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ABSTRACT

Corrosion and deterioration of some types of navel redio and
clectrical oquinmment have been cbscrved under hot, humid climetic
conditions. Those units have utilised, ag gonc tyQQ of dieleciric

terial, chlorinated naphthalene products lmown commercially
under the namc of Halovax, as potting, scaling end impregnating
connounds.

The causs of this chemical bdraakdorm was suspceted to be the
hydrolytic deccmposition of the Halowex producing hydrogen chloride.
The hydrochloric acid thus fermed would bo cxbromely active in
corrﬂdlng metal and in promoting further broakdowm of the Halovex:,
ag well as destroying its dielectric rronartics.

L

ek

A test for hydrolytic breakdowrm of chlorinated compounds
hes been previously developed in this laboratory in conncetion
with the study of liquids to be used as non-inflemmebls hydrauvlic
fluids &nd is described in NRL Report P-2009. This test and others
have been annlicd to a study of the stability of the Halowezes.

Several types of Halowax have beon investigated from the viev-
noint of notential corrosion to redio equipment. Hany Helowa::
preparations were founcd unsatisfacto Ty bocause of the procuction
hydrochloric acid under wild hydrolytic conditions. Some
Helowaxos wore found to be stable and non-corresive under the

test conditions.

e

Tt is reocommendsd that & hydrolytic stability teset be used
to climinate from consideraticn any chlorinated impregnents vhich
arc unstable under mild hydrolytic ‘JHCJtl“nS. 1t is further
recommendaed cloetrical tost for brozkdorm be mace to test
stability of oon- CnlﬁanLtuu c_wndhpd and a8 o further chock on

Ll

chlorineted compounds bt tcst uzst by thoe Bell Telephone
Laboratorics et styicen sluninun

21
The clectrical test
-ur nmla 23 compowace used as cable impregnants
: that all) minor corresicn be climinatod

is narticula
may not B
ginca Lt
viith this




INTRODUCTION

(&) Authorization
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was authorized by o Buresu of Skips Project
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went e votting, scaling
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be SUdeCb to correulon andé docterio:
fnaid cldmetie conditiont. The clectricel foalurs “es thourhy

to be duc to the hydrolytic of & ﬂo*uﬂ;x Giusiectric,
Drocucing corvoaivae rubpﬁ;ncan Aoncs the chendo:l stuly of the

srtoken. T. TUNOTE CoOvaTe
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v ung Lo
vo exucetsd to

stwbilitv ux these

T rl s
clinsa0 Bonaans
;on 6f thets Haloiszas

s the courgs of ea invaat‘ rogged syntietic
hydroulic oidi, IV s Toung neecss ctory to
cevise « test for hydrolytic stﬁbllLtu of chlorinsted compounds.
This test was found to be directly amnlicable to the problem

f hvérolytic breakdovm of Helowmxes since the same fundamental
chemical reactions were invalved.

(c) Knowm Focts Bearing on the Problem

L According to information supplied by the Haleowex Division

of the Union Carbide znd Carbon (orroration, the term Halowax
refers to many procducts of different constitution procucec com-
mercially by their commany. There are many basic Halowax nrocucts
used as comvonents of the commercial mixtures also sold uncder the
trade name of Halowax. These basic products differ in degrec of
chlorination and consecuently in nhva¢cul proverties. Four
principle onecs are Halowaxes 1000, #1012, /1013 end #1014,

Halowax #1000 is a licuid cohtulnlng 25-28% chlorine and corresponds
approximaetely to a mixture of mono—(m .9% 1) amé di-(36% Cl)
chloronanhthalene. Halowax #1012 is a crystzlline solid conteining
46-495 chlorine ond corresnonds roughly to = tri-(465G C1) chloro-
navhthalene. Halowax #lﬂl) is a solia Coﬁtuaﬂmﬂl ¢‘ﬂr0£1”utbly

56 chloring, which corrcsponés to & mis tetra-{53.4% C1)




and nenta-(59.0% Cl) chloronenhthalene. Halowex #1014 is an
amorvhous soliG containing 62 —64m chlorine vhich corresponds to
hexa-(63.6% C1) chloronanhthalene. These four products are
relatively nure since they are distilled materials. The crude
Halowazes from which these better nrenarations are made are some-
times used themselves as basic commonents, especially as ingredients
of cable impregnants.

54 Some of these less rure lalowaxes are ng follows: Halowax
#1005 is the crude black chlorination nroduct from which Halowax
#1013 is distilled. Halowax #1006 is the crude product from which
Halowax #1014 is distilled and Halowax #1011 is the crude oil
from which Halowax #1000 is distilled.

6. ‘The basic Halowax products are not used extensively as

such, but are usuaily compouncded with other materiszle to make

the various commercial preparations. The compounded procducts

sti 11 retuln the name Halowax, but are designated by different

numbe The numbering systcm used is not as informative as

nany other commercial product nomenclaturcs such as that used

by the Monsanto Chemical Co. to designate aroclors, but it does
serve to distinguish between the several classes of Halowax prepara-—
tions.

P Four serics of numbers arc used, the 100C scries, the 2000
series, the 3000 series, and the 4000 series. The 1000 series
comprises the basic Halowax nroducts already mentioned, nixturces

of two or more of the basic nroducts and the crude chlorin tlon
products from which the basic mroducts are distilled.

8 The 2000 series consists of a large number of compounded
vroducts made from either the basic Halowax products or the crude
materiale of the 1000 series together with a wide variety of waxes,
yos end solvents. Each member of the Z200C
series is usually custom-mads to fit the roguirements of one
“rticular cable manufacturcer or othor user of the product. The
ided to make the members of the 2000 series
from uhe 1000 products ars s;lccteﬁ for scveral reacons. laterials
are addeé for such nurnoscs as to destroy the crystalline character,
to change the melting point, to modify tha hardness, to chansc
the clectrical vroperties, to meke it casiocr to apply, or to give
the wroduct a cheracteristic color.

9. A ferw of the Halowax nroducts of the 200C seories that ars
used on radio squimment are:

etroleun wax (Cercsc AA)

Halowax f”Ol from #1013 ¥ p
T + polyiscbutylenc

[ £,
Ialowax #2141 - Hade T



Halowax 72002 - Made from #1C13 + Gilsonite Selex (Moxican
Asphalit)
Halowax #2004 - Made from #1014 L Gilsonite Sclex (lMoxican
asphalt of a higher m.n. than #2002).

19. Another of the Halowax pnroducts that has rccently come
to the attention of this Laboratory in connection with a problem
of cable saturants was lcarned to bc ancther of the 2000 scries
£ Halowax products, #2084. This material was cncounteored in
an investigation of the offcct of Holowsz on the polyvinyl chloride
wire coating, both of vhich were used in cable manufacturc.
Halowax #2084 is a mixturc of #1014 with several chlorinatcd
diphenyls and polystyrene. The mixturc is applied in tolucne
solution with the solvent being later cvaporated in the drying
operation at 80°C.

_ I liany of the Halowex products used ss cable saturcnts
arc included in the 2000 scrics, but detailed informetion re-
garding the composition of cach one was not cbtainad. However,
if the composition of any snccific one is nceded, it can be
obtained throush the Halowax Division of thc Union Garbidc and
Carton corporation althzugh it is not the policy of the company
to give actual percentage composition unless specificelly ro-
cuested.

12, The 3000 scries of Halowax nroducts are the so-called
non-toxic Halovaxses. Thoy eontain little or nc chlorine. It is

known and aémitted by the Halowax repreosentatives that the chlorinat
aromatics, p”“tlLLLWIlV these of high chlorine content, abhove
500, arc toxic cousing liver doponoration and also dermatitis

Cascs of arc most nrevalent among worksrs in cabdble
factories ond zmong shinyard "-rL“ru vhere the cable is being
ingtalled in confined snaces. The non-toxic Halowaxes usually
consiet of nitches or asphelts nlasticized vith some maetorial such
28 tri-cresyl vavsohete. The non-toxic materials are usually
cheancr than those containing the chlorinated aromatics, but

not have the flamg-nroof and desirable cloctrical qualitics uf

the latter.

13. The 4000 scries compriscs the chlorinzted naraffin oroducts.
Thesc p‘acuv*a may consist snly of chlorinated paraffin cs in

the case of Halowew #ACCL (42-46% Cl), or thoy mey be compounded vith
resins s

ana illurs to give the desired “hy”iccl rropertics. The
L0000 serics of Halowax are usced Chl“fly for fleme-proofing and
water-nroofing febrics. An importent navel application of thesc
#4000 compounds is in the flame nroofing of lifo-proscrvers.

\
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1L, Only murc dycstuff nashthalcne is used for the manufacture
of the chlorinated narhthalenc. The purity of the raw material

is checked by melting point, but the most accuratc check on tho
nurity is by actual chlorination. Semplcs of naphthalcne repre-
senting & carload arc received at the Halowax uearch laboratorics
at Bloomfield, N. J. from the Barrett Compeny and arc chlerinated.
The chlorinated material is ncutralized and distilled and the
products of distillation oxomined. It is claimecd that this nro-
codure is very cffoctive in disclosing any aliphatic part of the
original raw material sinece the halogon on the zliphatic part of
the original raw materizl is much less stablc than on the arcmatic.
If the sumple proves to be accentable, the car is shipped te the
menufacturing plant at ? yuﬂu ttu chhlgan and snother sample
chlorination run therc befere thh car is omaticd.

15. In the actual menulacturc, the naphthalenc is subjected
to varying depgreos of Phl@rjhwtlJu QV“;uulﬂi on the tynec of product

desircd. Vhen the recction has reochod the desiroed stago, the
process is stonneé amnd the acid thaet has been liberated Curing
calur;nztlon is neutralized with lime. The insoluble material

is removed by Tfilter n»ressine, yiclding a black substzace con-
taining less thau 19 insoluble wmaterial. This is the crude meterial
deseribed carlicr as one of 1005, 1006, or 1011 from vhich the

purc basic Halowax »roduct is distilled., Carc is token during

the chlorination to »rovent addition of the halogen and to rermit
only the substitution reaction to nracced.

16. Chlorinated dishonyls arc usced with the chlorinated nerh-
thalenc in anany of the Halowx nroducts. The Halowax Products
Division of Union Carbide manufacturcs the chlorinated diphenyls
used in their nroducte and designates them by numbers, the las
two disits of yhich indicate the norcentare cf chlorine. For
oxeaaplc, Halowex #1048 is a chlorinated diphcnyl containing 48%
chlorine. Usins the same systom, Halowax #1060 =ould be o chlorinated
diphenyl coentaining 60% chlsrine.

7 The Navy usce o larger quantity of Halowax products in
eleetrical cables than for any other »urposc. For this usc, the
flame—oroof guality, the hish clcetrical rosistence and the water-
proof guality are the chicf advantages. The texicity is cnc of

the main Gisadvantasces. Halowax, as used in cable, is not usually
applicd dircctly to the wire, but as 2a imsresnant of asbestos
used over the nrimary insulaticn or wire couting. In this casg,
it is apnlicé as a teluens sslutimzn ané dricd at lov toaneraturces.
Some of the su-called non-tsmic Helovas products are also use

in czble manufacturc.



18. In ¢leetrical and radio couinm 31'1’:.,r Halowax pracducts are
used in condenscers, transformers, reactors, coils, cte. Althsush
the pure chlorinated nenhthalione is Stlll uscd to a limited ocictent
as a condenser Gieloctric, the chief usc in clectrical cguiniacnt
is as a potting and scaling commound. The wiring is ususlly
covered with an insulating varnish and the Halowax praduct uscd
ver that. There is at least one menufacturer, however, vho im-
pregnates coils dircetly with & Halewax of the 2000 serics° For
electrical cquipment, no sclvent is uscd with the H“luv The
perts to be treated are dipned in the Halowax at 120° to 15000
aeftor thorou”h vacuun derﬁ” The Halovex manufacturcr strosscs
cesity ~; having th cquipment thoroughly dry befsre dipping,

19. Helowax vroducts of the 400G scries; chlorinated neraffins
and mixtures with other substanccs, are uscd 2s flame-nroafing

and water-nroofing aszents for fabries. The chlorinated raraffins
arc much lose steble thun the chlorinated aromatics so that these
products arce likely to liborate hydrochlorie acid readily under

hurid conditions. In the Arimy spocifienticns for the fabric-treating

material, calcium carbonatc is inecluded to help ncutralize the de-
composition products of the Halowax 4000 mixtures.

20. Chlorinatod nezhthalenes (Halowaxces) arc used in cutting
ond breaking-in <ils snd in extrome oressurc, (E. P.), lubricents.
Chlorinated par«fiin Halovaxcs are uscd in hynoid sear lubes and
to increasc the film streneth of lubricents.

2 Balowes pumbors vhich ary hVﬁhhnht such as 1-67 rafer
to cxmorimsntal szminlee vhasc ceamngsition llghu u“ly tos the
Halovax manufactureors. Those ssinnlos crc siveoil a pusmber Thich
eonforms t3 the roncinder of thoe per s vhen an accentable com-
nosition ic found for the usoer of thb dicleetric nmaterisl.

The last threc digits in a number such as Z014 refer to a snoeific
pnroduct manufacturcd to moct scomeo compeny's specifications, and
are entirely ecupirical and contain no 1’e." to the compusition

of thc TaX. Thl" “h uia be escertained by dircet inguiry to

22. The monufacturcrs of Halowex products specify that cach
Hzlowax should bz zpplied to wire only over a good lacqucr and with
strict cxelusion of wmoisturc. Some manufacturcrs of electrical
cquipmcnt f2il to comply uvith this rocomaendation, according to

the Haloimx Division,

224 An oxtensive investiesation of the usc of halorenatod
hydrocarbons as diclecirvic nancr impregnents was made by tho Bell

=



Telepnone Laboratories * They have studied the behavior of Halowax
ﬁlOOl (cnloronapntnalen ) and Arochlor #1254 (chlorinated diphenyl
containing 545 chlorine) when used as impregnants for peper in
electrical apparatus such as capacitors and trensformers. Samples
of Kraft paper ancd rag stock linen paner were dried and impregnated
with hot dielectric compound. The impregnated napers were fastened
between metel foils end & d.c. notential was anplied. The conductance
was then observed for an extended meriod until breakdown occurred.
It vas found that breakdovn at 400 volts d.c. notentizl was observed
often after 20 to 60 hours when the temperature was lOO OC using
aluminum foil electrodes. Similar brezkdown was observed 2t lower
temperatures, but here it »nrocesded at a -decreased rate. It was
found that Kraft naser showed better stability than linen paper
in these tests. Thesc authors explain their results by attributing
tiie Lreakdowm to a splitting off of hyﬂrochQvic acid from the
impregnant or as = direct result of the degrading influence of
the electrode metal upon the chlorinated compound. The hydrochloric
acid formed then attacks the aluminum clectrodes by a4 combinztion
of direct chemizzl action and slectrolysis, forming aluminum chloride
vhich actively catalyzes further 6econrosition reactions. They
n013t out that hydrochloric ecid itself is known to cccelerate
the decomposition of cellulosc materials and in addition adds to

2 COHuUCElVltJ which finslly builds un to a noint where thermel
eiffects enter.

-

24, Thesse rosults were discussed with repressntatives of the
Halowax Corporation vwho were rcll acquainted with them. Conclusions
drawn by these reprosentatives wore that the Bell Tclcnhgnc

exporiments produced failurcs due to hydrolytic instability o wvaich

was present becausc the spocimens imnregnated wers not nroparly

driad before the Lmﬂrquatlon treatmont. These conclusions were

based upon cxperiments carricd out at the Halovax rescarch laboratories
at Bloomfield, ¥. J. anc have not besn published,

25 Be Bell Telaphone report stotes that the materials used

in their experiments were dricd untl; ths moisture content of

the paper was loss than 0.05% by weight and the application wves
dons by @ nrocess of vacuum Jrviug iatimat 110-12C°C. Truth as
regards the obvious differences of opinion between the two concerns
involved could not b¢ ascertained.

1

(d) Theorsticel Consziderations

e Halowaxes used in naval cquimment contain lsrge nercentages
of chlorinc. Hydrolytic and thermal breslkdovm. of the Halowax

containing comrounds of the chlorinatced zromatic type can produce
the hizhly corrosive substances, chlorinc and hydrochloric acia.

B B



The traces of hydrochlorie acid formed woulé roadily attack the metal
ard by the rcsulting high conductivity of the dielectric, would

doutrov the insulating effect of the Halovax in vhich it would

be formed. A further recactisn to be expected frem the liborated

acid would accclerate chomically the further decompositicn of the

Halowax. In addition fte the chloride nroduced, other ionic materiel

may be develoncd which reduces the electrical resistivity of the

Helowex and weuld be exceedinsly corrosive especially in the prescnce

of an clectrical notential. £ moasurcment of the chloride and othor

ionic materizl duvﬂlonua during hydrolysis would be cxnected to be

@ positive indication of the tendeney of & given Halowax to correde
wtal and subscquently produce oguimment breakdovm.

(¢) Narrative of Orisinal Hork Donc

2.« A trip to confer with Mr. Intemenn and Mr. Maybover of
the Halowax Products Division; Union Corbide and Qarbon Corporation

was made by Lb. J. il. F“ﬁ“lJbrﬂ and Dr. John K. ¥Wolfe on iarch 12,

i943. Information was obtained relative te the nature of the

Halowax products, the row meterials used end the method of manu-

facturce of the basic nroducts, the composition and pronerties

of the basic products and of the comnoundod meterizls. The naval
sos of Helowax nroducte were cnumerated as well as the chemical
nutufc of meterial furnished in cach case. The nomenclature
system usced for the commercial wweeratioms vas esceortained.

The methods of cmnlication as well as cuestions of stability and
corrosion of mctals by Halowax nroducts were discussed. 4 visit
was clse mads 1o the Materisls Labesratory, Br;:klyn Novy Yard

and the work being dme thers wn the testing of matorial containins

J

Halowax was discusscd with Lt. Comdr. Barsky, Ass't Lubvruter
Officer and Messre. Froser and Graves of the E7 octrical Division.
22, A number T Holsvaxes of the 1000 and 200C scries were

]

seeured, with narticuler cmphesis on cbtaining metorial used
comucreially as coil, canseitor and cable impresmants. These were
tested as received for the nroscnee of froc chloride ion by cx—
tracting a tolucne salution »f tho wax with quutb ssdium bicarbonate
cnd enzlyzing the cgucous bicarbonate solution for chloride by

the Vslhiord meth.d 2 A similar analysis vas madu cfter rofluxing

for four hours the toluenc sclution »f Halowex with a dilutc bi-
carbonate solution. This sceond, or hydrolytic breakdowmn test,

was repeated in the prescnec of steel, conper, brass and durel 17ST,
so that the offect on the motel cauld be sbserved and the catalytic
cifcet of the metal on the Halowax brockdovm c¢huld be ascertained.

The totzl isnic material deoveloned in the hydrolysis was.
7

ternined by replacing the bicarbonete selutimm with distillsd
rater and mecsuring the conductivity of the water efter rofluxing.

-7 -



30. The thermal stability was tested in exveriments vhich
involved maintaining the Hal-wex at en clevated temperature (137~
138°C) for 72 hours and then studying the breakésm resulting by
annlication of the hydrslysis test.

METHOLS

() Acmoratus

that described in NRL Renort o yr the testing of liguids
mder consideration ws base fluids for usce as synthetic nun-
inflammodle hydraulic sils. Tho tost wzs made using a 250 ml

round bottom flesk fitted t5 & reflux condenscr by mcans »f o
sround slass joint. Heating was accomnlished by o Bunscn burnsr

nlaced at the bas“. Boiling chins wers uscd to promote smooth
efluxing of the water, tolucne; Halowax mixture.

8 The hydrolytic breskdn test used vas = modification of
P 20092 far &

t. for tobal
vrved. Boil

stires of host tw gvold

was carefulliy washed with
roamd elass joints

1"
csscnticl since the ox-

l'

e ek in Plotes 316,  BAY is
an 186 mam. tube “hieh CJﬂth;JbL QHU scrmlc 9 bo heoated. The

el is iﬁtrJu.cad throush —oonine E. Tubc & is surr-unded

o round botton flask 1hico is ﬂtthchuu by growmd glass jeint
B. A roflux condenser is sttechod at jpint €. A liquid having
the boilins towmrerature et which the Hzlowax is to be heated

is introduced intc the rowndé botton flack wtil the level is just
below but nét tsuchinz the botton of tube 4. On hoating the
flask, the licuig bullg, loaves by gide arm D and is rofluxed

in the condenscr. The cntire tube 4 is surrounded by refluxing
vapor and the temperaturce thus romains

iy

constant as lonz as both
liguié ané vaner arc nrescnt in the boiling mixture.

(b) Materials

LALOriass
Sy The folloving test solutions and standard solutiome wore
prenared and used in the tests:

»f HallCO




KCES5, c. g Crystels Roapent Quality, was weishod roushly and
made un to 1 liter in & volumstric flask with distilled watoer.
Standardization wag made by t1trat11; suitable aliguots argainst

0.1 Normal silver nitrate.

{c) Silver nitrats, 0.1 Normal. 4 carcfully ireighed
samplc (16.9890 £.) of c.n. Primary Stondard Silver Nitrate was
digsolved and mede ap to 1 liter in a velumebric flask with distill
vater.

(a) Ferric Ammoniws Alum Indicatsr Solution. A saturcted
solution of Fo (QO )5+12 E,0 in distilled vater es treated with
nitric acid thJ& thu brﬂ m Color was discharesed. The mixturc
g then Filtered and bottlcd as indicator.

35. Tho hydrolysis
HRL Renort Ho. P-=2C
obts 25 a trluzne
tolucne vhen tho samle
a 250 ul. round buttoas : Fitbed vath & rar
To this ves addad Z5 ce. 15 sudiwm bicarbonn
vag rofluxed for four hours, the vater solution
totively and titrsted by the Velherd method fox

that dcscribcd in
'\

% A 5o AR
the Hal ssmsr vis

g Ty | g
gbhtained &8 & solia

mi: Sure
guenti-

£ - -
(B) Hydrolysis

26. This hydrely ith tnmt sreviously
dascribed ”CC“+ th ﬁCué in the round

cold rolled stesl,
carefully nrenarecd
nd Tas thurJUCth

Alnallv *ﬂsb%n?

5
botton flagk. Four tyooes of notal we
copper, bruass and dursl 175T. Ecch s
by polishinz with cemory ClJth anc
desroased by cleaning in
with notrolow:s ethor. The stz

rith the lover half iuwmersed in tﬂg hvdr:lysis
umer half exposed to & rofluxing vapors. Phit:
nace o»f the strlps after the hydrslysis wu

xturce and uhu
sravhs Wore

(C) Chloride Analysis

2. The i r&tian wes carricd cut by the Caldwlll anc Moyer
modification ?5 the Volhard mcthod, The ccucous nortion of

g stonrered Erlenmcyor

thc Qvﬁ?31VuLu letur\ wcS ?1hccﬂ in g &
itrote (20 ¢o.) was fum ik

fleosk. An oxcoss of C.A W silwer




ond & N nitric acid added dropwisce until the silver carbunate

dissolved and thoe wixturce was slichtly acid. & fow ce. of

nitrobonzene and twelve drons of forric cnmenivm alun indicator

were added. The 0.1 N notassium thiocvenate was run in wntil ncar
¢ D 1nt, The mixture was then stonpercd and sheken vizor-

Titration wes continucd watil thoe éofinite nink color

of tho ond pu 1+ had been cbscrved. The cnd »oint was choecked

scveral tincs Uy alternately adding aliguote, silver nitrate

and notassium thlocyanatc.

1 mibe of 01 N A»h13§E’ 5 wmEL B3

)

lonk deterzination mas node for éhloride presont in

g used. The indicator blank for the volu:c »f scolution
udod s determined and subtractezd f;on the tetal thiscyanate
readine. The results of the analysis aro expressed as milligrans
of chloride icn found in the acucous layer. Czlculetion was then
made to find the rill : 11iliter of
Hzlowex solubtion or » vn vhether the
samole uscd was a solu

(D) Conductivity Mcasurcment

“9 A 5 cram saamrle of tho Halovax was placed im a 256 Jl.
ound bottom flask with 25 al. tolucne cnd 50 ml. distillec
wator. The flosk ves fitted with & reflux condunser by means of
a srownd zlass joint and hoested on a stoam bath for four hours.
No Jdlll““ chins wers used. The acucous laver was romoved using
o clezn scnarotory _unnul ané the conductivity ncasurced at 10,000
cycles ner sccond using a Genmcral Haedio tyne 715 A bridecc and
brisht wlﬂthaw el;ctroaga. The result is cxorossed as ohms
rosistance of the cell ond caleculated to tho thlV&lEHt wzlality
for an acusous sclution of potassium chloride.

40. Stepility towerd heat was
st 137-1389C for 72 hours usine the a7
and then anniving the hydralytic br:akdeﬂn ;st. Ths licuid

usaecé for rodluxing in the heat troatmont was xylens, selectad be-
e its btiliﬂf noint. Behavior toward bﬂb;fll treatment at
-13 4°C vas alse studisé using eniline s the reflux licuid.

TSOUSATON OF RESULTS

(C‘;) H?\rdrol*.rrtic Atability

ddis Markoed variatisn ves shown in the stability of varicous

oty



Helowaxes toeward hydrolysis. The resulte arve shown in Tebles 1,

2, and 3. Table 1 lists the rocsulte of the tests for frec chloride

and the hvdrolysis tzsts. Table 2 shows the rosults of hyarslysis
in the presence of métal. s ney be scen from Table 1, all of

the Holomoxes tested wore unsatisfa ctery cxcent numbors 101°

1013, 1014, 5068j 2012, and pessibly 1000, 2084, 1-67 and L
Aoproeiable velues for chloride ion shJuld ruls sut any Halmax

for usz on pru01;u clectrical ccuinient sinco cven small amounts
¢f hwdrochloric acid may have a corrosive offect on the unit
involved.

L. Some of the most pronising Halowexes, judsged by the hy-
drolysis test, alone with one pesr eue for comnperison, werc ziven
the quralvsz test in the proscnee of steol, copner, brass and
dural. The chloride valuss obtained arc given in Table 2. The
Halowaxes 1J ¢d sue variation with different metals, but th" Cthf

intercst of this test lies in the defrec of corrosion of the metal,
vhich moy be scen in Plates 1-9. A koy to the nlates sh;winf

corrosion tests ie given in Tablu 5. Plate 1 is & contrel run nmade
with sodium bicarbonate, but ns Halowex, to shew the corrosion
to be expected from the sctisn of the biearbonate sulution alone.

Platc 1 contains two samnles of cach kind of metal. The metal
strin t2 the richt in oach case is o froshly polished swnecinen

and the strip on the loft is & similar nicee =f metel aftor four
nours of refluxinge with bicarb“::'c sxlutinn. Plates 2 anad 3 show
the wvarinus Haloweoo tests with eon : atos 4 and 5 crntain the
results usinz braoss, 6 st and 8 &nd 9 the rosults
using dural. In nlates 2 51 th; str‘p at the far

1

left is an exannle ~f the froe

A3, In most ezses the corryssim of the nwtal in the orescnce
of Helovax was rreater than in the »rescnce of bicorbona
golution aelcne. The Ha 1<ng s in the 200C series were less corrssive
then those in the 1000 soriecs and Halomax 1-67. Helowax 1-67
t
=

VI8 cav51gt;ﬂtly CarrnEtve H_t%)uvh no chluride wes dotocted.
Halowaxcs 2060 and 21C1 wore consistently the loost corrosive
end also rave off Little Cﬂl'flﬁuo Ths Helovozes #ivine off

larsest amounts of chloride were wifornly very corrosive.
Plate 4 does not show the rroner o nt““st ith the blank run with
bicarbennte, dus to the circumstancs that the copper was guite

uniformly darkenoed to a purnlish browm.

(b) Conductivity Mocsurcacnt

shows the results of the cenductivity test,
gt 3 rosults arc expressed as chms of
stonce of the agucous laver end the Mﬂﬂruxlhﬂtd valuzs ¢
cd for the nolality of KC1 ro gonired to give this rosistance.
2l

first test zove low valucs in ohas due t* ionic materiel
in the filter paner used. In the last two tests ne filjoer naner
s used. was vory ouof eorrelation betrcen conductivity

11 -



atataicibrateints Dtu and chloride values. Halowaxes having hizh conductivity
r lov resistivity yiclded anprcciable amounts of chloride and
the du waxes showing no hydrolyzable chloride gsave water layers

of hirh resistance.

(¢) Thermel Stability

45. The result of this test is includsd in Table 1. Halowax

1014 which cave no hVQTOlVZublu chloride by the hydrolysis test,

vas maintained at 137- 138 C for 72 hours and the hvar ysis test

then rcneatba. No hydralyzeble chloride gas obtained. 4 sceond
thermal trcatment for 72 hours at 183-184°C yiclded a lisht brom
solid “hlch cave a low, but nositive value vhen tested for hydrolytic
chloride. This indicatos that Haloswex #1014 will break dovm unacr
severc heat, but that under any norael condiiisns of usc even in hot
climates it should be thermally stable for an extondod “crl'd.

CONCLUSIONS #ND RECOLMENDATIONS

L5, A number of types of Helowax have beon investizated fron
ths viermpoint of notenticl corrosion i radic couins wnt. lust
-

Halowaxos were found unsatisfactury f£or usc as a coil, canecitor

or condenser imnresnant wherce the nossibility of contact with

water vepor or moist 2ir exists, becausc of the reloase wf hydr.-

chloric acid under nild kydrclytic comditi-us. Some Hal maxes

wore found to be stable and mon-corrssive under the test con-

ditiong. It is recommended that any Halowax »rorvosed as an in-

nreemant or diclectric for radio cguirment be subjected to a

hydrolytic stability test. The acv;l,pmcat +f appreeiable amounts

of chloride should oxclude any sannle from further consideration,

Compounds shoving very gllfht or no traces of chloride in this

tost may be considered sctisfa Ct“fj as far as corrosion is concerned,

provided that croper methods of application arc strictly adhered

to. These are reported to include o base ceating of protective
lactucr, thorough drrying durins anplicatiun, cffsctive sealing

uf the aprarctus agcinst moisture end mﬁlﬂtVJWpcb of dipning baths

ot a teaperature only slichtly absve the melting psint of the Holowax.

It should be kent in miné thet the lack of hydrolytic chlorids

is not & swarantec thet o dicloctric such as a Helowax will be

satis Lact”rf in service. mnlf of these matericle, some actually

sold under the tradc name of Helowax, contain 1ittle or no chnlorine,

but still mey contein compunents in the aixture vhich arc unstable.

AT It camot be stated o hu basis of *Hemjﬁa1 ax;;zr;ti?'
along, vhether & givon Halowox 111l not be trouble-
sone in any nerticular tyne of uaﬁgcrv11f ul‘CtTlCul
apneratus operating under high stentizl, under conditions

5
30




other than those uscd in theo acctual test cunducted. Eoveral

reegons for this are: (1) The Helowaxes wory widsly in dhe cheuieal
nature of the bas 1c componeats; (2) There arc usually prosent

in Helowex vreraraticons fillers vhich are nornally Lnurt but

under certain conditions can ﬂ;rkcdlv influence the ches 1f21 break-
do¥m; (3) The nresence of the clectrical notentiel in some
of anparatus nay zecelerate or decclerate the chemical reaction
involved in corrosion and detericratiszn. It is therefors recommende
that compounds vhich arc steble to hydrolytic tests be furthor
studied, under rrolonged simulatod adtual use conditions bofore

a decision o the chemical stability of the particular Haliwex
product in question is nadc.

15, Not all wenufactureres of radic and clectricel eguiruent
follow the recommended nethads of usine the Halowex nriducts.

Sone of the mckore of chearner couvinnent are kmovmr te dispensc
vith vacuun dryins entirely and depeond on the temncraturce of the
dinving bath to drive off : acisture. The enceifications

for radio couirment misht not disclisz the usgs of such 2 oractice,
vetb aisht be the chief causc for the wltimate failurs f the
cauioment.

49. It is further roconmendced that a laburatﬂ“v ol ctrlc 1
test for breakdowm bo ﬂ;or i a;01+“an to the fr &

fvd*“LTElC stability 18 tg he used as o
or condenser impru ﬁ sod by the Bo
or&tor_ with “,uul f9il clcetrodes un cach side o
reonated —ith the chlorineted hvdroecarbmn in cuesti
bb cuite satisfactory. Lthis is t ¥ B3
of breakdorm nroducts can be éome auch moryg seigitivaelg
means than by chemiecal. £ dg hls. neCusSsary as !
notential corrosibility of lorine contaix
Bome of vhe Haulywox jr ETE use in iﬂ“r&ﬁﬂutiuﬁ
nave ratizn in scrvice

over fuuni in thig labero-
turv in the method

oy
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theso ; akdoya tests ¢n Helowax
matcrialu t: be used as cablc imprernants sines it is ust imperative
that a1l minor coryosicn boe eliminated with thiz tyoe of cou ey
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TLBLE 2

Hydrolyzeble Chloride in Halovex Samnles Obtcined in the Prescnce
cf Hetals

Hydroclyzeble Chloride (mgm C1™ ner cc, Halowax

Sanple)
Four hours reflux in the prescnce of:
Halovax Samnle Stcel Comer Brass Dursl

2068 .012 <-005 <.005 .019
2101 <.005 .101 {.005 < .005
2013 .351 499 433 445
1-67 £.005 £.005 £.0C5 <.005

1005 62 nen Cl/e: .44 nge: Cl/em SC nem . .55 nen Cl/sm
Cl/om

1006 .65 " 22 Bd M L1
1012 <.005 m ¢oos m €.005 " K.005- %
10132 5005 © <.Cc5 * <.005 " <£.005 *©

1014 <{.005 ™ %005 * £.0C5 * % o005

..



TLBIE 3

Regults of Coaductivity Tests

Tirst Tost Seceoné Test
Halcwax shns ne C1 /g chns

b o 1073

(@)

1065 523 . 531 = SUpToX.

"
melal KCL

—
()]
o
o
(o]
W)
n

513

1012 8,150 none 20,560 - approx 3.% X 1076
:lal KCL

1013 8,120 L 21,140

1014 8,05¢ d 21,9305 23,188

Distilled 38,000 H

water

cre e
il



Descrintion

Helovox

of tho

ADNCATINCe

1005

1066

2002

2012

2141

2014

cloar licuid

blaclk s=lid

bizek soplid

whita crvsttl11“_
golid

lizht vellow solid

black sclid

tan: gulid

Sx‘lu—
tion

ton tolucno

waite voxy sclid
blcel: goiid
bloclk solid
black s=1ié
vhite solid
blseck tor

Blacle ail

viscous

rod tolusne
solution

thin

thin black t:luena
solution

TiBIE 4

Armearance and Usces of the Haleowax Scmnlos

Usc
LS

cu*l, canteitor
ané i

and ccndenser iunregnant,
basic comnonent of other wixtures.

basic conmonent of coble imrmregnating
mixtures. A eruac, UJ&lStlllbd nrocuct.
Phen distilled it yiclds Halovazx 1013.

basic com-onent of coble imnrognating mix-
turss. A crude undistilled »rocduct. Y%hen
aistilled it yields Helwax 1014.

besic comment of coil eanccitor cnd
regnents. 4 distilled nroduct.

econdinger imm

acibor and
ats. a4 @istilled ~ruduct

oil; eang

basiec cunr
ccmdonser

canceiburs angd
s distilled rocduct.

for esil,
orcrnont.

aixtare uss caacitor, and

condcnsar i

LB (38 B

cable iurregnant

Jogg



TABLE 5

Eey to Plat

£11 refluxed four hours =t 100°C with 19 NaHCO4

Plate 1: S - stecl; € -~ comer; B - brass; D - dural 178T
No Hoelowex

rd
l-d
i
c+
[e]
o
o)
£
L
o
L%

3 - coomer; Plates 4 and 5 - brass; Tletes 6 and
7 - cold relled steel

Platzs §

— Durzl 17ST

o
B,
N

The Holovox used with ccch metal strin is indicated
by the letter showm beneath the strin os follows:

Plotes 2,4,6,8 Plﬁtas 3,557,9

A Control, no Halouax 4 Contrsl, no Helow
B Halowax 2068 B Helowex 1005

C Halowx :101 C Halezox 1006

D Helowszx 2013 D Ealevax 1012

Rolazzx 1-567 Halowex 1313

=
)

L]

Halovas 1014

|
p
D
i



)

L.;u;z::—_a':vs-:'::v-t T T T

5 - o (o i “
I& Ix'. -
$ e b B =
el ———




N e i

PLATE



PEEaN

PLATE 3



PLATE 4



PLATE 5



PLATE 6



PLATE



—xr-

PLATE 8



e ————
¥ e ¥

PLATE 9



53

,VuV./(/ «IV ....,“r / A

PLATE 10

\

JRR) |

Laal
L |

(/f

R
g o
T T
il
o
1
Q0

LA B S

T{E,-"'f
- ?’. #

;-

OF

CONSTANT

:“4 o d




