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RESEARCH DEPARTI®ENT - PHOSPIL.TT DIVISION
MONSANTO CHEMICAL COTPANY

Anniston, Alebama

ARQCLOR &2& BOOK

— e s ——— on ———

General information on pr0perties of Aroclors, Aroclor process
data, uses of Aroclors, and nhysiological effects of Aroclors,

FORE.JORD

As a means of presentinF the available data on iroclors to the in-
terested personnel within the Nonsanto organization, this looseleaf
notebock 1s being compiled.

Most of the data has resulted from work cerried out within our owm
organization., Literature references, however, will be c¢ited in all
cases throughout the compilation in order to allow nore detailed infor-
mation to bs obtalned by the user.

The following detziled outline is for faeilitetins tlie location of
data in the book and to agsist in properly ingsertins new deta sheets.
Tach Aroclor is to be given 8 series number for location under the
general headirgs. This scheme at present is as follows:

‘Aroclor 1221 - 100 sgeries
Aroclor 1232 -« 200 aeries
Aroclor 1242 ~ 300 geries
Aroclor 1248 - 400 geries
Aroelor 1254 < 500 series
Aroclor 1260 - 600 series
firoclor 1262 - 700 series
Aroelor 1268 - . 800 series
Aroelor 1270 - 900 series-
Aroeclor 1271 « 1000 series
Other D1pheny1 Aroclors -~ 1100 series

ALroclor 4455 ~ 1500 series

Other High Boiler .Aroclors - 2100 series

Aroclor 5442 - 2400 series
aroclor 5460 - 2500 geries , 1653
sroclor 5465 -~ 2600 series pSW 33

Aroclor 5468 -~ 2700 gseries

aroelor 2565 - 3000 series
Related Compounds -~ 4000 serles

THIS REPORT AND THE {NFORMATION
CONTAINED HEREIN 1S THE PROPERTY OF
THE MONSANTO CHEMICAL COMPANY.
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The page pertaining to the solubility of Aroclor 4465 in verious
golvents would be of this type "IA) ~ 1500", In cases where the infor-
mation for all Aroclors can be compiled on one sheet, such as refrac~
tive indices, the paere will be inserted under the general heading and .
will bear only the number for the first iroclor, for example, Ifh - 100,

N
.

I. GENERAL PROPiRTIEé OF SROCLORS

A. Physiesal Proﬁerfies |
(a) Géneral Physical'COnstants

1. Formula and molecular weisht

- 8. Specifications for :znufacture
(b) Density end Speciric Gravity
(¢) Cubical Coefficients of Txpansion
(d) Vapor Pressure znd Rate of Tivaporation
(e} Specific Héat and Heat Capacity
(f) Thermal Conductivity
(g) Viascosity |
(h) Refractive Index
(1) Heats of Vaporization - Other Thermodynamic Proverties
{3) Solubilities
(k) Flash and Flame Points
(1) 1'scellaneous
B. Elgctrical Properties

(a)' Dieiectric Conatants

(b) Power Factors |

(c) Dielectrice 3trength

() Volume Rcéisfivity

(e) Dipole loments

54
. DSW 3316
(f) Yiscellaneous

STLCOPCB4078229



II. MSTHODS OF MANUFACTURE
A, Monsanto Proces.s
1. Reaw Materials | :
2. Chlorination
'3, Distillation
4, Si:or‘age a;:d 3hipping
" B. German Prbcéss
~C. Other Processes ,'
ITT, USES OF AROCLOR3
| A. Elecotrical Fleld
1. 'i‘r:ansformar's
2, Capacitors
3., Coating for 'Iire
4. Other uses
‘B. Varnlshes
C. Plasticizers
D. 'Hy-d_mulic Fluid
5. Fire Retardants
F. Hoeting medfum
G. Miscéllanebus
H. Suggestiéns for new Uses
IV. PIUY3IOLOGICAL EFFICTS
. 1. 3kin Teat;

2. Systematic Tests

PATINT3 USING AROCLORS
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THIS REPORT AND THE INFORMATION
CONTAINED HEREIN IS THE PROPERTY OF

4  THE MONSANTO CHEMICAL COMPANY.

The book is subjeot to revision and chanres as various data are
located, Graphs and diagrams will be inserted when possible and new
graphs drawn as informetion is compiled.

No indices of sectionsAis nlanned &t this time, but later re-
visions may include such_pages if the volume of informution warrents

1t. '

Contributions of new and Sunplementafy data are earnestly so-
licited. Any discrepmsncies in the existins data or advice as to a
bettsr means of presenting the informestion will be greatfully acknow-

ledged, Address all correspondence to the group leader in cherge of
the reseiarch on iroclors at Fhosphate Division - Research Department,

Anniston, Alabama, ,
R ANI

R. R. Knight

ac?77/ W"7
A M, Ellenburg :

Irs . .
12/2/47 : ‘
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[ an 24 ‘ | B Page No. _____

' STANDARD g;zcmcmmN

Monsanto CHEMicAL COMPANY
PHOSPHATE DIVISION
ANN1STON, ALABAMA_

PRODUCT: Aroslor 1221 CODE NO.: ]040=055:75=00

. -~ DATE
S sambor 4, 1948
GRADE: Rerular - AUTHORIZED™ *»
PROD. DEPT. NO.:  SUPERSEDES:_ 11w Paptatipn
. RaLeFad  AodleEed  JToFeR Foh.3,
APPROVED BY (Initials) 1 Se1eAn 1om10edn 13al0eds
Control . ) Consumer
Specification Specification
Cruda Aroslor 1i2l:
4p. Or, at 636C, ' 1.,150=1 ,160
Aroelor 12213
Golor 7 40 APTLL mex,
acidiey, me. Nadl/mm,. 0,01 max,
gpg g’r‘ atb 65/15.5@(}‘ 1;145—1.155
Chlorine content . ’ 20,5-21,5,.
Viscosity at 100¢F, 7 38«1l %03
NOTES:
Coplel by rs
. '\551
4/8/48 . 0‘5\N 33
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7 am 24 o ’ ' Page No.

STANDARD %I;.ECIFICATION

Monsanto CHEMIcAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: Aroclor 1232 CODE NO.: 1040-230=75=0%
i DATE pgcenber 4, 1946
GRADE: Repulae » : AUTHORIZED:
PROD. DEPT. NO.: . ____ SUPERSEDES: New-Tentative
_ ReLeToy  AdfZa  TuFRey FoioB.
APPROVED BY (Initials) 12~17-46 12-18~46 121946 12~19~44
' Control Consumer
Specification Specification

Crude Arcolor 11323:

* Spe Ov. at 85/15.5%. 1.240=1 ,245
seldity, mo, Nalil/em, : £.0.5

Aroslor 12324

Color 30 PG mex,
Aaidity, me. BeQd/sm. 01 max,
3pe Or. at 85/1%,5¢C, : 1.235=1,.240
Chlerine eontent _ 31.5-32,5
Viscosity at 1007, : ’ 4843 3 -
NOTES:
Copie=f by ro
4/8/48

DSW 331658
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STANDARD SPECIFICATION

OF

MONSANTO CHEMICAL COMPANY

Product: Chlorinated Diphenyl distilled Code No. 1040-240-‘75—09

Grade: Aroclor 1242 ] Date Authorized June 21 1940

Supersedes Specification Dated July 3, 1934

Tolerable Limits Typical Value
Sp. Gr. at 65/15.5°C. 1.338 to 1.348
Color, N.P.A. 0.5 Maximum
Acidity, Mem NaOH/gm. .01 Maximum
Viscosity at 54.4¢C., 47 to 50 Seconds Saybolt Universal
"Approved by A. B, Gerber Approved by Robert S, Weatherly
Chief Chemist Sales Manager
Approved by Edw. A, O%*Neal, Jr, Authorized by J., N, Carothsrs
: Works Manager Chemical ﬁirector .
- Copled by ra
4/8/48 ,
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STANDARD SPECIFICATION

oF

MONSANTO CHEMICAL COMPANY.

_ Product: Chlorinated Diphenyl, distilled Code No, 1040-260-75-09

CGrade: Axroclor 1248

Date Authorized June 21, 1940

spn Gro at 65/].505.0.
Color, N.P.A.

Acidity, Mgm NaOH/gm

Viscosity at 54.4eC.

Arcgclor 1262
Sp. Gr. at 90/15.5'(:.
Color, N.P.A.
Aoidity, Mgm NaOH/gm.

Viscosity at 98.9+C.

Approved by A. B, Gerber

Sup:arééd'ea Specification Dated July 3, 1934

Tolerable Limits " Typical Value

1,404 to 1.41¢4
0.5 Maximum
.01 Maximm

69 to 76 Seconds Saybolt Universal

, Code o, 1040-~-310-75-09
1.572-1.583 '

1.0 Maximum

.01 Maximum

88-100 SUS

Chief Chemist

Approved by Edw. A. O'Neal, Jr.

Approved by Robert 35, Weatherly
' Sales Mangger

N

Authorized by J. N, Carothers

Works lenager Chemical Director

Copied by ra
4/8/48

DSW 331660
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STANDARD SPECIFIC:TION

oF

MONSANTO CHEMICAL COMPANY -

Aroclor 1254 o ' Code No,

1040-280-75-09

Dielectric | _ Date Authorized _ 10/3/41

Supersgdes: 6/21/40

" Color, APHA Scale

Condition

Specific Gravity at 65/15.5'0
. Acidity, Mgm. NaOH/gm.

Inorganic Chlorides, ppm.

Saybolt Viscosity at 98,9°C, sec.
Dielectric Constant at 100'0

Resistivity at 100¢C, ohm-cm. at 500 volts
. Refractive Index at 25¢C
Distilling Range, Observed, 10%
- Observed, 50%
. Observed, 90%
Pour Point
Water, ppm.
Evaporation 6 Hrs. at 100°C
Corrosion Test-Chanre in welrht
Acldity ~ after test: , A
Inoreanie Chlorides - after test
Condition after test

Color after test

" ra
k5/ll/48

100 }Max,
Clear

1.495-1,.505

01

0.10 Lx,

44 ,5-47,5
4.,15-4.35

_Above 500 X 10°

1.6370-1,6390
350-355°C
355=~362 ¢C
362-375°C

. 8 to 12
.35 Mex,
. 0.4%

0.0Z
0.01
0.10 Max,
Clear
150 Max,

DSW 331661
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- STANDARD SPEC IFICATION

- QF

MONSANTO CHEMICAL COMPANY

Product: Aroclor 1260 .

Code No.

Grade:  Dielectric

1040-290-75~09

Color, APHA Scale

Condition ’
Specific Gravity at 90/15 SeC
Acidity, Mgm. RaOH/gnm.

Inorganic Chlorides, ppm.

Saybolt Vigeosity at 98.9°C, sec.
Dislectrioc Constant &t 100°C

Reslsztivity at 100°C, ohm-cm, at 500 volts

Refractive Index at &5'0
Distilling Range, Obaerved, 107
Obsexved, 50%

Observed, 90%
Pour Point

Weter, prm.
Evaporation, 6 Hra, at 100°C
Corrogion Test-Change in wsight

Acldity after test- )
Inorgenic Chlorides : after test
Cond ition after test

Color after test

ra )

5/11/48

‘Date Authorized 11/18/41

Supersedes: 1/30/36

100 lax,
Clear
1.550-~1, 560

01

0.10 azx,
75-80
3.6-3.8

" Above 500 X 109

1.6455~1. ,6465
370-377¢C
377-385¢C
385-400¢C
26 - 34
35 Max.
0.2 %
0.0%
0.01

0.10 Max,
Clear

150 Max,

e
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[ an 24 Page No. _____

STANDARD ?)I;ECIF ICATION

Moxnsanto CHEMicAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: ___Aroolor 4463 (Rerular) CODE NO.:_040-43075-09 ___
- DATE
GRADE: AUTHORIZED: gotaber 4, 1244
PROD. DEPT. NO.: __ SUPERSEDES:__June 3, 1944
. R-chct T Feiay P-L.; Re3sTa} FedaBa
APPROVED BY (Initials) S29+~44 0u29=04 10-Dedd JQ0uDofA  ICofoftd
Control Consumer '
Specification Specification
Appearance g : clear, 1i~ht
yellow,
britile resin
00191‘9 Nupslﬂta‘ ‘ 2,0 nax,
| Joftening Point ,
‘;3-033‘Pn1"!a) 60 - 6600¢
Asid Wember _
{1iga0H/en, ) : 0 - 035
Cryatellinisy Hos spSCe

® Reiuins color limit to 2.0 maxzimum is rscommgnded beteuas
inapaotion regords szhow that all lots produced in 1544
havs hed a color of 1.9%.

NOTES:

Copled bty rs
4/8/48
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STANDARD SPECIFICATION

ar

MONSANTO CHEMICAYL, COMPANY

Product: Chlorinated High Boiler : Code No., 1040-480-75-09

Grade: Aroclor 5460 2 . Date Authorized May 10, 1940

”Supersedes'.Specirication Dated December 23, 1932

L 'Polerable Limita Typical Value
Appearance . R ‘Clear, light yellow,
' brittle resin
Color, N.P.A. 2.0 maximun
Crystallinity Test To pass test
Softening Point , ASTH 100 - 105.5°C.
Aclid Number
Mem NaOH/gm. : 0 -~ .05
Chlorine 59 .0-80 .6%
Approved by "A. B, Gerber . Approved by Robert S. Weatherly, 5/6]40
Ch ief ChemiEF o - SaIes Manager
Approved by Edw. A, O'Neal IJr, Authorized by J. N, Carothers, 5/10/40
Yiorks Manager Chemical Director

Copied by rs B
4/8/48

DSW 331665
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Monsanto Chemical Coinpany
Anniston, Alabama

‘Aroclor Test Methods and Designations

Specific Gravity of Aroolors

Total Chlorine in fAroclors

Softening Point of Solid Aroelors
Determination of Iron in Aroclor
Flash and Flame Points

Viscosity of Liquid Aroclors
Distillation Range of Aroclors

~ Evaporation Test of Liquid Aroeclors -
Refractive Index of Liquid Aroclors
Resigtivity of Liquid Aroclors .
Dielectric Constant of Liquid Arsclors
Acid Number of Liquid Aroclor

" Color of Aroclor - NPA 3cale

Color of Aroclor - APHA Scale

Acid Number of Solid Aroclors

Pour Point of Liguid Aroclors
Inorganic¢ Chlorides in Aroclors
Hater Content of Licuid Aroclors

14-10-~48
14-13-48
14-17-48
14~-21-48
14-24-48
14-29-48
14-31-48
14-32-48
14-34-48
14-35-48
14-36-48
14-42-48
14-43-48
14-44-48
14-46-48

14-47-48

14-48-48
14-53-48

DSW 331666
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J-A=B=-4000

From - Halowax Products Division
Union Carbide and Carbon Corporstion
30 East 42nd Street
New York 17, New York

Letter - W.C.M./J.M, Cole, Tech. Rep.
2/16/48 .
. Zyrox 3009 (11-313)

GENERAL INFORMATION

Color

Sp. Gravity

Softening Pt.,

" Stormer Viscoslity ‘
Saybolt Turol Vigcosity
.Penetration at 50°C.
Penatration at 25<C.
Flash Pt.

Fire Pto

Combustibility
Fracture

Acid Resistence

Alkall Reaistance
Volatility

P.F, at 25°C. (1000 cyeles)

Diel. Constant at 25¢C,
(1000 eycles)

DC Resistivity at 235°C,

Copied by rs
4/2/48

Bromn

1.40-1.45 at 25°C.

79-83°C,

59-89 at 130°C,

79=-180 at 130eC.

- Anprox. 15 (200 am. load)

- Less than 3 (200 egm, load)

- Approx. 580°F.

-~ None to 60(+*F,

- 111 not suprvort combustion
- Conchoidal

- Rxcellent

- Txcellent

- Average for 24 hours at 130°C.
" Less than 0,10 mg./sq.cm./hr.
- ADDrox, .00l

- Avpprox. 2,96
- Over 108 meg. ems.

\

DSW 331668
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From - Halowax Products Division

Union Carbide and Carbon Corvoration

30 Tast 42nd Street
New York 17, New York

Lette!‘ - Je ou /Ja--o COle,

2/16/48
Zyrox 3007 (11-308)

Color

Sp. Gravity

Softening Pt. A
Stormer Viscosity
Saybolt Furol Viscogity
Penstraticn at 50 deg. C.
Penetratlon at 25 degs. G.
Flash Pt.

Firse Pt.

Combust ibility

Fracture

Acid Resigtence

Alkall Resistance
Volatility

P.F. at 25 deg. C. (1000 cycles)

Diel. Constant at 25 dez. c.
(1000 eycles)

DC Resistivity at 25 deg, C.

Copied by rs
4/2/48

Brown

1.29 = 1,32 at 25 deg. C.
65 -~ 70 dﬁg- C.

20-27 at 130 deg. C.
20-30 at 130 deg. C.
Approx. 75 (50 g. load)
Less than 3 (200 p. load)
Approx. 530 deg. F,

‘- None to 600 deg. F,

7111 not support combustion
Conchoidsal

Excellent

Excellent

0,20 mg./sg.cn,/hr,
- Approx. ,004

- Apnrox. 3.0
-~ Over 108 meg. cms.

Tech., Rep.

Averape for 24 hrs. at 130 deg. C.

DSW 331669
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I-A (§) - 500

Stability of Grade P Hycar and Terlon
in Aroclor 1254 at 130°C and 45°C .
Short Form Report No. 2178
Flle No. 141-27.1

December, 29, 1947

Notebook references: 3mith 45137

Grade P Hycar and Teflon Imfersed in Aroclor 1254

YMaterial Temp.  Hours % Gain in "%. - Thickness
Grade P Hycar 120°C 285 68,6 26
Grade P Hycar 4590 285 26.3 6
Teflon 130¢C 285 Neglipible Negligible
" Teflon _ 45°C - 285 Negligible Negligible
T8
1/14/48
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I-A-1 - 500

From - Yemo P.G.B./R.L.J. 3/22/48

Aerovox Corporation
New Bedford, Massachusetts

Datermining Fluorescence in aroclor

"The ultraviolet light we use for determinins fluorescence in
Aroclor is menufactured by Georre /. Gutes and Company, Franklin
Square, Long Island, New York. It is a CH 4, 100 Watt, G. E,
1Jazda Lamp with filter.

*Qur procedure is to pour a small amount of Aroclor into a 5"
‘wateh glass or a 5" Pyrex evaporating disgh and observe for the
degree of fluorescence under the CH 4 lamp, preferably in a dark
room. If the sample has been contaminated with Mineral Oil it
will show up as & streaky or milky fluorescence as compired to
pure Aroclor. The Tluorescence around the meniscus of pure
Arcelor 1s not to be confused with the fluorescence resulting
from contaminstion,

"This test 1is gualitetive end, as such, is based on the exveri-
ence of the person performing it. e keep a standerd sampls for

comparison. If there are any further questions please feel free
to contaet us". :

Copled by rs
4/2/48
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December 2, 1947

ELECTRICAL DATA ON AROCLOR3

Introduction -

Time has not permitted us to carry out electrical measurements
on all of the Aroclor samples sent by your laboratory and as listed
in your letter to Dr. C. K. Bump of June 27, 1947, It was believed .
that dlelectric constant, loss factor, and direct current resistivity
measurement 3 over a temperature range for a low chlorinated and highly
chlorinated biphenyl; also one sample each of the terphenyl and the
mixed biphenyl and terphenyl series would represent the electrical be-
havior of Aroclora.

The trend of the electrical properties of the samples not messured
can be estimated; 1.e. as the viscosity of the Aroclors of a particu-
lar serieas increases, the loss factor will decrease and the loss factor
maximum (if within the temperature range measured) will be shifted to
higher tempsraturss. 4An inerease in viscosity will increase the resis-
" tivity of the Aroclor. The flieclectric constaent of a material is a
measure of its polarizadbility. Therefore, any change in the structure
of the molscule which will increasse its polarizability will csuse an
increass in dielectric constant.

Accuracy »f Data

The accuracy of the alternatine current data is dependent on the
dissipation factor of the dielectric at a particular frequency and a
particular temperature. The dlelectric constant values are accurate
within .2% provided the dissipation factor is less than 10%4. The error
is greater with increasing dissipation factor. The acecuracy of loss
factor (dtelectric constant X dissipation factor) is also dependent on °
dissipetion factor. Aroclor 5442 wee the only sample which had a dis-
sipation factor greater than 10% and that occurred at the following
conditions:

41+C, 500 cycles
41*C, 750 cycles
35°C, 500 cycles

It will be noted that the dielectric constants extravnolated to
100°C. check satisfactorily with the values listed in your letter to
Dr, Bump.

The dircet current resistivity values have a 30% error for the .
greatest resistance readinrs on our instrument, For lower resistance
values the error decreases. Aroclors 1221, 1254 showed a&n increase in
resistence with time which is indicative of polarization effects. For
these materials then, resistence wes read after the voltage was applied
end then at the end of one minute - an empirical method used for taking
a readable value. Aroclors 4465 and 5442 did not show noticeable pola-
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-2 - December 2, 1947

rization effectas, even at the high temperatures,
Data

.The dielectric constant of Aroclor 1221 and 1254 is independent
of frequency. The dielectric constent of Aroclor 4465 and 5442 13
also independent of frequency at the high temperstures.
The liquid-like properties of 4465 and 5442 disappear at the
- lower temperatures where a dispersion region becomes evident. It will
be noticed that the dielectric constant curves (at the lower tempera-
tures) have the same order as those of the corresponding loss factor
curves and the inflection regions occur at the loss. factur maxima tem-
peraturoso

The loss factor curves of 5443 at the higher tenperatures show a
sharp up-swing, indicative of a large conductance component in the loss
factor. Similarly, the loss factor curves of 1221 and 1254 seem to be
in the conductance region. :

Aroclor 1221 ghowed an unusual sensitivity in changine loss factor
values snd as great an insensitivity to change in dielectric constsnt,
I{ was found that a sample measured initislly at room temperature and
meagured at successively increasing temperatures gave different loss
factor values when compared to measurements made with the initial tem-
perature kigh and then successively lowsred. Results showed that
raising the temperature of the liquid or allowing the material to stand
in the open for long pericds always lowered thse loss factor, probably
volatilizing the more conducting or the high loss substances in the
Aroclor. Below 5000 cycles this effect was very noticeable, the diffe-
rences increasing with decreasing frequency. It msy be mentioned hers
that loss factor measurements at low frequencies mizht pogsibly be used
as an analytical tool or es a control method of indicating voletile sub-
stances contained in the Aroeclor 1200 series.

The log redistivity versus 1/T craph is useful as an indication
of the change that occurs in resistivity with temperature - or what is
related, the chanze in viscosity with temperature. The actual slopes
of 4465 and 5442 cannot be assured since there should have been more
measurements made at high temperatures, However these two /Aroclors have
a much larger viscosity-temperature coefficient then the other two plots.

It is hoped trat the enclosed —-raphs will summsrize the dielectric
properties of the Aroclors measured. IMore complete information or any
questions concerning the data will be sent on request.

R. Levreault

lonsanto Chemical Company

Plastics Divigion

Springfield, lMamssachusetts
acm/ ‘
Copied by rs : DSW 331678
1/15/48
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From - B,1,0,3, Final Report No. 893
Item Nos. 1, 7, 22, and 31
'Pages 12, 13, 14, 15, 16, % 17

III. CHLORINATED DIPHENYL, S : B
1. Goneral.

Chlorinated diptenyl is manufactured by I.G., Farben under
_the trade nams of Clophen. 3Some types are liquid and others
solid at normal temperstures, They are used as impregnants
as alternatives to hydrocarbon oils end waxes. Clophen shares
with other chlorinated materials & high permittivity and has
the same dangers in handling, dwe to noxious properties., In
addition to the grades suited to capacitor impregnation, a
grade known as T64 is made by I.G. Terben, suitsble for trans-
former cooling. The total output of Clophen ASO and A60 for
the years 1938 and 1943 was:-

1938 Type AS0 21 tons
A0 132

1943 " A50 170 "
" AB0 506 "

The cost of the material in Germany is:-

Typs AS0. 1M, 50pfe. to 11, 60pfg. per Kilogram
- ,®  T64 1M, 20pfg. per Kilogram.

The followins is e list of the principal prewar consumers
of Clophen:- _

Siemens-3chuckert, Berlin.

A.E.G. (Hydrawerk), Berlin,

¥icafil (Brown Boveri), Zurich, Switzerlsnd.
~  Alsthom, Psris.

Ducati, Hilen, Italy.

Tt vas steted that no German canacitor menmufacturer uses
Clophen for the manufacture of small cupacitors for radio and
telephone purposes and where these have been used by the Ger-
man fighting serviccs they were supplied by the Ttalian firm,
Ducati.

72. Vanufacture,

(1) The synthesis of diphenyl from benzene.

Diphenyl is synthesised from benzene as shown in the
fipure, following:-

DSW 331679
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A

AV VAV,
Condensaer

j « J 200°C
by - - -: 500~650°C Heat Exchanger
T - _
Reaction
Coil
800¢C

Synthesis of Diphenyl from Benzene

The synthesis occurs in the vapour phase, at 800°C. and
atmospheric prassure, in an electrically heated reaction
coil of copper-manganese alloy. No catalyst is required,
The apparstus, apart from the reaction coil, is of iron,
and operctes at the temperatures shown above, About 10/
of ¢he benzene vapour is converted into diphenyl in one
passage through the reactliou coil,

The purity of the benzens ig of importance for the elec-
trical quality of the ultimate chlorinated products and

a gpecification is sttached overleaf, 'I'he benzene used
wes believed to conmtein 0,2 to 0.3% of paraffins but
little definite information could be obtained regarding
any undesirable impurities or the mechsniam by which they
cause poor electrical performance, Thiophene was stated
to be definitely harmful, end vague reference was made to
"pnitro-compounds®, to "aliphatic hydrocarbons®™ and to
"subatances which could not be chlorinated”. The pre:iss
nature of these materigls was not kmown, but their absence
wag engured by obtaining benzene always from suppliers
whose product vas kxnown to be satisfactory.

Analytical Specification for Pure Benzens

'AERearance: Clear and colourless.

Dongity at 20°%°C.: 0.876
Distilling runge: - First 59 within 0.25°C.
5% = 95 A 0.25°C.

95,. - end " 0.25%.
solidification po. int: Not less than S5°C.

Bronmire consumption: Not more than 0.5 gm.
bromine per 100 c.c.

Sulpliuric acid test: Not more than 0.15 gm.

= chrzov

Carbon disulphide: Shall be free from CS;.

DSW 331680
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pifficulty in the synthesis was still being experienced,
due to rapid corrosion of the eopper-mansanese reaction
coll, opsrating at BODeC. A smell scale experinmental
apparatus using a fused siliea coil had been made, but
had not been developed for production use.

In addition to diphenyl, about 5% each of 1-3 and 1-4
terphenyls are produced by the process. +These are se-
parated, chlorinated and used in sealing varnishes;
pregent production is about 4 tons per month, No use
1s made of chlorterphenyls as paper imprennants, since
the materials are resinous and tend to crack; moreover
the permittivities are lower than thoss of the chlor-
diphenyls, ’ :

The crude dibhenyl is next purified by distillation.-
During this process the terphenyls remain in the residue,
They are extracted im the following manner:-—

The residue is dissolved in hot benzens, filtered, and
the 1~4 isomer obtained by fractional crystallization,
The crude product is distilled in vacue, ylelding 1-4
terphenyl with meliting point of 208°C. The 1-3 isomer,
remaining in solution in benzene, is more difficult to
isclate. The solution is clarified with activated char-
coal, filtered, and the benzene evaporeted. The residue
is distilled to yield 1-3 terphenyl with melting point
80-84°C,

{2) Chlorination of diphenyl.

For the chlorination of diphenyl & lead lined vessel of
10,000 1itres capaclty is used. It is charged with 6000
kg. of diphenyl and 15 kg. of ferric echloride. The mix-
ture is heated to 110¢C., agitated and chlorine passed
in. The addition of chlorine is continued for 100 hours
at & rate of 130-135 kg/hovr during which time the tem~
psrature is raised gredually from 110°C. to 130°C. The
end point of the chlorination is determined by measuring
the density of the product, . |

To remove hydrogen chloride formed in the process, dry
air is blown through the 1ligquid for 2 hours &nd this hy-
drogen chloride is recovered, '

The product is transferred to amother vessel and treated
with 1/2% of solid eodium hydroxide, heated and agitated,
The sodium hydroxide is allowed to settle out and the
Clophen dravn off from the top, transferred to another
vessel to which Fuller's eerth and soda are added and the
liquid redistilled. The stills for this process are @as
heated,

DSW 331681

STLCOPCB4078256



3. Propertiss..

(1) Capacitor imprernating erades.

A summary of the vhysical and chemicel properties of the
capacitor impregnating grades of Clophen is givem im
Appendix TI., There are six grades of capacitor impreg-
nant, A30, A40, etc. up to AB0, the 3, 4, 5, etec. indi-
cating the number of chlorine radicals combined with the
diphenyl., Fach grade contains a proporition of the adja-
cent bomologzues not exceeding 207, GCrade A30 has the
hishest value of permittivity. Theoretically the highest
value obtainable with a chlorinated diphenyl is 9.0, and

a grade having a permittivity of 7.0 has been prepared

but is chemically unstable, and very sensitive to moisture
and impurities. The most commonly used grades are AS0 and
A60; AS0 is the most stable grade and has the lowest dielec~
tric loss., Grade ASO is considered by I.G. to possess the
optimum combination of non-inflammability, stability and
viscosity. fs with Nibren, it . is considered that no addi-
tives are required since the substances are stable in use,
provided that the capacitors are efficiently sealed against
the air. Kicufil of Zurich are the only users of AZ0 and
A40,

The following table shows the variatiom in capaecitance
and pover factor with temperature for a Clophen impro@a»
ted paper capaeitor.

The impregnant is AS0, tho dielectrie is Schoeller and
Hoesch "A" finish rag tissue (density 1.2 - 1.25) with

a thickmess of 10 u; frequency of measurement is 800 c/s.
Power Tactor shows a maximum value of 0.052 at about +4¢C,
while capacitance falls off by some 207 at temperatures
below this eritical valus, ~

Variation in capacitance and power-factar with
temperature for a Clophen-imprecnated capacitor,

Temperature " Relative: Power .
(*C.) Capacitance- Tactor
-60 0.87 0,035
-40 0,91 0,024
-20 0.94 0.013
o] 1.02 0.048
+4 1.06 0.052 (max.,)
+20 1.10 0,006
+40 1.10 0.005
+60 . 1.10 0.004

+80 i.11 0,005
No evidence was obtained from I.G. on the use of any type
of additive with & view to depressing the temperature at
‘'which the change of state occurs,

DSW 331682
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Trs
11/19/47

The method adopted for evaluatine the water content in
oils such aas Clophen is deseribed in Appendix III. It
is also applicable to such solids as Nitren, .

Engelhardt stated that no source of faeilure had been ex-
perienced during the shnle period of production of Clo-
phen, which is about 17 years. Consequently no improve-
ments or nodifications had been made or found necessary
during this period,’

(2) Transformer-coolinz grade (Clophen T64) .

. No detailsd informution was sought on this material, since
it is unsuitadble as a capacitor impregsnent and is only
used as a coolant for transformers end phase shifters.

A summary of its physical and chemical properties is given
in Appendix IV. It has a lov viscosity, is moderately
.stable under electrical stresses and has the distinct ad-
vantage over mineral oils of beins non-inflammabdle.

The principél ugers of this produet are A.E.G. and Siemens,
but it is understood that, as with other chlorinatad com-

pounds, conservatism and prejudice among customers have
prevented its wider use.

No stabiliszers are sdded to the material as their function
of abaorbing hydrochloriec acid would be defeated by the
formation of "chloride salts", which in turn bdecome elec-
trolysed. It was said to be very important to avoid con-
tamination of Clophen T64 which may occur in transit and
for this reason the use of lsather for gaskets mugt be
avoided. .

Nethods of use, precautions, ete.

FRo details were obtained on the method of imprecnation
ugsed by I.G. for the construction of test-specimens of Clo~
phen-impregn:ted capacitor. This vas partly csused by the non-
appearance, after the first day, of Engelhardt, but it 1is not
considered likely that any novel processes are involved,

For information on the precautions necessary in the use

of Clophen, see Jection II, 5, above. ,

DSW 331683
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ITI-A-b = 500
¥rom - B.I1.,0.5. Final Report No., 893
Item Nos, 1, 7, 22 and 31
Papge xiv

Clophen is made in several prudesr which correspond closely with
their U.3. counterparts, A 50 being the srade most conmonly used for
capacitors.

Except for very rare use by Siemens and Halgke for special orders,
Clophen hus not been used in Germany for small capacitors of the tele-
commnication typs, "but it hes been used extensively by Siemens~3chuckert
for power capucitors, It is interestinzg to note that the German forces
used Clophen impregnoted and filled tubuler capacitors made by Ducati, of
Milan, who odtained the impregnant from I.G. The prejudice against Clo-
phen waa, however, being gradually overeome and several ruanufacturers
were contemplating an extended use of this material. Some of them con-
sldered it to be equal to or possibly better than mineral oil for opera-
tion at powsr frequencies.

rs :
11/24/47
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ITT-A-b-50

From - B, I,0.5. Final Report No, 883
Item Nos, 1, 7, 22, and 31
Papges 98, 99

(2) Clophen

The only chlorinated impregnant used by 3iemens-
Schuckert is Clophen, supplied by I.G, In power factor
correction and high voltage applications it is consider-
ed practically ideal°

The only type of Clophen used in bulk is A.SO, penta-
chlordiphenyl, (corresponding to Aroclor 1254)., A.30
and A.40 have been tried and found unstadle. A.60, A.70
and 4,80 sre too viscous to allow for good impregnation
and have lower permittivities, Although the viscosity

of A.,50 at room temperature is much gsreater than that

of oil, the viscosity at impregnstion temperature is
sufficiently low to give no trouble in attaining thorough

impregnation.

A routine check on conductivity is made on each drum of
Clophen, and formerly if the conductivity were too high,
the Clophen was treated with powdered chalk to neutralise
the froe acid. As the result of continual pressure on
I.G. over a period of years, the acid content had gra-
dually diminished, and it is now possible without chalk
treatmont to wark to the sams rejection limit of resis-
tivity as for oil, viz, 101% ohm.cm, at 20°C. Drums .
of Clophen failing to pass the conductivity test are
returned to I.G., unless urgently needed. A certain
elasticity 1s permissible in view of the high standard
set. Apart from conductivity, further acceptance checks
are specific gravity (1.54-1,55) and permittivity (5.0-
5.2). Permittivity is measured at 800 cycles and 20°C,
on & Schering bridge at low voltage., The acceptance
standards for Clophen A.50 are shown graphically in
Appendix XXXIV.

Clophen costs about 1 E. 60 pfg./kg., end is therefore
much dearer than oil (30 pfg./ks.). This extra expense
1s offset, however, by the use of a special design’
which reduces the amount of Clophen required. An ad-
vantage claimed for this impregnant is that is has a
similar permittivity to paper (viz. 5).

Other impregnants studied.

As Clophen 1s considered nearly ideal, no serious
attempts heve been made to find superior materials or addi-
tives to improve its performance., This attitude is sup-
parted by service experience, in which no failures have
been reported. It 1is realised, however, that on freezing
discharges may occur in the contraction voids, which may
result in decomposition of the Clophen and failure of the

DSW 331 685
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dfelectric, Tests were performed (see Seetion IV, 2, (3))
to check whether this degradation does 1n fact oceur, and
no failure was noted.

Nevertheless, I.G. supplied small ssmples resembling
Clophen A.50 but having a lower melting point so that this
possible source of feilu¥s eould be investigated. De-
‘pression of the temperature at which the dipoles becoms
immobile should ralse the muximum usable Trequency and
hence broaden the range of applications by introduecing
those for audio-frequency furnaces.

Two of tlese I.G,. samvules, with references A.16217
and A.162N, are, like Clophlen, made from benzene, but have
a lower chlorine content becauss of the presence of an
additional alkyl group (CpHapntl), and hence a lower density.
Their advantage over Clophen 4.50 is that the setting point
‘(1.e. tempercture of maximum dispersion and of capacitance
diminution) is lowered from -8¢C. to -17¢C. The permit-
tivity, viscosity and non-inflammability resemble those
of Clophen A.50. The viscosity/temperature curves of
theso two samples, K.,7 mineral oil snd Clophen A.,50., are
compsred in Appendix XXXV.

re ’
11/19/47
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ITI-B-2500

December 22, 1947

TO: PHOIPHATE DIVISION “ALYSIEN
3UBY: Aroclor 5460 as Used in Ethylecellulose Lacguer

RE: TFederation of Paint and Varnish Production Clubs Officiai
Dimest (October, 1947).

Aroclora used as plasticizers and resinsg impurt excellent Qualities
to ethylcellulose,

Ethylcellulose is uged in lscquers of various types, the ethylcellu-
lose acting ag a long chain »olymer to impart toughness end flexi-
bility and to increase the speed of drying.

Joms of the prineipal uses for ethylesllulose lscquers are for the
coating of high tension ignition cable; heat sealing lacguers for
foil and puper where the slight disecolorution which may develop in
nitrocellulose lacguers on heat sealing is not permisaible; linoleum
lacquers where alkali resistunce 1s essential; textile printing;
printing inka, particularly in multicolor desirng where hydroearbon
solvent does not soften or bleed into weviously printed designs;
aireraft lacquer for resistance to both heat and co0ld and to oguick
temperature changes; record lacquers, espescially for home recorders;
and in wood sealers where good sanding and flexidbility are essential.
A pood pigmented ethyleellulose lacquer hes besn made, based on the
following formula:

Ingredients Parta (by weight)

Fthylcellulose N-22 6.4

Aroclor 5460 6.4

T10, , 4.2

Menthylphenol = ' C.06

Toluene 67.0"

Ethanol . - 16.0

© 100,06
Benignus

rh
Copled by rs ' s 1
2/2/48 | pSW 7331 68
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From - Memo G.Y. Frankle/P.G. Benignus
March 11, 1948

S0il~Polgon Concentreate

‘As described below, these materials are formulated into a water emul-

sifiable soil-poison concentrate carrying almost 80 per .cent by weight
of active ingredients.

Aroclor 1242 , 33,59
- Trichlorobenzene
(¥ixed isomers) 33.5
Pentachlorophenol - 10,0
Isopropyl aleohol 3.3
Toluene or Xylene 16.7
Sterox SE* - 1.5
Santomerse 3 Paste 1.5
100.0%

* Other non-ionic type emulsifyins agents such as '

Triton NE or Span and Tween ¢an be used to revlece
the Sterox SE,

Ay

Copied by rs-
4/2/48
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IT1I-B=10
Chemical Abstracts

)33IBLE USE OF AROCLORS

VYol. 41
Page 6867

U.S.P. 2,425,978 to Anderson and Coalahan, (Hercules
Powder Company). :

Foundry cores sprayed with 15¢ solution of chlorinated
- naphthalene in hydrocarbon solvent show greater scratch recis-
tance thap untreated cores, Cl, content remesins from 40 -~ 80
- Clz. '
Particularly eood for use with il castiness.

ITs
12/2/47
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(2)

'( 3)

Iv-10

From - B,1,0.3. Finsl Revort No. &3
Item Nos, 1, 7, 22 and 31
Pages - 10 and 11

Mach less troudle has been experienced with chlordivhenyl than
with chlornaphthalene, probably because the former, being liquid, in-

‘volves less physical ¢ontact in disposal,

Prevantion.

" Very thorough washing of all areas of the skin likely to be
contaminated with solid, 1iquid, or fumes has always been the basic
principle in prevention or skin troubles, and is still looked upcn
asg fundammntalo

“hen ratty soaps ceased to be available, because of the di-
verslion of fats to food, 1t became essentisl to insist upon the.
use of barrier creaus, of which the best wes one nawmed "CUINBOW,
made at Trommersdorf. 'This has now been replaced, for lack of
supvlies, by an alternative made by I.,G., named "MITIGAL', whieh
is coneidered inferior to cuimbo but satisfsectory.

The Fisgan firm put up a specizl powder nemed "SCH'EFEL-
PULVIR" to act as & barrier, but this was found to be inefficient
except to sllay irritation on skin sremss exposed to fumes only.

For this purpose it still finds use at leverkusen and at the Hydra-
werke fesotory at Berlin.

A special point is made of fume extraction, and the minimum
air specd awasy from the operator i3 1 metiv per second.

To c¢heck the efficiency of the precautions, a thorough exami-
nation is made every 4 weeks of every worker coming into contact
with chlorinated hydrocarbons, and since the enforcement of the
precautions, no deaths or symptoms of internal injury have occurred.

S3ince superfatted soapsrhave ceased to be available, a cleansing
compoaition containing dichlor-methane has been devised. This is so
powerful a detergent for chlorinated materials that barrier creams
are connsidered unnecessary, but 1t is uncomfortubly irritant to many
gskins.

Cure.

~hen severs attacks of chloracna and internal sickness were
encountered, in the early years, when the propertises of chlorinated
materials weres not well understood, sxtensive rest periods had to
be prescribed, together with a generous diet, entire abasnce of
further contamination, and long periods-in ﬂbe opens

Since precautions have been taken to minimise the effects,
only a few mild cases of chloracne have been met. These have been
treated with a solution of acetic and salieylic acids in methylated

spirits.
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(4) Conclusions and Recommendations.

, I.G. csonsider that_ﬁeithef-tcxiéity nor skin affection need
now be any deterrent to the usge of chlorinated nenhthalene, and
that chlordiphenyl is if enything less troublesoms.

Certain people, notably those with feir skina, show distinct
allergy, and are best diverted to other work not involving contact.

Sarupulous cleanliness of the skin (ineluding the face, neck,
and arms) and of the clothing (especislly undergorments) is essen-
tial and needs strict enforcement; “fashing with hot water and good
goap is sufficient, so lons as the soap is superfatted, aince the
skin bocomes sensitive to irritation by alkali.

Barrier cream should be used on those parts of the skin which
come into contact with so0lid or 1iquid materisl, and the erea of
contact ashould be minimised by the use of protective clothing and
gloves where possible. Areas of the skin wnich are contacted by
fumes only, end particularly those chafed by clothing (e.gz. the
neck adjacent to the edge of the clothinp) naed protection by a
sultebls soothing powder.

“here fumes are genorated, théy should be drawn away from the
operator at an ailr speed of at least 1 metre per second., It may
‘be fcund essential to have two ducts, one at floor level and one

- overhesad, with exhaust in two directions simltaneously.

In case the precautions ere beins evuaded; or lest there should
be some idiogyncrasy, momthly medical inspectiorn is desirable.

rs ’
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From - The Journal of Industrial
Hygiene and Toxicolonmy
Volume 20, Number 2
February, 1938

FORPHOLOGICAL CHANGZS IN THE LIVERS OF RATS
RESULTING FROM EXPOSURT TO CURTAIN
CHLORINATZD HYDROCARBONS *

v

Chlorinated hydrocarbons, particularly chlorinated nanhthalenes
and chlorimated diphenyl, have been used extensively in certain in-
dustries. Their use in the manufacture and vrenarstion of many types
"of electrical equipment is constantly increasinc, .lthough it is
known that some of these compounds cause acne, only recently has the
possibility of rore serious systemic effects been recognized.

Tho present paper describes the patholoeical chanres observed in
rats that had besn exposed to varisus chlorinated na-hthalene com=
pounds and to chlorinated diphenyl.

Compound G {chlorinsted diphenyl) was administered to two srouns
of animzls in low concentrations. .in averase concentration of 0.57
ngms. per cu, m. wags employad 16 hours daily for 134 deys in the first
sxperiment. In the gecond exverinment (employinp an averare alr con-~
centration of 0.33 mgms. per cu. m.) the animals were exposed B hours
daily for 143 days, .

The present exneriments demonstrate that chlorinated naphthelene
compounds and chlorinated diphenyl &re capable of nroducing marked
liver damage in the white rat without demonstrable microsconic chznres
appearing in the other orguns. Furthermore, the characteristics of
the liver lesions resultinc from comparable amounts of any c~iven com-
pound are the same, regardless of the method of administration (inha-
lation, feeding, or subcutaneous injection).

Of the various chlorimted hydrocurbons tested, chlorin:ted di-
phenyl gave evidence of bdeing the most toxie. ‘Then administered by
inhalation in very low concentrations (everage 0.57 to 0.93 mrms.
per cu, m.) liver cell chunges were very pronounced after the first
exposure period. The most atriking ehange was the hyalinization of t
the cell cytoplesm (see fig. 6, plate III). 3uch cellular alterations .
were ‘essentially unchanged after a 2 month recovery veriod. In these :
animals small sublethal doses of carbon tetrachloride and alcohol uni-
formly produced extensive liver necrosis and was highly fatel to them
(firs. 1 and 2, plote VII}. Chlorinated diphenyl fed in small dnses
vroduced similar but more marked liver injury (see fis. 5, plate III).
In large doses this compound was highly fatal. The liver chanres in
enimals dying after short exnosures were inconsnicuous and consisted
mairly of swellings of cells and active rereneration (see fiz. 4, plate
III). However, animals removed from exnosure before beins fatally
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poisoned, subssquently dsveloped hyaline degeneration of liver cells
similar to that produced by prolomged udministration of amall doses
of this eompound. v

Thus the results of the resent study, as well as certain field
studies that have been mude (1) sur~est that the solution of the in-
dustrial hezard involved is depsndent largely on a reduction of the
air concentration of these compounds to a level that will not produce
liver damage, The presgent experiments indicste that lower air con-
centrations must be obtained in the case of the more highly chlori-
nated navhthalene compounds and chlorinated dinhenyl than for trichlor-
naphthalenes if & safe environment for workmen is to bve assured. Be-
cauge of the pronounced toxic effect of small doses of carbon tetra-
chloride on the livers of animals alrezdy injured by exposure to
chlorinated narhthalenes and c¢hlorinated dinhenyl, its use as a sol-
vent for these compounds would apoear to be very hazardous,

Trs
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