#
203 Steam Vacuum  35-3523
Jet
204 Steam Vaouum  35-1686
Jet #e
205 Steam Vacuum  35-3533
Jet #3
206  Off-gas 35-4756
Drowning
Jet
207  Drying Oven 14-0138
210 Air-cooled 38.5564
Heat Ex- 66-8113
changer #1
211 Air-cooled 38-556
Heat Ex- 66-8112
changer #2
212 Air-cooled 38.5566
Heat Ex=- 66-8115
213 ﬁ?angerl#g 38-556
r-coole -
Heat Ex- 66-311%
changer #4

Description

Scrubber liquor tank made by Graver.
Dwg. C-B0O, #'6" Dia. x 5'6" on Str.
Side. Coil 3 turns of 14" xHY pipe,

Same as ltem No, 185,

Separator made by Heintz Steel. >' 1d x
6' high tangential separator with

integral vapor pipe complete.

Air-cooled heat exchanger made by
Disler. Cooling capacity is 1,200,000
Btu/hr. Steel construction except for
aluminum £ins, Fan motor is 2 HP,
1150 RPM.,

#2 t Worthington J<stage vacuum Jet.
Same as Item No. 203,

3-stage porcelain Kubati vacuum ejecto:r
with 10" ID porcelain condenser., Jet
has a capacity of 10#/hr. air at
standard conditions. Jet designed for
150# steam and 2 mm Hg absolute,

Made by Schutte-Koertig. B" Haveg fume
sorubber, Complete with standard
nozzle,

Grieve Hendry drying oven, 440 V., 3
phase, 60 cycle, manual reset temp.
controller range 0-400°C,

Same as ltem No, 201.
Same as lItem No. 201,

Same as Item No. 201,

Same as Item No. 201.

MONS 0547917
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EQUIPMENT LIST (Cont'd.)

AROCLOR

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 St41) Tempera- 29-3885
ture Recorder

None #1 Sti11l Absolute 29-1170
Pressure Controller

None 2004 Steam Rlow 29-0835
Recorder

None #2 St111 Absolute  29-3353
Pressure Controller

None #2 still 29-0244
Temperature Recorder

None #2 St11l Level 29-1463
Controller

None Chlorinator 29-0288
Temperature Recorder

None #1 Blow Tank 29-2916

Temperature Recorder

Made by Taylor Instrument Co.
Pressure Recorder with 2 pens.
Cat. No. X176J0F235.

Range 0-100

Made by Taylor Instrument Co.
Plow Recorder ~ Controller.
Cat. No. 137RF135. . 12" chart,
0 to 10 Sq. root chart,

Made by Worthington Corporation
3" model IH turbine type water
meter. -

Made by leeds & Northrup Co.
Temperature Rgcorder.
Range O -~ 400YcC.

Made by Tuylor Instrument Co.
Absolute pressure
Recorder - Controller.

Made by Bailey 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 Reoorder Controllen
Adjusts 200# steam to #1 Blow
Tank Cat. #386 RMU3185-12.

MONS 054798



pept. P46 - Process Description

AROCLOR

APPENDIX A _

Item Equipment

No., Name

None Bo# steam
Flow Recorder

None 2004 Steam

Flow Reoorder

el,

EQUIPMENT LIST (Cont'd.)

Equipment

Number

29-5452

29-5453

o
Description

Made by Foxboro Company. Type
T37, recording flow meter with
integrator and indijcator.
Meter bodx 316 §.8. Integrator
for B0#, 40OPF. Steam.

Made by Foxboro Company. Type
T37 Recording Flow meter with
integrator and indicator.

Meter body 316 5.S8. Integrator
for 200#, 510°F. Steam.

MONS 054799



Dept. 246 - Process Description 22,
AROCLOR___
APPENDIX B

SPECIFICATIONS

The folliwing 18 & 1list of the raw materials used for the manufacture
of Aroclors. Specification sheets are included w..ere they exist.

Material Code Raw Material
82601 . . . ...+ .+ . ... . Biphenyl :
}ggoo W 4« « 4 4 4+ 4 4 4« +« « « + « Ferric Chloride
38800 .. . . . . . .+ . .. . . Lime

19400 . . . . . v v . + .+ « .+ . . Attapulgus Earth
Bl1059 ., . . . « ¢« « e e+ v .+ . » Chlorine

43099 © « v 4 4 e+ s 4 e+« .+ Nitrogen

The followdn% is a 1list of the finlshed products manufactured in
department 246, Specification sneets are included where they exist.

Product Code Product

MCS 295
Aroclor 1254-10% Xylene
Aroclor 1232
81101 (Electrical & Non~Blectrical) Aroclor 1242
81102 (Electrical & Non-Electrical) Aroclor 1248
81103 (Eleotrical & Non-Electrical) Aroclor 1254
81105 (Electrical & Non-Electrical) Aroclor 1260
81107 Aroclor 1262 -
81101-81102 (Mix) 1242 - 1248 Mix
82868 Montérs 1,2,3 and &,

MONS 054800



MATEBRIAL COOE
MONSANTO CHEMICAL COMPANY 82601 ]
OROANIC CHEMICALS DIVISION USING DEPTS.

WO [ zeand 6/5/62
SPECIFICATION ANNISTON PLANT By atp garicn Flant

MATERIA

L
DIPHENYL (BIPHENYL)

CHEMICAL FORMULA
wou wy. 154,20

s rECH OF SAMPLE POR ANALYSIS
5'7875'5" l 2 x 16 oz. W.M.Bottles

UNRESTRICTED INFORMATION

Routine Teste

Property Specification Method Number
Appearance Light Yellow Cryst.

and Color solid 10,252
Crystellizing Point 68.7°C, min. 10,298

GENERAL INFORMATION
Distillation Range:
Pirst Drop to 2.5°C, max, 10,299

Dry Point Must include 255°C
within Range

This epecification is the property of Monsanto Chemical Company and
18 for internal use only.

MONS 054801 e
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HONSANTO c“ ENICAL COMPA"Y PAODUCY CODX OEFT. OR JOB (‘ .
OROANIC CHEMICALS® DIVISION “'.81059 2)2 &’?Bgeo X‘?A%grzt? 1 r,aan
W. 6. Krummrich Plant By D).
FINISHED PRODUCT  |rrwrmagernal 2
SPECIFICATION
“FRODUCT (Trads Name) TYex R‘\‘v‘/ b \”. o AL
104,
ribﬁggl(gnxgr?.?ungosn ) Tvez Date App: OVLUD.EC?:.’1.9,§?_

For Deptefisd 36,437 .

THEMICAL FORMULA

Mixture
MOL WY,
SUPERILORS BPRCH OF ].M'I.I FOR ANALYSIS
_New : 100 ¢.0. Qas Burette

UNCLASSIFIED INFORMATION

General Tests (made only on request)

Property Typical Analyses Method -Number
Chlorine (Clp) 86% By Volume - - -
Oxygen (Oz) 3% " " ..
carbon Dioxide (COp) 1.5 " " - -
Carbon Monoxide (CO) 0.1 " " - - -
Hydrogen .(Hz) 1.0 " U - e .

Inert Gases (By difference) 8.4% " " .- -
2.4 TA10~3&37'/rt',

Moisture
vera

Std., dztions
Direct pipeline transfers to using Depts.

233, 236, 237, 2u6

This specification is for internal use at WOK Plant only.

MONS 054802

I woveney,



MONSANTO CHEMICAL COMPANY.

MATERIAL CODR

'U ms(cnlwc :&% V“Pf'anﬁ:,

RAW MA

SPECIHCA'HON

38800 Issued_ 6/20/6 -
Deing DEPYS. W. G. Krummrich Plant

222, 246 ] By__M. D, Dealy
SUPPLIER !

MAYERIAL

4
CHEMIGAL PORMVLA
Ca (OH)g
MOL WYy .
lv?lﬂlbll wPRCo OF lllﬁ'tl POR ANALYSD B
6/5/51 1 x 16 o2, M. M. Bottia

UNCLASSIFIED INFORMATION )
general Teats (mude only on request) ‘ .

Property

Appearance

Assay (Ca(OH)s)
Carbonates ap (caoo;)
Magnesium '
Sulfates (as BOp)

Specification
Fine white or slightly
fny powder, free from
umps or gritty material
'92.00%, min,

" 3.00%, max,
0,508, max,

0030’" mlx.‘ .

MONS

Method Number
10,188

10,191
10,193
10,192
10,189

054803

[aa BT XUT TYY, 1Y)



W. G, Krummrich Plant fMavamia coox
MONSANTO CHEMICAL COMPANY 33500
OROANIC EHEMICALS DIVISION USIND DEPYS.
233

RAW MATERIAL

UPPLIER

SPECIFICATION

MATERIAL

Ferric Chloride Anhydride

CHEMICAL FORMULA

Inaued 11/15/62

. Kr ich Plant
By az m;‘"“

Fe Cla
woL wr. 102,21
SUPRRIEDES $FECTH OF -IIAWLI PFOR ANALYSID
6/57 2 x B oz, W. M. Bottle

UNRESTRICTED INFORMATION

Gencral Tests (made only oh request)

et et

PY‘OE(’J‘LX

Appearance

Assay

Sulfates

Ferrous Salts

Soluhility:
10:10 of wWater

10:10 of Formula 30
alcohol

Specification

Black powder or
granules

97.0%, min.
0.05%, max.

Trace, max.

Complete to
slightly turbia,
max.

Complete to

slightly turbid,
max.

MONS

J.F.Q. Method No.

16-a

22-570
120-570
8-570-1
112-p

054804

L e aay. nre



Wl AREATRAN e )

ONEANIC CHEMISALD DIVISION e

RAW MATERIAL

Y [ v

246

WPPLIER

SPECIFICATION parada and Page. Ing .| Issuea 11/15/62

MATEAML W. 0. Krumarich
rth__200/Up LYM Pla
CHEMICAL PORMVLA . .
Clay . '
MOL WY, . . ' e
SUPERIEDES SPROP BF . lnwn () Anu.vm [N '
5/1/59 — 2x16 um i

UNRESTRICTED ! INFOWTION
Roptine Tests: B
Froperty .

Volatdle Matter lat 950 c)
Mep:: ﬂ“utx ' i
'mbrowp uss '5,2-5‘ B

Speoification Method Number
6 -88 RS
o M.min. . o L ‘_.;'.7',;

. This material e not uooeptad withbut_,.ﬁhb u\ap'p_l.igr'a analysis of the

above propertios.

f

o IERENEA MONS 054805

COmw iy, une



MONSANTO CHEMICAL COMPANY
OROGANIC CHEMICALS DIVISION
W. 0. Krummrich Plan
FINISHED PRODUCT
SPECIFICATION

PRODUCY CODN

DEPY. OR JOB

APR 71?%1
Q.wt_'.b cs Tant

PRODUCT (Trade Name)

Aroclor 1232

81115 246 Issued
juse R
Joternal J.F.Q. By
BALES CODE
VPR
(Mgs = 236)

PRODUCY (Chamiosl Nams)

TYPEK

.. 52% Chlorinated Biphenyl

CHEMICAL PORMULA

_099\. w7y,
SUPERSEDES $PECH OF

New

SAMPLE POR ANALYSIS

2 x

16 oz, W. M. Bottles

Routine Tests
Appearance

Sp. Or. 825/15.5°C
Acid Number

Color, APHA

He0

general Tests

Chlorine

Specification

Clear Liquid

1,266 - 1,276

0,014 mg. XOH/grm. max.
100, max.

35 ppm,, max.

31.5 - 32.5¢

This specification 18 for internal use only.

MONS

Me thod No,

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

054806

« o ~

L wosainev, 12rem




MONSANTO CHEMICAL COMPANY [ FROPUET €oPF J"'{Z 2 fhniston
ORDANIC CHEMICALS — 2 = WGK ] éegu;g 1/22/32
ANNISTON AND KR CH .G, Krummrich Plant
FINISI‘&D Pkgm - “:qu by _E.O, Martin
AL c ———
SPECIFICATION 10"0-130-04/]] :J E‘ :;
PRODUCT (Trads Name) TYPrR
_AROCLOR 1142 CRUDE COMMERCYAL |
PRODUCY (Chemioal Nams) e

CHEMICAL FORMULA

MIXTURE
MOL WY, = oo
SUPEAIEDES SPECH OF SAMPLE FOR ANALYSIS . B
»/28/58 1Qt. Bottle Annieton;2x16 or. w.M.Bottle WOK

UNRESTRICTED INFORMATION
Routine Tests

Property Specification Method Number
Anniston WoK
Appearance and Color Brown to black - - - 10,084
oily liquid
specific Gravity 25°/15.5°C 1.384 - 1,394 14-49-54 10,114
Acid Number (mg. KOH/g.) 0.7, max. 144654 11,532

RESTRICTED INFORMATION

Acid Number of the crude, which 18 stored in non-lacquered tal
phall be O.2mg. KOH/g. max. e metal containers

MONS 054807

o

L mscmny, unn




NONSANTO CHEMICAL COMPANY
OROANIC CHEMICALS BIVISION
KRUMMRICH and ANNISTON
FINISHED PRODUCY

SPECIFICATION

use
Sales

"grgvf%x l""’ém At
2612 ANN. 271 ARN,

SALES CODE

1040-240-04/11/16-03/09

“FRODUCY (Freds N

o TYPR
AROCLOR 1342 ELECTRICAL GRADE (PYRANOL 1499)

"FRODUCY (Chanicat Fiame)

yvre

‘CHEMICAL PORMULA

Mixture

MOL WY, -

Issued 4/13/62
w.cirrummrich Plant
By ({0 !

:Jhﬁ}g?jlcc{l coor

SAMPLE FOR AMALYSS
32 x 5 pt. Amber Bottles

UNRESTRICTED INFORMATION

Routine Tests

Property

color (APHA)

condition

Sp. Or. @ 25/15.5°C
Actaity (mg. XOH/g.)
Moisture (Hs0
Refractive Index @ 25°C

Specification

50, max.
Clear
1,381-1.392
0.010, max,
max.

35 ppm. s
1-6550-1.6260

inorganic (Free) Chlorides 0.05 ppm,, max.
Pour Point -14°C or Lower
Dielectric Constant 4.70-4.90

(3000 cycles @ 100°C)
Resiptivity 500, min,

(500 VD¢ @ 1oo°g 0.2% GAP)

A8 OHM-CM x 10
Hydrolysis Stability Test 1,0 ppm., max.

{As Chlorides)
Monsanto Stability Test
(As Chlorides)
Distillation Range
(ASTM D-20, Corrected)
10% Distilled by wt,
90% Distilled by wt,

0.4 ppm., max.

325°C, min,
360°C, max.

GENERAL TESTS (Made only on request)

Sulfates None .
Dieleciric Strength @ 25°C 35 KV, min,
Flash Point (°F) 338-392
Fire Point None
Viscosity @ 100°F (SUS) 82-g2
Corrosion Test

(6 hrs @ 210°C with bright

aluminum foil
Change in wt, of AL (%) 0.0

{over)

Method Number

W@K

10,084
10,084
10,134
10,087
10,620
10,125
T-2092
10,11

11,60

11,607

T-2087
11,503
10,117

12,169
11,605
10,123
10,125
10,086
10,126

= . R s S e

v ve ey, nnn

ANNISTON

1h-4y4.54
G-1
14-49.54
14-42.54
145354
143405y
oahu
144754
1"-32-5u

14-35.57

010
14-61-57
14-31.54

o4
14-28-54
14-28-54
1§.4-52
14-55-57

MONS 054808



A.C. Color (APHA)
A.C. Condition

A.C. Acidity (mg. K?H/g.)
A.C. Inorganic(Free)Chlorides

OENERAL INFORMATION

Specific Heat @ 25°C

Coefficient of Expansion
(25-65°C)

Fixed Chlorine

SPECIAL CUSTOMER REQUIREMENT

Qeneral Electric

Hydrolysis Stability Test

(As Chlorides)
Thermal Chemical Chlorides

60, max.

Clear

0.010, max.
0.05 ppm,, max,

0.30
0,00068 cc/°C
42,5-43 , 5

0.5 ppm., max,
0.75 ppm., max,

10,084 14-th5y
10,084 -1
10,087 14-Y42.54
T-2092 014

T-2087 010
12,722

MONS 054809



MONSANTO CHEMICAL COMPANY ) "7°0VeT cop® J"'"‘ o Jo8

OROANIC CHEMICALS DIVISION 81102 - 82641 jWoK 2“6-Ann.27 5’8(\)&‘3%
(7713 . « Arummric an

Krummrich and Anniston
FINISHED PRODUCT  fisceressiore® By DD 224,
SPECIFICATION 1040 260-04/11/16-03/09
“FRODUCT (Tvade Wame) TVPE
_.Aroolor 1248 _ Non-Electrical Grade
PRODUCY (Ohimics! Name) . TYPR

CHEMICAL PORMULA

Mixture

MOL WY,
BUPERIEDES SPRCS OF JlAl’Ll FOR ANALYSD

Belub) 3 x 16 oz, M. M. Bottlen

UNRESTRICTED INFORMATION

Routine Tests Specification Lo Methodéa%mﬂ
Appearance Colorless to light 10084 6-1
yellow-green liquid
Condition Clear 10084 a-1
Color, APHA 100 max, 10084 046
Sp. Gr, 65/15,5°C 1,405 - 1,415 10114 052
Aotdity (mg. KOH/g.) 0.010, max. 10087 050
Moisture (Hg0) (ppm.) 50, max, 10620 o047
Viscosity 8130°F (SUS) ' 7 - 80 10086 )
general Tests ' ‘
Flash Point (°P) 370, min, 10123 14-28-54

MONS 054810




(

jreooucy covs our Q96 0K

' COMPAN N
BORANTO CUENICAL SO | 81102 27 Ann. Tasued_1/10/64
ton | sales By OW
'“‘%lﬁ‘s:l%% Vi‘b °uz'l AL®S COOE 5, : -
SPECIFICATION 1040- eGo-M/n/xG-o;/og
oovcv

or 12&8 Eleotrica) Qrade (Pxnnol 1498)

'nown [

L HEMICAL PORMULA

Corrected 2-16-64

Mixture
MOL ¥Y.
BUPEAIEDED PrACH OF SAMPLE FPOR ANALYMS
2-12-60 ] 3 x 5 pt. Amber Bottles
UNRESTRICTED INFORMATION )
. . Method No's.
Routine Tests - §pecification oK Anniston
Color, APHA 50, max. 10,084 14.-44-54
Condition : Clear 10, ,084 a-1
Sp. Or, €65/15.5°C 1,405 - 1,025 10,114 14-49-54
1dity (mg. KOH/gm.) 0,010, max, 30,087 14-42-5)
oisture 25 ggm max. 10, 1620 14- 53 -54
Refraotive Index 825°C 1.6285 - 1.6305 1o 125 111.
Inorganios (Pree) Chlorides o 05 ppm., max, 78092 2!
( Pour Point 0°C, max, 10,11 1«-
Dieleotrio Constant 4,5 - 8,7 11,6 ch-}g
(}ogg gyolel 6100°C) 500, mt 6
"‘Renistiv min. 11,607 14-35-
(sovvc01ooco1" GAP) ! 1007 34-35-51
as OHM-OM x 109
Hydrolysis Btabinty Test 1,0 ppm., max. T-2087 010
(as Chilorides
Monesanto stabn&ty Test 0.5 ppm., mex. 11,503 14-61-57
(as Chlorides :
iDistillation Range ° 10,117 14-31-54
(ASTM D-20, Corrected)
10% Distilled by Wt. 345°C, min,
90% Distilled by W, 385°C, wax,
,'Oe&ral Tests (made only on request)
Bulfates None 2,169 « - -
melootrio stpength 825°C 35 XV, min. 1 ,605 043
Fire Poin None to boiling point Jo 123 14-28-54
vuoouty 05'4 u'c (sus) 7 - 80 10,086 14-4-52
Corrosion T R 10, 126 14- 55-57
(6 hrs. 0210 C with bright
aluminum foll
Change in wt., of A) (%) 0.0
(
(over) MONS 054811

LT w va uv. uren



A. C. Color, APﬁA
A. C. Condition

A. C. Acidity (mg. K°§/8')
A. C. lnorganiomikree -Chlorides
GENERAL INFORMATION

Specific Heat ®25°C
Fixed Chlorine

60, max.

Clear

0.010, max.
0.05 ppm,, max.

0.27
47.5 - 48.5¢

10,084 14-ki-54

10,084 @-1

10,087 14-42.54

10,118 010

MONS

054812



MONSANTO CHEMICAL COMPARY  f7RoousT eoo% J""" on Jo8
OROANIC CHEMICALS DIVISION 8110} hd 8261} WOK-?‘is-Ann.27 Iss\led JUL ]51964
UBE W. 6. Rrummrich PIgnt
Krummrich and Anniston Sales By__WD D s !’
FINISHED PRODUCT TALES CODE
SPECIFICATION 1040-280-04/11/16-03/09
“PRODUCY (Fvade Neme) - Tvre
__Aroclor 1254 Non-Electrical Grade
PRODULY (Chamical Name) . TYPE
CHENMICAL FORMULA
Mixture
MOL Y.
BUPERIEDES SPECH OF JIAIOFI.! FOR ANALYMS
5l ~61 3 x 16 oz. W, M, Bottles

UNRESTRICTED INFORMATION

Routine Tests Specification Mvnethodérﬂgm
Color, APHA 100, max., 10084 046

Sp. Gr. 865/15,5°C 1,495 - 1,505 10114 052
Acidity (mg. KOH/g.) 0.010, max. 10087 050 .
Moisture (HeO) (ppm.) 50, max. 10620 ok7
general Tests

Flash Point None 10123 14-28-54
Viscosity 8210°F (SUS) b4 10086 o4g

MONS 054813




WONSANTO CHEMICAL COMPAXY -
SROAMC THEMCALS DIVISION

AR S S MBI

' SPECIFICATION

Issued 4/13/62
¥. 0. Xrummrich Plant
By E. O. Martin

ALSS CODR §
1040-280-04/11/16-03/09
UCT T~ VP8

AROCLOR 1254 ERLECTRICAL GRADE (PYRANOL 1476)

PRODUCT (Oham boal Nomd)

TyeR

’
¢+ CHEMCAL FORMULA

Mixture

MOL ¥Y, mme

WPRMEDRS cs or

10/10/61

SAMPLE PORN ANALYSNS

UNRESTRICTED INFORMATION
Routine Tests o

3 x 5 pt. Amber Bottles

b thi ber

Property SEBi?Tent’iiﬁ ¥ox STON
Color, APHA 50 llx 10,084 pLIN | P
Condition 10,084 0-1
8p. OGr. @ 65/15 L 1 l95-1 505 10,114 184954
A04dity (mg. §0}!/u.) 0.010, ux. ,087 13-!2-5!
Moisture (HeO p;n 10,620 1#-53
Refractive Index @ 25°C .6 0-1, 6)90 10,125 14
Inorganio (Free) Chlorides 0 0 pp., BAX . l'~§092
Pour Point z 10,11 1#-2
pieleotrio Constant 15- .35 11,60 14.36-
R(Jgogioyolu ¢ 100%) 500, mt 11,60 y
epistivi min, 7 14-35-
(500 V50 & 200°g 0.3* oAr) e ! 25-57

as OHM-CM x ’ )

;('gx'o:é ;uistabnny Test 1.0 ppm,, max, T-2087 010

s orid i
Monsanto Stability Test 0.5 ppm.;, max, 11,503 14-61-57
(As Ohlorides)
Di-tination Range 10,117 143154
D-20, Correoted)

208 Distsiles by Wi, '

50% Distilled by Wt.

90$ Distilled by Wt. 379-5

BNERAL TESTS (Iudo only on roquut)
anatu : 12,169 .-
Dielectrio strongth [ 25’0 35 xv, min, 11,605 25 I
FXash Poi n None 10,123 142854
Fire Point one 10,(1)5% 1¥.28-54
Vipoosity @ 210°F (8US) 4.48 210, 14-h.52
Corrosion Test 10,126 14.55-57
‘ hrs @ 210°C with bright .

‘aluminum fon)
change in wt, of Al (1) 0.0

: (Over) MONS 054814

£ 04 tnave wrem



o o

A.C, Color, APHA
A.C, condléion

A.C, Actdity (mg. x?nfg.)
A.C, Inorganioc (Free)Chlorides

EXTERNAL SPECIFIGATION
Cornell - Dubilfer
Resiativit
(500 VDC 100'3 0.1" GAP
88 OHM-CM x 109
GENERAL INRORMATION

Speoific Heat @ 25°C
Ooorréogont of Expansion

(25-65°C
Pixed Chlorine

60, max,
Clear

0.010; “nax,
0.05 ppm,, max,

1500, min,

of“. ...
9!g$b§§ eo/*c
54.5-55,5¢

10,084 144454

b1 Q-1

10,08 14-42.54
010

11,607 13.35.584

MONS 054815



HONSANTO CHEMICAL COMPANY g"ﬁ“ﬂ'}ﬁ’é'ﬂ ) I“ﬁ'g'-j:*r;“i ston
ORGANIC CHEMICALS DIVISION e = - (}E

o FAD AOSER [ ouiss

SALES CODE
SPECIFICATION 10»0-170-1)'%'/_11/46,.1)3/00

[ssued 1/24/62

PRODUCY (Trade Namo)

{.G.Krummrich Plant
AROGLOR 2260 ._-M_M_Mgzum_mmnmL___By—é‘-&bLﬂﬂ——.

PRODUCT (Cheioal Name) TVPE

THEMICAL FORMULA

MIXTURE
MOL WYy = = o
RP!NI!DI‘ SFECH OF SAMFLE POR ANALYSIS
3/28/58 ) _pt. pcan Anniston: 2 x 16 oz. W.M. Bottles WOK

UNRESTRICTED INFORMATION

Routine Tests

Property Specification Method Number
Anniston woK
Appearance and Color Brown to black T 10,084
viscous sticky
mass
Specific Gravity 90°/15.5°C 1,558 - 1,569 14-49-54 10,114
Acid Number (mg. XOH/g.) 0.7, max. 14.46-54 11,532

RESTRICTED INFORMATION

.

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

shall be 0.2 mg., XKOH/g., max.

[ sa tray. nrom

MONS 054816



MONSANTO CHEMICAL COMPARY | ""oPucY cope DEFY. oR JoB 1ssued JUL 151
OROANIC CHEMICALS DIVISION 81105 - W. G. 0 c an
Krummrich and Anniston |"° N By_ 'Yy m%
l- m;‘:s“csltr)uc”?ggm sroercess D108 !
AT -200- -

SRS, - 1040-290-04/11/16-03/09

_.Aroclopr 1260 - r

PRODUCYT (Ohemical Nams) . TYPE

CHEMICAL FORMULA

Mixture
MOL WY,
BUPENIRDES STECH OF SANPLE FOR ANALYMS
Heli-61 % x 16 oz, W. M, Bottles

<

UNRESTRICTED INFORMATION

Routine Teats Specification EG_K‘Method_w______Ang%ston
Condition Clear 10084 g-1
Color, APHA 150, max. ) 10084 046

(' sp. ar. 90/15.5°C 1,555 - 1,566 10114 052 .
Acidity (mg. KOH/g.) 0.014, max, 10087 050
Moisture (Hz0) (ppm.) 50, max. 10620 o47
Viscosity @210°F (SUS) 72-78 ‘ 10086 olg
general Tests )
rlash Point None 10123 14.-28-54
Fire Point None 10123 14-28-54

MONS 054817
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MONSANTO CHEMICAL COMPANY

OROAMIC CHEMICALS DIVIDION
Anniston and Krummrich Plants

g%‘ﬁ’fﬁ' ':”lnn. ]"gzé'l".‘ QB <

usE

AROGLOR 1260

FRODUCT (Ohemtioal Nome)

FINISHED PRODUCT Sales
SPECIFICATION " 040-290-04/21/16/-03/09
ELECTRICAL GRADE
(PYRANOL 1482)

CHEMICAL FORMULA

Mixture

MOL WY,

Issued 2/7/62
H.ozﬁrummrich Plant
By, '2'&15255

SUPERBRDES APKRCH OF
72758

BANPLE POR ANALYSIS
3 x 5 pt. Amber Bottles

UNRESTRICTED INFORMATION

Routine Tests

Property

Color (APHA)
Condition

Speoifio Gravity @ 90/15,

Acidity (mg K?H/g-)
Modsture (Hp0) (ppm.)

Visoosity @ 210°F (8US)
Refractive Index 8.25°C

Inorganio (Free) Chlorides

Pour Point (°C)
Distillation Range
(ASTM ‘D-20, Corrected)
10€ Distilled by wt,
50% Distilled by wt,
904 Distilled by wt.
Corrosion Test
(6 hrs. @ 210°C with
bright aluminum foil)

Change in weight of Al (%)

A.C. Color (APHA)

A.C. Condition

A.C. Acddity (mg.XOH/g.)
A.C, Inorganiomﬁrree)
Chlorides

Specification
150, max.
Clear
1.555-1,566
0,014, max,
35, max.

Te=T
1.,6455-1,6470

No detectable amt.
25-34 -

5°c

395-308°0
ioo:ueo'p

0.0 ,

150, max.

Clear

0.014, max,

No detectable amt,

{over)

MONS

L s tmry. wom

Method No,
_-5 mmigton
10,084  14hh.5y
10,084  ecmeenn.
10,114 2A-49.54
10,087  14-42-54
10,620 1u.52-5u
10,086  14- L.52
10,12 143454
10,11 144857
10,115  1h-47-54
10,117  14.31-54
10,126  14-55-57
10,084 14-44-5Y
10,084  -ccae-lo
10,08 14-42.54
10,11 14-48-57

054818



UNRESTRICTED INFORMATION (cont'd)

Property

general Tests (made only on request)

Flash Point

Fire Point

Fixed Chlorine (%)
Dielectric Strength 8 50°C

Resiativit
(500 VD¢ x 100°¢ g.l" gap
as ohm-om, x 109

Dielectric Constant
1000 oycles, 100°C

RESTRICTED INFORMATION

Monsanto Stability Test
(As Ohlorides in ppm.)

GENERAL INRORMATION

Evaporation Loss after
s, 8 200°C (%)

stabilltiuteot - after 30
days at 100°C in glass
sealed in alr

Specification Method Number

. !25 Anniston
None 10,123  )4-28.54
None 10,12 14-28-54
59.5-60.5 10, 08! 1421354
30 K.V., min, 11,605 cevencan
500, min, 11,607  14.35-57
3.6-3,8 11,608  14.36-45
0.7, max, 11,503  14.61-57
0.2, max, 10,116  14-32.54
No liberation of reseen escrescs

ohlorine or ohlorides

MONS 054819



MONSANTO CHEMICAL COMPANY S =Ann . S T aton
ORGAMIC CHEMCALS DIVISION 1 L L) 1 Issued 1/21‘/62
ANNISTON AND e
FISHED PROBTRYCH SALES W.0,Krumurich Plant
SALES CODR byMﬂ’L_
SPECIFICATION 1040-170-04/11/16-03/
PRODUCY EI Neme) Tee
CLOR_1162 CRUDE COMMERCTAY. .. |
PRODUCT (Ohemical Neme) TYPR
CHEMICAL PORMULA
MIXTURE
MOL WY, - - -
SUPERIROBS SPRCH OF SAMPLE FOR ANALYSYD
3/28/58 1 pt. can, Anniston; 2 x 16 oz, W.M., Bottles WOK
UNRESTRICTED INFORMATION
Routine Tests )
Proax‘tx SEcifioation Method Number
Anniston WoK
Appearance Viscous liquid - - 10,084
color Brown to black - - - - 10,084
Specific Gravity @90/15.5°C 1,577 - 1,587 14-49-54 10,114
Aodd No. (mg. KOH/g.) 0.7, max. 14.46-54 11,532

RESTRICTED INFORMATION

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

MONS 054820
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NONSANTO CHEMICAL COMPANY | "REBBS™=C0RD 3 hen Tesued 1/24/62
ANNISR';&:: Kﬁunu mvmon 2 = = b .G, ::{rgm;i‘:h Plant
FINISHED PRODUCT o SALES 2.0 Hartin
SPECIFICATION 1040-300-04/11/16-03-09.
“FAODUCY (Tvade Name) Tves
_AROCLOR D;STILLED _ 1262
PRDDUCT (Chom ival N TYPE
CHENICAL FORMULA N
MIXTURE
MOL WY, = ome 3
SUPERSEDES SPECS OF ]IAWLI POR ANALYSIS
2/28/58 2 x 16 oz, W, M, Bottles

UNRESTRICTED INFORMATION
Routine Tests

Property

Appearance

color

Specifio Gravity @ 90/15,5°C
Acid No. (mg. KOH/g.)
viscosity @ 210°F

QENERAL INFORMATION
Pour Point (ASTM)
Distilling Range
Total Chlorine

Specifio Oravity t coeff
(85 - 130°C)

Specification Method Number
Viscous liquid 10,084
APHA 150, max., 10,084
1,572 « 1.583 10,114
0.014, max. 10,087
86 - 100 Sus 10,086
35 - 38°

390 - 425°C

61.5 - 62.5%

0.001/°C

MONS 054821
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MONSANTO CHEMICAL COMPANY  |""eRveY cooF DEPT. on Jo Issued .M. 15 1964
OROANIC CHEMICALS DIVISION 82868 W 246 w. OW——
Krummrich and Anniston | Sales By, DL o
FINISHED PRODUCY SALED CODE
SPECIFICATION *See Below
“FRODUCT (Tvade Nooie) TveE
. Montars 1 and 2
PRODUCYT (Chemical Nams) Trrx
__Polychlorinated Polyphenyls
CHEMICAL PORMULA
Mixture
oL b, -
SUPERIROED SPRCH OF SAMPLE FOR ANALYMS
6-15-61 2 x 16 oz, W, M, Bottles

UNRESTRICTED INFORMATION
Routine Tests

Specifioation

Appearance Black Solid

General Information

Physical Properties (Typical Values) Montar 1
Softening Point (ASTM E-28-51T) 54-160°C
Acidity . Slightly Basic
Chlorine Content 36-42¢

."Ca0 5-15%
Fe 0.5-1.0%
Benzene Insoluble — .- -
Flash Point 500-620°F

RESTRICTED INFORMATION

Anniston WOK

ethod No,

W-17-52 11321

Montaer 2
70-170%C
Slightly Basic
4448

5-15%
0.5-1.0%
12.5%

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

product,

Sales Code Nos.

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

MONS 054822
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JUL 15196
VONSARTO CHEMICAL COMPANY PRODUCT CODK DEPY, OR JOB Issued ]
OROANIC CHEMICALS DIVIBION 82868 WaK 246 Ann.27 W. 6. Krummric n
Krummrich and Anniston |“** Sales By__ M DDs
FINISHED PRODUCT FALEI CODE
SPECIFICATION “See Below
"FROBUCY (Tvade Namo) VPR
. Montars 3 and 4
PRODUCY (Ohamice! Neme) TTwre
_Polychlorinated Polyphenyls
CNIMICAL FORMULA
Mixture
MOL vy,
lll'lhllol! $PECE OF BAMPLE FOR ANALYMS
6-15-61 2 x 16 oz, W, M. Bottles
UNRESTRICTED INFORMATION
Anniston Yo
Routine Tests Specification “WEThod No.T
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°c 92-206°C
Acidity Slightly Basic Slightly Basic
Chlorine Content 50-52% 54-564
a0 5-10% 5-10%
Fe 0.3-0.6% 0.5-1,0%

RESTRICTED INFORMATION

Montars 3 and 4 are the still residues from-distillation of Aroclors 1254

and 1260 respectively.

composition of these Montare 1s not controlled,

being entirely dependent on concitions required to make acceptable dis-

tilled product,

»es e gmrate ST 2o ==

*Sales Qode Nos,

Montar 3 6405 - 003 - O4 - 03/09
Montar u 6405 - 004 - O4 - 03/09

MONS 054823
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Vept. 246 - Process Description

AROCLOR
APPENDIX C
PHYSICAL AND CHEMICAL DATA

MONS 054824

25,
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Dept. 246 - Process Description

AROCLOR
APPENDIX C

PHYSICAL CONSTANTS

24,

GENERAL PHYSICAL PROPERTIES OF AROCLORS

Aroclor 1242

Form....... ... ..., Practically
colorless
mobile oil

[02-3 L 3 U 100 Max.
(APHA)

Acidity-Maximum (Mgm. KOH per 0.015

Gm.)

Average Coeffieient of

Expansion................ cc/ce®C. 0.00068
(25°-64°C)

Typical Density
Specific Gravity 25°/25°C (77°/7791. 380
Pounds per Gal. -25°C (77°F) 11.50

Distillation Range-ASTM D-20(Mod)
e

..................... 325°-360°
Evaporation Loss-%-ASTM D-6Mod.
163°C ... ... S hrs. 3.0 to 3.6
100°C. ...l 6 hrs. 0.0t0 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°
oF 2
Softening Point-ASTM E-28 *C --
oF .

Aroclor 1248
Yellow tinted
mobile oil

100 Max.
(APHA)

0.015%

0.00070
(25°-65°C)

1. 445
12.04

340°-375°
3.0t0 4.0

0.0t 0.3

193°-196°
379°-384°

None
-7°
19.4°

Aroclor 1254 Aroclor 1260
Light yellow Light yellow

viscous oil soft sticky
resin

150 Max. 150 Max.
{ARMA) {APHA)
0.015 0.015
0.00066 0. 00067
(%5°-65°C) (20°-100°C)
1.538 1. 620
12.82 13.50
365°-390° 385°-420°
1il1tol 3 0.5t0 0.8
0.0t0 0.2 0.0to 0.1
None None

None None

10° 31°

50° 88°

Aroclor 1262
Light yellow
sticky clear
resin

150 Max.
{APHA)

0.02

0.00064
{25°-65°C)

1.646
13.72

400°-430°

None
37°
99°
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Dept. 246 - Process Description 25.

AROCLOR
APPENDIX C

PHYSICAL CONSTANTS (Cont'd.)

GENERAL PHYSICAL PROPERTIES OR AROCLORS {Cont'd.)

Aroclor 1242 Aroclor 1248 Aroclor 1254 Aroclor 1260 Aroclor 1262

Form ...o.ooiiiuinicinnnnnnn. Practically Yellow tinted Light yellow Light yellow Light yellow
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 R 72-78 90-103

Sec. (ASTM)-D-88) 130°F (54.4° C) 49-56 69-78 260-340 3200-4500 600-103

{160°F or 71°C)
I00°F (37.8°C) 80-93 185-240 1800-2500 -~ ————-



pept. 246 - process pescription 2

AROCLOR
APPENDIX C
PHYSICAL CONSTANTS (cont'd.)

PHYSICAL AND CHEMICAL DATA

Diphenyl
specific gravity: 0.992 at 75%c/4%¢.

The swann Chemlical company bulletin of 1930 gave thermal
data on diphenyl.

Viscoslty of piphenyl (from Anniston Files)

F. centipoises
170 1. 50
180 1.20
190 1,114
200 1.054
220 0.901
250 0.752
500 0.574
350 0.45
i 3300
Mgz 0.283

F. B.T.U./1b
200 0.416
300 0.470
400 0.547
500 0.616
600 0.658

00 0.679

00 0.686
900 0.690

1000 0.696

MONS 054827




pept. 246 - process Description 27.
AROCILOR

APPENDIX C

PHYSICAL AND CHEMICAL DATA (cont'd.)

piphenyl (cont'd.)

Another record gives the following values for liquid diphenyl:

oc. Sp. Heat cals./gram
100 0.360
150 0.380
200 0.412
250 0.460
300 0.518
350 0.575
400 0.610
450 0.625

vapour Cp = 0.460
250°0T

0.625
Y50°C. (D. A. Roper, Design Data for ynits 4 & 5)

pensity of piquid piphenyl (from Anniston files)

C. grams./cc
15 0.9885
100 0.9692
150 o.geg
200 0.888s
250 0.8470
300 0.8010
. 350 . 0.1510
00 0.6918
450 0.6180

Heat of vaporization:

65.4 g, cal./g. at 258.5%¢.

MONS 054828



pept. 246 - process pescription

AROCLOR
APPENDIX C
PHYSICAL AND CHEMICAL DATA (cont'd.)

specific gravity of Aroclors
~ 8t VArious Temperavures

For Temp . °C~ Sp. Gr. Lbs. per gallon (US)
1242 60 1,347 11.23
65 1.344 11.20
70 1,338 11.16
5 1,335 11,13
0 1,332 11.10
85 1.%2 11,07
90 1.32 11,03
95 1,319 11,00
100 1,315 10.96
1248 60 1.413 11,718
05 1.410 11.75
70 1,403 11,71
21 e
0 . 11,
85 1.394 11.62
90 1,390 11,58
95 1,285 11,55
100 1,381 11.51
1254 or 60 1.508 12.55
oE 1476 65 1,500 12.50
0 1,495 12,46
5 1,490 12,42
0 1.485 12,58
85 1.480 12,54
90 1.47% 12,30
95 1.470 12.26
100 1.465 12.21
1260 or 60 1.584 13.21
OE 1482 65 1.580 13.17
70 1,575 15.13
g i g g 15.09
. 15,05
85 1.560 13.01
90 1.555 12.96
95 1,550 12.92
100 1.545 12.88

MONS 054829



pept . 246 - process pescription

AROCLOR

APPENDIX ¢

PHYSICAL AND CHEMICAL DATA (cont'd.)

gpecific gravity of Aroclors

8 Memperatures (cont!d)

For qemp. %, Sp. or. Lbs. per gallon (us)
1262 60 1.604 13.40
65 1.600 13.36
N 3
80 1288 13,24
85 1.582 13,19
90 1.577 - 13.15
95 1.572 13,11
100 1.568 15.07
Heat capacity of aroclors at various Temperatures Qg}/gmoc.)
emperagure
P00 TOT °c. 0 50 100 125  |150 175 |200 | 250 | 300
1242 .280 ].300 |[.320 250 255 . 340 « 350 . 365 . 380
1248 270 1.280 [.295 |.305 |.3%15 | .320 |.330 | .340 | .355
1254 .255 }.265 |.275 |.285 .225 500 |.310 | .325 . 540
1260 .220 }.235 |.250 . 260 .205 .270 .280 .290 . 305
1atent Heat of vaporization of Aroclors
Aroclor Temp. Range latent Heat of vaporizatlon
O 1.0
1242 300 ~310°¢. 61 cal/gm
1248 ;oog-zsogc. 54 calygm
122" }000—35000- EO cal/gm
1260 = 30CY=370"¢C. 8 cal/gm

MONS 054830



4 - s 47

(D v PHYSICAL CONSTANTS DATA | .¥ 5%

FUSIYTNEY P ]Wm?mm‘—m
AROCILOR 1142 (Technical) N
3 ) : '
TOMPTLYD BV T A 5AYE 94T Q_Q
s ' :
. SQURCE S OATF __ _ _
Total Cl 41,5 - 42. 5% Specs 12-21-54. _ —-
i | Brown {o black ofly Ilauid] Specs 12-31-54 "~ - ::
Builing PoloCal IO am____ — ~ O
Bolm\; Poit A __mm ER .
Bnulnanmu.__mm__ ——— -
RQasling Point 8
Crystllizing Poinl _
Melting Point
&Inmzm_ S
Soecilic. Guuu_t_w_. 45/19.59C 1348 1,360 T T
pocilic Gravt %ﬁJ.LLi.c‘__ﬁ_.FLLLBA;JJQJ__'----___A i
ound:pel al v o8 10.5
Coellmenl of Expmsion I
Refractive index ¢ 3 :
Infty Red Spectrum (References o w ..
Ullra Violet Spectrun (Refwence) A .
\usiosily ¢ - ——
Yiscositye . . _ -~ _ R
Sudace Tonsion . e o] JEUE -
Solibuity in WRke. - — e e
J Solibility i ... —— 2 e el
Solwliyin . _____ . -

S,p _cp.mefnp Ceell. m =105°C) | 0.0000/°C T | Spece 12-21-54.. - e

Immxmumumw e e am
Lont Heal of Fusion . _ .. . . ...
Wtent Koot ¥R, . ©
Spacllic Hoat :

Critical Tomporature
Cuiticel Presaure

‘n. : c I I

S T

SO - ' MONS 054831

Toxicjly (Give Reference). rvice Bull, #2209 1435
“In by MU

"
NOTE: These doso thould not be relecsed w&lhsg’)ioufu& %Lngég ;o;w‘uy. Uclc 5 ‘rionol sheets if necassary.

Other Constants




—fo’ 294 .o ] Susr 47?
oo PHYSICAL CONSTANTS DATA. [v12

k2320141 TAUCTURAL FORMUL &
e~ ABROCLOR 1148 (Technigal) . |

n ~

' TOWPICED BV T SAYETTYYT .
Ky, g M. Ellenburg ] 7/5/57 L Cl,
. NAME SN I Y Y YT S -
fomyla ol CL Total Clp 47.5 - 46.5 “,u Spe gs‘_lhlll T
Wolecul Waight T o I
Aweanance . . : e iy fauin] o

Bollng Poig w 760mm_______ . -
Boling Doint ot _mm
Goiling Poiot X _om .. .
Bouling Poinl o _ _mny .
Coystaltizing Polnt .. —
Melting Poinl.. - —
Slation Pol e .
m:uugﬁ; 66/15.5 1,410-1,420
PP_.C"LQ'_"‘L T,
unds per Gal. ¢ 25 OC 2.0
Coefficient of Expansion ) —
Reliacive ndex e _ [
] Spn efosscl____

i e v i e g

w_mun NS S A

TR o 10.00007°C Tl

% e - —

- : -
o

i T

& . . e MONS 054832
Touxicily (Gtve Reference) " i ,;(—)—:—:——r_

L8367 "Industrinl Pnhn = Hazards & S_Q_L\_cnu Dy
NOTE: Thtu dato should not be refeased ouM« of Agnmw Chmu’ Coe*ny Use Ja:mfl shears if necesson




EpT 29t . 1 977
D are » PHYSICAL CONSTANTS DATA 7,580

STRITREY TTRUCTURAL PORMULA

e AROCLOR 1160 (Technical) | Q—Q
TORPILED BV TTTT g 1625

“l°*"1947
Rev. By A N lenburg 21/5/57
L YT

. SJOURCE 4 QATE _
fomwia " T C9Hy 75Cke g5 ] Lotal Cly 59.5-60.5% Specs. 12-21-54 . . _. _.
Wolecufar Weight RO
Acptaance Browo lo black sticky mad §_.$2m_2_m_5d e
Buuling Point # 260 mo _— -
Boiling Point &l __ oo
Qniling Poisk ®__ mm
Soulung Point o mn
Coystalliging Point —_— e e
elling Posat. . - e el
T . CRELIT SREESTETIN D
scitic Gravity w R [, I o
ounds per Gal. e~ 25 TC —. _11;1&5 S S,
Coetficient of Exgansion T S
Refractive Index ng N e
infi Red_pecllum eference) R I .
Ultra Vioiet _2_vc1mm(keja
Yiscosilve _ .
visoube_ o
Sulace Tensien. ..
Solibitlty in l&! ———

- m-]

fire Poi __L?_ o )
Hipntof Compustion . ... ... |.
Het of Formation
Therme! Stabilily el Me/min) . _ ... |
et Heat of Fusion ... JR
Latent el ol Yoo oo
Seocilic. Heat
Culticat Yemparature
Critical Pressus

Dissoclation Constant

Other Constants

g

Toxjcily (Give References Schwartz, U.S.Pub. Health Service Bull #2242, 1vd5. .

Amﬂ;m{,ulLﬁo_Muis____land Solvents by M. 137
NOTE: Theee Jo!a should not be released oumﬁ ?, iamam ?-u CﬂEp“anyl gljc‘o odditional sheets if necerrary




bgﬂ a4 ~ Sysr 4%

e PHYSICAL CONSTANTS DATA ¥, s¢o

b 51300514 g TTRUETURAC FORMUC A

e e e BBOC 1154 chnical) . . _] O—Q

TOWPILLL IV 7E ST * AL LY ' :
7551 Cle

A o dedlonourg

SOURCE & QATE ___
—1To | Total ¢ Cl 53.5 - 54. .)70 _Specs. 12-21-54.

Bosling Poin 2200 _

Bollig oyt & . mm )

TSI T IO R . ———

9_0”_'32 Pont d. .m0
Mizing P

Mt.lhm anl -
Solgtion Poiad .

msmsmmw.'; T VP E N N S W1 N
R [
25 C B 12 8 o
Coelllcwm ol E pansion ‘ ~ -
Rehaclwe Index # ng T - *-

YISLQSIU o
yisg .i'lx..v‘

Surtace. an

;munu»l. -
Pl Sojublity. . .- .

Solublligy in
by. G, T_t‘mp Coetf (55: loi._Cl

fite P Polnl
Higal of Compustion. _
Hedt of Formation _
Thetmat Sability (cal. /e

Lagent Het of Euson
Latenl Heat of Voo e
{peciic Hedt . [ S
Codical Yemperawre |
Critical Presswe
Qissotsation Conslank - -
[ SR “ o
%) Btunasnaitiated - g
€l R -
8 _ , S
o . . o
\ 2 @ "
' ] g ; d MONS 054834 -
Toxiglly (Give Referance] , . Schwartz, U.S. Pub. Health Service, Bull.+ -
e Mindustrial Poisons, Vol §, -463-364 [941 T
 ROTE: These dota should not be released oun 4 o?ftus.aigc@g.lc‘if&ﬁpm Ml olln‘ll»no? E"" if ageesiun
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PHYSICAL CONSTANTS DATA

PR

AROCLOR 1162 (Technical) .

»

TCOMPILED BV === ="

Jev By ALM. Ellenburg

’oul Y937
71/5/4%

87 57177
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.. ARQCLOR 1248
, t . )
’ TONPILYC WY LS}
D r A.M, Ellenburg 4-25-57 1,
¢ e NAME * SOURCE & DATE
4L fomue Ci2HE Cly
Molecular Weight 292 (Avg.)
Bpsamse Yellg thou_;._gnia_niohﬁiu&l’_ﬂmf
Bailing Point 0.0 345-3859C, _n
Boning ot ol 3 mm . 185-210°C 0 —
Boiliog Point:a_ __om . .
Boiling Pot &___om . [
Crystallizing Point . Non-crystallizing N
delling Point . SR -
Solution Poinl. ——

Sonilc Gl e 2788 Gy 1 1.445

Specitic Gravity s 65/15,5°C
Pounds pet Gal v _ 25 9C e

| 1. 405-1. 416 ]
12.04

Coefficient of Expmsion 25-65°0C

0. 00070 ec/cciC

Refraclive index » 25Y¢cn g :

1,6285-1,6305

fofta Red Spectium Reference/

Uttra Violel Spectrum {Rt(mnu[

E0RUS T

Yiscosityg . _ Sl ST

Yiscostye . . :

Surtace Yansion _ _ anu/_cmm_‘u.}_m__..

Soubilivinwee | Insoluble . . |

sty - 3A-Alcotio] @ 25°C.

| 158./100¢ce .
111.48./100 g¢

$il ,erdLn: . 820°C
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FiePoint %~ _ _c.p.c.
Heal of Combuption ...

Hed o Formation.

Thermal Sebitty {ealAg mind___

. ———3

Latent Hea of Eysion

Latend Hea of oo, .. cal/gm._

Soeqlfic Heol_@ 25 C

Caiticl Tempuratute
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Specific Heat @ 300°C 0,356
Pour Polnt 00C._or lower o
Thermal Conductlvity, cal/ 23.6 é:__c.___ﬁ_ln_bxmi_sma,_m —
21 cm/YC/sec,
-z_pg__e_q_u;_co_nstam 100°¢C 4.5-4.1 M,B._OP-115 o
5 __he ey, -
- N— Cinan
Sl e : MONS 054837
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180 _220%C I

.
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' ____AROCLOR 1260 - 10% Toluol Mix

v
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e - . S,
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— S -
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A M Ellenbarg

BATE
l 1/3/57

Sys7477
¥, 580

e e ey

VETURAL FORMULA

4 O,

NAME

Formyla _____

Cy2HaCly

Molecular Weight
Appearance

395 .
Light yell, sticky Resin

390-425°C

Boliing Poit o 760 0n_
Bolling Polt & * _mm

Boding Pot & .. s
Boiling Polnt & ___mm

Ctystallizing Point

Melling Point

Specs, 4/11/55

Solion Point
Sscitic Graviy s 90715, 5°C

T30, 581
‘1,646 .

itic Gravity s 25/259C
ounds per Ctlz_;_ 25 9C

13.72

MB QOP.115
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Cosfliciont of Expmsion 25 550
Refractive Index ¥ 260C 0%

A

ce/°C

nfta Red Spectium (Reference)

| 0, 00064 cc/
1 1.648-1.650 .

Ultra Vioiet Spectium (Reforence) ¢
Vikositye . 210%F

Yiscotily o —
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Surace Tonsion.
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Sty in.

Soluplilty in

None

Flash ng_“r (Method)
Fire Point U
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Critical Prasaua

Pour ?bmt
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Other Constants
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nept. 246 - Process Description 350,
AROCLOR
APPENDIX 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 1s only on
estimate. The estimates of utility usage ure average values in
most instances as it is difficult to measure the operating time
and load for a particular piece of equipment with great accuracy.

Tiie total usage of each utility was taken from the cost shects.
Estimates of individual operating time and percentage of the tutul
load were made to calculate the distribution of utilities as siven
in the following pages of this section.
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Dept. 246 - Process Desoription

AROCLOR

APPENDIX D

1.

UTILITIES (cont'd.)

J1.

Power Consumption

A.

Electricity - 440 V., 3 phase, 60 cycle

Item
No.

101
103
104
121
122
123
124
125
127
129
132
135
140
141
144
149
151
153
155
157
170
17
180

Equipment
Motor

Biphenyl transfer
pump
Biphenyl head tank
pump
Biphenyl feed pump
#5 Chlorinator pump
#4 Chlorinator pump
#3 Chlorinator pump
#2 Chlorinator pump
#1 Chlorinator pump
#2 Blow tank pump
#1 Blow tank pump
#1 Still pump

' #2 st111 pump

#1 Receiver pump

#2 Receiver pump

Blend tank pump

#3 Storage transfer
pump

#4 Storage transfer
pump

#5 Storage transfer
pump

#8 storage transfer
pump

#1 Storage transfer
pump

#1 City water pump

#2 City water pump

Exhaust blower

Miscellaneous
Totals

Motor
HP

3.00
.75
T7.50
10.00
10.00
10.00
10.00
10,00
5.00
5.00
5.00
7.50
2.00
2.00
3.00
3.00
3.00
3.00
2.00
3.00
7.50
7.50
15,00

135775

Peak
Load
KW
2.6
0.7
6.6
8.8
8.8
8.8
8.8
8.8
4.4
4.4
4.4
6.6
1.7
1.7
2.6
2.6
2.6
2.6
2.6
2.6
6.6
6.6
13.0

5%

Monthly
Usage

KWH
8o
2ho
1980
3040
3040
3040
3040
3040
200
1580
1580
2340
20
20
200
160
240
200
80
8o
2340
o}
4]

Y

265860
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Dept. 246 - Process Desoription

AROCLOR
APPENDIX D UTILITIES (Cont'd.)

1, Power Consumption (Cont'd.)

B. Electricity - 110 V., one phase, 60 cycle

3e.

Peak Load Monthly Usage

Equipment KW KWH

Lighting 15 3600

Instrumentation 2 1440

Miscellaneous > 2150

Totals 20
2. Natural Gas

Monthly

ltem Using Normal Use Peak Use Usage

No. Equipment SCFH SCFH MSCF

131 #1 Furnace 1200 2400 430

132 #2 Furnace 1200 2400 430
Totals ~2800 8O0 860

3. Compressed (plant) air

Monthly

Item Using Normal Use Peak Use Usage
No. Equipment SCFM SCFM MSCF
127 #2 Blow tank 60 200 2590
148 #3 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 90
Miscellaneous 10 200 250
Totals 370 2060~
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pept. 246 - Process Description

32,

AROCLOR
APPENDIX D UTILITIES (Cont'a.)
4, Nitrogen
SLETREER Monthly
Item Using Normal Use Peak Use Usage
No., Equipment SCFH SCFH SCF
142 #1 Blend Tank 3 Y 210
143 #2 Blend Tank 3 4 2140
146 #1 Product Tank 3 4 2140
14 #2 Product Tank 3 4 2140
14 #f Storage Tank 3 . 4 2140
150 #4 Storage Tank 3 4 2140
152 #5 Storage Tank 3 Yy 2140
Totals 21 28 17,080
5. Purchased Water
Monthly
Item Using Normal Use Peak Use Usage
No. Equipment aPM GPM M. Gal.
130 #1 St1l1 > 5 150
131 #2 5t111 3 5 150
20 #1 vaocuum Jet 20 20 870
20 #2 Vacuum Jet 18 20 770
205 #5 Vacuum Jet 15 20 650
206 S~K Drowning Jet 25 30 120
Miscellaneous 2 10 100
Totals 86 T10
6. High Pressure Steam
566 PS1G At JBBgF.
Monthly
Item Using Normal Use Peak Use Usayge
No., Equipment 1b./hr. lb./hr, M. Lb.
167 #1 Blow Tank 210 210 150
203 #1 Vacuum Jet 450 670 320
204 #2 vacuum Jet 400 615 ?EO
205 #3 Vacuum Jet 325 500 240
Totals 1385 1000~
7. Low Pressure Steam
B0 P51U at. 3250F.
Monthly
Item Using Normal Use Peak Use Usage
No. Equipment Lb./nhr, Lb./hr. M. Lb.
102 Bipnenyl Storage 700 900 500
Tank
138 #1 Reoeiver Tank 700 900 500
139 #2 Receiver Tank 700 900 500
142 #1 Blend Tank 200 500 150
143 #2 Blend Tank 200 300 150
146 #1 Finished Produt200 300 150
Tank
Totals 2700 5600 1950
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Dept. 246 - Process Description sh
AROCLOR
APPENDIX D UTILITIES (Cont'd.)
7. low Pressure Steam (Cont'd.)
Monthly
Item Using Normal Use Peak Use Usage
No. Equipment Lb./hr, Lb./nhr. M. Lbs.
147 #2 Finished 200 300 150
Product Tank
148 #3 Storage Tank 700 900 500
150 #4 Storage Tank 700 900 500
152 #5 Storage Tank 700 900 500
154 #8 Storage Tank 700 900 500
156 #1 Storage Tank 700 900 500
Miscellaneous 1400 2800 1000
Totals 7800 10,8500
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Dept. 246 - Prooess Description

AROCLOR __
APPENDIX E PERSONNEL

Departments 246, A-246, B-246 and (-246 are closely related.
Operating pereonnel may work in all of the départments

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 &1l four of the departments are Jjust
one department.

Operating Classificstlions

Job : ‘Number of Men
7 day/weex Sohedule |" 1D & 4 Schedule

Premium Operator y 3
standard Operator Yy 3
Repairman 1 1
Packer 2 2
Porter t 4
Swingman 1 0

Total 124 ]

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

shifts each day. The repairman works the day shift, and with the swingman,
there is 7 days per week repairman coverage. Packers work the day and
middle shift 5 days per week. The porter works half time in department
246 and half time in department 243. The premium operator has lead
responsibility for his shift.

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

Operating Assignments:

Premium Operator: Has overall responsibility and operates 5 chlorinators
[} 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 mixes, loads trailer,
and tank cars, charges chlorinators and transfers receivers and also
belongs to the Fire Brigade.

Regairman: Unloads cars and trailers of Biphenyl, Trichlorobenzene and
etra=Tricthlorovenzene and finished product, makes weekly safety inspections
und department minor repair work.
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Dept. 246 - Process Description

AROCLOR
APPENDIX E PERSONNEL (Cont'd.)

packer: Fills, stencils and labeles 5 gallon, 30 and 55 gallon drums and
CTcan-up assignments when not drumming.

Porter: 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 and two days as relief foreman. As relief foreman takes overall
pupervision and day shift on weekends including arranging for maintenance,
night sheets and line-up of work.
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pept. 246 - Process Description

AROCLOR
APPEND1X F PACKAGING & SHIPPING

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

A substantial amount (about 40%) of Aroclor is used to make Pyranol
and Pydrauls

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 pultable Pydraul is shipped in steel tank trucks.

Electrical grade Aroclor and Pyranols &re shipped in lined tank cars
either 4,000 or 8,000 gallons in capacity. The lining 1s 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 from the final container. That is all tank cars
and tank trucks are sampled and analyzed after loading. All electrical
grade drums are sampled from one of the drums.

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

lacquer 1inéd drums are used for Aroclor and Pyranol and plain
steel drums are used for Pydrauls.

A summary of products, weights and containers current use 1is as
follows:

Welghts and Containers
Product 5 Gal, 35 gal. 55 val. TT TC

1232 - - 600# - -
1242 60 - 600¢ - Yes Yes
1248 60 - 600¢ Yes Yes
1254 60 - 6007 Yes  Yes
1254 Xylene - - 600# - -
1260 60 - 600# Yes Yes
1262 60 - 600# - -
MCS295 C- - 6UsH - -
Pyranol 1488 - - 6754 - -
Pyranol 1481 - - 675# - -
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Dept. 246 - Process Description

AROCLOR
APPENDIX F PACKAQING & SHIPPING (Cont'd,)
Weights and Containers

Product 5 gal, 30 Gal. T5 Gal. TT TC

Pyranol A-13B3B 65 3604 673# - 4000 Gal.

Inerteen PPO 65 3604 6744 - 4000 Gal. &
8000 gal.

Pydraul A-200 59 - 6hs¢ Yes -

Pydraul 280 - 625¢ - -
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Dept. 246 - Process Description 39,
AROCLOR
APPENDIX G MATERIAL BALANCE

The material balance on Dept. 246 was made with a minimum of field
measurement8. Most of the estimates on the following page check fairly
close with actual raw material usages that can be readily measured. The
exact oompostion of some of the intermediate prooess streams is uncertain.

MONS 054851



MONS Q54852

_FM_O B MATERIAL BAL ANCE

LBRs mATERTAL PER 100 UBS. AMOCLOR

T W i . : — —
— . . e cuomme - N - SPARRLER 16
2 - TORS | 7 ST —2 rioeR . b
> ) A i I o i >
s e 1 . T n 13 n s
- BLOY TARKS —"- BLEND TANKS

AROCLOR .iTg,m
X .
PROCESS 17z [ 3] %is]1 617 8f g9l 1 &- W< iq Ta 2!5[' 51617187 9lol11]12]25] 28] 15[ 16| =]
RAV ‘ s.i :2. -:I 2 az? , ] Sljs_q{ : g , !E : -Elg ! ¢‘ ‘2 }azi I v g:{! s té l
PTERIAL ;§i=§e ‘23 ‘%553 e BgE E38 555:55'-"@ :§5-= 323 w3 3EES n 3B S, 3883 E,:ggis
& ’ : = 2 N ] . °f g st 3 B T E N 1o
G- — s 5 Eafscg misigd E e ‘:’52?5_:_:52 IR T § _E;Eg SRR R aiigg !%:agzgﬁ
bt O T el v ol S8 ks L e w5 39 e 1] v
e i i 5t ] W omdn e 1520980 0AZ  pansab ghisal 1255 L0543, ., Ne5il.5 M
w‘i i Jos b _' T > B B DL S T A T S
AR 18] .b.,. l.st/ i ' .

(e gy f”n’ as
NN
\E-:\.,\' NN

I .'.t,“, 98
@ ug by, vai L S TSy
.03 : BEIRE.

T35 1, a4 45f/j - H

! : 'é';)‘/; e HE S l

AP I A : »-»-5-/ ----1' : '— 5!

L_ a1y 03]552 uzJJ ;I%u.!.u&{ YTy .gju.-, 1y wivke jro0mes | ins 28810563 ‘030 :Js&f‘ﬂ -5] OMW'I lé’ﬁlmlj

téc SI-6a

=




Dept . 246 - Process Description 40.

AROCLOR
APPENDIX G SUMMARY OF MATERIAL BALANCE RESULTS
AROCLOR_1242
Raw Materilal Usages - Lbs./100 1bs. product Material Balance
& Cost (§(1b.) Theory Material Balance Usages 1bs/100 lbs
Biphenyl (,0662) 58 63 58 Finished Prod.
1 Filter Cake
3.5 St111 Bottoms
.5 Off-0as HCl
chlorine (.0217) 84 9.8 42  Finished Prai.
: 1.5 Filter Cake
.05 vacuum Jet
2.8 St111 Bottoms
+95 Alr-HCl Mix-
ture
gq_._gg Off-Gas HC1
#Ferric Chloride 2.129) 0.03 .03 .03
#Attapulgus Earth(.0302) 15 .15 .15
LI P 2.00055) 2 > 3.0
#Lime (.0100) 0.5 0.5 0.5
AROCLOR 1248
Biphenyl (.0062) 52 56.5 52 Finish Product
: 1 Filter Cake
5 81111 Bottoms
.5 Of-0us HC1
55.5
Chlorine (.0217) 96 103.2 48 Finished Prod.

1.5 Filter Cake
.05 Vacuum Jet
2.55 Sti1l Bottons
.95 Air-HCl Mix-

ture
50.15 Off-0as HC1
10320

#These raw materials are the same for production of all Aroclors.
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AROCLOR _
APPENDIX @ SUMMARY OF MATERIAL BALANCE RESULTS (Cont'd.)

AROCLOR 1254

Raw Material Usages - Lbs./100 1be. product Material Balance
& Cost ($/1b.) Theory Material Balanoe Usages Lbs./100 1bs.
Bipheny) (.0662) 46 hg9.8 46 Finished Product

0, Filter Cake
2. St111 Bottoms

O.g Off-Gas HC1

Chlorine (.0217) 108 117.5 54 Finished Product

1 Filter Cake

0.05 vacuum Jet

6.8 Sti1l Bottoms

)S).95 Air~HCl Mixture
7 _Off-Gas HCl

AROCLOR 1260
Biphenyl (.0662) 40 434 40 Finished Product
0.9 Filter Cake
2.0 St1l1 Bottoms

0:% orr-Gas HCl

Chlorine (.0217) 120 128.8 60  Pinished Product
0,5 Filter Cake

0,05 vacuum Jet

4,8 sSt111 Bottoms
0.95 Alr-HC1 Mixture
2.50 0ff-Qas HCl
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LROCLOR
APPENDIX H ATMOSPHERIC DISCHARGE - WASTE DISPOSAL

Lbs. per C Lbs. Total Lbs./Yr. based
Discharge tO Atmosphere of Aroclor Produced on_Prod. Rate 28.6pkgh
1. HC) fumes from blow t&nks 0.01 . 23000,

2. KCl fumes from other tanks
vented to atmosphere 0.01 2,000

3. Chlorine gas from chlorinator
vented to blow tank Unknny Anknown

4, jroclor & Biphenyl vapors
of tanks vented to atmosphere  Unknown » Unknown

Discharge to Sewers

l. HCY from chlorinators 2.5% 500, 000#
2. Clp from ohlorinators 2.0% 20,000%
Discharge to Waste Disposal

1. Montar 0.0176% 5,000%
2. Aroclor 0.33% 95,000%
#Estimated
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AROCLOR
APPENDIX 1 PROCESS CONTROL
sampling Reason for ###%Normal Mcthod
Point Frequency Sample .. -Range Numbe r*
Chlorinators 2-3 times Specific Gravity .011
per batch
Blend Tanks 3 times Color (APHA) 50-150 Max. 10,084
each day Sp.ar. at 25/15. 5 C. 10,114
Acidity (mg. KOH/g ; 01'4 Max. 10,087
#iMoisture (HegO) (PPM 35 PPM Max. 10,620
%Rerractive Index at
25°C. . 0020 10,125
#Inorganic (free)Chlorides .05PPM
Max. T-2092
#Dielectric Constant .20 11,60
*Resistivity (500 VDC at
100°¢ 500,Min. 11,607
0.1" 0AP as ohm-cm X 109
#Hydrolysis Stability 1.0 PPM
Test (as Chlorides) Max. T-2087
#Monsanto Stability Test 0.5 PPM
(As Chlorides) Max. 11,503
#iSulfates None 12,169
**Diglectric Strength at
257C. 35 KV Min. 11,0605
##Yigoosity at 100°F.(Sus) 10 10,086
##4Thermal Chemical Chlorid 0.75 PPM
es Max., 12,722
Storage Tank  Every 1-2 Same as blend tanks
Composite days
Tank Cars & Every load Same as blend tanks
Trajlers

#Tests made on electrical grade Aroclors only.
#tTests made on request only.
#iHSpecial customer test.

sHtMaximum range for all Aroclors including electrical and non-electrical

grades,
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HROCLOR
APPENDIX J SARETY & TOXICITY DATA

sufety Equipment

The following is a list of safety equipment (personal and departmental)
required in department 246,

1. PRire 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.
2. Chlorine Oas Masks (4) - Southwest corner, second floor
~ control room, second floor
- East side, outside control room

-~ Wall, Southwest corner of sprinkler house,
main floor.

3, Soott Air Masks - West of lean-To

4. safety Showers (2) - Southeast corner of Bldg. CR, ground level.
- Southeast corner of Bldg. CR, 2nd Floor.

5. 'Davis Vapotester

6. Eye Baths .

7. Sprinkler System

safety Precautions

The folliwinﬁ are safety precautions followed in the operation of
department 246, )

1. Safety Equipment of PEmployee
Each emp?oyee has the §BI§6ﬁing safety equipment: (1) Hard hat

2) Safety glusses (3) Goggles (4) Rubber and canvas gloves
5) Rubber overshoes. Special equipment may be issued as
necessary for performing a particular Jjob in a safe manner.
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AROCIOR
APPENDIX J SAFETY & TOXICITY DATA (Cont'd.)

safety Precautions (Cont'd.)

2. Sampling of Crude Aroolor
Té samples of Aroclor taken during the chlorina.ion reaction are
hot (170°C.). Precaution must be taken to avoid skin contact of
samples and inhalation of Hydrogen Chloride, Chlorine and Aroclor
Vapors.

2. Rires
Fires may result from the ignition of leaking gas, Xylene, Diphenyl,
rags, paper, wood, etc. Automatic fire extinguishers and sprinklers
have been installed to combat fires.

Explosions

~ Explosions may be cauged from accumulated pockets of natural gas
or a rapid burning of Diphenyl in a closed container such as &
Chlorinator. 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 Chlorinator ignites.

Toxicity

ox1city does not present a serious problem. However, & 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 also issued to avoid actual skin contact with Biphenyl and
Aroclor as much as possible and to wash hands and face before
eating.
6. Miscellaneous
There are many aocidents that can occur that may be classified as
health and safety hazards. These acoidents may result from such
things as broken process lines, acid leaks, steam leaks, etc.

The worst inherent hazards are as follows:

1. Free Chlorine from ruptured line or major leak.
2. HCl Gas from ruptured line or major leak.

3. Dropping bottoms from stills.

4§, Hot Aroclor & Diphenyl.

Safely Record

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

Tox:cjv%: This material is & 1iquid under normal conditions &nd has &
medjum toxicity range for liquid ingistion and high toxicity for vapor
inhalation, The maximum allowable concentration {M.A.C.) 18 1 mg/cubic
meter.

Iire Hazard: There is no flre hazard under normal conditlons. Aroclor

mixes (Xylene, Toluene, Butyl Acetate, etc.) may burn and explose at high
temperatures when exposed to flames. .
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AROCLOR
APPENDIX J SAFETY & TOXICITY DATA (Cont'd.)

Other Hazards: This material can cause dermatltis, systemic poisoning
Tom vhe Jumées, and yellow atrophy of the liver. There are skin, mucous
membranes and eye hagzards encountered in handling this material.

Treatment and Antidotes: Call & physician and remove patient from fumes.

Storage and Handling: Proteot the skin, lungs, and eyes by wearing
approved provective clothing, respirator, and goggles. People who handle
this material at elevated temperatures should have medical supervision,
und the a3r should be sampled to insure compliance with M,A,C., There are
no special storage restrictions under normal conditions except store in a
ventiluted area.

Shipping: There are no special shipping restrictions.

FERRIC CHLORIDE (FeCls)

Toxioity: This material is a 80lid under normal conditions and is non-
oxIic or has & rating as low,.

Fire Hazard: There is no fire hazard under normal conditions, but it
WiTI emIt ¥oxic fumes at high temperatures.

Other Hazards: Some people are allergic to this materlial and may develop
n rash, and there 1s an eye hazard.

Treatment and Antidotes: Call a physician.

Storage and Handling: Protect the s«in with approved protective clothing,
avold the breathlng of FeCls dust, weur approved respirator with adequate
carlridge, and proteot the cyes wlin approved goggles. Tnere are no
storage regulations.

Shipping: There are no shipping restrictions.

DIPHENYL (CgH5CgHs)

Toxlcity: This material 1s a so0lid at normal oonditions and is medium
ToxT¢. " The M. A.C, of vapor 1s 2 mg/cubic meter of air. If ingested,

the lethal wose ts 2.4 g/Kg ol body weight. The fumes are not dangerously
deadly, butrthey are polsonous over & prolonged time.

Fire Huzard: Diphenyl is very flammable and will burn when exposed to
heal of T'lame or oxidizing materials.

Other Hazards: Diphenyl is not too corrosive to skin, but it will affect
Thie eyes.
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AROCLOR
APPENDIX_J SAFETY & TOXICITY DATA (Cont'd.)
DIPHENYL (CgHgCgHs) (Cont'd.)

Treatment a&nd Antluotes: Wash eyes with water and get the patient to
Tresh air. Try 6 6t patient to vomi:, and call a physician.

Storage and Handling: This material can be stored in steel contalners
away Irom 7ire hazards and oxidizing agents. Wear suitable clothes and
approved goggles when handling diphenyl.

Shiggin%: Ship in cars or other suitable containers with a red warning
abel o' flammability.

XYLENE (CgHy(CHs)e

Toxicity: This material is & liquid under normal conditions and is very
ox1¢ 1n liquid or gaseous form, but it is leass toxic than toluene. The
M.A.C., 15 200 ppm.

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

Other Hazards: This material will cause neorosis if enough is inhaled,
and 18 hazardous to0 eyes, mucous membranes, and the skin,

Treatment 8nd Antidotes: (et patient to fresh air, and call a physician,
njestéeéd, get patient to vomit. Wash eyes and skin with water.

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

Shipping: Ship in containers of steel or appropriate material with a
red EaSeI.

TRICHLOROBENZENE :

Toxicit%; This material is & s0lid ai room temperature and the vapors
are quite toxic. The solid is polson if ingested. The M,A.C. is 50 ppm.

Fire Hazard: This s0lid 1s flammable but 18 listed only as a moderate
TIrc hazard. Will burn at 420°C. or above.

Other Hezards: This material will affect the liver eyes, and mucous
membranes .

Treatment and Antidotes: Wash eyes with water, and get patient to fresh
ajr. Call a physiclan.
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AROCIOR
APPENDIX J SARETY & TOXICITY DATA jCont‘d.)

TI3J CIJOROBENZENE (Cont'd.)

Storupge and Handling: Store this material in cool, well-ventilated
ureca away lrom hazards anu oxidizing agents. Wear protective clothing,
chemical safe goggles and approved respirator,

Shipping: Ship 1n steel containers like cars on tanks with red label.

TETRA-TRI~CHLOROBENZENE

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

Fire Hazard: This material is not & very great fire hagard, but it will
Born &t high temperatures and will decompose and emit chlorine.

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

Treatment and Handling: Wash eyes and skin with water and get patient
to I'réesh air. Call & physician,

Storage and Handling: Store this material in a ¢o00l 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

poxicity: Lime 1s not dangerously toxio, and it is regarded as more of
g nulsance. This material is a so0lid or slurry.

Fire Hazard: This material is not flammable.

Other Hazards: Lime is very hazardous to the eyes. 1t will burn the skin
8150, ahd the dust will affect the mucous membranes.

Treatment and Antidotes: Flood eyes and skin with large quantities of
watér. I Iime 1s Ingested, get patient to vomit and call physician,

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

Shipping: There are no special restrictions for shipping, but the
containers should have a white label, & caustic warning.
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AROCLOR
APPENDIX J SAFETY & TOXICITY DATA (Cont'd.)
ATTAPULOUS EARTH:

Toxicity: This earth is not toxioc in general.
Fire Hazard; There 1s no fire hazard.

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

Treatment and Antidotes: Consult a physician.

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

Shipping: There are no spectal restrictions on shipping.

HYDROGEN CRLORIDE (HC1)

Toxicity: This material is a gas under normal conditions and is very
Yoxi¢. 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 hagzard under normal conditions, but wet
gas reacts 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,
magneslum hydroxIde, egg whites, and milk, and also administer oxygen.
Call a physician,

§}ora§e and Handling: This material should be stored in a cool, well
venlllated 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 chemioal safe grades and approved peck
or canister gas masks.

Shigging: Shipping containers must have a white warning label and a
non-{lammable label. Ship in appropriate containers such as rail car
or carbvoy. .

CHLORINE (Cle)
Toxicity: This material is a gas under normal conditions and is very

oxic. e M.A.C, 18 .35 to 2 ppm. A concentration of 1000 ppm would
be rapidly fatal. Least concentration with detectable odor is 3.5 ppm
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AROCLOR
APPENDIX J ‘SAFETY & TOXICITY DATA (Cont'd.)

CHLORINE (Clg) (Cont'd.)

Fire Hagard: There is no fire hagard under normal conditions, but there
T8 an explosion hazard if chlorine is mixed with a strong reducing agent
such as hydrogen or hydrocarbons at high temperature.

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

Treatment and Antidotes: The patimnt should be given oxygen immediately
and treated Tor shock. Call a physiclan.

Storage and Handling: This material should be stored in a ventilated
&nd coo) place away from fire hazards. When handling, wear & ges mask
or approved respirator, clothing and rubber or chemical safe goggles.

In strong ochlorine concentrations, wear canister gas masks, Scott air
pack, or oxygen breathing apparatus,

shipping: The shipping containers must have a green gas lubel and a
non-FIammable label on., Ship in steel cars or oylinders.
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AROCLOR
APPENDIX K BACK_GROUND INFORMATION

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

Two years later, in 1928, a pilot plant for producing Biphenyl became
operative. However, in the meantime, the Indian Refining Company dropped
all interest in Biphenyl. Since a proocess had been developed for
manufaoturing Biphenyl, the Swann Chemical Company started looking for
other outlets for this material. The simplest outlet was in the form of
Chlorinated Biphenyls which were produced in the laboratory in 1929.

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

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

Plant equipment was installed to produce Aroclors at a rate of 3000 pounds
per day or 1 million pounds per year. 1In 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 production
of Aroclors.

Production Capacity needed to be expanded, and since Monsanto had &
Chlorine Plant at Plant"B" (now ocalled the W. G. Krummrich Plant), the
Aroclor production was transferred from the Anniston Plant to the
Monsanto, Illinois Plant, where operations at an increased productive
capacity started in September, 1936,

By 1940, the Xrummrich 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, llllnols

SAFETY REVIEW COMMITTEE

Accepted by Production Original signed by:
WBJ CWR __ 2-19-64
oDg _ 2-20-64

HBP _ 2-10-61

January 17, 1964
Messrs:
P. E. Heisler - WOK 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 - 811 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 lbs. of biphenyl. It is suggested that this amount be increased to
2 1bs. of ferrio chloride per 4000 1bs. ocharge of biphenyl added to the
charge tank. It has been shown in the St. Louls Research Reports Nos.

1640 and 2072 that a minimum level of Fe Clp catelyst is 0.03% to

produce stable Aroclors.

Aroclors manufactured at the W 0. Krummrich plant do not meet specs.
by as comfortable a margin as Anniston's Aroclors do. 1f 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'a.)

APPROVAL: DATE:.

Orlginal signed by:

B B, tieinler 2/11/64
. . nelsler - Date

E. E. Martin 2/11/64
¥ F, Wertin - WoK Date

ey mzmz_ﬂ..___fw
. B, Hopmer - . 0. e

2/19/64
. Buckhe -J. ¥ Q, Date
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DISTRIBUTION LIST:

1. H. L. Minckler/R. S. Wobus - Qen. Offices
2. R. E. Soden - WGK
3. T. W. Dalton - WGK
. J. R. Kellogg -~ WGK
5.6, St. Louis Research
5, Vital Records Center
. WOK Standards Department
9, WOK Technical Services
10, Vault Copy
11, Englahd
12, England
1314, Anniston -~ R. G Moody
1516, Extra

May 9, 196>
TENTATIVE AMENDMENT NO. A

PROCESS DESCRIPTION FOR THE MANUFACTURE OF AROCLOR IN DEPT, 246
, .8 ANTO, ILLINOIS

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

PRESENT PROCESS: Aroclors are the reaotion producte formed by the
chlvrination ol diphenyl in the presence of iron ochloride catalyst.

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

PROPOSED CHANGE: Amend the exlsting manufacturing process to include
{he prouuclYon of Aroclor 1232, which contains high percentages of
01ch]orobighenyl, to be used in the large scale preparation of MCS 177,
a 700°-800°F. heat transfer fluid.

Aroclor 1232 is prepared by the direct chlor&nation of diphenyl to
a specific gravity of 1.232 to 1.235 at 650/15 . in the presence of
iron chloride catalyst. The crude Aroclor 1232 1s air dblown, and
distilled over calcium oxide ggior to transfer of the product into
storage containers at 50° to Insoluble isomers, present in this
special Aroclor 1232, slowly separates out of solutlion 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
Atlapulgus treatment and final filtration are optional but not necessary.
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This special Aroclor 1232 cannot be back-blended if the finlished
product 3B off on its prescribed cohlorine specifications The
incorporat ion of excess monochlorobiphenyls into the product will
increase the volatility 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
readily detectable by gas~-liquid chromatographic analyses.

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

ORIQGINAL SIGNED BY:

Written by J. D. Sullivan

~J. D. Sulllvan

Date 5/9/63

Approved By:
orlginal 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 g, P. G Marsh
3. T H. Becker 10. Plant B

4, J. Soffranko 11, Plant B

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

6., St. L. Res. Lib. 13. H. L. Hubbard
‘t. Plant B 14, J. Mitoray

January 23, 195]
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 1s & result of a complaint submitted
because of the presence of green color in Aroclor 1260. Research work
has indicated a trend toward improved color when anhydrous FeCls is
used either alone or in combinatiaon with plant steel catalyst. To
cite an example, using 5% by weight plant steel catalyst, an untreated
Aroclor 1260 was prepared in the laboratory having a color of 56%
Transmission (Fisher Electrophotometer, filier 425B), whereas from a
batch in which the same catalyst plus O 3% by weight anhydrous FeCls
was employed, an Aroclor 1260 of 72% Transmission was obtained.
Extensive analyses of the Aroolor 1260, which was prepared using plant
steel in conjunction with 0.3% by weight anhydrous FeCls, did not
indicgte any abnormalities or deviations from usual quality material.
A complete summary of the Research work is presented in a memorandum
to Dr. R. M., Hitchens, January 24, 1951,

1t is proposed to condut a plant demonstration 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 FeClj.
pepending on the outcome of this plant trial, that is, i1f a color
improvement is observed and a normal quality product 1s retained, &
run of longer duration will be planned to study further the effect
of anhydrous FeClg catalyst on the color of Aroclor 1260. This may
include variations in the amount of FeCls charged to the chlorinator.

original Signed by: '~ J. P. Mitoray
~J P Mitoray
in
January 24 1951
APPROVED : MONS 054869

original Signed by:

Q! l; ¥g&nK%¥fr 1[22[81

L. HuSBarg 6a%e < J+ Welnkau ate
T, i palton 142565é rbre 6/25/51

. alton ate . rore Date
n. B. Hosmer 1426651 paul G, Harsh 1/26/51

. B. Hosmer ate . G. Mars Vate




SAFETY REVIEW COMMITTEE

Original signed by:
:::%Izmxjj‘*—“-“ 10xB8a57

R.E.H 1029257

_R.H.M 10-9:57
September 27, 1957

Distribution:

pr. 0. J. Weinkauff - Research T. W. Dalton - WGK
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 batoh 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 Manufacturung Process, no definite temperature is described for the
start of the Chlorination. For the biphenyl measuring tank a temperature of
at least 8§°c., i8 recommended and as a "finishing temperature" a range

of 120-125"C 18 dgscribed for Aroclor 1242 and 1248, a "finishing temp-
erature" of 120-150°C., for Aroclor 1254, 1260 and 1262,

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

Proposed Amendment :

The biphenyl charge will be heated to at least 115-12000., in the measuring
tank, Aftver charging the chlorinator, circulation will be started before
the chlorine feed is begun to allow distribution of the ferric chloride
catulyst.

The temperature of thc chlorinator should be brought up to I}Ooc., in a
minimum time usually 20 to 30 minutes after the chlorine introduction
The ohlorination of biphepyl to all liquid Aroclors should be carried out
at a reaction temperature of 130-150°C.
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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 sublimatlon and en-
trainment, i1t 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 eli
minute 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, Octover 22,
1956 by H Merten, Progess Report No. 5; Job No 3428 cCode IND FL,

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

Circulating each bliphenyl batch from the beginning of the chlorination

should facilitate the production of & more uniform material, since a better
contact of the biphenyl oharge with the catalyst at the start of each chlori-
nation is made possible. The catalyst will be distributed more evenly and
hot spots will be eliminated.

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

in addition to the data obtained by laboratory experiments (described
above) the following Table 1 illustrates the effect of temperature changes
on the quality of the end product of actual plant runs (shown by stability
chloride values). Table II indicutes the improvement in the stability of
dgifferent Aroclors produced by circulation of the batches during the whole
chlorination period compared to runs carried out with oatch circulation
after the lapse of a four-hour chlorination period.

TABLE 1
Batch Temperature Stabllity Chloride
No. Low _ High . ppm./16 hrs.
319 9k 116 0.80
320 I10 129 0.74
21 123 145 0.49
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Tentative Amendment No.

Circulation

Aroclor

No.

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

Precautions:

1254

T 1254

-3

TABLE 11

Lot No,

T-631
T-632
T-635
7~636
T-1044
T-104
T-104
T-1049

September 27, 1957

Stability Chloride
ppm./16 hrs.

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

Extent of Demonstrations:

It is suggested that this amendment be incorporated in the standard

Manufacturing Process as sooh as possible.

in

Approved:

original signed by:
J. R. Kellogg

Original Signed by: H. L. Merten

J. R. Kellogg

T. W. balton

T W Dalton

H. L. Merten
Research Department

A. M. Ellenburg

A M. Ellenburg

T. M. patrick, Jr.

T. WM. Patrick
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Safety Review Committee

ORIGINAL SIGNED BY:
H. L. Hubbard  3/18,57

R, H. M, 3/18/571

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

Distribution:

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

A. M. Ellenburg - Research

Tentative Amendment No., A

Title:
Aroclor - Standard Manufacturing Process for Department 246,
W. 0, Krummrich - Revised 3/15/55 - G. N. Schwartz,

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

Present Practice:

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

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

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

01l and moisture over an open gas flame prior to their introduction
into the chlorinator. Additional catalysc is added to the chlorinators
as required, Normally, thls is not necessary more than once a year.

Proposed Amendment :

In addition to the present catalyst source, each chlorinator batch of
3600 or 4000 pounds of biphenyl will be charged with 2 pounds of an-
hydrous ferric chlorlide before the chlorlnation 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 FeCla has been investigated and found to give a very
stable product when used in the suggested purportion

The complaints from QGeneral Eleotrioc Company on Aroolor 1242 re-
garding the instability of certa n materlal produced in July and August,
1956, make it mandatory that we maintain our Aroclor quality at its
maximum at all times. .
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March 13 1957 -2- Tentative Amendment No.A

Precautions: '

No increased toxicity or safety hazard will result from this process
change. Ferric chloride is highly hygroscoplc 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:
original signed by:
J. R. Kellogg A. M. Ellenburg
TR, ReTlogg A. WM. Ellenburg
T. W. palton ®. B. Zienty 3-19-57
T W. Dalton T WM. Patrick
for T. M. Patrick
in
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Monsanto, Illinois - CC: C. M. Edelblut - Anniston
J. Clegorn - Anniston
Safety Review Committee
original signed by;

TM.P.__6-12-59

June 8, 1959
B.EH, _ £-12-59

R, H, M, 6-15-59

Messrs.

. W, Dalton

. M. Patrick -~ Research

a. M. Ellenburg -~ Research

H. 8. Soott

Process Holders PROCESS AMENDMENT - AROCLORS
epy . - W.0.X,

\

Title
ModiTication of ohlorination temperatures for Aroclor production

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

01d Procedure o
Biphenyl chiorination is performed at temperature range of 130 to 150 C.

Proposed Prooedure
b !EI&I chlorination of Biphenyl may be ptarted at & minimum temperature

n

of 95°C. provided that 120°C 1s reached within 1/2 hour. Chlorination
may be continued for the next tow hours at a temperature no less than
12080. Completion of the batch will then be controlled between 130 and
1507¢C,

Reason and Justification o

Normal Biphenyl storage is maintained at approximately 95 °C. to keep
safely below the flash point, Therefore to adhers 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 still hot from the preceeding batch; this normally
yellds 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 batch temperature would then rise
rapidly from its own heat with water being applied later to line

out the temperatgre somewhere slightly above 120°C. A lower temperature
range 120 to 130°C. is needed for the first two hours {0 reduce Biphenyl
carry-over into the off gas lines.
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This proposed process ammendment has tentative approval from Research.

J. K. Rellogg

in
orlginal Signed by:
T. W. Dalton J. R, Kellogg
T. W. Dalton J. R Rellogg
A. M. Ellenburg T. M. Patrick ©-12-59
A, WM. EITenburg T. M Patrick
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Dept . 246 - Process Description 52,

AROCLOR
APPENDIX L TIME CYCLE

The design oapacity of the department 1s 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 1ists 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 Finished Product
Charge Chlorinator .25
Chlorination 1242 8.70 6330
1248 9.20 200
1254 11.10 040
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
Dropping to Storage 2.00

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

Aroclor Bateh Time (hrs.
R V-L)- A
1248 19.45

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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53,

Dept, 246 - Process Description

AROC1,0R
APPENDIX M
QUALITY CONSIDERATIONS

The Aroclor compounds 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 eloctrical applications, Electrical grade Aroclors must
pass numerous stringent specifications, The following tests determine.
Aroclor quality:

Hydrolysis stability Measure of chemically unstable chlorine
compounds,

Munch or Monsanto Measure of thermally unstable chlorine

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 a capacitor,
Dielectric Constant Measux:es the capacitance of a standard
. such as air compared to the capacitances

of Aroclor,

Specific Gravity, : Measures of chlorination level,

refractive index

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

1, Chlorination Temperature - The chlorination temperature must be
greater than120°C "at the beginning of the chlorination reaction to
produce stable Aroclors. Results of research tests indicate that
product stability is better as the initial chlorination temperature is
increased,
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54,

Department 246 - Process Description

AROCLDOR
APPENDIX M
QUALITY CONSIDERATIONS

2,

Ferric Chloride Concentration - Research 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 as opposed to ''substitution™
chlorination, indicated by higher chloride values and lower yields,

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

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

Geometry of Reacting Vessel - The shape of the reactor affects the
circulation and flow pattern bf 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,

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

A steam 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 successful, Further tests by the laboratory will
verify the effectivenecss of a steam clean-out,

Sparging - The sparger controls the gas distribution under the cata-
Tyst % {%»up plate and the size of gas bubbles. It is not known whether
the catalyst basket or sparger or both are the critical factors 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 mess t:ana{er, and fthis should
increase, the reaacticn rate. . .

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 Sulfonitessome of the biphenyl, 1If 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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Dept, 246 - Process Descriptign

AROCLOR

APPENDIX M

QUALITY CONSIDERATIONS

6,

Raw Material Purit{ {Cont'd,)

Sulfonated biphenyl has jonic pfoperties 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 also influence
the electrical properties of Aroclors, An absorbent will be inef-
fective if the Aroclor was not prepared in a manner such that a
stable product was formead during the chlorination reaction,

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

The absorbent used in Dept, 246 (after distillation) is Attapulgus Earth; .. -

the concentration should be 0,05% for Aroclor 1242 and 0,1% for other
Aroclors, The earth must be heat treated at 250°C. for a minimum
of 4 hours before addition to the Aroclor, Heat treatment reduces
the moisture and activates the earth,
. \

Lime Treatment - It is important that proper amount of lime

pounds per, still run) be added to the still to prevent sublima-
tion of ferric chloride, -

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

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

Once a stable compound is formed, other techniques such as use of

lime, absorbents, and nitrogen blanketing are used to maintain and
improve electrical properties,

MONS 054881



Dept., 246 ~ Process Desoription 56.

AROCLOR
APPENDIX M QUALITY CONSIDERATIONS {Cont'd.)

Absorbents

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

The most satisfactory absorbent pound for improving the resistivity
of Aroclor 1242 was LVM attasorb. Table I of this section lists the
laboratory results of the different absorbents used to treat Aroclor 12i2,

pegradation of Aroclors

Degradation of Aroclors, which leads to loss in eleotrloal resistivity,
i8 one of the short oomings of using Aroclor as & dielectric, especially
since only & very minor degradation can cause & serious breakdown in
eleotrical equipment.

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

Aroclor 1242 hag been degraded by ultraviolent light, and the decrease
in eleotrical resistivity with irradiation time was measured. The plot of
resistivity versus time of irradiation (PFigure 1 of this seotion) resembies
a oonductivity versus ooncentration ourve for a weak electrolyte. It is
possible to remove the conducting materlal 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 Aroolors 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 1s attributed to thermal degradation of impurities. 1If
Aroclor is irrodiated, then exposed to a thermal treatment, appreciably
more HC1 is liberated.
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Dept. 246 - Process Description 5¢.

AROCLOR
{
APPENDIX M QUALITY CONSIDERATIONS {Cont'd.)
TABLE 1
ADSORBENT SCREENING DATA
Volume Resistivity
Adsorbent contact < at 1000,
Adsorbent Pretreatment Temperature C. ohm-cm. x 10°
LVM Attapulgus )
garth None 60 3400
80 2000
100 2800
o 120 2900
LVM Attapulgus Heated at 250 C.~ 60 } 4200
Earth 12 hours. 80 6400
100 200
0 120 100
LVM Attapulgus Heated at 350 C.- 60 9300
Earth. 12 hours. 80 9000
100 6300
° 120 6300
LVM Attapulgus Heated at 350 C,- 60 2400
Earth, 4 hours. 80 5600
100 6000
120 5700
Attasord ~ 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 Grade F-3 80 2500
-32%5 mesh) 100 2800
120 3100
voolay 325 . None 80 . 5700
(Western . 100 3B00
Bentonite) 120 9700
Panther Creek None 8o 6200
(Southern . 100 11,300
Bentonite) 120 6100
Filtrol Grade 1 None 80 2600
zeolex 7 None 80 7000
(Zeoliteg
Florite 60 mesh None 100 3600
(Aotivated
{ Bauxite) . :
Suprex L-0 None 100 4500
(Kaolin) N
Attasorb - LVM Heated 2507°C.- 100 12,200
12 hours.
Attasord - RVM None 100 6,200
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pept. 246 - Process Description 58,

AROCLOR
! APPENDIX M QUALITY CONSIDERATIONS (Cont'd.)
TABLE I (Cont'd.)
Volume Resistivity

Adsorbent contact at 100°¢, g
Adsorbent Pretreatment Temperature “C. ohm-cm. x 10
Linde Moleocular None 60 2100
Sieve Type 4-A
Laminar Alumina None 60 900
{Dayton)
Note: Resistlvity of Aroclor before treatment = 1 x 109 ohm=-cm.
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pept. 246 - Process Description

AROCLOR
APPENDIX M QUALITY CONSIDERATIONS
TABLE 1I
THERMAL DEGRADATION OF AROCLORS AT 25000.
Aroclonr gm. of HCl/gm X :lo6 : Heating Time
1221 2.35 o 1 hr.
6.73 2 hrs.
11.07 5 hrs.
1232 .91 1 hr.
6.42 2 hrs.
9.81 5 hrs.
1242 5.96 1 hr
9,58 2 hrs.
13.00 5 hrs.
1248 3.61 1 hr.
g.uu 2 hrs.
.48 5 hrs
1254 3.43 1 hr,
3.?6 2 hrs
6.43 5 hrs.
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60.

Dept, 246 - Process Description

AROCLOR
APPENDIX N_
MISCELLANEOUS

REFERENCES
1. . 8t. 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 20 to 30 mm Hg,
The rate of Distillation of 1200 series Aroclors
increases with pressure,

2, St. Louis Re ort No. 2755, Job No, 2-02-760.01 - 3948-3
March 6, 1961

Title: Improved Aroclor 1242 Studies

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

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

Title; Final Report on Aroclor Process Studies,
Summary: Purity of raw materials, catalyst concentration,
reaction temperature and rate of chlorination were
the variables studied with respect to their influence
on the stability of the finished product,
4, St, Louis Report No, 2540, Job No, 171-616, December 28, 1958,

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

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

5. St. Louis Report No, 2234, Job No. 171-451, June 14, 1956,
Title: Evapor;tion Loss of Aroclors,

Summary: The evaporation loss of Aroclors was dete rmined at
100°C. under static conditions,
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( Dept, 246 - Process Description
AROCLOR
APPENDIX N
MISCELLANEOUS
REFERENCES

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

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

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

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

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

Summary: The Comparison of stability chloride values revealed
no difference between the product made with iron
turnings as catalyst and feérric chloride as catalyst,
8. St. Louls Report No, 2096, Job No, 2-02-750,01-3202, June 6, 1958

Title: Resistivity Improvement of Aroclor 1242,

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

9. E. E, Martin, OPERATING INSTRUCTIONS FOR_DEPT, 246,
W, G, Krummrich Plant, 1961,

10, E. E, Martin, PROCESS DESCRIPTION FOR MANUFACTURE:
OF AROCLORS, 1962,

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

AROCLOR
APPENDIX N MISCELLANEQUS

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

Evaporation Rate

Aroclor gms . /cmZ/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 that of Aroclor 1260. This unexpected result may be
explained by some difference in the conditions of which the two lots
were prepared.

The reaction products in Biphenyl Chlorination differ with the
type of oatalyst used. Results of research investigations are listed
below: R

Isomer Distribution of Aroclor 1232

catalyst IR S I AR P M- 3Y. AN T L 7 ) §
Fe C1 15¢ 1% 15% 6% 28% 1% 9%
Sb 01: 11 0.7 20 3.6 EB 18 9
T4 Clg 11 . o] 20 2.2 6 14 ki
sn Cle 24 1 16 2.3 38 18 1,3
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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
possible 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 1, low Chlorine pres- 1. Call Chlorine Dept.
picking up gravity sure or low ohlorine -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 a 1. Bjectors not pull- 1. Check Ejectors
ing properly
2. Coke scrubber 2, Drain Coke scrubber

Contains water

36" SPARKLER FILTER

Foreign material . Pirty filter or Clean & re-paper press
in filtrate samples broken paper
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