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1. Iptroduction

Pyranol 1488, which 18 a mixture of trichlorobenzene (40%) and Aroclor 1260
(60%), ia & very stable, non-flammable dielectric cooling and insulating
medium for transformers However, in the course of operation of a trans-
former, a power surge or prolonged overload may cause an arc to occur through
the cooling liquid, and the transformer may fail. An electric arc, by reason
of its high temperature, causes Pyranol 1488 to break down into carbon and
HCl. The BCl attacks the paper insulation of the windings, weakening it or
causing :Lt‘to crumble, and &lso corrodes all metsal parts of the transformer.
Scavengers are added to the transformer liquid, to react with the HCl as socn
as it is eyolved and thus prevent or localize damage to the transformer.
Tetraphenyl tin is the compound used for this purpose at present; it is
covered by Oeneral Electric patents.

I

The obJect'of this project was to find HCl scavengers that function at least
as well as + and preferably better than, tetraphenyl tin. Patents in this

field willigreatly improve Monsanto's position if and when we start selling
dielect.ric& directly to the transformer industry without subjection to G. B.

patents., |

II. Sunm

A totsl of|73 new sugrested compounds have been screened during the phase of
the study reported herein. Of these, 16 were found to be as good as or
better than tin tetrsphenyl according to our tests. For the tabulated re-
sults, see Table 1 and Appendix A.

The protecf.ion from attack by HC1 afforded by the proposed scavenger to
paper of the type used as transformer insulstion was tesken as a criterion
of affectiveness as an HCl scavenger. The tensile strength of test papers
was measured, after a standard exposure to HCl dissolved in Pyranol con-
taining the proposed scavenger. This was compared with the tensile strength
of similarly treated papers protected by tin tetraphenyl.

The most satisfactory of the new scavengers were: poly (alkyl-alkoxy) tin
compounde tf the type of Advance Solvents Stebilizers Nos. 3 and 52, and
Paraplex G+60. Samples of the two Advance Solvenis stablilizers have been
for +urded to the Westinghouse Electric Co. for their evaluation.

The Patent}Depurtment has expressed the opinion, (based on our observation
that tetralauryl tin is completely inoperative as a scavenger under the
test conditions) that the broad claim of the G. E. patent on tin tetraphenyl
is invalid' and will not dominate our patent on dibutyldiphenyl tin.

Westinghouse has expressed considerable interest in dibutyldiphenyl tin and
phenoxy propene oxide. {These were found to be effective scavengers in
previous work in this laberatory, reported in Interim Report No. 2353.)

A drum of *’yrmol 1488 with 0.125% dibutyldiphenyl tin scavenger was so0ld
to lesungrouse in 1950. A tank car of Pyranol 1488 with 0.205% phenoxy~-
propene oxide scavenger (lot E-1) was shipped to them from the Wm. G.
Krummrich Tlmt on Jan. 4, 1952.
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Previo&s Monsanto Technical Reports

(1) 8hort Form Report No. 2052, Anniston, "Stabilization of Pyranol"

E. F. Jackson, June 5, 1946

(2) Central Research Report No. 374, "Interim Report on Preparation of
Orgsnometallic Compounds to Test as Stabilizers for Polyvinyl
Chloride¥, E. W. Gluesenkamp, April 16, 1945

{3) Central, Research Report No. 503, "Fundamental Study of Stabilization
of Polyvinyl Chloride®, Miss Hogg, April 9, 1948
qort Form Report No. 2209, Anniston, ®HC1 Scavengers for Pyranol,
Tegting Procedure”, T. H. Cleveland, April 20, 1948

(5) Central Research Report No. 525, "Preparation of Organic and Metallic
Organic Compounds Primarily for Test as Polyvinyl Chloride Stabilizers",
E. W. Gluesenkamp, Oct. 1948

(6) 1 terim Report No. 2353, Anniston, "HC1 Scavengers for Transformer

anols", R. R. Knight, May 2, 1949

(7) Short Forn Report No. 2483, Amniston, YPurification of Organometallic

chpounds for Pyrancl Scavenger®, H. Flores, May 5, 1950

Literqture

(8) C]{!rk, *Nonflammable Dielectric Organic Compounds" I. and E. Chem.,
9' 698702 (1937) .

(9; [« lman aud fowne, JACS 61, 739~43 (1939)

(10) Gilman, Ed. in Chief, "Organic Chemistry, an Advanced Treatise",
V01 I, pp. 1071-2, Wiley and Sons, Inc., New York, 1943.

(11) CI[ark, *Electrical Insulation, a Field for Chemical Exploitation®,

Chem. Eng. News, 25, 2976-8 (1948)

(12) w*Stabilizers" (brochure), Advance Solvents and Chemical Corp., New
ank 1950

(13) "Epichlorohydrin®, Shell Chemical Corp. Technical Bulletin SC: 49-
35 (This gives Shell's analyticsl method for determining epoxides. )

Paten

(14) U4 S. Pat. 1,931,373 and 1,931,455, "Dielectric Material for Electrical

Devices®”, F. M. Clark, assignor to G. E., Oct. 17, 1933. These two

pitents cover mixtures of chlorinated tiphenyl and chlorinated benzene

dlelectric and ccolant in transformers and capacitors.

(15) V. S. Pat. 2,468,544, "Stabilized Halogenated Compositions and
E}{ectrical Devices”, F. M. Clark, assignor to G. E., April 26, 1949.
This patent covers t.in tetraphenyl as an HC1l scavenger for Pyranol
and its broad claim, if valid, would dominete our patent on dibutyl-
diphenyl tin.

(16) British Patent 601,359, "Improvement in and Relating to Liquid

droca.rbon Compositions" —- to British Thompson, Huston Co., May 4,

a7 Bﬁitish Pat. 418,230, "New or Improved Compositions Comprising
Chlorinated Organic Substance®, to I. O. Farien, Oct. 22, 193.
B: itiah patent 601,359 covers phenoxypropene oxide as an HCl s=caven=
qr for Pyranol. British patent 418,230 is believed to have been
ted against the corresponding application by G. E. in this country.
(18) uj S. Pat. 1,235,339, "Uninflammable and Electrically Insulating
Liquid"”, Georpges Lepine, July 31, 1917
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(19) U.' 5. Pat. 1,696,641, "Stabilized Chlorinated Rubber®, Carlton Ellis,
. as| ignor to Chndeloid Chemical Co., Dec. 18, 1928 .

(20) U. S. Pat. 1,944,274, "Process of Treating Chemical Compounds®, P. L.
Salzberg, lssignor to du Pont, Jan. 23, 1934

(21) U. S. Pat. 2,036,274, "Insulating Liquid®, H. D. Hollér, assignor to
Westinghouse, April 7, 1936 '

(22) U. 8. Pat. 2,005,8,0, "Insulating llat.erial" R. Engelhardt, assignor
o I. G, Farben, June 25, 1935

(23) u. s. Pat. 2,073,009, "Fireproof Material”, R. Engelhardt, assignor

I. C. Farben, Mar. 9, 1937

(24) u ‘ S. Pat. 2,105,406, "Liquid Insulating Conposition,' F. M. Clark
asisignor %o G. E., Jan 11, 1938 .

(25) v.' 8. Pat. 2 105,1.(77, "Liquid Insulating Composition®, F. M. Clerk,
aspignor to O+ E., Jan. 11, 19

(26) v, 3. Pat. 2,143,685, "Electric Device and Dielectric lumhlu
Therefor", F. M. Clark, assignor to G. E., Jan. 10, 1939

(27) u.'s. Pat. 2,116,604, "Stable Composition Comprising Chlorinated
Subaunces" Q. Meyer, assignor to I. G. Farben, July 18, 199

(28) u.'8. Pat. 2,169,872, "Liquid Halogenated Compositions®, F. M. Clark
ot.ll., usignera to 0. B., Aug. 15, 1939

(29) v.'S. Pat. 2,217,173, "Stabilized High Film Strength Lubricating
Oik, B. H. Lincoln, assignor to Continental Oil Co., Oct. 8, 1940

(30) 0. S. Pat. 2,377,630, "Stabilized Dieleotric Composition", J. L.
Hyde, assignor to Sprague Spascialties Co., June 5, 1945

(31) U. S. Pat. 2,388,529, "Apparatus for Abscrbing Decomposition Products®,
F. M, Clark, assignor to 0. B., Nov. 6, 1945

(32) U.!S. Pat. 2,453,493, "Halogenated Hydrocarbon Composition®, F. M.
Clark, et.al., assignor to G. E., Nov. 9, 1948

(33) Br t.inh Patent Application No. 12,969, "New Organo-Tin COmpounds
and Resins Stabilized Thorenith' G. P. Mack, et.al; application,
Ha 16, 1947

( e strength screening test. See Figure 1, sketch of apparatus
or treatment of papers for tensile sirength test. The gas buret
manifold on the left was the means of admitting reproducible
antities of dry HCl to the system. The solution of the scavenger
er test, in Pyranol 1488, was contained in the three-necked flask,
d thsre treated with HCl. After a fixed reaction time, the Pyranol
as blown over intc the. test tube containing the papers. The papers
ere in the form of strips 1" X 7%, with t he ends punched,.and they
ere hung on the rack in the test .tube, separated by glass spacers.

fhe series of operations was as follows:
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Pigure 1.
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i
(1) Dpy NCY (from a HySO4 drying train) was swept through the 273 ml
bhlb, with the exit gas being passed into the beaker of water, until
:Ee lack of bubbles in the beaker indicated that all air had been
ept out. At the same time, the space above the Pyranol was
eyacuated several times and nitrogen admitted. Alsoc a slow swesp
of nitrogen was passed through the test tube containing the papers,
af, a reproducible rate and for a reproducible length of time.

(2) The HCY was diverted from the sampling bulb, (at stopcock 1) and
t. en turned off. The flask was evacuated, and then with stopcocks
9 and 11 closed the line was opened from the bulb to the flask,
S‘aopcock 6 was opened, and the mercury was used as a piston to
tsplace the HC1 from the bulb. (The mercury was allowed to rise
ohly to stopcock 3, which was then closed, as was stopcock 7.)
(3) The high-speed agitator motor was started. The Hoesch-type impeller
ghve very rapid absorption of the gaseous HCl. Nitrogen was ad- -
mitted via stopcock 7 to keep the internal pressure up to atmospheric
pressure. If the nitrogen wss admitted intermittently, and the
sgal on the agitator was tight, it was possible to follow quali-
thtively the rate of absorption of the HCl by the drop in pressure
indicated by the manometer. This gave a qualitative indication of
the rate of reaction of the scavenger with HCl.
After 20 minutes agitation, the motor was turned off and enough
anol was blown over into the test tube to cover the paper strips
Pg;pletely. The papers were allowed to soak in the Pyranol for 1 1/2
hburs. They were then removed from the Pyranol, soaked 15 minutes
1 benzene followed by 15 minutes in methanol, and placed on a paper
el to dry. When dry, 1/2 inch was cut from each end, leaving &
s}t,rip 1” x 6év.

~

(4

The tensile strength of the strips of paper were determined for us
a‘t. the Southern Research Institute, Birmingham, Ala. A Scott IP2
Serigraph was employed, having a jaw separation of 3 inches and a
r,ste of travel of 34.5 seconds for a load of 40 1b. Those papers
that did not break under 40 1b were cut to & narrower width and

a; suitable correction factor applied. Before testing, the papers
were humidified at 65% R.H. and 70°F for a minimum of 48 hours.
Since papers were treated in sets of six, the tensile strengths
reported are the average of six breaks.

In the earlier work of R. R. Knight, the gas buret and manifold on

¢ left of figure 1 were omitted, end only the nitrogen inlet, the
vacunm line and manometer were employed. In the schedule of
o&perabions, after the flask was evacuated nitrogen was admitted to
a predetermined pressure (30 cm Hg below atmospheric pressure).
Dry HCl was then admitted until the pressure in the flask was the
same as atmospheric. The valves were closed and the agitator
abarted. There was one other difference in the procedure, in that
the nitrogen sweep of the test tube containing the papers was
omitted.

MUNS 088502
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The pas buret and manifold were added to the system because it was
felt that with the method formerly employed, the variable rate of
absoi-ption of HC1 into the Pyranol was causing different total
quantities of HCl to be drawn into the system in different runs.

In particular, scevengers which affected the surface tension would
affect the rate of absorption. Also, scavengera that were particulsr-
1y rapid in their sction would cause more rapid absorption, and would
thus: be exposed to a greater Quantity of HCl; they would consequently
be penalized in comparison to slower-acting scavengers.

The hitrogen sweep of the test tube was added because it was decmed
illogical to take pains to remove oxygen from the space above the
Pyranol in the flask, and do nothing about the oxygen in the test tube.
The nitrogen sweep was found to have & very marked effect, (higher
tensil strengths were obtained) but it was later found that an oxygen
sweep had the same effect. It.was eventually decided that the variation
in tensile strength witih gas sweep of the test tube was probably due
to the drying of the papers by the stream of gas. Water adscrbed on
cellulose fibers might be expected to catalyze the degradation re-
actipn, both chemically and by promoting adsorption of HCl molecules
on the cellulose. No specific experiments were preformed to test this
hypothesis, however. "

(2) Elecirical equipment :
(a; General Radio Capacitance Bridge type 716-C
{b) General Radio Megohm Bridge type 544~BS4

(cg General Electric resistivity test cell for liquids

(d) Balsbaugh dielectric test cells .

(e) Fischer Isotemp oven

(£) Dieleciric Strengtih test equipment, consisting of the following:
1) X-ray transformer, 8 KVA, 140 KV secondary voltage, 220 V.

; primary

2) Sensitive circuit breaker

3) General Radio Variac, type 50B

4) General Electric Liquid Testing Receptacle, Catalogue No.
22,8-09. Electrodes 1" diameter, 0.100" gap.

kS) General Electric A. C. voltmeter, type AR-2Y53.

Electrical tests were made on materials that gave favorable results in the
tens@le strength screening. .

B. Resultst:

en:tle Strength Sgreening Tests

Table 1 lists compounds found to be as good as or better than tetra-
phenyl tin, or for which quantitative proof was desired that the
compgund was inoperative. Compounds that were inferior to tetra-

phenyl tin are listed in Appendix A. The sources of the materials are
given in Appendix C.

Tenail strength data are reported as per cent loss in tensile strength.
|
|
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?
let a = un#sile strength of papers after exposure to Pyranol containing no
scavenger, Eut which had been treated with HCl.

Let b » tensile strength of papers after exposure to pure P&ranol which had not
been treated with HCl.

Let x = tensile strength of papers which had been exposed to Pyranol containing
the stated concentration of the scavenger under test. and which had been treated

with HCl. (
’ % loss in tensile strength = 100 (1;5’3

This mct.hodiof treating the data applies equally well to the data obtained by
Knight (with admission of HCl by manometer pressure instead of by gas buret).
The only difference is that the correct value for the constant a was not so
certain as phen the gas turet was used. Also, the statistical Tluctuations
in a, and the systematic trends over a period of months, appear to have been
more pronou#-cod with the earlier method.

The tenaile“atrength tests may be divided into 4 groups of experiments:

(1) To establish the method, Table 1{a) (2) To discover new scavenger, (a)
the earlier work of Knight; (b) the tests of the author; both in Table 1 (b)
(3) T prov$ the broad claims of the 0. E. patent on tin tetraphenyl to be
invalid, Table 1 (c;. (Negative results in this phase of the study are listed
in Appendix|B.) (4) To verify and extend previous results (e.z. on dibutyl
diphenyl tin). Groups 2, 3 and 4 will be discussed under V, *Discussion”.

(o)

‘It is estimated that the preclsion of the tensile strength results in the
nmiddle range, as expressed in the table, is about 5 to 158. (In the earlier
work, the precision may have been asbout 20 to 40%.) Near O and 100% on the
scale, the precision is better, probsbly sbout 3 to 5%. The term'accuracy®
has little meaning in these tests except as to comparative values. In the
comparison ¢f results on different materials, particularly when the runs were
near together in time, the accuracy is probably about 5%.

Estimate accuracy and sipnificance of the method.

Figure 2 sh¢ws the data on loss in tensile strength vs. concentration of tin
tetraphenyl; when the nitrogen sweep was anﬁlp]oyed and when it was not em-

pioyed. (Data are

00l FIGURE 2
from Table|l, tests 139 to 144). 4 .
1t is obvioys that the type of ®
curve obtained with the N; sweep, a
which is nearly linear, is much nicer T
for the comparison of compounds.
i S § 50
‘ g
. 0
2]
S
%R 0
i 0 0.5 1.0

Tetraphenyl tin conc., %
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At 0.5% tin Etraphcnyl, the actual tensile strengths were very nearly the
same in tests with and without the N3 sweep. The percent loss was much lower
when the Np sweep was omitted, because the value of & (the no-scavenger tensile
ltrength) waf very much lower, 3.5 1lb, vs. 25.5 1lb when the N, sweep was em-
ployed. (The value of b ranged from 51 to 53 1b.) It is not worth while to
attempt at p*’esent to explain the difference between the curves in figure 2,
since a varipty of unknown effects are certainly involved -- such as the rate
reaction of scavenger with HCl, and the mechanism of attack of HCl on the
cellulose.

A 30 minute pweep of Nj, with back pressure 2 cm, was adopted as the standard.
A shorter sweep gave intermediate results. From figure 2 it may be seen that
results depended strongly on N; sweep; it is thought that small fluctuations in
the flow, whether or not they showed up in the back pressure, were probably re-
sponsible for most of the statistical fluctuations in the tensile strength
results.

The two poinys in figure 2 indicated by circles, (tests 6, and 86) were ob-
tained with the Ny sweep. This indicates the range of uncertainty, referred
to above, in the comparisons of tests run at relatively far apart times. We
may take it that a scavenger that gave, at 0.1% concentration, a tensile
strength losg less than 75%, was better than tetraphenyl tin. If the loss
was above 85§, the scavenger was poorer.

A number of gifferent three-necked flasks were used for the 1-1 flask con-
taining the anol. In the earlier work of R. R. Knight, no effort was made

to use flasks of matched volumes. In the first work of the author, the same
flasks were iised, but in all the runs listed in Table 1 (except those of Knight),
matched flaske were used, having the same volume within about 5 cc. The
diversity of volumes of the flasks led to a much greater per cent variations

in the volumg of the gas space above the Pyranol, and hence larger variations in
the partial pressure of HCl from the solution. This contributed some uncertain-
ty in the copstant a, and decreases the quantitative value of the early ex-
periments, |
The quantity‘ of Pyranol employed was in most cases 1400 g.

This quantity was chosen as standard because it gave the minimum gas space
above the liguid, and hence caused the largest fraction of the HCl to dissolve
in the Pyrenpl. 1000 g. was used in the first experiments (and a few of the
later tests when the quantity of scavenger was very 1limited) and several tests
were run with 1300 g. Qualitative comparisons of loss in tensile strength are
valid as between runs using different quantities of pyranolj but quantitative
comparisons bf active scavengers should be made only with reservations.

This is chiefly because of the question of molar excess: at a given scavenger
concentration (say 0.1%), the HCl might be in a molar excess when 1000 g. of
Pyranol, containing 1.0 g. of scavenger, was used; while the scavenger would
be in excess when 1400 g. (i.e. 1.4 g. of scavenger) was used. This would not
necessarily be automatically taken into account when the per cent tensile
strength losp was calculated. (The difference between 1300 and 1400 g. of
Pyranol .is prcbably not serious.)
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Tests 45 Anq 46 in Table 1, show the effect of the time of agitation of the
Pyranol solution after admission of the HCl. Evidently the reaction of tetra-
phenyl tin is very far from instantaneous. Consequently, for slow-acting
scavengers, }the’time of agitation pleys a part in determining the precise
value of the tensile strength result. 1This factor was probably one of the
lesser sourc“es of error.

~

(2) Electrical tests
The results of the various electrical tests that were made on these materials
are shom inl Table 2.

(a) The significhnce of the tests per se is as follows:

Dielsciric strength &8 the measure of the ability of the fluid to prevent an

arc betwaen pharged or current carrying components ol the transformer. The
precision ofi this test is relatively poor, and variations of 5 to 10 kv on a
single samplp are not uncommon. The mechanism of dielectric breakdowmn of

liquido is very poorly understood at present. It is known that a large

number of factors are involved, such as the rate of voltage rise, and ths spacing,
configuratioh, surface preparation, etc., of the electrodes. The effects of
ionic contaminants, surface active agents, stic., are no doubt great, but there

is little rogl knowledge.

In the t.ests" listed in Table 2, only ethyl silicate can be regarded as at all
significantly different from the other four materials; and it is not signi-
ficantly different from the spscification value, 35 kv. (See Appendix D

Rosistivity is the measure of the specific DC resistance of the fluid. It i:
in roughly an inverse relation to powsr factor (PF), which measures the AC
conductivityy, The inverse relationship actually holds only when the conduction
is due to ionic contaminants, and when the ionic materials are of the same kind
in the different samples compared. When the ions are different (and of course
sach different additive trings its own type of contaminant), all one can say is
that an increase in PF generally accompanies a decrease in resistivity.

‘Low resistivity (or high PF) is harmful in a transformer because it leads to
excessive heating of the fluid. In addition to specific electrode action,

- thermal degrgdation of the 1liquid and solid insulating material occurs,
leading to yet lower resistivity and eventual arcing and failure.

The accuracy of PF and resistivity measurements is probably better than 5%.
The measuremgnts after 96 hr. at 100° (see Aprendix D) are quite significant.
Pyrancl itself always increases in resistivity (possibly because of water
being driven|off). A lowering of the resistivity shows that the additive
will be degrgded by heat. This would lead to loss of the protecting power
of the scavenger and more impertant, the further loss of resistivity in
service, mmfioned above.

|

|
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Tadle 2
Klectrical Tests

9 brs.
[Dietectic | R=stasiviey, | PP ot st 100°
Kanc. (Strengtd, | chiowsn €0 Cycles | Besist-
Scavenger 3 [1] 21049 % iy | P Rewarks
Kone ) 1900
Tetrs-« ~thiegyl tin 0.3 ® :
Riod ~thierl tin 0.1 32 : -
- T 3 . ]
Sthyl 31::::: o.} T 1959 0.65 9% 34 Pyranol 1ot T-2 used foar resistivity tests
Tetrapheryl tin Q.1 51 -
e A4 T T
4 . 0.2 1400 .
. - o 5»
¥ome (Lot 1-2) %0 O.6s |10 [ G0 B : 61580
Dibutyldiphenyl tin, pract. 80 2 . 5963
) L) v distilled 9100 T2
7] 081 s, This material was shipped to Westinghouse 6150
1st cat from dibutyldiphenyl 12 ., 59838
tin distillation
Jeridine o, 300 To 210  J-§-0 Solution developed a slight yellow color on beatirg.|é1572
Parsplex G460 0.14 2.1 1480 ‘4 2.0 | Hested only 72 trs. 64375
0.1 2% 1.75 treated with earth before 65005
. 0.1 1 3.3 mixicg., 166
Soilar Ve: A a3 a3
. . BB o1 566 .
. - 3 0.1 2
4 - % 0.1 — 3 - -
ailine % 380 12.7 1 - 69637
¥oue 40 1.7 1. UBR-6
Avance Sclvents Stabilizers ¥’
0.1 20.7 &b . .
2, soluticn esrth-treated 0.1 1760 3.8
1. TE =
3, soluticn earth-treated & 1.0 1035 2.8
9.1 21 y]
52, solution earth-treated 0.1 a5 5.8
2 1.0 1.9 —
52, solution eartt-trested 1.0 8.3 —_ :
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While the reEistivMies listed in Table 2 are generally far above G. E.
specifications {of Appendix D), it should be noted that the observed re-
liativitiaa f Pyranol 1467 have ranged é!-om barely-meeting-specification
(100 x 107 ohm-cm.) to above 10,000 x 107 ohm-cm. It is clear that scaven-
gere that arg more harmful to the resistivity will have less of a chance of
finding rcceptance.

Hydrolysis tests of Organometallic Compounds

Very rough tests were made of the susceptibility to hydrolysis, on several
scavengers. | Information was desired on this point because transformer fluids
are ordinari#y exposed to some moisture in handling; it vould be very un-
desirable co‘ have to insist on special precautions against moisture.
Sclutions <>1"i about 0.1 to 1% concentration of scavenger in Pyranol were ex-
posed, in open test tubes, to air of about 45% and 60% RH. This was quite a
mild test, :’E in addition, in separate tests a drop of water was added to about
5 or 10 cc of solution and the tube shaken. The tubes were examined for signs
of a "skim" dn the surface, or a precipitate.

Scavengers found highly susceptible to hydrolysis:
Dibutyl tin diethylate Tetrabutyl titanate
Diphenyl tin dibutylate Tributyl borate
Aluminum Iutoxide *

Scavengers only slightly to very slightly susceptible Lo hydrolysiss

Tetraethyl silicate Diphenyl tin diethylate
Advance Solvents Stabilizer Aluminum isopropylate

3 2 lnd’ 52

It is thoughi that the lower susceptibility of diphenyl tin diethylate and
aluminum isopropoxide may be related to their low solutility. The homologues
in the first|list were procured in hopes that they would be as rapid scaven-
gers, and soluble as well. Rapid they were, but also hydrolyzsble. The
Advance Solvénts stablilizers 3 and 52 are polymers formed by splitting out
alcohol fromTcompounda of the type dibutyl tin dlethylate. By virtue of their
polymeric nature, they were, apparently, able to stay almost entirely in
solution irrgspective of the attack of water. Ethyl wilicate showed only a
very faint e on the third day after a drop of water hsd been added.

Westinghouse [Copper-Corrosion Test

Westinghouse |in 1949 twrned down three very active scavengers which we sug-
gested to them (Monsento products known as Methasan, Soranox and SA326) on

the basis of (the following test: A burnished strip cf copper is heated at
100® in a solution of the proposed scavenger in Fyrancl, for four days. It
was required /that there should be no darkening of the copper. .
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Compounds m’at were satisfactory under this test were:

Dibutyl diphenyl tin Diphenyl tin diethylate
Phenoxypriopene oxide Paraplex G=-60
Aluminum [isopropylate Di-«o ~thienyl tin

Ethyl silicate snd also scridine did not tarnish the strip; but with ethyl
silicate a haze developed in the solution, and with acridine the solution
developed a jyellowish color. With a solution of dimethyl glyoxime, the
submerged portion of the strip remained bright, but the portion above the
liquid was badly tarnished. Tetra-9 -thienyl tin produced a new effect: a
thin layer of a bright yellow or brassy color appeared on the copper. It
was as if sagme tin hed plated out. The strip was left in contact with the
solution for about 18 months at 25°; when examined again, the brassy color
had been rep]aced by a brown tarnish, (The strip in contact with di~
thienyl tin [remained bright.) Tri-o\—thienyl stibine produced a dark film on
the copper. |

Camnetibi‘litﬁy of Scavengers: Phenoxypronene oxide was found to be compatihla
with tetraphenyl tin in solution in Pyranol. (Information on this point was
requested by Westinghouse.) As would be expected, no precipitation from
solution wag observed, nor was there interference in HC1 scavenging action.

Odor of Phenoxypropene (Oxide in Pyranol: Solutions of 0.1% and 0.3% Phenoxy-
propene oxide in Pyrancl 1488 were tested by a sniffing panel of four chemists.
1t was obsex‘ved that the odor at 0.3% is slight but perceptible when compared
with straig 1t Pyranol. No distinguishable difference was noted at 0,1%. On
heating to 50°C, the trichlorobenzene odor practically completely mashed the
phenoxypropgne oxide odor even at 0.3%.

It was concluded that it would be very difficult to detect the odor of phenoxy-
propene cxide unless & comparative sample of straight Pyranol was also sniffed.

Discussion

Tentative criteria for a "good scavenger"

A good aca;inger must react rapidly with HC1l in the Pyranol medium to give an
innocuous product. T. L. Dakin of Westinghouse has expressed the opinion (see
trip report no. 722) that tetraphenyl tin is not a sufficiently rapid-acting
scavenger. |Some time ago they arced several transformers in order to obtain
an on-the-job test of tetraphenyl tin. Dakin said the results were quite
equivocal, &s to whether tetraphenyl tin gave any apprcciable protection.
Hence they were really the most interested in scavengers that gave more and
quicker protection.

Unfortunately, this positive criterion, that the scavenger be active and
rapid, tends to be incompatible (in terms of chemical structure) with most of
the other (negative) criteria listed below. For example, the amines react
very rapidly with HCl, and can be had with very low equivalent weight. But
they are generally harmful to the electrical properties of Pyranol, and are
far from be%ng sufficiently stable.
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(2) The elecctrital properties of Pyranol (resistivity, power factor and dielectric

(3

strength) chnnot be seriously affected. This eliminates materials that ionize
strongly or that cannot be freed from ionizing contaminants.

) The ac«veng%x‘ must be stable indefinitely at elevated temperatures. No definite

temporature limits can be set, but we can guess that temperatures above 130° are
quite unlikply. The temperature 100® for 96 hours is specified by G. E. for an

accelex‘ated‘ test. (See Appendix D)

(4) The uuavenggr must be unreactive towards all materials normally found in trens-

-~

formers and in the equipment used in handling Pyranol. This is the reason for
the copper-forrosion test (see p. 13). Water is included under this heading,
because it §s ordinarily difficult to exclude water totally from the systems
for handling Pyrsncl, and it is absorbed from the atmosphere when Pyranol is
exposed Lo molst alr.

I
The scaven(;br must not have a high vapor pressure from solution in Pyrancl
at elevated temperatures. As a rough guess, we may exclude any substance
with a normpl boiling point below 100°; and boiling points above 150° should
be satisfachory.

(6) The sr.avencgr must be soluble in Pyranol. The solubility of tetraphenyl tin,

about 0.5% Bt 25°% is considered to te too small, because the scavenger tends
to come out of sclution at low temperatures and because it prevents the use
of higher ancenf.rationa for extra protection.

Discussion }Of Compounds Tested

g Active Scav;ngers of known composition

Tetra~® ~thienyl tin and di-®f —thienyl tin.

These compounds were found to be considerably more active than tetraphenyl
tin. In the only electrical test made, they had no harmful effect on the
dielectric ptrength. Tetra-of -thienyl tin was unsatisfactory according to
the copperw—corrosion teet.

(b) Ethyl orthosilicate. This was a very rapid-acting scavenger. It failed to

meet the mermal stability and hydrolysis tests, though 1t did not fall down
extremely badly.

(¢) Tetra-2-furyl tin was a very active scavenger. There was not sufficient

sample left after the tensile strength screening test (and testing at St.
Louis as a ]polyvinyl chloride stabilizer) to run any further test. The
yield in the preparatlon had been very low.

(d) Dibutyl t.iq diethylate. Very rapid action as a scavenger. Very susceptible

to hydrolysis.

(8) t-butyl glyﬁcydyl thicether. The presence of sulfur in the compound is

. higlly undesirable, as leading to unstabllity and reactivity toward copper.
No furtler {tests were made on this material.

(£) Advance Solvents Co. poly alky: alkoxy tin stabilizers, Nos. P-1276, 3 and

52. Very a‘ct:lve and rapid. Only very slightly susceptible to hydrolysis.

They did poorly on the thermal stability test, and were harmful to the

electrical 'properties. Treatment with attapulgus earth produced a satis-

factory ms‘isbivity in the case of No. 3, but did much less good for No. 52.
|
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No. P-1276 was a special sample prepered by advance Solvents Co., to specifi-
cationss approximately the tetramer of ;BuC(SnBuy0] Bu. It was not as
soluble as lfos. 3 and 52. Since Nos. 3 and 52 were the only ones commercially
avallable at present, the further tests beyond the tensile strength screening
were made on them only. e composition of Nos. 3 and 52 is not lmom beyond
general formula, RO[SnR30| R.

Meta-tolueng--bis-ethylene urea and p~aminocazobenze are of molecular types
known to be relatively unstable and harmful to Lhe electrical properties of
Pyranol. Ng¢ further tests were made on them.

Carbide and |Carbon G-18 (glycidyl oleate) and A-5 ("glycydyl ether of di-
phenylol prgpane®): . .

0
(Callg) (L )-O-CHaCHCHy )y

Although th§ stated composition of A-5 sounds like the mono-ether, that sub-

~

(g

(h

~

stance would probably have too high an equivalent weight to show much scaven-
gor activit Hence we write the di-ether. No further tests were mede on
these, beyund the dielectric sirength of G-18, which was satisfactory.

Since A-5 wgs active, it 1s anomelous that Epon 1164-1 (see Appendix A) was
found inactive. (It gave a 95% loss in tensile strength in a test by the
early method.) Possibly this was because of the lower accuracy of the
earlier tea((.a.

(2) Active Scav#ngers of Unlmown Composition
Two of the three materials listed here are believed to be wholly organic
polymers. The manufacturers have not disclosed their composition, to owr
knowledge at this writing. Since the Patent Department advises that we will
have difficylties obtaining legal protection when we cannot specify the com-
positions, these materials were not pursued as thoroughly as others.

(a) Paraplex G-60. This appears to be very rapid in its action. It does not
affect the electrical propertles seriously, and stands the thermal stability
test satisfactorily.

(b) Advance Solyents E6B. A little more hermful to the resistivity than was
Paraplex c-ero. Stands thermal stability test well. E6B 1s believed to be
an epoxy compound.

(¢) Advance Solvents No. 21, This is described as the cadmium salt of No. EGB.
It caused a|serious drop in the resistivity and did poorly on the thermal
stability test.

Proof of No!.ﬁ-validity of the Broad Claim of the G. E. Tetraphenyl tin Patent
The broad claims of U. S. Patent 2,468,544 which might.be considered to
dominate our patent on dibutyldiphenyl tin are as follows:

~

(3

#2. A|normally liquid dielectric and insulating composition consisting
essentially of halogenated aryl hydrocarbon and containing in solution
by weight about one-fourth to one per cent of organo-metallic ocompound
having the formula MR, in which M is a metal chosen from the group con-
sisting of tin, lead, and mercury; R is an organic radical chosen {rom
the group consisting of aliphatic and aromatic radicals; combinations

of such radicals and radical containing substituents; and x 4s an integer
in the range of 2 to 4.
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3. A +orma11y 1iquid dielectric and insulating composition consisting
essentially of halogenated aryl hydrocarbon and containing in solution
by weight about one-fourth to one per cent of organo-metallic compound
having [the formula MBxY in which M 4s a metal chosen from the group
consisting of tin, lead, and mercury; R is a radical chosen from the
group gonsisting of aliphatic and aromatic radicals, combinations of
such radicals, and such radical containing substituents, x is an integer
in the [range of 2 to 4, and Y is an inorganic substituent chosen from
the ngu: consisting of halogen and hydroxyl attached directly to the
metal.,

10. A iiquid dielectric and insulating composition including chlorinated
diphenyl as an ingredient and containing in solution by weight about 0.05
to 1 per cent of an organo-metallic compound of a metal selected from
the group consisting of tin, lead, and mercury, the metal being attached
directlly to a carbon atom of an aromatic radical.®

Claims 2 a \ 3 clearly cover tetralauryl tin. The results of the tensile
strength scrieening tests, table 1l-c, show that in the range up to 1.0%, tetra-
lauryl tin 35 ineffective as a scavenger. At 1.5%, it shows some activity,
though this [result has not been confirmed.

Kharasch's Jcriss (see literature reference 10) predicts that ease of

cleavage by [HCl decreases with incressing alkyl chain length in alkyl tin
compounds. [We can be confident that a yet higher homologue, say tetraoctadecyl
tin, would be even less active, or would show activity only at concentrations
considerabl;} higher than 1.5%. The increase in equivalent weight par ae would
certainly reduce the scavenger activity, and the Kharasch effect makes an
additional é‘ontribution in the same direction. Hence we can conclude that
claims 2 Imﬂ 3 of the G. E. patent are not valid. ,

The data on diphenyl tin dichloride and dibutyl tin dichloride prove the non-
valididity of other of the broad claims, including No. 10 in particular. It
may be seen l!'rom Table 1-c that thedir action is, if anything, distinctly
harmful. In the absence of HCl, no harm was done. Since the pressure drop
indicated by the manometer was greater than that when no scavenger was used,
the two substances must have reacted with the HCl. A possible mechanism is
the followin‘g reactiont

RgSnCly |+ 2HCL —————) Hy(RgSnCly) ————> 2RH ¢ SnCl,
| rapid slow

The chloronﬂkyl stannic acid postulated should be strong enough to attack
the paper. E'f a substance such as this is an intermediate in the reaction
of tetraphenyl tin with HCl, it must decompose rapidly. In the present
case, it must persist for at least two hours, all the while increasing the
effective chcentration of HCL in the solution.

Verificatioq and Extension of Previous Results

Table 1-d shows, first, that divutyldiphenyl tin is very slightly less
effective as a scavenger than is tetrsphenyl tin. The difference, is to
small, hunevFr, to be considered significant.
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Phenoxypropene oxide is definitely more active than tetrasphenyl tin. The
difference is certalnly meaningful in this caes. .

Aluminum isopropylate is considsrlbly' more active than tin tetraphenyl. It
was also e nptably rapid scavenger. Westinghouse raised the objection that
the final reaction product of this compound with excess HCl would be AlCl,,
and A1Cl, is known to catslyze the decomposition of Pyranol with the evolution
of yet more fm. The single experiment at 0,05% was undertaken in order to
test this objection. The result was negative, i.e., aluminum isopropylate
was still beneficial at ths lower concentration, although HCl was evidently
present 1n excess.

These experiments wers not pursued, because of the other drawbacks to
aluminum isopropylate: its low solubility and appreciable susceptibility to
hydrolysis. |Besides, it was felt that a very extensive series of experi-
ments would be necessary to convince Westinghouse, and the prospects of ob-
taining good,onough proof were by no means certain.

Aeridine nljtmmd to be a rapid-acting scavenger; but, surprisingly, at low
concentrations it was found to be harmful., There is no obvious mechanism
for this effect. In addition, acridine gave poor results in the thermal
stability test by producing a decrease in the resistivity, and the solution
became colored.

Results Bepox[\ad by Westinghouse .
Westinghouse has reported that, as scavengers, dibutyldiphenyl tin and phenoxy-
propene oxide are satisfactory. Negotiations are being carried on at present
through the sales department. Westinghouse is carrying out a study of the
kinetics of the reaction of these and pr bly other pounds with HCl.

This is partly with the object of verifying our report to them that tetra-
lauryl tin i3 a non-scavenger, and that the broad claim of the G, E. tetra-
phenyl tin patent is invalid.

They have stated that they are still interested in new rapid scavengers. We
have sent them samples of Advance Solvents Stabilizers Nos. 3 and 52, as well
as tetralauryl tin.

As mentioned ‘on p. 3, Westinghouse purchased 55 gallons of Pyranol with di-
butyldiphenyl tin scavenger in January, 1950, and a tank car of Pyranol with
Phenoxypropane oxide scavenger in January, 1952.

Conclusions |

Phonoxyprop‘n‘o oxide and dibutyldiphenyl tin are the materials that have shown
up best, lccqi'ding to the criteria listed under Y-A. 4s might be expected, we
must compromiss and sacrifice extremely rapid scavenging action in order to
satisfy the other criteria. Particularly in view of Westinghouse's acceptance,
weo may concl\ﬁ‘de that these compounds constitute a satisfactory end for our
search. )
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Next best, ter the above two Scavengers, rank the organic polymers (see V-
B(2) ). Parhplex 0-60 was the most extensively tested, and would very possibly
be satisfactpry to Westinghouse. Advance Solvents E6B and Carbide and Carbon
0-18 and A-5 might very possible be found satisfactory on more extensive tests.
These have nbt been pursued because the Patent Department advises us that we
will probablp be unable to obtain legal control of the materials in the absence
of knowledge of their structures.

There are various drawbacks to the other materials discussed above — in sane
cases absolutely prohibitive, in others only "possibly” or "probably” fatal.
It is not prhcﬁuble at present to attempt to rank these materisls in order of
merit. |

VII. Recommendati,

In view of the favorable reports from Westinghouse on phenoxypropene oxide and
dibutyldiphenyl tin, it is recommended first that we devote no more time to the
search for new scavengers.

Becond, 1.!' r any reason it should be decided tc¢ reopen the project, it is
hat we trate first on the polymeric type scavengers. Rither
we should offer said scavengers to Westinghouse after a minimum of further
tests of electrical properties, etc.; or else we should attempt %o duplicate
these materipls ourselves. The latter suggestion is made because it is be-

{ lisved that Paraplex 0-60 is not specifically protected by patents. Rohm and
Hass (its mahufacturer) are reportad to have declined to reveal its composition,
and to have intimated that the proprietary formula and "know how® are their only
protection. | (The Paraplex resins are believed to be of .the polyester type.)

It is roportLd that some epoxidized polyester resins are being prepared at thon.
These !hould be investigated if the scavenger job is reopened.

VIII. Description E(‘ Rocommended Process
Does not apply.

Patent Stat

>

The Patent Department has expressed the opinion that, in view of the inactivity
of tetralauryl tin and diphenyl tin dichloride as scavengers, the broad claims
Nos. 2, 3 and 10 of the G. E. tetrsphenyl tin patent are invalid. Hence we are
free to u11| Pyranol protected by dibutyldiphenyl tin. .

They have also expressed the opinion that the U. 8. spplication of G. E.,
corresponding to British Patent 601,359, covering phenoxypropene oxide as an
HC1 scavenger, will never issue. Hence we are free to sell Pyranol protectad
by phenoxypropene oxide.

The following patent applications have been filed, and those that have been
lasued at t)ro date of this writing are noted.
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Case A=36 Russell L. Jenkins = Ser. No. 691,652 ~ Filed Aug. 19, 1946
STABILIZATION OF HALOGENATED ORGANIC COMPOUNDS WITH DIBUTYL DIPHENYL TIN

This application covers the use of dibutyl diphenyl tin as a scevenger
for Pyranol,.

Patent No. 3,_2@,3?9. Issued Dec. 11, 1951.

Case AS, Edger E. Hardy = Ser. No. 3873) - Filed July 14, 1948
COMPOSITIONS OF MATTER COMPRISING HALOGENATED CRGANIC COMPOUNDS.

This application covers the use of biguanide and its substituted de-
rivativps as scavengers for Pyranol.

Case A-56 Elwood F. Juckson - Sers No. 49986 - Filed Sept. 18, 1948
DIELEC ¥ 1C WITH N,N'-1-3 DIMCRPHOLINO ISOPROPANOL AS SCAVENGER

|
This application covers the use of morpholine and its substituted de-
rivatives as scavengers for Pyranol.

Patent No. 2,572,808. Issued Oct. 23, 1951.

Case AJSB Edgar E. Hardy =~ Ser. No. 53695 ~ Filed Oct. 9, 1948
COHPDSI‘LI'IONS OF MATTER COMFPRISING HALOGENATED (RGANIC COMPOUNDS.

Patent No. 2,532,616. Issued Dec. 5, 1950

This application covers the use of 2inc dithiocarbamate end derivatives
thereof as scavengers for Pyranol.

Case A-59 Edgar E. Hardy and Robert J. Slocombe - Ser. No. 53696 - Fileg
Oct. 9, 1948

DIELECTRIC COMPOSITION OF HALOGENATED ARCMATIC COMPOUND AND ALUMINUM
ISOPROPYLATE AS A CORROSION INHIBITOR.

Patent 2,566,195, Issued Aug. 28, 1951.

This application covera the use of aluminum isopropylete as a scavenger
for Pyranol.

Case A-60 Russell L. Jenkins ~ Ser. No. 54258 ~ Filed Oct. 13, 1948
DIELECTRIC COMPOSITION OF HALOGENATED AROKATIC HYDROCARBON AND CRGANIC
ANTIMONY COMPOUND AS A CORROSION INHIBITOR.

Patent 2,566,208. Issued Aug. 28, 1951.

This aﬁplication covers the use of stibines as scavengers for Pyranol.

Case A<61 Edgar B. Hardy - Ser. No. 57968 ~ Filed November 2, 1948
CONPOSHTIONS OF MATTER COMPRISING HALOGENATED ORGANIC COMFOUNDS.

This ap}plication covers phenoxy propene oxide, butadiene monoxide and
styrene oxide as scavengers for Pyranol.
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Case A—qz Edgar E. Hardy - Ser. No. 67662 ~ Filed Dec. 28, 1948
CHLG!INATED AROMATIC DIELECTRIC WITH SCAVENGER

Patent ﬂo. 2,566,196, Issued Aug. 28, 1951

This applicut,ion covers the use of aminated-Nephosphoryl-o-amino biphenyl
a8 & ucqvenger for Pyranol.

Case A-63 Edgar E. Hardy - Ser. No. 67663 - Filed Dec. 28, 1948
CMOSIﬁIWS OF MATTER COMPRISING HALOGENATED CRGANIC COMPOUNDS.
\

This lpplication covers ths use of diphenyl guanidine as a scavenger for
Pyranol.

Case A-fTI. Edgar E. Hardy, Elwood F. Jackson and Robert J. Slocombe
Ser. No. 67664 ~ Filed Dec. 28, 1948

COHP(BI TONS OF MATTER COMPRISING HALOGENATED ORGANIC COMPOUNDS

This lpxlncat,ion covers the use of pyridine and its substituted derivatives
as sclvengers for Pyranol.

Case A’fP Edgar E. Hardy and Elwood F. Jackson = Ser. No. 67665 Filed
Dec. 28, 1948
COIPOSI‘%‘IONS OF MATTER COMPRISING HALOGENATED CRGANIC COMPOUNDS.

This Apﬁlicntion covers the use of dimethyl glyoxime as a scavenger for
Pyranol.

|
Case A-ﬁé Edger E. Hardy and Elwood F. Jackson = Ser. No. 67666 Filed
Dec. 28, 1948

COMPOSITIONS OF MATTER COMPRISING HALOGENATED GRGANIC COMPOUNDS

This epplication covers the use of o-anisidine, p-anisidine, p-nitro aniline
and 2,4«diamino diphenylamine as scavengers for Pyranol.

Case A-§7 Russell L. Jenkins ~ Ser. No. 67388 -~ Filed Dec. 27, 1948
COMPOSITIONS OF MATTER C(MPRISING HALOGENATED CRGANIC COMPOUNDS

This npﬁlication covers the use of diphenyl tin diethylate as a scavenger
for Pyranol.

Case A~82 Buford H. Hartzog - Ser. No. 110,518 - Filed Aug 16, 1949
COMPOSITIONS OF MATTER COMPRISING HALOGENATED CRGANIC COMPOUNDS

Patent No. 2,582,200. Iseued Jan. 8, 1952
Thia app}licauon covers the use of ethyl silicate as a scavenger for Pyranol.

Case A-83 Arthur M. Ellenburg - Ser. No. 109,576 - Filed Aug. 10, 1949
COMPOSITIONS OF MATTER COMFRISINO HALOGENATED CRGANIC COMPOUNDS.

Patent No. 2,573,894. 1Issued Nov. 11, 1951
This sp)%lication covers the use of thienyl tin as a scaven~ar for Pyranol.
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XI.

B

X111,

16. =106 Arthur M. E)lenburg and Robert J. Good = Ser. No. 260,156 ~ Filed |
Dec. 6,(1951
COMPOSITIONS OF WATTER COMPRISING HALOGENATED AROMATIC COMPOUNDS.

This application covers the use of a polyalkyl alkoxy tin compound as a
acaveng#r for Pyranol.

An application is in preparation on tetra-2-furyl tin as a Mnew composition of
matter”, having utility as an HCl scavenger. .

Cost_l}’suma%‘ea

Not applicable

Material Spacifications, Analytical Procedures

Sec Appendix D for specifications for various FPyranols.

See Apendices E and F for the manufactures' specifications on ditutyldiphenyl
tin and phenoxypropene oxide. See literature reference 12 for method of
analyeis for opoxides.

The clectrio&al tests were made according to the following methods (see the Di-
electrics file)s

(a) “Procedure for Testing Dielectric Media for Dielectric Constant and Power
Factor®, 9-14-50, by R. J. Good.

(b) "Procedure for Dielectric Strength Testing®, 10-4-48, by R. R. Knight.
{This has since been revised, mainly by the addition of more detail in the in~
structions, by R. J. Good, 12-27-50.)

city and Hazards
I%L_.z__y._..-_
Does not apply
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APPENDIX A

Compounds found to be less active scavengers than tetraphenyl tin, by tensile
strength scrasening test.

]

Lead monemethyl triiscbutenyl succinate
Carbezole
Anethole
Isosafrol
Bugenol !
Santovar 0 |
Hydroquinone |
Benzil i
Stabllizer JQX

" 12

. 50B

" 14
Plastoflex Vi
Dioctyl diochoxy silane
Tetrabutyl titanate
Tributyl borgte
Tetra-2-ethylhexyl silicate
Dimethyldietgoxy eilane
Methyl triethoxy -11me
Amyl

Phenyl "

1
Tettnbutyl ] lZI.:lcn.cn
p-nonylphenoaypropone oxide

Tri-p-chlorophenyl stibine

Nethyl-9,10-8poxystearate

Dimethylphenylglycidate

Sintol T (condensation product of tolusne and sulfur by
Friedel~Crafys reaction

Epon 1164-12: »x'~bis-glycydyl biphe nyl)

2=~chlorothiophene

2,5 dichlorothiophene

253,455, tetrachlorothiophene

4,4 diphenylmethane-bis-ethyleneursa '
Melamine M or
Triphenyl phosphine

2,7 dihydr ox;tmphthulene

Stannic octyl phosphate

Oleic acid
Divensyl
Tin oleate
Camphene ]

Antimony nl of t-dodecyl mercaptan

Antimony Trioxide H and also

wEERREEAQ9,§ sssaa:naans».»::haawsl

T

i
|
i MONS 088520
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} APTENDIX B

Compounds c+vored by the broad claims of the Q. E. tetraphenyl tin patent,
a

found to bejactive scavengers.
Scurce

Diphenyl mercury BK
Dibutyl X
Tetrabutyl ti NT
Triphenyl t n chloride NT
Tetra - {;-tiphenyl) tin w
Tetranethyl tin ")
Tetravenzyl itin h)

!
APFENDIX C

Code of mnanlcturors .

A : Advance Solvents Co.

AL . Anderson Laboratories, Adrian, Michigan
B i J. T. Baker :
cC ] Carvide and Carbon

EK : Eastman Kodak

F ! Fischer Scientific Co.

H i Harshaw

N ‘ Monsanto

kA ; Monsanto, Anniston

1) ! Monsanto, Dayton

M Konsanto, Everett

WT ¢ Mstel and Thermit Co.

R i Reilly Tar and Chemical Co.

RH Rohm and Haas

] | Shell Chemical Co.

sV i Socany-Vacuum

TEC 1 Ternessee Eastmon Corp.
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APTENDIX D

l No. 1488 Pyranol Specifications

1
Comrositio,‘n
1

Vincosity |nt 37.8°C.
Oravity n.; 15.5/15/5°C.
Color (mi‘)

Acidity |

Free chlonjides (H-6845480)

Fixed chlotrine

Burn Point
Pour Point1

Distilling Range
1st Drop
Below (270°C.
90% po‘im,

Corrosion i(H--3954201)

Chemical ?ubiuty

Arc-formed Gases
(oxygen

|

free liquid at 25%C.)

- 60% No. 1482 Fyranol (Aroclor 1260)
by weight .

- 40% No. 1478 Pyranol (trichlorobenzene)
by weight

~ 54" 4 2" Saybolt Universal

=1:560 « 1.568

- 150 maximum

- Less than 0.01 mg NaOH/gram

= +10 ppm max.

59.1% minimum

- None up to the boiling point
- Lower than -32°C.

~ 200°C. minimum
- 40% maximum
- 385 ~ 400°C,

« After heating with aluminum for six
hours at 200-220°C., the aluminum
must not be corrodec either on visual
or weight inspection and the Pyrmmol
should meet the following specifica-
tionst-
Coloressesssss. 200 APH
Acidity..eveee. 01 .
Free Chlorides. .10 ppm max.
Condition.esvss Clear

« (1) No generation of free chlorides
when refluxed with distilled water in
presence of air for & hours.

(2) No free chloride generation when
heated with distilled water in sealed
glass bomb at 150°C. for 6 hours.

(1) Lless than 1.0% total combustible
gages including cerbon monoxide, hydro-
gen and volatile hydrocarbons.

MUNS 088522



Dialectric Constant at 1000 cycles
at 100°C.
! , at 25°C.

Analysis of Products of
Fractional Distillation

Refractive'Index at 25°C.

- 26 -

= 3.5~ 3.8
=440 = 4.3

- When fractionally distilled, the
distillate shall be separated into
10~cc bolling fractions. No frac-
tion on analysis shall show less than
one chlorine atom for each hydrogen
present in the mixturs. This shall be
determined by chemical analysis. No
fraction of the distillate so col-
lected shall give more than 1.5% total
combustible gases on arcing (Including
carbon monoxide, hydrogen and volatile
hydrocarbons) .

- 1.6137 = 1.6147

No. 1467 Pyranol Specifications

Compositiod

Tin Tetraphenyl content
Viscosity gt 37.8°C
Sp. Cr. at [15.5/15.5°C
Color APHA
Acidity, mgm. NaOH/gm
Free chlorides
Fixed chlorine
Condition |
Burn point |
Pour Point
Distilling Range
1st dup
40%
908
Resistivity at 100°C
Piel. Constant at 1000 cycles
; 100°¢
" L4 25°C
Refractive [Index at 25°C

Water ppm
Corrosion é‘rH-3951.201)

59.5% C. B. 1482 (1260)

40.5% 0. E. 1478 (TCB)

plul 0.125% Tin tetraphenyl by wt.
0.,125% + 0.01%

$2-56 Saybolt Universal Beconds

1.560-1.568

150 max.

0.0 max.

0.1 ppm max.

59,1% min.

Clear

None to boiling pt.

Lower than ~ 32°C

200°C min,
270 or higher
385-400°
100 x 107 ohn om minimum
3.5-3.8
MONS 088523

440-4.3

1.6137-1.6147

{30

after heating with aluminum foil for
6 hours at 200~220°C, the aluminwa
must not be corroded either on visual

or welight inspection and the Pyranol
should mest the following specifications.



i
|
|

gases

ree 1iquid at 25°C)

Arc~forme
(oxygens

]
Dielectrid Strength et 25°C
| at 100°C
Electrim} Stability

Analysis of Products of
Fractionn]l Distillation
)

Po. 1478 Pyranol Specifications (Trichlorobenzene)

Compositilbm
Viscosity at 37.8°C.
Gravity at 15.5/15.5°C
Refractivp Index at 25°C
Color
Free Acldity
Free Chlo}ide
Fixed Chlorine
Burn point
Pour Poiq‘t (Freezing Point)
Condition .
Distilling Range (Corrected
1st drop
5% point
50% jpolnt
90% |[point
Water '
Dielecbrixc Strength

Color 200 A.P.H.
Acidity .01 Max.
Free chloride 5 ppm Max
Condition Clear

Lecs than 1.0% total combustible gases
including carton monoxide, hydrogen and
volatile hydrocarbons.
Greater than 35 KV.

. * 35Xy, :
after heating 1467 Pyranol for 96 hours
at 100°C in & closed container, the
resistivity shall not be less than 25 x
107 ohm cms at 100°C or have a decrease
in resistivity over the original greater
than 10%.

The container shall contain B5% of its
volume &8 1467 Pyranol and 158 of its

volume as air.

When fractionally distilled, the
distillate shall be separated into

10 cc. bolling fractions. No fraction

on analysis shall show less than one
chlorine atom for each hydrogen present
in the mixture. This shall be determined
by chemical analysis. No fraction of the
distillate so collected shall give more
1.5% total combustible gases on arcing
{including carbon monoxide, hydrogen and
volatile hydrocarbons).

a technical mixture of TCBH
28 to 32 Sabolt Universal Seconds
1.460~1.477

1,5680-1.5715

15 APH Max.

less than 0.0l mg. NaOH/gm.
0.10 ppm max.

58.5% minimum

None to boiling point
Lower than 10°C

Clear

min.
min.
min. )
min.

205°C.
210°C.
213°C.
215°C.
75 ppm
Greater than 30 XV

MONS 088524
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Corrosion:

Arc-Formed Gases

i

|

i
Chemical Ttabnit.y
i

|

- 28 -

after heating with aluminum foil for

6 hours at 210°C. + 10°C, the aluminum

must not be corroded either on visual

or weight inspection, and the Pyranol

should meet the following specifications:
Color 200 APH max.
Acidity (mg NaOH/gm) 0.01 max.
Free Chloride (ppm). 0.10 max.
Condition . Clear

Total combustible gases (including carbon
monoxide, hydrogen and voltatile hydro-
carbons) —less than 1.5%.

(1) No change in color or acidity, no
formation of free chlorides when refluxed
with water in the presence of air for 6
hours.

(2) No fres chloride generation when
hested 6 hours in & glass sealed bomd
with distilled water at 150°C.

(3) No free chlcride generation on
exposure to direct sunlight for a
minimum of 30 days at normal tempera-
ture., No color or acidity increase
from original value.

. No. 1482 Pyranol Specifications {Aroclor 1260)

Burn Poin{ (ASTM D-92)

Viscosity at 98.7°C. (ASTM D-88)

Specific Gravity at 90°C/15.5°C.
ASTM D-287)

Pour Point (ASTM D-97

Color

Acidity mg. NaOH/g

Chlorides

Sulfates {ASTN D-117)
Evaporation at 100°C.for 6 hrs.
pistillation Range (ASTM D-20)

Rerract1v+ Index, 25°C.
Bubilit.yl

Fixed Chlorine Content (Carius)
Resistivity 100°C

Czrenf.ér than 350'6'.
73-78 8.U.8.

%(5230‘1.220

+ 4°C.

150 AFH max.

less than .01

0.10 ppm max.

None

less than 0.2%

10% Point 370-377°C.

50% Point 377-385°C.

90Z Point 385-400°C.

1.6460 *+ .0005

There shall be no liberation of
chlorine or chlorides when the material
is heated to 100°C. in a glass vessel
in contact with alr for periods of at
least one month.

60% ¢ 1/5!
500 x 107 ohm cm. min.
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Corrocion‘
|

|
\
Dielectrl%: St,rength o'c.
" ‘L " c

Water content ppm.

-29 -

after heating with aluminum for six
hours at 210°C # 10°C., the aluminum
must not be corroded either on visual

or welght inspection and the Pyranol
should meet the following specifications:

Color APH 150 max.
Fres chlorides 0.1 ppm. max.
Acidity mg NaOH/gm .01 max.
Condition Clear

30 K.V. min.

30 X.V. min.

35 max.
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! APPENDIX E

| OLYCIDYL PHENYL ETHER (Phenoxypropene Oxide)

i B

! HC-—-"O—O
i '
HC
.>0
| HC
: H
diolesuler &ormula 091-{1002 p Molecular Weight 150.17
Boiling Point 24,5°C at 760 mm.
Meliing Foint +3.5°C
Flash Point (Tag Open Cup) 175°F = 79°C
Specific Ojnvitx (vac.) d% 1.1273
a0 1.1183
4
a20 1.1092
A
) a0 1.1001
| 4
| as0 1.0913
‘» 4
l Coefficient of Expansion (22.5'c; 0.00081 per °C.
! {27.5°Cc) 0.00081 per °C.
Refractive Index !\%2 i-5314 ’
i
1’ r%g 1.5269
20 1.5428
“ nr P74
| .
i n2s 1.5290
: D
Refractive Diperaion (figmng) x 104 = 159.2
Viscosity | £ Centipoise
. 20 7.05
I 30 4488 MONS 088522
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L

Surface T#nsion 1°c Dynes/Cm.
| 20 417
SoluM]iLy{ at 20°C, B 0.24 compound in water

|
; 0.4 water in compound

12.9 compound in octane
10.0 octane in compound

i Miscitle with acetone and toluene

Vapor Predsure 1°c P mm. of Hg,

; 120 11.41
: 130 18.25
/ 150 ¥
i 160 62.69
! 170 89.99
: 180 126.47
! 150 1743
' 200 235.9
: 245 760

lnog p(om.) = 6.97812 ~ _ 1657.89
t('as + o

Toxicity | Tests on animals show glycidyl phenyl ether
X to be a Loxic material and to produce phenol

| type burns after exposure to the skin. The

j vapor hazard at normal temperatures is not

. serious due to iis low vapor pressure.

{

Adequate precautions should be observed in
: handling this material to prevent spillage.
I If accidental spillage does occur, the
; affected area should immediately be washed
with water and then alcohol.

i
Shell Dev Tlopment Company

Eneryvill ¢, California

Bulletin {JS-AV 519
!
1
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APPENDIX F

Dibutyl Diphenyl Tin

Formula (CH,OH,CHCH,)o8n (Sghs),

Formula Weight - 387

Contains - 30.7% Sn
A clear slightly greenish liquid

Insoluble in water. Soluble in most organic

solvents.

Boiling Point - 1750 at 2 mm.
Refractive Index - 1.563 at 17.50 C.
Density 1.19

Metal and Thermit Corp.
New York, N. Y.
Bulletin, 1949

MONS
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47,957
47,971,
47,990
5°Dw21
50,418,
50,420,
50,432,
50,4405
53,2017
53,210,
53,226,
53,230,
53,242
54,501,
54,510,
56,588
57,389 i
57,729 |
57,749

59,801, 3,4,5,7,9
59,810-3,7,9
59,820, 8,9
59,831, 3,4,7,8

O-2=0-2 Vv

N wviao@

-
O
SR | LW SURIL « RN . - W ¢ S,
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APPENDIX G
Notebook pages.

59,840, 1, 8
61,053
61,084, 7, 9
61,090
61,556, 8

61,560, 1,4,5,7,9
1,2

61,560, 8

61,658, 9
61,660, 24
61,686

62,755, 8
62,766, 7
62,785
64,,357-9
64,4360-2,4,8,9
64, 370-5,7=9
64,381-3,7,9

644727

65,003-5,8
65,010
65,024

65,037
65,044
66,225
66,705
66,711
67,608, 9
67,615, 9
67,620, 3,4,8,9
67,635-7
69,635-7
70,833
72,111

7% ,882-6
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APPENDIX H

: Monsanto Chemical Company
i Research Department - Phosphate Division
Anniston, Alabama

HCL Scavenger Test Method

Scopes This hl the method used here for screening suggested HC1 scavengers
for transformer Pyranols. It is intended to give a semi-quantitative
comparison of scavenger activity, using tetrsphenyl tin (an accepted
scavenger) as a reference compound.

uipments (See wsketch, p. 4 of main repart)

Helting bath with thermostat attachments

1 1-1, 3~necked flask with 35/2? sphericel joints

1 Flat jended test tubes, 2 1/2"i.d. x 107

1 No. 13 rubber stopper

1 High-speed stirrer motor

1 Stirrer bearing with lubricated seal to impeller shaft

1 Hoesch-type lmpeller

1 Adapter for introducing ‘gas

1 Adapter for bottom take=off of liquid from flask.

1 Olass rod support (see sketch)

1 Glass weight (see sketch)

10 Glass ring spacers

1 Gas-gampling bulb, approximately 275 ml capacity

1 Separatory funnel, to be used as mercury reservoir and levelling bulb

1 Water aspirator

1 U=tule mercury manometer

1 Beaker, 600 ml or larger

8 2-way stopcocks, 2 mm bora

2 3-way stopcocks, 2 mm bore

(Notul Stopcock lubricant should not be a silicone. %Celvacene Mediua®
is uqurlctory.)

Glass tubing, 8 mm o.d., for T's, connections, etc., (no sketch)

Tygon fubing to connect glass. tubing .
1 8u ic acid drying train for HC1

6 Strips of 3 mil menila cable wrapping paper (mamufactured by John A.
Manning), cut in strips 7" x 1", with hole punched 1/2% from each end.
(Tensile strength about 50 1b per inch under the tests described below.)

Chemicals - ;
Pyrano 14,88 (60% Aroclor 1260, 40% trichlorobenzens, by uight)
HC1 scgvenger to be tested .
Anhydrous HCl (cylinder)

Dry nitrogen (cylinder)

Nercury .

Sulfuric Acid, conc.

Methandl

Benze MONS 08853
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Proceduya:

(1) A solution of the scavenger under test, in Fyranol 1488,is prepared.
1400 g othhis solution are placed in the 1-1 flask, and allowed to come

to the temperature of the bath. The papers are suspended on the arm of
glass rodisupport, separated by the spacer rings, and threaded on the glass
weight (with spacers). The mercury is adjusted so that only the bulb and
tubing down to stopcock 6 contain mercury. The bulb is supported on a ring-
stand at such height that when the gas-sampling bulb is full of mercury, up
to stopcock 3, the level in the bulb is above stopcock 3. The beaker is
filled with water.

(2) HC1 fror the drying train is swept through the gas-sampling bulb, with
the exit gas being passed into the beaker of water, until the lack of bubbles
indicates that all alr has been swept out. At the same time, the space above
the Pyranpl in the 1-1 flask is evacuated several times and dry nitrogen ia
admitted after each evacuation. A slow sweep of dry nitrogen is passed
through the test tube containing the papers. The rate and duration of this
sweep must be reproduced as closely as possible. In the tests described

in Report: 2755, the time was 30 minutes and the rate was such as to give a
back-presbure of 2.0 cm on the manometer.

(3) The HC1 1s diverted (at stopcock 1) from the sampling bulb, stopecock
No. 5 is ppened and No. 4 closed, and then the HCl may be turned off. The
flask is svacuated, stopcock No. 9 is closed and No. 7 is turned, opening
the bulb to the flask. Stopcock No. 6 is opened, and the mercury is allowed
to displace the HC1l from the bulb up to stopcock No. 3.

(4) Stopkock 7 is next closed, and the high-speed agitator started. Tne
Hoesch~type impeller gives very rapid absorption of the HCl into the Pyranol,
by projecking streams of liquid through the gas space. Nitrogen is admitted
from time to time, to keep the pressure inside the flask up to atmospheric
pressure.

(5) After 20 minutes agitation, the motor is turned off, and enough Pyranol
is.blown pver (with nitrogen) into the test tube to cover the paper strips
completely. The papers are allowed to soak in the Pyranol far 1.5 hours.
They are then removed from the Pyranol, soaked far 15 minutes in bensene
followed by 15 minutes in methanol, and placed on a paper towel to dry.
When dry,/ 1/2 inch is cut from each end, leaving strips 1" x 6",

(6) The ile strengths o the strips of paper are determined on a Scott
IP2 Serigraph, having a jaw separation of 3 inches and a rate of travel of
34.5 secands for a load of 40 1b. Those papers that do not break under a

40 1b. load are cut to a narrower width, and a suitable correction factor

applied. | Before testing, the papers &re humidified at 65% RH and 70°F for
a minimum of 48 hours, The tensile strength is reported as the average of
six breaks.

I
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Reporting Resulis:

With every series of scavengers tested, there should be run (1) at least
two sets of papers treated with Pyranol containing neither HCl nor scavenger
(let b = ayerage tensile strenght from these tests). (2) at least three
sets of papers treated with Pyranol containing no scavenger, but which had
been tz)-eat d with the HC1l. (Let a = average tensile strength from these
tesis.

Pyranol containing the scavenger under test, and which had been treated
with HCl. !

Yy =% ],#ss in tensile strength « 100 ._E;.';:‘l%
. -8

Then if x ; average tcnsile strength of papers that had been exposed to

Alternnu.v*ly, the values of a, b and x may be reported.

Standardisationt
-

The accompanying figure shows 100
a series of tests using the

method desdribed above, with

varied tsaaphenyl tin concen=-

tration. The three circles were
( obtained a closely~spaced
series of tests, and the two
squares in!another closely-
spaced series. The point re-

presented by the triangle,at H
1% tetraphenyl tin, was ob- S
tained a cgnsiderable time Y
earlier than the rest of the »
points, and perhaps it should - g,:e:; N ~ N
not be tak¢n too seriously. ~
o] ~ D

(When the pitrogen sweep was
omitted, the dashed curve was
obtained. (The experimental
points for |this curve are not shown. The differences beiween the two curves
was due 1o |different values of the guantity a: about 25 1b. when the nitrogen
sweep was qmployed, and less than 5 1b. when it was omitted., At 0.57 tetra-
phenyl tin, thc tensile strengths (x's) were very nearly the same when the
nitrogen scep was employed and when it was omitted.)

|

0.0 Tetraphenyl Tin Conc., % 1.0
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Notes and Disc ‘auiun
) This 48 ngt intended as & "final” form of the scavenger mcreening test. It

was actually a compromise between the method as it existed when the author
started on the project, and a form toward which it was evolving. Wnile it
was held constant during the last two major series of tests, several ex-
periments were made (e.g. the variation of the nitrogen sweep) which
pointed to scme further changes. Certain changes would, no doubt, have im-

proved the,‘ quantitative nature of the method.

I
While only one each of the 3-necked flask, test tube, glass rod support, etc.,
are specifiied, it is found convenient to have at least two and preferably

tihree, in [order to carry on semi-simultanecus experiments. The 3-nacked
flasks should be of matched volumes, to within 10 cc or closer if possible.

R+ Jo Good

adl
3/27/52
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