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. RESEARCH DEPARTLENT - PHOFH.TT DIVISICH

'MON3ANTO CHEMICAL COMPANY

‘ Aﬁnigbon, Alabama

&32222& 2&35 B

General inrormation on prOperties of iroslors, Aroclor process
data, uses of Aroclors, anmd nhysiological effects of ‘roclors,

FORE ORD

20K

Ag a meané of presentincs the available data on :roclors to the in-

terested personnel within the Lonsanto organizatlon, this 1oose1eaf

notebook 13 being compiled.

" Most of the date has resulted from work carried out within our omn

organization. Literature references, however, will be cited in all

cagses throughout the compilation in order to. allow nore detailed 1nror-

' mation to be obtained by the user.

The following detailed outline is for facilitaeting the location of
data in the Book and to assist in properly insertins newx data sheets.

Tach Aroclor is to be given u series pumber for location under the
general headings. This scheme at present is as follows:

Aroclor 1221
Aroclor 1232

. . Aroclor 1242
: Aroclor 1248
"Aroclor 1354
Aroolor 1260
hroclor 1262
Aroclor 1268
Aroclor 1270
AToclor 1271
Other Diphenyl Aroclars

’_'Arocior 4465

‘ Other ,High Boiler uroclora ‘

Aroclor 5442
Aroclor 5460
Aroclor 5465
Aroclor 5468

Aroclor 2565
Related Compounds

[ O I B IR |

100
200
300
- 400
500
600
700
800
900
1000
1100

1500

2100
2400
2500
2600
2700

' 3000

4000

serf{es
geries
geries
gories

series -
geries
geries

series

series -

series
geries

gories

series

series
geries
series
geries

geries
garies
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The page pertaining to the solubility of ALroclor 4465 in various
solvents vwould be of this type "IA] - 1500", In cases where the infor-
mation for all Aroclors can be compiled on one sheet, such as refrac-
tive indices, the pare will be inserted under the general hesding and
will bear only the number for the first Airoclor, for exsmple, Iih - 100,

I. GENERAL PROPTRTIES OF AROCLOK3
A. Physical Properties .
l (a) General Physical Consta_nts'
1. Formula and molecular weight
2. Specifications for :anufacture
(b) Density and Specific Gravify
(e¢) Cubical Coofﬁcients_of E‘xP'ax_mion'
(4) Vapor Pressure znd Rat,ﬁ of Tvaporation
(e) Specific Heat and Heat Capacity
(£) Thermel Conductivity

‘.
‘(h) Refractive Index : .

(@) Viscosity ' . | -

. (1) Heats of Vaporization - Other Thermodynamic Proverties
(§) Solubilities | |
(k) Flash and Tlame Points
(1) 1fiscellaneous |
B. Electrical Properties
(a) | Dielectric. Constants
(b) Power Factors
(¢} Dielectric 3trength
(4) Volume Resistivity
{(e) Dipole oments

(£) !Mscellanesous

STLCOPCB4054092



II.

A,

. ,B.
C.

'MCTHODS OF MANUFACTURE-

Monsanto Process

l. Rew Materials

2. Chlorimation

S. Distillation
4, Storage and Shipping
German Process

Other Processes

III, USES OF AROCLMR3

A.

B.
c.
D.
r.

G.

H. .

Eleotrical nold'

‘ _1. _Transformers

2. Capacitors
%, Coating for '/ire

4, Other uses

‘Varnishes -

Plasticizers

Hydraulic Fluid
riro"netardanta
Hoating modium .~

Miscellaneous

Suggestions for new Uses

PUY3IOLOGICAL EFFICT3

1.

2,

Skin Tests

, Systematic Tests

PATENT3 U3ING AROCLORS
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THIS REPORT AND THE INFORMATION
: CONTAINED HEREIN IS THE PROPERTY OF
-4 THE MONSANTO CHEMICAL COMPANY. .-

. The book 1s subjedt to revision and chanres aé various data are
located, Graphs end diagrams will be inaerted when possible and new
gruphs 4drawn as information is compiled,

No indices of sections is nlanned :t this time, but later re-
visions may include such pages if ths volume of informution warrents

it.

Contributions of new and sunplementary date are earnestly so-
1icited. Any discrepancies in the existins date or advice as to a
better means of presenting the informstion will be greatfully acknow-
ledged, Address all correspondence to the group leader in charge of
the research on aroclors at Fhosphate Division - Research Depertment,

Anniston, Alabama,
a0 KL

R. R. Kni_ght
a.m/ %
A. M, Ellenburg T

Ts
12/2/47
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APPROVED BY (Initials) 15217.48 15210046 13210046 15219w45

B MY Pue No. em—
STANDARD SPEClFlCATlON
| : OF
MONSANTO CaeEmIcAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA
PRODUCT: Aroalor 1221 ' CODE NO.: 1.040e028-75=00
. DAT

GRADE:  ___ Repular AUTHORTZEBST s 1948

" PROD. DEPT. No SUPERSEDES:_[ia:s=Centit ive

R.LJ. AdieEs} TP Re} Fole3,

Control : Consumer
- Specification Specification
[ 3

Cruda sroelor 1121

3ps Or. at 639C, 1,150«1.160

Ac‘.di‘ty. ne. HaOH/f’,m. £ 0.5
Aroclor 12211

Color 40 4PHA max,

acldity, me, Na@l/om. 0,01 maz,

q‘b' Gr. ut 65/15.5.00 . 1.145-1.155

Chlorine content o 20,5«21,5;.

Viscosity at 100¢¥, - 3841 3
NOTES:
Copied by rs
4/8/48

' DSW 268995
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A o ’STANDARD gl;_zcmmnon

Mousurro CHEMICAL CoMPANY
. PHOSPHATE DIVISION
ANNI STON ALABAMA

PRODUCT: ___ Aroclor 1252 | CODE NO.:_1040-030-7505
GRADE: . ___Rorular _ AUTHORIZED, 4+ 1948
PROD. DEPT.NO.: _______ | SUPERSEDES:_Mew=Tentative

ReLoJ oMaE, Jo¥Re FA.B,
APPROVED BY (Initials) Mﬁa_magiﬁ_z._lw

Control Consumer

Specification Specification
Crude Aroslor 1132:
’sp. Gl‘. at 55_/15.5'0.' 1.240‘1.2“
deldity, mn, NaOH/@n. . €05
Arocloyr 12321 |
Colar ' 50 PH. nmex,
Aeldity, nz. NeOH/mm, . 01 max,
3p. Or. at 63/15,5%0, _ 1.235«] ,240
Chlorine content ._ 31.5=32,5
Viscosity at 100°F, 46-49 W3
|
NOTES:
o:}piod by s
e/48
DSW 268996
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STANDARD SPRCIFICATION

oF

MONSANTO CHEMICAL COMPANY

Product: Chlorinated Diphenyl, distilled coae Ko. 1040-240-75-09

Date Antho:rized June 21, 1940

Grade: Aroclbr 1242

_Sp. Gr, at 65/15.5°C,
~ Colar, N.P.A.
Aoidity, Mgm NaOH/gnm.

Viscosity at 54.4°C.

Supersedes Specification Dated July 3, 1934

'Tolerabls Limitg Typical Value

1.338 to 1.848
0.5 Maximum
.01 Maximum

47 to 50 Seconds Saybolt Universal ’

Approved by  A. B. Gerber Apm'oved by Robert 3. Weatherly
: Chief Chemist Sales Manager
Aprroved by  Edw, A. O'Neal, Jr. Authorized by J. N. Carothers
Works Manager Chemical Director
Copied by rs
4/8/48
) DSW 268997
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. STANDARD SPECIFICATION

or

MONSANTO CHEMICAL COMPANY

Product: Chlorinated' Diphenyl, distille-d Code No. 1040-260-75-09

Grade:  Aroclor 1248 . Date Authorized June 21, 1940

Supersedes Specification Dated July 3, 1934

Tolerable Limits Typical Value
Sp. Gr. at 65/15,5C," 1,404 to 1.414
~ Color, N.P.A. " 0.5 Maximm o
Acidity, Mgm NaOH/gm 01 Maximum _
Viscosity at 54.4%C. ' 69 to 76 Seconds Saybolt Universal
Aroelor 1262 . .. Code No. 1040-310-75-09
'sp. Gr. at 90/15,5°C, 1.572-1.583
Color, N.P.A. - 1.0 Maximm
Aoidity, Mgn NaOH/gm. ’ .01 Maximum
Viscosity at 98.9°C. 88-100 $US
Approved by A. B, Gerber - Aprroved by Robert 3., Weatherly
Chief Chemist Sales Yanager
Aprroved by FEdw., A, 0'Neal, Jr. Authorized by J. N, Carothers
To'rks‘.hhnager Chemical Directar
Copied by rs
s/8/48 DSW 268998
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STANDARD SPECIFIC'.TION

or

MONSANTO CHEMICAL COMPANY

. Produet: Arooclor 1254

QGrade: Dieiectrio

Color, APHA SOale
Condition
Specific Gravity at 65/15.5°C
Acidity, Mem, NaOH/em.
Inorganic Chlorides, ppa.
Saybolt Viscosity at 98,9°C, sec,
Dielectric Constant at 100'0 '
Resistivity at 100°C, ohm-cm. at 500 volts
Refractive Index at 35'0
Distilling Rangs, Observed, 10%
Obgerved, 50%

o Obgerved, 920%
Pour Point ' ]
Vater, ppm. .
Evaporation, 6 Hrs. at 100°C
Corrosion Teat-Chanee in weisht

Acidity after test’
Inoreganic Chlorides after test
Condition . after test

Color T after test

rs
5/11/48

Code No. 1040-280-75-09

Date Authorized 10/3/41

Supersedes: 6/21/40 -

100 lI==x,

Clear

1.,495-),505
01

0.10 lax,

44 .5-47.%5
4,15-4,35

Above 500 X 30°

1.6370-1,6390

350-355+C

355-~-362C

362-375°C

8 to 12

35 Max,

0.4%

0.04

0.01

V.10 Max,

Clear

150 Max,

DSW 268999
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- STANDARD SPECIFICATION

or

MONSANTO CHEMICAL COMPANY

. Ty
. Produet: Aroeclor 1260

Grade:  Dieleetric

Color, APHA Scale

Condition _

-Speeific Gravity at 90/15.5°C:

Acidity, Mgm. NaOH/gm.

Inorganie Chlorides, ppm,

Saybolt Vigcosity at 98.9°C, sec.

Dielectric Constant at 100°C

Reslastivity at 100°C, ohm-cm. at 500" volts

Refractive Index at 25'0 '

Distilling Range, Observed, 10%
Obgexved, 50%
Observed, 90"

Pour Point

Water, pmm.

Evaporation, 6 Ers. at 100°C

Corrogion Test-Change in weight

Acldity after test ‘
Inorganic Chiorides after test
Cond ition after test

Color after test

‘re
5/11/48

Code No. _1040-290-75-09

Date Authorized 11/18/41

1/30/36

Supersedes:

100 lax,
Clear
1.550-1,560
01

0.10 Max,
7580
8.6-3.8
Above 500 X 109
1,6455-) ,6465
370=377¢C
377-385°*C
385-400C

26 - 34

35 Max.

Ooa %

0.0%

- 0.01

0,10 Max,
Clear

150 Max,

DSW 269000
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100692 MSA

L0LYS0Yd0d0I11LS

SPECIFICATIONS POR SOLID DISTILLED AROCLORS

| . ACIDNO. . - COLR -  MELTING " TOTAL -
PRONCT  ARPLARANCE v COLGR - HOLD POINT - Me.NeGH/gn 5% TOIDENE _POINT CHIORINE

1268 White to-yellow  135-160°C.  0.05 Max,
‘erystalline. 3 '
powder '

1269 ‘hite to grey or 225-258°C,
" 1light yellow
crystalline . ,
powder _ '

1270 Thite orystalline  265-300°C C - 80 APHA | 69.5 -
powder v _ . Max, _ 70.5¢%

1271 Practically white D - 80 APHA 304°C,
light fluffy N Mex, Min,
powder '

Copied by rs |
4/8/48



[ an 24 '~ o | Page No. _____

STANDARD gI;ECIF!CATION

MonsanTo CHEMICAL COMPANY
PHOSPHATE DIVISION
ANNISTON, ALABAMA

PRODUCT: __Aroolor 4488 (Zerulor) CODE NO.:_1040Amn-rs.08

. DATE
GRADE: AUTHORIZED: getotar 4, 1044
PROD DEPT. NO.: ' SUPERSEDES:__Jyne 3, 1944

ReLoJe} HFeiag P.Les Re3e7at Fi B,
APPROVED BY (Initials) 9.20044 ©6.20.44  10-2e14 10n2edd  10.duid

Control Consumer
Specification Specification

ADDesrEnse 3 : ‘ clear, 1i7ht

yellow,

brittle resin
Color, NoPan* . 2,0 nax,
Joftening Polint ,
{LAQSQ'F'IJ-.) 80 - 66“0-
Acid iumber .
(USNGOW@.) ’ - 0 - .035

N

Crystallinity Ho. apss.

* Ratging color linit o 2.0 moximam is recommended because
insgpestion records show that all lota proluced in 1944
have had a color of 1.5%.

NOTES:
Copiad by rs
4/8/48

DSW 269002
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STANDARD

SPECIFICATION

m .

MONSANTO CHEMICAL COMPANY

Code No._1040-480-75-09

Product: Chlorinated High Boiler

Grade: Aroclor 5460

Dete Authorized Mey 10 1940

Appearance

Color, N.P.A.
Crystallinity Test
Softening Point, ASTM

. Acid Number
Mem NaOH/gm.

Chlorine

"~ Approved by A. B, Gerber - -
. hief Chemi

- Clear, light yellow, .

Supersedes Sbecirication Dated December 23, 1932

Tolerable Limits Typical Value

brittle resin
2.0 manmm
To pass test
100 - 105.5°C.
0 - 005

59 .0-80.6%

Aj:provod by Robert S. Weetherly, 5[6/40
’ SaIes ﬁanager

Authorized by 3. N. Carothers, 5/10/40

Aprroved by Edw. A, 0'Recl, Jr,
: Works Maneger

Copied by rs
- 4/8/48

ﬁﬁemical Director -

\

DSW 269003
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" longanto Chemical Company
©  Anniston, Alabama

Aroclor Test Methods and Designations

Speeific Gravity of Aroclors
Total Chlorine in Aroclors
Softening Point of Solid Aroclors
Determination of Iron in Aroclor
Flash and Flame Points

Viacosity of Liquid Aroclors
Distillation Range of Aroclors
Evaporation Test of Liquid Aroclors
Refractive Index of Ligquid Aroclors
Resiativity of Liquid Aroclors '
Dielectric Constant of Liquid Aloclars
Acid Number of Liquid Aroclor

Color of Aroclor - NPA Scale

Color of Aroelor - APHA Scale

Acid Number of Solid Aroclors

Pour Point of Ligquid Aroclors
Inorganic Chlorides in Aroclors
Hater Content of Liguid Aroclors

14-10-48
14-13-48
14-17-48
14-21-48
14-2448
14-29-48
14-31-48
14-32-48
14-34-48
14-35-48

14-56-48

14-42-48
14-43-48
14~44-48

,14-46-48

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

DSW 269004
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onsanto Chemical Company
Anniston Method No, 14-10-48
_ Specific Gravity of Aroolors

'

The temperature at which the gravities of 1liquid Aroclors are taken
varies with the visoosity of the 1liquid. "Note the temperature at
which the gravity is to be taken for the Aroclor under test and hesat
the sample to 10°C. above that temperature. Pour the hot sample into
the steam or hot water jacketed hydromster jar provided for this test.
Stir well with an accurate thermometer and adjust the temperature to
the desired point by controllines the steam or hot water feeéd to the
jacket. Continue stirring until the temverature remains constant for
half a mimite., Allow the hydrometer to sink into the liquid, then
read the hydrometer scale at the point of the lower meniscus and record
with the temperature. ‘ .

Report the specific gravity to the nearest 0.001 unit.

DSW 269005
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-

_ Monsanto Chenical Company
 Anntston Method No, 14-13-48

JUBIECT:___Total Chlorine in iroclors

LETHOD: Volhard Titration following Peroxide Fusion

Chlorine in Aroclors may be deternined by fusion of the sample with

sodium peroxide in a Burgess—~Parr fusion eup, extracting the fusion

with water, acidifying the water extract with nitric acid, and nre-

cipitating the chlorine by addition of an excess of silver nitrate,

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

tration against potassium thiocyunate, usinc ferric ammonium sulfate
as indicator.

ARE ratus

The fusion cup used is the Burgess-Parr Sulfur Bomb No. 3 for flame
ienition., A lead gasket is used. For ignition, the bomdb is sus-
pended through a 1-5/16" round hole in a 1/8" transite vlate, This
allows the fusion cup to extend throurh the vlute for about 5/8 inch,
Ignition is effected by strongly hestins the bottom of the fusion cup
with the full flame of a Meker burner for two minutes.

" The bomb, paskets, and the sodium peroxide are obtained from the Parr

Instrument Company, Liolins, Illinois.

Charge for Fu sion

The fusion mixture is made up of about 15 rrams (one metal scoop)

of sodium peroxide and 0.3 gramg of finely powdered cane. sugar, The
reagents should ve free from chlorine, or a blank run and corrected
accordingly. The fusion nixture is well nmixed by placing the ingre-
dients in a small glass stoppered bottle and -shaking wvigorously. A
measuring spoon for the sugar is convenient. ‘

SOLID AROCLOR3: The non-crystalline type are weiched in the form of
small pellets. These are prexared by heatins the aroclor until a con-
sistency is reached as will permit dropping it from a glass stirring.
rod onto a tinned surface (a csn top), each drop formin< a pellet.
When 600l these pellets can be removod from the surface by inserting

a spatuls under them, .4 crams are used. The pellets are brushed
into the bottom of the fusion cup and the fusion mixture placed on

top of them. After tightening the 1li4, the eharf_'_e is ready for fusion,

The orystalline type Aroclora are weighed in the powiered form, .4
grams being used., They are charged in the same manner as the non-

crystaliine type.

DSW 269006
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. Total Chlorine in Aroclars -2-

-

LI'YID AROCLOR3: 20 to .50 grams are weighed by dro-~ring from e
stirring rod onto a plece of thin hemisnhericaelly shaped slass, or
1/2 »elatin capsul (Gelatin Capsules No. 00, United Drug Company,
Boston - St. Louis), which has been just rreviously tared, and which
renains on the balance., It is necessary to heat the more viscous
Aroclors to "dropping" consistenty. The niece of glass then easily
slides off the bclance man imto the fusion ocup. Cover with the
fusion mixture,. . ' -

The following quantities of s.mple, suger, and AgNO; are used for the
respective chlorine contents: : '

Cl Content Jeight of Sempls Amount Sugar AoNO4
. ¥ .

% - m 0.5 gamﬂ ) . 0.5 e 50 mlo
‘307, - 457 0.3 crams o 0.3 g, 50 ml,
459, - 58% 0.3 grams 0.3 g 50 ml.
58/ - 66% 0,3 grams 0.3 g : 75 ml,
667 = 707 » 0.3 pgrams 0.3 g, : 100 m1,
Procedure o

Place the fusion cup, which contains the vrenared samnle and maioﬁ
mixture, in the transite ignition plate and apply the full flame of
the Meker burmer to the bdottom of the fusion cun for 2 minutes.

(CAUTION: Do not stand too near the fusion durin~ irmition., The use
of a safety shield is recommended.) ] ' ’

Then remove the flame and cool under the tap. ‘'hen cool remove screw
cap. Thoroughly rinse the cup éover with water, collecting the rinsincs
in a 0lean 400 ml, beaker. ' ’ -

Then place the fusion cup on its side in the beaker and cover with a
watch glass, 50 = 75 ml, will be in the beaker from rinsing the cap,
and this i{s sufficient to decomnose the charre., Renove the cup and
rinse well., “'hen decomposition is complele, rinse off cover-glass and
add pure HBNOg, with stirring, until acid is present in excess to the

" extent of about 10 ml. (About 50 ml. of acid are required.)

Add exactly 50, 75, or 100 ml. of standard silver nitrate solution from
a pipet {(depending upon chlorine present) and stir to effect coaslation
of ailver nitrate precipitate. Filter with suction throush an asbestos
pad on a 1-1/2" perforated porcelain plate and wash beaker and filter 4
times with emall portions of oold water. Allow the filter to drain com~
pletely between washings. Transfer the filtrate back into the 400 ml,
beaker and rinse the flask twice, addin-~ the rinsincs to the beaker.

Add 5 ml. of ferric iron indicator to the solution and titrate with
standard KON3 solution until & distinct pink tint is just obtained.

DSW 269007
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Total Chlorine im Aroclors . -3

calculation of Chlorine Content

Subtract the volume of KCN3 recuired from the volume of KCNS reouired
~ to titrate the amount of standard AgliO; solution used. This will eive

the volume of KCNS equivalent to the ehlorine in the sample. MNultiply
the volume so obtained by the ehlorine value of each ml, of KCN3 and
divide by the weight of sam~le taken,

For example: If 50 ml. of silver nitrate solution is equivalent to
61.4 ml, of KCNS soclution and the value of 1 ml. of KCNS solution is
003770 gram Cl; then if it is found that 0.3 rram of sample ghows a
KC3 titration of 10 4 ml. the percent of ohltrine is:

(sl.g. - 10.4) § .003770 X 100 _ 54,097, c1

In case the fusion mixture or other reagents contain chlorins, the
amount must te determined and deducted fram the chlorine found,

Solutions Required

Standard AgNOg Solution: Dissolve 22 srams of silver nitrate in each
liter of vater. Protect the solution from 1light.

Standard KCN3 Solution: Dissolve 10 ~rams of KCN-B in 1l liter of -mater.

Ferrice Iron Indicator: Use a saturated solution of ferric anmonium
alum, about 50 g. per 100 ml. of water. -

Pure Nitric Aeid: Stock acid suffices provided 1t is colorless. It
can be boiled in a beeker until colorless '{f necessary usinp 600 ml.
HNO, and 300 ml. of Hgo

Standardization of Solut 1one

-

.'.'eigh 0.3 ard 0,15 gram portions of pure dry NaCl into separate 600

ml. beakers., Add 250 ml. of distilled water to each and 10 ml. of

pure 50% nitric acid., ‘/hen solution is complete, add 50 ml. of standard
AgNOg ‘solution from pipet. Stir well and filter through an asbestos
mat on a perforated porcelain plate, using suction., ash filter and
transfer the filtrate back to the beaker in the same manner as when
working with a sam-ls. Titrate the filtrates with standard KCNS solu-~
tion, using ferric iron 1ndicat.or

The value of 50 ml. of AgNOs solution in terms of KCNS solution is
found by su‘ot.raoting the ml, of KCNS solution in titrating the 0.3
gram of RaCl from twice the number of ml. of KCNS solution used in
titrating the 0.15 gram of NaCl.

DSW 269008
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Total Chlorine in Aroclors -4 -

This value 18 checked by titrating 50 ml. of AgNO3 solution added to
400 ml, of water and 10 ml. of pure 504 HNOg with KCNS solution, This
titration should agree very clossly (% 0.1 ml.) with the value found
from the titration of NaCl, The titration must be made slowly to avoid
drainage error,

Since pure NaCl contains 60. 66Z Cl by theory, the value of the XCNS
in terms of chlorine may be found by dividing the weight of chlorine
in the NaCl teken by the ml. of KCR3 equivulent to the silver nitrate
rewired.

Example:

Two 0.3 gram pocrtions of NaCl show KCNS3 titrations of 13.l1
and 13.13 ml,

Two 0,15 gram portions of NaCl show KCNS titrations of 37.28
and 37.24 ml.

The KCNS3 equivalent to 50 ml, of Ag,NO; is then (37.28 ¢ 37.24)
= 13.12 or 61.4 nl.

By titration of 50 ml. of AglOs ageinst KCN3 solution, it is found
that 61.36 ml, are required. This agrees within .04 ml. of the value
obtained from the NaCl titrations.

The chlorine value of the XCNS is then, .6066 X .3 divided by 61.4 -
13.12 or .003770 grams Cl per ml. of KCNS.

The chlorine value may also be ealculated from the titration of 0.15
gram of NaCl. 0.6066 X .15 divided by 61l.4 - 37.26 pivea .003770
grams Cl, per ml. of KCNS,

Precautions

1. The fusion materials have explosive properties if handled improporly;
consequently care must be taken to use safe proportions, to secure
a good mixture free of large lumps, and to cronerly seat the cover
of the fugion ocup. The fusion mixture mugt be kept away from ater
or moist air, either of w!ich may ignite the charge. The fusion’
mixture should not be ground to reduce lumps.

2, The method as described is not applicable to volatile organis com-
pounds unless precautions are taken to avoid loss of sample during

weighing.

Effect of Variables

1. On account of the high chlorine content of many of the Aroclors and
the small amount of samnle taken, preat accuracy is required in
weighing, tronsfer, and mixing of the sampls. The pipet and buret
for measuring the standard eolut ions must be very clean to avoid
drainage errors,
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Total Chlorine in Aroclors -5 -

2. Tusions which show black carbon denositaes on the cover and side
of tho fusion cup may or may not csive the full chlorine content.
If a carbon denosit is found, & gecond fusion should be made using
a gmaller samrle or reducinz the amount of suger in the charse or
both. ' ;

3, The temperature at which the standard solutions are standardized
should be moted., In case room temperatures vary from this tem~
~ perature, appropriute volume corrections should be made.

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

References

Beamish: Determination of Organic Halogens, Ind, Eng. Chem., 4nal. Ed., 6

352 (1934).
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Monsanto Chemical Company
Anniston listhod No. 14=17-48

SUBJECT: Softenine Point of “0lid Aroclors

FETHOD: Ball and Ring

This method is a modification of the A.3.T.I'. standard method of test
for softening point of bituminous msterials, seria’ designation:

T 28-397. The method diZffers from the standard method in thet the
rings are larger than gpecified. A two ring supnort is also used in
order that two tests may be made simultaneously.

'A pparatus

The apparatus consists of the following: (a) Two tapered brass rines,

5/8" inside dia. at bottom, 11/16" inside diameter at top and 1/4" deep:
thickness of wall 3/32", (b) Two steel balls, 3/8" diameter -reighing

3.45 tc 3.55 crams each. (e¢) A 800 ml, Griffin low form teaker. (d) A
rineg support for the two rings having a brass plate exactly »ne inch be-
low the plate supporting the ring. (e) A 300%C. i.5.T.k. low distilla-
tion thermometer gruduated 1°C. ' -

Preperation of the Sample -

The sample shall be melted and stirred thorourhly, evoldins overheating
or incorporating air bubbles in the mass and then noured into the ring

s0 a8 t0 leave a slicht excess on cooling, Since the Aroclors shrink
considerably on cooling, the rins should be well filled, nearly to over-
flowing. A little of the excess should be drawn over the top of the ring
at several poinmts so as to prevent the cooled Aroclar from dropoing out
of the ring, In the same vmy, the second ring is filled with a standard
Aroelor of known softening point. The standard aroclor should have a
softening within at least 10 to 15°of the Aroclor' béing tested.

The rinss while beins filled should rest on 8 clean can 11d or on a
brass plate which has been amalgamated to prevent the .roclor fron ad-
hering to it. The Aroclor in the rings should be fully cooled and
hardened before vroceding with the test, :

Procedure

Add cool solution (employ water for softening point between 0-80°C,
glycerin for between 80-200°C., mineral oil for above 200°C.) to the
beaker until the surface of the solution is 2" above the plate holding
the rings when the ring support is suspended in the beaker. Place the
rings containing the Aroclor to be teated and the standard aAroclor on
the ring sapport. Place a ball on the center of the upper surface of
the Aroclor in each ring. Suspend the thermometer so thut the bottom
of the buld is level with the bottom of the rincs and just midway be-
tween the two rings.
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Softening Point of Solid iroclars = 2 =

Place besker and apperatus on a 6 inch round hot nlaute and heat at
such a rate that_the temperature is raised 5¢C. each minute,

The temperature recorded by the thermometer at the instant the Aroelor
touches the bottom plzte is revorted as the softening point, The heat-
ing 1s continued until both Aroclors have dropned to the bottom -late,
No corrections are made for emersent stem.
Notes
1. The standérd Aroelor is run aiong with the sample under test in

order to compensate for variations in rate of herting, dilution

. of glycerin, and thermometer variations.

2. The softening point of the standard samvle is determined by making
several determinations using fresh glycerin and carefully checking
the rise in temperzture of the glycerin so that it is as near as
possible to 5°C. per minute.

5. The glycerin may be used repeatedly for the tests after reroval
of the Aroeclor.

4, 'Bonzol is used for cleaning the rinss and balls.

5., “.ater can be used instead of glycerin for softening points up to
- 90eC, -

6. TFor goftening points above 100°C, -vell boiled glycerin should be
used. The usual glycerin is not satisfactory above 125 to 130°C,
i1t boils with loss of water while the temperature remains practi-
cally constant.- It is well to have a supnly of hich-boiling glycerin
on hand to be used only for softening points above 100°C.

7. Air bubbles on the rings and balls during the test should be avoided
as far ag possidble,

8. The rate of rise of temperature of the glycerin shall be uniform for

each minute after the first 3 mimtes of heatins and not averaged
over the period of the test.

FAB:cm
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Monsanto Chemical Company
Anniston Method No, 14-21-45

' SUBYECT: Determination of Ircm in Aroclors

Iron in Arooclors may be determined by extracting a benzol solution of
the Aroclor with dilute hydrochloric acid until further extractions
show no appreciadble iron content. The iron in the combined extracts
1s then.determined by dichromate titration,

Procsdure

Transfer 5 -~ 10 grams of ‘sample t0o a clean separatory funnel of about
150 ml, capaeity. Add about 50 ml. of benzol and shake until the
gample is in solutionm. » -

“hen solution 1is complete, add 10 ml. of 1:1 iron-free HCl and shake
for about 2 minutes. Let stand until separation of the two layers

is complete, then draw off and preserve the acid extract. Add another
10 ml, of 1:1 HCl and shake again. Draw off the acid layer and combine
with the first extract. Continie until HCl1l layer is clear., Determine
the iron by usual dichromate titration method, . :

FAB: cm
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Monsanto Chenical Company
Anniston Method No, 14-24-48

BJECT: Flesh and Flame Points

LETIOD: Cleveland Open Cup

The flash and flame points of Aroclor shall be determined in the
Cleveland Open Cup Tester, followinp the procedure described in asm’
D 92-33.

Apparatus

The cup shall be supported by a metal plate 1/4" (.635 cm) in thick-

ness and 6 inches (15.24 cm) in width, The plate shall be of bdrass,

cast iromn, wrought iron, or steel., In the center of the nlate there:
shall be a plane derression 1/32" (.079 cm) in depth, and of just
"sufficient diameter to fit cup, There shall be a ¢ircular opening 2
3/16" (5.50 cm) in diameter, cut thru the plate, centering with ths
center of the above mentioned denression. The dlate shall be covered
with a sheet of hard asbestos board 1/4" in thickness, and of the same
shape as the metsl plate. There shall be cut in the center of the as-
bestos board a eircular hole just fittinr the cup. Heat may be mupnlied
from any convenient source. The use of a ras burner, electric heater, or
alcohol lamp is permitted, but under no circumstances are products of com-
bustiof or free flame allowed to come up around the cup. The source of
heat shall be centered under the opening in the nlate and shall be of a
type that will not produce local superheating. If a flame heater is used,
it may be protected from drafts or excessive radiation by any suitable
type of shield, that does not project adbove the level of the upper surface
of the asbestos board. The thermometer shall conform to the requirements
of thermometer No. 8. (%ee ASTH table of thernometers).

Pfoceduro

The thermometer shall be suspended or held in a vertical position by eny
suitable device, the bottom of the bulb ghall be 1/4 in. (.635 cm) from
the bottom of the cup, and above & point half way between the center and
back of the ocup, The cup shall be filled with oil to be tested in such
a manner that the top of the meniscus is exactly at the f£illing line at
room temperature. The surface of the oil shall be free from bubbles,
There shall be no oil above the fillins line or outside of apparatus,
The test flame shall be approximitely 5/32" (.897 cm) in diameter.

The test flame shall be applied as the temperature read on the thermo-
meter reaches each successive S5°F mark. The flame shall pass in a straight
line, (or on the circumference of a circle having a radius of at least 6
inches.) across the center of the cup and at right angles to the diameter
pessing thru the thermometer. The test flame shull, while passing across
the gurface of the 0il, be in the plane of the upver edge of the cup.

The time for the passare Of the test flame across the cu» shell be apiroxi-

mately 1 second.
DSW 2695014
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Flasgh and Flome Points - -2 -

The 01l shall be heated at a rate not exceedins 30°F per minute tem-
perature rise till a noint is reached asmroximately 100°F below the
probable flash point of the oil. Thereafter the rate of heating shall

be decreased and for at least the last S50*F before the flash point is
reached the rute shall be not less than 9°F. or more than 11°F per .
minute. : :

The flash point shall be taken as the temperature read on the thermo-
meter when a flasgh sp-ears at any noint on the surface of the oil.

The true flash must not be confused with &8 bluish halo which sometines
surrounds the test flame. '

After determining the flash point, the heuting shall be continued at

the specified rate of 9°F to 11°F per minute, and spplication of the test flams
shall be made at the specified intervals until the oil immites ard con-

tinues to bure for a period of at least five seconds., The method of
application of the flame shall be the same as for flash point. The tem-
perature read at the time of the flame apnlication, which causes burnine

for a period of five seconds or rore, shall be recorded as the flame

point.

The flash point and flame point tests shall be made in a room or com-
partment free from air drafts. The operutor shall avoid breathing
over the surface of the 0il., It is desirable that the room or compart-
ment may be darkened sufficiently so that the flash may be readily dis-
cernible, .

Note

Aroclors 1248, 1254, 1260, and hi~her chlorinated Aroclors do not have
a distinet flash or flame point below their boiling temperatures.
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Monsanto Chemical Company

Amniston Method No. 14-29-48

UBJECT:_ Viscosity of Liquid Aroelars

- METHOD: Saybolt Universal, ASTM D 88-44

Viscosity is a measure of resistance to flow. It 1s measured dy the
time necessary for a chosen volume to be forced thru a tube of chosen
lensth and internal diameter. By theory the viscosity of a fluid is
related to the average distance between its molecules and to their
average speed and their sive.

Agp_aratus

Viscosimeter assembly with oil tube, bath, receiver, thermonmeters,
strainer, timer, and pipet to meet all requirements of ASTM D 88-38,
The viscosimeter now in use is made by Xrebs Eleec. and lfg. Co., New

. York, purchesed from Fmil Greiner Co,, their 2-tube capacity #862,

One tube - on left hand -~ has been certified by the Bureau of Standards,

Procedure

The viscosimeter is set up in accordance with manufascturers directions -
using No. 20 motor oil for the bath.,

The procedure and method of renorting results are those described
under AS"I.'M D 88-44

Care of Apparatus

Bath: At conclusion of test, open the contact voints until 1 or 2
Inches apart so as not to put undue strain on thermostatic control
when bdath cools, Put a few drops of oil in motor cups occasionally,
Xeep outside of bath wiped free of o0il or Aroclor. Cover with hood
when not in use.

laintain proper level of oil by occasional additions thru hole in
front. *'hen 0il blackens, digmantle, clean heaters, tubes, and
orifices, then refill with fresh oil.

0i1l Tube: .i/hile still hot, remove all possible Aroclor frau gallery
with pipet. 'hen ecooled to 70-80°, f£ill tube and gallery with benzene,
drop thru orifice into beaker, drain ~allery with pipet, repeat with
acetone, and wipe dry with absorbent paper in such a -ay that fibers
cannot fall into tube. Repeat until clean,

Occasionally cover the leather pluncer with sized thin peper ("copy”
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Viscosity of Liquid Aroclars -2 -

sheets) and swab walls of tudbe before using cleaning fluid. This
keeps walls polished. Cover oil tubes with 1ids when not in use.,

Orifice: Do not paass wires, strinss, Hine cleaners, etc. tiru the
orifice. If a hair falls acroés orifice, remove with long handle
forceps. If the orifice becomes clogged, Gismantle apparctus to
¢lean, -

Calidbration

Cheok the timer occasionelly for 60 second veriods. Check bath ther-
mometer from time to time. Check performence of viscosimeter veriodi-
ceglly by running a reference sample of Aroclor on which cazreful deter-
minations have been made.

Availabdble for ealibration is also an oil standard, called "Alpha 48",
of the American Petroleum Institute. The oil is obtained from the

Atlantic Refining Compeny, -FPhiladelphia, Pennsylvania. Beceuse such
oil standards ere subject to change they are checked annually.

¥AB:cm
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Momsanto Chemical Compeny
Anniston Method No, 14-31-48

SUBTECT:  Distillation Rance of Liquid Aroclors

METHOD: A.3.T.M, D20 with Modifications

The apparatus,. consisting of flask, condenser tube, shield, and ther-
mometer, is exactly the same as described under A.S.T.lM, test D-20
"Distillation of Bituminous Materials suitable for Road Treatment".

Attach a 6 inch auxiliary thermometer (0 - 150°C.) to distillation
thermometer., Place buldb half -ay between top of cork and probabdle
average of distillation ranpe. Cover both thermometers with a 3/4"
diameter glass tube to insure a uniform tempersture correction for
the exposed stem, dbarometric vressure and thermometer error.

The procedure is e¢hanred only to the extemt that thermometer readincs

are taken when specified percentapes (usually 10, 50, and 90%) of -
Aroclor have been distilled instezd of followine the A.S5.T.M. proce-

dure of weighing the distillate between specified thermometer readinga.

In testins 1iquid Aroclors, 100 gms. of sample are weiched into the
distillines flask and distillate received in a tared flask or beaker
restincg on pan of a Torsion balance with 100 gram scale,

Procedure

“Jeigh out 100 grams of sample into the distilling flask. Assemble
apparatus as described under A.5.T.M. D-20. Insert thermometer
(A.3.T.X. high distilling O - 400°C.) thru cork in the neck of the
flask so that the top of the buldb is level with the lowest point of
juncture of the tubulature and neck of the flesk. Avnply heat to the
flask supported on two sheets of 20 mesh wire gauze so that the first
" drop comss over in from 5 to 15 minutes., -

Cpnduot distillation at rate of 50 to 70 drops per mimute. Collect
distillate in a 250 ml. beaker tared on a balance. Take temperature
.readines at 1%, 3%, 5%, 104, 204, 30%, 407, 507, 60, 707, 80%, 907,
93, 95%, 965, 974, and dry.

Corrections for emergent stem and pressure are avplied to the thermo-
meter readings if required. Take correction readings at first drop,
107, 50%, 90%, and dry. Report the temperutures to the neerest 1°C.

Txample: (Txposed stem in degrees) X (temperature difference in dergzjees)
X 0.000158 = decrees stem correction = Ty. The exposed sterr is read from

the top of the cork. The temperuture difference is the reading of the
thermometer mimus the temperature of the auxiliary thermometer.
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Distillation Ranre of Liquid Aroclors -2 -

0.00012 Ty, 4 p = barometric correction = Tp Ty = normal boiling point
in degrees abaolute; & r = chane in rressure from 760 mn. Hg. -

The correction is added if barometer is below normal and subtracted

if the barometer is above normal, (MacDoumall - "Thermodynamics and
Chemistry" pp. 113). Corrected Temperature = Observed temperature +

'21 ¢ rz. E . ‘
B em o . ' : 4
1-29-45
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Monsanto Chemical Company

Anniston Method No. 14-32-48

SUBYECT: - Evaporétién_'l‘est of Liouid iroclors

METHOD: 6 Houfs Heating st 100°C. ASTI D6-39T - rodified

Procedure

‘Jeigh on a rough balance about 50 grams (7 .5 gm.) of the well mixed
Aroclor into an accurately tared tin box, 55 rm. dia. X 35 rm. deep
(3 oz. Gill-style ointment box, deep pattern), Fisher #1-820, Lot
stand until box and sample are -t room temperature. ‘then weigh accu~
rately.

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

! 1e for 6 hours., Remove, cool in desiccator to room temperature and

accurately reweigh. From the loss in weight caleulate the evaeporation
in per cent. Report to second decimal place only.

Notes

l. Be sure box is at room temperature whenever exact weisht is taken,

2., The oven ehoum not contain other samnles which mioht interfere
with avaporation.

3. Becauge the evanoration loss is sensitive to tenperature the air

‘ bath muat be closely maintained at 100°C.

"FAB:om - :
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Monsento Chemical Company |
Anniston Method No. 14~34-48
SUBTRCT: _Refractive Index of Liquid Aroclors :

) ME‘I'HQD: Abbe Refractometer

Refractive Index

The refractive index of any medium is defined ag the ratio of the ve-
locity of 1light in air to the velocity of lisht in that medium. It

is measured by the rutio of the aine of the incident angle to the sine
of the angle of refraction. The denser the medium, the ~reater is the
refraction towerd the normal (higher refractive index). Because the
refractive index is characteristic of each substance, it is useful in
identifying liquids and verifying their purity, in determininp the mo-
lecular structure of organic compounds, and in some quantitative analy-
ses of mixtures, As applied to Aroclor testing refractive index pro-
vides a verification of composition and purity.

Agggtus

Abbe Refractometer with acceésoriea, Bausch and Lomb, Cat. #2550, Serial
No. 37?7, Calibrated to read directly in terms of refraotive index of
the D 1line (sodium) at a temperature of 20°C.

Prooedure

Operators should be familiar with the Bausch and Lomb "Directinns far
Use™ and practice the manipulation as there described before attempting
determinations on Aroclor, The abridged directions below provide a
working outline but at the expense of omission of essential explanatory
details which are contained in the B. and L, directiona.

Sorew thermometer into 1its socket in water jacket of upper nrism. Open
prisms and check their condition, Clean if they are soiled, streaked,
or spotted. With lower fixed prism horizontal, place on it 2 or 3 drops
of the Aroclor from a stirring rod - sufficient to f1ll the spaces be-
tween prisms when clamped tooether. Close prisms and lock with lock nut.,

Adjust the instrument and mirror to refloet white light into the refrac-
tometer, No spots on air pockets should be visible. Connect water jacket
to source of constant temperature water, usually the tap, and pass water
until the thermometer has been constant to 0.2°C. for at least 5 minutes
at 25°C. The Aroclors flow more easily at 25'0., hence the choice of
this temperature.

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

intersection of the cross haira. If the border line is frin~ed with
oolor, rotate the compensator until the color disappears. If the doun-
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Refractive Index of Liquid Aroclors -2 =«

dary is not sharp, adjust mirror until a distinct half shadow is ob-~
tained, If the line or the ¢ross hairs are blurred, adjust eyeniece
until a good focus is obtained, Secure final fine ad justment by means
of the slow motion screw, '

Read the refractive index, estimatins to the fourth decimal nlace.

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

to 25° by use of the . correction factor, + 0.00044 per *C. 1This fsctor
is applicable only to Aroclors 1248, 1254, 1260, and 1262. It was

- found by careful measurement on each Aroclor thru the ranze 10®* to 50°C,
The correction is subtracted when the working temperature is below 25°C,
and added when above 25¢C.

Example: If tte refractive index is found to be 1.6422 at 15°C.,, the
index corrected to 25°C. is 1.6422 -~ (10 X .00044) = 1.6378.

Care and Calibration of Imstrument

Immediately after use, clean the prisms with swabs of pure cotton
dipped in benzol, finally wiping 4dry with a soft eloth., The nrisnms,
especially the upper one, tarnish and seraetch easily. Consequently
great care must be taken in cleaninr., Before use the orisms should
always be inspscted and recleaned if necessary. 'hen not in use, the
refractometer should be kept in its closed case.

For practice or for checking -erformance, distilled water is useful.
‘Jater has a refractive index of 1.3330 at 20*C,, with temperature co-
efficient of 0.0001. A test niece of svecial rlass of known refractive
index is suvplied with the instrument for calibration and adjustment if
necessary of the position of the index arm,

Refractive Index of Aroclors - Typical °

Careful measurements st 25°C. have given the following typical values
for Aroclors.

. Aroclor 1248 ' 1.6295
Aroclor 1254 1.6376
Aroclor 1260 1.6460 -
Aroclor 1262 1. 6482

Subatantial departures (over 0.0010) from these values should be in-
veatigated immediately as they - }t.oorrect = indicate substantial
error in the composition of the Aroclor or contamination with other
materials.
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Honsanto Chemical Conpany
~ Amnigton Method No. 14-35-48

WRITCT: Resistivity of Liquid Aroclors

METHOD: Resistance leasurements between Conductors

Agvaratu 8

liegohm Bridpge: General Radio Company Type 544B, AC operated - 500 volts,
serial No. 171, This is a direct-current /heatstsne bridne for measuring
high resistances, bridce balsnce beins obtained thru use of a vacuum tubde
voltmeter. Rance: O.1 megohm to 10,000 megohms, covered by a dial and
S~position multiplier switch., A resistance of 1,000,000 megohms can be
detected. : ’

Test Electrodes: Two concentric nickel cylinders (or brass, nickel

plated) with feet, Obtained from Gemeral Electriec Company. The inner
electrode has outside diameter of 2.8" and heicht of 3,25", with area

of 184 sq. cm. The outer electrode has inside diameter of 3" and like
height of 3.25", with area of 198 sq. cm. The distance between electrodes
1s therefore 0.1 inch or 0.254 cm, By theory the electrode constant, area/
lencth, is 191/0.254 or 752 where 191 is the average area. In practice

the cell constant supnlied by Seneral Electric Company is used. For the
electrodes now in use, the cell congtant was given as 815,

Glass Plate: Pyrex, about 3-1/2" diameter with concentric erooves to
agsigt in spacing the electrodes. Obtained from General Electric Company.

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

Lead “/ires: Provide 300 ohm Amnphenol twin conductor cadle to comnect

the electrodes in oven to the nosts of the brid~e, The nortions exnosed
to oven temperature are bared and then covered with norcelain beads.
Provide 8lao a flexible lead to cround the bridge to a 'mater pipe. Clean
the leads, beads, and porcelain tubes »eriodically.

Assembly of Test Cell

The grooved glass vplate is vplaced in an 800 cc. beaker. TIhe clean elec-
trodes are placed in the grooves of the glass nlate with the comnector
posts directly opposite in order to give the widest possibdle snacing to
reduce surface conductivity. The cylinders should be very close to
equidistant. The apparatus should be dried for 2 hours at 100°C. before
use, :

Heat the sample to be tested to about 110°C. on a hot nlate and pour .
into the electrode assembly until the level of the liquid is 1/4 to
1/2" above the electrodes. Care -ust be used to make sure that the
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SUBJECT: Resistivity of Liquid iroclors ~ Page 2,

METHOD : Reglgtance Measurements between Conductors

1lip of the container, from which the 1iquid is poured, is clean, Tilt
the beaker in such manner that all air bubbles in the Aroclor will rise
to the surface,

Air cool to 103-104°C, £hen without removinz thermometer, transfer to
the oven which 1s maintained at 100*C, and connect the electrodes to
the two flexible wires which lead to the megohlm bdridre. ‘tThen the
Aroclor comes to temperature (100°C.), remove thermometer, check cen-
tering of electrodes, and procede to measurement s.

Measuremsnt with Megohm Bridee

v !

Connect the two lead wires to the megohm bridre with the lead from the
outer electrode-to the LUT unknorm post of the bridge; the inner elec-
trode to the "+" unkno'm nost. Connect the TROUND post on the left
side to a water pipe. Swing the spring connector, pivoted on the "G"
post, to the L0/ nost. Connect the attachment cord to the 110 V pouer
supply .

‘Jith the Aroclor at 10CeC., turn the control knobd (CHECK-OPER:TE~UILRGE])
to the CHECK position, Throw all 3 switches at the rear of the Panel teo
ON, After 2 minutes brinz the gmlvanometer vointer to zero bty meesns of
the ZERO ADJUST knob.

Then turn the control knob to CILiRGE for one minmute. Turn the "mob teo

- OPERATE and return the galvanometer vointer to zero by adjustment of
the MJLTIPLY BY switch and the megohm d1a), Read after one minute., Re-
peat the CHARGE =nd OPERATE positions for verificstion.

The resistivity of the Aroclor is the product of the "rmltiply by"
reading times the dial reading times the electrode constant, Revort in
units of 109 ohm cm, rounded off to two sienificant figurss,

Exampie:
"lultiply by" resding: 100
. Megohm dial reading 5.4 meg. ohng

Electrode Constant - 815 em
Resistivity = 100 X 5.4 X 815
- 44.x105 meg. ohm em
= 440 X 10° ohm cm
Valueg for resistivity are qualified by desicnation of temverature and

wvoltage. These are 100°C. and 500 volts for the test above, like con-
ditions are used at Plent B,
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SUBTRCT: Resistivity of Liguid Aroclors - Page 3

MCTHOD: - Resistance easurements betieen Conductors

Care of Apparatus

The "Operating Instructiona™, General Radio Form 458-B, which accompany
the megohm bridre, recite detalls of installstion, measurements, uses,
and comstruction, illustrated by firures and circuit and wirine diarrams.
No attempt is made to reproduce such information here. The operator
should acquaint himself with the contents of the 5.R. msnusl and refer
to 1t for maintenance of tubes and parts. ‘Then not in use the mesgohn
Uridce should be closed and stored in cabinet.

Cleaning Electrodes ' ' .

After the measurenents are made ihe electrddes are removed from the '
tested liquid, end alloed to drain until the liquid stops runnins from
the electrodes. Thile still hot they are nlaced in a beaker filled with
benzene under a well venilated hood and allowed to cool. “'hen cool, the
electrodes are removed from the benzene and scrubbed with powdered tri-
sodium phosphate cnd & benzene carbontetrachloride nixture {50-50 by
volume). This scrubbing can be done trith either a brush or the hands,
The electrodes are then ringed with acetone, follosed by tap -sater and
then distilled =ater. The eleatrodes should not be touched by the hands
after the acetone wash, after final rinsing the electrodss are nlaced
in an oven at 120°C. for one hour or until they are used again.

The glass ppacer plates are cleaned and handled in the sams manner as
the electrodes except that they are wrapped in lense paper before deing
placed in the oven.

- Calivwration

For a rough check on the condition of the dbridge, one or more certridge-

type resistances of known approximate value should be kept on hand for
periodic or emergency verification of the meter itself,

rs
8/3/48
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Lonsanto Chehical Company

Anniston Method No. 14-36-48

SUBJECT: Dielectric Constant of Liquid Aroclor

METHD : - Measured at 100°C. and 1000 eycles

3co pe

This method applies to mineral oils and 0il substitute used for insu-
lating purposes.

Apparatus

Capecitance Bridge " General Radio Co., Type 716-AM
Cathode Ray Null Dotectar General Radio Co., Type 707-A
Oscillator General Radio Co., Typs 606-A
Constant Temperature Oven Cenco-Dekhotinsky #95050
Variabdle Air Condenser ‘ General Radio Co., Type 334-F

1500 ce. Pyrex Beaker
Procedure

Electrode and beaker rmust be clezned as directed under "Cleaning Anpa-
ratus for Dielectric Constant™, and be at 100°C.

Heat Aroclor in the can to 105°C. Pour over electrode until pletes and
ceramic insulation are covered. Connect leads. 3tir with thermometer
outside oven until temperature reaches 101°; place in oven which has been
carefully adjusted to 100*C. At the time sample is placed in oven its
temperature should not have fallen below 90°C.

Connect leads to capacitance bridgp, observing that the lead from insu-
lated side of condenser goes to insulated terminal on bridge, Balance
dridge carefully according to direction under "Balancing Capacitance
Bridee", Until Aroclor and oven temperatures have becoms identical the
bridge balance will constantly shift, After oven temperature reaches
100°C,, maintain bridge belance until no pronounced shift is evident.
Record reading of capacitance scale multiplied by multiplier setting.

Dielectric Constant = Capacitance in Aroclor at 100C,
Capacitance in air at 100°C.

Balancing Capacitanco Bridge

Condensed procedure., Operator should read operating instruction for
Rull Detector for complete details.

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

2. Turn on oscillator by pushing 5000 ohm, 10 mltiplier, 100 cycle
frequency buttons. Adjust harmonic control until oscillation begins

as shown by closing of sector in cathode ray tube,
' ~ DSW 269026
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Page #2
Dielectrlc Constant of Liguid Aroclor - Test 14-36-48

3. On null detector turn brilliance knob to extreme left, the
focus knod to extrems right, gain cantrol to extreme left, sveep
anplitude st mid-scale ;:0aition, the sweep frequency switeh on line
side,

4, Turn on power switeh, lishting pilot light,
5. Mait fifteen seconds, turn brilliance knob to extreme right.
6. Adjust focus and brilliance 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 bridse to inwut terminals of
detector, taking ocare that the black wire (zround wire) of the lead
goes to grounded terminal on both ends of lead.

@, Set rain conirol at mid-scale zand selectivity to extreme left.
. Turn sweep amplitude to extreme left, obtaining vertical line. ™ith

10. with turring control knob obtain the maximum léngth of this
line, keeping it always under 1/4 inch with cain knob.

11l. Set sweep amplitude to extrenme left.

12, Set pain econtrol to sive vertical straisht line of about 3/8
inch,

13. Balance bridee.by &4 justin~ power factor and capacitance
dials until only a dot remsins on the screen vhen the gain control
is at extreme :ighto

14, Set sweep anmplitude beyond mid-point,'and_slightly‘displace
the power-raotor dial to obtain a tilted elipse.

15. Adjust phase control until this ellipse closes into a straisht
line inclined to the horizontal.

16. Bring oower-ractor disl beck to balance nosition which should
restore the horizontal straight line. Displace this control ths sane
amount in the opposite direction. This should again tilt the straipht
line but in the opposite direction. Adjust phase control until there
is no tendency for this line to open up when it is swunz 30 degrees
from horizontal in both directions.

17. Throughout these ad justmemts the other bridge control (the

DSW 269027

STLCOPCB4054127



Page #3 _ .
Dielsetric Constant of Liocuid Aroclor - Test ]14-36-48

capacitance Dial) must be in balance position. If the ellipse rrad-
ually opens when the line is horizontal it may be brou~ht back to

the line 8gain by makirrs slight cranaes in this control. If confusion
resulte, balance both controls assin as i{n (13) end repeat the sue-
ceeding ad justments,

This is the position of bridge balance: An alteretion of the
power~factor oconmtrol will tilt the line which does not open apprecia-
ble thru an angle of 30° to the horizontal both ways; an alteration
of the capacitance dial opens the ellipse but does not change the
inclination of the major axis.

The apparatus may be left in this balanced condition, turned off
by switching off first the brillisnce kncb of the detector, then the
power switch, then turning off the oscillator,

For successive measurements the controls are not changed, the
apparatus left in adjustment. Then the followins steps define the
procedurs : :

1, Connect all leads as previously directed includins that from
null detector to bridge.

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

%, Turn on null detector, wait 15 seconds then turmn on cathote

ray tube., Twrn sweep anplitude to c¢xtremne left snd ad just brilliance
to obtain 8 fine vertical line on screen.
) 4, Brine this line to & dot by adjustin~ the two bridese controls.
Initial edjustment is facilitated by havines “Gain'™ control to left.
When final adjustnent is obtained this knodb must be at extrems right,

5, This dot remaining unchanged shows condition of brid~e balance,

Cleaning Apparatus for Dielectric Constant

" .The condenser 1s removed from the tested dielectric and allowed
to drain while st1ll in the oven at 100°C. The condenser is then placed,
while still hot, in a beaker of benzene under a well ventilated hood
and allowed to cool. It is then thorouszhly washed with -powdered tri-
sodium phosphate snd a 50-50 mixture of benzene and carbon tetrachloride
followed by an acetone rinse. The operator should be very careful not to
touch the metal plates of the condenser .after this point. The condencer
is then rinsed thorouchly 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
it is again used.

mwb 3/1/48
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!‘bnsapto Chemi¢al Conmpany
Annigton Hethod No, 14-42-48

SUBITCT: Acid Number of Liguid Aroclors

MUTHOD: Titration with .\lkalil using Phenol Red

Scope

The Acid Number is the weight in millisraoms of sodium hydroxide re-
quired to neutralize one gram of aroclor to pH 7.6, It thus includes
any hydrochloric acid, ferric chloride, and other inorgsnic or orsanie
const ituents having acid characteristics. It corresnonds to the Neu-
tralization Number of ASTL! Designation D188 exceot that the latter is

expressed in terms of KOH instead of NaOH and has a somehat hicher
( phenolphthalein) end point.

Procedure

To 100 ml., of adjusted (pH 7.6) solvent containine indicetor slowly

add 0.1 N NaOH dropwise until the colar corresnonds annroximately to

i 7.5 when conmpared against a suitable reference solution, Readjust

if necessary to maintain pH 7.6. -Add 50 grams (£ 1 g.) of Ligquid

Aroolor and mix well, Titrate from micro buret with 0,01 N NaOH until
the original red color of the solvent is restored. A portion of solvent
in a similar container is a useful reference in determinin~ the end noint.
The mateh 1is governed by estimation of the intensity of red because the
hue is not exactly reproduced on account of the yellow color introduced
by the Aroclor, 1 ml. of 0.01 N NaOd ~ 0.4 lign, NaCH, Calculate in terms
of Mem. NaCH per gm, of sample. Report to 4 decimal nlaces.

ml, of 0.0l N NaH X 0.4 _ pyom, NaOH/em. .
. 8o of sanple ‘

Example: If titration is 0,08 ml. for 50 g. of Aroclor, the icid Number
18 0,08 X 0,4/50 = 0.00064 ligm. NaOH/gm. Renort as 0,0006.

Solutions Required

Solvent: Iix 600 ml. of benzol, 200 ml. of 3= alcohol and 200 ml. of
acetone. Add 5 ml. of 0.2§ phenol red solution,

Phenol Red .Solution,' 0.2%: To 0.1l gm. of dry indicutor in a small
beaker add exactly 2.0 ml. of 0.1409 N NaOH. 5tir to dissolve and
dilute with 3-A alcohol to 50 ml.

Reference Buffer pl 7.6: Dissolve 0,41 g. Nall;PO, and 0.59 en, Na,HPO,
(both enhydrous) in 100 ml. of water. Add 0.5 ml. of 0.2, phenol red.

Jolution is used for reference in adjustine the solvent if Lal'otte pi
7.6 color standard is not available.
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Acid Number of Liquid Aroclors - 2 -

Standard 0.01 N NaCH: 5 ml, of .5 N NaOH to 250 ml. vol. of 3-A al-
cohol, Proteot at all times from atmosvheric CO,, .
Note

By using 250 ml. acetons in solvent instead of 200 ml. a 100 enm.
sample of 1254 may be taken for analysis.

FAB:om
1-30-4%

Copied by rs
4/23/48

DSW 269030

STLCOPCB4054130



Monsanto Chenical Company
Anniston Method No, 14=¢3-48

SUBJLCT: Color of Aroclor on N,P.i. 3cale

L’:;TIIQD: Hellire Pocket Commarator

3cope

The method is applicadle to Aroclors 4465, 5460, or others having N,P.A.
colors in the range 1 to 5.

Procedure

warm the Aroclor is necessary to obtain pouring consistency. Fill the
test oup of the Hellige Pocket Comparator, liodel 605, with aroelor, insert
cup in the comparator, and compare against the color dise (No. 620e¢-50,
Lubricating 04ls and Petrolatum) which has N,P.A. colors from 1 to 5 in
one-half steps. Report color to nearest 1/4. Clean the test cup with

a mixture of CCl,; and benzol, with final rinse of benzol.

ASTY color numbers coincide with National Petroleum Association color
number (1915). The relation of the N.P.A. color numbers toc other color
gcales is tabulated below: .

Union
NPA Color Petro-  ASTH Lovibond Analysis
Nos. leum - Color Red Yellow Blue
(1915) NPA Names Co. Nos, 200 510 1180
1/4 - - - - 0.6 -
1/2 - - - - 1.1 -
3/4 - .- - . - 1.7 -
1l Lily white G 1 0.12 2.4 -
1-1/2  Cream white . 1.5 0.60 - 8.0 -
2 Extra pele I 2 2.5 26,0 -
2-1/2 °~ ©Extra lemon nale J 2.5 4.6 27.0 -
3 Lemon pele K 3 6.9 32.0 -
3 -1/2 GTxtra orange L 3.5 9.4 45.0 -
-3 Orange pale u 4 14.0 50.0 .55
4-1/2 . Pele N 4,5 21.0 56.0 .55
o . Light Red 0 5 35.0 93,0 -
6 Dark Red P 6 60.0 60.0 55
L £ Claret Red w 7 60.0 106.0 1.80
8 - R 8 166.0 64.0 -
FiB:em
1-26-45
Copied by rs
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lonsanto Chemical Company
\
Anniston Method No. 14-44-48

SUBJECT: Color of "Jater Thite" Aroclors

.METIOD:  Comparison ageinst A.P.H.A, Scule

3coge

The method is applicsble to Aroeclors 1254, 1260 or othera having color
less than N.,P.A. #1 (™/ater ‘"hite").

AP.H.A., Standarde

These color standards are acid solutions of potassium chloroplatinate
and cobaltous chloride. The unit of color is that produced by 1 mg, of
platinum per liter. The ratio of ocobelt to platinum nmay be varied if
necessary to match the hme, Becauss the hue of Aroclor 1254 and 1260
seemsg best matched without eobalt, this kas been omitted in the prepara-
tion descrided.

Dissolve 1.245 g. of potassium chloroplatinate (K,PtClg) containing 0.5 g.
of platinum in water with 100 ml. of concentrated hydrochloric acid, and
dilute to 1 liter with distilled water. This solution has a color of 500,

Prepare standards from 10 to 100 in steps of 10 by dilutins 1, 2, 3 ml. etc.
of the above asolution with distilled water to 50 ml. in standard hish forn
Nessler tubes. Protect ths tubes from evaporation.

Refer to page 13 of "Standerd Methods for the Exemination of “ater and
Sewage” eighth edition (1936) for details of standards containing cobalt,
Published by American Publie llealth Association, 1790 Broadway, New York.

Procedure

Fill a matching Nessler tube with iroclor to a height equal t» that in the
standard tubes. Compare with standards by looking vertically downward
through the tubes upon a white or mirrored surface placed at such an angle
that iight ia reflected upward through the column of liquid., A color tube
support (Fisher #7-065, 50 ml.} is convenient.

Inasmuch as the proportions of the standard color solution in the compari-
son tubes are such as to represent an aliquot part of a liter, the readings
are direct as parts per miliion. Colars up to 100 are recorded to the
nearest 5. Direct comparisons are satisfactory up to 100, Above this the
sample should be diluted with Cerbon tetrachloride (maximum A.P.H.A. eolor,
5), and the color obtained to mearest 10 by multiplying by the dilution
rati.o.

FAB:om
1-30-45
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Monsanto Chemical Company
Annigton Method No. 14-46-48

SUBIJECT: Acid Number of 30lid Aroclors and Heavy Licuid Aroclors

METHOD : Titration with Alkali using Phenolphthalein

Procefure

Dissolve 50 grams of the aroclor in 50 ml. benzene in a 400 ml. beaker,
warming to hasten solution. Add S5O0 ml. 3A aleohol, 200 ml, distilled
water, heat to boiling, add 1/2 ml. 1% phenolphthalein solution, and
titrate, in the case of the distilled Aroclors with 0.01 N sodium hy-
droxide solution, to a faint pink color which is permanent for at least
. two minutes after vigorous stirring. A reagent blank ghould be run con-
currently. The eoidity of the sample is calculated as milligrams of
sodiun hydroxide required per gram sample.

Calculations

Using 0.01 K NRaCH, Acid No. = ml, titration X 0.4/samnle weizht
Tor 50 gnm. Acid No, =(ml. tit, = ml, blank) X 0.008
Using 0.1 K NaOH, Acid No. = ml. titration X 4.0/samnle weight
Apparatus

10 m1. burette in .05 divisions.
Conversions

1. To obtain Neutralization Number in terms of XOH, multiply the Acid
Number in terms of NaOH by 1.402. Inverse factor is 0,713,

2, lMultiply the Acid Number by 1000 to obtain the parts of NaOH re-
quired to neutralize ome million marts of Aroclor. Thus icid Number
of 0.0006 is equivalent to 0.6 parts of NaOH per million narts of
Aroclor,

3. The large amount of water used causes sharper sevaration of the
aqueous layer from the non-agueocus layer, thereby mekine the endpoint
more easily distinguishable. If the titration is carried out acainat
a very light buckground or in a fluorescent light, the end voint is
easily seen.

4, Aside from free acid as a cause for RaOH consumption, ferric chloride
which is usually present in small amounts, also consumes NaOll in neu-
tralization to phenolphthalein. It therefore follows that an Aroclor
of very low acid number rust be also extremely low in ferric chloride.

FAB:cm

1-26-45
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Monsanto Chemical Company .
Anniston Method No., 14-47-48

SUBJECT:_ Pour Point of Liquid Aroclors

.me : A. S ‘T CH. D-97-59

The pour point of an Aroclor is the lowest temperature at which the
-material will flow when it 1s chilled under certain prescribed condi-
tions listed in ASTM D 97-39,

Agggratus

Apparatus consists of test jar, thermometer, cork, jacket, disk, gasket,
and bath as described under A.3.T.M, -method DS7-39, The thermometer is the
A.S.T.M. Cloud and Pour Test, range -38 to 50¢C., Present anvaratus is the
Emil Greiner Co. #GR 2234 single unit with Cr2242 test jar.

Procedure for Aroclor

Follow D97-39 in all respects except that the centigrade scale is sub-
stituted. Only an outline follows: Add 40 ml. of Aroclor to test jar,
Adjust thermometer to center of jar with beginning of capillary 1/8 inch
below surface of the Aroclor, ‘'‘farm the Aroeclor without stirrine to 46°C.
id a bath at 46-48°C, Cool to 32°C. in air or water bath at 25¢C, Trans-
fer the jar to the jacket of the cooling bath which is maintained at 0 to
3*C.,

Beginning ut a temperature 8 to 10 degrees above the vour point, at each
interval of 2°C., remove the test jar from the jacket and tilt just enough
to detemine if there is movement of the Aroclor. This inspection should
not require more than 3 seconda. ‘/hen movemsnt is not mromptly apparent,
the test jur should be held in a horizontal position for exactly 5 seconds
as noted by a astop watch. If movement occurs, immediately return the test
Jar to the Jacket,

Repeat test for flow at the next temperature 2¢C. lower. Continue the

test in steps of even degrees centiprrade (14,12,10, etc.) until the Aroclor
shows no movement when the test jar is held horizontally for exactly 5
seconds., This is the solid point.

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

Technicians must familiarize themselves with D97-39 whiech rives complete
details of apparatus and procedire, reproducibility of results, effects
of thermal history, etc., The directiaons above are inadequate excent as
a working outline.

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

DSw 269034
FAB:em - 1-30-4%
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Honsanto Chemical Company
Anniston Method No. 14-48-48

SUBJECT: _The Testing of Arcolors for Inorganic Chlorides

METHOD:

_ Solutions Required

Standard Chloride Solution: Dissolve 0.660 grams of nure sodium chloride
in sufficient water to measure exactly 500 ml,; 1 ml. then containg 800
micrograms Cl. Pipette 25 ml. of this solution to' a 500 ml, flask and
make to the mark to give a 0.00113 I RaCl solutiom, 1 ml. of which con-
tains 40 micrograms of Cl, Preserve ipn a Pyrex bottle., Caution: The
water used in preparution must be chloride free by the Tyndall Beam test ;
the 0.,00113 i solution should not be kept over 1 month,

Silver Nitrate Solution 104: Dissolve 5 rrams of silver nitrate crystals
in 40 ml, of water and add 10 ml, of concentrated nitric acid,

Chlorids fres distilled +ater,

Apparatus Reguired

La¥Motte 10 ml. color tubes {13 mm. X 100 mm).

Test tudbe rack with a black surface at the base for uniform comperison
(Note: we are using black gasket rubber over the entire board that sup~
ports the base of test tubes during comparison.) '

Box. About 7" long and 4" wide. Thbis box contains holes in top and
notches in the bottom to hold Lamotte color tubes. It is just high
enough to allow 1/4" of test tube to extend through the holes in the top.
The box should be painted a flat black on the inside and on top and should
contain enough holes to accomodate at least asvem tubes,

Method

Clean all flasks, tubes, and pipettes to be used. Then rinse with dilute
nitric acid then with chloride free distilled water. : '
Add 50 ml, chloride Iree water to a 250 ml. Erlemmeyer flask, heat to
boiling, add 200 gram of the Aroclor to be tested, vhich has been heated
to 100°C, shake vigorously for 1 minute, cool in cooling pan, Carefully
decant some of the water extract to a separatory funnel. Wash with pure
ethyl ether (chloride free).

Transfer 10 ml. of the ether washed extract to a 10 ml. Lalbtte color
tube after rinsing tube with portion of extract. Prepare standards by
dlluting exactly 5 ml. of the 0.00133 M NaCl solution to 100 ml. in a
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The Testing of Aroclors for Imorsanic Chlorides - 2 -

volumetrioc flask, One ml. then contains 2 micrograms of Cl. Transfer
1, 2, and 3 ml, portions to 10 ml, tubes. Lkake to the 10 ml. mark with
01 free H,0. Place standards and sample in light free box from which
only the top of tubes are exposed add 0.5 ml. of the silver nitrate to
_each tube ocompare in a specially presared test tube rack.

The comparison is to be made quickly and from a constamt source of light,
preferadly day light from a window away from the sunlight, Comparison
is eagier when other sources of light are ghielded from the comwarison
rack., Look directly into the top of ths tubes and compare. Note the
known solution which most nearly m:tches the -mter extract estimeting to
the nearest whole mictogram. The extraet blank and the distilled ‘ater
ghould show no turbidity,

Caleulation

Divide the chloride content in microcrans of the known solution which
matches the extract by the weight of the Aroclor represented by the
extract to obtain the chloride content of the Aroclor in p.p.m.. .

In the proceilure described, the 10 ml. extract represents 40 ~rans of
Aroolor (1/5 of 200 g. taken). The three knowns contain 2, 4, end 6

micrograms of Cl, thus reyresenting 0.05, 0.10, and 0.15 p.p.m. respec-
tively. Values should be reported to the nearest 0.025 ppm.

Precaut ions

Because of the sensitivity of this test, serious errors may result
through very slight ocontamination or 1nattention to details. All equip-
ment must be scrupulously cleansed, the distilled water absolutely chloride
free and testing done away from tumea of HC1l or chlorine fumes.

rs
4/27/48
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Hohsanto Chenical Company
Anniston l‘ethod No. 14-53-48

SUBJ’EGI': .ater Content of Liquid Aroclors

Outline

The Aroclor is dissolved in & mixture of benzene and methanol which has
been titrated with Fischer reagent to the characteristic end point.
Fischer reagent is'a solution of iodine, sulfur dioxide, and pyridine,
Iodine is consumed as long as any water is uresent. The solution is arain
titreated to obtain tho water content introduced by the Aroclor.

Solutions and A_p_garatus

Karl Fischer Reagent: Weigh into a flask 264 grams of pyridine, Barrett

2-A or Eastman 214-H, and add 61 grams of liquid or gaseous sulfur 4ioxide,
Add the 1liquid sulfur dioxide directly from the inverted cylinder by attaching
to the outlet valve a glass tube éxtending into the pyridine, Sulfur dioxide
gas can be budbbled into the nyridine until proper amount is added. Store in

" a glass stoppered bottle.

Transfer 65.6 grams of the pyridine-s50° mixture and 134 ml of absolute
methanol to a 1 liter Florence flask, Cool thoroughly in an ice water bath,
Add 16.9 grems of iodine, stopper, cool again before sheking, Alternately
cool and swirl until the iodine is in solution. Makes 200 ml of reasent,
Store in glass stoppered bottle, Let stand 24 hours before using. “hen
fresh, one ml of reagent is equivalent to about 0,0033 gms. of water.

Aroclor Solvent: Mix 2 perts dry benzol with 1 part anhydrous methanol.
The dry benzol is prepared by shaking the commercial grade with anhydrous
calcium chloride, decanting into & flask and distilling, rejecting the
first 10: to cone over. Keep in glass stoppered bottles with minimum
exposure to air, :

Micro Buret: 10 ml. x 0.05 ml. Koch automatic with glass stopvered
reservoir. Eck and Krebs #2460, Equip reservoir with a moisture guard
tube containing Drierite or a similar dehydrating egent.

Procedure

Heat a ¢lean 500 ml. narrow mouth Erlenmeyer flask in an oven or on hot
plate until thoroughly dry. Sweep out for 10 minutes or until cool with
air which has besn thoroughly dried by pessing thru tubes containing 8

mesh Drierite, Disengage the flagk from the aspirating train and imme-

diately close with a paper cap held by a rubber band,
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“later Content of Liquid Arooclors -2 -

‘Iithout delay, transfer 100 ml. of the benzens-methanol solvent to the
flask thru a amall hole punctured into the paper cap., Cover acein with
paper. Titrate at once with Karl Fischer reacent to distinct red-brown
end point which does not fade after swirling several times., The Figcher
Teagent is dispensed from the microburet the tip of which projects into
the flask thru the puncture in the paper cap. At the end noint any water
content of the solvent has been rescted. Superimpose a fresh peper can
inmediately. ,
Obtain weight of the solvent and well-covered flask on a Thrsion balance
or equivalent. Quickly introduce with a dry pipette about 100 crams of
the slightly warmed Aroclor to be tested. Cover at once and weigh again
to obtain the weisht of Aroclor to nearest gram, Shake until the ALroclor
is d1issolved.

If the mixture is cloudy, warm slightly. If cloudiness persists another
mixture should be prepared,

Puncture a small hole in the paper cap for the insertion of the buret
tip and titrate with Fiascher reagent to the first definite drown eolor,
agitating with a gentle swirling motion. The end point should nersist
through several swirls. The end point mey slowly fade through slow
access of atmoaspheric moisture in which case it is resbared by a drop
or two of reusgent, If not so restored, the end point may have been a
false one or the closure is faulty., A definite end point is impossidble
"4f humid air is not well exoluded. ‘

From the amount of reagent required and the weight of Aroclor uged, cale
culate the water content 1n PePeMe

Calibration of Fischer Reagent and Standard “fater Solution

gtandard water solution in methanol: Transfer exactly 0.40 ml. of water
from a micro buret or a 1 ml, measuring pipet to a 10C ml. volumetric
flask. Fill to the mark at once with anhydrous methanol and mix. One
ml. of solution then contains 4000 micro-rams of wmter in addition to any
water which mey be present in the methanol.

Transfer exactly 5 ml., of the above stendard water solution (equivalent
to 0.02 srams of water) to a 250 ml, Erlenmeyer flask which has been
dried and swept with dry air. Close with pader cap and titrate with
Fischer rearent in the seme manner aus the sampvle. The end voint is
sharp. A methanol blank, found by titrating 5 ml. of the methanol used
in making up the sf.andard water solution to a like end point, must alweys
be aubtracted from this titration.

Divide the amount of water taken by the net Fischer rearent required to
obtain the titer of the Fischer reacent in terns of water.

Txample: A 5 ml. aliquot of stendard solution, ecuivalent to 20,000
microcrems of water, required 6.61 ml. of Fiaeher rea~ent while 5 ml,

«
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‘later Content of Liquid Aroclors =~ 3 -

of the methanol required 0.55 of Fiscler reacent.

20,000/(6.61 - 0.55) = 20,000/6.06
= 3300 microsrams ?ater/ml.

Recalibrations: Because the Fischer rea~ent deteriorates rapidly, its
titer must be determined for each days use. If the game standard water
solution is used in recalibration as in the initial celibration, the
titer of the Fischer reagent muast Ye calculated from its total water
content (includinz that introduced by ihe methanol). The total water
is the product of the initial pross titration and its titer, This in
the example above the total water conmtent of a $S ml. aliquot is 6.61

X 3300 = 21813 micrograms. If on recalibration 7.37 ml. of Fischer
reagent 1s 21813/7.37 = 2960 micrograms of water per ml.

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

Calculation of ggO_sample

Standardization of Stendard H,0 sol.

Titrate 5 ml., mixture H,0 sol.

Ti{trate 5 ml. of methanol
Tit of S ml, mixture = A ) .
Tit of 5 ml. methanol = B

A - B = ml, reagent for HyO added = 5/100 of .4

Divide 5/100 X .4 by A - B = factor grams of Hp,0/ml.
Maltiply factor X B giving gma, of Hy0 in 5 ml. of methanol.
Add thig wt. of Hzo Yo .02 already added giving HeO in 5 ml.
(Total)

Factor -1
Hp0 sSt'd Titration :

'1'1 X sample Titration = '1‘3

T, X 1,000,000 = ppm HeO
wt. sample

FAB:om
1-27-45

Copled by rs
4/27/48
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From Letter to !7.C.M./'t.T.Bolmer (Halowax
Products Div., Union Carbide and Carbon

Corp., 30 E, Forty-Second St., N.Y..17,

PROP-RTIES OF BASIC’,"HI\IH'.‘!AK" paowccfs N.Y.). Letter dated Feb. 27, 1948, -

MATLRIAL NUMBER ) No. 1000 No, 1001 No. 1015 - No. 1014
p_q(org ‘ White to Pale Straw | 'Thite to Pale Yellow| Pale Yellow ﬁlb Yellgw
i}.ow Point (iied, ASTU Sof‘ten:l..ng;_ Point) des. ¥. Liquid 194-201 | 247-252 £77-283. i -
S.ecific Oravity at 77 deg. F. 1,19 - 1,25 1,531,590 1.65-1.71 1,75-1,81
.ﬁenotration (1"od. AST:?) 200-g, load at '}7 des, F,,‘ — 10-15 5-8 5-8
f.‘-..scosity (Saybolt Universal Seconds) 33-37 at 77 der., W, | 33-37 at 266 des. F.| 31-35 at 266 deg.PF. 33-37‘at
:Erif;_t‘;nauon Renpe (AST:) der. F., 480~5% 600-650 615=-655 %g%%&‘
_tr,‘ash Point (ASTi. Cleveland Open Cun) der. F; 203 .284 356 302

Fire foint (AST?! Cleveland Onen Cup) der. F. 338 None to boiling None to boiling None to
Foser Factor at 1,Q00 cycles -— Less ti:an 0.27 Less than 0,27 bsos an O,
- at 10° cycles - | 0,437 0,707 0,70¥

¢ .alectric Constant at 1,000 cycles - '5-6 4-5 4=5

N at 105 cycles - 56 4.5 a5

B G. Resistivity (mep. em.) st 30 deg. C. - over 107 - 10° over 107 - 10°

Over 107-10°

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

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

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

GENERAL INFORM.ATION

Color

Sp. Gravity
~Softening Pt.

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

Fire Pt,

Combustibility
Fracture

Acid Resistence

Alkali Resistance
Volatility

P.F, at 25°C. (1000 cycles)

Diel, Constant at 25¢C.
(1000 cycles)

DC Resistivity at 25¢C.

Copied by rs
4/2/48

Brown

1.40-1 .45 at 25’0.

79-83°C.

59-89 at 130°C,

79-180 at 130¢C,

Anprox, 15 (200 gm. loed)
Less than 3 (200 egm. load) -
Approx. 590°¢F,

None to 600X,

7111 not supvort combustion
Conchoidal

Excellent

Txcellent

Average for 24 hours at 130°C.
Less than 0,10 rg./sg.cm./hr,
- Avprox. 001 '

- Approx, 2,96
- Over 108 meg. cms.

.

DSW 269041
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Fron - Halowax Products Division
- : Union Carbide and Carbon Corporation
L 30 Eagt 42nd Street
: ' ‘New York 1'7 New York
Letter - J.C.H /T.1, Cole, Tech. Rep.

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

GENERAL INFORMATION

Brown :

1.29 - 1.52 at 25 deg. CI
65 - 70 deg. c.

20-27 at 130 deg. C.
20-30 at 130 dec. C.

Color

Sp. Gravity

So0ftening Pt.

Stormer Viscosity
Saybolt Furol v1scosity

Penetration at 50 deg. C. -~ Approx. 75 (50 g. load)
Penetration at 25 deg. C. - Less than 3 (200 p. load)
Flash Pt. - Approx. 530 deg. F,

Fire Pt. ' - - None to 600 deg. F,
Combustibility - 7411 not support combustion
Fracture - - Conchoidal

Acid Resistance = Excellent

Alkalil Resistance . - Excellent

Volatility Aversa for 24 hrs. at 150 deg. C.
' ' 0,20 mg./8q.cn,/hr

P.F. at 25 deg. C. (1000 cycles) - Approx. 004 :

Diel. Constant at 25 deg. C. '

(1000 cyeles) - Aprrox. 3.0 -
DC Resistivity at 25 deg, C. - Over 108 meg. cms,
Copied by rs
4/2/48
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FI‘ON\: BoIoOogo Final Rept. NOc 895
APPENDIX II, FPHY3ICAL AND CHEMICAL PROPERTITS OF CLOPHFN OILS Item Nos, 1, 7, 22, & 31
Pagas 108 - 109

(as quoted in I, G, Faorben's sales shoets)

Property Clophen Clophen Clophen Clophen Clophen Clophen
A30 A40 ABO ABO A70 A80
Form e0 ae °a e e .o s Liq\lm L‘lqlﬂd Liquid Liquid Firm Tf‘irm,
_ _ ‘ erystalline
ColoUT vs a0 se oo oo oo s Nearly Neurly Nearly Nezrly Nearly *"hite
" eolourless colourleas colourleas colourleas colourless
Spacific Gruvity at 20eC ee  os 1.35 1.48 1.55 1.68 4 1.72 - 1.77
3c1id1ifying Polnt .. o 0o ee ~18°%C ~5C +12(; +30°C +50+C >160°C
Tlagh Point® .. o2 oo oo we 166° 193¢ 22g¢ 236 2409 290°* or over
(Pensky - Martens) In an open crucible . {(Pensky - IMartens)
Shrinkame: 100% - 20°C s e 6% 87 8. : 87, 5 = 67 -
509 - 20°C se  oe 3% ! 3% R 4 3 -
Vizcogity at 100°C .. oo 4o  oe 1.1 1.2°1E 1.5 1.9*% 4% -
Boiling Point Limit et -12mm, .
of LeYCu¥ oso oo o0 ec oo 165 - 195 180 ~ 213e 190 « 230* 195 - 250 200 -~ 285¢ 210 -~ 260*
less during Srvaporabtion
{aftex 6 hours at 100=C) oo 0,054 0.037 0.,02% £ 0,01% 0.01% 0.0
: {2 hrs. at 1252)
Volatility 8% 20°C w0 eo oo se <0.009% <0.009% <.0.009% <0,009% <0.009% < 0,009%

{um. of Iercury for 100 houra)
ifeat Conductivity at 40°C

(in Calories per metre per hour 0.085 0.091 0.087 0,086 - -

per °C). -
S&ponificaﬁion NOo. <o o e co oo 0 ao 0 .0 0 .0 0.0 000 0.0 "."

., g
ABh o 6o es es oo oo es oo Ve small V. onall V. snall - V. amull V., amall 7. amall %,
Pcmittivity at 20“0 [N ) e e 0 600 504 500 R 4 - 405 800 500 5‘
PC".'-'ﬁr FaQtQ? oo o0 'Y oe s 0 40.001 <09001 -¢£an01 & 0.001 400001 -
Breakdown Strenszth .o oo <o oe  200kV/om, 200xV /em. > 200kV/om. “» 200kV/om, - -
v 1% 13 14 14 14 14

Irsulabion Resiztzncs 1n Obm.on. 1 X110 1X10 1X10 >»>1X107° >»>1X10 >1X10

Clophens are not combustible and do not support combustion of materials into vhich they are impresnated .

e\ P
2 A2 Dy
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Fron - United States Patent 2,070,268

Patented February 9, 1937

Pace 2
TABLE I
Hydrocarbon
conpositions Properties of dlelectrie
Dig=
tilled Dieslectric
hiech Viacosity 3necifie congstant X
boiling Chio- gec, Say- nravity at 100° C,
. Di- COt= rine bolt at at (1,000
phenyl pounads content 210° F, 654 /65 C, cycles)
Percent Percent Percent
1l =~ = 0 100 23.9 £3 1.251 4,35
2 .- - o] 10¢ 40,3 290 1.405 4,98
3 -~ - 80 20 41.2 35.7 1.252 4.87
4 = - - 80 20 52.2 47,5 1.490 4,586
5 o o= 50 50 42,0 48,8 1.383 4,84
8 ~ = = 50 50 36,4 40.8 1.324 4,89
Properties of ehlorinated diphenyl
7 - -100 0 54.0 46.0 1.523 4,30
8 = == 100 0 42,0 34,0 1.380 4,80
Copied by ra
2/2/48
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T4 (3) « 500

Stability of Grade P Hyesr and Teflon
in Aroclor 1254 at 130°C and 45°C

short Form leport No. 2179
File NO. 141“'2701

. December 29, 1947

Notebook references: Smith 45137

Grade P Hycar and Teflon Immersed im Aroclor 1254

s ’ % Gain in

Moterial Temp,  Hours 7 Gair in "t.  Thicknegs
Grade P Hycar 130eC 285 68,6 26
Grade P Hycar 45=C 2es 26,3 6
Teflon 130°C 285 Nogligible Negliigible
Teflon 45°C 285 Negligible Negligible .
Trs
1/14/48
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I-A=1 - 300

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

Aerovox Corporation
New Bedford, Massachusetts

Determining ¥Fluorescence in aAroelor

"The wltraviclet light we use for determinins fluorsscence in
Aroclor ig manufactured by Georre /. Gutes and Company, Frenklin
Square, Long Island, New York. It is 2 CH 4, 100 Vatt, G. E,
l:azda Lamp with filter,

"Our procedure is to pour a gmall amount of aroelor imto a 5"
wateh glass or a 5" Pyrex evaporating disgh and observe for the
degree of fluorescence under the CH 4 lamp, preferably in a dark
TOOmL, If the sample has been contaminated with Mineral 0il it
will show up a2e a strezky or milky fluorsscence as compired %o
pure Aroclor. The fluorescence around the meniscus of pure
Aroclor is not to be confused with the fluorescence resulting
from contamination.

"Thig test is qualitstive and, as such, ic based on the experi-
encs of ths person perferming it. e keep a standard sample for
comparison. If thsre ere any further cuestions please feel free
to contact us®,

Copied by rs
4/2/48
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I3 - 100

December 2, 1947

ELECTRICAL DATA ON SROCLORS

Introduction

Time has not permitted us to carry out electrical measurements
on all of the Aroclor samples sent by your laboratory and as listed
in your letter to Dr. C, K. Bump of June 27, 1947, It wmas believed
that dielectric comstant, loss factor, and direct current resistivity
measurement s over a temperature renge for a low chlorinated and highly
chlorinated biphepyl; also ope sample each of the terphenyl and the
mixed biphenyl and terphenyl series would represent the electrical be-~
havior of Aroclors.

The trend of the electriezal properties of the samples not meussured
can be estimated; 1.e. as the viszosity of the iroclors of a particu-
lar seriea ipcreases, the logs fector wlll decrease and the loss factor
maximum (i1f within the temperature renge meuasured) will be shifted to
higher temperatures. An increase in viscosity will increase the resis-
tivity of the Aroclor. The dielectric constant of a materisl is a
measure of ite vnolerizability. Therefore, any change in the structurs
of the molecule whieh will increase its polarizsbility will csuse an
increass in dielectric constent.

Accuracy »f Data

The accuracy of the sliernating current data is dependent on the
digsipation factor of the dielectric at a particular frequency end &
particular temperature. The dielectric constant values are accurate
within .2% provided the dissipation factor is less than 10%, The error
is greater with increasing dissipation factor. The accuracy of loss
factor (dtelectric constant X dissipation factor) is also dependent on
dissipation factor. Aroclor 5442 was the only sample which had a dis-
sipation factor greater than 10% and that occurred at the following
copditions:

41*C, D500 cycles
41°C, 750 cycles
35°C, 500 cycles

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

Dr. Bump,

The dircet current resistivity values have a 307 error for the
greatest resistance rezadines on our instrument. TFor lower resistance
values the error decreases. Aroclorg 1221, 1254 showed an increase in
resistance with time which is indicative of polarization effects. For
these materials then, resistance was read after the voltage was applied
and then at the end of one minute - an empirical method used for taking
a reudable value. Aroclors 4465 and 5442 did not show noticeable pola-

DSW 269050
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I3 - 100

e 2 * December 2, 1947

rizetion effscts, even at the high temperatures.
Data

The dielectric conatant of Aroclor 1221 and 1254 is independent
of frequency. The dielectric constant of Aroclor 4465 and 5442 1s
also indepsndent of frequency at the high temperatures.

The liguid-like properties of 4465 and 5442 disappear at the
lower temperatures where a dispersion region becomes evident. It will
be noticed that the dislectric constant curves (at the lower tempera-
tures) have the same order as thoss of the corresponding loss factor
curves and the inflection reglons occur at the loss factar maxime tem-
peratures.

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

Aroclor 1221 showsd an unuzual gensitivity ip changing loss factor
values and ag great an insersitivity {o change in dielectric constant.
It was found that a sample measured initiaslly at room temperature and
measured st successively increasing temperatures gave different loss
faetor values when comparsd to measurements made with the initial tem-
perature rkigh and then successively lowered. Results showed that
raising ths temperature of the liguid or allowing the meterisl to stand
in the open for long perlods slways lowered the loss factor, probabdly
volatilizing the more conducting or the high loss substances in the
Aroelor. Below 5000 cycles this effect was very noticeable, the diffe-
rences increasing with decreasing frequency. It msy be mentioned heres
that loss fzctor measurementas at low frequencies might possibly be used
ss an analytical tool or as a control method of indicating voletile sub-
stanceg contained in the Aroclor 1200 series.

The log resistivity versus 1/T eraph is useful as an indication
of the change that occurs in resistivity with temperature - or what is
related, the change in viscosity with temperature. The actual slopes
of 4465 and 5442 cannobt be zgsured since there should have been more
measurements made st high temperaturses, However these two Aroclors have
a much larger viscosity-temperature coefficient then the other two plots.

It is hoped that the enclosed ~raphs will summsrize the dielectric
properties of the Aroclors neagured, Liore comdlete informastion or any
questions concerning the data will be sent on request.

R. Levreault :

lonsanto Chemical Company

Plastics Divigion

Springfield, Liassschusetts
acn/
Copied by rs : DSW 269051
1/15/48
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From - B,1.0,3, Final Repori Neo., 895
Item Nos., 1, 7, 22, and 31
- Pages 12, 13, 14, 15, 16, % 1¥

IT7, CFLORIN.ATED DIPHENYL.

l.

2.

General.

Chlorinated diptenyl is manufactured by I.G. Farben under
the trade nsme of Clophen. 3Some types are liquid and others
80114 at normal temperatures, They are used as impregnants
as alternatives to hydrocarbon oils and waxes, Clophen shares
with other chlorinated meterials & high permittivity and has
the same dangers in handling, dus to noxious properties. In
addition to the grades suited to capacitor impregnation, a
grade known as T64 is made by I.G. Farben, suitable for trans-
former cooling. The total output of Clophen ABO and A60 for
the years 1938 and 1943 wag:-

1938 Type ABO 21 tons
» A0 132 "

1943 " AS50 170 "
" A60 506 "

The cost of the material in Germany is:-

Tyre ASC 1M, 50pfg. to 111, 60pfg. per Kilogram
" T64 1M. 20pfg. per Kilogram, -

The follouine is.a 1ist of the prineipal prewar consumers
of Clophen:-

Siemens-3chuckert, Berlin.

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

Iicafil (Browvn Boveri), Zurich, Switzerlsnd.
Alsthom, Paris. :

Ducati, #ilan, Italy.

It vag staeted that no German canaeitor manufacturer uses
Clophen for the manufacture of small cupecitors for radio and
telephone purposes and where these have been used by the Ger-
man fighting services they were supplied by the Itsliam firm,
Ducsti. .

Yanufacture,

(1) The synthesis of diphenyi from benzene.

Diphenyl is synthesised from benzene as shown in the
fipure, followigg:— )

DSW 269055
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VA A e
1 Condenser
- Distilling i bl 2,;.'2'(’ ta
- T Column ) o-svase
L - - - - 5006500 « & Heat Exchenger
Y - >0 i
- - - |
Reaction
Coil
800 eC

Synthesis of Diphenyl from Benzene

The synthesis occurs in the vapour phase, at 800°C. and
atmospheric pressure, in an electrically hested reaction
coil of copper-mangsnese alloy. No catalyst is required.
The apparatus, spart from the reaction coil, is of irom,
and operctes at ths temperatures showm above., About 107
of the benzene vapour is converted into diphenyl in one
passage through the reaction coil.

The purity of the benzens is of importance for the elec~
trical quality of the ultimate chlorinated products and

a gpecificetion is attached overleaf, The benzens used
wag believed to contain 0,2 to 0.3% of paraffinsg but
little definite information could be obteined regarding
any vndesirable impurities or the mechanism by which they
cause poor electrical performance. 'Thiophene was stated
to be definitely harmful, and vague reference wms made to
"pitro-compounds®, to "aliphatic hydrocarbons®™ and to
"subgtances which could not be chlorinated®™. The pre.iss
nature of these materials was not known, but their absencse
wes epsured by obtainine benzene always from suppliers
whosge product wes kpown to be sstisfactory.

inalytical Specification for Pure Benzene

Appsarance: Clear and colourless.

Density at 20°C.: 0.876
Distilling runge: Firgt 57 within C.25+C,
5% - 95.% " 0,25°C,

95,. - end T 0.25°C.
Solidificetion point: Not less than 5°C.

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

Sulphuric acid test: Not more than 0.15 gnm.

- Kac 1‘207

Carbon disulphide: Shall be free from CS3;.

DSW 269056
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Difficulty in the synthesis was still beins experienced,
due to rapid corrosion of the copper-mansenese reaction
coil, opsrating at B800eC. A smell scale exnerimental
apperatus using a fused siliea coil had been made, but
had not been developed for production uss,

In addition to diphenyl, about 5% each of 1-3 and 1-4
terphenyls are produced by the process. These are so~
parated, chlorinated ard used in sealing varnishes;
rressnt production is about 4 tons per wmonth., No use
is made of chlorterphenyls as paper impre~nants, since
the materlals are resinous and tend to crack; moreover
the permittivities are lower then thoss of the chlor-
diphenyls.

The erude diphenyl is next purified by distillation.
During this process the tervhenyls remein in the residue.
They are extracted in the followins nesmner;-

The residue is dissolved in hot benzens, filtered, and
the 1-4 isomer obiained dy fractional crystallization,
The crude product is distilled in vacue, ylelding 1-4
terphenyl with mslting point of 208°C, The 1-3 igzomer,
remaining in solution in benZene, is more difficult to
isolate. The solubion is clarified with activated cher-
coel, filtered, and the tenzene evaporated, The residue
is distilled to yleld 1-3 terphenyl with meliing point
80-84°C, ' »

(2} Chlorination of diphenyl.

For the chlorination of diphenyl a lead lined vegsel of
10,000 litres capacity is used. It is charged with 6000
kg. of diphenyl and 15 kg. of ferric chloride. The miz-
ture is heated to 110°C., agitated and chlorine passe:.
in. The addition of chlorine is continued for 100 hours
at a rate of 130-135 kg/hour during which time the tem~
perature is raised gradually from 110*C. to 130°C. The
erd point of the chlorination is determined by measuring
the density of the product,

To remove hydrogen chloride formed in the process, dry
air is blown through the liquid for 2 hours and this hy-
drogen chloride i3 recovered,

The product is transferred to another vessel and treated
with 1/29 of soiid so&ium hydroxide; hested and agitated.
The sodium hydroxide is allowed to settle out 2né the

Clophen drawn oif from the top, transferred to another
vessel to which Fuller's earth and soda are added and the
liquid redistilled. The atiils for thigs procecs are ges
heated.
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5. Zroperllss.

(1) Capaecitor Imprematine grades.

A summery of the physical and chemicel wroperiies of the
capacitor imprepnating erades of Clophen is given ip
Appsndix 11, There are six grades «f capacitor imprege
nant, N30, A40, ete. up to A80, the 3, 4, 5, stc., indi-
cating the number ¢f ehloriue radicals combined with the
diphenyl. TFach grade contains.a proportion of the adja-
cent homologues not exceeding 207, Grade 430 has the
highest value of permittivity. Theoretically the hishest
value cbtainable with a chlorinated diphenyl is 9.0, and

& grade havinpe & permittivity of 7.0 has been prepared,

but is chemiczlly unetebls, and very sensitive to moisturs
apd impurities, The most commonly used grades are A50 and
ABC; ASQ is the mosi stable prsde and has the lovest dielec-
tric lozs. Grade AG0 1s considered by I.G. to possess the
optimum comdbination of non—inflemmability, stability and
viscosity. As with Nidren, it is considered that no addi-
tives are required since the substanees are stable in use,
provided that the capacitors are efficiently sealed againat
the air, leufll of Zurieh are the only ussra of A30 and
A4’OG

The following table shows the verlation in capacitance
and pover factor with tsmpsrature for a Clophen impregnaa
ted paper capacitor.

The impregnrant 1e 450, the dielectrie is Schoeller and
Hoesch "A" finish rzg tissue (density 1.2 - 1.25) with

a thickness of 10 u; froguency of measurement is 800 ¢/s.
Pozer factor shows a maximum value of 0.052 at about +4+C.
while eapscitance falls off by soume 207 at temperaturea
below this eritical value,

Variation in czpecitance and power-factor with
‘temperature for a Clophea-impresnated capacitor,

Temporaturse - Relative- Powar
(«C,) Capacitance Tactor
-80 0.87 0.035
40 0.91 0,024
-20 0.94 0.013
0 1,02 0,048
+4 1.06 0.052 (mex.)}

+20 1.10 0,006
+40 1.10 0,005
+60 1.10 0.004
+80 1.11 0,005

lNo evidence was obtained from I.G. on the use of any type
of additive with & view to depressing the temperature at
which the change cf state occurs,
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" The method adopted for evaluatine the water content in
oils such as Clophen is deseribed in Appendix III. It
is 8ls0o applicable to such snlids as Nibren,

Ingelhardt stated that no source of feilure had been ex-
perlenced durine the wmhnle period of production of Clo-
phen, which is about 17 years., Consequently no improve-
ments or modifications hed been made or found necessary
during this period.

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

No detailed information was sought on this material, since
it is unsuitadble as a capacitor impregmant and is only
used as a coclant for transformers and phuase shifters.

A summary of its physical and chemical properties is given
in Appendix IV. It hag a lov viscosity, is moderately
steble under elsctricael stressses and has the distinct ad-
vantage over mineral oils of beins non-inflsmmable.

The principal users of this product are A.E.G., and Siemens,
but it 1s understood that, as with other chlorinat«d com-
pounds, conssrvatism and prejudice among custonmers have
prevented its wider use.

Ro stabilizers are added to the materisl as their function
of abgorbing hydrochloric acid would be defeated by the
formation of "chloriée salts"™, whieh in turn become elec-
trolysed. It was said to be very importent to avoid con-
taminztion of Clophen T6é4 which may occur in transit and
for this reascn the use of leather for paskets must ve
avoided.,

Methods of uss, precautions, ete,

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

For information on the preéautions necessary in the use
of Clophen, see Section II, 5, above.
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IIT-A-t = 500
¥rom = B.I1.0.5, Final Report No, 833
Ttem Nos. 1, 7, 22 and 31
Pape xiv

Clophen is made in several grades; whieh correspond closzely with
their U.S. counterpurts, A.50 being the srade most commonly used for
capacitorsa,

Except for very rars use by Siemens and Halske for special orders,
Clophen hus not been used in Germany for gmall capacitors of the tele-
communication typs, but it has besn used extensively by Siemens-3chuckert
for power oapacitors. It is interestinz to note that the German forces
used Clophen impregnated and fi{lled tubular cepacitors made by Ducati, of
lfilan, who obtained the impregnant from I.G. The prejudice arainst Clo-
phon waa, howsver, being gradually overcome and sgeveral manufacturers
were contemnlating en extended use of this material. 3ome of them con-
sldered it to be equal to or possibly better than mineral cil for opera-
tion at powsar frequencies.

re
11/24/47
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From -~ B,I,0.5. Final Report No, 833
Item Nos, 1, 7, 22, and 31
Pages. 98, 99

(2) Clophen

The only chlorinated impregnent used by 3lenens-
schuckert is Clophen, supplied by I.G, In power factor
correction and high voltage applications it is consider-
ed practically ideal,

The only type of Clophen used in bulk is A.50, penta-
chlord iphenyl, {corresponding to Aroclor 1254)., 4,30
apd A.40 heve been tried and found unstable. 4&.60, A.70
and 4,80 sre too viscous to sllow for good impregnation
end have lower permittivities, Although the viscosity

of A.50 at room temperature is much sreater than that

of oil, the visecosity at impregnation tempersture is
sufficiently low to give no trouble in attaining thorough

impregnation.

A routine check on ecorductivity is made on each drum of
Clcphen, and formerly if the conductivity were too high,
the Clophen was treated with powdered chalk to neutralise
the free acid. As the result of continual pressure on
1.G. over a period of years, the acid content had gra-
dually diminished, and it i1s now possible without chalk
treatmont to woark to the same rejection limit of resis~
tivity as for oil, viz, 1013 ohm.cm, at 20°C, Drums

of Clophen failing to pasa the conductivity test ars
returned to I.G., unless urgently needed, A4 certain
elasticity 1s permissible in view of the high atandard
sat. Apart from conductivity, further mcceptance checks
are specific gravity (1,54~1.55) and permittivity (5.0-
5.2). Permittivity is measured at 800 eyelcs and 20°C,
on a Schering bridge at low voltagce, The acceptance
standards for Clophen A.50 are shown graphically in
Appendix XXXIV. :

Clophen costs about 1 . 60 pfg./ke., and is therefore
much dearer than oil (30 pfg./ke.)., This extra expense
i1s offget, however, by the use of a special design
which reduces the amount of Clophen required. An ad-
vantage claimed for this impregnent 1s that is has a
similar permittivity to paper (viz. 5).

2, ther impregnants studied,

As Clophen is considered nearly ideal, no serious
attempts heve been made to find superlor moterials or addi-
tives to improve its performance. This attitude is sup-
ported by service experience, in which no failures heve
been reported. It is realised, however, that on freezing
discharges may occur in the contraction voids, which may
result in decomposition of the Clophen and failure of the
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diclectric. Tests were performed (see Section IV, 2, (3))
to check whether this degradetion does in fact oecur, and
no failure was noted.

Nevertheless, I.G. supplied small samples resembling
Clophen A.50 but having & lower melting poimt so that this
possible source of failurs e¢oruld be investigated. De-
‘pression of the temperature at whieh the dipoies become
irmmobile should raise the meximum usaeble frequency and
hence btroaden the range of applications by introducing
thoge for audio-frequency furnaces.

Two of these I.G.. samnles, with references A.162F
and A.162N, are, like Clophen, made from benzene, but have
a lower chlorine content because of the presence of an
additional alkyl croup (CpHspn*l), and hence a lower density.
Thelr sdvantege over Clophen A.50 1s that the setting point
(1.e. tempercture of maximum dispersion and of capecitance
diminution} is lowered from -8°C. to -17°C. The permit-
tivity, viscosity and nop-inflammability resemble thoge
of Clophen A.50., The viscosity/temperature curves of
these two semples, K.7 mineral oil and Clophen A,50,, are
compared in Appendix XXXV,

Trs
11/19/47
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IIX-B-2500

December 22, 1947

TO: PHOSPHATE DIVISION “ALVSETEN
3U0BY: Arocclor 5460 as Uged in Ethylcéllulose Lacguer

RE: Tedsration of Paint and Varnish Production Clube Official
Disest (October, 1947).

Aroclors used ag plasticizers and resins impurt excellent qualities
to ethylecelluloss,

Cthylcellulose 1s used in lacquérs of various types, the ethylecellu-
loss acting as a lonys chain nolymer to impart toughness and flexi-
bility and to increase the speed of drying.

Some of the principal uses for ethylcellulose lacguers are for the
coating of high tension ignition cable; heat sealing lacguers for
foil apnd paper where the slight discolorution which may develop in
nitrocellulose lacguers on heat sealing is not permissible; linoleum
lecquers where alkali resistunce is essentiael; textile printing;
printing inks, particularly in multicolor desiesns where hydrocarbon
solvent does not soften or bleed into weviously printed desigsns;
aireraft lacquer for resistance to both heat and ¢ol& and to cuick
temperature chanpres; record lacguers, especially for home recorders;
and in wood sealers where good sanding and flexibility are essentiasl.
A good pigmented ethylesllulose lecguer hze been mads, based on ths
following forrmula:

Ingredients Parts (by welght)
Ethylcellulose N-22 6.4
Aroclor 5460 6.4
T10, 4.2
Menthylphenol 0.06
Toluene : _ 67.0"
Ethanol 156.0
100,06
Benignus

Th

Copied by rs

2/2/48
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I1I-G--300

Fronm - Memo G,Y, Frankle/P.G. Benignus
lMerch 11, 1948

Soil-Poigon Concentrete

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

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

Aroclor 1242 33,54
Trichlorobenzene
(¥1xed isomers) 33,5
Fentachlorophenol 10.0
Isopropyl alcohol 3.3
Toluene or Xylene , 16.7
Sterox GE¥ : 1.5
Santomerse 3 Paste 1.5
100,04

* Other non-ionic type emulsifyiny agents such as
Triton NE or Sgsan and Tween can be uged to revlace
the Sterox SE.

Copied by rs
4/2/48
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ITI-H-10
Chemical Abstiracts

PO3SIBLE UZE OF AROCLOR3

Vol. 41
Pags 6867

U.S.P. 2,425,978 to Anderson and Coalshan, (Herculeg
Powder Compeny) .

" Foundry cores spreyed with 154 solntion of chlorinated
naphthalene in hydrocarbon solvent shew greater seratch resis-
tance than untreated cores. Cl, content remains from 40 -~ 80
Cl,. '

Particularly cood for use with 11 castines,

rs
12/2/4%
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{2)

{3}

Iv-.10

From « B.1.0,3, Final Renort Mo. 895
Item Nos. 1, 7, 22 and 51
Pages -~ 10 and 11

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

'volves less physical dontact in disposal.

Prevention.

Very thorough washing of all areas of the skin likely to be
contaminated with sclid, 1iquid, or fumes has always bsen the bdasic
principle in prevention of skin troubles, arnd 1s still looked upcn
ag.fundamental,

“hen fatty soaps coased to be a2vailable, becauge of the di-
version of fats to food, it became essentivl to insist upon the
use of barrier creaus; of which the best was one named "QUINBOW,
nede at Trommersdorf. 'This has now been replaced, for lack of
supplies, by an alternative mads by I.G., pemed "MITICAL™, which
is considered inferior to culmbe but satisfactory.

The Fisaan firz put up a special powder named "<SCH'EFEL-
PULVTIR" to act es a barrier, but this wes found to be inefficient
except to allay irritation on ckin arsas expoged to fumes only.

For this purpose it st1ll firds use at Leverkusen and at the Hydra-
werks factory et Berlin.

A special point is made of fume extraction, and the minimum

~alr speed away from the operator is 1 metro per sscond.

To check the efficiency of the precsutions, a thorough exami-

nation is made every 4 weeks of every worker comiang into contact

with chlorinated hydroocarbons, and since the enforcement of the
precautions, no deaths or symptoms of internal injury have occurred.

3incs superfattsd sosps have ceased to be availabls, & cleansing
composition containing dichlor-methane has besn devised. This is so
powerful a detergent for chlorinated materizls that berrier creams .
are coneidered unnsceassary, but it% is uncomfortebly irritant to mary

skins.

Cure.

“hen severs attacks of chloracne and internel sickness were
encountersd, in the early years, when the properties of chlorinated
materizls were not well understood, extsnsive rest periods had to
be prescribed, together with a generous diet, entire absence of
further contamination, and long periods in the open,

Since precautions rave been taken to minimise the effects,
only 8 few mild cases of chloracne have been met., Theso have been
treated with a solution of acetic and salicylic acids in methylated

snirits,
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{4) Conclusions and Recommendations.

I.G. conglder thet neiiher foxicity nor skin affection need
pow bg any deterrent tc the use of chlorinated nedhthelenme, and
that chlordiphenyl is 1f anything less troudlesoms,

Certain peopls, notably those with fair skins, show distinet
allergy, and are best diverted to other work not involving contact.

Sorupulous cleanliness of the skin {inecluding the face, neck,
and arms) and of the clothing (esvecially undergorments) is essen-
tial and noeds strict enforcement. “fashing with hot water and good
soap is sufficient, so long as the goap 18 superfatied, sinece the
skin becomes ssnsitive to irritatisn by alkeli.

Barrier c¢ream should be used on those parts of the skin whick
come into contact with =olid or 1iquid materizl, and the area of
contact grould be minimised by tke use of protective clothing and
gloves where possihle. Areas of the skin wahich ere contacted by
fumes only, end particularly those chafed by clothing (e.p. the
negk adjuecent to the edge of the c¢lothinz) need protection dy a
sultebls soothing powler.

“'here fumes are generated, they should be drawn away from the
operator at an air spesd of at leasy 1 metre per second. It nay

bs found esseptial to have two ducts, cne at flocor level and one
overhead, with exhaust in two directions simmltaneously.

In case the precautions are beinms evuded, or lest thers should
be some idicsyncrasy, monthly medical ingpection 1s desirable,

s
11/24/47
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From - The Journal of Industrial
Hypiene and Toxicolony
Volume 20, Number 2
February, 1938

NORPHOLOGICAL CHANGES IN THE LIVERS OF RT3
RESULTING FRON EXPOSGRT TO CLRTAIN
CALORIN.TED HYDROCARBONS *

Chlorinated hydrocarbong, particularly chlorinated nanhthalenes
and chlorimated diphenyl, have been used extensively in certain in~
dustries. Their use in the manufacture end nrenaration of many tynres
of elacirical equipment ig corstantly increasins. Althoush it is
known that some of these compounds cuusge acne, only recently has the
pos3ibility of riore serious systenic effects been recognized,

The present paper describes the pstholoeical chanres obgerved in
rats that had btesn exposgad to various chlorinated na-hthalens come
pounds and to chlorinated diphenyl.

Compound G {chlorimated diphenyl) was administered to two eorouvs
of enimals In low concentrations. .in averame concertration of 0.57
nems. per ¢€u, m, wus employed 16 hours deily for 134 deys in the first
experiment. In the second expsriment (employine an sverare air con-
centration of 0.9%3 mpms. psr cu. m,) the animals merec exposed 8 hours
daily for 143 days. :

The pressnt exneriments demongtrste that chlorinated nashthalene
compounds and chlorinated diphenyl are czpable of nroducing marked
liver damage in the vhilte rat without demonstrable microsconic chanmes
appearing in the other” orguns. Furthermore, the characteristics of
the liver lesions resultins from comparable amounts of any ~iven com-
pound are the sams, regardless of the method of adminisgtration ({inhe-~
lation, feeding, or subcuteneous injection).

Of the various chlorinsted hydrocarbons testcd, chlorin.ted di~
phenyl gave evidence of beinc the most toxie. ‘then adninistered by
‘{nhuletion in very low concentrctions (averapge 0.57 to 0.93 mems.
per cu, m.) liver cell chances were very pronounced after the first
exposure period. The most striking change was the hyalinization of ¢
the cell cytoplasm (see fig. 6, plate III). 3uch celluler alterations
were essentially unchanged after a 2 month recovery veriod. In these
animals small sublethal doses of caurbon tetrachloride and alcohol uni-
formly produced extensive liver necrosis and was highly fatal to them
{firs. 1 and 2, plate VII). Chloripated diphenyl fed in small dnses
vroduced similar but more marked liver injury (see fi=., 5, plate I11),
In large doases this compound was highly fatel. The liver ¢hanres in
animals dying efter short exposures were inconsvnicuous and consiated
mairly of swelling of cells and active re~eneration (see fiz. 4, plate
II1). However, animals removed from eznosure before beins fautally
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poigoned, subssquently developsd hyaline degeneration of liver cells
gimilar to that produced by prcolomped udministration of amall dogss
of this eompound. .

Thus the results of the wesent study, as well as certaln field
studles that have been mulde (1) suc~est that the solution of the in-
dustrial hezard involved is depsndent largely on & reductiorn of the
.air concentration of thess compounds to & level that will not oroduce
liver damaro. The present experiments indicate that lower air con-
centrations must be obtained 1in the cass of the more highly chlori-
nated naphthalens compvounds and chlorineted dinshenyl thsen for trichlor-
naphthalenes if z safe environment for workmen is to be assured. BRe-
cause of the pronounced toxic effect of small doses of carbon tetra-
chloride on the livers of animsls alrezdy injured by exnosure to
chlorinated ravhthalenses and chlorinated di-henyl, its use 2z & sol-
vent for these compounds would appzar to be very hazerdous.

I3
2/3/48
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