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In converting oil-filled transformers ianto
Pyranol-filled transformers, the manufacturer has
found that it is very difficult, if not impossible,
to remove all traces of oil from the transformer with
the practical methods available at the present time.
The small quantity of 0il remaining in the transformer
becomes mixed with the Pyranol upon its additioa to
the transformer and it is, therefore, important to
reduce such contamipation by residual transformer oil
to a point where the fire and explosion hazard of
the Pyranocl 1s not appreclably increased. Accordingly,
this lnvestigation was undertaken ian order to obtaln
data as to the effect of the presence of saall aamounts
of transformer oil on the fire and explosion hazards
of Pyranol. ' Y

Qur reports, Miscellaneous Hazard 2581,
dated September 29, 1934 and April 14, 1936, respec-
tively, describe the fire and explosion hazards of
the lioquid dielectric and cooling mediums known as
Pyranol Wos. 1476, 1480, 1485, 1488, 1490, and 1491

-. PLAINTIFF'S
i EXHIBIT- .

i - “we .
e “,..’ Z( e
b A N.‘-':_F' 'l‘}'




Py
N

y;

~

MH2581 -2

DESCRIPTICH

PRODUCTS COVERED BY THIS REPORT:

‘Liquid dielectric and cooling medium, "Pyranol
No. 1488" admixed with small amounts of transformer oil.

PLAN OF INVESTIIGATIION

The-object of this investigation was to deter-
mine the fire and explosion hazard of Pyranol admixed
with small amounts of transformer oil as coapared with
that of Pyranol conteining no transformer oil,

In planning the investigation, consideraticn
was given to the effect of the added transformer oil
upon the flash point, fire point, ignition teamperature
and explosibility, The tests lncluded flash point
tests, fire tests, ignition temperature tests, and tests
for flammability using-specially-designed apparatus,

EXAMINATION AND TEST RECORD

DESCRIFTION OF SAMPLES

The manufachturer furnished a 1l0-gal sample
of "Pyranol No., 1488" and a l-gal sample of 1l0=C
transformer oil. Samples of Pyranol-oil mixtures for
the tests were made up containing 2, 3, and 5 per cent
by volume of the transformer oil.

SPECIFIC GRAVITY TESTS:

- METHOD

The specific gravity was determined by means
of a pycnometer.

RESULTS
The specific gravity of "Pyranol No, 1488n
was 1,5606 at 15.6C(60F).,
15,6C(60E)
The specific gravity of 10-C transformer oil

was 0.8845 at 15,.6C(60F) .,
15,6C(60F)
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FLASH POINT TESTS:

HMETHOD

The flash point was determined with the
Pensky-Martens closed tester according to the method
(D93~32) of the American Society for Testing ifaterials,

RESULTS
The results of the flash point tests are as
follows:
(1)
Sample Flash Foint
Pyranol No, 1488 118,3C (245F)
Pyranol~oil mixture containinz 2 per
cent by volume transformer oil 118.,3C (245F)
Pyranol~oil mixture containing 5 per -
cent by volume transformer oil 118.3C (245F)
Transformer oil 126,7C (200F)
FIRE TESTS:
METHOD

The fire tests were made with the Cleveland
open cup according to the method (D92-33) of the American
Society for Testing iMaterials.

RESULTS
Pyranol-oil mixtures containing 3 and 5 per
cent by volume transformer oil gave negative (2) re-
sults in the fire tests (3).

The transformer oil had a fire point of 15L.4C
(310F).

(1) In this connection, see note 3,

(2) Intermittent flashes were obtained but the mixture
did not continue to burn. The sample was heated
to boiling point; ' the test was then discontinued.

(3) In view of the negdtive results obtained in the
fire tests, it is clear that the flash point cannot
be depended upon to give a true measure of the fire
hazard of these mixtures., It was therefore neces-
sary to conduct tests of the explosibility of the
vapors of the mixtures in specially designed ap-
paratus. See pages 6 and 7.
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IGNITION TEMPERATURE TESTS:

METEOD

The apparatus consists essentially of a con-
bustion chamber surrounded by a solder bath, which is
heated at a constant temperature during the test by a
bunsen burner. The temperature of the solder bath
is measured by means of a calibrated thermocouple
provided with a quartz tube to protect the hot junction.

The combustion chamber consists of a quartz or
%lass flask of conical form with flat bottom, 4~1/2 in.
11.4 em.) in height, 2-3/8 in., (6,0 cm.) in diameter at
bottom, and 1-1/8 in. (2.8 c¢m.) in diameter at top., It
is of about 160 cc¢ capacity (rated capacity 125 cc) hav-
ing a ratioc of surface area to volume of about 1l.1.

Measured test samples in the liocuid phase are
introduced into the heated combustion chamber by means
of a micro pipette. Different amounts of the saample
are admitted to the chamber in successive tests in order
to determine the minisun temperature at which the vapor
of the liquid in any proportion with air will ignite.
The residual vapors or gases in the combustion chamber
are completely displaced by a stream of air in the interval
between tests,

Ignition temperature tests were also conducted
using a horizontal iron plate 10 in. square and 1/4 in,
in thickness, heated by a gas burner. Flames and hot
gases from the burner are deflected from the upper surface
of the iron plate by a strip of sheet iron extending 10
in. beyond each side of the plate. The deflector is
bolted to -the edges of the plate, asbestos gaskets being
provided at the joint. A calibrated chromel-alumel
thermocouple (No. l4 Awg) connected with a potentiometer
is used to measure the temperature of the plate, the
hot junotion of the thermocouple being brazed to the
center of the upper surface of the plate. Check measure-
ments of the temperatures of the plate are also made
employing an optical pyrometer Of the disappearing filament
type .

In conducting.tests, measured samples (ur to
10 cc) were dropped on the center of the heated plate.
A slow stream of air was applied to the evaporating
sample in some of the tests. The minimum ignition
temperature was determined by successive trial tests,
during which the iron plate was maintained at progres-
sively lower teaperatures.
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Miscellaneous Hazard No. 2581
Application No., 33C2069

September 29, 1934,

REPORT
on
LIQUID DIELECTRIC AND COOLING MEDIUMS

General Elesotric Co., -
Scheneotady, N. Y.

PRODUCTS COVERED BY THIS REPORT:

: Liquid dieleotric and oéolins mediuma, "Pyranol
. Nos. 1476, 1480, 1485, and 1488.,"

GENBRAL CHARACTER AND USE:

)

The produots whioh are the subject of this report
"are -miztures of chlorinated hydrocarbons in different pro-
portions. * They are pale yellow liquidas differing markedly
in respeot ¢to visoosity. They are intended for use as di-
eleotrio and cooling mediums in elesctrical apparatus,

”Pyranol No. 1476" is intended for use in ocableas
. apd capaoitora, - Pyranol Nos., 1480, 1485, and 1488 are in-
terded for uase in transformars, Noa. 1480 and 1485 repre-
senting two extremes in the proportions of the chlorinated
hydroocarbons and No. - 1488 being the average.

S



L'E2 581 : -2 -
MARKING: '
"Pyranol Nos. 1476, 1480, 148E, or 1488" gtenailed

- on gentainers,

SLALMS MADEZ FOR ITHEE BPRODUCSIS

The manufacturer oclaims that the producta are a
digtinct improvement in liquid dieleotrioc and oocoling medisa,
are nonflammable at ordinary temperatures, and evolve non-
exvloaive gaseous mixtures whezn deocomposed by the slectric
arac,

The following ¢laims are quoted verbatim:

"Pyranol is the trade name of the Ganeral Elactrio
Company ocovering liquid dielectric ard cooling media which
are non-inflammable and non-explosive at ordinary temperatures
and whioh even when decomposed by heat or the electric aro
evolve only non-inflammable and non-exnlosive mixtures. The

~use of these improved liquid dieleotrics effectixvely removes

the danger from fire and expoloslon herstofore insvitadly as-

. sooiated with the use of the inflammasble and explosive oila

in eleoctric design.

"The Pyranols ars chemically stable, non-acid-

Q:formlng. non-gsludging and of excellent dieleotric properties.
<. 38lng characterized by high dlelsctric strength and high di-

electrioc constant, they are admiradbly suited for use in slec-

. trical apparatus, [he dieleotrio constant of the Pyranols,

being essentially of the same value as that of the solid
insulation, insures s more equitadle stress digtribution

when 1iquid duots and solid insulation are arranged in geries.
The dielaotric congtant, being mors than twice that of miner-
al o0il, also insures a minimum of vhysiocal size per mioro-
farad in capacitor design.

"he Pyrancls have besen in suagessful ocommeroial
gervice (n increasing amounts during the pvast three years.
The value of these liquids as non-inflammable and mon-
explosive dlelesctric and cooling media has been demonstrated,

"The first ocommersial use of the Pyranols in capace
{tor design was made in January, 1931. Commercial application
of Pyranol ocapacitors has 1lncluded the use of Pyranol in all
types of service, ingcluding a-c power faotor ocorreotion, use
on direct curra2nt and high frequency circults and other special
apolisations woll-suited to demonstrate the reliability anmd
efficienoy of the Pyranol capacitor. In the largsr cavacitor
sizes 3 total of more than 8500 Pyranol-filled units with a
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capaolty in exsess of 75,000 kva. have been manufacturedand
shipped in addition to a %total of more than 250,000 s=mall
kva, Pyranol-filled capacitors for moter starting and motor
running,

"The manufacture of Pyrancl-filled transformers
began in Marach, 1932 and has ghown a stezadily increasing
volume, To date, more than 159 Pyranol-filled transformers
kave been shipped, totaling ir excess of 27,000 kva,

"In the period during which commeraial application
of the 2yranols has bdsen made, olear evidence has been ob-
tained of thelr non-inflammable and non-explosive character,
together with the sdvantages acoruing therefrom. As ex-
amples, the following servioe experiences are cited, one
illugtration being taken from capacitor, and the other from
transformer, experiencs,

"A 720 kva.,, 460 volt Pyranol cajyacitor was in-
stalled in a grain slevator. Dust accumulation detween ter-
minals of the ocontrolling air ciroult braaker eventually
cauged a aevers arcover of considerable duration on the line
side, Seven ocapaocitor oases wers melted open by the heat of
the external aro. In twenty other cases the oapacitor fill-
ing plug was melted off. In all cases the Pyranol was ex-
posed to the high temperature and deoomposition effeots of
the elsotrie arc under the moat favorable conditions for
conflagration. In contrast to the behavior normally ex-
peoted with mineral oil under similar conditions, the Pyranol

444 not burn nor evolve explosive gases,

"Experisnce has shown that an arc at the .surfaoe
of the 011 in an o0il-filled transformer represents the most
gerious condition favoring fire and exvlosgion. Routine ex-
amination of a service operating Pyranol-filled subway trans-
former showed clear evidence of such an arc having been pres-
ent, yet not only had the tranaformer not exploded with re-
sulting fire; but the transformer was 8till operating sstis-
faotorily up to the time of the routine examination. The
arc had burned ocompletely away the insulation on the incoming ‘
oable terminal, the durning oocovrring at the surface of the
Pgrauoltliquid, without affeoting the service operation of
the unist,

"The remarkable chegpioal and eleotrical stability
of the Pyrarnola as evidenced by thelr suocesaful commeroial
application in sleotrical design, together with the non-
inflammable and non-explosive behavior of Pyranol-filled
equipment under the most favorabls oonditions for fire anad
explosion, thoroughly substantiatea the ten years' develop-

ment and research program of whioh these products are the
oulmination.” )
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ELAN OF INVESIIGATIION

e

The objeot of this investigation was to determine
the fire and explosion hazard of the products.

In planning the invseatigation somsideration was
glven to the General RNature of the produots, their Fire and
Toxio Hazard, Corrosive Action, Stabdility, and Uniformity.
The me thod of inveatigation of eaoh of thesge phases is
2iven helow.

Information as to the general nature of the prode
uots waa obtained by means of Identification Tests..

The fire hazard of the produatas was investigatad
in resp2at to flammability, explosibility, ignition tem-
perature, and decompossition temperaturs., The produota of
decomposition were investigated in reapect to flammability
and explosibility, Consideration was also given to the
toxioity of the fumes producsed on sontact with hot metal
surfaces and sleotrio aros, The tests inoluded Flash Point
Teats, Decomposition Temperature lests, Ignition Temperature
Teats, Tests for Flammability using speocially &esigned appa=-
ratus, Sxplosive Range Tests, Analytical Tasts of Decompo-
gltion Products in the presence of hot irom surfaces and
electric arscs, snd Tests of Transformers to Destruotion,

Corrosion Testa of the products on metals commonly
uged in elesotrical apparatus wers oonduatad,

Information bearing on the stabllity of the prod-
uvots was obtained from Deocomposition Temperaturs Tests,
Corrosion Tests, and oonaideration of the chemical proper-
ties of the produocta.

The prooess for manufaoturing the produats is

sudbJeot to definite control, and a detailed investigation
of faotory prooess was not therefors oconasidersd necessary.

EXAMIEATIONE AND TEST RECORD

- ww s wem e -e e
\

DESCRIPTION OF SAMPLES

- The manufasturdér furnished 5-gnl. samples of the
following products: Pyranol Nos. 1476, 1480, 1485, and 1488,
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IDENTIFICATION TSSTS:

METAODS

Svecific Gravity - The specific gravity was deter-
mined by meana oI a »ycnometer,

Visocogity = The visocosity of Pyranol No. 1476 at
50 C(122 F] was determined by means of the Saybolt-Furol
Vigoosimeter using the mathod (D88-33) of the Amsrioan
Sooclety for Testing Materials.

The viscosity of Pyranol Nos. 1480, 1485, and 1488
at 37.8 C(100 F) was determined by means of the Saybolt-
Universal Viscosimeter using the method (D88-33) of the
Ameriocan Soclety for Testing Materials.

Distillation Test - A 100-g, sample was distilled
using the mevhoq 'J29-o0] of the Ameriocan Socisty for Test-
ing Materials.

Acldity - Acidity was determined by mixing a 20-g.
sample with S0 oo. of neutral ethyl aloohol and titratirng
with X/80 potassium hydroxide solution using phemolphthalein
as an indicator. The aocldity was caloulated as per oent
hydrochloric s9id by weight,

Free Chlorides - A 50-00, sample was agitated with
10 oc, of water in & separatory funnel. The aqueous extract
was treated with aqueous silver nitrate solution and dilute
nitric aoid, the presence of ohloride ions being indicated
by the formation of a white precipitate of silver chloride.

Determination of Chlorine - The peroentage by
weight of combined orlorine was determined by the method of
Carius,

RESULTS

Thae results of the identification tests are re-

‘aorded in Tabdlae I.

FLASH POINT TWSTS:

MBTHOD

The flash vpoint was getermined with the PensXxy-
Martens olosed tester using the method (D93-32) of the
Amerioan Sooiety for Testing Materials.
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TA3LE 1
RESULTLS CF IDENTIFICATION TESTS _
Pyranol Pyranol ' Pyranol Pyranol
No. 1476 No. 1480 No. 1485 No. 1488
Svecifio Gravity at 1.5481 1.5492 1.56817 1. 5644
15,6 S(60 F)
. e [¥]
Visoosity:
Saybolt-Furol at 51.2 - - -
50 c(122 F)
Saybolt-Universal at

Distillation Test:
Inftial Boiling Point

Temnerature P
3elow 235 C(455 F)

352.2 C(666 F}

amount distilled

206.6 C(404 F)

amount distilled

207.7 C(406 F)

amount distjillaed

206.1 C(493 F)

amount distilled

- 43,7% by welght | 18.73 vy waight | 31.0% by welght
235 C(455 F) to -
270 C(518 F) - 5.1% " " 10.04 " 9,7% * "
270 3(518 F) to
365.5 C(690 F) 72.1% by weight 0.14% » " 0.55 " 0.4% "
Above 365.5 (690 F) 24,0% " " 45,6 % " 65.9% " " 54.84 " "
End Polint 374.4 3(706 F) 394.4 C©(742 F) 395.0 C(7443 F) 396.1 (745 F)
Resldue 3.5% by wetght 3,0% by welzht 4.0% by waight 3. 5% by welght
Distillation Loss 0.4% " n 1.246 " 0.9% *© n 0.6% " L
Aoldity as HCl,Per
Cent by Weight 0,0017 0.0018 0.2018 0.0011
Free Chlorides abaent absent abgent absent

(1) (1) (1) (1)

Chlorine presant present presant present

(1)

the manufaoturer and held as confidential,

The peroentage by weisght of combined ohlorine corresponds closely to data furnished by

my et
.

18ge
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RESULTS
The results of the Zflash point tests are as
follows:

(2)

Samople MNo. . Flash Point
1478 232,2 C(480 )
. 1480 115.6 C{240 F)
- 1485 118,3 C(245 F)
1488 _ _ 115.6 C(240 F)

FIRE TESTS:

ME THODS
The fire tests were made with the Cleveland open
oup, using the me thod (D92-23) of the American Society for
Testing Materials.
RESULTS

ample Nos. 1476, 1480, 1485, and 1488 gave
negat179(3 results in the fire tests..(4

IGNITION TEMPSRATURE TESTS:

METHOD

The apparatus consists essentially of a combus-
tion chamber surrounded by a solder bath, whioh i3 heated
at a constant temperature during the test dy a bunsen
burner. The temperature of the solder bath is measured
by means of a calibrated thermocouple provided with a
quar tz tube %o protest the hot Jjunction.

(2) In this connection, esee Note 4.

(3) Intermittent flashes were obtained but the product
414 not continue to burn, The sample was heated
to bolling point; the test was then discontinued,

(4) In view of the negative results obtained in the Fire
Tegts, 1t 1s clear that the flash point test ocannot
bYe depended upon %o give a %true measure of the fire
bazard of these products. It was therefore neces-
saary to oconduot tests of the exrlosibility of the
vapors of the produots in spesially-designed appar-
atus. See page 10, ot.seq.
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The combugtion chamber gonsists of a quartz flask
of conical form with flat bottom, 4-1/2 in. (1ll.4 om.) in
height, 2-3/8 in, (5.0 om.) in diameter at bottom, snd
1-178 in. (2.8 om.) in diameter a%t top. It i3 of about
160 oc. capacity (rated ocapacity 125 cc.) having a ratio
of surface area to volume of about l.l.

Measured test samples in the liquid phase ars in-
troduced irnto the heated combustion ohamber by meansg of a
mioro pipette, Different amounts of the sample are admitted
to the chamber in suscaegalive tests in order to determine the
minimum temperature at which the vadhor of the liquid 'in any
proportion with air will ignite. The residual vapors or
g3se8 in the ocomdbustion chamber are completely disnlaced
by a gstream of air in the interval hetween testa.

Ignition temperaturs tests were also oonducted
usinz a horizontal iron plate 10 in. aquare and 1/4 im. in
thiokness, heatad by a gas burner, Flames and hot gases
from the burmer are daflected from the upper surface of the
iron nlata by a atrip of sheet iron extending 10 in. beyond
each side of the plate. The deflector is bolted to the
edges of thes plate, asbestoa gaskets being provided at the
Joint., A calibrated chromel-alumel themocouple (No. 14 Awg)
conrneoted with a potentiometer is used o measure the tem-
perature of the plate, the hot Junotion of the thermoooupls
being brazed to the center of the upper surface of the plats.
Cheok measurements of the temperatures of the nlate are also
made employing an optical pyrometer of the disappearing
f£ilament tyve.

In conducting tests, meagured samples {(up to 10
oc,) were dropped on the center of the heated plate. A alow
stream of alr was applied to the evaporating sample in some
of the tests, The minimum igniticn temperature was dester-
mined by successiva trial teats, during whioh the iron
plate was maintained at progressively lower temperatures,
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RISULIS

The results of the ignition temperature tests

are tabulated below:

(8)

Ignition Temperaturs

Sampnle No. nuartz Flask Irog Plate
A ' (€3] - 7))
1476 571 C{1059.8 F) lag 3-4 sec. 754 C(1389.7 F)
1480 553 C(1027.4 F) " 714 C(1217.2 F)
1485 539 ¢(1002.2°F) ™ " " 714 C(1l3l7.2 F)
1488 5563 c{1027.4 F) "~ n " 716 €(1220.8 F)

In the ignition tests using the heated iron

plate the combusation was very weak and 4id not show any
tendenoy to propagate beyond the vicinity of the heated
iron surface. It will be noted that there wvas no con-
finement of the vapors in the tests with the heated
iron plate.,

(8)

(6)

(7)

The main value of the ignition test i3 to determine
the minimum tsmperature required to produce igni-
tion under the most favorable conditions in the ab-
sence of a flame or spark, including ratio of vaper
to air and ratio of heated gurface to volume of
vapor-air mixture., Under lessg favorable conditions
as when the liquid i{s applied to a hot plate a
higher temparature for ignition is requirsd. A
limitation of the ignition test in a small vessel
19 that it does not show whether flame propagation
for any material distanoe will oococur, After deter-
mining the ignition temperature therefore it is
necessary to obtain additional data having a bear-
ing on flame propegatiocon. These dats are given by
tests with hot plate and by flammability tests with
specially-2esigned apparatus.

The term "lag" is used to denote the time interval
between the introduotion of the sample and the
appearance of flame,

Within experimental error the optioal pyrometsr and
the thermocouple gave the same values for the tem-
perature of the iron plste.
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FLAMMASILITY TSSTS IN SPTCIALIY-DISIGNID APPARATUS:

LETHOD

T™he apparatug consists of a oylindrical steel
vessel 6 in, in diameter (internal) and 26 in, long. It
is provided with a amall mica window and an sutlet to tke
ataosnphere, The apparatus is heated extermally by gas

" burners, Openings are zrovided half way between the ends

of the vessel to admit electrode terminals connegted to
an induotion soil, The electrode terminals are spaced to
give a spark zap of 1/4 in,

An iron-gonstantan thermocouple connected to5 a
potentiometer is used for rough measurements of the tem-
perature of the vanor inside of the vessel,

Samples ranging in. volume from 23 to 80 oc. were
introduced into ths cylinder which had previously been
heated to a predetermined temperature, The outlet of the
cylinder was olosed with a loose asbestos pnlug. Sparks
were passed batween %the electrode terminals at intervals
of '1/2 min.

Residual gases and vapors were digplaged from
the oylinder by a gtream of air in the interval between
teats.,

XETSULTS

Samvple No. 1473 - No propagation of flame oco-
ourred at Temperatures up to 204 C{399.2 F). Flame propa-
gation with weak nressure effeots (Just sufficient to push
asbestos pluz from outlet of oylinder) occurred at 208 C
(406.4 F). lModerate pressure effects (asbestos plug thrown
about 3 to 4 f£t. horizontally from outlet of oylinder) wers
obtained at temperatures somawhat above 208 C(436.4 F}.

Samble No. 1480 - No propazation of flame oc-
ourred . at Temperaturaes uo to 108 C(226.4 F), Flame propa-
gation with weak pressure effects ocourred at 112 C(233.6 F).
Moderate pressure effeats were obtained at temperatures
somewhat above 112 C{233.6 F).

Samdle No., 1485 - No propagation of flame og- -
curred at temperatures up %o 110 C{230.0 F)., Flame propa=-
gation with weak pressure effeats oacurred at 113 C(235 F).
Moderate pressure effeots were obtained at temperatures

gomewhat above 113 C(235.4 F).
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Sample No, 1488 = No propagation of flame oc-
ourred at Temperatures up % 110 C{230.0 F). Flams
propagation with weak pressurs effeots ooourred at 113 C

235.4 F). Moderate pressurs effects were obtained at
temperatures scmewhat above 113 C(235.4 F).

EXPLOSIVI RANGE TESTS:

METHOD

The apparatus consists essentially of a glaas
shamber equipped with a spark gap and a stirrsr., The
chamber is oylindrical with &the lower sand hemigpherical
and is approximately 3 in. in diameter by 8 in. in height;
i1t has a net volume of 1000 oc. The apparatus i3 provided
with 8 glass 1lid aupporting the stirrsr and the leads %o
the spark gap near the bottom of the ochamber., An opening
in the 1id is provided for introduction of the sample. The

- 8laag chamber 1s immersed in a molten solder dath to a

depth of 6 in.

In oonducting teste the sclder bath was maintained
at a constant temperature of 400 T(752 F), & measursd quan-
tity of the 1liquid to be tested was placed in the apparatus,
and the vapors atirred. Sparks were then passed at the
sparkX gap while observations were made for flame travel
and pressure offestsa, Following the test the vapors wers

displaced by a slow stream of compressed air in preparation
for the next test. :

RESULIS
'@
The results of the explosive range tests of Samples

Nos., 1476 and 1480 in air a8t 400 C(752 F) are shown in Table
II,

DECOMPOSYTION TEMPERATURE THSTS:

ME THOD

The apparatus desoribed in oonneotion with Igni- .
tion Temperatures Tests was used in these tests., The vapors
evolved on introduoing samples into the heated chamber wers
tested with moist dlue litmus paper, a change in the oolor °
of the paper from blue to red indiocating decomposition of
the produot., The minimum temperature at which litmus paper
showad an apprsoiable change 1n ocolor within a short time
(3 min.) was conaidered to be the decomposition temperature.
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TABLE 11
RESULTS OF RXPLOSIYE RANGS TESTS
Lower Limit Upper Limit
Lb.Vanorized Lh,Vaporizad
Liquid per Liquid per
Volume 1000 Cu. Ft,. Per Cent Volume 1000 Cu. Ft. Per Cent
Sample Ussd in of Alr by Volume Used in of Alr by Volume
No. Teat CC, (Caloulated) {Caloula tad) Tagt CC. (Caloulated) | (Caloulated)
1476 0.038 J. 69 1.0 0.100 - 9.67 2.7
1480 J.042 4.09 1.6 0.105 10.18 3.9
Weak preasure effeots were obtained in these tests, as would be expeated for mixtures near

the 1imits of flammability. . .

. IBGCHA
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RESULTS

Results of the decomposition temperaturs tests
ars recorded in the following table.

Decomposition

Samnle No. Temperaturs
1476 300 c(572.,0 F)
1480 324 C(615.2 F)
1485 : 340 C(644.0 F)
1488 340 C(644,0 F)

ANALYTICAL TESTS OF DECOMPOSITION FPRODUCTS:
METHOD

Hot Iron Surfaces - The oylinder previously de-
soribed under Flammadillity Tests in Zjecially-designed
Apparatus was also uaed for exposing vapor-air mixtures
to hot iron surfaces. Connections for withdrawing samples
of the decomposition products for analysgis were insarted
in the outlet pips. Thoe oylinder was externally heated
to a temperature of 600 C(1l1ll2 ®) by gas burners.

Samples of the product in the liquid phaae ware
introduoced into the heated oylinder at a uniform rate,
Samples of the decomposition products were withdrswn from
the outlet pipe and hydrochloric aocid, frese ochlorine,
phosgens, carbon dioxids, oxygen, ¢arbon monoxide, gases
absorbed dy bromine, and methanes and other paraffin hy-
drogarbon gases, were determined using the following
methods,

Hydrochloric acid was determinad by absorption
with water and subsequent titratior with standard alkali
solution using methyl orange as an indicator. A seven-
liter sample was drawn by a oalibrated aspirator bdottle:
through an absorption train consisting of three spiral
form bubbling towers. Free chlorine interferes with the
determination and is removed by meroury in contact with
the water in the bubbling towers.

Tegts for free ochlorine were made by liberation
of iodine from aqueous potassium i1odide solution and subdb-
sequent titration with sodium thiosulphate solution using
starch solution as an indicator. A seven-liter zample
waa @rawn by a calibrated aspirator bottle through &
train oonsisting of two spiral form dubbling towers
containing potassium iodide solution.
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Phogzene was determined by absorption in aquaous
aniline sclution. Phosgene reacts quantitatively with
aniline to form diphenylurea, one molecule of phosgene

" being equivalent to ocne molecule of diphenylurea,

A 15-1liter sample was drawn through a train of
three bubbling towers oontsining freshly prepared aqueous
aniline solution saturated with diphenylursa. Free
chlorine lnterferes with the determination and was re-
moved by gramlatesd sntimony contained in a tube through
whioch the sample passed before it enteraed the bubbling
towsra, The precipitate of diphenylurea was separated
from the aniline solution by filtration, washed with oold
wa ter, 4lssolved in ethyl alocohol, reorystallized, dried,
and weighed.

Carbon dioxide, oxygen, carbon monoxide, gaaes

- abgorbed by dromine, and msthane, were determined in the

Moorehead form of gas analysis apparatus after treating
the sample with silver nitrate solution to remove hydro- .
shloric acid,

Blestriec Aros - The apparatus oonalsts of a oy-
lindrical steel vessel 10 in. in diametar (internal) and
1€ in., high. It ia provided with a small mica window ami
an outlet to the atmosphers. Openings are provided in
the vessel to admit two elastrode holders, one holder
being fixed and the other movable., The electrodess ars
conper rods 1/2 in. in diametsr; their arcing terminals
are horizontal. A oonneotion for withdrawing samples of

-decomposition products for analysis is inserted in thas

wall of ths vessel. A mmall oylindrical seittling ohamber
for the removal of solid produocts of dscompositicn ias at-
tached to the sampling connegtion.

The elesctrodes are connaoted to a 230-volt, d-o,
test oirocuit, the ourrent being controlled by resisiors,
An ammaster is oonnected in the oircuit and a voltmetar
is oconneoted acrosa the elestrode terminals.

A sample of the produgt, about 15 lb,, was placed
in the vesssl, the aroing terminals of the eleotrodes being ;
partially immersed in the asample., The arcing terminals
were located on the axis of the oylinder, 3-1/2 in, above
the bottom. A ocontinuous ard (170 amperes) was maintained
bestwesn the slaoctrodes until destruotion of the arcing
terminals (5 min.),
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Samples of ‘ths decomposition produots wers with-
drawn oontinuocusly during this period and tested for
phosgene and ohlorine using the methoda previcualy de-
soribed. Samples of the dscomposition products wers
also ocollected in evacuated glass sampling tubes at the
conslugion of the test and the ohief constituents de-
termined, employing the following methoda. Hydrochlorie
a0id was determined by absorption in water and titration
with stapdard alkali solution. Carbon dioxide, carbon
monoxide, oxygsn, gasea absorbed by bromine, and paraffin
hydrocarbon gases were tested for, using the Moorashead
apraratus after treating the sample with water to remove
hydrochloric acid,

Tests were also condusted with the aroing ter-
minals of the elsotrodes 2-3/4 in. below the level of the
sample in the vessel. A 21-1b, sample of the produst was
used in these tests, The arcing terminals were loocated on
the axis of the oylinder, 2 in. from the bottom. A con-
tinuous aro (125 to 190 amperes) was maintained between the
eleoctrodes until destruction of the arcing terminals., Sam-
ples of the decomposition produots were withdrawn at intar-
vals during the test (See Table V) and the chief constitunents
determined using the methods previously desoribed.

RESULTS

Hot Iron Surfaces - The results of analytical teasts
of the decomposition products are ghown in Table III.

Electrio Aros - The results of analytioal tests
of the deocomvosition produots in the presence of an eleo-
trioc aro betwesn terminals partially immersed in Sample Kos.
1476 and 1480 are shown in Table IV,

The results of analytical tests of the decompn-
sition products in the presence of an electric arc bestween
terminals immersed in Sample Nos. 1476 and 1480 ars shown
in Tadle V,

TESTS OF TRANSFORMERS TO DESTRUCTION:

METHODS

The following testa were oonducted at the Pitts-
fielad, Magsaohusetta, plant of the General Rleatrio Company.
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RESULTS OF ARALYTICAL TESTS OF DRCOMPOS

TABLE III

S

Sample No. 1476

ITION PRODUCTS IN PRESENCE OF HOT IRON SURFACES

Sample No, 1480

Hydroohlorioc Aoid Per Cent by Volume

Chlorine

Phoagone

Cardbon Dioxlde
Carbon Monoxide
Oxygen

Gases Absorbed by
Bromine

Mathane and Other
Gaseous Paraffin
Hydrooarbona

"

L

n

5 to 13 Min,
after Start of Test

5 to 13 Min.

after Start of Teat

11.2
0.000
0.000
D ¥In.after |15 Hln.alfter
Start of Test|{Start of lest
27.6 20.2
13.2 8.0
1.0 1.0
0.0 0.0
0,0 0.0

7.5
0.000 -
0,300
4] HIn.afﬁer I3 Uin.after
Start of Test|Start of Test|
15.2 15.6
17.0 11.4
2.0 0.4
0.0 0.0
0.0 0.0

In addition to the

above volatile deoompoaition produots some finely divided oarbon was formed.

1BGCHX
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TABLE 1V

RESULTS OF ANALYTICAL TESTS OF DECOMPOSITION‘PRODUSTS IN THE PRESENCE OF

FLECTRIC ARCS BETWEEN TERMINALS PARTIALLY DMERSED IN SAMPLES OF PYRANOL

Samnle No, 1476

5 HIn,after
Start of Test

Sample No. 1480
4] hln.afﬁer

Start of Teat

Hydrochlorio Acld Per Zent by Volume 26,7 34,0
Jarbon Dloxide » " n n 1.2 0.7
Carbon Monoxlide " " " " 7.7 4,3
Oxygen 7 . nmoom n 7.7 10.0
| Gases Absorbed by
Bromine " " n " 0.0 0.0
Methane and Qther
Gaseous Paraffin
Hydroocarbons " " n " 0.0 0.0
Jtart of Test to — start of Tesat to
5 Min,after Start of 5 Min.after Start of
Teat Test
Chlorine - d " " 0.000 0.000
. 8
Phosrene " n " " 0,000 traoe( )

In addition to the above volatile decompomaition produots a large amount of finely divided

oarbon was formed,

(8) TLess than 0,001 per oent by volume.

TB8S2CHR
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TABLE ¥ &
RESULYS OF ANALY?ICAL TESTS OF DECOMPOSITION "PRODUCTS 1IN THE PRAXIENCE OF ELECTRIC ARCY SETWEKEN TERMINALS IMMERSYD IN SAMPLES OF PYRANOL s
Sanple Wo. 1476 Sample Na. 1480
2] ¥ln. 5 Min, 53 Mln. 8 Uin, 7.5 Min. 10 Min, 11 Min.
sfter Start| after Start aftor Start after Start aftar Start aftar Start after Start
of Teat of Toat of Test of Test of Teast af Toat of Taat
Hydroohlorio Aoid Per Cent by ¥Volume 36.95 62.0 69.2 17.7 60.5 62.4 73.1
Carbon Bloxide - R - 0.0 0.0 0.0 0.0 0,0 0.0 0.0
Carbon Monox1de N e e . 0.8 0.5 0.4 0.3 2.2 ' 0.2 0.2 :
g ; =
Oxygon - " = . 12,4 T4 ' 8.7 16,0 7.6 7.3 b.1 ‘."
Gases Abaorbed by . .
Sronine bl » n - . 0.0 0,0 0.0 0.0 0.0 0.0 0.0
Mathans and Other
Sasoous Paraffin
Rydrooarbons " » " . 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Start of Test to Stars of Tast to
. 5} Min, after . 11 ¥in. sftor
Start of Tast Start of Tost
Chlorlne . . = - 0,020 0,000
(9) {9)
Phoagens . . b . traca traae

In addition Lo the above volatile dedompowltion produota a large amount of flnsly
dlvided gardon was formed,

{9] Less than 0.001 per oent by voluma,
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Two tranaformers, rated 60 cycles, & kv-a., 2230-
110 volts, were employed, the interinrs beinz designsd for
use in Pyransl. Taps were brought c¢it from the outer layer
02 the 1l22-volt winding, arranzed in such a manner that an
arc could be astarted batween the o90il and carbon blocks
looated on the core clamps. The carbon dlocks were used
g0 that the arc could be maintained more readily durjinz ths
arcing test. '

Steel subway tanks were used for these ta2st% trans-
formars in order to provide sgufficient strength to with-
stand the pressure generated during the transformer failures.
Preasure-%tight covers were provided with glass pressure re-
lief dlaphragms designed ¢to break at not less than 10 to 12
1b. pregsure per square inch. A visual pressure indicator
was provided in the ocover %o show the pressure in the tank
batfore the relief disphragm was droken,

Pyranol No, 1488 was used in these tests.

Short Cireult Test - The first transformer was
prepared with the aroibg tips bent »ack olear of the core
and was connected for tast as shown in Fig. 1. The secon-
dary winding was ahort-oirsuited externally and the pri-
mary winding was cornnected across a 12,000 kv-a, generator
at 1300 volta,

Araing Test with Aro from Coll %o Core - The
second transiormer was propared with tae arcing tips bent
8o that they made light contact with the carbon arcing
blocks and was conneoted for test, as shaown in Fig. 2,
with the primary and secondary windirgs in series. The
core, tenk, and the other high voltage lsad were conneocted
to ground., 7The 12,000 kv-a., g9nerator was oonneoted sSo as
to apply 7800 volta betwez2n the ungrounded 122-volt lead
and ground, )

The transformers before test are shown in Figs.
S and 4.

RESULTS

Short Cirguit Test - No avpreciable changs in
pressure within the tank was noted for amproximately 2
min. after ourrent was supnlied to the transformer. The
pressure inoredsed falirly rapidly from thereon, and ap-
proximately 15 seo, later the pressurs relief &iaphragm
ruptured at a pressure of adbout 12 1lb. per sq. in. <Cur-
rent was applied to the transformer for approximately 1/2
min, after the diaphragm ruptured.,
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A large volume of gases wasg liberated during the
test., These gas3s did not ignite upon application of a
test flame,

Uvon examination of the tranasformers after the
test, the ocoils were found to be sevarely burned.

Arcinz Test with Are from Coil to Core =- No ap-
preciable ohange 1in pressure within the tank was noted for
approximately 2 min, after ourrent waa supplied to the
transformer, From then on the pressure inoreased slowly
to about 8 1lb, per sq. in. and then lnorasased rapidly to
gabout 18 1b, per sg, in. befere the pressure relief dia-
phragm ruptured. The aroing stopped shortly after the
diaphragm ruptured, Current was sunnlied to the trans-
former for about 1/2 min, after the diaphragr ruptured.

A large volume of gases was liberated during the
tesat. These gases 4id not ignite upon aponlioation of a
test flame.

. Upon examination of the transformer after the
test, 1t was found that arcs had been established bdetween-
the arcing %ips and the core. There was no evidense of
arocing along the face of the ocoil.

CORROSION TESTS:

METHOD

The me%als used in the oorrosion tests wers
copper, yellow brass, iron, tin-lead solder, cooper and
tin-lead golder, and copper and iron oounled.‘ Test speoli-
mens, 3/4 in. wide amd 6 in., long wers out from sheets
of the metals. The specimens were buffed, measured, cleansed
with soap and water, washed with ethyl aloohol and ethyl
ether, dried, and weighed.

Each specimen waa jimmersed for half {ts length in
& sample of the product oontained in e glass tube provided
with a ocork stopper. The tubes were heated to a temperature
of 90 € in an elsotrically-heated oven ocontrolled by a there
mosastat,.

The samples wers examired visuslly at weekly in-
tervals during the test for evidences of ocorrosion. At
the conclusion of the test, the specimens were oleansed,
dried, weighed and the ohange in weight per square centi-
meter of surface area oaloulas ted,
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RSSULTS

When heated in glass tubes containing Samples XNo.
1476, 1480, 14835, or 1488 of the produocts at 90 C for
1608 hr., gpecimens of copper, yellow brass, covper and
tin-lead solder, and qopper ooupled with iron showsd no
visible evidense of corrosion except for a alight dis-
coloration of the surfaces above the liquid. Speocimens of
iron, iron ooupled with copper, and tin-lead solder showed
no charge in appearance, The change in welight of the speci-
mens was very small {less than 0.1 mg.per ag.om.).

R BRYLZE

s
jod

CORD IF S

These materials have been in commercial servics
in increasging amounts d&uring the past three years. The
value of these liquids asgs dielectrio and ccoling media
has been dsmonstrated.

TEE SUBKITIOR

The manufac turer, the General Eleotrio Company,
Scheneotady, New York, is experienced in the mamufacture
of eleotrical apnaratus and related nroducts, many of
thelir products being listed by Underwriters' Laboratories.

SUPERVISION OF PRODUCTS 3Y UNDIRWRITZRS' TLABORATORIES:

The preducts will »e placed under Reexamination
Servige.
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GENERAL NATURS:

Thegse produdts are mixtures of ohlorinated aro-
matio hydroearbons,

The regults of tﬂe Identification Tests indicate
that the products ars mixtures containing combined chlorine
iz amounts corresponding closely to those stated by the
mamufaoturer,

FIRE AND TOXIC HAZARD:

These produots are nonflammable at ordinary tem-
peratures., They are capadble of forming moderately ocom~
bustible and explosive mixtures with air unzer ladoratory
test oonditions at higher temperatures, beginning at a
temperma ture level of 112 C{233,6 F) to 113 C£(235.4 F), in
the case of Pyranol Nos. 1480, 1485, and 1488, and 208 C
(406.,4 F) in the case of Pyramol No. 1476, but under prac-
tical conditions formation of ocombustidle or explosive
mixtures is regarded as extremely unlikely. The fire
hazard ia very small.

. It will be noted that the flash points of the
products are comparatively high, and that a so-ocalled "fire
point" was not obtained., While intermittent flashes oco-
curred in this test, the produots did not continues to durn,.
The flash point and so-called "fire point" testa, partio-
ularly the latter, in the case of chlorinated hydroscarbons .
are of limited value as a measure of fire hazard but are '
useful for purvoses of identification., The practical !

significance of the above tésts in the oase of the products’
in question 18 that their fire hazard is of a low ordsr,
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As shown by the results of Flammability Teats
in Specially-designed Apparatus vapors of Pyrancl Ho,
1476 falled %o ignite or exploede iln tests at%t 204 C(399.2 F)
but weak ocombustion oscurrad in testa at 208 ({406,4 F).
Vapors of Pyranol Nos. 1480, 1485, and 1488 failed to
ignite or explode in tests at 108 to 110 C(226.,4 F to
230.0 F) but wesk combustion ocourred in tests at 112 to
113 C(233.6 F to 235.4 F). Moderate explosions were ob-
tained in tests at temperaturs2s somewhat ahove these
minimum values. At a %emperaturs of 400 J(752 F) the lower
1limits of flammability (upward provazation) of the vapors
of Pyrancl Kos. 1476 and 1480 were found to be 1.0 per cent
and 1,6 per cent by volume in air respectively and the cor-
regponding upver limits of flammability {upward propagation)
were found to be 2.7 per cent and 4,9 ver cent by volunme,
It will be noted that these are comparatively narrow ex-

nlosive ranges.

The minimum ignition temperatures of the produgts
were found to de 571 C(lo59.8 F), 553 5(1027.4 F}, 539 O

1002.2 F), and 553 C(1027.4 F) for Pyranol hos. 1476, 1480,

1485, and@ 1488 rasveotively as recorded in the results of
Iznition Temperature Tasts,

In the lgnitinn tasts using the heated iromn no
ignition ooourred at plate temperatures below 714 C. At
highar temperatures the combustionrn was very weak and did
not propagate beyond ths viscinity of the heated iron

aurface,

In the tests with electric ares the gases liber-
ated, carbon monoxide and hydrochloric acid, were in susch
proportions as %o be nonflammable alone or mixed with air.
It will de noted that In the case of mineral oil under
8imilar conditlion, highly explosive 2asea would be formed.

In the T23ts of lransfarmera to Destruction under

‘both short-oireulit and aroing conditions, with Pyranol No.

1488 as the dielectrin medium, the gages liverated were
practioally nonflammabls,

The gases or fumes nroduced by burning or de-
composition of the products %y hot metal surfaces or elaso-
tric arcs inolude hydrochloric acid, carbon mongxide, and
in some cases a small amount of phosgena. This will ordi-
narily constitute a %oxioc hazard only where the conditions
are suoh as to cause confinemsnt of the fumes ag in a
closed room in whioh comhusticn or decomposition of the
products is maintained by fire, highly heated surfaoces,
or electric aros.
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I% 1is to b noted in this connection that oils
in common use at present as the dieleotrio medium for slesc-
trical apparatus are readily combustible and when burning
under conditions of restrioted air sunoly form carbon mon-
oxlde in dangesrous concentrations.

While phosgene is noisonous, our data indicate
that the concentrations likely to result in the failure of
a transformer or other electrical apparatus containing these
products ars not llable to endanger life.

: The resulting conceantration of hydrochloric acid
in air when fallure of a tranaformer or other elsctrical
apparatus containing these products ococours will devend

~largely upon the sonditions. It will constitute a toxiec

hazard only where the conditions are such as to oause a
high ooncentration of the fumes as in a olosed room.

The exce2dingly unpleasant and irritating fumes
from the deocomnosition of these products even in ooncen=-

_ trations of a very low order act not only to give warning

of their presencs but to prevent dangerous exposure of
parsons. while darbon monoxide is odorless and toxic its
formation from these products is always aocompanied by the
simul taneous formation of hydrochloric acid gas which gives
adequate warning of its presence as brought out abovs,

It will be noted that comdbustion and deasomposition
of the products was maintained by heated surfaces (500 C,
1112 F) or by an eleotric arc in carrying out the analytioal
tests of the deocompnosition produocts., As shown by the results
0f the Decomnosition Temperature Tests, the oroduots were
not appreciably decomposed at temperatures below 320 C(572 ¥).

CORROSIVE ACTION:

The products do not ocorrode the metals commonly
used in electrical apparatus,

No oorrosion ooourred in the tests conducted on
representative metals and alloys as recorded under Corrosion
Tents.

It will be noted from the results of Analytiocal
Tests of Deocomposition Produots that aporeciadle amounts
of hydrochlorio acid are formed on combustion or decompo-
sition of the products in the presence of hot metal surfaces
or eleoctric aros.
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STA3TLITY: '

The products are reasonably stable and in use
are unlikely to underzo decomposition resulting in ar in-

crsage in fire hazamd,

In the Degomnosition Temperature Tegts the prod-
nets 4id not undergo aporeciadbls dscomposlition at teme
peratures below 330 C(572 F). Conaiderations of the

--ghemical structure and properties of the products also

indiocate that they are reasonably atabdle,
UNIFORMITY:

Considaering the genersl prooess of manufacture,
it appears to be practicable to maintain a high astandard

of uniformity on a8 commercial scals,
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T0 THE ELECTRIZAL AND FIRS COUNSILS OF UNDERWRITERS'
LA3ORAIORIES:

¥e re..mmend promulgation of the following notige
to subsoribers and the action indicated thereby:

faide No. 540 I4 September 29, 1994 - Laboratories' File
MHZ2581

General Eledtric Co., Mfr.,
1l River Road, Schemeotady, I. Y.

Dielectrio Mediums

Synthetioc liquids intended for use as dielectric and ocooling
mediums in electrical aoparatus, partiounlarly transformers,
cables, and o=pacitors,

Honflammable and nonexvnlosive at ordinary temperavures.

Marking: "Pyranol Nos. 1478, 1480, 1485, or 1488.,"

Iisted by'Report - Further information is ocontained in a re-
port dated September 29, 1934, copy of whioh may be ob-
tained either from the manufacturer or from Underwriters!
Laboratories,

Tisted - Reexamlnation Servioe.

See desoriptic-. of Reexamination Service on guide card,

Tagts by: _ Revort byv: Raviewed by:

A. H. Nuckolls

R. E. Dufour W mm
C. C. Clogston Agst.Chem,. T, Asgo.Chem.Engr.

a.c

Physical C ist

SUEMITTE224/ % eg

Chemigal Engineer,

Thp forsgoing Reocommendation has been aoccepted

U::Ej&iiij;i::)ABORATORIES

aoretary




