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. RESRARCH DEPARTLENT - PHOTPLL.IT DIVISION
MONIANTO CHEMICAL COPANY
Anniston, Alabdema

ARQELOR DATA 200K

Oonnl iaformation on prupmul of iroelore, Aroclor procens
data, uses of Arcolors, smd ﬁnlologiul effacts of \roelora.

YORE10RD

As s mesns of prasentinc tbe available data on .roclors to the in-
terested persomnel within the Xonsanto organization, this looselsaf
notedbook is deing oompiled, '

Host of the dota has resulted from work ¢arried out within our omn
organization. Literature references, however, will be cited in sld
cases throughout the compilation in arder to allow nors detsiled infor-
mtion to be obtained dy the user.

The following detaliled outline is for fooiliteting the locetion of
data in the Dook and to sesist in properly insertine new data sheets.
Zach Aroolor is t0 be given u series mumber for location under the
penersl hesdings. This scheme st present 1s as follows:

Aroclor 1321 - 100 serfes
Aroclor 1238 - 200 series
. Aroclor 1243 ~ 3500 series
Aroolor 1248 - 400 series
Aroslor 1334 - 300 eeries -

Aroelor 1860 - 600 series
hroslor 1262 - Y00 series
Aroclor 1268 - 800 series
Aroolor 1370 - 900 series
Aroclor 1271 - 1000 series
Other Dipheayl Aroclore - 1100 ssries
"Aroclor 44653 - 1500 series
_ Other High Boiler ircelors - 5100 serieq
Aroslor 5442 - 2400 serise
aroelor 5480 - 2500 series

Aroclor 5463 < 3600 series '
aroslor 5488 - 2700 seriss
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aroslor 2563 - 3000 series

Related Compounis - 4000 series

THIS REPORT AND THE INFORMATION
CONTAINED MEREIN IS THE PROPERTY OF
THE MONSANTO CHEMICAL COMPANY.
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The pege pertaining to the solubility of Aroolor 4465 in verious
solveats would de of this typs "IAS -~ 1500", In cases where the infor-
motion for all Arvclors can be compiled om one sheet, such as refrac-
tive indices, the pare will be inserted under the genersl hesding and
will bear only the number for the first iroclor, for exsaple, IAh - 100,

I, OENTRAL PROPTRTIE3 OF ,ROCLORS

A. Phyaiosl Propdri.iu

{w)

L]
(o)
(4)
{e)
(£)
()
(n)
(1)
(3)
{x}
(1)

General Plylloul Constants

1.. Formula and molesuler weipht

2. Spesifications for :anufecturs
Density and 3pesific Gravity

Cubiocal Coefficients of Txpansion
Vapor Pressurs and Rate of Tveporation
Specific Heat and Heat Capecity
Thermel Conductivity

Viscosity N

Refractive Index

Heats of Vaporization - Other Manie Properties
Soludilitiss

Flash md Plane Poiats

ligeellaneous

B. Eleotrical Properties

(a)
(v)
(o)
(e)
{e)
(£)

Dislsotric Constents
Power Tactars ‘
Dislectris 3trength
Volume Resistivity
Dipole Moments
Fisoellaneocus
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II.

11X,

MCTHODS OF MANUFACTURE:
A. lonsanto Process ‘
1. QDaw mterials
2. Cl;lm.'mum
S. Distillation
4, Storege and Thipping
B. Germas Process
C. Other Processes
USE3 OF AROCLR3 .
A. Eleotrical Field
' 1. .Transformers
2, Capacitors
3. Coating for 'Iire
4. Other uses
B. ‘Varnlshes
C. Plastioisers
D. Eydreulie Fluid
- R Yire Retardasts
7. Hoating modfum
a. lnnona‘um o
H. . Suggestions for new Uses
PITIIOLOGICAL E¥FOTS
1. siu Tests

2. . Systematic Tests

P~TINT3 U3ING .iROCLORS
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THIS REPORT AND THE INFORMATI
CONTAINED HEREIN IS THE mrtarvgr‘
-t THE MONSANTO CHEMICAL COMPANY, -

The dook is subject to revision sud chenres ss varicus data are
located., Oraphe and diangrame will be inserted when poseible end new
gruphs drawn as information is compiled,

No indices of ssotions {a Dlanmed ut thig tims, but later re-
visions may include such paces if the volume of informution warrsnts
1t.

Contributione of new snd sunplementery dats are esrneetly so-
1icited. Any disorepsncies in the existing data or advice es to e
better means of presenting the information will be greatfully acknow-

1edged. Address sll correspondence to the group lesder in charge of
the research on aroclore at Phosphate Division -~ Ressarch Depertmemt,

Anniston, Aladema, . ,
| a0

R. R. Ym;ght
a.m, 2%17
A. R, Fllenburg

T
12/8/4v
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Tanne ’ 'l.. Ne.
'STANDARD ‘S)l;'_BCIFlCATlON

Monsaxto Caemicar CoMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: _ircalor 1221 gggg NO.: 10400200t
GRADE: Demor AUTHO! T4, 108
PROD. DEPT. NO: SUPERSEDES: _ligsalsniative
R L » 4 l . ob o o
APPROVED BY (lnitials) 1o0imeds toioeas oisacds ansde
Control Consumer
- Specification Specification

Crude Aroslor 11213

Ipe Or, at 6890, 1.150=1,160

Aotafiny, nv, lem. £0.9
Aroclor 12331:

Golor 40 APR\ max,

Aetdity, mg. NaQl/(m. 0,01 maz,

9. OFe ot 88/15,5%C, 1,145«1,158

Chlorine eontent 20,9=21,5,.

Visoosity as 100eY, : 30_-41 09
NOTEX

Copied by =9
vi/e
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" STANDARD %;zcmamdu
MOWSANTO CHEMICAL COMPANY

PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: ____Arcelor 1238 CODE NO.:_)040-330u75-00
' : DATE 4, 1948
GRADE: . l’ﬂﬂll‘ : AUTHO ¢
PROD. DEPT. NO: SUPERSEDES: 'ow-TentatMye
Rl A, ’o’gﬁ. PN,
APPROVED BY (Initials) 13=17-48 13- i 1301
Control Consumer
Orude Aroelor 1138:
e OF. at 68/15,8%, 1.840-1 348
Aeldisy, ma, Nef/om. . «0.8 )
Aroslor 12824
Colar 350 .PH. max,
Aogdity, mm, NoOi/em. . 01 mex,
IJp, Or, at “m.a.o- 1.,239=] 240
Chlorine contend 31.3=83,8
Vissosisy at 100°T, f“’ 03
L]
NOTES

w:ivn

MONS 057954
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STANDARD SPEC IFICATION

o
MORSANTO CHEMICAL COMPANY

e ——————————————

Produot: Ohlorinated Diphemyl, d1stilled Code No._1040-240-78-09
Orede: __Atcolor 1243 : Date Authorized_June 21, 1940
' Supersedes Specification Dated_July 3, 1934

Tolerabls Limits Typical Valns
“sp. Or. av 68/15.5%C. 1.5%6 %o 1.348
colar, W.PA. 0.5 Yaxirun
Asgdity, Mga NeOH/gm. .01 kaxtmum _
Visaosity at S4.4°C. 47 to 50 Seconds Seydolt Universal
Approved by ___A. B. Gerber Apgroved dy M_y%_
T R TeY Uhesd et ) o6 Wimager

Apteoved by __ Biw. A, O0'Neal, Tr Autnorized by J. N, Carothers
’ Works WanagerT Thenioal Uirestor

Copied by *s
4/8/8
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. JINOAD sPyICATION
o’ .
MOWSANTO CHEMICAL CONPANY

Proluot :_Chlorinated Diphenyl, distilled Code No. 1040-280-75-08
Orete: _ Aroslor 1248 . Dats Autharised Juns 81, 1940

08 Rl 298
Supersedes Speeifiostion Dated July 3, 1034
Tolarable Limits Typical Value
9p. Or, et 63/15.5C, 1.404 to 1.414
color, N.P.A. ' 0.5 Maximm o
Acidity, Mgn NaOH/gn +01 Maximum
Viscosity n' 54.4°0. ‘ 69 to 76 Jeconds Saybolt Universal
Aroclor 1262 . . . Code No. 1040~310-75-09
9p. Or. at 90/18.8¢C, 1.572-1.588
Color, N.P.A. 1.0 Jaximam
Acldivy, Mgn NeOH/gm. Ol ¥aximm
Viseosity at 98.9°C, 88-100 s
Approved dy _A. B, Gerder - Apixoved by Robert S, Weather
- Chie Uhealat e Lans gay

Aprroved by Edw. A. O'Nesl, Jr, Authorized by I, N, Carcthers
Works Lhanager i thenice] Direotar

Copied W re
4/8/8
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STANDARD SPECIFIC:TION

MONSANTO CHEMICAL COMPANY

Produot: Aroelar 1254

Code No._ 1040-280-75-09

Orede: Dieleotrio

Golor, APHA Scale

Condition
Specifie OGravity at 65/15,5°C .
Aeidity, Uga. ¥eGH/pm.

Inorgsnio Chlorides, pIm.
Sagbolt Viscoeity at 98,9°C, ses.
Dielestrie Coastant at 100°C
Resistivity st 100°C, ohm-om., a$ 8500 valts
Refrucsive Index at 20°C
Distilling Rangs, Obssrved, 10%

Obgerved, 50%

Observed, 20%
Pour Point ’ .
h“‘. pPpR.
Bvaporat ioa, 8 ‘Hrs. st 100°C
Corrosion Ton-cnnn 13 welsht

Asidity after test
Inorgeni® Chlorides after test
Condition . after test

Colow T "after test )

s
8/11/48

Date Juthorized _10/3/41
Supersedess sgngw

100 ax.
Clear
1,498=1,505
01

0.10 tax,
44.5-47.8
4.15-4,.%
Above 800 X
1.6370~1,6390
380-385+C
305-368°C
382-375°C
8tols

38 Mex,
0.4%

0.0%

0.01

V.10 Max,
Clear

150 Max,
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STANDARD PEC IFICATION °

o

MORSANTO CHEMICAL COMPANY

Produet: Aroelor mo'
Grede: Dielectric

Color, APHA Scale
Condition
Speeifis Gravity at 90/15.5°C
Astdity, Ngn. NaOH/gm. -
Inorgesnic Chlorides, ppm.
Saytolt Viscosity at 98.9%C, sec.
Dislectric Constant at 100°C
Resistivity at 100°C, ohm-on. at 500 volts
Mefraotive Index at 285°C
Distilling Range, Odesrved, 10%

: Obesxved, 80%

Observed, 90%

Water, ppm. . .
Evaporstion, 6 Hra, at 100°C
Ocrrosion Test-Change in weight

Aoldisy after test
Inorgenid Chlorides after test
Oomd iss0n after

CGolor atter test

re
8/11/48

Code No. 1040-290-75-00

Date Authorised _11/18/41
Supersedes: 5[2[8!

100 lax.
Clear
. 1.550-1,360
01
0,10 Max,
78-80

3.6-3.8
Above 300 X 109
1,6455-1,6465
3703770
377-888°C
$86-400C

868 - 34

SS Max,

o3 $

o’”

0.01

0,10 Max,
Clesr

1850 Mex,

MONS 057958



655250 SNOW

SPICIFICATIONS FOR 90LID DISTIILED AROCLORS

1268 ihite to-yellow
‘erystalline

1289 ~ ‘hite to grey or
1ight yellow
arystalline
powder

1870 Thite orystalline

» powder

1271 Prectically white
g fluffy
powler

Copted by rs :

4/8/48

ACID WO,

158-160°C. 0.08 Max,

225-855°C,

COLM

% o

80 APHA
m,

T ——

904°C,
Min,



[:] s B4 ' PI'. Ne. —
STANDARD %!;BCIFICATION

MowsaxTto CuEMICAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: _ Aroslor 4488 (Rermlar)  CODE NO.:_lnageAwnston
. DATE

GRADE: AUTHORIZED: getohar &, 1944
PROD. DEPT. NO.: SUPERSEDES:__Juns 3, 1944
. - NeloTo BeFeis P.Le Ne3eTe Pl B,
APPROVED BY (Initials) 9actmdd H ) .
’ Control Consumer
Specification Specification
Appeoranse 3 ‘ elear, 1178
yellow,
rittle resin
Color, 'QPJW. . 2,0 max.
Yftenine Point
(e3¢0 ole) 60 ~ 68%0,
Acid imber
{ LifiaOlY/rme ) 0~ 0%
CryotaliiniSy No, spee.

* Ragsing eolor 1imit %0 2.0 moximam 1is resommended becauss
inspestion reeords show that all lots proluced in 1944
bave bad & solor of 1.9%.

NOTES:
Gopied Dy rs
«8/e

MONS 057960



STANDARD SPECIFICATION

MONSANTO CHEMICAL COMPANY

.

Produst:_ Chlorinated High Boiler Gode No,_1060-480-78-09

Grade: Aroclar 3480
e

‘Date Authorized_lay 10, 1940

Supersedes Jpecification Dated Decemder 23, 1938

Tolerable Limits Typical Value
Appearense Glear, light yellow,
) brittls resin

Golor, N.P.A. o 2,0 maximun

Crystallinity Test . '!'n pass test

Softening Point, AITH © 100 ~ 108.5°C.
. Agid Number .

~ Men NoCH/em. 0~ .08

chlorine ' 59.0-90.6%

Approved by _A. B, Gerber d
. — Chie? Chemlsk

Approved by Biw. A, O'Neal, Jr,
= —works Taager

Copied by rs
4/8/48

Approved by Rodert 3. 'om-rgl sés(w
[ o
Authorised by _J. N. Carothers, 55}0‘00
GR1cH, @'

MONS 057961



lonsanto Chenical Company
Anniston, Alabama

Aroclor Test Methods und Designutions

Spesific Oravity of Aroelors
Total Chlorine in Aroeclors
Softening Poins of 9J0l11d Aroelors
Determination of Irem im Aroclor
Tlash and Tlame Points

Visoosity of Ligquid Arcelors
Distillasion Renge of Aroclors
Rvaporation Test of Liquid Aroclors
Refractive Index of Liquid Aroelors
Reslstivity of Liquid Aroclors
Nislevtric Constant of Liquid Aloclors
Acid Numbder of Liquid Aroclor
Color of Arcolor - NPA Seale

Color of Arcelor - AFBA Josle

Acid Fumder of %114 Aroelors

Pour Point of Liquid Aroolors
Inorganio Chlorides in Arcelors
Tater Content of Liguid Aroslors

14~10-48
14-13-48
14~-17-48
14-21-48
14-24-48
14-29-48
14-31-48
14-32-48
14-34-48
14-35-48
14-38-48

14-42-48

14-43-48
144448

. 14-46~48

14-47-48
14-48-48
14-53-48

MONS

057962



lonssnto Chemical Company
Amniston Method No, 14-10-48
Specific Gravity of Aroelore

The tempersture st which the crovitiee of 1iquid Aroolors ere takem
varies with the viscosity of the liquid. Note the temperature st
whioh the gravity is to be teken for the Arcelor under test and hast
the sample t0 10°C. above tha$ tempersture. Pour the hot sample into
She steam or bot water jecketed hydrometar jer provided for this test.
Stir well with en accurate thermometer end adjust the temperwturs to
the deeired point by sontrollins the steam or hot water feéd to the
jecket. Continue stirring uatil the tenpsraturs remaine constant for
half s mimute, Allow the hydromster to sink into the liquid, thea
read the hydramster scels ot the point of the lower meniscus and record
with the temperature.

Report the specifis gravity to the nesrest 0,001 unit.

MCONS 057963



) Hm;nnto Ch-!uul’cmny
Amniston Method No. 14-13-48

IBTECT: roéu Chlorins in Aroclars
LETHOD: Volhord Titrstion following Peroxide Fusion y

Chlorine in Aroelors may be deternined dy fugion of the sample with
sodium peroxide in & Burgess-Ferr fusion eup, extrsoting the fusion

with mater, scidifying the water extraet with nitrie acid, end nre-

eipitating ths chlorine dy addition of an ex0ess of silver nitrate.

After filtretion, ths excese of silver nitrate is detsrnined dy ti-

tretion sgminst potassium thioecyanate, usine ferric ammonium sulfste
se indicator.

Apparstus

The fusion oup used 1is the Burgess~Parr Sulfur Bomb No. 3 for flame
ignition. A lecd gasket is used. Tor ignition, ths bomd 1s sus-
pended through ¢ 1-5/16" round hole in & 1/8" transite vlate, This
allowe the fusion cup to extend throurh the oluts for sbout 5/8 iaech,
Ignition is effscted Dy strongly hestins the dottom of the fusios oup
with the full flams of s Keker durmer for two minutes.

" The domd, masksts, and the sodium peroxide sre obteined from the Parr
Instrument Company, Woline, Illinots.

Chargs for Fusiona

The fusion mixture is made un of about 15 srems (ons retel secoop)

of sodium peroxide and 0.3 grans of finely powdered sane. sugsr, The
reagents should be free froa cblorims, Or s btlenk run end corrected
sccordinfly. The fusion mixture is mall mixed dy plasine the ingre-
dients in s smell class stopnered bdottle snd shaking vigorously. A
messuring spoam for the guger ie convenieat.

30LID AROCLOR3: The non-crystallins type srs weirhed in ths form of
small pellets. These are precared by hestinc the .roelor until s son-
sisteney 1s Tesched ss will permit dropping it from s glass stirring
rod onto a tinned surface (a ocan top), each drop formin~ s pellst.
/hen 0001 these Peliets ocan de remcted from the surfuce by inserting

s sputulo under them, .4 “Tsma sre used. The pellats are drushed
into the bYottom of the fusion cun spd the fusion mixture nlaced on

top of them. After tightening the 114, ths oharge is ready for fusiom.

The orystallins type Arcclors ars weiched in the powdersd form, .4

grams being used. They are charred in the same mamner ss the aom-
orystalline type.

MONS 057964



. Total Chlorine in Aroeclors -l =

LIVID AROCLORS: .20 to .50 grams are weighed by dro-ring from e
wtirrias rod onto & plece of thin hemisphericslly shaped slass, or
1/2 slatin oapsul {Gelatin Capsulss No. 00, United Drug Company,
Boston - St. Louis), which has beéen just rrevigusly tered, and whieh
remaine on the balance. It is necessary to heat the more viseous
Aroclore to "dropping® consistenty. The Diece o0f class then easily
olidse off the bulonce ram imto the fusion oup, OCover with the
fusior mizture..

The followins quantities of s-iple, sigear, and AgNO; are used for the
respsctive ohlorine contents:

0l Content Jeight of Sampls Amount Sucer Ag0g

0f ~ S0t 0.3 grans 0.8 g, 50 ml.
30% - 457 0.3 rrams . 0.3 g, 50 ml,
% - 5% 0.3 grams 0.3 g. 50 ml.
804 - 864 * 0.8 grams 0.3 g. 7 .,
861 - 70% 0.3 grans © 088, 100 ml,
Procedure

Place the fueton oup, whichk contains the mwenared ssmnle and fueion
mixture, in the transite igmition plate and apply the full flame of
the Meker burmer to the bdottom of the fusion ecun for 2 minutes.

(CAUTION: Do not stend too near the fusion durins irmition, The use
of s safety shield ie recommended.)

Then remove the flame and 000l under the tap. ‘hen 600l remove sorew
ocap. Troroughly rinse the cup 0over with water, collecting the rinsta=s
in a olean 400 nl, deaker.

Thea place the fuaior cup on its slde in the beaker and cover with a
watoh class. 50 = 78 ml. will be in the beaker fro: rinsing the cep,
and this ia sufficient to decom;0se the charre. Re-wve the sup and
rinse well. “hen decomposition is complets, rinse off cover~glass and
add pure Ai0;, with stirring, until seid is present in excess to the
extent of sbout 10 ml. (About 50 ml. of acid sre required.)

A4 exnetly 50, 78, or 100 ml. of atandard silver aitrete solutiom from
a pipet (depeniing upon chlorine present) smd stir to effect coasmlstion
of silver nitrute precipitate. Filter with suctiom throush aa asbestos
pad on a 1-1/2" perforated poroelain plate end wash besker and filter 4
times witd small portions of c0ld water. Allow the filter to drein com-
pletaly betwsen washings. Transfer the filtrate dask into the 400 mi.
beaksr and rinse the flask twioce, addin~ ths rinsinrs to the beaker.

Add 5 ml. of ferric irom indisator to the solution and titrate with
standard XON3 golution uatil @ distinot pink timt is just obtained,

MONS 057965



Total Chlorine im Aroolors -3 -

Caloulotion of Chlorins Coatent

ubtract the volume of KCN3 required from the volume of KCNS required
to titrate the amount of stondard AgNO3; solution used. Thie will give
the volume of KUNS equivalemt to the chlorine ia the sample. Xultiply
the volume s0 obtained Dy the chlorine value of sach ml, of XCN7J and
divide by the weight of sem~ls taken.

For example: If 50 ml. of silver nitrate eolution is equivalent to
61.4 ml. of KON3 solution and the value of 1 ml., of KONS solution is
+003770 gram CL; them 1f it is found that 0.3 rran of sample shows a
KCN73 titration of 10.4 ml. the percent of shlarine ia: '

61,4 - 20.4) : 2003770 X 100 _ g4 094 2

In ocame the fusion mirxture or other reasents oontain shlorims, the
amount must bhe determined and deducted fram the chlorine found.

Solutions Required

Standard AgNOg Solution: Dissolve 22 arams of silver nitrate in eash
liter of mater. Protect the solution from light.

Standard XCN3 Solutionm: Dissolve 10 ~rams of KCN3 in 1 liter of -ater.

Ferrio Iron Indicator: Use a saturcted solution of ferric ammonium
sium, sbout 50 g. per 100 ml. of water.

Pure Nitriec Acld: Stock soid suffices provided it is colorless. It
can be bolled in_a beaker until ocolorless if necessarr using 800 ml.
HNO; and 300 ml, of HgO,

Standardization of Solutions
Jeigh 0.3 and 0,15 pram portions of pure dry NaCl into separate 600

al. beakers. Add 2850 ml. of distilled water to each and 10 nl, of

purs 50% nitric aoid, ‘/hen solution is complete, add 30 ml. of standard
Agi0g solution from pipet. Stir well and filter throush an asbestos
mat on & perforated poroslain plute, using suction. iash filter and
transfer the filtrate back to the bdesker in the same manner as when
working with a samle. Titrate the filtrates with standard KCN3 solu~
tion, using ferrie iron indicator.

The value of 50 ml. of AgiOy solution in terms of KCN3 solution 1s
found by mabtrseting the ml, of XCNS solutiom i titrating the 0.3
gram of ¥aCOl from twice the number of ml. of KCN3 solution used in
titrating the 0.15 gram of MaCl.

MONS 057966



Total Chlarine in Aroclors -4~

Thie value is checked by titrating 50 ml. of Agli0g solution added to
400 ml. of water and 10 ml, of pure 505 HNOy with KONS solution. This
titration should agree very closely (% 0.1 nl.) with the valus found
from the titratiom of NaCl. The titration muet be rmde slowly to avoid
drainage error.

3inos pars NeCl comtains 80.68% Cl by theory, the valus of ths XCNS
in terms of chlorine may be found dy dividing the weight of chlorine
in the NaCl taken by the ml. of KCN3 equivulent to the silver nitrate
required.

Example:

Two 0.3 graa poruon- of NaCl ihw KCNS titratioas of 13.11
and 13.13 m),

Two 0,13 gram portions of NeOl show XCNS tltrntion. of S7.28
and 37.24¢ ml.

The KON3 equivelsut to 50 ml. of Am. is then (37.28 + 37.24)
- 13,12 or 61.4 al.

By titration of 350 ml, of AgiOg; against XCN3 solution, it is found
that 61.36 nl, are required. This agress within .04 ml. of the value
obteined from the NeCl titrations.

The chlorine value of the KCNS is thea, .8086 X .3 divided Dy 61.4 -
13.12 or .003770 grams Cl per ml. of KONS,

The shlorine value rmy slso be calculsted from m titration of 0,15
grom of NaCl. 0.6066 X .15 divided by 61.4 - 37.236 rives .003770
gramg Ol, per ml. of KCNS.

Precautions

1. The fusion materials have explosive properties if handled improporly;
sonsequently care must be taken to use safe provortions, to secure
a good mixture free of large lumps, end t0 cronverly aeat the cover
of the fusion oup. The fusion mixture must de kept away from —ater
or moist eir, either of w! ish may ignite the charge. The fusiom’
mixtare should not dbe ground to reduce lumps.

8, The method as desorided is not applioadle to volatile orgsnie som-
pounds unless precautions are takenm to avoid loss of ssaple durinsg
welghing.

Etfoct of Yeriables

1. On scecuat of the high chlarine coutemt of many of the Aroclors and
the small amount of sammle talken, sreat agcourscy is required ia
weighing, troasfer, and mixing of the semple. The pipet and dured
for measuring the standard um ions st be very clean to avoid
drainage errors.
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2, Tasions which show black carbop dancsitas on the sover and side
of tho fusion ocup may or may not cive the full chlorine content.
If a oardon deposit is found, & second fusion should be made using
s smaller ssmrle or reducinr the smount of suger in “he charwe or
both. .

S. The tempersture at whish the standard golutions are stendsrdized
should de moted. In case room temperstures very from this tem~
perature, uppropriute volume correctisas should de made.

4. The fusion mixture materisls should be esventislly free of chlorine,
T:e ohlorins content may be determined by mskins & dlank fusionm,
thut ie, without addition of sample, and titreting in the usual wy.
Five al. of AgNOyz may be added instead of 30 ml. nortions of .AcNOy
solution in 1ike volumes of solution and nitric aeid,

References

Beamish: Deternination of Orgonic Halorens, Ind. Xng. Chem., Amal. Bd., §
352 (1934).
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lionsanto Chemisal Company

Anniston liethod No, 14~17-48

SUBTEOT:__ Softening Foint of 114 Aroolars
IETHOD: &1.1 end Ring

This method is s modificstion of the A.3.T.1:. standard nethod of tast
for softening poimt of bituminous materisls, seria’ designation:

I 28-397. The method dilfers from the standard method in that the
rings are larger than spsoified. A two ring sup-ort is sleo uazed in
order that two teats may be made simultanecusly.

FAECGI“

The apparctus oonsists of the following: (a) Two tepered brass rincs,
5/8" ingide 4is. st botton, 11/16" ingide diameter at top und 1/4" Gesp:
thicknees of wall 3/33", (®) Two steel bells, 3/8" diameter ‘:eighing
3.45 %0 3.55 cTans each. (o) A 800 ml, Griffin low form tsaker. (4) A
ring mpport for the two rings having s brass plate exactly -ne ineh be-
low the plate supporting the ring. (e) A 300°C. A.3.T.X. low distilla-
tion thermometer gr.duated 1°C.

Prof-nuon of the Sample

The sample shall be melted and stirred thorourhly, avoidine overheatins
or incorporating air bubdles in the mass and then noured into the riny

80 a8 tO leave 0 slight sxcess om eocoling, Since the Aroclors sheink
oonsideradbly oa cooling, the rine should be well filled, nesrly to over-
flowing. A 1little of the excess should be drawn over ths top of the ring
st ssveral poizts 90 88 t0 rrevent the 000led Aroclar from dropoing out
of the ring. In the same may, ths second ring is filled with s standerd
Aroelor of inown softening point. The standard iroclor ghould have s
softening within st lsast 10 to 15°0f the Airoelor being tested.

The rinrs while beins; filled should rest on s clesan cen 114 or on a
drass plats whioh has besn ammlrameted to prevent the .\rodor from ad-
hering to it. The Aroclor im the rincs should be fully ccoled and
hardened befote [roceding with thas tast.

Proosdure

Add e00l solutiom (employ srater for softening point between 0-80°C,
glycerin for betwesn 80-200°C., minsral oil for abdove 200°C.) to the
beaker until the surfuce of the solutiom is 3% edove ths plate holding
the rings when the ring support is suspended in the beaker. Place the
rings oontaining the Aroclos to de tested and the standard Aroslor o
She ring mpport. Flace & dall om the cemter of tlw upper surface of
the Aroelor in each ring. Suspent the thermometer s0 thut the bottom
of the duld is level with the bottom of the rincs and just midway be-
twesn the two rings.
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Softening Point of %0lid iroolars « 3 «

Plase deaker and epparatus on a 6 {neh round hot nliute and heat ut
such & rate that the temperature is reised 5°C. esach minute.

The temperature recorded by ths thermometar at the instant the iroelar

touches the bottam plute is reported as the aoftening point. Ths heat-
ing is eontinued until doth Aroelors have dropned to the bottom -late.

No oarreotions are made for exerrent stenm.

Notes

1. The standord Aroclor is run elonr with the sample under test in
order %o compensate for Variutions in rats of lerting, Qilution
of glycerin, and thermomster variations.

8. The softening point of the staniard sanvle 1s determined by making
several deterainations using fresh glyocerin sand carefully checking
the rise in temperature of the glycerin so that it is as near es
possible to 5°C. per minute.

S. Tue glyosrin may de used repeatedly for the tests after rezoval
of the Aroelor.

4. Bensol 1s used for cleanlag the rings and balls.

8. “.ater oan be used instesd of glycerin for softening points up to
90°C, .

8. Yor softening points above 100°C, ~ell boiled glycerin should de
used. The usual glycerin is not satisfactory adove 123 to 130°C,
1t boils with loss of water while the temversture remains prasti-
cally constant, It 1s well to have e supnly of hisb-boiling glyocerin
on heand to be uned only for softeming points adove 100°C.

7. Air btubdbles oa the rince and balls during the test should be avoided
ag far as rossidls.

8. Ths rate of rise of temperatire of tha plycerin shall be uniform for

sach minute efter the first 3 mimtes of heatins and not averaged
over the period of the test.

TAB:om
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Vonsanto Chemical Company
Anniston Method No, 14-21-48
' SUBJECT:__Determination of Irum in Aroclors

Iron in Aroolors may be determined Ly extrasting a benzol solution of
the Aroslor with dilute hydroshloric acid until further extrsctions
show no sppreciadble irom eontent. The irom in the combined extracts
is then determined by dichromate titratiom.

Progedure

Transfer 5 - 10 grams of sample t0 & olean separatory funnel of adout
150 ml. capscity. A4dd about 350 ml, of bmol and sbake until the
sample 15 in solution.

Then solution is complete, add 10 ml. of 1:1 iron-free HCl and mu
for about 3 minutes. let stand until separstion of the two layers

is complete, then draw off and preserve the acid extract. Add another
10 ml. of 1:1 OC1 and shake again. Drawv off the seid layer and combine
with the first extract. Oontimie until HC1l layer is olsar, Detcmino
ths iron by usual llahro-to titration method,

PABicn.
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Monsanto Chenical Company
Anniston Method Wo. 14-24-48
JUBTBOT:  Flaoh and Flame Points

I%TIOD;___ Cleveland Open Oup

The flush and flame points of Aroolor shall de dstermined in the .
ghvohﬂ Open Cup Tester, following the procedure descrided im ASTY ' “
92-33,

Apperatus

The ocup shall de supported by & metal plate 1/4" (.835 om) in thiock-

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

cast iron, wrought irom, or stssl. In ths eentsr of the -late there
shall de & plane derression 1/38" (.079 om) in denth, and of ' just
‘sufficient diameter to fit oup., Thera shall be a ¢irculsr opening 8
3/168" (5.30 om) in diametor, cut thru the plate, centerine with the
denter of the above mentioned derression. The Dlate shall be eovered
with a sheet of hard ssbestos doard 1/4" in thickness, and of the seme
shape as the metal plate. Thers shall be cut in the center of the as-
destos doard & oircular hole just fittine the cup. Heat may de wmipnlied
from any oonvenient source. The use of a res burner, electrio heater, or
aloohol lamp is permitted, dut under no oircumstances are products of com-
bustiod or free flame allowed td come up around the cup. The sourse of
keat shall De centered under the opening im the plate and shall be of &
type that will not produce local superheating. If a flame heater is used,
1t may bde protected from drafts or excessive rsdiation by any suitadle
type of shield, that doves not project adove the level of the uprer surface
of the asbestos board. The therromster sball conform to the requiremsats
of thermcameter No. 8. (7Tee A3TH tadble of thermometers). .

Prooedure

The thermometer shall de suspended or held in a vertioal noeition by aay
suitable devics, the bottom of the duld shall be 1/4 in. (.635 cm) from
the bottom of the cup, and adove & point half way between the center and
bask of the cup. The oup shall be filled with oil to be tested in such
& manner that the top of the meniscus is sxaotly at the filling line at
room btempereture. The surface of the oil shall de free from dubdbles.
There shall bs no oil adove the filling lime or putside of apparstus.
The test flane shall be spproximtely 8/32" ( ,897 cm) 1in dlameter.

The test flame shall be applied ea the teaperature resd on the thermo-
mster reaches sach sucosssive 5°F nark., The flanme shall pess in a straieht
line, (or on the circuaference of a oircle having a radius of at least 6
inchss.) scrose the ocemter of the oup and at right angles to the dlamster
passing thru the thermumeter.  The teat flame shull, while passing ecross
the surfece of the oil, de in ths plane of the upper edge of the oup.

The time for the passars of ths teat flame across the ou» shall de apnroxi-
mately 1 second.
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The 01l shall de heoted et & rats not exosedins 30°F per minuts tem-

rerature rise till a point is reached asrroximately 100°F below the

prodabls flesh point of the oll. Theresfter the rats of heatine shall

be deireased and for at least the laast 50°F before t'w flash point i

::uhod thé rute shall bde not lese than 9°F. or more than 11°F per .
nute.

The flash point shall be taken ag ths temperature resd on the thermo-
moter when & flask aprecrs at any noint on the surfsce of the oil.
The true flash must not bde confused with a bluigh halo whieh sometines
surrounds the test flame.

After determining the flash point, the hesting shall be continued ot

the speocified rate of 9°F to 11°F per mimate, and spplicstiom of the test flame
shall be made st the apecified intervals uantil the oil irnites srd con-

tinaes 0 burn for a jperiod of u«t lesst five seconds, The method of
spplication of the flame shall be the same as for flash point. The ten-
perature resd at the time of the flame application, which causss burning

for a period of five geconde or rore, shall be recorded ss the flame

poimt.

The flash point and flame point teste shall be made in & room or eom~
partaent free fyom sir drafts. The operwtor shall avoid bresthing
over the surfece of the oil. It is desirudle that the room or eompert-
Reat may be darkened sufficiently so that the flash may be reedily dte-
cernidle.

Rote

Aroelors 1248, 1854, 1260, and hi~her chlorineted Aroclors 4o mot have
a digtinet flash or flame point below their doiling temperatures.
FAB:om
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¥onsanto Chemiocal Company
Azniaton Method No. 14-29-48

WRINCT:___ Viscosity of Liquid Aroslors

" MYTHOD: Saybolt Universal, ASTM D 8844

Viscosity is & measure of resistence to flow., It fs measured dBy the
Sime necessary for a chosen volume t0 be forced thru s tude of schosen
lencth and internal diameter. By theory the viscosity of s fluid is
related to the average distancs dbatween its molecules snd to their
average speed and their size.

Apparatus

Viscosimeter assembly with oil tube, deth, receiver, thermmeters,
streiner, timer, snd pipet $o meet 8ll requirements of AS™ D 68-38.
The viesosimeter now in use is made dy Kreds Eleo, spd L¥g. Co., New

. York, purchased from Fmil Greiner Co., their B-tubs capacity 863,
One tube ~ on left hand - has been certified by the Buresu of Standerds.

Procedurs

The visoosimeter is set up in scsordancs with mamufscturers directione
ueing No. 20 motor oil for the dath,

The procedurs and method of reporting results sre those dsscrided
under ASTX D 88-dd, .

Care of Apparetas

Sath: AS conolusion of test, open the contact voimts until lor 8

e spart s0 as not to put undue atrain ocm thermostatic eomtrol
whea bath cools. Put & few drops of oil in motor cuns ocoasionally.
Keop outside of bdath wiped free of oil or Arvelor. Cover with hood
when ot in use.

laintain proper level of oil by ocoasionsl sdditions thru hole in
front. ''hen 0il dlackens, dismentle, clean hesters, tubes, snd
orifices, then refill with fresh ofl.

011 Tudbe: ¥hile still hot, remove sll possidle Aroclor from mallery
wih plpet. ¥hen ooolsd to 70-80°, £111 tube and gallery wsith beazens,
Arop thru orifics imto bdesker, drein ~allery with pipet, rspeet with
socetons, and wipe dry with absarbent paper in such s “'sy that fibars
camnot fall iato tube. Repeat until clesan.

Oodnioum cover the leather plut-er with sized thin paper ("copy"
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sheets) and swad wslls Of tude befars using oleaning fluid. This
keeps malls polished. Cover oil tubas with 1ids when not in use.

Orifics: Do not paes wires, strinrs, »ine cleanars, ete. tiwu the

orifice. If e hair falls acrods orifics, remove with long handle

foroeps. If the orifics decomss ologged, dismantle spperutus to
6lean,

Caltbration

Cheok the timer occasionslly for 60 seoond veriods. Check bath there
mometer from time to time. Cheok performence of viscosimeter deriodi-
oxlly by running & reference sample of Aroolor on which esreful deter-
minetions have deen made.

Available for calidbration is also &n 01l standard, called "Alpha 48",
of the American Petroleum Inetitute. The nil ie obtaimed from the
Atlantie Refining Company, Philadelnhia, Pennsylvania. Because sueh
04l standards srs subject to ohanps they are checked sanually.

YA\B:em
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Konsento Mil;ll Company
Amniston liethod No, 14-31-48
WBIACT:__Distillation Ranre of Liuid iroslors

METROD: A.3.7.M, D=20 with Nodificstions

The apparutus, oonsisting of flask, condenser tube, shield, and ther-
oometer, la exactly the sams as desorided under A.3.T7.M. un D=80
"Distillation of Bituminous Materials suitable for Road Treatment®.

Attach & & inoh suxiliery thermometer (0 - 130°C.) to distillation
thermomster. Plaes buld half 'my between top of cork snd vrodadls
average of distillation ranpe. Cover both thermometers with e 3/4"
diameter rlass tude to insure & umpifora tempersture correction for
the exposed stem, darometric uyrsasure and thermometer error.

The procedurs is ocmnged only to the extent that thermometer readin~s
are taken when specified percentarss (usually 10, 350, and 90%) of
Aroglor have m.dutulod inetesd of followins the A.5.T.K. proce=
dure of weighing the distillate bdetween speeified thermcmeter readings.

In testing liquid Aroolors, 100 mms. of sample srs wiched into the
aistilling flask and distillate received in & tared flask or beaker
Testing on pan of 8 Torsion bdalance with 100 prem scals.

Procednre

“Joigh out 100 grams of sample into the distilling flask. Assesble
apparatus as desorided under A.3.T.M. D~80, Insert thermomster
{A.3.T.2. high distilling O - 400°C.,) thru cork in the neck of the
flask 80 that the top of the buld is level with the lowest point of
juncture of the tubdulaturs and nesk of the flask. Avply heat to the
flask supported on two sheets of 20 mesh wire gause e0 that the first
drop oomes over in from 3 to 15 mimtes. -

Cpntuot distillation at rate of 50 to 70 drops per mimats. Collest
distillate in & 250 ml. beaker tared on a balance. Take tnpmturc
<mdha ot 1%, ”n “o w’l 20%, 30L, 40%, 507, 607, 707, 807, 907,
935, 987, 968, 9% 7%, and

Correotions for emergent stem and pressure are apprlied to the thermo-
meter recdings if required. Take correetion readings st first drop,
10¢, 50%, 90%, and dry. Report the temperutures to the nesrest 1°C.

Trample: (Ixposed sten in decrees) X (temperaturs differsnce in desress)
X 0.000158 = degrees stem correstion = Ty. TIhe exposed sten is resd from
tha top of the wrk. Tbe temperature difference ia the reuding of the
themmometer mime the tempersture of the suxiliary thormometer.
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Distillation Ranre of Liquid Aroclors -2 -

0.00018 Ty A p = berometric correstion » Ty T, = normal boiling poias
in degrees adolute; & ’ = chanre in pressurs from 760 m. Hg. °

The oorrection is added {f bdarometsr is below normal snd sudtrected
1f the barometsr is sbove nosmal, (MaoDoumll ~ "Tharmodynamics and
Chemistry® pp. 113). Corrected Temperature = Observed temperaturs ¢

T S The ‘
FABiom ' .
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Monsanto Chemical Company
Anniston Method No. 14-32-48

WNICT:__Bvaporation Test of Liouid Aroclors

YITHOD: 6 Hours Heating ot 100°C. AST! D6~39T - Lodified

Frocedure

‘Jeigh on a rouf,h balance sbout 30 grams (5 .3 gm.) of the well mixed
Aroclor into an socurately tsred tin box, 55 rm. 4is. X 35 mm. deep
(3 os. Gill-style ointment box, deep puttera), Fisher #1-830, Lot
stand until box and sample are .t room temperature, thea weigh socu-
n'.ho .

Pneo the box in a ventilated convection oven maintained st 100°C.

2 1e for 8 hours. Removs, cool in desiccator to room tempersture and
-omnhl.v reweigh. TFrom the loes in weight caloulate the evaporstiom
in per cent. Report to second deocimal nlace omly.

Notes
1. Be sure box ia at roon temperature whenever exact weisht is takea,

2., The oven should not contain other samnles which mirht interfere
with mpornuon.

S, Becauge the evarcration loss is sensitive to tqor-tu'o, the air
bath must be 0lossly maintained at 100¢C.

‘FABiom
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Monsanto Chemiscsl Company
Auniston Method No. 14~84-48 . X ’

SUBIXCT:_Refractive Index of Ligquid Aroclors .
' METHOD: _ Abbe Rofractometer

Refrastive Index

The refractive index of sny medium ie defined es the retio of the ve-
losity of light in air to the velocity of lisht in that medium. It

is measured dy the rotio of the aine of the incident ancle to the eine
of the sngle of refrection. The denser the medium, the ~reater is the
refrastion toward the normel (higher refractive index). Beosuss the
refrastive iadex is charecteristis of each subetance, it is useful in
1dentifying liquids and verifying their purity, in detarmniaing the mo-
lecular structurs of organié compoands, and in some quantitative amaly-
868 Of mixtures. As applied t0 Aroclor testing refractive index pro-
videes @ verification of composition and purisy.

Apparetus

Abde Refreotcmeter with sceessories, Bausch and Lomb, Cat. #2550, Sertal
No. 377. Calitreted to read Alrectly in terms of refractive index of
the D line {sodium) at & tempersture of 20°C,

Prooedurs

Operators should be familiar with the Bausch and Lomb "Directisns for
Use” and practice the manipulation as there desorided befors sttempSing
detorminetions on Arosior, The edridged directions delow provide s
working outline but st tha expense of omiseion Of eesentiel explanstory
detaile whioh are eoatsined in the B. end L. directions.

Serew themmometor into its socket In mater jeoket of upper vrimm. Opmn
primms and ocheok their condition. Clean if they sre solled, stresked,
or spotted, With lower fixed prism dorizontal, place on it 2 or S drops
of She Aroclor from & stirring rod - sufficient to f1ll the spaces de-
tween Drimes when clamped together. Close prisas and lock with lock mut.

Adjust the instrument and mirror to reflest white licht into the refrac-
tometer. NO spotas On sir pocketa should be vigidle. OConnect water jecked
$0 source of oonstant temperature wvater, usually the tap, and paes water
unsil the thermometer has bdeen sonstant to 0.3°C. for at lesst 5 minutes
at 25°C, The Aroolors flow more essily at 25°C., hence thw choice of
this temperature. .

With prisms illuminated, rotats the prisms dy msans of the lndex arms
until the dordéer of the light and dark fields passes exactly thru the
intersection of the cross hairs. If the border lins is frinred with
color, rotate the scmpensator until the color disappears. If the boun-
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Refractive Index of Liquid Arvolors =2 =

dary is not sharp, adjust airror until a dfstinot half shedow ig ob-
tained. If the linme or the oroma hairs are bdlurred, adjust eyenisce
until a good focus is obteined, Secure final fine djnntmant. by Tssns
of the slow motion acrew.

Read the refractive index, estimting to ths fourth decimal -lsce.

If the tenperature of the water jacket is other than 25°C,, correct

%0 i0° by use of the correction fastor, ¢ 0.00044 per °C. 'ihis factor
1s appllcadle only to Arcolors 1248, 1234, 1260, and 1262. It me
found by careful measuresient on esch Aroclar thru the ranpge 10° to 50°C,
The eorrection is sudbtracted when ths working euponwo 1is Delow 23°C,
and sdded whem lh'. 25¢C,

Example: If tle refroctive index is found to de 1.5432 at 13°C,, the
index corrected to 26°C. is 1.“23 « (10 X ,000%4) = 1.6378,

Care and Omlidration of Instrument

Immediately after uoe, 0lean the prisms with swads of pure sotton
4dipped in bensol, finally wiping dry with e soft oloth, The rimms,
especially the upper one, tarnish snd scretch essily. Oonsequently
great ears miat De takea in Oleanire. Before use the vrims should
slways be inspeoted and recleaned if necesssry. '"hen not in use, the
refrastometer should de kept in its olosed cmse.

TFor preotice or for cheocking erformance, distilled water is useful.
jater has & refractive index of 1,3330 et 20°C., with temperature 0o~
efficient of 0.0001, A test niece of special r~lass of kniwn refractiw
index ia supplied with the instrument for oslibration and adjustment if
necessary of the position of the index arm.

Refructive Index of Aroslors - Typioal *

Careful measuremsnts at 25°C. have given the following typical valusas
for Aroslors.

Aroclor 1848 1.6298
Aroelor 1854 1.8378
Aroolor 12680 1.6460 -
Aroolcr 1262 1.6482

Jubstant lal uumru {over 0.0010) fron thees values should de in-
vestigated immedistely as they - }t.nrmt = indicate substantial
error ia the composition of the Aroclor or contamimation with other
muteriale.

.
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Hoasanto Chemioal Company
Anniston Hethod No. 14-35-48
WBITOT:__Hesistivity of Liquid Aroslors

METHOD:  Reeistance lleasurements between Conductors

&Euﬁul

Hegoba Bridgs: General Radio Comvany Type 344B, AC opersted - 500 volts,
serisl No. 171. This is s direct~current ‘/heatstine bridre for measuring
high resistances, dridge balance beins obtained thru uss of & vacuum tubde

voltneter. Ranre: 0.1 memohm to 10,000 megohms, dovered by a disl and
:—:oou:un miltiplier switeh., A resistance of 1,000,000 megohms can be
etected.

Teat Electrodes: Two concentric nickel eylinders (or breses, nickel

Plated) with feet. Obtained from enersl Slestric Company. The inmer
slestrode has outeide dlsmeter of 2.8" and height of 3,25", with arse

of 184 sq. oR. The outer eleotrode hoe inside dlametsr of 3" and like
height of 3.25%, with eres of 198 gq. osa. The dietanca detwveen electrodes
1s therefore 0.1 inch or 0,254 em, By theory the slectrods constam, srea/
length, 1s 191/0.254 or 732 where 191 ia the aversge srea. In proetice
the cell conetant supnlied by Seneral Electric Compasny is used. Por the
eslectrodes now in use, the cell oonstant was given ss 8135,

Glass Plate: Pyrex, atout 3-1/2" diameter with concentric zrooves to
aselet in speeing tb_ sleotrodes. Obdtained from anonl Electrio Company.

Oven: OCenco~DeXhotensky drying oven dth two holes in beock wall for por=
oslain tubes for leed wires. Holes must avoid oven hestinr elements
which ocoupy 2™ paths vertically snd horisontally intersecting at the
center of the oircular wall. - .

Lead “!ires: Provide 500 ohm Anphenol twin conductar cabdls to comnect
the slectrodes in oven to the nosts of the brid~e, The nortions sxnosed
to oven tempersture are dared snd then covered with norcelsin bdeads.
Provide slso & flexidle lsad to rround the bridgs to a "mter pipe. Clean
the leuds, deeds, and poroslain tubes veriodically.

Assenbly of Test Cell

The grooved glase tlate is dlaced in an 600 co. beaker. The clesn slee~-
trodes ars placed in the grooves of ths glaes olate with tle connestor
posts directly opposite in order to give the widest possidle smecine to
reduce surfece conductivity. The cylinders should be very clone to
equidistast. The spparstus should be dried for 2 hours at 100°C. before

use,.

Heat the sanple t0 be tested to about 110°C. on & hot nlate and pour.
into the slsotrode assembly until the lavel of the ligquid ie 1/4 to
1/2" sbove ths eleetrodes. Cars st de used to make mure that the
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SUBJECT: _Resistivity of Liquid iroclors - Page 8.

ITHOD:  Resistance Keasuremeats between Conductors

1lip of the container, fror which the 11quid is poured, is cleam. Tilt
the beaker in suoh mmnner that ell air budbdles in the Arcclor will rise
$0 the surface.

Atr oool to 103-104°C, Phen without removin thermometer, transfer to
the oven which ia maintained st 100°C. and connect the slectrodes to
the two flexible wires which lead to the megohm bridr~e. ‘/hen the
Arcclor comss to temperaturs (100°C.), remove thermometer, check cen-
tering of electrodes, and procede to measurements.

llsasurement with Megohm Bridge L

Connest the two lead wires to the megohm bridre with the lead from tae
outer electrode to the LO7 unknorm post of the bridge; the inner elss-
trode to the "+" unknorm nost. Connsct the TROURD post on the lsft
side to a water pipe. Swing the sprins comneotor, pivoted on the "G"
poet, to the LO/ post. Connect the atiachment cord to the 110 V poser
;apply. .

{ith the Aroclor at 10CeC., turn the control kmob (CIECK-OPZR .TE-G!L\RGE)
to the CRICK position, Throm all 3 switches at the rear of the Panel to
ON, After 2 minutes brins the gslvanometer nointer to zero by meens of
the ZERO ADJUST imob.

Then turn the control knod to CIL\RGE for one mimute. Tura the 'mod to

- OPERATE and return the ralvanomster pointer to Zero by adjustment of
the LUULTIFLY BY gwitch and the megohm 41al., Read after one minute. Re-
pect the CHARGE und OPERATE positions for verificatiom.

The resistivity of the Aroclor 1s the product of the "rultiply by"
reeding Nlu the 4isl reading times the elsotrode sonstant, Report in
units of 109 ohm om, rounded off to two significant figures.

Exampie:
"ultiply by" reeding: 100
. Kegolnm disl reading 5.4 meg. ohms

Eleotrode Constant 813 em

Ruiluvity - 100X 5.4 X 815
= 4,4 X 10% meg. ohm on
= 440 X 10% oba om

Values £or resistivity are qualified by desicnation of temrerature and

voltege. These are 100°C. snd 500 volts for the test sbove. Like con~
ditions are used at Plant B, .
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BFEOT:__Resistivity of Liguid Aroclors - Page 3

MTTHOD: ' Resistonce Jsasurements bet:esn Conductors

P e e AL A S iabed L R4

Csro of Apparatus

The "Operating Instruotions”, General Redio Yorm 438-B, which accompany
the megohm bridre, recite details of instsllstion, meusuremente, uses,
end construction, illuatrated by firures and oircuit and “ririns dierrsma-
No attenpt 1s msde to reproduce such information here. The operator
should moquaint himeelf with the contents of the 7.R. manual and refer
to 1t for mmintenance of tubes and verts. ‘'hen not in use the merohm
tridee should de closed and stored in ocsdinet.

Cleanins Electrodes ' .

After tha msssuranents sre made ‘he elactrodes are removed fronm the .
tested liquid, and alloed to Arain until the liquid stops rumnin~ from
the eleotrodes., 'Mile still Not they are nlsced in s beaker filled with
benzene under & well venilated hood and allomwed to cool. hen cool, the
electrodae are removed fronm the bonzeme and scrubded with pordered trie
sodium phosphate cnd s benzene carbontetrechloride nmixture (50-50 by
volume). This sorudbding can be done :rith either e bdrush or the hands,
The eleotrodes are then rinsed wdth acetome, follored by tap wmter and
then distilled "mter. The elsotroies should not bs touched by the hands
after the acetons wash, after final rinsing tha electrodes are nlaced
in an oven ot 120°C. for one hour or until they are used ageain,

The glass spacer nlates sre oloaned and handled in the sems menner as
the elsctrodes sxoept that they are wrapped in lense paper before deing
pleced in the oven.

Ocltbtluon

Ior a rough chesk on the condition of the bdridme, one or "ore cortridge-

type resistances of imown approximate velue should bs kept on hand for
periodic or emorgenay verification of the meter itself.

rs
8/35/48
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~ lionsanto Chemical Company
Anniston Method No. 14-36-48

FBTECT: Dilleotrio Constent of Liquid Aroclor
METHID: __Measured at 100‘0. and 1000 0’01‘.

Soope

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

Apparstus

Capacitance Bridge " Genersl Radio Co., Typs 716-AM
Cathods Rey Mall Detectar Genersl Radio Co., Type 707-A
Oseillator Gensral Redio Co., Type 8064
Cotistant Temperature Oven Cenco-Dekhotinsky #95080
Veriadle Air Condenser Genersl Radio Co., Type 334-F

1500 cs, Pyrex Bealar
Procedure

Electrode and beaker rust bda cleaned ss direoted under 'Clmus APe-
ratue for Dielectric Constant™, and be at 100°C.

Hoat Arcclor in the can to 103°C. Pour over electrode until plates and
csramic inmilstion are covered. Conneot leads. 3tir with thermometer
outside oven uatil tempersture reachss 101°; place in oven which has deen
carefully adjusted to 100°C. At the time sample is placed in oven its
temperature should not have fallen below 90°C.

Conneot leads to capacitance dridge, observing that the leed from inm-
lated side of condenser goes t0O insulated terminal on dridge. Balance
bridge ocarefully according to direction under "Balancing Capaoitance
Bridge”, Until Aroolor and oven temperaturea have decoms identieal the
bridge balsnos will constanSly shift. After oven tempsreture reachss
100°C,, maintain bridgs balanes until 1o promounced shift is evident.
Record resdiag of e.pulhnoo soale -nupu.a by mlnpuot setting.

Dielectric Constant. = Capsoitance in Aroslor &t 100°C.
~ Capmeitance in air ab 100°C.

Balansing Capacitance Brid

Condensed procedurs., Operator should read operating instruction for
Mll Detector for complste details.

1. Connees t0 power supply lesds to oscillator and mall detector.
Ground the oseillator,

2. Turn on oscillator dy pushing 5000 ohm, 10 multiplier, 100 cycle
frequency buttons. Adjust harmomic e>ntrol until osoillstion begins

as shom by elosing of seotar in cathode rey tubde.
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Pago #2 .
Dieleotric Constant of Liouid Aroslor - Test 14-36-48

3. On null detector turn brilliance knodb to extreme left, the
foous knob to extrems right, gzain eantrol to extreme left, svesd
saplitude st.mid-scala ;osition, ths sweep frequency lwitoh on iine
side,

4, Turn on power switch, limhting pilot 1light,
5. Tait fifteen ucond'. turn brilliance knod to extrems right.
6. Adjust foous _and brillisnce knobs until sharp fine line.

7. Connect external terminals on detector to output terminals
on oscillator. Switch sweep frequency to external side.

8. Connect detector terminals of bridaxe to inmut terminals of
dstector, taking care that tlw black wire (7round wire) of the lesd
goes to grounded terminal on both ends of lead.

2, Set rain control at mid-scalc and selectivity to extreme left.
Turn sweep amplitude to extreme left, obtaining verticsl line., “ish

10, With turning ocontrol knob obtain the maximm lensth of this
lins, keeping it always under 1/4 ineh with ~ain knob.

11, Set swesp amplitude to extrems left.

12, Set pmin control to rive vertical straicht line of about 3/8
ineh.

13. Balance bridpe.by adjustin~ power factor and sapacitance
dials until only e dot remsins on tha screen vhen the rain control
18 at extrene righs.

14. Set sweep anplitude deyond nid-point, and slightly displece
the power-fector dial to obtain a tilted elipse.

15, Adjust phase control until this ellipse eloses into a straisht
1ine inclined to the horizontal,

16. Bring ponr-notor disl dack to dbalence pocu. ion, whieh -houu
restare tha horizontn) strsight line. Displace this control the same
amount in the opposite direction. This should agsin tilt the strsisht
line but in the opposite direction. Adjust phase control until there
is no tendency for this line to open up when it 1s svunk 30 desrees
from horizontal in both directions,

17. Throughout theme ad justments the octher bridge control (the
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Pape #5
Dielsotric Constant of Lincuid Aroclor -~ Test 14-36-48

capacitance Dial) must be in halance position. If the ellipss rrad-
ually opens when the line is horizontal it may de brou~ht bdask to

the line agein by nakirr alight oranges in this control. If confusion
resul ts, dalance doth comtrols assin as in (13) and reneat the sue-
cesding ed justments, .

This 1s the position of dridge dalance: An sltereticm of the
power=fector comtrol will tilt the line which doss not open sppresis-
bla thru an angle of 30° to the horisontal both ways; en alterasicn
of the capacitanse dim]l opena the allipse dut does not change the
inolination of the major axis.

The spparastus msy be left in this balanced sondition, turned off
by switching off first the bdrillisnce kncd of the detectar, them the
power switeh, them tuming off the oscillator.

For sucocessive mesasurements the controle are not chansed, the
spparetus left in adjustment. Then the followins steps define the
procedurs : .

1, Connest all lends as previously directed includins that from
null detector to bridpe.

2. Turn on ossillator by oushing 100 cycla frequency bduttom.

3. Turn on null deteotor, wait 15 seconds then turn on catho'e
ray tube. Tan sweep 81plitude to extrene left ané ad just drilliance
to obtain s fine vertical line on soreen,

4. Brine thia line to » dot by sdjustine the two dridme controls.
Initisl sdjwtment is facilitated Dy havine "Gain” control to left.
When final edjustnent is obtained this knod miot be st extvems right,

5., This dot remsining unchanced shows condition of brid-e belense,

Cleaning Apparatus far Pielectrio Constent

The ocondenser is removed from the tested dielectrioc and sllowed
to drain wnile still in tis oven st 100°C. The condenser is then placed,
while still hot, iz a beaker of denzene under a ‘'well ventilated hood
and sllowed to cool, It is then thoroushly washed with powdered tri-
sodium phosphate ond a 50-50 mixture of benzens snd carbon tetreehloride
followed by an acetone rinse. The operator should be very careful mot to
touch the metal plates of the condenser .after this point. The condencer
is then rinsed thoroushly with tap water followed by distilled water and
dried on a clean paper in an oven at 120°C for at least one hour or until
1t 1is egain used,

wd 3/1/48
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)bn-nto Chemiséol Company
Anniston Usthod No. 14-42-48

FBITCT: __Acid Nunber of Lisuid Aroslors

XUTTOD: _ Titretionm with Alkwli using Fhenol Red

Seope

The Acid Number is the weight in millirrams of sodium hydroxide re-
quired to neutrelize one eram of Arooler to pH 7,6, It thus includes
sny hydrochloric acid, ferric chloride, and other inorgsnie or or~enic
oconst ituents heving ecid characteristios. It corresnomds to the Neue
tralization Number of ASTL Designation D168 exceot that tha latter is
expressed in terms of KOH inatead of MaOH and has & somehat hisher

( phenolphthalein) end point.

Procedure

To 100 ml, of edjusted (pH 7.8) solvent containine indicetor slowly

884 0.1 N NaGH dropwise until the color oorresnonds a"nroximstaly to

il 7.8 when compared ageinst & suitedle reference solution., Reedjust

12 necessary to maintain pH 7.6, Add 50 grams (L 1 p.) of Ligquid

Aroolor and mix well., Titrate from micro duret with 0,01 N NeOR until
the origiral red color of the solvent is restored. A portiom of solvent
in a similar oontainer is ¢ useful reference in determinin~ the end point.
The matoh is governsd dy estimation of the intensity of Ted becsuse the
hue 1s not exactly reproduced on soocount of the yellow color introduced
by the Aroolor, 1 ml. of 0,01 N Na(d = 0.4 lign, NaGH. Caloculate in terms
of Mpa. NaCH per gm. of sample. Report to 4 decimal nlsces.

2. of 00LKNaH X 0:4 . ygn, NaOH/gm. .
2. of sampla -

Kxample: If titrattion is 0.08 ml, for 50 g, of Aroclor, the Aeid Mumber
1s 0.08 X 0,4/50 = 0.00064 Lgn. NaOH/gm., Revort as 0.0008,

Solutions Reguir

Solvent: lix 600 ml. of bq!;:ol, 200 ml. of S-A aleohol and 200 ml,. of
acetone. Add 5 ml, of 0.2% phezol red solutioa,

Phenol Red 'Joluuon.' 0.2%: To 0.1 zm. of dry indioutor in a small
beuker 824 exaotly 2.0 ml. of 0.140% N NaOH, 3tir to dissolve end
dilute with 3-A slookol to 350 ml.

Reference Buffer pil 7.6: Dissolve 0.41 g. NallzPO, and 0.39 am, NegiiFo,
(both anhydrous) in 100 ml. of water. Add 0.5 ml, of 0.2, phemol red.
30lution is used for refsrence in adjusting the solvent if lalotte pH
7.6 oolor standard is not svailoble,
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Aoid Mumber of Liquid Aroelars - 2 -

Standard 0.01 N NatH: § ml. of .5 § NaON to 250 ml. vol. of S-4 u].-
oadol, Protect at all times from Stmospherie CO,.

Note '

By using 250 ml. acetons in solvent ingtead of 200 ml. a 100 ;.
sample of 1254 may de taken fOor analysis.

FAB:am

1-30-48
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3002

Monsanto Chemicsl Campany

Anni{ston Method No, 14~43-48

FUBIRCT:  Color of Aroclor on N,P.A. 3csle

LTI : _ Hellire Pociet Comvarator

The method is applicsble to Aroclors 4465, 5480, or others having N.P.A.
colars in ths range 1 to 5.

Procedurs

Jazm the Aroclor is necessary to obdtain pouring oonsietency. TFill the
test oup of the Hellige Pookst Comparutor, lLiodel 603, with airoclor, insert
oup in the coaparator, end compare sgainst the color dise (No. 620680,
Lubricsting Oils snd Petrolatun) whiok hus N,P.A. colore from 1 to 35 in

ons~half steps.

Report color to nearest 1/4.

Clean the test oup with

a mixture of CCl, and benzol, with finsl rinss of benzol.

ASTR ocolor mumbere coincids with Netiomal Petroleum Associstion solor

oumber (1915).

sonles is tabulated below:

The relation of the N

.

Union
NPA Color Petro= AITH
Ros. leun Color
519152 NPA Hamee Co. Nos,
/s - - -
1/2 - - -
3/4 - - -
1 Lily white 4] 1
1-1/3 Crean white . § 1.5
2 Extre pale I 2
8-1/8 Txtra lemon male J 2.3
H] Lemon pele X -]
s -2 Sxtra orange L 3.5
4 Orsnge pale u 4
41/2 . Pele R 4.5
5 Light Jied 4] 3
[ 3 Durk Red P 8
| 2 Claret Red “ 7
8 - R 8
FPiaBsom
1-26-48
Copled by re
ugv/a

+PuA, cOlor numbers to other ocolor

Lovidond Analysis

Red
200

oo;oobs“

ss.gs:;oo-‘uoo
(-]

Yellow Blue
810

e

o.s
1.l
1.7
2.4
© 8.0
26.0
27.0
33.0
43.0
50.0
56.0
93.0
60.0 B
106.0 1.80
64.0 -

[ T I T N I I B}

[
2.
o

3%
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tonsanto Chemical Conpany
)
Anniston Method No. 14~-44-48

JUBJECT: Color of "ater "hite" Aroclors

- UETIROD:__ Comparison ageinst A.P.H.A, Jcale

3002.

The method 1s applicable to Aroclors 1254, 1260, or otlers having color
less than N.P.A. #1 (".ater ‘hite"). o

AP H.A. “tanderds

These color standards are acid solutions of potassium ehloroplatinate
and codaltous ohloride. The unit of color is that produced by 1 mg. of
pletinum per liter. The ratio of codelt to platinum rmy be veried if
necessary to matoh the me. Beocause the hue of Aroolor 1254 anmd 1260
seems beat matehed without cobalt, this lms been omitted in the rrepars-
tion descrided.

Dissolve 1.245 g. of potassium chloroplatinate (KgPtCle) containing 0.5 g.
of platinum in water with 100 ml. of concemtrated hydrochloric seid, sad
dilute to 1 liter with distilled water. This solution has s ¢olaor of 500,

Prepare standards from 10 to 100 in steps of 10 by dilutins 1, 2, 3 ml. ete.
of the above solution with distilled water to 50 ml. in standard hish form
Nessler tubes. Protect the tubes from evaporstion.

Refer to0 pure 13 of "Ctandard listhods for the Exsmination of ~:nu-‘.u
Seware” eichth edition (1938) for details of standards containing scbalt.
Published by Americen Public liealth Association, 1790 Brosdway, New York.

Procedure

7111 a matohing Nessler tube with Aroeclor to e height equal %) that in the
standard tubes., Compere with standards by looking vertically dowmrvard
through the tubes upon & white or mirrored surface placed at such an ancle
that light is reflected upwvard through the colummn of liquid., 5 eolar tube
support (Fisher §7-085, 30 ml.) is convenient.

Inasmuoch as the proportions of the standard color solution in the comperi-
son tubea are sush as to represent an aliquot part of a liter, the readings
are direct as parts per million. Colars up t0 100 are recorded to the
nearest 5. Direct comparisons are sstisfactory up to 100, Above this the
sample should be diluted with Carbon tetrachloride (maximum A.P.H.A. eolor,
6), end the color obtained to nearest 10 by mltiplying by the dilution
ratio,

FAB:om
1-30-48
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Moasento Chemical Company
Annigton Method No. 14-46-48

SUBJICT: _Acid Number of 0lid Aroclors and Heavy Licuid Aroelors
METHOD: __Titrstion with Alkali ueing Phenolphthalein

Prooedure

Diseolve 30 groms of the aroclor in 50 ml, benzene inm a 400 nl. besksr,
warming to husten solution, Add 50 ml. 3\ elcohol, 200 ml. distilled
water, beat to boiling, add 1/2 al. 1% phemolphthalein solutiom, and
titrate, in the omse of the distilled Aroolors with 0.01 N sodium hy-
droxide solutiom, t0 o feint pink 6olor which is permanent for st lesst
. two minutss aftsr vigorous stirring. A reagent blank should be run eon-
ocurrently. The eoidity of the sample 1is caloulsted ss milliprams of
sodiun hydroxide required per gram sample.

Csloulations

Using 0.01 K Ne(H, Acid No, = ml. titration X 0.4/samnle weight
Yor 50 m. Asif Fo, ={al. tit, = ml, blank) X 0.008
Using 0.1 § ™CH, Acid No. = nl, titration X 4.0/ssmnle weieht
For 30 en. Acid No, = (ml.-tit. - ml. blank) X 0.08
Apparatus

10 ml. uretts in ,05 divisions.
Conversions

1. To obtein Neutraligation Number in terms of KOH, multiply ths Aoid
Rusber in terms of NaGH by 1.408B. Iaverse fsctor is 0.713.

2. Mltiply the Aoid Number dy 1000 to obtain the parts of NaOE re-
quired t0 neutralize one nillion marte of Aroclar. Thua Acid Nusber
of 0.0006 1s equivelent to 0.6 parts of NaOH per nmillion marts of
Aroalos.

S. The largs smount of water used causes sharper separotion of the
aguecus lsyer from the non-aquecus layer, theredy neking the endpoint
more eseily distinguishadle. If the titration is carried ocut s~ainst
@& vary lisht bduokground or in @& fluorescent light, ths end soint is
easily seen.

4. Aside from free scid ss s ocsuse for MalH consunption, farric ohloride
whish is usually present in emell amounts, 8l1s0 sonsunes Nedll im neu-
tralisstion to phemolphthalein. It therefors follows that an Aroeloe
of very low ecid number rast bs slso extremely low in ferric ehloride.

FABiom
1-26-45
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Monsanto Chemical Company

Anniston Method No. 14-47-48

SUBJECT:__ Pour Point of Liguid Aroclors
1TTD:__ A.3,T .M, D=97-39

The pour point of am Aroolor is the lowest temperaturs at which the
natarial will flow when it 1a chilled under certain preecribed oondi-
tions listed in AJTM D 97-39. :

Apparatus

Apparatus eonsists of tsst jer, thermometer, cork, jacket, disk, anaket
and bath ss described under A.3.T.MN. method D97-39, The thermometar is the
A.3.T.M, Cloud and Pour Test, rangs -38 to 50°C, Present anverstus is the
Emil Greiner 0o. #GR 2234 sinsle unit with Or2242 test jar.

Progedure for Aroclor

Pollow D97-09 in ell respects except that the centirrade scals 1s sub~
stitutsd. Only an outlins follows: Add 40 ml. of iroclor to test jer.
Adjust thermomster %o center of jar with beginning of capillary 1/8 inch
below surface of the Aroclor. ‘'‘arm the Aroclor without stirrine to 46°C.
id a bath st 46-48°C. Cool to 32°C, in air or matsr bath at 25°C. Trans-
for the jer to the jacket of the cooling bath wiich 1s maintained at O to
3°C.

Becinning ut & temperetura 8 to 10 degrees above the pour point, at sach
interval of 2°C., remove the test jer from the jacket and tilt just emough
to detemine if there is movement of the Aroelor. This insnection should
not require more than 3 seconds. '/hen movement is not mromptly avparent,
the teat jur should be held in a horigontal position for exactly 5 seconds
as noted by & stop watch. If movensnt occurs, irmediately return the test
Jar to the jacket.

Repsat test for flow at the next tamperature 2°C, lower. Continue the
teat in sbeps Of even degrces ocenticrede (14,12,10, ete.) until the Arcelor
shows no movement when the test jar is held horizontally for exactly 5
seoonds. This is the e0lid point.

The pour poiant is the previous temperature, 2°C. above the solid point.
The pour point ia thus the lowest tumperature at Wwhich the liquid will
flow or pour under the test conditions.

Technicians must familiasrize themsélves with D97-39 which rnives complete
details of apparatus and procedire, reproducibility of results, affects
of thermal history, ate, The directians above are insdequate excevt as
a working outline.

The bath temperature is controlled by adding dry ice to acetone for pour
points below 0°C.

PABiOM = 13048 MONS 057992
Copied by rs - 4/27/48



lonsanto Chemical Company

Anntaton Method No. 14-48-48

JUBIECT: __The Testing of Aroclars for Inmarpsnie Chlorides
MATHOD:

. 3olutions Required

Standard Chloride Solution: Dissolve 0.5680 grams of nure sodium ehlorids
in sufficient water to meusure exmetly 500 ml,; 1 ml. then comtaing 800
micrograns Cl. Pipette 28 ml. of this solution tc a 300 ml, flask and
make to the mark to give a 0.00113 M NaCl solutiom, 1 ml. of whieh cos~
taing 40 micrograme of Cl., Preserve in a Pyrex dottle. Csution: The
wuter used in preparution must be chloride free by the Tyndell Beam est;
the 0,00113 X solutiom should not be kept Sver 1 momth,

Stlver Nitrate Jolutiom 10%: Dissolve 5 rrams of silver nitrsta orystals
in 40 ml. of water and add 10 ml, of oconcentrated nitric ecid.

Chloride fres distillad ~ater.

Apparstus Required
LaMotte 10 ml, 0olor tudbes (13 mm, X 100 mm).

Test tube rasck with a hlack surface at the bass for uniform somparisca
(Note: we are using black gasket rubber over the entire board that eup~
ports the base of test tudes during comparison.)

Box, Adout 7" long and 4" wide. Thie Dox ocontains holes in top and
notohes in the bdottom t0 hold Lamotte color tubas. It is just high
encugh $0 allow 1/4" of test tudbe to extend through the holes in the top.
The box sbould be paimbed a flat bdlack om the inside and on top smd should
contain enough holes to accomodate at leest sevem tudes.

Method

Clean sll flasks, tudes, snd pipettes to de used. Then rinse with dilute
nitrio seid then with ehloride free distilled water.

Add 50 ml. ohloride Iree water to & 250 nl. Erlemmeyer flaek, heat to
voiling, #dd 800 ¢ram of the Aroclor to be tested, vhioch has been heated
to 100°C, shaks vigorously for 1 minute, 6ool in eoonng pan. Carefully
decant soms of the water extract to a sepsratory funnel. Tesh with pure
othyl ether (ohloride fres).

Transfer 10 ml. of the ether washed extract to a 10 ml. Laibtte color

tube after rinsing tube with portion of extrach. Prepere standards by
dlluting exaetly 8 ml. of the 0.00133 M NeCl solutionm to 100 ml. in e
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The Testing of Aroclors for Inorpanie Chlorides - 2 -

volumetris flask. One ml. then contains 2 miororrams of C1. Transfer
l, 2, and 3 ml, portions to 10 ml. tudbes. Xake to the 10 ml. merk with
Cl free HyO0. Place standards and sample im 1ight free box from whieh
only the top of tudee are oxposed add 0,3 ml. of the gilver mitrate to
,each tube compare in & specislly pre-ered test tubs rack.

The eomparison is to de made quickly snd from a sonstemt source of lighs,
prefersdly day light from & window eway from the sunlizht., Comparison
is easier when other souross of light sre shielded from the commrison
reck. look dirootly into tha top of the tudes and ecompare. Nots the
known eolution which most nearly x:toles the 'ster extract estimting to
the nesrest whole mishogram.. The extract dlank and the distilled ‘mter
should slow no turbdbidity.

Caloulation

Divide the chloride content im microrrems of the known solution whieh
mutohes the extract by the weight of the Aroelor represented by the
oxtTaot to obtain the chloride content of ths Arcclor in p.p.m..

In the procedure desorided, the 10 ml. extract represents 40 ~rams of
Aroelor (1/5 of 200 g. taken). The three kmowns contain 2, 4, end 6
aicrograns of Cl, thus rerresensting 0.05, 0.10, and 0.15 p.p.m. respes~
tively. Values should be reparted to the nearest 0.028 ppn.

Preoaus ions
Beosuse of the sensitivity of this test, sericus errors may resilt
tlrough very slicght contanination or inattention to deteils. All egip-

mont must be ssrupalously cleansed, the distilled water sdsolutely ehloride
free and testing dome away from fumes of HCl or chlorine fumss.

re
4/87/48

WONS 057994



lionsanto Chenical Company

Anniston uethod No. 14-853-48

METHOD: _ Titratiom with XKar]l Fischer Ressent

Outline

The Aroclor is dissolved in a mixturs of denzene and asthanol whish bas
been titrated with Fischer reagent o the charecteristic end point,
Fischer reagent is & solution of iodine, wulfwr aioxide, and pyridine.
Iodine is consumed as long se eny water is wesent. The solution is emein
titrated to cbtain the water content introduced dy the Arvcelor,

Solutions wnd Apparetus

Kar) Fischer Reagent: Weigh into a flaek 264 prams of pyridine, Barrett

8-A Or Bastman 214-ll, and edd 61 zrems of liquid or gaesous sulfur dioxide.
Add the 11quid sulfur 4ioxide &irectly from the inwerted cylinder dy attsching
to the outlet valve & glass tube éxtending into the pyridine. Sulfur dioxzide
gas oan be bubbled into the nyridine until proper amount is added. Store in

& glase stoppered bdottle.

Transfer 85.8 grams of the pyridine-s0% aizture and 134 ml of sbsolute
aethancl to a 1 liter Florenoe flask, OCool tharoughly in an 1ce water bdatl,
Add 16.9 grans of iodine, stopper, cool agein befors shaking. Altermately
oool and swirl until the iodins 1s in solution. !akes 200 ml of resxent.
Store in glass stoppered bottle, Let stand 24 hours before using. Then
fresh, one nl of reagent ie equivalent to sbout 0,0033 mus. of water.

Aroolor Solvent: Mix 8 parts dry denzol with 1 part anhydrous methamol.
The 4ry bensol is prepared by shaking the commercisl prede with anhydrows
ealeium ochloride, decanting into a flask and distilling, rejecting the
tirss 107 to come over. Keep in glass stoppered dottles with minimum
expoOmIre tO OLFr.

Nioro Buret: 10 ml. x 0.08 al, Ench automatic with glass stopvered
reservoir. %ck and Krebs #8480. Equip reservoir with & moisture suard
tube condtaining Drierite or a eimilar dehydrating eqent.

Procedure

Heat a elean 500 ml. narrow mouth Erlenmeyer flask in an oven or om hot
plate uatil thoroughly dry. 9wesp out for 10 minutas or uatil cool with
air which bas been thoroughly dried by passing thru tubes conteiming 8

mesh Drierite. Disengage the flask from the aspiratine train and fmme-

diately close with & psper cap held dy e rudder bend,

MGNS 057995



“Jater Content of Liquid Aroclors -2 -

‘1ithout delay, transfer 100 ml. of the bLensens-metbanol solvemt to the
flask shru ¢ small hole punotured into the peper cap. Cover srsin with
paper. Titrate et once with Karl Fischer reasent to Aistinct red-browm
end point which does not fade after swirling several timea. The Pigoher
Teagent is dispensed from the microduret the tip of which projests imto
the flagk thru the pumoture in the paper cap. At the emd noint any water
content of the solvemt has been resoted. Juperimpose a fresh paper can
immediately. ,
Obtain weight of the solvent and twll-covered flask om a T:rsion balanse
or equivalems. Quickly introduce with a 4dry pipette about 100 orams of
the slightly warmed Aroclor to be tested. Cover at once and weigh again
to obtain the weight of Aroolor to nsarest gran. 9hake until the Lroelor
is dissolved,

If the mixture is oloudy, varm slightly. If cloudiness persiets another
mixtare should be prevared.

Punoture & small hole in the paper cap for the (nsertion of the tures
tip end titrate with Fischer reagent to the {irst definite drowm solor,
agitating with s pentle swirling motion. The emnd point should nersist
through several swirls. The end point my slowly fade through slow
access of staospherie moisture in whioh case it is resdared by a drop
or two of rougeat. If not »0 restored, the emd point may have deen s
falss one or the closure is faulty. A definite end point 1s imposeidle
1f dumid air is not well excluded.

From the amount of reagenmt required and the weight of Arcclor used, cal-
oulate the water sontent in p.p.m.

Calidrasion of Fischer Reacent and Standard ‘ater Jolution

9tendard water solution in methanol: Transfer exactly 0.40 ml. of water
from a Rioro buret or a 1 ml. measuriag pipet to a 100 ml, volumetrie
flagk, Fill to the mark at once with anhydrous methanol and mix. One
ml. of solution them contains 4000 mioro-rams of mter in addition to eny
water which mey be present in the msthanol.

Transfer exactly 5 nl. of the above standard water solution (equiveless
to 0.0 srams of mater) to a 280 ml, rlenneyer flask which has been
dried and swept with dry air. Olose with raver cap and titrate with
Figcher rearent in the seme manner ns the smple. The end noint s
sharp. A methsmol blank, found by titrating 5 ml. of the methaaol used
in making up the staniard water solution to & like end point, mst slaye
he mibtracted from this titration.

Divide the smount of weter taken by the net Figcher rearent required to
obtain the titer of the Fischer rearent in terns o water.

Txanple: A 5 ml. aliquot of stendard solution, equivalent to 20,000
miororrams of water, required 6,61 ml. of Fisscher reacent while S ml.

MONS 057996



iater Content of Liguid Aroslors <« S =

of the methanol required (.35 of Yiselmr rearent.

20,000/(6.61 - 0.58) = 30,000/8.08
= 3300 microprams yater/al.

Recalidbrations: Beoause the Fiseher reacent deterioretes rspidly, 1ts

titer must do deternined for eeoh days use. If the same standard weter
solution is used ia recalidration as in the initisl ocalidrstion, the

titer of the Figcher reagent must bde ocslculsted from its total water

ocontens (ineluding that introduced by the methanol}. The total water

is the produot of the initial rross titration and its titer, This in .
the example alove the total water comtent of a 8 ml, aliquot ia 6.81

X 3300 = 31813 miorograns. If on recslidration 7.37 ml. of Fischer

rengent is 81813/7.37 = 2960 micrograns of water per ml,

Two or more oalibrations should be mmde with sgreqment within 0.085 ml,

Caleulation of ByO ssmple
Standardizasion of Jtandard HyO sol.

" Titrate 5 ml, of methamol
Tit of 5 nl. mixture = A ’ .
Tit of 5 ml. methanol = B

A ~ B e nl, Teagen$ for Hy0 added = 5/100 of .4

Divide 3/100 X 4 Dy A = B = factor grame of HyO/ml.
Maltiply fsetor X B givine sws, of By0 in 3 ml. of metbanol.
Add thig wt. of HyO0 %o .08 alresdy added giving HyO in S nl.
(Total) :

Taotor -7y
Ha0 St'4 Titration

?; X sample Titration = T,
4 X 1,000,000 = pym Eg0
wt., sample '
FAD:m
1-87-48

Copied by o
4/27/48
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Frow Letter to 7.C.». /. T.Bolmer (Halowax
Products Div. Union Cerbide and Carbon

Corp., 30 K, Party-Secomd St., N.Y. 17,

PROPHTIES OF BASIC "HALOTAY® PROTUCTS F.Y.). Letter dated Ved. 27, 1946,
YATIRIAL NUMBER ‘ No. 1000 Fo. 1001 ¥o. 1018 - ¥. 1004
Gotors ' Uhite to Pale Straw | mhits to Pale Yellow| Pale Yellow Pule Yellow
Fiom Point (d, ASTH Softeains Foint) des. ¥. Limid 194-201 ‘| 247-252 zr-2es
S.ocific Gravity st 77 deg. T. 1.19 - 1.25 1,53-1.59 1,62.1,71 1,78-1,01
Panptration (’'od. AST!Y) 200~-¢. load at 77 deg. F. - 10-15 . 5-8 -8
v:3cosity (Saybolt Universal Secoads) 3337 at 77 der. P. 1 33-37 at 266 des. P 31-35 at 266 deg.P.| 33-37 «t
Distiliation Renpe [ASTT) der, T. 460-5% 600-650 — T
iash Point (ASTi: Cleveland Open Cun) der. P; 203 284 358 17
Five E“oint (AST™! Cleveland -Onen Cup) der, P, 338 Nene to boliling None to boiling None to
Foeer Pactor at 1,000 oyeles - Less than 0,27 Lesa than 0.27 - a U,
- at 10° oyoles - 0.4 0.707 0,70%
{ eiectric Constant et 1, cycles - S5=8 4-5 )
. at 10° cycles - 5=6 4-5 4.5

D C. Roesistivity (meg. cm.) at 30 der. C.

over 107 - 10%

Over 107 - ].0.)8

over 10 -10%

Copied by mwd
4/2/48
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I-A=~B=4000

From ~ Halowax Products Division
Union Carbida and Carbdon Carporation
30 Zast 42nd Street
New York 17, New York

Letter - i/.C.M./J.H, Cols, Tech. Rep.
8/18/48
Zyrox 3009 {11-313)

GENERAL INFORN.TION

Color

Sp. Gravity
Softening Pt.
Stormer Viscosity
Saybolt Furol Viscoelity
Penetration at 50°C.
Penetration at 28°C,
Flash Pt.

Fira Pt.
Combugtidility
Fraoture

Acid Resistance
Alie1l1 Resigtance
Volatility

P.F, as 25°C. (1000 cyclss)

Dial. Constant at 25°0C.
(1000 cyclss)

DC Reaistivity at 23°C.

Copied by rs
4/2/48

- Brom

« 1.40-1.45 at 25°C.

- 79-83%C.

- $9-89 at 130°C,

~ 79-180 at 130°C.

= Adprox. 15 (200 gm. load)

« Less than 3 (200 gm. loud)

« Approx. 390°F,

~ None to 600F.

=~ 7111 pot supvort comdustion

~ Conchoidal

~ Fxoellent

« "xcellent

= Average for 24 hoursg at 130°C.
Lese than 0,10 ng./sq.ca./hr,

~ Approxz. .001

~ Approx. 2,98
~ Over 108 meg. oms.
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Fron - falowex Products Division
Union Carbide and Cardon Corporetiom
30 East 42nd Strest
New York 17, New York

Letter - '1,C.M./T.”, Cole, Tech, Rep.

2/18/48
Zyrox 3007 (11-308)

GENERAL INFORMATION

Color . - Brom

Sp. Oravity ~1.29 - 1.352 at 335 deg. C.

Softening Pt. . - 65 = 70 deg. C.

Stormer Viscosity . - 20-27 at 130 deg. C.

Saybolt Yurol Viscosity - 20-30 at 130 dep. C.

Penetration at 50 deg. C. = Approx. 75 (50 g. loed)

PFenstrasion at 25 deg. C. ~ Lege than 3 (200 r, lomd)

Flash P§. =- Approx. 530 deg. ¥.

Pire Pt. - None to 800 deg. ¥,

Combust {bility = ‘11 not support comdustion

Fracture - Conchotdal

Acid Resistance - Exoellent

Alkall Resistance . - Txcellent

Volatility : = Averape for 24 hrs. at 130 deg. C.
. Mo/.ﬂomom.

P.7. ot 25 deg. 0. (1000 cycles) - Approx. ,004
Diel. Constant at 25 deg. C.

(1000 oyeles) - Aprrox, 3.0 -
DO Resistivity st 28 deg, C. - Over 10° meg. oms.
Copied by rs
4/2/48
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From: B,I1.0.9, Final Rept., No. @99
APPERDIX II. PHY3ICAL AND CHEMICAL PROPERTITS OF CLOPHFN OILS Item Ros. 1, 7, 22, & S}
Pages 108 - 109

{as quoted fn I. G. Furben's sales shcets)

Property Clophen Clophen Clophen Clophen Clophen Clophen
A30 A40 A30 ABO . A70 A80
FOTM o0 e¢ o2 oo oo o5 os Liquid Liquid Liquid Liquid rirm wirm,
. crystalline
COLOUT .o «o oo oe ss ss oo Rearly Rearly Fearly Rezrly Hearly Thite
colourlsss colourless colourless colourless colourless
Spacifie Gruvity at 20°C e oo 1.35 1.48 1.53 1.68 1.7 1.72 - 1.7
Sclidifying Polnt .. .o v .o -18%C «5eC +128(° +30C +50+C >160°C
Flosh Polnt* .. .. o« o0 «e 166° 193¢ 22p¢ 236° 240° 290° or over
(Penaky ~ !nrtens) In an open crucible . {Pensky - I'artens)
Shrinkeso: 100* - 20°C e os &% 67 [ 6,, 5 - 67 -
50® - 30°C e ee 3 B 37 s ¥ -
Vizcosity ut 100°C .0 4e os s 1.1°E 1.2 1.5°F 1.9°% 4°R% -
Bsilies~ Point Limit et-12mm, -
of L’eTCUTY o» as oo o5 oo 165 « 195¢ 180 - 215¢ 190 - 230°* 195 - 25C* 200 - 255°¢ 210 - 260*
lcss during Tvavoration
{aftex 6 hours at 100°C) ve 0.09% 0.03; 0.02% £0.01% 0.017 0.0
(2 hrs. at 125%)
Volatility at 20°C .o +¢ oo £.0.009% <0.005;. <0,009% <0,009% <0.009% <0.009%

(. of Liercury for 100 hourl)
iieat Conductivity at 40°C

{in Calories per metre per hour 0,093 0,091 0,087 0,066 - -
per °C).
y  Ceponification No. .o oo o o 0.0 0.0 0.0 0.0 0.0 0.0
o .
z AR & 4o se oo s s os oo ¥V, smll V. omall V. sall V. amull V. small V. small E
Pcrmittivity at 20°C s v we 8.0 5.4 5.0 . 4-45 3.0 S.0 5
©  Pcwer Faota .. .. e eo e £0.001 <£0.001 0,001 £ 0,001 £ 0,002 -
®  Broakdewn Strepzth .. . o .. 200kV/om. 2004V fom., > 200KV /om. > 200kV/om, - -
8 it olS 13 14 14 1 14
s Irsulation Resiztance in Ohm.om. 1 X1 1X10 1 X 10 >1X10°" >1X10 >1X10

Ciophers are not comhuatible and do mot suprort vombustion of miterials into vhich they are impresmated,

7



Fron - United States Patent 2,070,268
Patented Februusry 9, 1937

$00850 SNOW

Pace 2
TABLE I
Itydrocarbon
conpositions Properties of dielectric
Dis~
tilled Dielectric
high Viscosity 3recifie constant K
boiling Chlo~ sec. say- sravity at 100° C,
. Di- cota= rine 2t at at {1,000
phenyl pounds coptent 210° F, 65°/65¢ C, cycles)
Percent Percent Percent
l - 0 100 £3.9 &3 1,2%8% 4,23
2 - = 0 10¢C 40,3 290 1.409% 4.98
3 e 80 20 41.2 35,7 1,352 4.87
4 -~ ~ 80 20 52.2 47,5 1.490 4.56
5 ~ e = 50 50 42,0 48,8 1,283 4,84
6 ~e« = 50 30 36.4 40.8 1.324 4.89
Provertics of chlorinoted Aiphenyl
7 == - 100 0 5¢.0 46.0 1.523 4,30
8 - -« 100 [} 42.0 34.0 1.380 4.80
Copied by rs
2/2/48
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I-i (§) - 500

Stadility of Grade P Hyear and Teflon
in Aroclor 1254 at 130°C and 45°C

Short Form lteport No. 2179
File No. 141-27.1

. December 29, 1947

Notebook referencea: Smith 45137

Grade P Hyocar and Teflon Immersed in Aroclor 1234

4 Cain in
Material Temp. Hours % Gain in “t. Thickness
Grode P Hyenr 130°C 285 68.6 26
Grude P Hyoar 43°C 285 268.3 6
Teflon 130<C 285 Neglirible Neglizible
Teflon 45°C 28% Negligidle Nepligible

rs
1/14/48
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I-A-1 - 500

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

Aerovox Corporation
New Bedford, Magsuchusetts

Determining Fluorescence in Aroclor

mThe ultraviclet licht we use for determininr~ fluorcscence in
Aroelor is menufactured by Geor~s /. Gutcs and Company, Franklin
Square, Long Island, New York. It is a CH 4, 100 latt, G. I,
Mpzda Lomp with filter.

“Our procedurs is to psur a small amount of .iroclor intoc a 5"
watoh glass or @ 5" Pyrex evaporatinsg digh and observe for the
degree of fluorescence under the CH 4 lamp, preforadbly in a dark
room. If the sample has been contaminated with lilneral 011 it
will show up as a streaky or milky fluorescence as compred to
purs Aroolor, The fluorascence around the meniscus of pure
Aroclor is not to be confused with the fluorescence resulting
from contaminution,

nThis tost 18 qualitative and, s such, iz based on the cxveri-
ence of the person perfcrming it. ‘'le keep a standerd sample for
comparison. If there are any further auestions nlease feel free
to oontast us”.

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

ELECTRICAL DATA ON ~ROCLOR3

Introduction

Time haa not permitted us to carry out electrical messurements
on all of the Aroclor samples sent by your laboratory and as listed
in your letter to Dr. C. K. Bump of June 27, 1947, It wap believed
that dielectric constant, loss fuctor, and direct current resistivity
measurement s over a temperature range for a low chlorinated and highly
chlorinated diphenyl; also one sample each of the terphenyl and the
mixed biphenyl and terphenyl series would represent the electrical be~
havior of Aroolors.

The trend of the eleotrical properties of the sampleg not meusured
can be estimated; 1.e. as the viscosity of the ‘roclors of s particu-—
lar series increuses, the loss faotor will decrease and the loss factor
maximum (1f within the temperature ranpe meusured) will be shifted to
higher temperatures. An increass in viscosity will increase the resis-
tivity of the Aroclor. The dlelectric constant of a material is a
mecsure of its nularizability. Therefore, sxy change in the structure
of the mnlecule which will increase its polarizability will cause an
incroase in dielsctric congstant.

Accuracy >f Nata

The accuracy of the alternatins current data is dependent on the
dissipation fauctor of the dieloctric at a perticular freguency and a
purticular temperature. The dleleciric constant values are accurate
within .24 provided the dissipation factor is less than 107. The error
is greater with increasing dissipation factor. The acecuracy of loss
factor {dielectric conatent X dissipation factor) 1s also dependent on
dissipation faotor. Aroclor 5442 was the only sample which had a dis~
sipation factor greater than 10% and that occurred at the followinp
‘wonditions:

41°C, 500 cycles
41°C, 750 oycles
35°C, 500 cycles

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

The dircct current resistivity values have a 30% error for the
greutest resistance resdinrs on our instrument., For lower resistance
values the error decreases. Aroclors 1221, 1254 showed an increase in
resistance with time whioh is indicative of polarization effescts. ¥or
these materials then, resistance wes read after the voltape was applied
and then at the end of one Mminute - an empiriocal method used for tsking
a reudable value. Aroclors 4465 and 5442 4id not show noticesble pola-
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-2~ * December 2, 1947

rizetion effects, even at the high temperatures.
Dats
—

The dielectric constant of Aroclor 1221 end 1254 is independent
of frequensy. The dlelectric constent of ‘roclor 4465 and 5442 ia
aleo indevendent of frequency at the high temperatures.

The liquid-1ike properties of 4485 and 5442 disappear at the
lower temperatures where & dispersion region becomes evident. It will
be noticed that the dislectric constant curves (ot the lower tempera-
tures) have the sume order es those of the correaponding loss factor
curves and the infleotion regiona cccur at the losa factar maxime tem—
peratures.

The loss factor curves of 5442 at the higher temperatures show a
sharp up-swing, indicative of a large conductance comporent in the loes
factor, Similarly, the loss factor curves of 1221 and 1254 geem to be
in the conductance region.

Aroclor 1221 showed an unuguel senaitivity in chunging loss fastor
values and as great an insersitivity to change in dielectric constant,
It was found thet & sample ncasured initially at room temperature and
meusured at successively increasing temperatures save different loss
footor values when compared to mecsurements made 'with the inttial tem-
perature Ligh and then successively lowered. Results showed that
raising the temperature of the ligquid or allowing the material to stand
in the open for long periods always lowered the loss fastor, probabdly
volatilizing the more conductins or the high loss sudbstances in the
Aroelor., Below 5000 cycles this effect was very noticeable, the diffe.-
rences increasins with decreasins frequency. It may be mentioned here
that loss fuotor measurements at low frequencies might possidly be used
as an analytical tool or as a control method of indicating volatile subd-
stances contained in the Aroeclor 1200 series.

The log resistivity versus 1/T praph is useful as en indicattion
of the change that occurs in resistivity with temperature - or what is
related, the change in viecogity with temperaturs. The actual slopes
of 4465 and 5442 cannot be assured sines there should have been mors
measurements made &t high temperatures, However thess two .iroclors have
e much larger viscosity-temperature coefficient than the other two plots,

It is hoped that the enclosed "raphs will summorize the dielectris
properties of the Aroclors measured. Liore comdlete informetion or any
questions ooncerning the data will be sent on request,

R. Levreault

lonsanto Chemical Company
Plastics Division
3pringfield, Lnasachusetts

aom/
Copied by rs
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II-B

from - B,1,0,3, Final Report N¢. 893

Item Nos, 1, 7, 22, and 31

Pares 12, 13, 14, 15, 16, & 17

IIT. CILORIN.TED DIPHENYL.

1.

General .

Chlarinsted diptenyl is manufsctured by I.G., Farben under
the trade nams of Clophen. Sone types are liquid and others
#0114 at normal temperutures, They are used as impregnants
as alternatives to hydrocarbon oils end waxes. Clophen shares
with other chlorinated meterials a high permittivity end has
the same dangers in handling, due to noxious properties. In
addition to the grades suited to capacitor impregnation, a
grade known as T64 is made by I.G. Ferbem, suitable for trans-
former cooling. The total output of Clophen ASO and A60 for
the years 1938 and 1943 was:-

19338 Typo ASO 21 ema
A60 132

1943 " AS0 170 "
" A60 508 "

The coat of the materisl {n Germany is:-

Type AS0 1M, 50pfg. to 1. 60pfg. per Kiloersm
* Té4 1M, 20pfg. per Kilogram.

The followinr~ is a 1ist of the principal prewar consumers
of Clophen:-

Siemens-3chuckert, Berlin.

A.E.0. (Hydrawerk), Berlin,

{cafi]l (Brown Boveri), Zurich, Switzerlsnd.
Alsthom, Puris.

Duceti, ilan, Italy.

It was stated that no Germsn canacitor menufacturer uses
Clophen for the manufacture of small cupacitors for radio amd
telephone purposcs and where these have been used by the Ger-
man fighting serviccs they were supplied by the Itslian firm,
Ducati,

lanufacture.

(1) The synthesis of diphenyl from benzene.

Dipbenyl is synthesised from bonzons as shown in the
fipure, tollontnr-
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Synthecis of Diphenyl from Benzene

VA Y
( Condenser

} - 200°C

Distilling 3 Twostage

Colummn
L - - -- 500-650‘(2(‘ - Heet Exchanger
- l
S |
Reaction
Coil
800

The synthesis occurs in the vepour phase, at 800°C. and
atmospheric pressure, in an electrically heated reaction
coil of copper-mangonese alloy. No catalyst ia required.
The apporatus, sport from tho reaction coil, {a of irom,
and oporstes at the temperutures showm adbove, ..bout 10,
of the benzene vapour is converted into diphenyl in one
passage through the reaction coil,

The purity of the benzZene is of importance for the elec-
trical quality of the ultimate chlorinated products and
a specification is attached overlesf, The benzene used
was believed to contsin 0,2 to 0.3% of paraffins but
1ittle definite informetion could be obtained regarding
any undesiradle impurities or the mechinism by whioch they
cause poor electrical performance, 'Thiovhene was stated
to be definitely harmful, snd vague refersuce vms mads to
*nitro-compounds®, to "aliphatic hydrocarbons" and to
"substances which ocould not be chlorinated”. The pre ise
nature of these materials waa not kmown, but their absence
was ensured by obtainine benzene always from suppliers
whose product wes known to be satisfactory.

Apalytical Specificetion for Pure Benzene

Appearonce: Clear end colourless.

Density at 20°C.: 0.876

Lietilling runge: First 57 within 0.25%C,
5% - 95, " 0.25%C.
95,. - end " 0.25%.

3Solidificetion point: Not less then S°C.

Bromine consumption: Not more thsn 0.5 gm.
bromine per 100 c.c.

Julphuric acid test: HNot more than 0.15 gu.

K,CrpOy

Carbon disulphide: Shall be free from CS3;.
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Difficulty in the synthesis was still beins experienced,
due to rapid corrosion of the copper-manganese reuction
e0il, operatinz at 800°C. A smell scale exnerimental
apperatus using a fused silice coil had been made, but
had not been developed for production use.

1o addition to dipheayl, sbout 3% each of 1-3 and 1-4
terphenyls are produced dy the pr . These are se-
perated, chlorincted and used in sealin” wvarnishes;
present production is about 4 tons per month. No usme
is made of chlorterphenyls as paper impre-nants, since
the materials are resinous and tend to crack; moreover
the permittivities are lower than those of the chlor-
diphenyls.

‘the erude diphenyl is next purified by distillation.
During this process the tervhenyls remain in the residus.
They ere extracted in the following menner:~

‘The reaidue is dissolved in hot benzene, filtered, and
the 1-4 isomer obtained by fractional crystallizationm,
The crude product is distilled in vacue, yielding 1-¢
terphenyl with melting point of 208°C, The 1-3 isomer,
remaining in golution in benzene, is more difficult to
isolate. The solution 1s olarified with ectiveted char-
conl, filtered, und the benzens evapcrated. 'The residue
is distilled to yield 1-3 terphenyl with melting point
80-84°C.

(2) Chlorination of diphenyl.

For the chlorination of diphenyl a lead lined veassel of
10,000 1itres capacity 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 passe.
in. The addition of chlorine ies contiaued for 100 hours
at a rate of 130-135 kg/hour during which tims the tem-
perature {s raised gradually from 110°C. to 130°C, The
snd point of the chlorination is determined by nessuring
the density of the product.

To remove hydrogen chloride formed in the process, dry
air is dblown through the liquid for 2 hours 8snd this hy-
drogen chloride is rcoovered,

The product is transferred to another vessel and treated
with 1/2% of soiid sodium hydroxide, hected end sgitated,
The sodium hydroxide is allowed to settle out and the
Clophen drawn off from the top, transferred to snother
vessel to which Fuller's esrth and soda are added and the
1iquid redistilled. The stills for this process ere ass
heated,
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3. Properties.
(1) Cepacitor imprepmeting grodes.

A surmory of the physical and chomical -rovertieas of tha
capacitor inmpregmating grades of Clophen 1a civen in
Appendix II, There are six grades ¢f capacitor impreg-
nant, A3), A40, ete. up to AS0, the 3, 4, 5, ec. indi-
coting ths number of chlorine radicals combined with the
diphenyl, Tach grade contalus.a proporiion of the adje-
cent homologues not exceeding 207, Crade A30 has the
hizhes! value of pernmittivity. Theoretically the hirhest
value cbtainadle with a chlorinated diphenyl is 9.0, and

a grade having a permittivity of' 7.0 hes been prepered,
but is chemicelly unstable, and very sensitive to moisture
and impurities, The most commonly used rrades are ASO and
A60; ASQ fs the most stable prads and has the lovest dielec-
tric loss, Grade A60 (s considered by I.G. to poasess the
optimun combination of nom-inflemmability, stadility and
viscosity., As with Nidrea, it iz considered that no eddi-
tives are required siuce the subdbstances are stable in use,
provided that the capacitors are efficiently sealed against
tho air, Kicufil of Zurich are the only users of A30 and
A40,

The following table shows tho variatlion in capscitance
and pover factor with temporature for a Clophen impregna-
ted paper capasitor.

Tho impregnent is 450, the dieleotriec is Schoeller and
Hoesch "A" finish reg tissue (density 1.2 — 1.23) with

a thickness of 10 u; frequency of meesurement is 800 e/s.
Power factor shows s maximonm vsiue of 0.052 at about +4-C.
while capscitunce faolls off by some 207 at temperatures
below thia critical value,

Varistion in copacitonce and power-factar with
temperature for s Clophen-impresnated capacitor,

Temperature Relative - Power
(*C.) Capacitance Tactor
-60 0.87 0.035
~40 0.91 0,024
-20 0.94 0.013
] 1.02 0.048
.4 1.06 0.052 (mex,)
+20 1.10 0.008
*40 1.10 0,005
+60 1.10 0.004
+80 1.11 0.005

No evidence was obteined from I.G. on the use of any type
of additive rith a view to depressing the temperature at
which the change of state ocours,
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The method adopted for evaiuatine the water content in
oils such as Clophen is deseribed in Lippendix IIX, It
1s also applicadble to such solids as Nibtren.

I'ngelhardt stated that no source of failure hed been ex-
porienced durinr the nhole period of production of Clo-
phen, whioh is about 17 years. Comsequently no improve-
ments or modifications had been made or found necessary
during this period,

(2) Trensformer-cooling prade (Clophen T64).

No detailed information wvas sought on this meterial, since
it 1s ungsuitadle as & capacitor imprerment and is only
used as & coolant for tranuformers and phuss shifters,

A summry of its physical and chemical propertiss is given
in Appendix IV. It has a low viscosity, is moderately
stable under electricsl stresses and has the distinet ad.
vantage over minerel oils of dbeins non-inflsmmabdle.

The principal users of this product are A.E.G. and iemens,
Wt it ie understood that, as with other chlorinat-d eam-
pounds, conservotism cnd prejudice among customers have
provented its wider use,

No stabilisers are addad to the material ss their function
of absorbding hydroehlorie acid would be defeated by the
formotion of "chloride salts", which in turn becoms elec-
trolysed. It was said to de very important to avoid com-
tamination of Clophen T64 which may ocour in transit and
for this reason the use of lsather for raskets must be
avoided,

Nethods of use, precautions, ete.

No details were obtained on the method of impresnstiom
used by I.G. for the construction of test-specimens of Clo-
phen~-impregn:ted capacitor. This ms partly ccused by the non-
appoarance, after the first dey, of Emgelbardt, but it is not
considered likely that any novel processes are involved,

For information on the precsutions neecessary in the use
of Clophen, see Jection II, 5, above.
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IIT-A-t - 500
Trom - B,1,0.3. Final Report No, 893
Ttem Nos. 1, 7, 22 and 31
Page xiv

Clophen is made in several grades, which corregpond closely with
their U.3. counterpurts, A.50 being the srade most commonly used for
capacitors. .

kxoept for very rare use by Giemons and Ilalske for specisl oriers,
Clophen his not been used in Germany for amall capacitors of the tele-
ocommunication type, but it hcas been used extensively by 3Jiemens~3chuckert
for power oapscitors. It ls interestin~ to note that the Cerman forces
used Clophen impregnoted and filled tubular capacitors made by Dueati, of
ii4lan, who obtained the impregnant from I.G. The prejudice arminst Clo-
phen was, however, being, gradually overcome und several msnufacturers
wore contempleting an extendsd use of this material, 3ome of them con-
sidered it to be equal to or possidly detter than minerel oil for opere-
tion at powsr frequencies.

re
11/24/47°
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From - B.I.0,5. Final Report No, 833
Item Nos. 1, 7, 22, emd 31
Pagea. 98, 99

(2) Clophen

The only chlorinated impregmant used by Jiemens-
Schuokert is Clophen, supplied by I.G., In power factor
correction and hirh voltage applications it is consider-
od practically ideal,

The only type of Clophen used in bulk is A.50, penta-
chlord{iphenyl, (correcsponding to Aroclor 1254). A.30
and 1,40 have been tried and found unstable. A.60, A.70
and A,80 ure too viscous to allow for pood impregnation
and heve lower permittivities. Although the viscosity
of A,50 et room tempersture is much creater than that

of oil, the viscosity at impregnation temperature is
sufficiently low to give no trouble in ettaining thorcugh
impregnation.

A routine cheek on conductivity 1s made on each drum of
Clophen, and formerly if the conductivity were too high,
the Clophen was treated with pomliered chalk to nsutralise
the free acid. As the result of comtinual pressurs on
I.G. over a period of yeurs, the acid content bad gra-
dually diminished, and it is now possidle without chalk
treatment to wark to the -i? rejection 1imit of resie-
tivity as for oil, viz. 10*° olm.cm, at 20°C. Drums

of Clophen failing to pass the conductivity test are
returned to I.G., unless ursently needed, A certain
elasticity is permissidle in view of the high standard
set. Apart from conductivity, further escceptance checks
are specific gravity (1,54-1,55) and permittivity (5.0-
5.2). Permittivity is meassured at 800 cyel.s end 20°C,
on & Schering bridge at low voltage. The acceptance
standards for Clophsn A.50 are shown mraphically {n
Appendix XXXIV, .

Clophen costs about 1 . 80 pfg./kg., and is therefore
much dearer than oil (30 pfg./ks.). This extra cxpense
is offset, however, by the use of a special desirn
which reduces the amount of Clophen required. An ad-
vantage claimed for this impregnent is that is has e
similer permittivity to paper (viz, 3).

2, Other imprepnunts studied.

As Clophen i3 considered nearly ideal, no serious
attempts have been made to find superior moterials or addi-
tives to improve its performance, This attitude is sup-
parted by service experience, in which no failures have
been reported. It is realised, however, that on freezing
discharges may occur in the comtraction voids, which may
result in decomposition of the Clophen and failure of the
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dielectric. Tests were performed (aee Section IV, 2, (3))
to check whether this depradation does in fact occur, and
no failure wes noted.

Nevertheless, 1.G. supplied small samples resembling
Clophen \.%50 but having a lower meltiny point so thut this
possible source of failurs ¢)uld be investigated. De~
pression of the temperature at whioch th: dipoles become
immobile ashould raise the muximum usabls frequency and
hence broaden the range of applicationms by introdueing
those tor audio~frequency furnaces.

Two of these I.C, samnles, with references \,162K
and A.162N, are, like Clophen, made from benzene, but have
a lower chlorine content becsuse of the presencs of an
additional alkyl rroup (Cylian*l), and hence a lover density.
Their advantepe over Clophen A.50 is that the setting point
(i{.e. temperzture of maxirum dispersion and of capacitunce
diminution) ia lowered from -8°C, to -17°C. The permit-
tivity, viscosity end non~inflammability resemble those
of Clophen A.50. The viscosity/temperoture curves of
these two samples, K.7 mineral oil and Clophen A,50., are
compared in Appendix XXXV.

re
11/19/47
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III-B=2500

Dascember 22, 1947

T0: PHOPH.TE DIVISION “ALUSITN
FJBY: Arcolor 5460 as Used tin Ethylcénulaae Lacquer

RE: TFederation of Paint and Vornish Production Clube Official
Dimest (Octoder, 1947).

Aroclors used as plosticizers and resins impurt excellent qualities
to atlyleellulose,

tthylcellulose 1s used in lstquers of various types, the ethylcellu-
lose actins os & lon: chein volymer to impart toughness and flexi-
bility end to increase the speed of drying,

3ome of the principal uses for ethylcellulose lacguers are for the
costing of high temsion ignition cable; heat sealing lucgquers for
foil oand puper where the slipht dissolorution which may develop &n
nitroocellulose lucquers on heut sealing is not permissidle; linoleum
laoquers whers alkali resistunce ls essential; textile printing;
printing inks, particularly in multicolor desirns where hydrocarbon
solvent does not soften or dlecd inte meviously printed desirnps;
airoraft lacquer for rcsistance to both heat and enld and to mick
temperaturs chanses; record lacquers, especially for home recorders;
and in wood sealers where ood sunding end flexidility are essential.
A pood pigmented ethyloelluloss lcequer bua been made, based on the
following formula:

Ingredients Parts (by weipht)
Rthylcellulose Ne22 6.4
Aroelor 3460 6.4
T10; 4.2
Menthylrphenol 0.06
Toluene 67.0
Ethanol 5.0
100,06
Benignus

rh

Copied by rs

2/2/48
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I11-3-300

Prom - !emo G.Y, Frankls/P.G. Renisnua
tarch 11, 1948

Soil-Poison Concentrete

As degoribed delow, the:e materials are formulated into & mater emul-
eifinble soil-poison concentrate ¢aorrying almost 30 per cent by weight
of sotive inpredients.

Aroclor 1242 33,5,
Trichlorobenzene
(kixed isomers) 33.5
Pentachlorophenol 10.0
Isopropyl aleohol 3.3
Toluens or Xylenes 16.7
Sterox L : 1.3
Santomerse 3 Paste 1.5
100,07

* Other non~ionic type emulsifyinz agents such as
Triton NT or 9nen and Tween cun be used to revlace
the 3terox SE.

Copled by r»
4/2/48
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Chemical Abstracts

PO53IBLE UZE OF AROCLOR3

Vol. 41 4
. Page 68587

T.S.P. 2,425,978 %o Anderson und Coalshan, {Hercules
Powdsr Compeny) .

Foundry eores sprayed with 1% solution of eklorinsted
paphthulene in hydrocurbon solvent shov greater scrutch resise
tance then untrested corcs, Cl; content remains from 40 - 80,

Clg.

Particularly rood for use with .1 castinrs,

rs
12/2/47
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(3}

Iv.10

From - B,I.6.3, 'inal Ledort Mo, 897
Item Nos, 1, 7, 22 and 31
Pares -~ 10 and 11

uoh leoss troudls hes been exporienced with chlordinhenyl ther
with chloroaphthalens, probably because the farmer, being liquid, in-
volves less physical dontuact in dispossl.

Prevention,

Very thorough washing of all areas of the skin likely to be
contamineted with so0lid, liquid, ov fumes has aliays deen the dasic
principle in prevention of skin troubles, ard is still looked upen
ap.fundamental,

then fatty sosps cemaed to be availadle, because of the di-
version of fatas to food, it bacams essentisl to insist upon the
use of darrier crewia, of which the best wes one named "CUINBO",
nade at Trommersdorf. This has now been replsced, for lack of
supvlies, by an alternative mode by I.0., named "MITICAL®, which
is considered inferior to -uimbo but satisfsctory.

The Missan firx put up a special powder named "<CH'EFEL-
FOLVTR" to act as & barrier, but this was found to be inefficient
oxoept to allay irritation on skin areas exposed to fumes only,
For this purpose it still firds use st Leverkusen and at the Hyirs-
werke faotory vt 3erlin.

A special point is mode of fume extraction, and the minimum
air speed away from the operastor is ) metro per sscond,

To check the efficiency of Lhe precautions, s thorough exami-~
nation is made every 4 weeks of every worker coming into contact
with ochlorimuted hydrosardons, and since the enforcerent of the
precautions, no deaths or symptoms of internal injury have cocurred.

3ince superfattsd socspe huve ceased to be available, e cleansing
oomposition containing lichlor-methane has been dsvised. This is so
powerful a detergent for chlorinated materisls that barrier crsams
are goasidered unnecessary, dut it 1s uncomfortsbly irritant to many

skins.

Cure.

Ten severs attacks of chlorscns ond internal sickness were
encountered, in the early years, when the properties of chlorinated
mnterinls wers not well understcod, extensive rest periods had to
be prescribed, togetber with a generous diet, entire absenca of
further contamination, amd long periods in tbe open.

Sines precautions rave been taken to minimise the effects,
only & few mild cases of chloracne have been met. Theso have been
treated with a solution of acetic and salicylic ecids in methylsted

apirits.
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{4) Conclusions and Recommendetions.

1.G, oconsider thet neither toxiclty nor skin affection neel
now be eny deterrent to the uae of chlorinated naohthalene, and
that chlordiphsnyl is if anything leas troudlesnms,

Certain people, notably thnae with fuir skins, show distinct
allorgy, and are best diverted to other work not involvine contact.

9orupulous clesnliness of the skin {including the face, neck,
and arms) and of the clothing (esvecially undersorments) is sssen-
tial and noeds strict enforcement. ‘'ashing with hot vater and good
soap is sufficient, 30 lonr as the soep 1s superfatted, since the
skin bscomes sensitive to irritotion by elkali.

Berrior c¢resam should bs uased on thoss perts of the skin which
come into contact vwith s0lid or 1iquid materizl, and the ares of
contact saould de minimised by the uss of protective clothing and
gloves whero ossible. Areas of the skin wnich ore contacted by
funeo only, end particulerly those chafed by clothing {e.p. the
nook adjucent to the edge of the clothing) need protection dy a
suitadble soothing powder.

“here fumes are genersted, thoy should be drawn 2way from tho
operator at an air speed of at least 1 metre per second. It may
be fourd sasential to have two ducts, one at floor level end one
overhead, with exhoust in two directions simultaneously.

In case the procautions are beins evuded, or lest thers should
be some idiosynorssy, monthly mediocal inspection ia desiradle.

re
11/24/47
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From - The Journal of industrial
Hyciene and Toxicolony
Volume 20, Number 2
February, 1938

IORPHOLOGICAL CHANGES IN TH™ LIVERS OF R.C3
REULTING FROM EXPOZRT TO CURTAIN
CHLORIN..T=D NYDROCARBONS *

Chlorinated hydrocarbvons, partfoulurly chlorinated nunhthzlenes
und ochlorimted diphenyl, have boen uged extensively in certain in-
dustries. Their use in thc manufacture snd nrenarution of many tynes
of electrical equipment 1s constently increasins. .lthourh {t is
known thot gome of these compounds cuuse acne, only racently hzs the
pesaidbility of more serious systenic effects besn reoocnized.

The present papcr descrides the nstholorical chanres observed in
rote thet had teen oxpozed to various chlorinoted na-hthalene come
pounds und to chlorinated diphenyl.

Compound G {chlorins tod diphenyl) wsa administered to two ~rousg
of animels in low concentrations. .. svorice concentration of 0.57
mems. por cu. m. wus employed 16 hours dajly for 174 days in the first
experiment, In the second expariment (employins an averure air con-
centrution of 0.93 mems. per cu. n.) the enimals werc exposed R hours
daily for 143 days,

The present exneriments demonstrate that chlorimated neshthalene
compounds and chlorinuted diphenyl sra capable of "roducing marked
liver damage in the white rut without demwnstradle miorosconic shunros
appesring in the othsr ors.ne. Furthermore, the characteristics of
the liver lestons resultins from comparuble amounts of any ~iven COm=
pound are the same, reyardless of the method of adninistration (inha-
lation, feeding, or sudcutaneous injection).

0f the vurious chlorim ted hydrocurbons testcd, ohlorin ted di-
phenyl ruve evidence of bdein~ the st tuxic. ‘hen udninistered by
inlmlation in vcry low concentretions (averspge 0.37 to 0.93 mms.
per ou, M.} liver c¢oll chanres were very pronounced ufter the first
exposure pcriod. The most strikine chanre wes the hyalinizetion of t
the oell oytoplasm (see fig. 6, plate III). 3uch celluler altecrations
were essentially unchanged after a 2 montbh recovery veriod. In these
enimsls small sudlethal doses of ourbdon tetrachloride and aleohol uni-
formly produced extonsive liver necrosisc and was hierly fatul to them
(firs. 1 and 2, plute VII). Chlorinated diphenyl fed in wmall dases
nroduced similar but more marked liver injury (see fi~. 5, plate III),
In large doses this compound was highly fatal. The liver chunres in
animals dying efter short exnosures ere inconsnicucus and consisted
mainly of swellinp of cells and active re~eneration (see fiz. 4, plate
I1IX)., However, animuls removed from exnosure befors bdeins futally
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polaoned, subsequently developed hyraline depensration of liver cells
simtlar to thet produced dy prolonred udministration of small dogses
of this eompound, .

Thus the results of the resent study, as well as certein field
studies that have been mude (1) suc~est that the solution of the in-
AQustrisl hazard involved is dependent lurgely on a reduction of the
air concentrution of these compounds to a level that will not »roduce
liver damore. The present experiments indicate that lower air con-
centrations must be obtained in the csse of the more highly ehlori-
nated naphthalene comvounds and ohlorineted dichenyl tham for trichlor-.
paphthaleneo if u safe environment far workwen is to be assured. BRe-
cuuge of the pronounced toxic effect of smmll doses of carbon tetra-
chloride on the livers of aniauls alroudy injured by cxnosure to .
cklorinated nanhthalenes and chlorinated dinhenyl, its uge as e sole-
vont for these compounds w>uld apnear to be very hazardous,

Ta
2/3/48
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