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- THE PROPER HANDLING OF AROCLORS® AND THEIR MIXTURES
IN THE ELECTRICAL INDUSTRY

INTRODUCTION

Monsanto's Arcclors®, especially the chlorinated biphenyls
including types 1242, 1248, 1254 end 1260, used alone or in
combination with chlorinated bentenes, are commonly used die-
lectric materials of the Askarell class.

Askarel is a generioc name referring to liguid dielectrics
derivedfrefs Ralogenated arometic hydrocarbons possessing -
excellent chemical and dieleotric stability and fire-resistance
over the temperature ranges and operating conditions required
of transformers and capacitors in the electrical industry.

The properties of Arocclors and their mixturee, used as
dielectrics are described in detall in Chhpter 7 entitled,
"Typical Properties®, These dielectrics are manufactured under
very carefully controlled oconditions in order to meet the
strict and oxnoting slectriocal requirements and properties.

The electrical industry's use of these fluide has been
largely ;n scoordance with the General Electric Company's
patents and developments,

8Aroclore - Monsanto'es chlorinsted biphenyls and shlorinated
polyphenyls, Registered U.S. Paten® Office.

lp, M. Clark, zggzcgrioll Insulation”, Chem, Eng. News 25, 2977
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hclulting from the wide ulo.or these materials in the
industry, trade names have been established to identify them
by different manufacturers of electrical equipment, Listed
elphabetically the trade namesé ineclude, "Chlorextol,® Aliis
Chalmers; "Diaclor,® Sanslno‘xlootricx *Dykanol," Cornell
Dubilier; "Elemex,” Line Materials; "Hyvol," Aerovox; "Inerteen,"
Westinghouse Electric; "Noflamol,® Wagner Eleotric; and "Py-
ranocl, " General Blectric Company,

The purpose of this bulletin is to assist the industry
Wioh thecproper and safe handling of these dieleotrioc materials

-

in their operetions,
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CHAPTER 1
PROCEDURE POR UNLOADING TANKCARS OF AROCLORS AND AROCLOR MIXTURES

A, Description of the Bars
Arocler and mixtures of Arosclors with shlopinated benzenes

are shipped by Monsanto in two types qr insulated tankcers -
both of whioch are either aluminum lined or ginc-tim metallized,
One type of ear has heating coils inside of the tank and these
are in direct contsct with the produot. The other, a more
widely used type of car, 18 & double-shell tank with heating
coils between the inner and outer shells. The eteeam co0il i
connections are at the bottom of the sar. Both types of tank-
cars are tested for 60 pounds pressure and their steam colls
are tested for 260 pounds gauge pressure. '

The cars are top-unloaded by displacement with dry air
containing 10 mg. E,0/ou, ft. maximum,

There are two or three o;nnootions on the tankoar dome
depending on the type of car., Where three connections exist,
one is a two 1nch.d;a|otcr unloading line which extends to the
bottom of the car, the second 1s a one inch diameter air inlet
connection and the third is a two inch diameter pressure safety
vent, whish i 2 thin lead d4isc adjusted to release any pressure
in emoess of 60 pounds gamge. This safety vent is hooded for
protection against 4dust, dirt or accidental bumping.

VYhere only two connections exist on the dome, one is the
two inoh disdeter unloading line and the other is the safety

3
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vent, On these sars, it 18 necessary to remove the safety vent
and introduse the displacement air through that oconnection.
Drawing ¥Wo, 31-20848 shows in doﬁil the dome of a tankoar
with three connections, "A" 48 the two inch unloading line
which extends to a small sump et the bottom of the car, "B
is the ome inch air inlet oonnectiom, %C" is the hooded safety
vent, The car dome cover with fitted bolte is shown in the
center, It is fitted with & Garlock SO0l asbeetos gasket or an
alluminum envelope Goetze gasket, This drawing also shows a
bottom opening in the car. This can be opened only from the _
inside of the car and its purpose is for cleaning operations,
It has no use at all in unloading the car,
Drawing No, 31-28847 shows the over-all dimensions of the
8,000 gallon Aroclor tankcar,
B, Procedure for Unloading the Cars
' The car should be spotted at an unloeding dock similar to
the one shown by Drawing No. 9C-8178. The car must be level
and the brakes set properly., "STOP-Tankoar Connected" signs
should be pleeed fore and aft the ear ¢to warn switohing crews,
If 1t is reining or snowing or the humidity is extremely
high, it is not advisable to open the car. In case the car

suet be sampled and opened 4dwing bad weather, a canvae 6anopy
wust be placed over the dome of the car, It is preferabdle to
- unlead the cars under roof or inside the factory. Unless it

is absolutely necessary because of following described situations

4
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the doms oovor'lhould not be opened until ready for sampling.
The dome cover is sealed With a standard railroad wire and seal,
and Monsanto should be notified 1f this seal is foundbbroken
upon receipt of the ear,

The firet step in unloading is to inspect the dome and
clean around the dome cover to remove all loose dirt, water or
snow, Wiping rags and a brush should be used to clean before
the dome cover and connections are opened.

Then, the screwed hood over ths air-inlet valve should be
renoved and this valve opened fully and left open while heating
the car, ' A Weston or metal encased thermometer should be in-
serted through this air-inlet valve opening and the temperature
of the interior of the car determined,

If the car temperature is below the caution temperature
shown in the following Table 1, it will be necessary to take
" the special step of inserting a "hair-pin” heating coil through
the dome of the car to preclude ruptuwring the tankcar seams
during the heating period.

. . Temperature®9C, Below
: ASTH Pour which Caution Must Be
Produst Point “C, Used in Heating

Aroelor 1260 + 30 + 4O
Aroclor 12 4+ 10 £ 20
Aroclor 12 - 7 + 5
Arococlor 1242 - 19 = 10
Pyranol 1467 Pre-heating is not required®
Pyranol 13;0 Pre-heating is not required*
Pyranol 1ild81 Pre-hesting 1s not required®

#Except 1f the material has cooled bedow -10°C, and
erystals of scavenger have 6@ ted, Then, the materisal
should be heated to 70°C. (1 .) until complete solu-
tion has been accolplubng. )

GBRN 000299

906658

WATER_PCB-SD0000026498



e

prm—
b -1

4

ane B wve B G

oy
.

o —— P—— — e
- . . . - ‘4 . '

L—-— —— ——y —_— P — ——
- . = -t L ’ e~ . - .

e

—

b-.

4

p—

If the dome of the car 18 to be ppened for the pre-heating
operation, it is necessary that it be covered with e clean
canvas, Extreme care must be taken to avoid getting dirt or
moisture into the ocar,

It 18 due to the relatively hggh viscosity of some of
the Aroclore at low temperatures that it becomes necessary
form a column of molten material from top to bottom of the car,
in the center, to prevent hydraulis pressure build-up which wmay
rupture the tank shell if there is too repid localiged heating
when employing the main steam o00ils, -

¥hen such pre-heating is required, & satisfactory vent
hole oan be made by inserting & "hair-pin® eoil (1/§ inch
diameter brass, galvanized, or stainless steel pipe) inte the
open dome of the car and introdusing steeam through the coil
until there is a column of fluid Aroclor froe top to botbom.

After the vent hole is melted through the material to
the bottom of the car, the "hair-pin® coil should be removed
and the dome cover repleaced and bolted,

Steam is then introdused into the main coils, It is
recommended that the steam pressure be limited to 100 pounds
gauge pregsure, particularly in the case where the coils are
in direct contact with the Aroclor. The steam coil ocutlet
should be trapped or throttled with a valve,

It will require eight to twenty hours to being the
material to pumping temperature - depending upon weather

6
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conditioms, It 1s essential that the air imlet valve be
open durimg the heatimg period im order to vemt the tamk.
Some ealoulations have beem made to indicate the heat
requirements for am Aroglor ear. Data for an 8,000 gallon
ear of Aroalor 1254 are:
Speecifiec @ravity
Speeifie Heat

1.5
0.26 BTU/1b./°F.
Heat requirement for heating Aroelor from 30°C. (86°P.) to

(]3]

110°C. (230°P.) 1is:

8000 x 1.5 x 8.33 x 0.26 x (230-86) = 3,774,000 BTU.
Por heating from 30°C. (86°P.) to omly 75°C. (16T°FP.), the
heat required is 2,110,000 PTU.

A nine horse power boiler operating at 80 psig produces
263 1bs./hr. of steam with mo reused eondemsate. Returning
eondensate at 200°FP. will inecrease the steam output to 296 1lbs./
br. at 80 psig.

Irn the first case, heating to 110°C., the over-all heat
transfer eo-efficient 1s assumed to be too 1low to utilize the
100€ eapacity of the boiler. A valu; ef 1500 for UA with an
average /\ T of 144°P, indicates that the useable steam 1is
202,000 BTU/mr. or 226 lbe./hr. steam at 80 psig.

In the secomd case the )\ T is lower and the emtire output
of the boller is useable. Table II sums wp the approximate
time caleulated to heat Aroelor 1254,
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TABLE 11
Hine HP Boiler
Lbs. Steam/Hr. 30-110°C.  30-75°C.

100% eap.(mo reused somdensate) 263 e S Hrs,
75% eap.(no reused comdensate) = 18 hrs.(86%cap) 12 Hrs.
1008 ecap.(condensate @ 200°P.) 296 e 8 Hrs.
T75% eap.(condensate @ 200°F.) - - 18 nrs.(76%cap) 11 Hrs.

Caleulations om a £ive horse éovor boiler give heatimg times of the
following order:

Five HP Boiler
'Lbs.Steam/Mr. 30-110°C.  30-75°C.
100% eap.(no reused econdenmsate) 146 28 nhrs. 16 hrs.
100% eap.(condensate @ 200°P.) 164 25 hrs, 14 hrs.
Aroelor ears ean be heated dy steam (80-100 psig) to the proper

handling temperatures ir a reasonable time by wsing a boiler source
ecapable of produsiag 260,000 to 300,000 BTU/Rr. The times given here
are approximaté amd will aet as a guide until experience shows the
exaet time t;r tkis operation.
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The proper handling temperature for the various fluids

18 given in the following Teble III, which indicates cor-

reeponding viscosity values:

TABRLE III
Handling and Approximate

Product Pumping Temperature ©C Viscosity, S.0U,S.,
Aroclor 1260 95 - 130 100 - 43
Aroclor 1254 75 = 110 100 - 42
Aroclor 1248 50 - 85 100 - 40
Aroclor 1242 ° ‘ 35 - 75 100 - 40 ~
Pyranol 1481 30 - 75 100 - 40
Pyranol 1467 20 - 55¢ 100 - 40
Pyranol 1470 15 - 45 100 - 40

2If any of the scavenger is out of solution, then the
material must be heated at 70°C, (158° P.) until it

bas dissolved,

Selection of pumping temperatures for any dielectric not
shown on thie list or which may be developed in the future

should be based on & viscosity of about 100 Saybolt Universal

Seconds for average pumping and about 40 8,0.S, for fast

pumping.,

¥hen the material has been heated to pumping temperature,

@ one-half inch diameter pipe “"oross" arrangement containing

a8 pressure gauge, air inlet, pressure relief valve to relieve

‘at 30 PSIG, and vemt conneotiens, should be comnnected to the

doms aiy inlet pipe., ®Ehen the unioading line should be oconnected.

9
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(At this point a semple is taken &s described in Chapter 4,)
Dry® air is then introdused into the tankcar and pressure built
up to 15 pounds gauge, The two inch valwve cock on the stand
pipe is opened and the discharge pipe observed to be sure the
liquid is being ufiloaded, To protect the seams in the tankoar,
the pressure must not exceed 30 pounds., The ocar will begin to
unload at about 12 pounds pressure.

Vhen the car is empty, the air pressure will drop off
rapidly and air will biow out of the vent on the receiving tank,
The air flow may be stopped at this point and the tankear pres-
sure released through the vent valve on the leross" arrange-
ment, After inspecting the car to be sure that it has been
completely unloaded, all connections and dome cover should be
closed tightly. It is essential that the empty tankcar be
éealed immediately after the oar is unloaded in order to keep
the car filled with dry air during return shipment, As a final

®It 18 essantial that the displacement air used for
unleading be dried thoroughly by some dehumidifying
unit such as sods lime, activated alumina or similar
dehydrating agent drying unit, It may be necessary
to recharge the dehumidifying unit each tims that a
car i1s unloaded, For unloading a tankcar of Arocl®
within three hours, 15 standard cubic feet a minute
of air at 15 pounds per square ineh gauge pressure
cafia =100P, dew point should be supplied. If the
dry air unit is to be used only for unloading tank-
cars, & small single tower dryer unit containing a
self-contained reeactivating heater 1s suggested,

Two manufacturers of air dryers of this type are:

C. M, Kemp Mfg., Co,, 405 E. Oliver Street, Baltimore
2, Maryland and Pitteburgh Lectrodryer Corporation,
Poot of 32nd Street, Pittsburgh, Pennsylvania.

10
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step, 1t is desired that a standard railroad wire seal be in-
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serted through the slotted bolte of the car fittings., Steam
should be released from the car 60ils and &ll condensate re-

o —— ey,
. . . .

woved from the coile by blowing with air with the steam trap by-

passed, All eonnections wust be preplaced as received, Adequate
care should be taken in preparing and sealing the car for return

shipment.
Onloading with dry eir as described ig the preferred and

I

l

{ recommended procedure because it is done with the car dome
c;osod which avoids oontamination.

{ If the car is unloaded by pumping out of the top, which
required opening the dome, it is most desirable that the car
be set inside of & building. If this cannot be done, then, a
canopy or roof should be provided over the car dome, and the
unloading should be done when the weather is clear,

A centrifugal pump with minimum capacity of 40 gpm, is

clean Askarel should be used to do this. Another metha for
priming the pump 1s to use a Penberthy steam jet, No. 22A
available froa Pemberthy Injector Co,, 1282 Holden Ave,, Detroit
2, Miohigan,
) If a flexible unloading line iswed, it should be a flexible
. setallic hose, Rubber hose wmust not be used,

|
I
I
’ suggested, It will be necessary to prime the pump and only
|
!
|

I

[
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C. Drum Paclaging

Drum packaging is made with new and carefully inspected
Ss-pl;on drumse., These steel drums are lined with a specially
selected baked phenolic coating, An example is NESCO No. 3
1ining offered by the Nationsl Enemeling and Stamping Company,
Long Island, New York, Contents of the drums should not be
heated by direct application of flame or strip heaters. Radiant
heat from steam coils or hot air in a hested room is to be pre-
ferred. The Screw plug im the drum head is fitted with a metal

cap as a safe guard against tamspering.,
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CHAPTER 2
STORAGE TANKS

A. General Deseription
The storage banks should be a wminimum of 10,000 gallons

and preferably 12,000 to 15,000 galions capacity to accommodate
the normal 8,000 gallon tankoars.

It'iu preferable to locete the tankes above ground where
they are easily accessible for any ohanges or repairs. Under-
ground location presents dirticulty in this respeoct.

Especially in cold climates, it is prefecrable to locate -
the tanks fnside of & building. The tenks should be located
conveniently with reference to the tankcar unloading facilities
and the area where the dielectric is used,

Although Aroclors are non-corrosive to metals, corrosion
or rusting of iren and steel equipment (by oxidation) may
oceur resulting in contamination of the products. The resis-
tance of Aroclors to materials of construction is given in
Monsanto Technical Bulletion 0-P-115, entitled, "The Arocclors,”
Page 6. '

Stainless steel tanks are very satisfactory but relatively
expensive, Stainless Bteel pipe is relatively difficult to
fabricate and 1t is diffioult to make tight leak-proof connec-
tions,

Storage tanks may be of steel comstruction if properly
metallised with zins-tin or sluminum on the interior surfaces

13
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coming in contact with the Aroclors, The metallizing should
be done asccording to the following precedure:

1, Clean an area of the surface by sand blasting, or
a similar method, to give @ perfectly clean and
roughened surface. aree cleaned should not
be greater than can be cocmpletely metallized within
e few hours after oleaning,

2. If zinc-tin metallising 48 used, & coating of zinc
0.005 inches thick should be sprayed on to the
cleansd surface, This is followed immediately
by & coating of tim 0,007 insches thicle,

3. Aluminum metallized surfaoing should be asbout
0,01 imeh thick,

The detailed procedure for metallizing and cleaning is
outlined as follows:
a) Sand blast., b) Coat with iren, 0.005 inches thick. (The
purpose of this coating is to provide a rougher and better
bond for the finish coat of aluminum or the zinc-tin combination.)
0) Apply the selected finish coat, d) Pill the tenk with tap
water and ware it with steam., (If an open steam line 18 used,
do not allow the steam to impinge directly onto the metallized
surface of the tank.) e) Drain the tank, f) P11l with cold
water and drain. ;3 Wipe 4&ry with clean diaper cloth or other
fabric relatively free of lint. h) Heat the tank to at least
1009C, (212°P.) to expell moist air. It would be bensficial
to heat the tank, allow it t0 cocol and pull dry air through it
using a 4dehumidifying breather in the air line, heat agein
eto. until the tank 1s full of comperatively &ry air. 1) Spray
about 100 gallons of new, elesctrical grade Aroelor (mot high

14
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“in visoosity) or electrical grade trichlorobenzeme onto the
inner walls of the tank, washing the walls thoroughly (avoid
breathing eny fumes), J) Attach thé eirculating pump, the
lines used, and the filter prees fitted with dry paper and cir-
eulate the fluid through the system and the tank, Install new
dry filter paper several times in the press during this dry-
ing and cleaning operation, Discard the dielectric fluild used
for cleaning., k) Partially £111 the tank with new Aroeclor
dielectric and anslyze it electrically end chemically to de-
termine whether it meets specifications, If all tests are mst,
then i1l the tank with the dielectric.

The tanks should be insulated using, preferably; glass
foam beads &8s supplied by Dow-Corning or Libby-Owens-Ford, The
suggested thickness of the glass insulation is one inch mini-

. wum to two inches wmaximum, The glass insulation may be covered

with tar materiasl commonly used for weatherproofing, Another

type of insulation which may be used instead of the glam is

85€ Magnesia-Wool which should be covered s&lso with the weather-

pro-ofing ter., The advantage of the gless insulstion is that

it 1s not wmoisture seneitive as is the case with Magnesia-Wool,
If the storage tank ie located outdoors, it is best that

the insulation be covered with riveted or bolted tin sheeting

painted with aluminum paint, This type of metel surface

. weathers well and is cleaned easily. All piping wust be gal-
venized and screwed fittings must be back braged to assure

15 GBRN 000309
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“tightness., All handling pipe lines must be traced with steam

1ines and insuletion applied over the two lines in order to
keep the handling lines and the material up to the desired
pumping temperature., Usually a one-fourth inch copper steam
line running parallel with the handling line will suffice.
Under very severe sonditions of low temperatures, it would
be desirable to wind the steam 1ine eround the handling line
about two turns to the foot.

The tanks must be provided with smple pressurized heating
coil surface, to esupply sufficient heat to the material to bring
it to the proper temperature for pumping end hendling as indi-
cated in Table III. Heating coils should be either metallized
steel, or preferably steel coils which have been galvaniged
after fabrication. It is recommended that the steam pressure
on all heating coils should not exceed 100 pounds per square
inch gauge; 1lower pressures may be used where practicable,

It is essential that all steam c0ils be completely free from
even minute leaks since this will introduce water into the
product, L

The steam c0ils may be introduced as "hair-pin® colls
through & manhole at the side and botbom of the tank, or as
is most often done, inserted through the manhole at the top
of the tankrand then located near the bottom.

External heating coils located in the jacket of the tank
may be used dbut this construsction is more expensive and less
éfficient than the intermal ocoils,

16
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- The storage tanks may be fitted with & stirrer, either
through the top, side, or bottom of the tank and the propeller
blade should be located near the bottom of the tank, However,
insertion of a stirrer through the side offers possible source
of & leak and since these materiale are homogensous, it is
not essential to provide such agitation for the purpose of
mixing.

Adequate circulation can also be accomplished by using a
centrifugal type pump. QGear pumps or other equipment where
wear or chipping of metal parts may introduce contamination -
should not be used. The pumps Bust be of the type designed
to handle hot oil, All wetted pump parts should be either
stainless steel or bronze, The centrifugal pumps wmust be
provided with a deep stuffing box and proper packing used,
a8 desoribed in Chapter 3, As exawples of pumps found cor-
pletely satisfactory for this service, reference iz made
to Worthington Worthite pumps, Blaclmer pumps, and Dayton
Dowd Type C pumpa for handling hot oil.,

Also, a very satisfactory arrangesent for mixing or
circulating- and pumping the fluid from the storage tank is
to use a vertical sump pump such a8 & Teber pump.

All storage tanks wmust be amply provided with a dehu-
Rridifying breather such as soda lime, soctivated &lumina, ete.,

. units, This is essential to prevent moist aiy from coming in

contact with the dielectric, A moisture content above 35 ppm
17
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adversely affects the electrical resistivity of these pro-
ducts, Provision should be made te preclude possible leslmge
68 the drier material back into the storage tank and the drier
should be inspeoted periodicelly to make sure that it is open
and not plugged,
B, Detailed Description

Drawing No. 9C-8170 shows the detailed construction of a
horizontal 15,000 gallon storage tank for Aroclor and its
mixtures which has been tqund completely satisfactory.

The various nozeles on thie tank are used as follows, cone

sidering them in order from left to right on-the drawing:

3" nozele Inlet for reciroulation
24" nozzle For future agitator if mquired
(not used)
3" noegle For soda lime or calcium chloride
breather connection
36" manhole Por inspection, ete., The float

geuge is located in the center
of this manhole,

3" nogele Hot used.
24" nozzle : For future agitator if required
(not used)
3" nozse ¥ot used
3" nozzle Pilling inlet comnection
18" X 26" Oval MNozzle For sump pump
3" nozzile Por thermometer well (see detail)

The two 24" nozzles were originally installed for installa-
tion of agitators, if required, However, it has been found

18
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unnecessary to use agitators in the etorage tanks, and these
nozzles could be omitted,

It has been found that eirculation of the fiuid by the
sump pump, &nd into the noszle at the opposite end of the
tank, for several hours gives satisfactory blending of the
tank contents.

Por pumping the dielectric from the storage tank, a "Taber
Pump Co. all bronze 2-1/2" X 2° vertisal sump pump with monel
shaft has been found to be quitovlgtlifactory for the applica-
tion. o . . -

The liquid level gauge used in the etorage wust be gas-
tight. The storage tanks are @uipped with Vapor Recovery Systems
Co.'s "Varec," gas-tight, sutomatic tank gauge as shown by
Drawing No, 9C-8278.

The storage tanks should be provided with an operating plat-
form suitable to the customer's oconditions of operation.

The dehumidifying unite used ae breathers on the storage
tanks can be constructed as shown by Drawing No, $5C-8248, The
upper portion of the chamber 18 cherged with anhydrous goda
lime or another drying agent. Periodic inspection of the
érying agent will show the formation of & cake of damp
material on top about 1 to 1-1/2 inches deep. This cake should
be removed and fresh material recharged., Any suitable con-
struotion similar to that shown on Drawing Ko, $C-8248 may
be used for the breather unite,

Drawing Wo, D-13362 shows design detail of a 15,000 gallon

19 '
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vertical storage tank. The vertical type tank would seem
especially desireble when insefficient space 18 available to
accommodate the horizontal type tank,
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CHAPTER 3
GASKETING AND PUMP PACKING

Aroclore and their miztures soften and swell matural rubbep
and many of the synthetioc "rubber” materials, Such material

not recommended for use, include Hycer P, Koroseal, Perbunan,

Neoprene, ete., These materials are Imown sources of contami-

nation,

Suggested types of packing and gasketing materials include:

1.

2,

5.

For Welded Flanged Pipe Conneotions: Garlock Packing
Co., No, 901 or Mo, 7021, 1/8 inch asbestos fiber sheet,

-4 ring of thin aluminum drawn tightly at the flange~

connectioms may be used satisfactorily also,

For Pumps: Garlock No. 234, No., 431, and Cheveron
Ro, TOS50-C are satisfactory peckings. Likewise,
Dursmetallic's spiral asbestos fiber may be used,
Jognu;ngnville and othere have comparable paciing
materials.

For Valves: @arlock No, 117 braided packing or
its equivelent is suggested, '

Other Resistant Materials: It is indicated that
duPont's Teflon, polg tetrafluoroethylene is not
attacked by hot (130°¢C,) Aroclor and is to be recom-

‘mended as a gasket material, Dow-Corning's Silastic,

Silicone 180, is very resistant to Aroclor and is
suggested for gasket purposes,

In some cases cork impregnated under pressure with
Chrysler's Cycloweld 55-9 or Armstrong Cork Co.'s

1162-J and ocured at 170°C, may be used as a gasket
material, These are baked phenoclic type coatings.

Pipe Thread Compounds: When necessary to use pipe
thread compounds, the following should be satisfac-
tory if care is taksn to prevent the pipe compound
from getting on the inside of the pipe.

(a) Plastic lLead Seal--manufactured by Dura-
metallie Corp,.

(b) Ordinary white lead

21
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( : Osually it is not necessary to use pipe thread com-
. pounds since all screwed pipe fittings should be
sealed by back braszing.,

7. All new lines and fittings should be cleaned thoroughly
by steaming (for two hours) and dried with air or heat.
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) CHAPTER &

SAMPLING METHODS

1,) The ASTM Standard Method for sampling electrical
insulating oils is described in ASTH Designation: D923-49,
fhis desoribes glass end metal thiefs for sampling drums, cans,
and tankecars. A specially designed thief or bomb for sampling
tankcars i8 described, also, A very good instrument of this
type is the stainless-steel Baoon Bomb Thief with which samples
of the liquid can be drawn from any level of the tankcar,

Thé'hsTﬁ procedure desoribes sample containers, thelir
cleaning and storage,

Onder general precautions,.the ASTHM mentions that,
"Samples of the fluid shall not be taken until the oil is at
least a8 ware as the surrounding air, because cold oil may
condense enough meoisture from a humid atmosphere to affect
seriously its insulation properties. (In the case of tankcar
lots, on some occasions there may be no choice, as it may be
necessary to proéqre samEples from a tankcar when the temperature
is not abo!o the swrrounding air, On such occasions, the
temperature of o0il and eir, also the humidity if possible,
should be noted in the report of test results.) It is unde-
sirable to do any sampling when the relative humidity of the
atwosphere exceeds 75 percent, and samples shall never be
taken in the rain."
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At the plante of several electrical manufacturers using

" Aroclor dieleotrics, the practice 18 to switeh the tankcars

directly into the plant building or under roof before sampling
and unloeding.

These precautions in handling are taken to avoid any
contamination of the fluide whioh are manufactured under
very strict specifications. Por example, the specification
for ionigable ochlorides allowe no wore than 0,10 parte
per million, Moisture may not exceed 30 to 35 parts per million.

Tankcars are cleaned and prepared under close inspection
before they are filled. VWhen filled, and analysis shows -
the material in the car to be satisfastory, the ocar is then
sealed with a standard rallrcad wire and seal inserted
through the 8lots of the dome fittings,

Likewise, after the tankoars have been unloaded in the
industry, it is requested that the dome fittings should be
sealed with & railroad wire and sesl.

2.) Monsanto Methods used for sampling tankcars differ
scumevhat from the ASTH procedure, The ®modified techniques
are used because of thdir greater simplioity and they have
been entirely satisfactory as employed over many years,

A sample 18 never taken when it 18 reining or snowing or
when there 1s any chance of contaminated atmosphere moving in
the direoction of the car. However, in case Of an emergency,
during inclement weather, a canopy is placed over the car
dome before sampling.

28 GBRN 000318
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A natinflétory sample bottle is e five pint, round amber
_glosl, pecker type container fitted with a 38 millimeter Bake-
11ti sorew ocap with gn slusinum or ¢in cup liner, Bottles of
this description cen be purchssed from the Northwestern Bottle
Compsny, 3144 Rorth Broadway, St. Louis, Missouri eccording
to their No. A-T253.

Only new bottles and caps are used, When & shipment of
bottles ia received, the bottles are capped immediately and
stored in their receiving cartons., Prior to use, the exterior
of the bottles is wiped with a olean cloth.

The simplest ssmpling device used is a clean stainless ~
steel or aluminum dipper. However, this is not & generally
preferred device because it permite sswpling the ocar froe the
nesr surfece, only,

The sampling device commonly used consists of @ stainleas

. steel tube, seven feet long with one end bent into 8 hook, to

serve as @8 handle and on the other end there is a ateinless
steel bucket with a perforated bottom, This bucket is about
5-1/4 inches inside dismeter and 6 inches deep to hold the
five pint bottle.

This bottle 1s held firmly by @ stainless steel collsr
e2ade to 8lide slong the shaft of the esmpling device. This
6olisr hes & clamp attechment for fixing it tightly into place
where desired eround the neck of the bottle.

When @ oer is to be sampled, &8 new ssmple bottle is

- ¢lewped firmly in the bucket,

All dirt 18 brushed end wiped sway froe the oer dome ares

using & clesn rag.
=-25- GBRN 00U31S9
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~ The car dowme is opened and the ocap is then removed from
the sample bottle.

The sampling device 18 inserted into the car so that the
neck of the bottle is at least twelve to eighteen inches
below the surface of the fluid, The sample taken is dfs-
carded as its purpoee 18 to rinse the bottle, A portion of the
sample 18 used to rinse the 1ﬁtcr10r of the bottle cap.

This procedure is repeated until a minimum of three rinses
has been made; each time the samplertaken is not put back into
the car. Thése rinses should be discarded,

Then the sample is taken and the eap of the bottle 1is
sorewed down tightly,

When the sample has been obtained, the car dome is.re-
placed, immediately.

The exterior of the rample bottle is wiped with a olean
eloth and when returned to the laboratory it is further clean-
ed with a cloth dempened with pure trichlorobenzene. 1If the
sample is to be shipped, the cap is taped with Scotch Tape.

Tha lalpling device is also cleaned with pure trichloro-
bonzono and is stored in a dust free, air oconditieded.room.

3.) Drua Sampling. A glass thief, thepoughly cleaned
with pure trichlorobenzene and dried is used to sample drums,

GBRN 00C32¢
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CEAPTER 5
LABORATORY ANALYSIS ANMD PROCEDURE
FOR TREATING AROCLORS AMD THEIR MIXTURES WITH EARTH

A sample of the Arcelor oF Aroelor mixture takea from the
tankear, or drums, as deseribed in Chapter 4, 18 analyzed in
the laboratory to determine it8 quality im @esordance with the
property values givem in Chapter 7.

Por ecapasitor use, usually the importamt properties
tested are resistivity, power factor, chlorides, and moisturs.
For transformer use dielectric stremgth, resistivity, moisture,
ard chlorides are the lmportamnt properties.

If the sample is out of lime with the shipping specifiea-
tioms, it i1s imdiecated that the sample has become contaminated.
In this case, another sample 18 to be taken amrd the properties
redetermined, If still out of specifiecations, the sample
should be given treatment with earth.

Treatment of the dieleectriec with conditiomed Attapulgus
earth will brimg the eleetrisal properties to the maximum
attail;blo-valuoo. Vhile there 18 eomplete agreement on the
bonorifl derived from treating with eonditioned earth, there
i8 difference of opimnion omn details of the method, arising from

fastors sush as the followimg. Mo doubt, there are differences

- in the absorbemt power of various types of diatomaseous earth

- with respeet to removing moisture, impurities and additives

such as stabllisers or sscavengers from the dielegtris

27
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materigls, The sige of the earth particles, temperature and
conditions of activation of the earth, the concentrations
wsed and the temperature, the degree of agitation and time
tnterval at which the dislectric is given earth treatment
are all poseible wvariables which are still being studied in
various laboratories.

The method used by Monsanto for treating the fluid with
activated earth in the leaboratory is:

The absorbent is ninul 200 mesh Attapulgus® earth ac-
tivated Junt prior to use by heating in shallow traye for rour
hours at hOOOC. (752°P.) or for at least twelve hours at
250°C, (u482°F.).

At least one quart of the dislectric esample is placed
into & clean two liter Pyrex beaker or three necked flask.
The beaker or flasik should be cleaned just prior to use in a
manner similar to the procedure described in Chapter 6, Method
No. 11,751 "Procedure for Cleaning of Electrodes, G.E, Cell
and Accessories”.

The flask or beaksr is fitted with a glass or stainless
steel agitator, Eeat 1s applied using either a hot plate or
a Glas-Col mantle and is oontrolled by a thermostat such as
& Penwal thermo switch with a stainless steel sheath.

About 0,1 to 0,28 of the activated earth, based on the
weight of.the liquid is added.

efttapulgus Division, Hinerals & Chemicals Corp. of

Anmerice, 210 West Washington Square, Philedelphia 5,
Pennsylvania

28
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‘The more viscous dielectrios such as Aroclors 1248 and
1254 are heated at about 70° to 809C, (1580 - 176°P.) and
the less viscous materials such as Aroclor 1242 and Pyranols
1481, 1467, and 1470 are heated at about 50° to 60° ¢, (122°
to 140°p,),

After heating and stirring the sample for about four
hours, it i filtered using & clean Pyrex glass suction flask
and a buchner funnel fitted with a Whatean No, 1 or No. 3
f£ilter paper, This apperatus and the bottle into whisk the
treated sample of dielectric 1s transferred should have been
cleansd in & manner similar to the cleaning procedure de-
scribed in Chapter 6.

The earth treated and “up-graded"” sample is then ready
for final analysis of its electrical properties.
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CHAPTER 6
TEST PROCEDURES

A, General Information

The Monsanto test methods desoribed here with the special
equipaent used are some of the control tests employed to main-
tain the quaiity of Aroclore for dielectric use, They are
suggested as a guide for test work needed to indicate the
quality of the dielectrics used in the manufacture of electrical
goods,

Tho‘iﬁst.lisniricant electricel tests made on Aroclors r;r
capacitors are:

1, Dieleotric constant.

2. Power Pactor,

3. Resistivity,

For tsansformer use the most significant tests of Aroclor
mixtures are:

1. Dielectrioc Strength.

2. Resistivity,

In both cases & significant chemical test is corrosion
chlorides,

The following terms are defined:

Dielectric Constant:

The dielectric constant (sometimes ocalled specific induc-

tive capacity) of any substance is equal to the ratioc of the

capacitance of i condenser when that substance 18 used as the
30
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the condustors (for ell practical purposes air-at ordinary
pressures may be used instead of a vacuum),

Dielectric Strength:

Dieleotrio Strength is the rupturing strength of an
insulating material when subjeoted to voltage stress under
specifio conditions and oxproliod in kilovolts. Breakdown
varies with the shape of the électrodes and does not increase
directly in propertion to the thickness of the dielectric.

Power Pabtor:

The power factor of a dielectric is the ratio of the ener-
gy loss in the dielectric to the "apparent fower" in the di-

electrie,

Resistivity:
Resistivity is electrical resistance offered to the pas-

sage of a steady current, The volume resistivity in ohms-
centimeter of an o1l is the ratio of the d-¢ potential gradient
in volts per centimeter paralleling the current flow within the
sample, to the our;ont densgity in amperes per square centimeter
at & given inntcnt of time and under presoribed conditions.
Volume resistivity is expressed in ohm-cm.

The analytical procedures described in detail include:

i, METHOD WO, 11,751, “PROCEDURE POR CLEANING OF
ELECTRODES, 0.B. CELL AND ACCESSORIES,"

2., METHOD MO. 11,608, "DIRLECTRIC CONSTANT AND POWER
PACTOR, " ’

3
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3.

n,

5.
6.
Te
8.

METHOD NO, 11,605, "DIELECTRIC STRENGTH.,"

METHOD NO. 11,607, "RBSISTIVITY,"

METHOD NO, 10,126, "CORROSION AND CHEMICAL STABILITY,"
METHOD NO, 10,118, "INORGANIC CHLORIDES,"

METHOD NO, 10,087, "ACID NUMEER,"

METHOD (MODIFIED) NO. 10,620, "MOISTURE (WATER)."

Detailed Instruction and Testing Methods,

1.

METHOD NO, 11,751, "PROCEDURE POR CLEANING OF ELEC-
TRODES, G.EB,
Cell and Accessories.

%, The Electrode fleaning Procedure:

1) Place the electrodes in hot electrical grade
Trichlorobenzene for ten minutes,

2) Wash with unheated TCE.

3) Rinse twice with methanol and twice with
tap water,

4) Place the electrodes in hot 10%€ Tri Sodium
Phoephate solution. Soak and heat for ten
minutes,

S) Wash thoroughly with:tap water.

CAUTION: After Step S5-- DO NOT TOUCH THE ELECTRODES
. WITH HANDS!

. 6) Hash with distilled water twice,

7) Dry in drying oven for at least two hours
at 120°.

b, The Q.E. Cell Cleaning:

1) Reclean the ¢ell before use, when more than
8 hours have elapsed since the previous
cleaning.,

2) Pollow the procedure for the electrodes
starting at Step 4,

32

GBRN 0003¢6

906685

WATER_PCB-SD0000026525



¢, Cleaning of the Accessories:

1) Apply the same cleaning procedure as given
for theelectrodes (Steps 1 to 7) to prepare
the glase spacer and beaker for next test,

2) Clean the thermometer in the same manner as the
electrodes, except for Step 7.

3) Place the wet thermometer (after Step 6)
directly in position in the temperature
Heating Unit (Modified Pisher Isotemp
Oven) and allow to dry.

2. METHOD NO, 11,608, "DIELECTRIC CONSTANT AND POWER FACTOR,"
I. Apparatus

A, Oscilloscope: Heathkit Model 0-6,

B, Constant Temperature Heating Unit: Fisher Isotemp
oven., Model 13-245A, modified to include inter-
wall connectors,

C. A. C, Generator: Genersl Radio type 1302-A.

D, Amplifier and Null Detector: General Radio type
1231-B with type 1261-A power supply.

E, Capacitance Bridge: General Radio Co, Capacitance
Bridge type 716-C.

F. Test Cells: G.E. type, concentric cylinder
electrodes Catalog #1,559,663.

@. Class B driver transformer: This 18 used for
.60 eycle measuremente to excite the bridge directly
" from the domestic power line, It has 50 volts
output with a 4800 ohm resistor in service.

H., Tuned Circuit Pilters: General Radio Type 1231-P2
(400 and 1000 eycle) and 1231-P3 (60 eycle). These
filters a2id in obtaining a more accurate frequency
gor tb: measurements by removing harmonics, noise,

um, etc,

33
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II AdJjustment of Conmtrols on Blectrical Apparatus

A, On Panel No. 1 (Top Panel, Amplifier and Null
actor

8. Turn the 4-way (main power) switch on the
upper right hand side to the #3 position
to determine the Dielectric Conatant at
1000 eyclee, Turn this switeh to the #2
position for measuréments & BU cycles,

b. Allow the equipment to warm up 10 minutes,
¢. Turn "GAIN CONTROL" to 6.
d. Depress "INPUT 0,03V." button,
B. On Panel No, 2 (0scilloscope)
a. Turn "INTEN," to about the 12 o'clock position,

CAUTION: Do not eéllow & high intensity spot
. to remain stationary on the screen
for any length of time.

b, Using "HOR, POSITION" and "VERT, POSITION"
controls center the image on the screen.

¢. Adjust "FPOCUS" for sharp line.

d, Turn "PREQ, SELBCTOR" to LOOKC,

e. Turn "FREQ, VERNIER" to 80.

f. Turn "VERTICAL GAIN" to 5.

€. Turn "VERTICAL INPUT" ¢6 "10 VOLT MAX.".
h, Turn "HORIZONTAL GAIN" to about 20,

1. Turn "SYNCERONIZING" to + 20.

Jo Turn "SYN,' to "EXT, SYN,"

k., Turn "GEN," to "SWEEP GEN,"

34 GBRN 000328
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C. On Panel No. 3 (Capacitance Bridge)
8. Turn "RANGE SELECTOR" switch to "100 ¢"
for 60 cycle measurements and to "1 Kc" for
1000 e¢ycle measurements,
b, Turn "METHOD SWITCE" to direct.

C, zurQO:DISSIPATION PACTOR" sélecter switch
(+] °

D. On Panel No, 4 (osecillator)

a. Disregard this penel for measurements at 60
cycles,

b, On 1000 cycle messurements, depress the No._
. 10 "MULTIPLY BY" button.

6. Set "FREQUENCY DIAL" to 100,

d. Turn "OUTPUT" disl so that pointer is at
the end of the arrow,

e. Depress the "UNBAL, 5000 OHMS" button,
When all of the above adjustments are made, the electrical

apparatus is ready for measurement of Dielectric Constant

and Power Factor.
III. Determination of Constants for the Apparatus

1. Carefully assemble the cell which has been cleaned
and dried within the last 8 hours., Refer to Method

Na, 11,751 for the procedure to use In cleaning
!Ei‘EEfIgT

2, Place the cell assembly in the Pisher oven which
has been adjusted to 25°C,

3., Connect the back wire inside the oven to the lead
on the inner cyliinder of the cell and the front wire
to the Tead on the outer cylinder of the cell.
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9.

10,

11.

12..

i3,

14,

15,

Connect the cable from the capacitance bridge to
the terminals on top of the oven 8o that the inner
wire of the cable goes to the back terminal and the
outside mesh casing of the cablé (the ground) goes
to the front terminal,

Remove the thermometer from the top of the oven
beTore going on With the test, s Is Important.

Make 8ll ad justments on the electrical apparatus
a8 directed in Part I of this method.

Balance the bridge by rotating the "CAPACITANCE"

~and "DISSIPATION PACTOR" dials on Panel No, 3

until the wide vertical band on the oscilliscope
ie adjusted to a minimum width,

. Regord the sum of the readings on the "CAPACITANCE"

dial and vernier and call this value A.

Remove the beaker containing the cell from the
oven and £111 it with C.P, benzene to & level
0.737 inches (ca.3/4 inch) above the top of
the concentric cylinders of the cell,

Adjust the temperature of the benzene to 25°C,
while stirring with a thermonmeter.

Replace the cell in the oven (at 25°C.) and make
tg; aame electrical connections as in Steps 3

& o

DO NOT interchange connections.,

Balance the bridge again &s in Step 7.

Record the sum of the readings on the "CAPACITANCE"
dial and vernier and call this value B.

Caleulate the cell constant by the following equation:

Cell Constant, K s B - A (this is usually
B.27 S 1.0 around 70 mmfd.)

Remove the cell from the oven and balance the bridge
as in Step 7 with the "CAPACITANCE" and "DISSIPATION"
"PACTOR" dials,
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16, Record the sum of the readings on the "CAPACITANCE"
: dial and vernier.and call this value P, (capacitance
of connecting cable,)

17. Calculate the CELL LEAD CAPACITANCE by the following

pquation:

CELL LEAD CAPACITANCE, G « A = P - K (this is
usually
around
3 mmfd,)

WHERE ¢
A = CAPACITANCE OF ENTIRE SYSTEM IN AIR (SYSTEM
CONSTANT)
. G = CAPACITANCE OF THE CELL LEADS (CELL LEAD -
: CONSTANT)

P = CAPACITANCE OF CABLE AND WIRES WHICH CONNECT
THE CELL AND CELL LEADS TO THE BRIDGE,
(CONNECTOR CONSTANT)

K « CAPACITANCE OF THE CELL ALONE (THE CELL CONSTANT)

Tabulate the system Constant (A), the Cell Lead Con-
stant (G), the Connector Constant (P), and the Cell
Constant (K) on a piece of stiff paper and post them
near the instrument where they can be easily-referred
to for comparison and calculations,

These constants must be checked at least once every
three months and in all cases where the Dielectric
Constant and/or Power Factor are out of specification,

Iv Measurement of Dielectric Constant and Power Factor on
0 lOTS anols, erteens, - rachloro-
Banenogglendl.

A, Test Run on Cell to Determine whether it is (Clean
and Properly Aligned,

1. CGarefully assemble a cell which has been cleaned
and dried within the past 8 hours,

36A
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NOTE: Refer to method No, 11,751 for procedure to use
In cleaning cells.

2. Adjust the oven control to hold at a temperature
of 100°C, for all materials except Tri-Tetrs Blends,
If a Tri-Tetra blend is to be tested, adjust the
oven to hold a temperature of 25°C,

3. Place the empty cell assembly in the oven and
connect the back wire inside the oven to the lead
on the inner cyiinder of the cell, and connect
the otheéT (front) wire to the lead on the outer
eylinder,

4, Connect the cables from the capacitance bridge to
the terminals on top of the oven 80 that the inner
wire of the cable goes to the back terminal and
the outside metal casing (ground) goes to the

- front terminal, :

5. Allow 15 minutes for the cell to reach temperature
equilibrium inside the oven,

6. Remove the thermometer from the top of the oven
before taking any measurements on Eﬂe bridge.
This is important.

7. Make all the adjustments on the electrical apparatus
a8 directed in Part I of this method,

8. Balance the bridge by rotating the "CAPACITANCE"
and "DISSIPATION FACTOR" dials on Panel No, 3
until the wide vertical band on the oscilloscope
screen is adjusted to a minimum width,

9. Record the sum of the readings on the "CAPACITANCE"
dial and vernier and compare this value with the
SYSTEM CONSTANT determined in Pert II of this method.

IMPORTANT: 1If the value ocbtained in Step 9 does not
agree with the System Constant A (Part II) within S uuf,
the cell must be re-cleaned, re-dried, re-assembled,

and the test run for the System Constant must be repeated.

ROTE: Although the above test run must be made prior to
each analysis, the value obtained in Step 9 is not to be
used in calculations but is to be used only as & check
on the cleanliness and aligmnment of the cell,
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Procedure for Teasting Materisls

"10, Remove the cell from the oven and £1ill the beaker
with the material to be tested to a level 0,737
1n§geu (ca 3/4 inch) above the cylinders of the
cell,

11, Adjust the temperature of the sample to 100°¢C,
(use hot plate) for all materials except Tri-Tetra
blends, PFor Tri-Tetra bdlends, adjust the tempera-
ture of the sample to 25°C, using an ice-water bath
if necessary.

NOTE: Stir sample continuously with a thermometer while
" adjusting the temperature,

12. Place the cell and sample in the oven and make the
sgme connections from the cell to the bridge as in
--Steps 3 and 4, DO NOT interchange connections, -

13, Allow fifteen minutes for the cell to reach tempera-
ture eguilibrium inside the oven,

14, Remove thermometer from the oven before taking a
beasurement. This 18 I1BPOTCant.,

15, Make the adjustment of controls on the electrical
apparatus as directed in Part I of this method.

16. Balance the bridge by rotating the "CAPACITANCE"
and "DISSIPATION PACTOR" dials on Panel No. 3
until the wide vertical band on the oscilloscope
screen is adjusted to & minimum width,

17. Record the sum of the readings on the "CAPACITANCE"
dial and vernier, and call this value X,

18, Record the sum of the readings on the "DISSIPATION
PACTOR" dial and switch, Call this value D,

Caloculaticns:
Dielesctric Constant e X-PFP -0
T

Capacitance reading from Step 17.
Connector Constant (Determined in Part II
.Cell Lead Constant (Determined in Part II
» Cell Constant (Determined in Part II)
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When assembling this booklet,

a mistake was noted in the num-

bering of the pages. NO page

of contents is missing. Only

number 39 was skipped. We are

pleased to insert number 39 as

.a blank page for your ecnveni- -
ence for notes, if you care to

make any.
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Power Factor « £ X D
* To
Where
f o Test Prequency (60 cycles or 1000 cycles)
fo= Prequency of "Range Selecter" on Panel No, 3
D'e Dissipation FPactor reading from Step 18,
NOTE: When D (dissipation factor) is less than 0,1, the
dissipation and power factors differ by less
than 0,0005, Therefore, for our measurements,
povwer factors and dissipation factors are equal.

Precision: (Reference: General Radio Manual for Model
= Ti6-C Capacitance Bridge)

a., Capacitance readings are precise to 4 2 mmfd, x mul-

tiplier reading (2 0.2 of full scale for each range)
when the dissipation factor is less than 0,01,

b, Dissipation Pactor (Power Pactor) readings are pre-
cise to ¢ 0,0005 or ¢ 2% of the dial reading which-
ever is larger, for values less than O,1 for D
(Dissipation Pactor),

METHOD NO, 11,605, "DIELECTRIC STRENGTH,"

a. Apparatus and General Information
The electrical equipment necessary to provide high
voltage to permit the determination of dielectric
strength of liquid dielectric at commercial power

frequencies is basically quite simple,

.

The equipment assembled in the labsratory consists
of a high voltage transformer of good design and
with a current capacity of 2.43 KVA and with equip-
ment for control 6f the voltage and a means of
measuring the voltage and to provide safety for
the operator,

bo
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It 18 enclosed in & steel gray crackle finished
cabinet measuring 42° high, 22" wide, 17" deep
and set on truck casters for easy mobility,

Protective equipment ineorperated in this apparatus

prevents the appliecation of high voltage unless all
safeguards are complied with, The door on rear of
cabinet must be closed, The cover over the oil

must be all the way down and the voltage control

“must be at O position. Pallure to comply with these
requirements will prevent any action when the red
button is depressed.

The test cure: Transformers, Voltmeters, and Accessories
The askarel testing cup type No, 224809 supplied

by General Electric Company is mounted on the top

rear of the cabinet, It is protected by a heavy
plastic cover, hinged at the rear for accessibility
to the receptical. '

It is equipped with safety contactor so placed that
the eircuit energicing the high veltage contactor
clnggg be completed unless the protective cover

is completely lowered and in place, It is impossible
for the operator or anyone else to touch the testing

cup when high voltage 18 applied,
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The High Voltage Transformer manufactured by the

Kelly-Koett Manufasturing Co. is of the closed
core, 0i1l immersed, shell type design. Rated @
81,000 volt @ 40 millampers., It was recovered
from a used X-ray machine, purchased quite
inexpensively,

An suto transformer f{rom the same X-vay machine

is connected so as to 1limit the out-put voltage
of tQQ high voltage secondary to 50,000 volts, -

The primary of the auto transformer is connected
to the secondary of a 2-1/2 KVA powerstat variable
auto transformer supplied by the Superier Electric

Company.

Power to the powerstat is controlled by s 4 con-

tact 30 amp, selenoid circuit breaker.

The voltmeter mounted on top near front edge is
connected ;eroan the powerstat secondary and is
calibrated to read directly in Kilovolts in the
range of 0 - 50 K.V,

The overload eircecuit breaker eonsists of a small

relay connected between one side of the high

voltage transformer secondary center tap and
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ground, It is adjusted to break contact on a current
drain of about 50 milliampers, The circuit for the
coll of the solenoid circuit breaker is wired through
the contacts of this relay.

Safety and Operating Controls

1) Door interlock switech located on rear door.

2) Test cup cover interlock switch,

3) Powerstat switch mounted on rear of unit
arranged 8o that high voltage contactor
cannot be closed unless powerstat is at -
‘zero position,

4) Main power switch on front panel

5) Powerstat voltage control on front panel,

6) High voltage contactor push button on
front panel (red),

7) Signal lamps mounted on top around voltmeter,
Purpose and operation described in method of
use,

Procedure

1) Ascertain that the temperature of the material
under test is 25 (¢ 0.5)°C,

ROTR: Testing at other temperature is likely to
give variable results which may be misleading.

2) Shake the sample container so as to thoroughly
|miz the aslkarel before filling the test cup.

NOTE: This operation is especially important with
ufed Aroclor Js the impurities may i%EEIK'EB the
bottoe and the test may be misleading.

3) Rinse the testing cup three times with small
portions of the sample to be tested,
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4) Immediately after final rinse, £111 the cup
to a height of not less than 20 mm, (0,787 in,)
ebove the top of the dectrodes,

5) Rock the cup a few times in order that any
entrapped air may escape, (lose cover over
0il test eup,

6) Allow to etand 3 minutes, CAUTION: THIS IS
IMPORTANT, -

7) Turn main toggle switch on front panel to
"ON" (or up) position. Both green and amber
pilot lights on the tsp at either side of
the voltmeter will now glow,

NOTE: The green signal light is connected across the _
i 115 volt in-put and denotes that line voltage has
been applied to operating control cirocuit,

Amber light is connected in series with sensitive
switeh located under high voltage contactors and
connected to its armature, It indicates that high
voltage contactor is in its rest position and away
from contacts energizing auto transformer,

8) Turn voltage control (large lnob on front)
to extreme counter-clockwise position,

9) Depress red button on front, This energizes
high voltage transformer and ¢ircuit breaker
:gd 1ad1nd1o:t:grbytamber light going out and

e red ligh ectly over voitmeter w
11ght,

10) vatch the voltmeter and, while holding the
button "IN", turn the voltage control at
such speed that will cause voltage as
indicated on:voltmeter €0 ‘vrise at g rate of
3 K.V, per second,

11) Note and Record the voltmeter reading at breakdown,
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12) Repeat the test until two successive break-
downs occur on each of two fillings of the
test cup which do not differ by more than 10%,

Report the average value of these two readings
(Step 12) as the Dielectric Strength., If the limit

of the instrument is reached before breakdown,
report the Dielectric Strength as 50 K.V, at 25°C.

Cleanlggﬁof the test eup:
After the test 1s'completed, drain the cup.

Flush the cup with benzene,

Then £1l1l1 with Aroelor 1248 and let stand,

until the next analysis,
NOTE: An exception, when samples of oil from the plant are
brought in for test, the cup must be thoroughly cleaned

with benzene and carbon tetrachloride before and after

running the test.

The electrodes:

The testing cup has two electrodes., Both electrodes
are movable and have twenty threads to the inch
with index notches on both the electrodes and the
lock nuts,

To set thé Gap:
Arrange one of the electrodes and the lock nuts

with the index marks in line, Move the other elec-
trode until it comes in firm contact with the first

electrode and loeck 1it,
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Now unscrew the electrode with the index marks
in 1line (Step 1) two complete turns and lock it,

This will leave a gap of 0,1 inch between faoces of the

electrodes,

Cleaning of the electrodes and the test cup free of

earbdbon ceating:
The following ASTM method of cleaning shall be

followed when it is spparent from visual inspec-
tion that the electrode discs of the cup are coated

with carbon,

Wipe clean with dry calendered tissue paper the

electrodes and the test cup,

CAUTION: It is important to avoid touching the
electrodes with the finger or with portion of the
tissue paper which has been in contact with hands,

Rinse the electrodes and cup with dry lead-free gaso-
line, Stoddam Solvent (or 4ry, waterwhite Kerosene)
until they are entirely clean., Care should be taken

not to touch the electrodes or the inside of the cup

after cleaning 8o as to avoid possible contamination.
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"4, METHOD NO. 11,607, "RESISTIVITY."

Apparatus:
General Radio Company Megohm Bridge Type S544-B,

This is a combination of Wheatstone bridge and
vacuum tube voltmeter for indicating null, The
direct measurement of resistance up to 1,000,000
megohms is made possible by the use of a vacuum
tube detector which absorbs negligible amount of

power.

‘The voltage applied to the unknown resistor is

held approximately constant, regardless of the value
of the unknown resistance. This condition is

necessary to measure resistance properly.

The accuracy of the instrument in the range en-
countered in the measuremsnt of Aroclor resis-

tivity, 100 to 1000 megohm is 3 6.

The 1nsfqument i8 equipped with a 115 volt AC power
sgpply which supplies all operating voltages for the
bridge indicating circuits and in addition supplles
500 Vv DC for application to the material under test.

The instrument i8 completely enclosed in a waxed
finish shielded ocak cabinet measuring 8-1/2" wide,
22-1/2" long and 8" high.

Approximate weight--26 pounds,
b7
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Test Electrodes:

Two eonecentric nickel cylinders with feet, obtained
from General Electric Company. The inner electrode
has outside diameter of 2.8" and a height of 3.25"
with area of 184 sq. em. The outer electrode has an
inside diameter of 3" and a height of 3.25" with
area of 198 sq. cr. The distance between electrodes

is, therefore, 0.1" or 0.254 cm.

By theory, electrode constant (K) area/length is -
191/0.254 or 752 where average area is 191 sq. c=m.

Also K = 36 x 10" x C (farads with air as dielectric)
or 11,29 x C (mmfd. with air as dieleetric).

Glass Plate:

Pyrex about 3-1/2" diameter with econecentric grooves
to assist in spacing electrodes. Obtained from
General Eleectris Company.

Heatigg Unit:

Allei%lod in the laboratory and is the sgme unit
described in Dielectrie Constant Apparatus (see
Method No. 11,608; Equipment).

Procedure:
1) Assemble the test cell. Place the recently
cleaned (within the last 8 hours--see Method

Mo. 11,751, Step 9) electrodes in an 800 ml.
beaker .
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2) Measure the capacitance of the test cell (Cc)
. ascording to Method Mo. 11,608 (Dielectriec
Comstant and Power FPastor msasurements.)

3) P11l the cell assembly uatil the ligquid level
i8 3/4 inch above the top of the electrodes.

h) Heat the assembly on the hot plate to 100 (% 0.5)°C.

5) Place the assembly inside of the testimg oven.

6) Attaeh top lead (+) omn the megohm bridge to
inner electrode.

7) Attaeh other lead to outer electrode.

8) Throw the three switches at the top of the
megoha bridge to "ON" position.

9) Allow 10 minutes for assembly to reach temperature

equilibriue inside the owen.

-

DANGER: Make sure control lkmeb 18 im "CHECK" position.

Otherwise, painful shoek will result if leads are
touched.

10) PBring the galvanometer poimter to gzero by turn-
ing the "ZERO ADJUST" imcb in the direction in

whieh the poimter of the galvamometer should move.

11) fTurn the eontrol kmob to "CHARGE" position for
30 sesonds.

12) Turn the eontrol kmob to "OPERATE" position and
return the galvamometer poimter to zero by ad-
Juatment of the "MULTIPLY BY" switeh and the
megobm dial,

13) Read after 30 sesonds.

Caleulation:
Resistivity® - Negohm dial reading (Step 12) x

“Multiply By" reading (Step 11) x capacitamce of
cell (Step 2) in mmfd. x 11,29 x 0.001.
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Report the result in units of 109 ohm-cm,

#Values of resistivity are qualified by designation
of temperature and voltage, These are for this test,
1009C and 500 volts DC,

NOTE: 1t is important that the product under test,
elestrodes, and beaker be at uniform temperature

for this determination, Temperature variations in
different parts of the sample will cause the galva-
nometer zero to change constantly end give misleading _

results,

CAUTION: Inasmuch as measurements must be made at a
potential of 500 volts DC a shock hazard exists in
the handling of this apparatus, With the control
knob in the charge and operate position full voltage
of the bridge (500 volts) 1s applied to the positive
and low terminals and through the test leads to the
electrodes, Do not attempt to handle the electrodes
of the test leads unless the control knob is in the
ACHECK" position, Possible penalty for failure to
observe this precautisn ;- Painful Shock.
5...METHOD WO, 10,126 "CORROSION AND CHEMICAL STABILITY."

a. Apperatus: G.B. Corrosion Apparatus consists of
the followings

1) A Corrosion Plask - It is & 300-ml, Pyrex flask
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b,

with a ground glass 24/40 Joint equipped with
a l12-inch straight tube as an air cooled con-
denser, The air-condenser 18 painted on the
outside with aluminum,

2) The Corrosion Apparatus: A transite box 32"
Tong x 8“"7!36‘% %"'Heep. The top of the box
represents a split transite board with 5 holes
eut ¢to fit the flasks,

The box 18 heated by two 500-watt, 15 volt G.E.
Strip heaters with off-set terminals at one end

(23.5" overall length).

The heating length of the haating element is
covered by a copper strip 19-1/2" long x 4"
wide x 1/4" ¢hick,

The temperature is controlled by an automatie
thermostat with temperature setting indicator,

Procedure:

1) Roll a rectangular (2" x 4") plece of aluminum
foll so that it will pass through a ground glass
24/40 joint of the corrosion test flask,

CAUTION: Be careful that after rolling the specimen
does not touch itself at any point,

2) Wash the aluminum foil (Step 1) scrupulously with
acetone, distilled water, acetone, benzene, and
chloride-free ether,

3) Then place the foil on a clean watch-glass and
dry in an oven at 110°C. for 30 min, After
cleaning handle the specimen with tongs or
forceps on.iy. :

§4) Weigh accurately on an analytical balance the
specimen (Step 3) at room temperature,

5) Drop the weighed aluminum foil into the chloride-
free corrosion flask of the "G.E. Corrosion Appa-
ratus,” Rinse out flask with sample and rinase
end of condenser with sample,
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6)
7)
8)
9)

" 10)

11)

12)

13)

14)

.Add 200 ml. of the product under test to the aluminum

foil (Step 4 and 5).

Set the corrosion flask in the corrosion test appa-
ratus.

Attach a 12-inch straight-tube air-cooled condenser,
the outside of which is painted with aluminum,

Cover the exposed part of the flask with aluminum
foll.

Heat the flask for 6 (4 0.1) hours at 210 (4 5) °c,

The temperature of the liquid in the test flask is mea-
sured indirectly using a thermometer inserted through

a cork stopper and into similar liquid contained in an iden-
tical flask seated adjacent to the test flask on the heating
chamber,

At the end of the heating period, detach condenser from
the flask before remov it from e hot plate,

Remove the flask from the hot plate and cover all of the
flask with aluminum foil (when the flask is not on the
hot plate,)

Without removing the aluminum folil covering of the flask,
analyze the product (Step 6) remaining in the corrosion
apparatus for:

a) Appearance, Color, and Condition.
b) Inorganic (Pree) Chlorides--Apply Method No. 10,118
c) Acidity (Acid Number) - Pollow Method No. 10,087

With a pair of clean, straight nichrome tongs, remove the
aluminym foil specimen (Step 5), wash thoroughly, dry and
weight accurately on an analytical balance in the same
manner as before (Steps 2, 3 and 4),

Report the corrosion as loss or gain in weight to the nearest
0.0001 g. and the Chemical Stability, as indicated by the ana-
lysis of the products "After Corrosion Test", in the same

way as reported for the original (as received) material.
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6.

METHOD NO, 10,118, "INORGANIC CHLORIDES,"

a,

Preparation of Standards:

1) Make a primary standard of 100.0 ppm by weighing

oy

3)

Weigh 20,0 g. C.P.

0.1648 g, C.P, NaCl into a chloride-free 1 liter
volumetric flask. Dilute to the mark and mix
thoroughly. Make & 10.0 ppm standard by diluting
100 ml, of the primary standa®d to 1 liter, and
mixing well, Por every 0.1 ppm standard, dilute
to 10 ml, of the 10 ppm standard to one liter and
®mix well, A O.l1 ppm beam is considered the very
faintest beam perceptible to the eye between 15-45
seconds after adding the AsNOB solution., If the
beam intensity 1s not visible-at all, or if easily
visible (too strong), discard the solutions and
make new standards. -
into a chloride free dark
bottle, Add 20 ml, C.P. HN03 (chloride-free),

Dilute to 200 ml, with water’

All solutions should be freshly prepared every two
weeks and stored in glass-stoppered Pyrex bottles,

Light Source:

Employ the 2 battery Penlite flashlight, having a 3-4
mm, light aperture, New batteries must be used fre-
quently in order to perceive bsams properly,

Procedure:

1)

Thoreughly rinse two separatory funnels with
chloride-free water three or four times., Then take
an aliquot from each funnel in a test tube which
has been rinsed with chleride-free water, Test
these aliquots for Tyndall beams by adding 3-5
drope of AgNO; and allowing 45 sec. for full beam
to evolve, ABaolutely no dust or chloride beam
should be preésent, !Er beam is present, rinse

all equipment with 1:1 HNO3 and repeat Step 1).

When funnels are bsam-free, drain out all the
water except 50 ml, in one and 25 ml. in the other.
Heat the water in both funnels to boiling. (Hold
stopper yhile heating as steam may cause stopper
to fail,
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3) Transfer 50 ml., of the eamgle from the sample bottle
" at a temperature of 95-100YC, into the separatory
funnel containing the 50 ml. of boiling water, (As
& precautionary measure, pour some of the sample
from the sample bottle into & waste beaker before
adding the 50 ml, to the funnel,)

4) Stopper the funnel and shake vigorously for at
least 1 minute, venting frequently through the
stopcock, (Care must be exercised at all times
to touch neither ‘the lower part of the funnel stem
not the ground part of the stopcock.)

5) Allow the layers to separate and drain off the
sample into the second funnel containing the 25
ml. of boiling water. (As before, drain off a
few ml, of the sample into a waste beaker before _

" draining the sample into the second separatory

funnel, It may be necessary to heat the sample
when transrerriggotho sample to the second funnel;
e.g., Aroclor 1 o

€) Repeat step 4 and allow the layers to separate.
Then drain off the sample into a waste besaker,

7) Combine both water extracts in one funnel and
shake thoroughly,

8) Take approximately a 10 ml, aliquot of the water
extract out through the bottom of the funnel into
a 3/4" x 6" test tube, Again, first allow a few
ml, to drain out before taking the aliquot., (The
test tube used should be rinsed with chloride-free
water several times before using.)

9) Add approximately an equal portion of chleride-
free ether. (The ether is tested by shaking a
portion of it with chloride-free water and testing
for Tyndall beam at the end of U5 sec, 1If beam is
present, wash ether several timee with chloride-
free water until washings show no beam after adding

3-5 drops AgNO3).

10) Shake the ether-water mixture until the emulsion
in the sample disappears and the water layer is
completely beam free before adding Agngg. If

emulsion is difficult to break, add sample drop-
wise through the ether and then shake.
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11) Add 3-5 drops of 10¢€ AgNO3 solution and test for

chloride beam for 45 sec, exactly. If no beam is
present at the end of 45 seconds, report as €0.1

ppm. The very faintest of beams is considered 0,1

ppe. If beam 18 stronger it will be necessary to
compare with standards of 0,15, 0,20 up to 1,0 ppm,
adding the 3-5 drops of AgNO3 and comparing at the
end of 45 gec,

The method 48 precise to the nearest 0.1 ppm.

Report results to the neareast 0.1 ppum.
7. METHOD NO, 10,087, "ACID NUMEER."

Reagents:

1) Nitration grade benzol, _

2) Anhydrous methanol,

3) A saturated solution of phenol red (phenol sul-
fonphthalein) in methanol (approx. 0.1%).

4) A 0.01 N solution of KOH in methanol,

Procedure:

1) Place 100 ml. of benzol, 100 ml, of methanol and

© 0.5 ml. (pipette) of phenol red indicator into

one of two clean dry 500 ml, Erlenmeyer flasks,

2) Neutralize carefully with the 0.01 N KOE (to be
first definite pink color.)

3) Pour the mixture back and forth between the two

flasks several times., If the solution is still
neutral, divide it equally between the two flasks,
if not, repeat steps 2 and 3.

4) wveigh (2 0,05 g,) into one of the flasks a 75.0
- $ 5,0 g. sample and titrate with the 0,01 N, KOH
until the sample matoue& the blank,
. Calculations:

Ac1d No. (mg, KOH/gram sample) = ml, 0,01 N KOH x 0,56
ample welg
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Report the results to the nearest 0.001 if they are
~below 0.1, otherwise to the nearest 0.0l.

The method is precise to $ 0,002 for acid numbers
below 0.01 and to 4 0.01 In the range of 0.1 to 0.01.

NOTE 1: To convert mg. KOH/gram to mg. NaOH/gram,
multiply by 0.715,

8. METHOD (MODIPIED NO. 10,620, "MOISTURE (WATER)",
a.Introductory Comment:

The Karl Fischer Reagent titration method used in the
analytical laboratory involves use of an analytical ba-
lance to weigh accurately about one drop of water uaed
in preparing the standard.  Since an analytical balance
may not be availsgble, the method has been modified and
sues..a purchased standard water solution as described
below, Also, in the laboratory a “"Dead Stop" potenti-
ometric method for determining the end point is often
used, However, as this equipment may not be availabdble,
the procedure described below uses the visual indicator
change for determining the end point. ’

b.Apparatus and Reagents:

1) Karl Pischer Burett, Automatic Pyrex No. 5750,
25 ml., capacity. Ace Glass Company, Vineland,
New Jersey.,

2) Water Standard in Methanol. No. S0-W-2 (1 ml. =
1 mg. azo) Pisher Scientific Company, 2800 Jeffer-
son Ave,, St. Louis, Missouri.

3) Karl Pischer Reagent Solution No. 80-K-2, Pisher
Scientific Company.

c.Standardization of Karl Pischer Reagent

Into a 500 ml, clean, dry Erlenmeyer flask, place about
100 ®ml, "Anhydrous" methoanol (commerically available,
99.95%). Add Karl Pischer reagent to this blank until

the first color change from lemon yellow, It is not
necessary to read the burette at this point, Carefully
pipette 50 ml. of standard watersolution into the blanked
methanol, Refill the Karl Fischer burette.Titrate the
solution with gentle swirling to mix, until the same color
is obtained as was obtained for the blank. Now read the
burette.
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Moisture value of K.F. reagent in terms of grams

ﬂeo pel' ml. @
_ (Moisture value of stand-
(M. Standard H,0 sclution) ard water solution in
' gn. per ml, stated on
label.)
ml, Karl pFischer Reagent

Solvent Mixture:

Since the solubility of the different askarels varies,
the following solvent mixtures are suggested:

Material Anhydrous Benzene Anhydrous Methanol
Pyranol 1478 0Oml, 300 ml,
Pyranol 1

1467 ‘ 160 ml, 200 ml,
Pyranol 1481 100 m1., 200 ml, _
Pyranol 1495 100 ml, 200 mi,
All Aroclors 110 mi, 190 ml,

Procedure, "Visual End Point."

1) Place 100-300 ml, of 4&ry solvent mixture (c) in
a dry 500 ml, ground glass stoppered Erlenmeyer
flask,

2) Titrate the solvent with K.F, reagent to the vis-
ual endpoint, i.e,, the first change from the
yellow to reddish orange that persists for 30
seconds, Refill the burette,

3) Using a beam balance, weigh to the nearest 0.l
gram by difference, a sample contaiming 0,03 to
0.06 grams Hy0 into the flask.

4) Stopper and shake until the sample is in solution,

5) Ttrate the solution with K.F. reagent to the
endpoint described in Step 2. Record the volume
of K.P. reagent used,

Caloulstion:

% HO o of K.,P, reagent x H-O factor x 100
B%éiIo'ﬂiggﬁE“"""""

References:
Mitchell, J. and Smith, D.M., Chemicel Analysis, Vol, 5
Aquametry, Interscience Publishers, Inc,, New York, (19&8
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CHAPTER 7
TYPICAL PROPERTIES
The 1200 series members of the Arocloer family are chlore
inﬁted biphenyls, and are made by chlorinating biphenyl to
approximately the percemtage of chlorine, by weight, in-
dicated by the last two digits of the sepial number, For
exsmple, Aroclor 1254 is approximately 54€ chlorine on a
weight basis, Accordingly, these Aroclors are not single
or simple compounds, They are a mixture of isomeric com-
pounds composed predominately of the chemical compound in-
dicated below &8s being their approximate equivalent:

Aroolor 1242 Trichlorobiphenyl
Aroclor 1248 Tetrachlorobiphenyl
Aroclor 1254 Pentachlorobiphenyl
Aroclor 1260 Hexachlorobiphenyl

For transformer use and some capacitor use where lower
viscosity is required for better low temperature operation
than offered by the above Arcclors, these products are mixed
with pour point depressants, particularly trichlorobenzene
resulting in verious QGeneral Eleoctric Company Pyrancls
described briefly as follows:

Transformer Pyranol 1467+ 60’ of Aroeclor 1260
4og of Blec, Grade

- Triehlorobenzene
0.125€ of Tin Tetraphenyl

Transformer Pyranol 1470% 454 of Aroclor 1260
554 of Rlec, Grade Trichloro-
Tetrachlepobenzene Mix-
ture
0.,125€ of Tin Tetraphenyl

€0se of tri-tetrachlorobenzene and tin-tetraphenyl

scavenger is subject ¢t G.E. patente and license: Royelty
arrangements should be checked before using, Questions
about license concerning the use of anthraquinone stabilizer
for DC capascitors should be referred to Western Electric,
195 md“y' N.!.c. 57
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Capacitor Pyranol 1481

75% of Aroclor 1254
25% of Elec, Grade Tri-

chlorobenzene
?§§§:3:? properties of all of these products are given as
AROCLOR 1242
TYPICAL

PROPERTY

Viso, @ 37.8°C, (ASTM D88)
Specifioc Gravity @ 25/15,5°¢C,
(AST™ D287)

Color, APHA

Condition

Agidity, mg

Pour Pt,, “C. A-STM D97)

Inorganic Chlorides, g

Refractive Index @ 25

Distillation Range (ASTM D20)
Corrected for stem and
barcmetriec pressure

Corrosion

Water Content, g
Resistivity 100%C, 500 volts
DC @ 0.1" gap

Dielectric Constant 100°c¢,
@ 1000 eycles (ASTM D924)

Flash Point czgvo. Open Cup®
Pire Point °C.®

Sulfates (ASTH-Dll?-Sl)'

B2 - 92 seconds Saybolt Univer
1,381 = 1,392

100 max.
Clear
0,01 max,

<1l or lower

0,10 max, -
1l 62&5 - 1, 6265

10’ 362°C.

°c. max.

After heating with alum*num
for six hours at 210°9C 3 100C,

the aluminum sust not be core
roded either on visual or
weight inspection and the
Aroclor 1242 should meet the
following specs:

Colep, APHA 150 max,
Acidity,mg KOH/g, 0,01 max,
Inorg.Chlorides,ppe 0,10 max,

Condition Clear
35 max,
x 109 ohm-cm,, win,
07 d aog
160°c,, min,

None to boiling point

 Pixed chlorine contont (Carius )y ul 5 - b2,5%

Specific Beat @ 2

Evaporation @ 1oo§c for 6 hre,.® O u; mnx.

Dielectric Strength (KV)
(ASTM DBTT)®

35 Min

#*Not determined unless by special pequest,
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AROCLOR 1248

PROPERTY TYPICAL
Vise., @ 54,4°C (ABTM D- 88) 73-80, sec.Saybolt Univer.
Spec. Orav, @ 65/15,5° 1 40621 824
(ASTM D-287)
Color, APHA 100 max,
Condition Clear
pour Point ©C. (Asm D=57) -7
Refrao, Index @ 20°C., 1,630-1,631
Dist, Range (ASTM D=20) 343"~ 373%C.
Water Content, ppam. 35

Resis, 100°C, 500 v D.C,

€ 0.1" gap 500 x 10° ohm-cm,, min,
Dieleotrie Constant,l000C, _
1000 cycle 4,6

Dielectric Strength 25°C.® 35 KV min,
Flash Point, (C.0.C.)® 193¢,

Pixzed Chlorine ( Cagiul)O 47.5 - 48,54
Specific Heat @ 25°C 0.27

#Not determined unless by special requast,
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AROCLOR 1254

PROPERTY

Visc, @ 98.9°C, (ASTM D88)

Specifiec Gravity @ 65/15,.5°C,
(ASTM D287)

Color, APHA

_ Condition

Acidity, mg.KOH/g.

_ Pour Pt. °C,.(ASTM D97)
Inorganie Chlorides, gpm.

Refraoctive Index @ 25°C,

Distillation Range (ASTM D20)
Corrected for atem and
Barometric Pressure

Corroeion

Water Content, gpm.
Resistivity 100%C,,500 v D.C,

@ 0.1" gap
Dielectriec Constant, 1000C

1000 oycles
Dielectris Strength 250¢e
Burn Point (ASTM D92)®
Sulfates (ASTM D=117=31)¢®
Fixed Chlorine Content(Carius)y
Evaporation @ 100°C, for 6 hrsg
Stabilitye

Agedng Cheracteristicse

Specific Heat @ 25°C.*

TYPICAL

44 - 48 sec, Saybolt Univer,
1,485 « 1,505

100 max,
Clear

0.01 max,

T =12

0.10 max,
156370 Al 106
10% 366-= 3
50’ ggz @ 3 gCo

m 3 hd 3 CQ

After heating with aluminum for
6 hours @ 210°C, plus or minus
109¢, the aluminum must be cor-
roded either on visusl or weight
inspection and the Aroclor 1254
should meet the following specs:

Color, APHA 150 max,
Acidity,mg KOH/g., 0.01 max,
Pree Chlorides,ppmn.0.10 max,
Condition - Clear

35 max,

EOO z 109 ohm-cm,, min,
.15 hd uo35

35 KV., min,
Righer than 350°C,

’g"s“i 0,.5%

° BaX
There

g,

shall be no liberation
of chlorine or chlorides when
the material is heated @ 100°C
in glass vessels in eontact
with air for periods of at least
one month,
No loss in resistivity over
original value on heating in
aizsror 96 hrs, at 100°C,

]

Not determined unless by special request,
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AROCLOR 1260

PROPERTY

Vise, @ 98.9°C.(ASTM D88)

Specific Gravity @ 90°C./15,5°C
(ASTM D287)

Color, APHA

Condition

Acidity, mg KOH/g.

pour Pt,,9C.(ASTM D97)

Inorganis ohlorides, ppm.

Refractive Index, 2?°C.

Distillation Range (ASTM D20)
Corrected for stem and

~ barometric pressure,

Corrosion :

Water content, gpm.

Resistivity,l00%C, 500 volts
@ p.1" gap

Dielectrioc Strength 50°C,.®

Dielectric Strength 100°C,¢

Dielectriec Constant 100°C.
@ 1000 oycles®

Burn Pt, %ASTH Dg2)*

Sulfates (ASTM DI17-31)®

TYPICAL

72 = 78 Sec, Saybolt Univ,
1,555 - 1,566

i50 max,

Clear

0,01 max,

25 - 34
o.%gsnax. €470
10 - 1.

10% 335 - Egazc
50% Rgg - 4o4°c,

”’ hd “2000.

After heating with seluminum
for 6 hrs, @ 210°C, ¢ 10°c,
the sluminum must not be cor-
roded either on vigual or
weight inspection and the
Aroclor 12 should meet the
following epecs:

Coler, APHA 150 max,
Pree Chlorides,pps., 0,10 max,
Acidity,mg. €o 0.01 max,
Condition Clear

35 maxX .

500 x 109 ohm-om,., min,

30 rvoi m.

30 Kv., min,

3‘6 «@ 3-8

Higher than 3500C,
No

ne
Pixed chlorine content (CariuspP 60 ¢ 0.5%

Evaporation @ 100°C, for 6 hrsd 0,

Stabilitye

Specifio Heat @ 25°C,.*

BAX,

There shall be no liberation

of chlorine or chlorides when .
the materiasl is heated @ 100°C,
in a glase vessel in ocontact
with air for periods of at least
one month,

0.23

%Not determined unlees by special request,
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PYRANOL 1481

PROPERTIES TYPICAL

Viscosity @ 37.8°C. 70 - 82 sec, Saybolt Univ.
Spec, Gravity € 15.5/15,5°C 1,525 - 1,535

Color, APHA 150 max,

Condition Clear

Acidity, mg. KOH/E . 0,01 max,

Pour Pt., “C. =15 opr lower

.Inorganic Chlorides, ppa. 0.10 max,

Refractive Index @ 25°C. 1,6205 - 1,6215

Distillstion Range -
Corrected for stem and
barometric pressure,

Pirst .drop 205°C, min,
25¢ max, : Below 270°C,
380 - 395°co
Corrosion Test
Change in Weight 0,08
Color, APHA 200 max,
Acidity, after test,mg . KOH/g,0,01 max,
Free Chlorides,ppt, 0,10 max,
Condition after test Clear
Water Content, ppm. 35 max,
Resistivity @ 100°C
500 volts, DC, O.l"gap 100 x 109 ohm-om, ,min,
Dielectrio Constant (100°C,,
1000 eycles) 4,1 - 4,6
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PYRANOL 1467

PROPERTIES

Viso, @ 37.8°C,, (ASTM D88)
Specific Gravity @ 15.5/15.5°C
(ASTM D-287

Color, APHA

Condition

Acldity, mg, KOH/g.

Pour Point, ©°C, (Asm D=97)

Inorganie Chlorides, B o

Refractive Index @ 25°C.

Distillation Range (ASTH D20)
Corrected for stem and
barometric pressure

Corrosion

Water Content, ppa.

Reaiativity. 100°C, 500 volts,
0.1" gap

Dielestric Stremgth, 25°¢,

Dieleotric Constant, 1007C.,

1000 cycles®

Tin Tetraphenyle.

Burn Point, (ASTH D92)'

FPixed Chlorine®

Aro Formed Gases® o
(Oxygen Pree Liquid @ 28°C.)

TYPICAL
54 4 2 sec, Saybolt Univ,

165& d 1.568
150 max,

Clear

0.0 max,
-32°c. or lower
0,10 max,

1. 6137 -l 61hz

18t drop = 200°C, min,

Below 270°C, - ﬂO’ max,

90% - 395 - 4159

After heating with aluminum

fO!’ 6 hr!. .t 200-220 c..tb.
aluminum must not be corroded
eéither on visual or weight in-
spection and the Pyranol should
meet the following specs:

Color, APHA 200 max,

Acidity,mg KOH/g. 0,01 max,

Inorganic Chlorides 5 max,
PP3.

Condition Clear

30 max,

100 x 109 ohme-cm. ,min,

35 Kvo' mo

3.7 = 450

o 1256 ¢ 0,01% by weight
None up to Boiling Point
59.1% min,

Less than 1.0%

Total combustible gases
including sarbon monoxide,

hydrogen and volatile hydro-

carbons,

*Not determined unless by special request,
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PYRANOL 1470

PROPERTIES

Visc., @ 37.8°C, (ASTM D88
Spec, Oravity @ 15,5/15,
(ASTM D287)
Coloxr, APHA
Condition
Acidity, mg. KOH/g,
Poup Pt..°C.. (MSTM D97)
Inorganic Chlorides, ppa.
Refractive Index @ 25°C.
Distillation Range iASTM D20
Distillation Range (ASTM D20
Corrected for stem and
baronetrie pressure
Pirst drop
35%

&

Corrosion

Ces

Water Content, ppu.
"Resistivity, 100°C,, 500 v.,
0.1" gap
Diolootrie Strength, 25° C.
Dielectrie Constant, 100°C,,
1000 sycles®
Tin Tetraphenyl®
Burn Point, (ASTM D92)®
Pixzed Chlorine®
Aroc Pormed (ases®
(0xygen Pree Liquid e 25°C.)

Electrical Stabilitye

TYPICAL
41-45 Sec, Saybolt Univ,

1,563 = 1,571
150 max,

Clear

O 01 Bax,
5&& C., OPr lower

After heating with aluminum

for 6 hrs, @ 200-220°C,., the
alumninum must not be corroded
either on visual or weight
inspection and the Pyranol
should meet the following specs:

Coler, AFPHA 200 max,
Aocidity,mg KOH/g. 0,01 max, -
Inorg. Chlorides,ppm 5 max,

Condition Clear
30 max,

100 x 109 ohm-cm,, ®in,

35 KV, , uin,

3.8 = 4,3

0.125¢ ¢ 0,01% by weight

None up to Boiling Point

60,5 ¢ 0.5

Total combustible gases in-

eluding carbon monoxide, hydro-

gen and veolatile hydrocarbons,

Artsr heating for 96 hrs, @
O00"C in a closed container,

tbo resistivity should not

decrease more than 10%

2Not determined unless by épecisl request,
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PYRANOL 1488

Vise., 8 37.89.
Spes, Grav, @ 15,5/15,5°C,
Color, APHA
Aoidity (Mg KOH/g)
Water, ppm.
Condition
Refrac, Index @ 25°C,
Pree Chloride, ppa.
Pouwr Point, °C,
Resis, @ 100°C,, 500 v D.C.
1" gap
Dielectric Strength (25°C.)
Corrosiont
Logp of Aluminum

Dielectric Constant @ 1000
oycles @ 100°C.®

Distilling Range (corrected)®
lst drop
Below 270°C,
90% point

Burn Point (ASTM D-92)*®

Pixed Chlorines®

Aro Pormed (ases®
(oxygen-free 1iquid @ 25°C,)

54-= 2 Sec, Saybolt UOniv,
i, 566

Clear

1,6137 = 1,6147
0,10 max,

Lower than =32°C,

100 x 10° ohmecm min.
Over 35 KV

None -
Heeting with aluminum for
6 hre, at 200-220°C. The
Pyranol after heating should
Beet the following specs:

Color, APHA 200 max,
Acidity(MgKOH/g) .014 max,
Free Chlorides ppa .10 max,
Condition Clear

307 - noo
200°C, min,

max,
295 - 415°¢,

None up to boiling point
59.1€ min,

less than 1,08 total com-
bustible gases including

‘earbon monoxide, hydrogen,

and volatile hydrocarbons,

Not determined unless by specisl request,
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CHAPTER 8
EARTH TREATMENT OP AROCLOR IN THE ELECTRICAL INDUSTRY
PRIOR TO USE.

Arosclors and their mizxtures supplied to the electrical
industry must conform with mogt striect requirements sepcified
by the industry as shown in Chapter 7. Since these products
are sensitive to contamination from traces of impurities, they
require careful handling in the industry when esempling or
storing or using the mntirinls to impregnate oapacitors or
£111 transformers, )

Common contaminants to be avoided inelude moisture, ionigz-
able impurities, metallic impurities, such as rust or corrosion
products from storage and handling equipment, and contaminants
such as oils (mineral oils), lubdbricating oils or greases common-
ly used in equipment or other processes in the electrical
industry.

Care wmust bq taken to avoid oontamination from contact
with improper gaskets or paocking materials, inecluding natural
and synthetisc rubber and most plastic exclusive of ocertain
Silicones and Teflon. Rosin solder fluxes, ete, may also
introduse traces of deleterious impurities, The dielectrics
are aleo susceptible to the harmful astion of ultra-violet light
- and, therefore, exposure to direct sunlight sheuld be avoided,

The adverse effect of ionigable impurities is especially
pronounced in the low viscosity Aroclors such as Aroclor 1242
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or Aroclor mixtures such a8 Pyranocl 1481, In the case of

more viscous fluids, such &8 Aroclor 1254, the ionizable im-
purities are not 8o free to move about in the fluid and, cone-
sequently, the more viseous fluids ean be handled with less care
then required for the thinner fluids,

This is especially pertinent in eapasitor manufacturing,
Vhen using the thinner type Aroclors to make capacitors that
offer superior low temperature operation, the following types
of trace contamination affecting the electrical peoperties
of the dieleetric have been experienced, Occasional droplets
of perspiration from operators, when winding the capacitor
cores, have fallen onto the paper esusing contamination in
the finished units., Small amounts of Glyptal resin and simi-
lar sealing compounds used to seal tiny lesks in the vacuum
impregnating equipment or storage tanks have caused contamina-
tion., Also, small amounts of mineral oll entering the system
have caused similar trouble. A small droplet of any of these
materials in one or several liters of the thinner type fluids
results in noticeable contamination, whereas it may not have
as mush adverse effect on the more viscous dielectrics.

To be certain that the fluids are free from traces of
econtamination, it is standard practice to treat them with con-
ditioned diatomaceous earth and then to filter immedistely be-
" fore use, Treatment with this earth by removing trece contam-
inants results in "up-grading" the electrical values, e.g.,
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. the volume-resistivity may be brought up considerably beyond
the speecification minimum or the normal values of the dielectric
a8 received, Likewise, improvement in power factor may be ag
complished,

The earth treatment recommetided for use by the electrical
manufagturers is qualitatively the same as used in the produc-
tion of the Aroclors and their preparation for shipment to
the electrical industry., Treatment of the Aroclors with earth
by the electrical manufacturers is a step required to assure
that traces of impurity or contamination that may have been
1ntrodhéed &uring sterage or handling in the electrical 1n5;a-
try have been removed and that maximum electrical values have
been attained immediately before the dielectric is introduced
into capacitors or transformers,

It is impractical for the manufacturer to fizaish these
dielectries to the sustomer at the maximum attainable electri-
cal qualities because even with careful packaging, shipping,
sampling and handling in the electrical industry, these fluids
may easily piokhqp traces of contaminants from opened tankcars,
drums, pigo line, pumps, etoc, However, as supplied acoording
to the lpooirioationn, the fluids are readily "up-graded" by
the earth treatment,

The type of diatomaceous earth used is known as Fuller's
Eerth, supplied by the Floridin Earth Company, Warren, Pennsyl-
vania, or the Attapulgus Division, Mineral & Chemiecals Corp,
of Americe, 210 West Washington Square, Philadelphia 55, Pe.,
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or their equivalent, Usually & minus 200 mesh size, regular
volatile, i8 used and theqislity should be specified as for
use by the electrical industry, (Code 73122)

The earth as received needs to be conditioned and acti-
vated, after which it should be stored only & minimum length
of time (about a day at the most) and in hermetically sealed
sontainers, prior to use. i

It is desirable that the earth be used immediately after
it has been activated.

Activation should be done by heating the earth contained
in staiglec; steel shallow trays for four hours at 400°C, in
e muffle furnace, If & muffle furnace is not available or the
capacity by this method may not be great enough, the earth
can be activated by heating at least twelve hours in an elec-
trically heated oven at 250°C., Another method used is to pan
dry and activate by heating at 100°C, and using a strong
vacuum, about 6 mm, of mercury. This latter method is used in
connection with transformer work and the former methods are
usually used fof capacitor work,

In the place of pan drying, rotary driers may be used but
their action should not be so severe as to break the earth par-
ticles to the extent of producing powder which is d4ifficult te
handle in ths subsequent filtering operations,

It is the consensus that the earth should not be heated
above 400° ., as this may cause collapse of the particles.
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The amount of earth used is usually 0,1% to 0.3% based
on the weight of the fluid. larger amounts of earth san be
used if the fluid is composed of oenly Aroclor 69 & mixture of
Aroclor and chlorinated benzene or other pour point depressants,
However, larger amounts of highly active earth, in the range of
2% or 3%, would be expected to selectively adsorb scavengers
or stabilizers from the fluide containing these additives,

This 18 especially of concern in handling the transformer
fluids which usually contain socavengers such as tin tetraphenyl,
For transrorner work it is suggested that the earth be condi-
tioned and nildly activated by heating it at 100°C, under va-
cuum, about 6 mm, of mercury, Not more than about 0,1% of
earth based on the total weight of the tranaformer fluid should
be used,

Por treatment with earth, the fluid is put into & suitable
tank fitted with an agitator, heating coil, and a cover,

The proper amount of freshly conditioned earth 1s added
and the mixture is agitated thoroughly and heated for about
four hours, N

The more viscous dlelectrics such as Aroclors 1248 and 1254
@re heated at about 700 to 80° C., (158° to 176°F,) and the
less viscous materials such as Aroclor 1242 and Pyranols 1481,
1867, and 1470 are heated at about 50° to 60° C, (122° to 140°F.)

After about four houre contact the material is filtered
through a Sperkler or Sweetland or & comparable filter press
previously fitted with filter peper liners such as supplied by
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- Carl Schleicher and Schuel Co,, Inc,, Keene, N.H, The paper
is usually 25 mils thick and wust be dried at 1009C, to remove
noisture, prior to use in the filter press, The filtered
dieleotric material is then ready for impregnating capacitors
or £illing transformers,

In some cases, especially for AC capacitor work where
the dielectric does not require addition of stabilizers and
accordingly there is no danger of removing such additives by
repeated earth treatment, good practice is to use ocontimuous
earth treating, circulation‘and filtration with oconstant read-
ing of the resistivity of the filtered dielectric,

In Chapters 1 and 2 selection of proper materials of
sonstruction for the tankcars and storage tanks was discussed,
It is equally important to select proper materials of son-
struction for the proceasing tanks used in the capacitor and
transformer industries and also for the imprgnating chambers
used in making capacitors,

It is preferable that this eguipment be meade of stain-
less steel or aluminum, or , if it is of steel comstruction,
the interier should be either gins-tin metallized or aluminum
lined.

While izron or steel equipment is not regarded as de-
sirable for handling the fluids, this type of construction

. is used in some of the plants, Here the possibilities of rust-
ing or ocorrosion cannot be overlooked, If the equipment is

~ kept free from water and if & £ilm of clean dieleotric adheres
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to the surfacé of the metal, e.g. when the tanks are empty, then .
satisfactory operation can be experienced,

However, & number of factors must be kept in mind and to
cite an example, reference is made to the impregnation of capa-
citors by the chamber method, The moisture content of the
paper used in the capacitor cores may easily introduce several
gallons of water into the average impregnating chamber, This
water is removed from the scapacitors prior to impregration =
usually by heating the chamber to abeut 130°C, under efficient
vacuum, 100 microns or less. If the chamber is not made of _
the prerer;od ;stcriuls of eonstrustion, slight corrosion Eay
occur and the film of fluid on the interior surfase of the tank
may be contaminated and in turn introduce traces of impurities
into the treated and clean dielectric subsequently introduced
into the chamber for impregnating the capacitors, 1In faot,
because of this possibility of econtamination, in some operations
the ocapacitors are conditioned and dried preparatory to impreg-
nation in a separate oven or chamber and when thoroughly dried
they are then transferred into a second chamber used for impreg-
nation, .

In the ocase of relatively large size capacitors, such as
power factor correction units, a manifold pipe system may be
used to handle each unit individually rather than by the batch-
chamber wmethod,

The unimpregnated oip&citora gre placed into an oven and
vacuum 1s applied to the individusl units attached to the manifold.
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- When cenditioned and dry, the dielectric is imtrodused into
the unit through the msanifold, Care must be taken that moist
air or ocontaminants do not collect in the branch through whieh
the dielectris is introdused,

In addition to removing moisture, another purpose of the
heat and vacuum conditioning treatment given the capacitor
units prior to impregnation is to remove traces of impurities
such as residual solvent from the metal cleaning operations
and from solder flux, ete, |

The fluid 1s introduced hot into the evacuated capacitor
units, The more viscous Aroclors, such as 1248 and 1254,
are usually impregnated at 85° to 130°C., The less viscous
and more volatile dieleotrics such as Aroclor 1242 and mix-
tures of Aroclor with chlorinated benzene may be introduced
best at lower temperatures -- about 50°C, optimum, 80, max,

Table IV indicetes desirable minimum resistivity values
of the dielectric materials when esarth treated and ready for
capacitor impregnation and similar values of the material
following the process,

- TABLE IV ‘
Volume Resistivity Ohm-cm at

100°9Cc, and 500 volts DC.
Dielectyris Prior er

Impregnation Impregnation
Aroclor 1254 2,500 x 109 800 x 109
" Aroclor 1242 1,500 x 10° 600 x 109
Pyranol 1481 600 x 109 4oo x 109
73
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In the case of new and freshly filled transformers using
Aroclor dielectric mixtures, it seems reasonable that the
power factor of a sample of the fiuid drawn fyrom the trans-
former Sshould be in the range of about 5§ t¢to 12 per cent,
measured at 60 eyocles and 100°¢C,

With field serviee of the transformer the power factor
value is expescted to increase somewhat, However, sush a
power factor inerease alone does not seem to have haermful
erreot.qp thg operation of the transformer, -

A more usual measurement used for transformer fluid is
velume-resistivity., This value of the new dielesctris prior
to £111ing the transfermer should be about 500 x 109 ohm-cum,
at 1,000 oycles and 100°C, The similar value of the fluid
taken from a new transformer should be at' least, about,

50 x 109 ohmecm and no lower than 25 x 109 ohm em,

With long field service volume-resistivity values de-
orease somewhat but seem to level off around 10 x 109 ohm-cm,
with satisfactory transformer peration, However, if the
volumesresistivity of the fluid falls below 10 x 109 ohm-cm,
the matter should be lobked into,
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CBAPTER 9
DERMATOLOGY AND TOXICOLOGY

Skin patch tests using Aroelor 1254 (biphenyl Chlorinated
to the extent of 54% by weight) applied to gaugze and placed
in oontact with the skin showed no primary irritancy or sen-
8itization, The tests were condusted under competent medical
supervision and the standard procedure recommended by Ixs,
louis Sehwartz and Samuel M, Peck, Reprint No, 2552, Publie
noalth Beports, Vol, 59, No. 19 (April 28, 1944) was used, _

Ir Aroolors are.spilled on the skin, the skin should be
washed in the usual manner with soap solutions, If aoccidental
burns eéccur from contact with hot Aroeclors, the burn should
be treated the same as any ordinary burn, Aroclor adhering
to the burned area need not be removed immedlately unless
treatment of the burn demands it, in whioh case use socap and
water or repeated washings with a vegetable o0il,

At ordinary temperatures Aroclors have not presented
industrial toxicological problems,

If Aroglors are used at elevated temperatures in open
systems, methods must be designed to exhaust any vapors
erising, Experimental work on animsls indicates that the
raximum safe concentrations of vapors in worieooms is in the
range of 1.0 to 2,0 milligram per sublec meter of air, This
applies to all of the ligquid Arocclors,
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‘ Laboratory teshnique merely requires keeping the hands
free of the liquid and handling it under a well ventilated
hoed,

loodliged or Bpot ventilation together with general worke-
roolm exhaust is recommended for plant operations,

When sampling tankcars, cenvas gloves eand safety glasses
or goggles should be worn, No special clothing 18 required
but the worker's germents should be laundered at least weekly
and changed ‘in case Aroclor or Aroelor mixture 18 spilled en
the clothes acoldentally,

If worlmen are exposed to Aroclor vapors at relatively
high levels, as may be the case when opening a heated capacitor
impregnating chamber, a respirator should be worn during these

. short intervals,

The many years of satisfactory and safe use of Arcolors
and their mixtures with chlorinated benzenes in the electrical
industry for impregnating capacitors and filling transforumers
has demonstrated ého industry's ability to handle these fluids
without hazard to the workmen., It 1s a simple matter and in
line with good "housekeeping"” and personsl cleanliness to
exercige the suggested end regquired precautions in all cases,
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