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RESEARCH DEPARTIENT - PIOJPILIT DIVISION
' MONIANTO CHEMICAL COTRANY

Anniston, Alabama

AROCLOR DATA BOOK

Goneral information on properties of Aroclors, Aroclor process
data, usea of Aroclors, and phyaiolopical effects of Aroclors,

FOREJORD

Ag a means of presentinc the available dats on iroclors to the in-
torested personnel within the Nonsanto organization, this looseleaf
notebook 1s being compiled.

Most of the date has resvlted from work carried out within our owm
orgenization, Literature roferences, however, will be cited in all
cases throughout the compilation in order to allow nore deteiled infor-
mation to be obtained by the uaer, .

The following detailed outlinc is for fuciliteting the location of .
data in the book and to sssist in propesrly isserting new date sheets.
Tach Aroclor 1s to be given u geries number for location under the
genoral besdinga. This scheme at present is as follows:

Aroclor 1221 -~ 100 geries

Aroelor 1232 200 sories

Aroolor 1242 -~ 300 series

Aroclor 1248 - 400 geries

Aroclor 1254 -~ 500 seriles

Aroolor 1260 -~ 600 series

. Aroclor 1262 - 700 series

. : Aroclor 1268 -  BOO geries
Aroelo? 1270 -~ 800 series

: Aroclor 1271 - 1000 series

Other Diphenyl iAroclors - 1100 series

‘ Aroclor 4465 -~ 1500 series

Othor Hiph Boiler .roclors - 3100 series

Aroclor 5442 - 2400 series

Aroclor 5460 - 2500 series

Aroelor 5465 - 260D series

Aroclor 5468 - 2700 series

: 0231750
iroeclor 2565 « 3000 series
Reloted Compounds « 4000 series
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Thobpage pertaining to the soldbility of Aroclor 4465 in various
solvents would be of this type "IAJ ~ 1500", In cases where the infor-
metion for all Aroclors can be compiled on one sheet, such as refrac~
tive indices, the pare will be ingerted under the general hesding end
will beer only the Qumber for the first iroclor, for example, Ith - 100,

I. GENNRAL PROPIRTIE3 OF AROCLORS3
A. Physical Properties ‘
{e) General Physical Constants
1. Formula and molscular weight
2, Specifications for lsnufacture
(b) Denasity and 3pecific Gravity
{c) Cubical Coefficients of Txpansion .
(&) Vapor Pressu?e and Rate of Wyaporation
(e) Specific Heat and Heat Capacity
(£) Therm2l Conductivity
‘(ﬂ) viscosity
(h} Refractivs Index
(1) Hoaée of Vaporizétion « Other Thermodypamic Proverties
{J) Solubilities . -
{x) Tlash and Tlame Points
(1) 1Yscellaneous
B, Electrical Properties
(a} Dielectric Constants
{b} Power Factors
{c) Dielectric Sfrength
(d)‘ Volume Resistivity
{e) Dipole Moments

(£} Yiscellaneous
' 0231751
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II.

I1I,

METHODS OF MARUFACTURE

A,

B,
c.

Yonsanto Process

1. Raw Materials

2. Chlorination .
3, Distillation

4, Storage and ?;hippihp,
Germen Process

Other Procesgses

UsSEsS OF AROCLORS

A,

¥leotrical Field

1. Transformers
2.7 Capacitors

3, Coating for '/ire
4, Other umses

Vernishes

Plastioizers

Hydraulic Fluid
Fire Reterdents
Heating modium

M scellansous .

Supgestions for new Uses

PITY3I0LOGICAL EFFICT3

1.

2,

Skin Tests

Systematic Tests

PATENT3 U3ING SROCLORS

0231752
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CONTAINED HEREIN IS THE PROPERTY Of
THE MONSANTO CHEMICAL COMPANY.
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The Yook is subjeot to revision and chanres as various date are
located, Oraphs and disgrams will be insertsd when possible snd new
graphe drawn as informstion 1s complled,

No ind{ces of sections is nlanned ut this time, but leter re-
visions may inclvde such pages if the volume of informution werrents

it.
Contributions of new and sunplementery data are earnestly so-

licited. Any disorepancies in the existing data or advice as to &
better means of prosenting the informstion will be greatfully acknow-

. ledged. Address all correspondence to the group leader in charge of

the research on iroclors at FPhosphaete Division - Research Department,

Anniston, Alabems.
a0 KL

R. R. Inight
a.m, W~7
A. M, Ellenburg

T8
12/2/4%
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(MY : Plle No. —
STANDARD (S)Il“_EClFlCATION

Monsanto CHEMICAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: Aroclor 1231 CODE NO.:_1040-226-75~09
DATE pecorbor 4, 1946

GRADE: Regular AUTHORIZED:

PROD. DEPT. NO.: SUPERSEDES: _Heu-Tontotive

Rchc‘ i‘ht”.Elz J.F'“.[ FoAeB,
APPROVED BY (Initials) 1£w17-46 31510-46 12.10w46 312-10-4G

Control Consumer
Specification Specification

Crufds Arvoloxr 1lsls

3p. Or. st 659, 1,150~ ,160

Avtdity, . MaOl/em. £.05
Arcolor 22211

Golor 40 APHA max,

Ael8i%y, ma. NaOil/em, 0,01 max,

3p, Ov. ot 65/15,5¢C, 1.245=1,15%

Chloyine content : 20,5-21,5,

Viecosity ot 100F, 30~1) W3
NOTES:
Copied by T8
4/8/48

023115"
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Dam s ] Page No. ____
STANDARD SPECIFICATION
OF
Moxnsanto CuEMIicAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA
PRODUCT: Aroolor 1232 CODE NO.: 1040-230.75~0)
DATE Decenber 4, 1946
GRADE: Rerulay AUTHORIZED:
PROD. DEPT. NO.: SUPERSEDES:;_ New-Tentative
ReLode§  Aslalef JoFaRed FuA B
APPROVED BY (Initials) 12~17286 18-18+¢6 12-19~46 12~19-45
Control Consumer
Specification Specification
Orudo Avoolor 113:2:
3pe O, ot 68/15,86C, 1,240-1,245
Aotétty, mae NeG/em, €05
Aroslor 12321
Colox 50 4PHA max.
Aoldity, m2. NaOH/om. 01 max,
3pe O, at 65/15 500, 1.235-1,240
Chlerine content 81 45:33,5
Visconity at 100°F, 4649 W3
NOTES:
Coplsll by Ta
4/6/48
023175°
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STANDARD SPECIFICATION

oF

Produot: Ohlorinated Di

MONSANTO CHEMICAL COMPANY

phenyl, d1stilled Code No. 1040-240-75-09

Grades Aroclor 1242

Date Authorized June 21, 1940

Sp.- Or. at 65/15.5°C,
Color, N.P.A,
Acidity, Mgn Naox/gm.

Viscopity at 54.4°C.

Supsrsedes Specification Dated July 3, 1934
Tolerables Limits Typical Value

1,338 to 1,348
0.5 Maximum
,01 Vaximum

47 0 50 Seconds Saybolt Universal

Approved by A, B, Gorber K Approved by  Robert S, Weatherl: :
Chief Chomist Sales gor
Approved by Fdw. A, 0'Neel, Jr, Authorized by J, N. Cerothers
Works Manager Cheriocal Director
Copied by rs |
4/8/48 .
023175%6
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STANDARD SPECIFICATION
or
MONSANTO CHEMICAL COMPANY

Profuct: Chlorinated Diphenyl, distilled Code No, 1040-280-75-09
L

Grade: Aroclor 1248 Date Authorized June 21, 1940

Supersedes Specification Dated July 3, 1934

. Tolerable Limits Typical Value
Sp. Gr. at 65/15,5¢C, 1.404 to 1,424
Color, N.P.A. : 0,5 Meximum
Aotdity, Mgm NaOH/gn v .01 Maximam
Visoosity at 54.4°C. 69 to 76 Seconds 3Jaybolt Universal
Aroolor 1262 : Cole No. 1040~310-75-09
Sp. Or. at 90/15.5¢C, "1,572-1,583
Color, N.P.A. . 1.0 Maximum
Aofiaity, Mgn NaOH/en. .01 Maximum
Viscoaity at 98.9°0, " 88-100 SUS
Approved by A. B, Gerber Approved by Robert 5, Weatherly
: Chief Chemist Sales Maneger
Approved by Edw. A, O'Neal, Jr, Authorized by J. N, Carothers
T Works lanager : Chemical Direotor
Copied by ra
4/8/48
0231757
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STANDARD SPECIFIC.TION

oF

VONSANTO CHEMICAL COMPANY

Al

Product: Aroolor 1254

© Grade:  Disleotric

Color, APHA Scale

Condition

Speoific Gravity at 65/15 5*C
Aoidity, Mem. NaOK/gm.

Inorganio Chlorides, ppm.

" saybolt Viscosity at 98,9°C, seo,
Dieleotric Constant at 100°C

Resistivity st 100°C, ohmeom, bt 500 volts

Refraoctive Index ab 25°C
Distilling Rengs, Observed, 10%
Obaerved, 50%
B Observed, 90%
Pouy Point
Vater, ppm,
Evaporation, 6 Hrs, at 100°C
Corrosion Test-Chenge in weight

Colle Mo, 1040~280~75-09

Date Authorized _ 10/3/41

upersedes: 6/21/40

100 kax,
Clear
1.495-1,.505
.01
0,10 Max,
44,5-47.5
4,154,235
Above 500 X 10°
1,6370~1.6590
380=355¢C
358-362C
362-375°C
8 to 12
3B Nax,
.4%
o.

Aciaity after test:
Inoreganie @ Chiorides after test
Condition after test

0.01
0,10 Max,
Clear

Color after test

rs
5/11/48

150 Max,

0231758
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STANDARD SPEC IFICATION

MONSANTO CHEMICAL COMPANY

Produot: Aroslor 1260

Grade: Dielestric

Color, APHA Scale

Condition

3pecific Gravity at 90/15,5°C
Acidity, Mgn. NaOH/em.
Inorganie Ohlorides, ppm,

" Saybolt Viscosity at 98,90, 800,

Dielectric Constent at 100°C

Resistivity at 100°C, ohm-om. at 500 volts

Refractive Index et 85°C

Distilling Range, Obssrved, 10%
Obgexved, 50%
Obgerved, 90%

Pour Point

Water, prm.

Evaporation, 6 Rrs, at 100°C .

Oorrosion Test-Chenge in weight

Aoldity after test:
Inorgeni’s Chiorides after test
Cond ftion after test

Color after test

rs
5/11/a8

1040-290-75-09

Date Authorized 11/18/41

Supersedes: 1/30/36

100 Kax.,
Clesr -
1.650=1,860
01

0.10 ¥ax,
78+80
3.,6+3.8
Above 500 X 109
1.6485+1,6480
370-377%C
377-3880C
8854000

26 - 34

5 Max.,

0.2 4

0.0%

o'ol :

0,10 Max,
Clear

150 Max,

0231759
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SPECIFICATIONS FOR SOLID DISTIILED AROCLORS

: ACID NO, COLR - - HELTING “TOTAL -
IRODUCT  APEEARANCE o COJOR  HOLD POINT  g.NeGH/pm  5Z TOIUERE  FOINT ~ CHIORINE
1268 White to yellow 135-160°C., 0.05 Mex,

erystalline
powder .
1269 “hite to grey or 225-255°C,
light yellow ’
crystalline .
powler
1270 - Thite crystalline -~ 285-300°C 80 APHA 69,5 =
powder Max, 70.5%
1271 Practically white - ) 80 APHA 304°C,
light fluffy =x, Min,
powder
Copied by rs

4/8/18

0oL 1€20
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(DAPTEN . Page No. _____
STANDARD (S)I;ECIFICATION

MONSANTO CuemicaL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: Aroolor 4465 (Rerular) _ CODE NO.: 1040-4 302809
DATE

GRADE: ) AUTHORIZED:_¢otobar 2, 1943

PROD. DEPT. NO.: SUPERSEDES:__June 3, 1944

MeLodey DaFeie; Polag  De3Wep  FooBs
APPROVED BY (lnitials) 9-29o04 0-20-04 10eelf )O-2244  JQufoAf

Control Consumer
Specification _Specification
Appoarenge s elear, lizht
yellom,
brittle resin
Colow, P42 ) 2.0 nmex,
Softening Foint
{Ge3elells) 50 = 869C,
Leid Numbesr
{1ena0ton. ) 0~ 035
Cryptullinity Ho. apou,.

* Retotng eolor Mmit to 2.0 moximum 45 rotemmenicd Deoouse
{nonostion reoords phow that all lota profuced iu 1944
have hod 2 oolor of 1.5,

NOTES:

Copisti by re
4/8/e8

0231761
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STANDARD SPECIFICATION

MONSANTO CHEMICAL COMPANY

o

Product: Chlorinated High Boiler

Code No. 1040-480~75-09

Grade: Arvoclor 5460

Date Authorized May 10, 1940

‘Supersedes Specification Dated December 23, 1932

Tolerable Limits Typical Value

Appearance . Clear, light yellow, )
brittle resin

Color, N.P.A. 2.0 maximan ’

Crystalilinity Test To pags test

Softening Point, ASTH 100 - 105.5°C.

‘Acid Number |

Mg NeOH/gm, 0~ .05
Chlorine $9.0-80,6%

Approved by A. B, Gerber
Chief Chemist

Approved by Bdw. A, 0'Neal, Jr,
Vlorks Maneger

Copied by rs
4/8/48

Approved by  Robert S, Weatherly, 5/6/40
. SaYes ‘fanager

Authorized by J, N, Carothers, 5/10/40
Chemicel Director

0231762
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Monsento Chemical Company
Anniston, Alabama

Aroolor Test Methods and Desigmations

‘/Spooifio Orevity of Aro&lors

Total Chlorine in Aroclors
Softening Point of Solid Aroclors
Determinetion of Iron in Aroclor
Flash and Flame Pointa

Viscosity of Liquid Aroclors
Distillation Range of Arooclors
Rvaporetion Teat of Liguid Arcelors
Refractive Index of Liquid Aroolors
Resistivity of Liquid Aroolors
Dielestrio Constant of Liquid Aroclors
Aoid Kumber of Liquid Aroelor
Color of Aroclor - NPA Soale

Color of Arcelor - ATHA Soale

Ac1d Number of Solid Aroclors

Pour Point of Liquid Aroclors
Inorganic Chlorides in Aroclors
Water Content of Liquid 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
143448
14-35-48
143648
14-42-48
144348
14~44-48
14-46-48
14-47-48
14-48-48
14-53-48
1Y~Slo= SL—r

0231763
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Monsanto Chemica) Company
Arniston Method No. 14-10-48
Specific Gravity of Aroclors

The temperature at which the gravities of 1iquid Aroclore are taken
varies with the viscosity of the liquid. Note the temperature at
which the gravity is t0 be taken for the Aroolor under test and hsat
the sample to 10°C, above that temperdture. Pour the hot sample into
the steam or hot water jacketed hydromster jer provided for this test.
otir well with an accurate tharmometdr and adjust the temperature to
the desired point by controlling the steam or hot water feed to the
jacket, Continue stirrinz until the temperature remains constant for
half a minate, Allow the-hydrometer to sink into the liquid, then
read the hydrometer scale at the point of the lower meniscus and record
with the temparature.

Report the spetific gravity to the nearest 0,001 unit.

0231764
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Monsento Chemical Company
Anniston Method No, 14-13-48

FUBIJECT:  Total Chiorine in Aroclors

FRTHOD ¢ Volhord Titration following Peroxide Fusion

Chlorine in Aroolors may be deternined by fusion of the sample with
sodfum psroxife in & Burgesg~Parr fusion cup, extracting the fusion

with weter, scidifying tho water extract with nitriec acid, and pre-

oipituting the ohlorine by addition of an excess of silver nitrate,

After filtration, the excess of silver nitrate is determined by ti-

tration egainst potassinm thiocyunate, usinz ferric ammonium sulfate
as indicator.

' Apparatus .

The fusion cup used is the Burgess~Parr Sulfur Bomb No. 3 for flame
ignition. A leaud gusket 1s used. For ignition, the bomd is sus-
pended through a 1-3/16" round hole in a 1/8" transite plate, This
allows the fusion cup to extend throurh the plute for about 5/8 inch,
.Ienition 1s effected by stronply heatiny the bottom of the fusion cup
with the full flame of a Meker burner for two minutes.

The bomb, raskets, end the sodium peroxide are obtained from the Parr
Instrument Company, lioline, Illinois.

Charge for Yusion

The fusion mixture is made un of about 15 rrams (one metal seoop)

of sodium peroxide end 0.3 gsranms of finely powdered cene sugar, The
reagents should be free from chlorine, or a blank run and corrected
accordingly. The fusion mixture is well mixed by placing the ingre-
dients in & small glass gtoppered bottle and shakins. vigorously. A
meaguring spoon for the supasr ias convenient.

SOLID AROCLOR3: The non-crystalline type ere weirhed in the form of
emall pellets., These are prexxred by hestins the iAroelor until s con-
sistenoy is reached as will permit dropping it from a glass stirring
rod onto a tinned surface {a can top), esch drop formin: a pellet.
wihen 000l these pellets can be remgved from the surface by inserting

« a spatuls under them, .4 crams are used. The pellets &re brushed
into the bottom of the fusion cup and the fusion mixture placed on
top of them. After tightening the 114, the charge is reedy for fusionm,

The crystalline type Aroclors esre veiched in the powdered form. .4
grams being used. They are charped in the same manner as the non-
erystalline type. .

0231765
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Totel Chlorine in Aroclors -2 -

LIUID AROCLORS: .20 to .80 grams ere weighed by dro-ning from a
stirring rod onto a piece of thin hemisphericelly shaped glass, or
1/2 pplutin oapsul (Gelatin Capsules No. 00, United Drug Company,
Boston = St., Louis), which hes been just previously tared, ané which
remaines on the balance, It is necesssry to heat the more viascous
Aroolors to "dropping" consistency. The piece of glass then easily
slides off the belance pan into the fusion cup. Cover with the
fusion mixbure,

The following quentitieé of s.mple, sugar, ahd AgNOz are used for the
respective chlorine contents:

0l Content “elipght of Sample Amount Sugar AoNOg

0% - 30% 0,8 greams 0.3 g, S 50 ml.
307 - 454 0.3 crans 0.3 g, ) 50 ml,
454 - 58% 0.3 grams 0.3 e, 50 ml.
‘884 - 867 0.3 grams 0.3 ¢. 75 ml,.
864 -~ 707 0.3 prems 0.3 g, 100 m,
Procedure

Place the fuston onp,b vhioh containg the mrepared sample and fusion
mixture, in the transite icnition plate and apply the full flame of
the Meker burner to the bottom of the fusion cun for 2 minutes.

{CAUTION: Do not stand too near the fusion durins ipnition. The use
of a safety shileld is rescommended,)

Then remove the flame and cool under the tep. ''hen cool remove sorew
cap, Thoroughly rinse the cup cover with water, collecting the rinsinss
in a clean 400 ml. beaker.

Then place the fusion cup on its side in tho besker and cover with a
watoh ¢lags, 50 -« 75 ml. will be in the beaker from rinsing the eap,
anf thils is sufficient to decompose thpg charre, Renove the ocup and
rinse well, “hen decomposition is complele, rimse off cover-glass and
add pure HNOg, with stirring, until acid is present in excess to the
extent of about 10 ml. (About 50 ml. of acid are required.)

244 exaobly 50, 75, or 100 ml. of standerd silver nitrate solution from
" a pipet (depemding upon chlorine present) and stir to effect coammlation
of silver nitrate precipitate, Filter with suction throush en asdestos
ped on & 1~1/2" perforated porcelain plate and wash beaker and filter ¢
‘ times with emell portions of cold water. Allow the filter to drain com-
pletely botween washings, Transfer the filtrgte back into the 400 ml,

beaker and rinse the flask twice, addin~ the rineincs to the beaker.

Add 5 md, of ferric iron indicator to the solution and titrate with
stendard KCN3 solution until e distinet pink tint is Just obtained,

.

0231766
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Total Chlorine in Aroclors -3 -

Caloulation of Chlorine Content

Subtract the volume of KON3 required from the volume of KCNS required
to titrate the amount of standerd AgNO; solution used. This will give
the volume of KCNS equivalent to the chlorine in the semple. MNultiply
the volumé so obtained by the chlorine value of each ml. of KCN3 and
divide by the weisht of samnle taken,

For example: If 50 ml. of silver nitrate solution is equivalent to

. 6l.4 ml. of KCN3 golution end the value of 1 ml, of KCNS solution is

.003770 grem Cl; them if 1t is found that 0.3 rram of sample shows a *
KONT titration of 10.4 ml. the percent of ohllorine ist

(61.4 ~ 10.4) : .003770 X 100 - 64.09% Cl

In case the fusion mixture or otheér reepents contain chlorins, the
amount must Lie determined and deducted fram the chlorine found.

Solutions Required . -

Standard AgNOs Solution: Dissolve 22 rrams of silver nitrate in each
liter of vater. Protect the solution from 1ipht,

Standard KCN3 Solution: Dissolve 10 ~rams of XON3 4in 1 liter of water.

Ferrie Iron Indioétor: Use a saturacted solution of ferric ammonium
alum, about 50 g. poer 100 ml, of water.

Pure Nitric Aoid: Stock acid suffices provided it is colorless. It
oun be boiled in a beaker until colorless if neocessary using 600 ml.
HNO.; ana 300 ml. of Hy0, K

Stendardization of Solutions

Jeigh 0.3 axd 0,15 gram portions of pure dry NaCl into separate 600

ml. beskers, Add 250 ml, of distillell water to each and 10 ml. of

pure 804 nitric acid, “then solution is complete, add 50 ml, of standerd
AgROs solution from pipet. Stir well and filter hrouch an asbestos

mat on a perforated porcelain plate, using suction, iash filter and

trangfer the filtrate back to the beaker in the same manner &s when .
working with & sem-le. Titrete the filtrates with standard XCNS solu-
tion, using ferrie iron indicator.

The value orl 50 ml. of Agws solution in terms of KCN3 solution is
found by subtracting the ml, of KCNS solution in titrating the 0.3

gram of NaCl from twice the number of ml. of KCNS solution used in
titrating the 0.15 gram of NaCl.

0231767
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Total Chlorine in Aroclors -4 -

Thie value is cheoked by titrating 50 ml, of AgNOs solution added to
400 ml. of water and 10 ml. of pure 80j% HNOs with KONS solution, This
tvitration should agree very closely {% 0.1 ml.) with the value found
from the titration of NeCl. The titration must be mads slowly to avoid
drainage error, .

9ince purs NeCl oontains 60.66% O1 by theory, the value of the XCNS

in terms of ohlorine may .de found by dividings the weipht of chlorine

in the NaCl taken by the ml. of KUN3 equivulent to the silver nitrate
required.

Example:

Two 0.3 grem portions of NaCl show XKCN3 titrations of 13,11
and 13.13 ml.

Two 0,15 grom portions of NaCl show KONS titrations of 37.28
~and 37.24 ml,

The XONS equivalent to 50 ml, of AgNOg is then (37.28 + 39.24)
- 13,12 or 61.4 ml. ' :

By titration of 50 ml, of AglNOs; sgainst KCN’;‘ aolution, it is found
that 61.36 ml. are required. This agrees within ,04 ml. of the value
obtained from the NaCl titretions.

The chlorine value of the XCNS is then, .6066 X ,3 divided by 6l.4 -
13,12 or 003770 grems Cl per ml. of KONS,

The chlorine value may also be calculsted from the titration of 0,18
gram of NaCl, 0.6066 X .15 divided by 61.4 - 37.26 eives 003770
grams Cl, per ml. of KCNS, '

Precautions

1. The fusion materiala have explosive propsrties if handled improporly;
consequently cure must be taken to use sefe proportions, t0 secure
& good mixture free of large lumps, und to vroperly seat the cover
of the fusion eup, The fusion mixture must be kept away from water
or moist air, either of w:ich may ignite the cherge. The fusion
mixture should not be ground to reduce lumps.

£. The mothod as described is not applicable to volstile organic come
pounds unless preceutions-are taken to avoid loss of sample during
wolighing.

Effect of Variobles

1. On account of the high chlorine content of meny of the Aroclors and
the small amount of samole taken, preat acecuracy is required in
weipghing, tronsfer, and mixing of the sample. The pipet and buret
for measuring the standard solutions must be very clean to avoid
drainage errors.
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Total Chlorine in Aroclors -85 -

2, Tusions whioh show black carbon fdenosites on the cover and side
" of tho fusion oup may or may not give the full chlorine content,
If a carbon deposit is found, & second fugion should be made using
a2 amaller sample or reducing the smount of suger in the charge or
both, R '

3, The tomperature at whioh the standerd solutions are standardized
should be mted, In case room temperatures vary from this tem-
perature, appropriate volume corrections should be made,

4. The fusion mixture materials should be essentially free of chlorine,
T e chlorine content may be determined by msking e blank fusion,
thut.1s, without addition of sample, and titrating in the usual way.
Five ml. of AgNOg may be added instead of 50 ml. portions of AgNOz
solution in like volumes of solution end nitric acid,

References . ' ,

Beamigh: Determinstion of Organic Halogens, Ind. Ing. Chom., Anal. Td., [

352 (1934), :
TAB:om
1-29-45
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onganto Chemical Company M‘/&/

Auniston Method No. 14-17-48"S7).

SUBJECT: _ sSoftenine Point of 901id Aroclors

ITTHOD: Ball end Ring .
o Rfs AT el ok 3,

This nethod is a modification of the A.9.T,M, standerd method of test
for tening point of bituminous meteriels, seria) designation:

. E 28-39%, The-method-4if{fers from-the—standard-method—in-thet—the

Wn_‘@em. A two ring suprort is elso used in
order that two tests may be made simultaneously.
" o )

Ajpuratus ) . 1{/5-;/

' The mpparutus consists of the f6llowing: (a) Two tapexred dbrass rinﬂs,

5/6" inside dia., at bott, tom, inside diameter at top snd 1/4" deep:
thickness of wall 3&"‘ i(b)oK‘l\vo steel balls, 3/8" diameter -eighing

3.45 to 3.55 rrome eac {e) A 800 ml, Griffin low forn beaker. (4) A
ring support for the two rings having a brass plate exactly »ne inch be-
low the plate supporting the ring. {e)

A—BOORC iy 3P Tow-diatt)
IﬁmW A ASTr Loww o H?Alf?

eperation of the Sample

The sample shall ba melted and stirred thorourhly, avoidins overheatins
or incorporating air bubbles in the mass and then voured into the ring

80 ag to leave a slight excess on ocooling., Since the Aroclors shrink
oonsiderubly on cooling, the rins should be well filled, nearly to over-
flowing, A little of the excess should be drawn over the top of the ring
at several points 80 ms to prevent the cooled Aroclar from dropoving out
of the ring. In the same way, the second rinp 1is filled with a standard
Aroolor of known'softening point, The standard Aroclor ghould have a
softening within et least 10 to 15°0f the Aroclor being tested.

The »inrs while beins £illed should rest on a clsan cen 11 or on a
brass plate which has been amalpamated to prevent the Aroclor from ad-
hering to it., The Aroclor in the rinss should be fully cooled and
herdened before mroceding with the test,

Procelure

Add cool solution {employ water for softening point between 0-80¢C,

eglycerin for between 80-200°C., mineral oil for above 200C. ) to the

beaker until the surfuce of the solution is 2" above the plate holding
the rings when the ring support is suspended in the beaker, Place the
ringe containing the Aroclor to be tested and the etandard Aroclor on
the ring support. Placs & ball on the center of the upper surface of
the Aroclor in each ring. Suspend the thermometer so thut the bottom

of the bulb 1s level with the pottom of the ring and 3uat midway be~
twoen the two rings. T Mw‘ M ;.A,tm«_. /‘A
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s'off.enin(; Point of Solid Aroclars = 2 - W ,/ob

Place bsaker and apperatus on a and hea

oh a rate t at the temperatyre is rajsed 5'0 ea h 1nute Muw»
.,Moav 4./? T ME A2 Tt 201 8 ? 2 Lo L
'cﬁ;ermome%e! ?’ ai 37 TnsfM the . \rociqr
tonoheu the bottom plate is reported ess the softening point, The heat-
f""ﬁ ing is oontinued until both Aroclors have dropned to the bottom -late,
o corrections are made for energent stem,

Not Rotes

N 1.. The standeord Aroeloy is run along with the sample under test in
' order %o compensate for Varietions in rate of le:tinp, dilution
of plycerin, and thernonetor variations,

- 2. The softening point of the standard sample is determined by making

[ S several determinations using fresh glycerin and carefully checking
the rise in tempersture of the glycerin so that it is as near as
possible to 5°C., per minute.

- 3, The glyserin may be uped repoatedly for the tests after removal
of the Aroclor.

4, Benzol 1s used for ecleanings the rings and balls.

5, “ater can be used instead of glycerin for softening proints up to
90°C, .
q0°&

6. For goftening points ebove 106#¢, mell boiled glycerin should be
used, The usual glycorin is not satisfactory above 125 to 130°C,
4t boils with loss of weter while the temverature remains practi-
oally constant., It is well to have a supnly of hioh-boninp glycerin
on hand to bs used only for softening points sbove 1564C. 1z C,

7, Air bubbles on the rings and balls during the teat should be avoided
as far as possidle,

8. The rate of rise of temperature of the glycerin shall be unifornm for
oach minute after the first % mimutes of heatins and not averaged
over the period of the test.

ic

Lc by rs
4/k0
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¥onsento Chemical Company
Anniston Method No, 14~R1~45

SUBJNCT: _Determination of Iron in Aroslors

Iron in Aroclors may be determined by extrastins & bsnzol solution of
the Aroslor -with dilute hydrochloric acid until further extrasctions
show no appreciable iron content. The iron in the combined extraots
is then determined by dichromate titration, .

Prooedure

Transfer § « 10 grame of somple to @& olean separatory funnel of about
150 ml, eapacity. AAd about 50 ml, of benzol and sheke until the
sample is in solution, .

When solution is complete, add 10 ml, of 1:1 iron-free HCl and chake
for about 2 minutes, ILet stand until separation of the two layers

1o complete, then draw off and preserve the acid extract, Add another
10 ml, of 1:1 HC1 and sheke again. Draw off the acid layer and combine
with the first extract, Continue until HC1l layer is clear, Determine
the iron by usual dichramate titration method,

FAB:om
1-31-45

Copied by ra
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Monsanto Chenical Company
Annigton Method Ho, 14~24-48

'SUBJECT:  Flesh and Flame Points

TTE0D: Cloveland Open Cup

The flash and flame points of Aroolor shell be determined in the
Cleveland Open Cup Tester, following the procsdure described in ASTH
D 9233, ) .

Apparatus

The oup shall be supported by a metal plate 1/4" {.635 cm) in thicke

ness and 6 inches (15,24 om) in width, The plate shall be of brass,

cast iron, wrought iron, or steel. In the center of the nlate there
shall be a plane depression 1/32" (.079 cm) in denth, and of just
sufficient diemeter to fit cup, There shall be a circular opening 2
3/16" (5,50 cm), in diameter, cut thru the plate, centerins with the
center of the ebove mentioned denression, The plate shall be covered
with a sheet of hard asbestos board 1/4" in thickness, and of the same
shape as the metal plate. There shall be cut in the center of the as~
bestos board & circular hole just fittine the eup. Heat may be supnlied
from any convenient source. The use of a ras burner, eleotric heater, or
aleohol lamp is permitted, but under no circumstances are products of com-
bustion or free fleme allowed to come up sround the cup, The source of
heat shall be tentered under the opening in the plate and shall be of a,
type that will not produce local superheating. If a fleme heater is used,
it mey be protected from drafts or excessive radiation by eny suitabdble
type of shield, that dves not project above the level of the upper surface
of the asbostos board. The therriometer shall conform to the requirements
of thermometer No., 8. (%ee A3TH table of thermometers).

~

-

Procedure

The thermometer ghall be suspended or held in e vertical position by any
suitable device, the bottom of the bulb shall be 1/4 in. (.635 om} from
the bottom of the oup, and above a point helf wey between the center and
baok of the cup, The cup shall be filled with oil to be tested in such
a manner that the top of the meniscus is exaotly at the filling line at
room temperature. The surface of the oil shall be free from bubbdbles,
There shall be no oil sbove the fillins line or outside of apparatus,
The test flame shall be approximately 5/32" (.397 cm) in dismeter.

The test flame shall be applied as the temperature read on the thermo-
meter reaches each sucoossive S°F merk. The flame shall pass in a straiecht
1ine, {(or on the circumference of a circle having a rodius of at loast 6
inches.) across the center of the cup and at right anpgles to the diameter
passing thru the thermomster. The tost flame shall, while passing aocross
the surface of the oil, be in the plane of the upper edge of the cup.

The time for the passase of the test flame across the cuv shall be approxi-
mately 1 second,

,

0231773

HARTOLDMONOQ04867




Flash and Flame Points -2 -

The oil shall be heated ot & rate not excoedin” 30°F per minute tem-
perature rise till a point.is reached ap-roximately 100F below the
probuble flash point of the oil. Thereafter the rate of heatins shall
be decreased and for at least the last 50°F before the flssh point is
reached the rute shall de not less than 9°F, or more than 11°F per
minute.

\
The flash point shall be taken us the temperature read on the thermo-
meter whon a flash ap-eurs et any point on the surface of the ofl.
The true flash must not be confused with & bluish halo which sometinmes
surrounds the test flame.

After determining the flash point, the heutins shall be continued &t :

the speoified rate of 9°F to 11°F por minute, and application of the test flams
ghall be made at the specified intervals until the oil irnites and con~

tinues to burn for a period of at least five seconds. The method of
application of the flaeme shall be the same e&s for flash point., The tem--
perature reud at the time of the flame application, which causes burning |

for a period of five seconds or more, shall be recorded as the fiame .
point.

The flagh point and flame point tests shall be made in B room or com-
partment free from eir drefts. The operator shell avoid breathing
over the surfoce of the oil. It is desirable that the room or compart-
ment may be darkened sufnciently 80 that the flagsh may be readily dis-
cornible, . .

Note ’ . ,

Aroolors 1248, 1254, 1260, and hirher chlorinated Aroctlors do not have
a distinot flash or fu_;me point below their boiling temperatures.
FAB:om

1-26-45 M
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MDONSANTO CH'MICAL COMPANY
Anniston, Alsbama

Analytiocal Leboratory

Anmniston lethod Number 14~4-52

Test iethod: Viscosity = Saybolt Univeraal

Reference: Method No, 11,433-52 WGK GM 25

1, Take a sorupulously clean, dry 60 ml. viscosity receiving flask
from the oven and allow it to oool to room temperature while the
viscosimeter is being cleaned, (Use only receiving flasks which
havc; been standardized and found to be vithin + 0,05 ml. of 60.00
ml. '

2, Clean the viscoeimster tube as follows:

Ao

B

c

De

E

F.

G

He

Insert the cork, which should be clean end in good condition,
in place in the bottom of the tube,

Carefully pour enough benzene into the tudbe so that the
latter is filled eand the liquid overflows ihto the gellery.
Do not allow eny benzene to spill down into the oil bath,
as the vapors will affect later viscosities. Caution:
Vhile using benzene for cleaning the viscosimeter, be sure
all oircuits of the instrument ere turned off,

Using & thermometer fitted with a holder to prevent it
touching the bvottom of the tube, stir the mixture well so
that eny adhering material is dissolved., Be sure the
entire inner surface of the tube and gallery is vet,

Pull the cork to drain the tube. liith e clean withdrawal
tube draw the excess liquid from the galfery and discharge
it directly into a beaker - not into the viscosity tube.

Repeat steps 4. —C. inclusive.

Permit the visoosimeter tube to drain and dry., ABSOLUTLLY
DO NOT INI'RODUCE A CLOTH OR KLEZNEX INTO TIE TUBE OR
GALLERY YOR BLOT'TING UP RESIDUAL LIJID,

Flush ca, 80 ml. of the well-shaken {and heated if needed
40 insure fluidity) sample to be tested through the
apparatus and follow step C. above,.

Drain this out, and again flush with a fresh portion of.
sample to make certuin any lest drops of provious materisl
have bsen rinsed out.

Shine a pen—light up through the orifice while looking
down into the tube. The orifice should be free of fibers
or any other obstruction. If these are present, they
should be removed by flushing with sample only, not by use
of wires. If flushing with sample fails, inform the super—
visor,
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ADDITIONAL, PRECAUTIONS:

A. See that the bath oil, when hot, is not less then 44"
above the level of the overrlow Tim of the ga].lery of
the tube,

B, The bath 011 should bs a grade of light—colored minersl
oil which hes & viscoeity of 40 * 5 Saybolt seconds at
210¢F end should be repleced when it displays a definite
darkened color,

C. For viscosities to be run et 100°F, the bath oil temper—
ature shall not exceed 100,25°F {+ 0,05°F for 10 Min, ).
For viscositites determined at ld °F, the bath témperatire
shall not exceed 130.50°F (+ 0.05°F for 10 Min.). For
viscosities determined at 2100F, the bath shall not ex-
ceed 212,0°F (+ 0.10°F for 10 Min, ).

D, Use only thermometers standardized to the nearsst 0.0.°F

against a National Bureau of Standerds thermometer,

E. Use only the stopwatech provided for timing purposes, which
should be accurate to within O.1 per cent when tested

over a 60 minute period. Electricel timers must not be used
unless the available power source is known to be of
sufficiently accurate frequensy. The stopwatoh musi bs .
left in the holder provided, since varietions in its
position cen cause error.

F, Never use the plunger, commonly provided, for clemning
the instument and never expose the viacosimeter to a
draft during a determinetion.

3, Blot the cork dry with a lint—free cloth and insert it in the
tube, Pour ca. 150 ml. of semple into & sorupulously clean
beeler which has been rinsed with sample, and heat the contents
to not over 7°F hotter than the temperature of test. Do not use
e sample whioh has overheated, even if it is then cooled to with—
in the prescribed range.

4, Pour enough heated sample into the tube that it cecages to over—

Tlow into gallery. All samples must be streinsd through the

100 mesh soreen which haes been carefully flushed with sample.

5. Stir the sample with the standerdized thermometer (with attach—
ed holder} until its temperature has remained constant within
# 0,029F of the desired tempersture for one full minute {with
constant stirring).

NOTE: Stirring is e very critical poimnt, especially in the cese of
»more visoous liquids such as Arosclor 1260. Use the exact technique
described as follows:
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Stir the semple with the thermometer, continuously in the
same direction, at a measured rate of three revolutions

per seoond., Alternately sweep the thermometer eguinst the
walls of the tube for five revolutions end then stir in

the center of the tube for three revolutions. Do not
deviate from the presoribed rate of stirring or the practice
of stirring five revolutions at tle walls of the tubs,
three revolutions at the center, five at the walls, three
st the center and so on for the one~minute period specified.

Regulate the temperature of the sample while stirring, by adjusting
the oil bath until the desired resding holds constent within

* 0,02°F throughout t¢he required interval. Do not stir by moving
the thermometer up and down unlesg you desire to cool the s.mple,
and under no ciroumstences stir in this manner during the one—
minute timed imterval,

6, Remove the surplus semple from the gallery, with the scrupu—
lously olean withdrewal tube which is inserted at one point
in the gellery without touching the over—flow rim, and which
removes sufficlent sample that the © level ‘of sample in the
gallery is below the level of sample in the oil tube proper.
Do not rotate the withdrawal tube around the gsllery.

7. Place the receiving flask in position so that the stream of

0il from the outlet tube strikes the neck of the flask.

8, Snap the cork from its position, end et the same insiant staert
the stopwaetch,

9, Stop the stopwatch at the same instant that the bottom of the

meniscus of the sample resches the maerk on the neck of the

receiving flask,

10, Examine the end of the cork to ses if it has become moistened
with sample. This would denote an incomplete seal end a pre—
mature seepage of sample through the orifice which would
produce erroneous results,

The time in seconds, after applying the proper calibration correction
of the tube 1is the Saybolt Universal Viscosity.

Different operators in different lgboratories should agree within
0.5% on all readings,

Report the results to the nearest 0.1 seconds.

Referance: ASTM D-88~44

OPERATION OF TIHE TiG VISCOSIMITER

The viscosimeter is hesting when the lamp is off. Do not go away
and leave the "quick heat" on, The “Juick heat" should be turned

off when the temperature of the bath is within 1 degree of the
desired beth temperature. The viscosimeter should be allowed
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30 minutes to come to temperature equilibrium befare making a test.
This will allow the metal parts of the viscosimeter to coms to
temperature equilibrium with the bath, Note: Every now and then,
trouble will be found in getting the bath to hold the proper
temperature.
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Monsanto Chomical Company
Anniston lsthod No, 14-31-48

SUBTECT: _ Digtillation Rance of Liquid Aroclors

LMITHOD ¢ A.3.T.M, D-20 with Modifications

The apparatus, consisting of flask, condenser tube, shield, end ther-

momster, is exactly the same as deseribed under A,3,T.M, test D-20

"Distillation of Bituminous Materials suitable for Road Treatment®, ” >« ' 7/
."

Attach a 6 inoh auxilisry thermometer (0 - 150°C.) to distillation :
thermometer, Flaeos bulb half vay between top of cork and probable  3°
avorage of distillation ranpe, Cover both thermometers with a 3/4"
dismeter glass tube to insure & uniform tempsrature correction for

the exposed stem, barometric pressure and thermometer error,

The procedure is chenged only to the extent that thermometer readin-g
are taken when specified percentupes (usually 10, 50, and %0%) of
Aroclor have been distilled instead of followins the A.5.T.K. proce-
~dure of weighing the distillute between specified thermometer readings.

In testing liquid Arocliors, 100 sms, of sample are weighed into the
distilling flask and distillate received in a tared flagk or beaker
renting on pan of a Torsion balance with 100 gram sgcale,

Procellure

“Jedgh out 100 grams of sample into the distilling flagk, Assemble
apparatus 88 describved under A.5.T.M. D-zo.',, Insert thermomster
(A.3.7.M, high Aistilling O - 400°C.) thra cork in the neok of the

" «flask eo that the top of the buld is level with the lowest point of
-juncture -of -the ‘tubulature end neck-of -the flask.- Apply heat to the
flask supported on two sheets of 20 mesh wire gauze 80 that the first
drop comes over in from 5 to 15 mimutes.

Coniuet distillation at rate of 50 to 70 drops per mimte, Collect
. distillate in a 250 ml, beaker téred on a balance. Take temperature
 peadinsa ot I, 85, B%;-105%,-804; 807,407, 507, 60%;-P0%; 80%, 907,
934,985, 96, 974,  and Ary. - : o

Corrections for emergent stem and pressure are applied to the thermo-
meter recdings if required, Take correction reelinps at first.drop;-
. 305,807, 90%, and Ay, Report the temperstures to the neasrest 1°C.

X ¢.000158 = degrées ptem gorrection =Ty, The exposed ster is read from
. tpo top Af the odrk. The’temperature’difference ie the reuding of the
themomstor minus the temperature of the auxiliary thormometer.

Txapple: é(!"-,xpose ! sten izy'egreea) X /(%:mperature difference in de(f,rées)
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Distillation Ranre of Liquid Arooclors =2 «

[

0.00012 Ty, 4 p = barometric correction =Ty Ty = riormal boiling point

in a}peos abao}xtog'é p o= game 11:/px'e/ss\1i-e ;@1 760 mm. II;.‘”\\

The” oorrection” is added 1 “barometer is below normal-and suptrected
if the barogneter‘ is aboyé normal. >~ {MaocDouprll ~ "Thermodynamics and
Chemistry" pp. 113), Corrected Temperature = Observed tempsrature ¢

Ty 2 Tee/
FABiom
1-29-45 ¢
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Monsanto Chemical Company
Anniston Method No, 14~32-48

SUBITICT: _Evaporation Test of Liouid Aroclors

YETHOD: 6 Hours Hesting st 100¢C., ASTY D6-39T - Iodified

Frocedure

\’eigh on & rough balance ebdout 50 grams (3 .5 gm.) of the well mixed
Arooclor into an accurately tared tin box, 55 rm, dia. X 35 mn, deep
(3 oz, Gill-style ointment box, deep pattern), Fisher #1-820. Let
stand until box and sample are -t room %emperat,ure then welgh accu~
ruotely.,

Place the box in a ventilated convection oven maintained at 100°C,

% 1* for 6 hours. Remove, cool 1n desiccator to room temperature and

accurately reweigh, From the losa in weight caleulate the evaporation
in per oent, Report to second decimal place only.

Notes

1. Be éure box is at room temperature whepever exact welsht is taken,

2, The oven ehould not contain other samples which mirht interfere
with evaporstion,

3. Boeceuge the evanoration loss is sensitive to temperature the air
" bath must be closely maintuined at 100eC,

FAB:en
1-29-45
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Monsento Chemioal Company
Aoniston Method Noi 14~34-48

" SUBFROT: Refractive Index of Liquid Aroclors

METHOD:  Abbe Refractometer

Refractive Index ‘

The refractive index of eny medium is defined as the ratio of the ve-
locity of light in air to the veloeity of lisht in that medium, It

16 measured by the rotio of the sine of the incident ansle to the sine
of the angle of refraction. The denser the medium, the ~reater is the
refruoction towerd the nommal (higher refractive index). Beosuse the
refractive index is characteristic of each substance, it is useful in
1dentifying liquids end verifying their purity, in determining the mo-
lectular structure of organic compounds, end in some quentitative enaly-
ses of mixtures. As applied to Aroclor testing refractive index pro- '
vides a verification of composition and purity.

Ag&atuu

Abbe Refradtometer with accessories, Bausch and Lomb, Cat. #2550, Serial
No.'377. Calibrated to resd directly in terms of refractive index of
the D lins (sodium) at a temperature of 20°C. .

Procedure

Operators should be familiar with the Baugch end Lomb "Directions for
Use" and prectice the manipulation as thers described defore attempting
determinations on Aroclor. The abridged directions below provide a
working outline but at the expense of omission of essential explanatory
details which &re contained in the B, and L. directions.

Sorew thermometer into its socket in water jacket of upper priem. Open
prisms end check their condition, Clean if they are soiled, streaked,
or spotted. With lower fixed priasm horizontal, place on it 2 or 3 drops
of the Aroolor from a stirring rod - sufficient to fill the spaces be-
tween priasms when clemped together. Close prisms and lock with lock nut,

Adjust the instrument and mirror to reflect white light into the refrao-
tometer. No spots on air pockets should be visible. Connect water jacket
to sourwe of constant temperature water, usually the tap, and pass water
until the thermometer has been eonstant to 0.2°C, for at least 5 minutes
at 25°C. The Aroclors flow more easily at 25°C., henoce the choice of
this temperature. . ‘4

With prisms illuminated, rotate the prisms by means of the index arms
until the border of the light and dark fields passes exactly thru the

intersection of the cross hairs, If the border line is frinred with
oolor, rotete the compensator until the color disappears. If the boun-
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Refractive Index of Liguid Aroclors - 2 = :

dsry is not sharp, edjust mirror until a dietinct half shadow ig Ob~
tained, If the line or the oross hairs are blurred, adjust eyeniece
until & good focus ie obtained, Secure final fine edjustment by wmeans
of the slow motion sorew. ’

Read the refractive indox, estimating to the fourth decimal nlace.

If the temperature of the water jucket is other than 25°C,., correct

to 25° by use of the correction fector, + 0.00044 per *C. This foctor
is applicadle only to Aroclors 1248, 1254, 1260, and 1262, It vas
found by careful measurement on each Aroclor thru the range 10* to 60°C,
The correction is subtracted when the working temperature is below 25°C.
and added when above 25°C,

Exsmple: If the refractive index is found to be 1.64322 at 15¢C,, the
index corrected to 25°C. is 1.6422 - (10 X ,00024) =~ 1,6378.

0

Care and Calidration of Instrument

Immedistely after uce, clean the prisms with swads of pure cotton
dipped in benzol, finally wiping dry with a soft cloth, The nriams,

especially the upper one, tarnish end scratch essily. Consequently . W
ereat care must be token in oleaninm, Before use the prisms should i
always be inspscted end recleaned if necessary. 'hen not in use, the LL,—

refractomster should be kept in its closed case.

For practice or for cheoking erformance, digtilled water is useful.
‘tater has a refractive index of 1,3330 at 20¢C,, with temperature co-
efficient of 0.0001. A test piece of svecial ¢lass of known refractive
index is supplied with the instrument for calibration and adjustment if
necessary of the position of the index arm,

Refractive Index of Aroeclors -~ I'ypical

Careful meosurements at 25°C. have given the following typical values
for Aroclors. :

Aroclor 1248 1.6295
Aroclor 1254 1.6376
Aroclor 1260 1.6460
Aroclor 1262 l.6482

Substential departures (over 0,0010) from these values should be in-
vestigated immediately as they -~ if correct - indicate substantial
error in the composition of the Aroclor or contamination with other
nuterials, .

FAB:om
1-27-45

Copied by rs
4/23/48
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donsanto Chemical Company
Anniston Method No. 14-35-48

TUBITCT: Resistivity of Ligquid Arooclars

MCTEOD:  Resistance Meagurements between Conductors

Apparatus

Hegohm Bridge: General Radio Comvany Type 544B, AC operated - 500 volts,
serial No. 171, ' This is a direct-current /heatatone bridre for measuring
high resistances, bridge balance beins obtained thru use of a vaguum tubde
‘voltmeter. Ranre: O©.]1 megohm to 10,000 megohms, covered by a dial and
S-position multiplier switch, A resistance of 1,000,000 megohns can be
detocted. - .

Test Llectrodes: Two concentric nickel eylinders (or brass, mickel
plated) with feet. Obtained from General Llectric Company. The inner
electrode has outside diameter of 2.8" and heicht of 3,25", with area

of 184 sq. cm, The outer electrode hue inside dfameter of 3" and like
height of 3.25", with arca of 198 aq. em. The distance between electrodes
is thersfore 0.1 inch or 0,254 em, By theory the electrode constent, area/
length, is 191/0.254 or 752 where 191 is the averuge area. In practice
the cell constant supplied by Goneral Tlectric Company is used. For the |
electrodes now in use, the cell ¢-nstant was given as 815, v

AN

. Glass Plate: Pyrex, about 3-1/2" dlameter with concent;ric prooves to
agelst in spacing the electrodes. Obtained from General Electric Company.

Oven: Cenco-DeKhotengky drying oven with two holes in back wall for por-
¢tolain tubes for lead wires. Holes must avoid oven heatins elements
which occupy 2" paths vertically and horizontally intersecting at the
center of the circular well,

Lead “tires: Provide 300 ohm Amphenol twin conductor cable to connect
the eleotrodes in oven to the nosts of the brid~e, The nortions exnosed
to oven tomperature are bared and then oovered with norcelain beuds,
Provide nlso & flexible lead to cround the bridge tp a water pipe. Clean
the leauds, beads, and porcslain tubes veriodically.

Assembly of Test Cell

The grooved glass vlate is vlaced in an 800 cc. beaker. The clean elec-
trodes are placed in the prooves of the glass nlate with the connector
posts direotly opposite in order to give the widest possible snacing to
reduce surface conductivity. The cylinders ghould be very close to
equidistant. The apparatus should be dried for 2 hours at 100°C. before
use,

Heat the sample to be tested to about 110°C. omn a hot plate and pour
1nto the electrode assembly until the lavel of the liquid is 1/4 to
1/2" above the electrodes. Care must be used to make sire that the
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SOBJECT: Reslativity of Liquid iroclora - Pase 8,

NETHOD: Resistance Measuremenmts belweesn Copnductors
JI.

1ip of tho container, from which the 11quid is poured, is ¢lean, T1lt
the beaker in sich monner that a1l air bubbles in the Aroclor will rise
to the purfuco.

Alr cool to 10%-104°C, then without removins thermometer, transfer to
the oven which is maintained et 100¢C, and connect the slectrodes to
the two flexidle wires which lead to the megohm bridre, ‘/hen the
Aroclor comes to tempsrature (100°C,.}, remove thermometer, check Csi~
tering of clectrodes, and proceds to measurement s,

Meapurement with Liepohm Bridpe

Connoet the two lesd wires to the megohm bridre with the lead from the
outer electrode to the LOJ unknowm post of the bridee; the inner eless
trode to the "+" unknows post. Connect the "RCUND post on the Jeft
side to a water pipe. OSwing the spring comneclor, pivoted on the "an
post, to the LOJ nost., Connoot the attschment cord 4o the 110 V jpauer
supply. .

J1th the Aroclor ot 10CeC., turn the control laob { CHIECK-0PT: T4,
to the CHUCK position, Thros all 3 awitehes at the rear of the Pousl
CN., After 2 minutes brins the pplvanometer volnter to zero by maams ou
the ZERO ADJUST Imob. ”

Then turn the control lknod to CILRGE for one minmute. Turn the ‘mob t¢
OPLRATE and Yeturn the galvenomater pointer to zero by adjustment ol
the MOLTIPLY BY switeh upd the megohm dis), Read after one mimute, Ffe-
poat the CHARGE and OPEHATE positiona for verificestion.

The resistivisy of the Aroclor is the product of the "rmltiply by”
reading times ths dial reading times the electrode consbent, Repont in
unite of 10° ohm om, rounded off to two signifieant figures,

Exampie: '

vKultiply by" reeding: 100
liegohm dial reading 5.4 mepg. ohms
Electrode Congtant 815 em

Repistivity » 100 X 5.4 ¥ 815 ,
. = 4,4 X 10% meg., ohm cm
' = 440 X 10% ohm om
Values for resistivity are qelified by desirnation of temmeratura snd

voltage. These are 100°C. and 500 volts for the test above. like core-
ditions are used at Plant B,
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SUBICT;_ Reaistivity of Liquid Aroclors - Pope 3

MZTHOD:  Resigtance leamurement s between Conductors

Oere of Apparatus

The "Operating Instructions®, Genersl Radic Form 458-B, which accompany
the megohm bridre, recite details of installation; messurements, uses,
and construction, illustrated by firures and cireuit snd wirine diacrrame
No attempt is made to 1eproduce such information here. The operator
should acquaint himself with the contents of the 2.R. monual and refer
to 1% for mointensnce of tubcs and parts. “hen not in uge the merohm
brides should be closed and stored in cabinet,

Cleaninc Eloctrodes

After the mecasurements aro made the electrodes are removed fronm the
tested 1iquid, end allowed to drain until the liguid stops runnins from
the electrodes. 'Thile sti1l]1 hot they are nlaced in & beaker filled with
benzeno under a well venileted hood and allowed to cool. “Then conl, the
electrodes are removed from the benzene and scrubled with powdered tri-
sodium phosphate &nd a benzene carbontetrachluride mixture (50--50 by
volume)., This gerubbing can be done with eitler a brush or the hands.
The eloctrodes are then rinsed with acetone, follored by tap wuter and
tlen distilled weter. The eleotrodes should not be touched by the hands
after the acetone wash, aftcer final rinsing the slectrodes are »lacad
in on oven at 120°C. for one hour or until thuy are used again.

The glops spaser plates ere cleanod and handled in the same manner as
the electrodea except that they are wrapped in lense paper before belng
placed in the oven,

Calibration

For @ rough cheek on the condition of the bridpe, one or wore cariridso-

typo resgistences of known approximate velue shiould be kept on hund for
periodic or emergency verification of the meter itself.

T
8/3/48
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Monsanto Chemicnl Company

Anniston Method No, 14-56-52

METHOD: Cleening Dielectric Testing Cclls

The following method is ourrently in use ia Mnsanto laboratories, for
oells for the dielectric testing of Arcolors, particularly the GE resis—
tivity cells, All steps up to (7) are performed with the cell assembled
and in the beaksr used in tests. :

(1) Drein cell while hot.

(2) F111 with hot trichlorobenzens (TCB); heat for 10~15 minutes.

(3) Discarda TCB from (2), £411 with unheated TCB; let stand a few minutes,
drain.

{4) Rinse at least twice with methanol., and twice with top water.

(5) F111 with hot 10 to 12% trisodium phosphate (TSP) solution, heat for
10-15 minutes, dresin.

(8) Rinse thoroughly with tep water,

(7) Disassemblo the cell, rinse the mombers thoroughly with distilled water.
Dry at 120-130¢C, for et least one hour.

(8) If cell 18 left in oven over 8 hours, it must be recloansd immediately
before use,: .

NOTES

The TSP solution should be.heated to about 100°, The TCB should be heated
to about 100:0 140°

Hot TOB 1s necessary to cut Aroclor 1260, Other solvents, 6.8., bonzene
can be used on Jower Aroclors. These suffer the handicap of flamability
and lower boiling roint.

The second £1lling of TCB, from {3), may be saved for re-use in (2), provided
the sample in the previous test was not too badly ocontaminated.

The TSP solution should be made wp fresh about every two days if in continuous
use,

If a thermomster is to be used in estirring the Aroclor while heating, it shoul(
be cleaned by the method outlined above.

Doveloped by:
R. J. Good 0231787
9/p4/52
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Monsanto Chemical Company
Anniston Method No. 14-36-48
SUBJECT: Dielectric Constant of Liquid Aroclor

METHOD:  Measured at 100°C, and 1000 oycles

Seope 4

This method applies to mineral oils and oil substitute used for insu-
lating purposes.

Apparatus . .
Capacitance Bridge Generel Radio Co., Type 716«AM e
Cathode Ray NMull Detsctor General Redio Co., Type 707-A *~
Oselllator Generel Radio Co., Type 606-4 &

Constant Temperature Oven

Cenco-Dekhot insky #95050 'A

1800 oo, Pyrex Besker
Froosdure

Eleotrode and besker must be cleaned as direoted under "Cleaning Avpa- .,
Tatus for Dieleotric Constent”, and be at 1oo ;’,w Gapndt p Enlprte Erre

A
Heat Aroolor in the eélsto 1052C . Pour over electrode until nlateg and
~geraaio-insulation are covered. nneot-teadss> (Stir with thermometer
‘outside oven until temperature reuches 101%; place—in—oven-vhich—hes-teen

*C. At the time sample is pleced in oven ite
tomporaturo ghould not have fallen below 80°C,

Oonnect leads to capacitance dbridge, odbserving that the lead from insu-
lated side of ocondenser goes to insulated terminal on bridge., Balanoce.
bridge oarefully according to direction under "Balancing Oapeoitance
Bridge", Until Arooclor and oven temperatures have becoms identical the
bridge balence will oconstantly shift, After oven temperature reachss
100°C, , meintein bridge belance until no promounced shift is evident,
Record reading of capacitance aealo mnltiplied by multiplier setting.

Dioloetno constant = Capacitance in Aroclor at 100eC,
Capeeitanoe in air at 100°C.

Balanon_:_g Oapacitance Bridge

Condensed procedure, Operator should read operating imstruction for
Null Dstector for complete details.

1. Oonnect to power supply leads to oscillator and null detector.
Ground the oscillator.

2, Turn on oscillator by pushing 5000 obm, 10 maltiplier, 100 oycle
frequency buttons. Adjust harmonic oontrol until oscilletion begins -
as shown by olosing of seotor in cethode ray tube.
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Pags #2
Dielectric Constant of Liquid Aroclor - Test 14-36-48

2 /»«::1:“'7&'[L
P e R
3. On null Jdetector turn brilliance knob to extreme lett/( the
foous knob to extreme right, gain control to extrers left, sweep
amplitude et mid-scale rosition, the sweep frequency switch on line
side,

4. Turna on power switch, lishting pilot lighs,

5. Uait rifteen seconds, “twrn dbrilliance knob to extrens r@phcn,, 'f
dopat 105

. 6. Adjust foous and brillience knobs until sherp fins line.

7. Connoot external terminals on detector to output terninals
on oscillator. Switeh sweep frequency to external side,

8, Connect dot:ector tex;minale of bridre to inmnmut terminals of
detector, taking care that the black wire (sround wire) of the lead
goes to prounded terminal on both ends of lead.

1N 'Set pain contrel at mid-coale and selesctivity to extreme left,
Turn sweep amplitude to extreme left, obteining verticel line. ¥ith

10, With turning oontrol k.m;b obtain the maximum length ot this -
line, keeping it elways under 1/4 moh with gain knob, ¥ s/~
' adrut )u o

11. Set swesp amplitude to oxtmme left. o " -

koo

9/
o

12, Set pain oontrol to sive vertical straight liuo of about 3/8
inoh.

13. Balance bridee by &djustine power factor and capacitanos
dials until only a dot remoins on the screen vhan the pain control
is st extreme right.

14, Set sweep anplitude deyond mid-point,.and slightly displace
the power-factor dial to obtain a tilted elipse.

15, Adjust phase control until this ellipse sloBes into a straisht
line inclined to the horizontal,

16. Bring power-factor diel back to balance position, which should
restore the horizontnl straight line. Displace this control the same
amount in the opposite direotion. This should again tilt the strajiesht
line but in thoe opposite direction, Adjust phase control until there
is no tendenocy for this line to open up when it is swung 30 degrees .
from horizontal in both directione.

17. Throughout these adjustments ths other bridge control (the
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Pape #3 _
Dielesotric Constant of Linuid Aroclor -~ Test 14-36-48

capeoitance Dial) must be in balance position. If the ellipse prad-
uvally opsus when the line is horizontal it may be brourht back to

the line egain by makins slight ctanges in this control. If confusion
results, balanoe both controls acain A in (13) and repeat the suc-
ceeding ad justments,

This 18 the position of bridge balance: An alterttion of the
power~factor control will tilt the line which does not open apprecia-
ble thru an angle of 30° to the horizontal both ways; an alterstion
of the capacitance dial opens the ellipse but does not change the
inolination of the major exis.

The apparatus may be left i~ this balanced condition, turned off
. by switching off first the brilliance lmcb of the detector, then the
power switch, then turning off the oscillator.

For sucoessive measurements the oontrols are not changed, the
apparatus left in adjustment. Then the followinys steps define the
procedurs : . ‘

1, Conneot all leads as previously directed includins that from
null detector to bridpe.

2. Turn on oscillator by nsushing 100 cycle frequency button.

3. Turn on null detector, wait 15 seconds then turn on cathole
ray tube., Turn sweep anplitude to oxtreme left snd adjust brilliance
to obtain & fine vertical line on soreen.

4, Brine this line to o dot by adjustins the two bridpe controls,
Initial edjustment is facilitated by having "Cain® control to left.
¥hen finel edjustnent is obtained this knob must be &t extremes right.

Cleaning Apparatus for Dieleotri‘c Constant

The condenser is removed from the tested dielectric and allowed
to drain while st1ll in the oven at 100°C, The condenser is then placed,
while still hot, in e beaker of bonzene under a well ventilated hood
and allowed to ¢ool, It is ther thoroushly washed with powdered tri-
sodium phogphate ond a 50-50 mixture of benzene end carbon tetrachloride
followed by an acetone rinse. The operator should be very careful not to
touch the metal plates of the condenser .after this point. The condenser
is then rinsed thoroushly with tap water followed by distilled water and
dried on e clean paper in an oven at 120°C for at least one hour or until
it is again used,

mrd 3/1/48
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Yonsanto Chemical Coripany
Anniston Method No, 14-42-48

FIBIRCT: Acid Number of Ii:;uid Aroclors

NUTHOD:  Titration with Alkali using Fhenol Red

S3cope, y

The Aoid Number is the woipht in millicrems of sodium hydroxide re-
quired to neutralize one gram of Aroeclor to pH 7.6, It thus includes
any hydrochloric acid, ferric chloride, and other inorgunic or orsunic
oconst ituents having ecid characteristics. It corresoonds to the Neu~
tralization Number of ASTL Designation D188 except that the latter is
expresssd in terms of KOH instead of NaOH and has a somewhat hicher

( phenolphthalein) end voint.

Protedure

To 100 ml. of adjusted (pH 7.6) solvent containing indicator slowly
add 0,1 N NeOH dropwise until the color corresnronds annroximately to

.pH 7.6 when compared againgt & suitable reference solution, Readjust

Af necessary to maintain pH 7.6, Add 50 grams (£ 1 #.) of Ligquid

Aroclor and mix well, Titrate from micro dburet with 0,01 N NaOH until
the original red color of the solvent is restored. A portion of solvent
in a similer ocontainer is & useful reference in determinins the end point,
The match is governsd by ostimetion of the intensity of red because the
hue is not exactly reproduoced on account of the yellow oolor introduced
by the Aroclor, 1 ml. of 0,01 N NaOH = 0.4 lgn, Na(E, ' Caloulate in terms
of Men. NaOH por om, of sample, Report to 4 decimal vleces,

ml: of 0,01 N NaOH X Q.s = U, Naon/m.

. 0f sample

Example: If titration is 0,08 ml, for 50 g, of Aroclor, the Acld Number
1s 0,08 X 0,4/50 = 0,00064 lign. NaOH/gm. Report as 0,0006,

Solutions Required

Solvent: Mix 600 ml. of benzol, 200 m), of 3-A alecohol and 200 ml. of
acetone. Add 5 mi, of 0.2 phenol red solution.

Phenol Red Solution, 0.2%: To 0.1 gm. of dry indicutor in a small,
beuker add exactly 2.0 ml. of 0.1409 N NaOH, Stir to dissolve and
dilute with 3-A alcohol to 50 ml,

Reference Buffer pll 7,61 Dissolve 0.4l g. Nefl;PO, end 0.59 gn. NapHFO,
{voth enhydrous) in 100 ml, of water. Add 0.5 ml. of 0.2, phenol red.
Solution is used for reference in adjustins the solvent if lalotte pH
7.6 color standard is not avallable,
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Acid Number of Liquid Aroclarg - 2 -

Standard 0,01 N NaOH: 5 ml. of 5N NaOH to 250 ml, vol, of 3-A al-
oohol. Protect at all timss from atmospheric COg,
Note

By using 260 ml. aeetone in solvent ingtesd of 200 ml. a 100 Qm.
sample of 1284 may be teken for aneiysis,

FAB: om
1-30-45

led by rs
/ 23/48
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" Momsanto Chemical Company '
Anniston Method No, 14~43-48

‘. SUBJICTP: Color of Aroclor on N,P.A, 3Scale

METHOD: ___Hellige Pooket Comvarator

Scope ° Ce ' . -

The method is applica'ble to Aroclors 4465, 5460, or others having N,P.A.
oolbra in the range 1 to 5,

Prooednro

Warm the Aroclor is necessary to obtain pouring oonsistency. Fill the-
test oup of the Helligs Pocket Comparator, lbdel 605, with Aroelor, imsert
oup in the comperator, and compare apainst the color dise (No, 620c«50,
Lubricating Oils end Petrolatum) which has N,P.A. colors from 1 t0 5 in
one=half stepa. Report color to nearest 1/4. Clean the test oup with

a mixture of CCly and benzol, with final rinse of benzol.

ASTM color numbers coincide with National Petroleum Association color
number (1918). The relation of the N.P.i. color numbers to other ocolor
scales is tabulated below:

Union
NPA Color ’ Petro~ ASTM Lovibond Analysis
Nos, - s leum: Color Red Yellow .Blue
. {1918) NPA Numes Co. Noa, 200 510 1180
1/4 - - - - 0,8 -
1/e - - - - 1.1 -
8/4 - - - | - 1.7 -
1 Lily white G 1 0.12 2.4 -
1-1/2 _ Oreanm wiite H 1.5 0,60 8,0 -
2 Lxtra pale . 1 2 2.5 26,0 -
g-1/2 Extra lemon pale J 2.5 4.6 27.0 -
S Lemon- pelv K 3 6.9 32.0 -
3 -1/8 Extra orange L 3.5 9.4 45,0 -
4 Orange pale . 4 14,0 50,0 55
. 4=1/2  Pale N 4.5 21,0 56.0 55
] Light Red 0 5 35,0 ° 93,0 -
é Dark Red P 6 60,0 60.0 55
v Claret Red [ 7 60.0 106,0 . 1,80
] - R 8 166.0 64.0 -
FABsom
1=26=-45

Co; iod by rs
. afonfes

023‘1q3

HARTOLDMONOQQOQ4887




Lionsento Chemical Company
Anniston Nethod No. 14-44-48

SUBJICT: Color of "Jater “hite" Aroclors

MFTIOD: __ Comparison apainst A.P.H,A, Scale ' f

30020

The method is appuoabie to Aroclors 1254, 1260, or others having color
less than N.P.A. #l ("Weter White"),

A.PJH,A. Stendards

These color standerds are acid solutions of potassium chloroplatinate
and cobaltous ohloride. The unit of color is that produced by 1 mz, of
platinum per 1iter. The ratic of cobalt to pletinum may be varied if
necessary to matoeh the lme. Because the hus of Aroclor 1254 and 1260
seems best matched without ‘covalt, this hae been omitted in the prepara-
tion desoribed,

Dissolve 1.245 g, of potassium chloroplatinate (K.PtCls) oontaining 0.5 g.
of platinum in water with 100 ml. of ooncentrated hydrochloric ascid, end
dilute to 1 liter with distilled water. This solution has a solor of 500,

Prepere stendards from 10 to 100 in steps of 10 by diluting 1, 2, 3 ml, ete,
of the above solution with distilled water to 50 ml. in standard high form
Nessler tubes. Protect the tubes from evaporation.

Refer to puge 13 of "Standard Methods for the Examination of ‘ater and
Sewape” elghth edition (1936) for details of standards containing cobalt.
Published by American Publiec Henlth Association, 1790 Broadway, New York.

.

Procedure

F111 a matohing Nessler tube with Aroclor to a height equal %o that in the
standard tubes, Compare with standards by looking vertically downward
through the tubes upor & white or mirrored surface placed at such en angle
that light is reflected upvard through the column of liquid, A color tubde
support (Fisher #7-065, 80 ml.) is oonvenient, v

Inaamuch as the proportions of the standard color solution in the compari-
gson tubes are such as to represent an aliquot part of a liter, the readings
are 4irect @s perts per million. Colors up to 100 are recorded to the
neerest 5, Direct comparisons ere satisfactory up to 200, Above this the
sanple should be diluted with Carbon tetrachloride (maximum A.P.H.A. color,
6), and the color obtained to nearest 10 by multiplying by the 4ilution
ratio, ’

FAB:om
1~30~45
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Monsento Chemical Company
Anniston Method No. 14~46-48 .

SUBTECT: _Acid Number of Solid Aroclars end Heavy Licuid Aroolors

METHOD:___ Titration with Alkali using Phenolphthalein

Procsdure

Dissolve 650 grams or the Aroolor in 50 ml. benzene in & 400 ml. beaker,
warming to husten solution, Ad4 50 ml. 3A aleohol, 200 ml, distilled
water, heat to boiling, add 1/2 ml, 1% phenolphthalein solution, and
titrate, in the case of the distilled Aroclors with 0,01 N sodium hy=-
aroxide solution, to a faint pink color which is permenent for at lesst
two minutes after vigorous stirring. A reagent blank should be run 0on-
ocurrently. . The acidity of the sample is calsculoted as minig.rams of
godium hydroxide required per gram sdmple.

Caloulations

Using 0.01 K NaOH, Acid No, = ml, titration X 0.4/sample weight

For 50 gnm. Acid No, =(ml. ti%, = ml. blenk) X 0.008

Using 0.1 N NaOH, Aci@ No. = ml. titration X 4.0/sample weight ’

For 50 e:n. Acid No, = (ml. tit, - ml, blank) X 0.08
pp__a_ratus ' . '

10 ml, burette in ,05 divisions.
Conversions

1, To obtain Neutralization Number in terms of KOH, multiply the Acid
Nurfber in termd of NaOH by 1,402, Inverse factor ie 0,713,

2, Maltiply the Actd Number by 1000 to obtain the parts of NaOH re-
quired to neutralize ono million parts of Aroclor. Thus Acid Number
of 0,0006 is equivalent to 0.6 parts of NaOH per million varts of

- Aroolor,

3, The large amount of water used causes sharper separation of the
agueous layer from the non-agueous layer, thereby making the endpoint
more cusily distinguishable, If the tit.ration is carried out asainst
e very light baokg,round or in a fluorescent light, the end voint is
easily seen, R

4. Aside . from free acid as a cause for NaOH consumption, ferric ohloride
which is usually present in small amounts, also consumes NaOH in neu-
tralization to phenolrhthalein, It therefore, follows thet an Aroclor
of very low eoid number must be also extremely low in ferrioc chloride.

FAB:om
1-26-45
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Monsanto Chemical Company
Anniston Msthod No. 14-47-48

SUBTECT:__Pour Point of Iiguid Aroclors
T METHOD: _ A.S.T.M, D=37-39

The pdur point of an Aroclor s the lowest temperaoture at which the
material will flow when it {s c¢hilled under certain prescribed eondi-
tions listed in ASTM D 97-39, .

Apparatus .

Apperatus congists of test jar, thermometer, cork, jacket, disk, gasket,
and bath as desoribed under A.5.T.M, method D97-39, The thermometer is the
A.3.T.M, Cloud and Polir Test, range ~38 to 5060, Present apparatus is the
Emu Greiner Co. #GR 2334 single unit with Gr2242 test jar.

" Procedure for Aroclor

*

Follow D97=39 4n all respects except that the centigrade scals is sudbe
stituted. Only an outlins follows: A4d 40 ml. of Aroclor to test jar,
Adjust thermometer to center of jar with beginning of cspillery 1/8 inch
below surface of the Aroclor, ‘arm the Aroclor without stirrins to 46¢C.
in a bath at 46~48°C, Cool to 32°C, in air or water bath at 25°C, Trange
for the jar to the jacket of the cooling bath waich 1s maintained at O to
3C.

Beglonning ut a temperature 8 t0 10 degrees above the pour point, at each
interval of 2¢C., removk the test jer from the jacket and tilt just enough

. t0 detemine 1if there is movement of the Aroclor, This inspestion should
not require more than 3 seoconda, ‘/hen movement is not promptly apperent,
the test jar should be héld in & horfmontal position for exactly & seconds
as noted by a stop wateh., If movement oceurs, immediately return the test
Jar to the jacket, ’

Repoat test for flow at the next temperature 2¢C, lower. Continue the
test in steps of even degrees centigrade {14,12,10, eto,) until the Aroclor
shows no movement when the test jer is held horizontally for exactly S
seconds, This 1s the sond point.

The pour point is the previous temperature, 2°C. above tho solid point,
The pour point is timsthe Tovest tempbreture at WHTSH the 1iquid will
flow or pour unier the test conditions.

Technicians must familiarize themsélves with D97-39 which gives complete
details of apparatus and procedure, reproducidbility of results, effects
of thermal hietory, ete., The directions above are inadequate except as
a working outline,.

The bath temperature is eontrolled by adding dry ice to acetone for pour
points bolow 0°C,

rAB:on - 1=30=45 ' 023
~ Copied by rs - 4/27/48 1796
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Monsanto Chemical Company
Anniston Method No, 14-48-48

SUBTECT:__The Testin: of Aroolors for Inorganic Chlorides

METHOD 3

Solutions Reggired

Standard Chloride Solution: Dissolve 0,680 grams of pure sodium chloride
in suffiolent water to meusure exactly 500 ml.; 1 ml, then contains 800
miorogrems Cl. Pipette 25 ml, of this solution to'a 500 ml, flask and
make to the mark to give a°0,00113 I NaCl solution, 1 ml, of which con=
tains 40 micrograms of Cl. Preserve ipr s Pyrex bottle. Caution: The
water used in preparution must be chloride free by the Tynlall Boam test;
the 0.00113 !f solution should not be kept over 1 month,

Silver Nitrate Solution 104: Dissolve 5 prams of silver nitrate orystals
in 40 ml, of water and add 10 ml, of concentreted nitric acid,

Chloride free distilled mater.

Apparatus Required
LaMotte 10 ml. color tubes {13 mm, X 100 mm).

Test tube rack with a black surface at the vase for uniform comperison
(Note: we are using dlack gasket rubber over the entire board thet supe
ports the base of test tubes during comparison.)

Box, About 7" long end 4" wide, This box contains holes in top and
notohes in the bottom to hold Lamotte color tubes. It ia just high
enough $0 allow 1/4" of test tube to extend through the holes in the top.
The box should be painted a flat dlack on the inside and on top and should
contain enough holes to accomodate at least sevem tubes,

Method

Clean all flasks, tubes, and pipettes to be used. Then rinse with dilute
nitric soid then with ehloride free dutined mt‘f o

(1270
Ada 50 ml, chloride free water to a 250 ml. E‘rlenmeyer flask, heat to
boiling, 2dd 200 gram of the Aroclor to be tosted, which hes been heated
~ to 100°C, shake vigorously for 1 minute, cool in ooonng pan, Cerefully
decant some of ths water extract to a separatory funnel., ash with pure
ethyl ether (ohloride free).

Transfer 10 ml. of the ether washed extract to & 10 ml. Lalbtte color
tube after rinsing tudbe with portion of extract. Prepare standards by
diluting excotly B ml. of the 0,00133 M NaCl solution to loo‘ml. ina

02317
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"I'ha Testing of Arooclors for Imorganiec Chlorides = 2 -

volumetric flask, One ml, then conteins 2 micrograms of Cl, Transfer

-1, 2, and 3 ml, portions to 10 ml. tubes, Yake to the 10 ml, mark with
C1 free H,0, Place standards and sample in light free box from which
only the top of tubes are exposed add 0.5 ml. of the silver nitrate to
each tube compare in & specially prenared test tube rack.

The comparison is to be made gquickly and from a oonstant source of light,
preferably day light from a window away from the sunlight, Comperison
. 18 easier when other sources of light ere shielded from the comparison
rack, Yook directly into the top of the tubes and ocompare. Note the
known solution which most nearly mutches the mter extract estimating to
the nearest whole microgram. The extruct dlank and the distilled -vater
ghould show no turdidity, .

Calculation-

Divide the chloride content in micrograms of the known solution which
mutohes the extraoct dy the weight of the Aroelor represented by the
extract to odbtain the ohlorido content of the Aroclor in p.p.m.

In the proocedurs desoribed the 10 ml, extract represents 40 ~rams of
Aroolor {1/6 of 200 g. taxen). The three knowas contain 2, 4, st &
miorograms of Cl, thus representing 0.05, 0.10, end O.m'p.p.m. respec~
tively. Values should be reported to the neerest 0.025 ppm.

Precaut ions

- ‘Becauge of the sensitivity of this test, serious errora may result
through very slight contamination or inattention to details. ALl equip~

ment must be sorupulously oleansed, the distilled water absolutely ohloride
free and testing done away from rumes of HCl or chlorine fumes.

r8 -
4/27/48
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Honaanto Chenical Company
Anniston Lethod No, 14-53-48

b

SUBJEOT: Vater Content of Liqum Aroolors
METROD

Titration ﬂth Kar]l Fischer Reagont

Outline

——— . . .

The Aroolor is dissolved in & mixture of benzene and methanol whieh has
been titrated with Fischer reagent to the characteristic end point.
Fischer reagent is a solution of iodine, eulfur dioxide, and pyridine,
Iodine is comsumed as long as any weter 1s present. The solution is azain
titrated to obtain the water content introduced by the Aroslor,

Solutions and Apparatus

Karl Fischer Reagernt: Veigh into a flask 264 grams of pyridine, Barrett

£2-A or Eesstman 214-H, and edd 61 grams of liquid or gaseous sulfur dioxide,
Add the 1iquid sulfur dioxide directly from the inverted oylinder by attaching
to the outlet valve a gless tube extending into the pyridine, Sulfur dioxide
. ges van be bubbled into the pyridine until proper amount is added. Store in
8 glasp stoppered bottle. R

Trenefer 65.6 grame of the pyridine-50% mixture and 134 ml of absolute
methanol to a 1 liter Florence flask. Cool thoroughly in an ice water bath,
Add 16,9 grams of iodine, stopper, cool again before shaking, Alternately
¢ool and swirl) until the iofiine 18 in solution, MNekes 200 ml of ressment,
Store in glass stoppered bottle, Let stand 24 hours before using. When
fresh, one ml of reagent is equivalent to about 0,0033 gms. of water,

Aroolor Solvent: Mix 2 parts dry benzol with 1 part anhydrous methanol,
The ary bvenzol is prepared by shaking the commercial grade with anhydrous
caleium shloride, decanting into a flask and distilling, rejecting the
first 107 to come over, Keep in glass stoppsred bottles with minimum
exposure to air,

iuoro Buret: 10 ml, x 0.05 ml, Kooh automatic with glaés st opoersd
reservoir. Ecok and Krebs #2460, Equip reservoir with a moisture guard
] tube ocontaining Drierite or a similar dehydrating agent,

Procedure
Heat & olean 500 ml, narrow mouth Erlenmeyer flask in an oven or on hot
plate until thoroughly dry, Sweep out for 10 minutes or until cool with

air which has been thoroughly dried by pessing thru tudbes containing 8
mesh Drierite, Disengage the flask from the aspireting train end imme-

diatsly olose with a paper cap held by a rubber band,

0231799
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Yater Content of Liquid Aroclors « 2 -

Iithout deley, transfer 100 ml, of the benzens-methanol solvent to ths
flesk thru @ asmall hole punctured into the peper ocsp. Cover again with
paper. Titrate at once with Karl Fischer reagent to Aistinct red-brown
end point which does not fade after swirling several times. The Fiacher
reagent &a dispensed from the microburet the tip of which yrojects into
the flask thru the puncture in the paper eap. At the end point any water
ocontent of the golvent has been resoted, Superimpose a fresh paper can
immediately .. . ’

Obtein weight of the solvent and well-covered flask on a Thrgion balsnce
or eguivalent. Quiokly introduce with a dry pipstte about 100 erams of
the slightly warmed Aroclor to be tested, Cover at once end weigh again
to obtein the weight of Aroclor to nearest gram., Shake until ths Aroclor
is dissolved. : '

. If the mixture is cloudy, warm slightly, If oloudiness persiets‘ another
mixture should be prepared, L«uwv:,(;m spessple

Puncture & small hole in the paper cap for the insertion of the buret
tip and titrate with Fischer reagent to the first definite brown ocolor,
agitat ing with a pentleé swirling motion, The end point should nersist
through several swirls., The end point may slowly fade through slow
aotess of atmospheric moisture in which oase it ia restared by a drop
or two of reagent. If not so restored, the end point may bhuve been &
fals® one or the closure is faulty, A definite end point is impossidle
if humid air is not well exoluded, -

From the amount of reagent required and tt{e weight of Aroclor used, cale
culate the water content in p.p.m.

Oalibrotion of Figcher Reagent and Standard ‘ater Solution

Standerd water solution in methanol: Transfer exactly 0,40 ml. of water
from e mioro buret or a 1 ml. measuring pipst to a 100 ml, volumetrie
fiask, Fill to the mark at onoe with anhydrous methenol and mix. One
ml. of solution then conteins 4000 mioro~rems of water in sddition to any
water which mey be present in the methancl, :

Transfer exactly 5 nl. of the above standard water solution (equivalent
to 0.02 grems of water) to a 2680 ml, Trlenmeyer flask which has been
dried snd swept with dry air, Close with raper cap and titrate with

‘ Fisoher reacent in the same manner as the semple. The end voint is
sharp, A methenol blank, found by titrating 5 ml. of the methanol used
in meking up the stanfard water eolution to a like end point, must alvays
be mibtracted from this titration,

Divide the emount of water teken by the .net Fischer rearent required to
obtain the titer of the Fischer reagemt in terms of water.

Txample: A 5 ml. aliguot of stendard solutionm, egquivalent to 20,000
miororrans of water, required 6,61 ml. of Figcher rearent while 5 ml,

0231800
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Water Content of Liquid Aroclors « 8 =

of the methanol required 0.65 of Fiscler reasent .

20,000/(6.62_1 -~ 0,55) = 20,000/6,06 . .
= 3300 microframs water/ml,

Recalibrations: Because the Fisches reacent deteriorates rapidly, its
titer muat be determined for each days usa, If the same gtandard water
solution is used in recalibration as in the initial calibration, the
titer of the Fischer reagent must be oslculated from its totel water
oontent (including that introduced by the methanol)., The totel water
is the product of the initial pross titration and its titer, This in
the example above the total water content of a 5 ml. aliquot 1s 6.61

X 3300 = 21813 microgramg. If on recalibration 7,37 ml, of Fischer
reagent 18 21813/7.37 » 2960 micrograms of water per ml, )

Two or more calibrations should be made with agreement within 0,025 ml.

Caloulation of HoO sample '

standardization of Stenderd Hy0 sol.

Titrate 8 ml, mizture Ho0 sol.
Titrate 5 nml, of methanol
Tit of 5 ml, mixture = A
Tit of 5 ml. methanol = B

A ~ B = ml, reagent for Hy0 added = 5/100 of .4

Divide 5/200 X .4 by A ~ B » faotor grams of Hz0/ml.
Maltiply fector X B giving gns, of HaD in 5 ml. of methanol.
Add thig wt. of Hy0 to .02 already added giving HgO in 5 ml,
{Total)

s

Factor - .
HeO St'd Titration  +

. T; X sample Titration « Tg

Tp X 1,000,000 = ppm Hy0
wt. samph_'
FAB:on
12745

Copied by re
4/2v/48
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From Letter to W.C.M.

e

1. T.Bolmer

{Halowax

/ Produets Div.,Union Carbide and Carbon
©  Corp., 30 E, Forty-Second St,, K.Y, 17,

2081€20

PROPURTIES OF BASIC "HALOTAY" PRODUCTS N.Y.). Lstter dated Peb. 27, 1948,
EI.TI-RIAL KUMBER No., 1000 Ro. 1001 To, 1013 ¥e. 1014
Soiors White to Pale Straw | "Thite to Pale Yellow; Pale Yellow Pale Yellow
Fiow Point (Cled. ASTM Softeninps Point) des, ¥, Limid 194-201 _P47-252 277-283
" Ssacific Cravity at 77 deg, ¥, 1.19 - 1.25 1.53-1,59 1.65-1.71 1.75-1.81
Ponetration (Fod. AST:?) 200-g. load at 77 deg. F. -— 10-15 5-8 5-8
Tiscosity (Saybolt-Universal Seconds) 33-37 at 77 Ger. F.| 33-37 ot 266 des. F.j 31-35 at 266 deg.F.] 33-37 at
o R . ) 302 deg P’
_X_J_f_;s_)‘.illation Renme (ASTS) der. F. 480-590 600650 6152655, ] 3?’.&73%
Sinsh Point (ASTZ Cleveland Open Cun) der, F. 203 284 356 3902
F:~e Point (AST! Clevelanl Onen Cup) der. F. 338 RNone to boiling Fone to boiline None to
- boiling
Eswer Factor at 1,800 cycles -— Less thken 0.27 Less than 0.27 Less than 0.,
- at 10° cycles - 0.437 0.707 0.70%
7. alectric Constent at 1,000 cycles - 5=8 4.5 4-5 '
at 1 cycles - 56 4-5 4.5

D C. Resistivity (meg. cm.)} at 30 des. C.

over 107 - 16%

Over 107 - 10°

over 107-10°

Copled by mwb
a/2/48
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I-A~B-4000

From -~ Halowax Produots Division
Union Carbide and Carbon Corporation
30 Fast 42n4 3treet
New York 17, New York

Letter - W,C.M,/T.1. Cole, Tech, Rep.
g/16/48
Zyrox 3009 (11-313)

GENERAL INFORMATION

Color

S9p. Oravity

Softening Pt.

Stormer Viscosity .
Saybolt Furol Viscosity
Penetration at 50°C,
Penetration at 25+C,
Flash Pt.

Fire Pt,
Combustidbility
Fracture

Acid Reslstence

Alkali Resiatance
Volatility

P.F. at 25°C. (1000 cycles)
Diel. Constant at 25¢C,

‘ (1000 oycles)

DC Resistivity at.25¢C.

Copied by rs
4/2/48

- Brown

- 1,40-1.45 8% 28°C,

- 79“83’00 »

~ 59-69 at 130°C,

- 79=180 at 130+C,

"= Approx. 15 (200 am, load)

~ Less than 3 (200 gm. load)

= Approx, 590°F.

« None to 600,

= 3il1) not supvort comdbustion

«~ Conchoidal

« Gxcellent

« %xcellent

= Average for 24 hours at 130°C.
Less than 0,10 mg./sq.om./hr,

- Approx, .00l

- Approx. 2,96
« Over 108 meg. cms.

0231803

HARTOLDMONO0004897




|3

P r=ry

Fronm - Halowax Products Diviston

Union Carbide and Carbon Corporation

30 Pagt 42nd Street
New York 17, New York '

Letter - 1.C.M./T,M, Cole,
z/18/48 .
Zyrox 3007 {11-~308)

GENERAL INFORMATION

Color

Sp. Gravity
Joftening Pt.
Stormer Viscosity

' saybolt Furol Viscosity

Penetration at 50 deg. C.
Penetration at 25 deg. C.
Flash Pt.

Fire Pt.

Combustibility

Fracture -

Acid Resistance

Alkali Resistance
Volat1lity

“PJF. at 25 deg. C. (1000 cycles)

Diel. Constant at 25 deg. c.
- {1000 eycles) -
Do Resisuvity at 26 deg, C.

Copied by ra
4/2/48

~ Brown

- 1,29 ~ 1,32 et 25 deg. C,
- 65 « 70 deg. C.

- 20-27 at 130 deg. C.

- 2030 at 130 deg. C.

~ Approx. 75 (50 g. load)
~ Legs than 3 (200 p. load)
~ Approx. 530 deg. F,

- Nons to 600 deg. F,

~ 7§11 not support combustion
~ Conchoidal

= Excellent

- Excellent

Tech. Rep.

- Average for 24 hrs. et 130 deg, C.

.20 mz./sq.om, /hr,
- Approx. .004

- Approx. 3.0
= Over 102 meg. ems,
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. A From: B.I.0.9. Final Rept. Fo. 89S
~ - APPENDIX II., PHY3ICAL AND CHEMICAL PROPERTISS OF CLOPHRN OILS Item Wos. 1, 7, 22, & 81

Eroperty -

Form s o0 60 eo se e o

Colour ¢s e s ) *e ee o4 oo

Specific Gravity at 20°C .. ..
S0l1difying Point .o or oo oe
Flash Podnt* .. oo ec s e

Shrinkego: 100° = 205¢ oo ..
’ 50°* - 20¢C se oo
Viscosity at 100°C .. oo oo oo

Boiling Point Limit at l2mm,
Of LeTCUYY oo oo oo o2  os

Loss during Tvaporation
{after 6 hours at 100°C) .e

Volatility at 20°C ,. “ee eo - se
(lma, of Hercury for 100 ‘hours)

Heat Conductivity at 40°C
{in Calories per metre per hour
per °C).

Saponification NOe se oo oo oo

AR o  ee o0 oo ve o ee w0,
Pormittivity at 20°C .. o6 oo
Power Faotor se oo o3 o2 se
Broakdown Strength oo ee oo oo
Irsulation Resistance in Ohm.om.

Pages 108 - 109

{es quoted in I, G, Farben's sales sheets)

Clophen Clophen Clophen . Clophen Clophen Clophen
AZQ L40 A50 A60 A70 ABD
‘Liquid Liquid Tiquid Liquid Firm Firm, ‘
erystallins
Rearly Nearly Rearly Nearly Nearly Thite
colourless ecolourleass ocolourless ecolourless colouriess
1,35 1.48 1.55 1.68 1.7 1,72 « 1,77
=18 ~5eC +12eC +30eC +50°C >160°C
166° 193 22g° 236 240° 390¢ or over .
(Pensky - !artens) In an open crucible (Pensky - lartens)
6% 7 67 - § =65 -
3% 3 3% - - : -] -
1,1°C 1.2°F 1.5°E 1.9 4°% ' -
165 = 195e¢ 180 - 215¢ 190 - 230* 195 . 250 200 ~ 255¢ 210 - 260°
0.05% 0.037% 0.0z, £0,01% 0.01% 0.0 e
: (2 ra. at 1259)
£0,009% «<0,009% <.0,009% <0,009% <0.009% ‘0.00'#
0,099 0.091 0.087 0,086 - . -
0.0 0.0 0.0 0.0 0.0 0.0 E
V. small V. omll V. small - V, gmull V., small V. small %,
6.0 5.4 5.0 4-45 3.0 3.0 o
L0001 £0.001 0,001 £ 0,001 £ 0,001 -
200kV/om, 200xV/en. >200xv/om. > 200kV/om. - -
1x100% 171108 1x10¥* Si1x10M>11x20M »1 1 101%

* (Clophens ars not combustible and do not supvort combustion of materials into which they are imprasmated.

R
ian

By 70
1g/40
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_ Fron - United States Patent 2,070,268
Patented February 9, 1937

Pace 2 :
TABLE I
Hyarocarbon )
conpositions Properties of dielectric
Dig~
tilled Dielectric
high Viscosity 3necifie constant X
boiling Chlo- sec. Saye sravity at 100* C,
Di- coti . rine bolt at at (1,000
phenyl pounds content 210* ¥, 6% /65 C, cycles)
Percent Percent Percent
1l ==~ ¢} 100 23,9 63 1,251 4,35
2 --a- 4] 10C - 40,3 290 1.405 4,98
3 .- 80 20 41.2 35,7 1,352 4.87
4 -~ - 80 20 52.2 47,5 ) 1.490 4.56 ' -
5 === 50 50 42,0 48.8 1.383 4,84 L
6 -~ 50 50 36,4 40.8 1.324 4.89 e
A
Properties of chlorineted diphenyl E )
o
7 --- 100 "o 54.0 46,0 1.523 4,30 LA
8 === 100 0 42.0 34,0 1.380. 4.80 [}
<]
3
™ 0
w =3
> Copled by Ts <
S 2/2/48 :
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I-h (§) ~ 500

Stedility of Grade P Hycer and Teflon

Notebook references:

in Aroclor 1254 at 130°C and 45°C

3hort Form Report No. 2179

File No. 141~27.1

December 29, 1947

Smith 45137

‘Grede P Hyoar and Teflon Immersed in Aroclor 1284

Material Temp, Hours 4% Gain 1n TG, Thickness
Grade P Hycar 130+C 285 68,6 26 . .
Grade P Hyocer 450 285 26.3 6
Teflon 130°C 285 Negligible Negligible
Teflon 45°0 285 Negligible Negligidble
rs
1/14/48
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I-A-1 - 500
From ~ Yamo P.G.B./R.L.J, 3/22/48

‘Aerovox Corporation
New Bedford, Messachusetts

Determining Fluorescence in Aroclar

"The ultraviolet light we use for detorminine fluorescence in
Aroclor is manufectured by Georne . Gutes end Company, Franklin
Squers, Long Island, New York. It is a CH 4, 100 Watt, G. B.
lazda Lamp with filter, . .

"Our procedurs is to pour a emall amount of Aroclor into a 57
watoh glass or & S" Pyrex evaporating digh and obgerve for the
dogree of fluorescenocs under the CH 4 lamp, preferadly in a dark
room, If the sample has been contaminated with Minerel 01l 1t
will show up as & streaky or milky fluorescence as compured to
pure Aroclor. The fluorescenoe around the meniscus of pure
Aroclor is not to be confused with the fluorescence resulting
from contamination, ’

"This test 1s qualitative and, as such, is dbased on the exveri-
ence of the person performing i%. 'e keep & standard sample for

comparison, If there are any further questions prlease feel free
to oontect ug". :

Copied by res
4/2/48
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Decenber 2, 1947

ELECTRICAL DATA ON AROCLORS

Introduction

Time has not permitted us to Cerry out electrical measurements
on all of the Aroclor samples sent by your lsboratory and as listed
‘in your letter to Dr. C. K. Bump of June 27, 1947. It was believed
that dielectric constant, loss factor, and direct ourrent resistivity
meagurements Over & temperature range for & low chlorinated and highly
chlorinated biphenyl; also one sample each of the terphenyl and the

. mixed biphenyl end terphenyl series would represent the electrical be-
havior of Aroclors.

The trend of the electrical properties of the samples not messured
ocan be estimated; i.e. &g the viacosity of the .\roclors of a particu-
lar geries increases, the loss fector will decrease and the loss faotor
maximum (1f within the temperature ranpe meusured) will be shifted to
hipghsr temperatures. An increase in viscosity will incroase the resis- .
tivity of the Aroclor. The dielectric constant of a materisl is a
measure of its polarizedbllity. Therefore, any change in the structure
of the molecule which will increase its polarizability will cause an
increass in dielectric constent.

Acouracy of Data

The acouracy of the alternating current data is dependent on the
dissipation factor of the dlelectric at a psrticular freguency and &
particular temperature. The dlelectric constant values are accurate
within .27 provided the dissipation factor is less than 104, The error
is greater with increasing dissipation factor. The accuraoy of loss
faotor (dieleotric constant X dissipetion feotor) is also dependent on
dissipetion factor, Aroclor 5442 was the only sample which had & dis-
sipation factor greater then 10% and that ocourred et the following
conditions:

41°C, 500 cyoles .
41°C, 750 cycles
35°C, 500 cycles

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

) The direct ocurrent resistivity values have a 30% error for the
preatest resistance reedinss on our instrument. For lower resistance
values the error decreases. Aroclors 1221, 1254 showed an increase in
resistance with time which is indicative of polerization effests. For
.these materials then, resistence wes read after the voltege was applied
end then et the end of one minute - an empiriocal method used for taking
a resdable value, Aroclors 4465 and 5442 4id not show noticeable pola-

0231812
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1B ~ 100

-8 : December 2, 1947

r!uﬁon offects, even at the higch tempsratures.

" Data

The dfelectrio constant of Aroolor 1221 and 1254 is independent
of frequency. The dielectric constent of Aroclor 4465 and 5442 is
also independent of frequencx at the high temperatures. ’

The 1iquid-like properties of 4465 and 5442 disappear at the
lower temperatures where a dispersion region becomes evident. It will
be notioced that the Aielectric constant curves (at the lower tempera-
tures) heve the sums order as those of the corresponding loss faotor .
curves and the inflection regions occur at the loss factor mexima tem-
peratures, '

The loss fector curves of 5442 at the higher temperatures show a

" gharp up-swing, indicative of a large conductance component in the loss

faotor. Similarly, the loss factor ocurves of 1221 and 1254 sesm to be
in the conductance region.

Aroclor 1221 showed &an unusual sensitivity in changing loss faotor
values and es great an insensitivity to change in dielectric constant,
It was found that a sample meesured initiaslly at room temperature ‘end
measured at successively imcreasing temperatures gave different loss
factor values when compared to measurements made with the initisl tem-
perature high and then succesaively lowered. Results showed that
raising the temperature of the liquid or allowing the material to stand
in the open for long periods always lowered the loss factor, probadbly
volatilizing the more eonducting or the high loss substances in the
Aroclor. Below 5000 oycles this effect was very noticeadle, the diffe-
rences increasing with decreasing frequency. It may be mentioned here
that loss factor measurements at low frequencies misht possidbly de uged
es an analytical tool or as & control method of indicating voletile sub-
stances conteined in the Arocclor 1200 series.

The log resistivity versus 1/T ersph is useful as an indication
of the change that ocours in resistivity with temperature - or what is
related, the chanze in vipoogity with temperature. The actual slopes
of 4465 and 5442 cennot be assured since there ghould have been more
measurementa made at high temperstures, However these two Aroclors have
a muoh larger viscosity-temperature coefficient than the other two plots,

It is hoped that the enclosed raphs will summerize the dielectric
properties of the Aroclors measured. liore complete information or any
questions concerning the dsta will be sent on request,

R. Levreault .
Yonsanto Chemical Company
Plastics Divigion
Springfield, liassachusetts
aom/ .
Copied by rs
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[
DATA ON AROCLOR 1242 FiXX FOUND AFTER TALKING WITH YOU. 9

. . (]
RESISTIVITY S0 DECREE C. 9200 X 105
300 DECRLE €. 2400 X 109 <
150 DEGREE C. 3800 X 109 ~
A M ELLENBURE °
HONSANTO 023181’0 .
T LOUlS
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From - B,X,0,3, Final Report No. 893
Item Nos. 1, 7, 22, end 21
Pages 12, 13, 14, 15, 16, % 17

III, CHLORINATED DIPHENYL.

1.

2.

General. g

Chlorinated diptenyl is mamufactured by I.G, Farben under
the trade name of Clophen. Some types are 1iquid end others
80lid at normal temperatures, They ere used as impregnants
as alternatives to hydrocarbon oils and waxes. Clophen sheres
with other chlorinated materials e high permittivity and has
the same dangers in handling, due to noxious properties. In
addition to the grades suited to capacitor impregnation, &
grade known as T64 is made by I.G. Farben, suitsdble for trans-
former cooling. The total output of Clophen ASO end A60 for
the years 1938 and 1943 was:=

1938 Type AS0 21 toms
" A0 132 "

1943 * AS0 170
" A80 506 "

The cost of the meteriel in Germany is:=

Type ASO 1M, SOpfg. to 1M, 60pfg. per Kilogrem
" T64 m. 20pfg. per Kilogram,

The followins is a 1ist of the principal prewar consumers
of Clophen:- ’

Siemens~3chuckert, Berlin,

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

Ioafil (Brown Boveri), Zurich, Switzerlsnd.
Algthom, Paris.

Ducati, ¥ilan, Itely.

It wes stated that no German capacitor manufacturer uses
Clophen for the manufacture of small cupacitors for radio and
telephons purposes end where these have been used by the Ger-
man fighting serviees they were supplied by the Itelien firm,
Ducati. .

Yapufacture,
{1) The synthesis of diphenyl from benzens,

Diphenyl 1s synthesised from benzene as shown in the
figure, following:~
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Synthesis of Diphenyl from Benzene

[):! .
£ A
Condensger

d 200°C
Two~stage
Heat F¥rohanger

Reaotion
Coil ¢
800°C

The synthesis occurs in the vapour phase, at 800%. end
atmospheric pressure, in an electrically heated resction
coil of copper-menganese alloy. No catalyst is required,
The apparatus, sport from tho reaction coil, is of iron,
end operstes at the temperatures shown above, About 107
of the benzene vapour is converted into diphenyl in one
passage through the reaction coil.

The purity of the benzens is -of importence for the elec-
trical quality of the ultimate chlorinated produots and .
a specification 1s attached overleaf, ‘he benzens used
was belioved to contain 0,2 to 0.3% of paraffins but
little definite information could be obtained rezarding
any undesirabdle impurities or tho mechanism by which they
cause poor electrical performance. Thiophene was stated
to be definitely harmful, and vague reference vas made to
"nitro-compounds”, to "aliphetic hydrocarbons™ and to
"substances which could not be chlorinated”, The prerise
nature of these materials was not known, dut their absence
was ensursd by obtainine benzene always from suppliers
whose product ves known to bs satisfactory.

Analytica) Speoificatioh for Pure Benzens

Appearance: Clear and eolourless.

Density at 20°C.: 0,876
Distilling runge: First 57 within 0.25%C.

5% - 95% " 0.25,
957, ~ end " 0.25%.
Solidificetion point: Not less than 5°C.
Bromine consumption: Not more than 0.5 gm.
bromine per 100 c.c.
Sulpburic acid test: Not more thaen 0.15 gn.
Kacl‘gO-'
Oarbon disulphide: Shall be free from CS;,
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(2)

pifficulty in the synthesis was still beins expertfenced,
due to rapid corrosion of the copper-manganese reaction
coil, operzting at 800*C, A smell scale experimental
apparatus using a fused silics coil had been made, but
bad not been doveloped for production use,

In addition to diphenyl, about 5% each of 1-3 and 14
terphenyls are produced by the process. These are se-
parated, chlorinated and used in sealins varnishes;
pregent produetion is about 4 tons per month, No use
is made of chlorterphenyls as paper imprsnnants, since
the materlals are resinous and tend to crack; moreover
the permittivities are lower then those of the chlor-
diphenyls,

‘the crude diphenyl is next purified by Aistillation.
During this process the terphsnyls remain in the residue.
They are extracted in the following manmer:-

‘The resifiue is dissolved in hot benzens, filtered, and
the 1~4 igomer obtained by fractional crystallization,
The erude product is distilled in vaocue, yilelding l-4
terphsnyl with melting point of 208°C. The 1-3 isomer,
remaining in solution in benzene, 1s more Aifficult to
isolato, The solution is clarified with activated char-
conl, filtered, und the benzene evaporated. The residue
ig distilled to yield 1-3 terphenyl with mslting point
80-84°C,

Chlorination of diphenyl.

For the chlorination of diphenyl & lasd lined vesssl of
10,000 litres cepacity is used. It is charged with 6000
kg. of diphenyl and 15 kg. of ferric chloride., The mix-
ture 1s heated to 110°C., agitated and chlorine passed
in. The addition of chlorine is continued for 100 hours
at a rate of 130-125 ke/hour during which time the tom-
perature 1s rafeed gradually from 110°C. %o 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 liquid for 2 hours and this hy-
drogen chloride is recovered,

The product is transferred to another vessel and treated
with 1/2 of solid sodium hydroxide, hoated end agitated,
The sodium hydroxide is allowed to settle out and the
Clophen drawn off from the top, transferred to another
vessel to which Fuller's carth and soda are added and the
1iquid redistilled. The stills for this proceas ere ges
heated.
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3, Propertiss.
(1) Cepecitor impreemstine grades,

A summery of the vhysicael and chemical proverties of the
capacitor impregnating grades of Clophen is given in
Appendix II, There are six grades of capacitor impreg-
nant, A30, A40, etc. up to A0, the 3, 4, 5, ete, indi-
eating the number of chlorine radiecals combined vith the
diptenyl., Fach grade contains a proportion of the adja-
cent homologues not exceeding 207, Grads A30 has the
highest velue of permittivity, Theoretically the highest

" value obtainadle with a chlorinated diphenyl is 9,0, amd

a grade having a permittivity of 7.0 has been prepsred,
but is chemically unstabls, ané very sensitive to moisture
and impurities, The most comnonly used prades are ASO and
AB0; ASO is the most stable prade eand hes the lovwest dielec-
tric loss. Grade ASO 1s considered by I.G. to posasess the
optimum comdination of non-inflammadility, stabdbility and
vigcosity. 48 with Nidbren, 1t is congidered that no addi-
tives ere required since the substances are stable in use,
provided that the capacitors are efficiently sealed against
the air. BPicufil of Zurich ere the only users of AZ0 and
A4°Q :

The following table shows the varlation in capacitance
and power factor with temporsture for a Clopben impregne-
ted paper capaeitor,

The impregnant 1s AS0, the dicleotric is Schoeller and

Hoesch "A" finigh rag tissue {density 1.2 - 1.25) with

8 thickness of 10 u; frequency of measurement is 800 o/s.

Power fastor shows e maximum value of 0,052 at about +4<C,

while capscitance falls off by soms 207 at tempsratures

below this critical valus, .

Veriation in capacitance and power~factar with
tomperature for a Clophen-impresnated capacitor.

Temperature " Relstive: Power
(*C.) Capacitance Tactor
-60 . 0,87 0.035
~40 0.91 0,024
-20 ! 0.9¢4 . 0,013
[+] 1,02 0,048
4 .06 0,052 (mex,)

+20 " 1.0 0,006
+40 1.10 . 0,005
+60 1.10 0,004
+80 .11 0,005

Yo evidence was obtained from I.G. on the use of any type
of additive with a view to depressing the temperature at
which the change of state ocours,

02314821

HARTOLDMONO0049186




The metlnd adopted for evaluatine the :vatez; content in
oils such es Clophen is described in Appendix III, It
1s also applicadle to such solids as Ribren,

‘Engelhardt stated that no source of failure had been ex-
perienced durine the vhonle period of production of Clo-
phen, which is about 17 years, Consaquently no improve~
ments or modifications had been made or found neceasary
during this period,

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

No detailed infarmtion was sought on this material, since
1t 1s unsuitable as & capacitor impregnsnt and is only
used as a coclant for transformers end phuge shifters,

A summary of its physieal end chemical properties 1s given
in Appendix IV. It has a low viacosity, is moderately
stoble under elsctrical stresses and has the distinet ad-
vantage over mineral oils of being non-inflummabdle.

The principel users of this produet are A.E.G, and Siemens,
tut it 1is understood that, as with other chlorinated com=
pounds, conservatism and prejudice among customers have
prevented its wider use.

No stebiligers are added to the moterinl as their function
of absorbing hydrochloric scid would be defeated by the
formation of "chloride salta”, which in turn become elec-
trolysed. It was s2id to be very {mportent to avoid cone
tamination of Clophen T64 which may occur in transit and
for this reason the use of leather for paskets must be
avoided, : : .

4., MNethods of use, precautions, etc,

No detalls were obtained on the method of fimprecnation
used by I.G. for the construction of test-specimens of Clo-,
phen-impregn:ted capacitor. This was partly coused by the non-
appearance, after the first day, of Emngelhardt, but it is not
considered likely that any novel processes are involved.

For information on the preceutions necessary in the uee
of Clophen, see Section IXI, 5, above.

rs
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ITII-A=d = 500
From - B.I.0.5. Final Neport No, 89%
Ttem Nos, 1, 7, 22 and 31
Pape xiv

Clophen is mede in several grades, which correspond closzely with
their V.3, counterparts, A.50 being the srede most commonly used for
capacitors.

Except for very rare use by Slemens and Halske for special orders,
Clophen hus not been used in Germany for smell capacitors of the tele~
commanioation typs, but it hes been uged extensively by Siemens-3chuckert
for power capacitors. It 1s interestinz to note that the Germsn forces
used Clophen impregnsted and filled tubuler capacitors made by Ducati, of
Milan, who obtained the impregnant from I.G. The prejudice apeinst Clo-
phon was, however, boing gradually overcone and several mumufacturers
woere contemplating en extended use of this moteriml, Some of them con-
sidered 1t to bo equal to or possidly better than mineral oll for opera-
tion at power frequoncies.

6 :
11/24/47

0231823

HARTOLDMONOQO04918




2.

ITI-A=b-50

From -~ B,I,0,3. Final Report No, 893
Item Nos, 1, 7, 22, and 31
Pages 98, 99

(2) bloghen

The only ohlorinated impregnant used by 3iemenag-
Schuckert is Clophen, supplied by I.G, In power factor
corraction and high voltage applications it is consider-
od practically 1deal.

The only type of Clophen used in bulk is A.50, penta=
chlordiphenyl, (corresponding to Aroolor 1254), _A.30
and A.40 heve been tried and found unstable. A4.60, A.70
end A,80 ure too viscous ¥o allow TSE-EooA-impregnation
and have lower permittivities, Although the vigcosity
of A.50 at room temperature is much ereater than that

of oil, the visecosity at impregnetion temperature is
sufficiently low to give no troudble in attaining thorough
impregnation. '

A routine check on conductivity is made on each drum of '

Clophen, end formerly if the conductivity were too high,
the Clophen was treated with powdered chalk to neutralise
the free acid. /As the result of continuel pressurs on
I.G. over a period of years, the acid content had gra-
dually diminished, and it is now possidle without chalk
treatment to work to the same rejection limit of resis-
tivity as for oil, viz, 101° ohm,em, at 20°C, Drums

of Clophen falling to pass the conductivity test sre
returned to I.G., unleas urgently needed, A certain
elesticity is permissible in view of the high stendard
get, Apart from conductivity, further scceptance ohecks
are specific gravity (1.54-1,55) and permittivity (5.0~
5.2), Permittivity is measured at 800 cycles and 20°C.
on a Schering bridge at low voltage., The aceeptance -
stendards for Clophen A.50 sre shown graphically in
Appendix XXXIV,

Clophen costa about 1 I, 60 pfg./kg., and is therefore
much dearer than oil (30 pfe./ke.). This extra expense
is offset, hovever, by the use of a special design
which reduces the amount of Clophen required, An ad-
vantege claimed for this impregnent is that is bas a
similer permittivity to peper (viz. 5).

Other impregpents studied.

As Clophen {s considered nearly ideal, no serious
attempts have been made to find superior materials or addi-
tives to improve i{ts performance, This attitude is sup-
parted by service experience, in which no failures have
been reported, It is reslised, however, that on freezing
discharges may ooour in the comtraction voids, which may
result in decomposition of the Clophen and failure of the
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dielectric. Tests were performed (see Section IV, 2, (3))
to check whether this degradstion does in faet oecur, and
no failure was noted,

Nevertheless, I.G. supplied small semples resembling
Clophen A.50 but having a lower melting point so that this
possidle source of fafluye could be investigated. De~
‘pression of the temperature at which the dipoles descoms
immobile should raise the meximum usable frequensy and
hence troaden the renge 0f applications by introlueing
those for audio-frequency furnaces.

Two of these 1.G,. samples, with references A,1621
and A.162N, are, like Clophen, made from benzene, but have
a lower chlorine content becasuse of the presence of an
additional alkyl group (CpMap+l), and hence a lower density.
Their advantage over Clophen 4,30 18 that the setting point
(i.6. tempercture of maximum dispersion end of capacitance
diminution) is lowered from ~8¢C, to -17¢C., The permit-
tivity, viscoslty end non-inflammobility resemble thoge
of Clophen A.50., The vigcosity/temperaturs curves of
these two samples, K,7 mineral o1l and Clophen A,50,, are
compared in Appendix XXXV.

rs
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I1I-B-2500

December 22, 1947

TO: PHOYPHATE DIVISION “ALVNSIEN
3UBY: Aroelor 5460 es Used in Kthyleelluloss Lecqixer

RE: Fedoration of Paint and Varnish Production Clubg Official
Digest (October, 1947).

Aroolors used as plasticizers and resins impurt excellent qualities
to etlylcelluloge,

Ethylcellulose is used in lacquers of various types, the ethylcellu-
lose acting as a long chain polymer to impart toughness and flexi-
bility and to increase the speed of drying.

Some of the prineipsl uses for ethylcelluloss lacguers are for the
coating of high tension ignition cable; heat sealing lacquers for
foil and puper where the slight discolorution vhich may develop in
nitrooellulose lucguers on hest sealing is not permissidle; linoleum
lacquers where alkali resistunce 1s esuential; textile printing;
printing inks, particulerly in multicolor desiens where hydroecarbon
solvent does not soften or bleed into mreviously printed designs;
airoraft lacquer for resistance to both heat and cold and to guick
temperature changes; record lacquers, especially for home recorders;
and in wood sealers whero ood sanding asnd flexibility ere essential.
A good pigmented ethyleellulose lecguer hes been made, based on the
following formala:

Ingredients Parts (by weisht)
Fthylcellulose N-22 6,4
Aroclor 5460 . 6.4
710, 4.2
Nenthylphenol 0.06
Toluene . 67,0
Ethanol) 16.0
' 100,06
Benignus
rh
Copled by rs
2/2/48
023182°

HARTOLDMONO00Q4921




I1I-G~300

From - Memo G,Y, Frenkle/P.G, Benignus
Mareh 11, 1948

Soil=Poison Concentrate

As desorided delow, these materials are formulated into a water emul-

sifiable soil-poison concentrate carrying almost 80 per cent by weight
of aotive ingredients,

Aroclor 1242 33,54
Trichlorobenzene
(¥ixed isomers) 33,5
Pentashlorophenol 10.0
- Isopropyl aleohol 3.8
Toluens or Xylene 16,7
Sterox SE¥ 1.5
Santomsrse 3 Paste 1.5
100,04

* Other non-ionie type emulsifyins agents such as
Triton NI or Span and Tween cen be used to replace
the Sterox S,

Copied by rs
4/2/48
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III=H-10
Chemical Abstracts

POSSIELF USE OF AROCLORS

Vol, 41
Page 6867

U,3.P. 2,425,978 to Anderson and Coalehan, {Hercules
Powler Compeny) .

Foundry cores sprayed with 15¢ solution of chlorinated
naphthalene in hydrocarbon solvent show greater scretoh resis-
tance than untreated cores, Cl, content remains from 40 - B0
Cla.

Particulsrly cood for use with .l castinrsg, -

rs
12/2/47
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(3

Iv=-10

From « B,I.0.3, Final Report No., 893
Item Nos. 1, 7, 22 and 31
Pages ~ 10 and 11

Much less trouble hes been experienced with chlordiphenyl than
with ohlornaphthalene, probably because the former, baing liquid, in-

‘Yolves less physical dontact in disposal,

Prevention.

Very thorough washing of all areas of the skin likely to be
contaminated with solid, 1iquid, or fumes has always bsen ths basic
prinoiple in prsvention of skin troudles, and is still looked upcn
as fundanentel, . . :

“hen fatty soaps cesged to be available, because of the di-
version of fats to food, it became essentisl to insist upon the
uge of barrier ereums, of which the best was one named "QUILBO®,
made at Trommersdorf. 'This has now been replsced, for lack of
supplies, by an alternstive maode by I.G., named "MITIGALY, whioch
19 oconsidered inferior to cuimbo dbut satisfactory. .

The Fissan firm put up a special powder nsmed "SCH'EFEL-
PULVER" to act as a barrier, dbut this was found to be inefficlent
except to allay irritation on skin areas exposed to fumes only.

For this purpose it still finds use at leverkusen and at the Hydra-
werke factory at BDerlin,

A special point 1s made of fume extraction, and the minimum
air spsed away from the operator is 1 metro per second,

To check the efficlency of the precasutions, a thorough exami-
nation 1g made overy 4 weeks of every worker coming into contact
with ehlorinated hydrocarbons, and since the enforcenment of the
precautions, no deaths or symptoms of internal injury bave occurred.

5ince superfatted soaps huve ceased to be availadle, a cleansing
oomposition containing dichlor-methane bas been devised. This is s0
powerful e detergent for chlorinated materials that barrier creams
are oonsiderod umnscessary, but it is uncomfortebly irritant to many
skins.

Cure.

“hen severe attacks of chloracne end internal sickness were
encountered, in the early yesrs, when the properties of ohloripated
materials were not well undsrstood, extensive rest periods had to
be prescribed, together with a gensrous diet, entire abasence of
further contaminstion, and long periods in the open.

Since precautions hive been taken to minimise the effects,
only e few mild cases of chloracne have been mot, These have been
treated with a solution of ecetic and selioylic scids in methylated
spirits,
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(4) Conclusions and Recommendetions,

I.G. oconsider that neither toxicity nor skin effection need
now be any deterrent to the use of chlorinated navh’ohalene, and
that chlordiphanyl 18 1f enything less troublesoms,

Certain people, notably those with fair skins, show distinot
sllergy, and are best diverted to other work not involving contact.

gerupulous cleanliness of the skin (including the face, neck,
and arms) and of the clothing (especially undergsrments) is essen~
ttal and noeds strict enforcement, “Jashing with hot vater and good
. soap 1s sufficient, so lonr as the soap i3 superfatted, since the
gkin baoomes sensitive to irritotion by alkell,

Rerrior cream should be used on those parts of the skin whiech
oome into contact with solid or 1iquid materizl, and the area of
econtact should be minimised by the use of protective clothing and
gloves where possible. Areas of the skin which are contacted by
fumes only, end particulerly those chafed by clothing (e.g. the
neck adjecent to the edge of the clothing) need protecuon by @
suitable soothing powder,

vhere fumes are generated, they should be drawn away from the
operator at an air speed of at least 1 metre per second. It may
bvas found essential to have two ducts, one at floor level and one
overhosd, with exhaust in two dirsctions simultaneously.

In cuse the procantions are beinp, evaded, or lest there should
be soms {diosynorasy, momthly medical inspection is desirable.

Trs )
11/24/47
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IV-B=100

From - The Journal of Industrial
Hyeiene and Toxieology
Volume 20, Number 2
February, 1938

I'ORPHOLOGICAL CHANGZS IN TIE LIVERI OF RATS
RESULTING FROM EXPOSURT TO CHRTAIN
CHLORINATED HYDROCARBONS *

Chlorinated hydrocarbons, particularly chlorinated nachthalenss
and chlorinated diphenyl, have been used extensively in certain in-
dustries. Their uss in the manufacture and vrenarstion of many types
‘of electrical equipment is constantly increasinc., Althoush it is
known that some of these compounds cause acne, only recently has the
possidbility of more serious systemic effects been recognized.

The present paper describes the patholoeical chanmes observed in
rots that had besn exposed to various chlorineted na-hthalone come
pounds and to chlorinated diphenyl.

Compound G {chlorinated diphenyl) was adminiatered to two srouws
of animels in low concentrations. An everase concentration of 0.57
mems. por eu, m, wus employed 16 hours dally for 134 days in the first
experiment. In the second experiment (employins an averure air con-
contration of 0.93 mgms. per cu. m,) the animals were exposed 8 hours
daily for 143 days.

The present experiments demonstrute that chlorinsted nephthalene
compounds and chlorinuted diphenyl are capable of nroducing marked
liver damage in the white rut without demonstrable microsconic chanmes
eppeoring in the other orgsuns. Furthermore, the characteristics of
the liver lesions resultins from comparadble amounts of &sny riven com-
pound are tho samo, regardless of the method of sdministration (inha-
lation, fecding, or subcutaneous injection),

. L[]

Of the various chlorimted hydrocarbons tested, chlorin.ted di-
phenyl puve evidence of beinz the most toxic, ‘'hen adminigtered by
inhaletion in very low concentrations (averape 0.57 to 0.93 mrms.
per cu. m,) liver cell chunres were very pronounced after the first
exposure period. The most etriking change wes the hyalinization of ¢
the cell cytoplesm (see fig. 6, plate III). 3uch cellular alierations
were essentially unchanged after a 2 month recovery period, In these
animals amall sublethal doses of curbon tetrachloride and alcohol uni-
formly produced extensive liver necrosis and was hishly fatsl to them
(firs. 1 end 2, plote VII)., Chlorinated diphenyl fed in gmell dnses
produced similar but more marked liver injury {see fi», 5, plate III),
In large Goses this compound was highly fatel. The liver chanres in
animals dying after short exvosures were inconspicuous and consisted
mairly of swelling of cells and active re~encration (see fig. 4, plate
IIX). However, animals removed from exvogure before being futally
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poisoned, subsequently developsd hyaline depeneration of liver cells

similar to that produced by prolonmed udministration of amall doses
of this ocompound,

Thus the results of the wesent study, as well as certain field
studies that have been mude (1) suc-est that the solution of the in-
dustrial hszard involved is dependent largely on e reduction of the
air oconcentretion of these compounds to a level that will not produce
liver damopre, The present experiments indicate that lower air con-
contrations must be obtained in the case of the more highly chlori-
nated naphthalene compounds and chlorineted dinhenyl then for trichlor-
naphthalenes if & safe environment for workmen is to be assured. BRe-
cauge of the pronounced toxic effect of small doses of carbon tetra-
ohloride on the livers of animals elreudy injured by exposure to
chlorinnted naphthalenes and chlorinated dinhenyl, its use as 8 s0l~
vent for these compounds would apnear to be very hazardous,

rs
2/3/48
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TUold Diasbicy hosiweceh Ry

! ¥inal Report on "Bvaluation of
Yionserto HNateriels os Flooti-
clizers™,

Job No, 53¢,

C AROCLOR 1232

Colculated molsculor weighu: 22%

Refractive inflex*: 1.620 «t D0°C,

Saponificat ion equivalent™: none

Crystellization point™: 32,560,

Boiling point™: 290-325¢C. at 760 mnm,

Actdity™: .01 millipgrems KOH/gm,

Acidity after heat: none

Color (Gerdner Stenderd): O

Color after heat: O

Color after light: 11-12

Specific mravity™: 1.2625 at 25/25¢C.

Uater soludility: .0016% at 25°C,

Stability to hydeolysis?: essentially nons

Qdor: chleroeromatic

Viscosity: 256°C. - 6.24 centipoise
0%C, - 65 centipoise

=20°C, = 627 centipoice

30lubdlity: 3oluble sn: octyl alcohol, acetone, ethyl
acetato, benzene, Skellysolve C, Skellysolve I,
turpentine, custor oil, cotton sced 0il.
Partially solubtle in: methenol, ethancl, ¢ly-
cerol, lipased oil,
Ingsolabkle in: glyocol

ra
8~20~48

"
013‘”
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I-A=b-300

ABLE 1

DENSITY AND SPECIFIC VOIUME OF AROCLORS

AROCLOR 1242
Temperature Density Speecific Volume
(c.}) ° (g./m1.) (m./g.) 7
49.9 ’ 1.3546 0,7382
l02.2 1,3051 0,7662
150.3 1.2587 0.7945
201.7 1,2080 0,8278
254,0 1.154¢ 0.8659
298.2 ~ 1,107 0.9033
AROCLOR 1248
Temperatuxe Density Specific Volums
(eC.) (g./md.) (ml./g.)
25.1 1.4439 0.6926
49,9 1.4192 0.7046
103.3 1.3673 0,7314
150.1 1.3210 0,7570
201.7 1,2691 0.7680
254.0 1.2148 0.8232
298.2 1.1664 0.8573
SAROCIOR 1254
Temporature Density Specific Volume
(ec.) (g./ml.) (ml./e.)
e e Rrme s S i
25.1 1.5392 0.6497
49,9 1.5139 0.5605
102,9 1.4607 0.6846
150.) 1.4127 0,7079
201.8 1.3595 0.7356
205,58 1.3096 0,76%6
298.2 1,2546 0.7971

0231835
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I-A<b =300

TABIE I Cont'd

DENSITY AND SPECYFIC VOLUME OF AROCLORS

AROCLOR 1260
[

focher )

specific Volums

Temperature ‘Density
{eC.) (g./ml.) (m1./a.)
49.2 1.5956 0.6267
102.8 1.5424 0.6483
130.2 1.4931 0,6698
201.,9 1.4386 0.6951
251.0 1,3854 0.7218
298,3 1.3322 0,7506

Copied by rs
1-20~49

D, Ward
Central Research Department
December 21, 1948

0231836
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0F O1L3 MDD CHILEIRATED DIFIEN

R. B, Dow, ¥, R. ¥erske and Ho ¥, Morgun
Tho Pepasylvasia Stety Collegs

Industrisl &nd Engiveering Chomistiy
Vol. 29,.10%6-30, {1937)

The following data are token from tebles in the sriiclie end shonlé
be viewsd critically. 3Specific heat 82ta are ocut of line with our

Arooclor figures.

. - Centipotses
Sn. B, Vige, Visc, Vissceiby Deneity
AvooLlor  Unl./ @/ C?2 B0sC,  78°C, Inéax _50e2.
1248 0.5 129 B.Y | ~834 %0445
1864 1,48 2740 . 24 «1¢89 )..540
mefie dhat tho irercose in viecoaite wisk 1::?0:.:76,:-'3

Obgervasiqns wero melc :
wag very goeb vith the Aroclors enG Arvelor 2% oxLibit Ccag of e righush
highest vatio of imervass krown fox an oil. .

02087
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I-A=g=400

TADLE 1T

VISCOSITY VARIATION WITil FRESSURZ

Proasure 20°C KM
pat 1248 1254 l24e 125¢
14.2 129 cps 2740 cps 8.7 eps 24 eps

500 — 3140 — e
1000 153 4020 9.3 25
1500 ~ 5670 - -
2000 18} 8740 10 26
2500 —~— 14300 - ——
3000 223 23600 1 29
3500 - 40500 ~ -~
4000 287 ——— 12 33
5000 364 — 13 40
6000 553 v 15 48
7000 833 o 17 59
8000 1270 —ermos ) 19 . 73
9000 1950 - 21 - o2

100000 2940 m——— 24 117

12,000 . 30 198

14,000 39 345

16,000 5% 642

18,000 75 1290

20,000 11 . 2580

22,000 176

24,000 300

26,000 494

£8,000 . 816

30,000 ' 1350

32,000 - : 2196

Copied by ra
7=12-48

023183¢
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TwA=p=400

TABLE IX

VI3COSITY OF AROCLORS

4BOCLOR 1240
Temperature Kinematic Viscosity Absolute Vigcosity

(+0.) . (Centigtokes) (Centipoises)
24,80 1 151,0 218.1

25,10 . 144.7 208.9

25,41 140.2 202,4

49.9 118,27 25,93

99.4 3.04 4.17

150,2 1,257 1,660
'200.4 0,777 0,987
251,8 0,533 0,649
297,7 0.412 0.482

SR0CIOR. 3204
Temperature Kinemctio Viscosity Abgolvte Viscosity
{*Cc.) . (Centistokes) . (Centipoises)
k- L g

24.80 585x10 901x10

25,41 8505x10 777x10

49.9 98.7 146 .4

50.1 95.9 144,9

98.7 5.86 8,59
150.6 1.785 2,521
200.4 0.991 - 1.349
£50.3 0,658 0.863
251.8 0.652 0,853
297.6 0.485 0.608

Copied by rs
1-20-49

D, Viard

Central Research Department
December 21, 1948

0231839
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I-A-2-500
NONFLAIDL.BLE DUSLECTRIC ORGANIC COMPQURIS

¢ F. 1.

Industrial and Erpineeriny Chemiastry
Vol. 29, 698, (1987)

Clurk - Goneral Lleutric Company

Charocterictics of Dielectric Liquid Zompoinds

Pontechlor Pentachlor Hexachloro
Portachlor- {&iphenyl diphenyl  diphomrd~ Trichlor

Property Biphenyl 0xide _ Ketone Mothane — Benzero

Burn Point : NLF, N,.F, N.F, H.F., N.F.
Sp. Gr. (*C/15.5¢C.) 1.5 (65) 1.59 (100) 1.43 {100) 1.52 (100) 1.46 {©5)
Viecosity, SUs, °C. 45 (98) . 380 {37.8) 54 (100) 84 (100) 30 (37.8)
Pour Point, *C, . + 20 4] + 15 + 20 0O-10 ¥.2,
Refr, Index (26°C.) 1.6580 1.6220 1,6370 1.6570 1.57C0
Dielaotric Strength, Kv, 40 40 40 40 40
Dielestrsic Constant (asvc } 5.1 5.0 . 8.0 4.3 4.8
Ave formed Gasos N.E. N,m, N.E, N.E. N.E.
Sludging Nono None None None None
Froe A0ld Noxo None None Noua . Nons

! Distillation Rangoe, °C 360400 220250 250300 280~340 200220

! ( ' {15 rm) (25 mm) (25 mm)

N.?. ~ Non-flammable.
N.E., ~ Non=exploalve.

Aroclor 3264 -
Viscosity ~ Molichoal - Cantipoisus
Tomperature = 0, Viscosity - ops.

28 6000

). 3000

’ 40 700
50 1680

60 7

&0 26

Copivd by T3
71«48

( ' : ‘ 0231840
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Apsarently the greatent drawdack to the use of 3idicone as a gesket

I11-6-100

t . Louis Measrs.
8 " Edgsr E. Herdy - Anniston

MNay 25, 1948 A.M, Ellendburg - Anniston

) : Paul Logue.
Dr. R, L. Jenkins T.H, Wheslock
Mr, C. B. Durgin

Anniston . Aroolor--Silustio Faotp

Attached are two copiles of the No, 5 series about Silagtic Faots, '
Recently Dow Corning submitted the following inforration to us:

ngtlastio 1s swollsn quite badly when sudbjected to mest organic
golvents such as toluene, benzens, eto. However, our laboratory
hag reocently submitted a report concernlng the effects of chlori-
nated diphenyl on Silaestic, Silastic immersod in chlorinated
diphenyl for seventy hours at 150C. The change in the physical
propertiea were noted and the figures indicated that Silastic is
remarkably resistant to doteriorat:l ons from contact with the hot

'ohlorinated Aiph °“§ e chenges in the properties are similar
0 those produced by hot lubricating oils and can be summed up as
rollon.

(1) Lowering of the hardneas by about 20 points.

(2} Improvement in the olastiocity by several points,
(3) Practically no chenge in tensile strensth.

(4) An appreciable increase in tae ultimate oloagation,”

Western Felt Manufacturinz Company at Chicago, Illinois, quoted Silicome
180 in sheet form as follows:

8x8" shost, 1/4" thick $11.25
20x20" shest 1/4" thick 63.50
24x24" gheot, 1/4" thick 89.50

erial for ho A.roolors is the high price of the plastics.

Benignus
rh
enos

Copied by rs
9-L24~48
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111-3-100
HANDLING AROCLORS .

Gasksts = Aroclor and Pyranol
: Letter ¥. B, Zienty to H. M, Hitchens = 9-20-48
"At a recent meeting it was stated by Dr. Suits of General Eleotrie

- that silioons rubber gaakets wore found to hold Pyranol effectively under
oonditions where other gasket meterialu gave poor performance with respect

to freedonm from leaks,"
SATES DEVELOPMENT REPORT
P. G. Bonignus =~ 2-18-48
Preoislon Dio Casting Company, Cleveland, Ohio

"Ball~bearing swing joints made by Chiksan Tool Company at Bree, Oaufornu
used on flexidle connections with Aroclor instellations.,

"G, E, Glyptal # 2 Red is excellent for sealing fluild on applioav‘on to
throadod pipe,” .

T8
9-24-48

023\0‘02
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DIRECTIONS FOR TEST NO.___ 143248
- suBJECT:___Evavoration @est of Liquid Aroolors
METHOD:___ 8 Boura Heating et 100° G. ASTM D6~GUT — Modified

Procedure

¥oigh on a rough balence about 50 grams (+ 5 gme} of the well mixed
Aroclor into apd mcourately tared tin box, 55mm, dla, X 35 mm, deep
{3 oz. G111-st§)e ointment box, desp pattern), Fisher §1-5620. Let
'stend until box and umplo are at room temperature, then weigh acou—
rately. . . .

: ] Place the box in & ven\‘latod conveotion oven maintained et 100+ of

! & 1¢ for 8 hours, Remove, cool in desicoator to room tempsrature and
, acourately reweigh, From the loss in weight oaloulste the onporation

1 o in per cent. Repoxrt to ueond deoimal place only.

o

Notes

" 1. Be suro box is at room temperaturo whenever exact woight 48 taken,

Y

1 ‘| 2. The oven should not oontein other samples vhioh night 1ntorroro
o - |l with evaeporation. : ; .

3. Beocause tho evnporation loss 18 eonntivo to tomporntu.n. the air
bath must be oloaoly maintained nt 100+ ¢,

et

FAB:on
1-29-45

Copied by af
nA/s
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