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~rnsTR.ACT 

Corr osi •·Jn a nd. clctcrioratioi, o f s •:,r,:c ty;0cs of m!,VO.l r c.d.i 0 2nd 
okct r ic2.l 0quiprncnt hc.vo b0:.i~ ::,bs;:;rv_:c-:. und.or bot J humid c l imatic 
conc1j_t ions. These units havo utili~oc'l) a s :)n c type of dicloctri c 
matcrial 1 chlorinated naphthale::-i.c products 1:;::no,7n c.,Jillil•:.::rcic:dly 
under tho ntsr:10 of HaJ..:>,:,ax , RS J.1')t tins J s02.J ing o.nd. i.,1pr013n.-1 t i n13 
cor:11,ounds . 

The: cause, of this chornica l b r oakc.c.v:m •:ms sus pected. t o be th.:: 
hydrolyti c c1.ccomposi t i on of t h e Halo,-rax :>r-.. :-ducinc hydroe;.:m chloride , 
Th0 hydrochl1Jric Q.ci d t hu ;:; forr::.od. ,_·r:;;uld. be e:xtr~mcl? acti vc i n 
co:cr odins mctc.l e.nd in pr-::-,motine: furthC;r br,:£,.J:.:clov:n of t h e Hu.l cr.,2.x, 
2.s ,·1011 o.s destroyi n~ i t s die:loctric :, r o::.':irti ,)s. 

A test f or hydr olyt i c brcakdoc.<1 of chlorinated C'.1rnpounds 
ba s been previously ckvclopcc. i n this labor2,t ory i n connecti on 

1.:ith t he study of liquic';.:.; t o bo us0d as n011-i ufla:,11.1c:-.blc hydraulic 
fluids ~c.nd is c.oscribcG i n NRL Rcp8rt P- 2OO9. Thi s tost o.nc~ others 
ho..vo bo,:m a~,:0lic:C. to a study o f t ho st£,bili ty of t h e: Ht1lor;u.xcs. 

Several t ypos of Halo,:il~{ have boor, i nvcsti:;;a.t0c'. fron: th;:; vicrr­
:,oint of r>otontiD.l cor rosion to :..-e:dio oquipmont . :,:any Ho.}.rJ'.7c,,: 
1:lJ~;:!p-::ir ati ons 0:r0ro f ound un satisfact,)ry bc c:J.usc of the.: ~Jr-,)e,:_uction 
of h:rdrochlor ic ac:i.rl unc'.cr mile~ ):iyc:r:-:,l yti c conc~j_ti-:ms, Somo 
He.lonax0s rrcr o f ound to b:: s t v.blc e.nc'. non-cGrr'~Jsivc unC:..:;r th-:, 
tost concl.i tions, 

It is roc•Jrrtn1,.)ncc!C:. t hat cc hyd:;,·o.1-.ytj_c s t c,b i 1i ty t -.:: st bo used. 
t o o1ininc~tc from e;::,nsic.cra.t ion 2.c1y chl orixi.G.t o6. iJ;1pr·c[!;i1, .. nts •;rhi ch 
a.re unsta bJ.,) undor nild hya.r,Jlf tic c:.mchticns. It i B f ur t h,::r 
r.:,cor,unoncbd that 2.:1 .::l.,)c t ricaJ_ t ost :f'0r- ln·0e:.k6.oi-11 be na c.0 t o t ost 
ste.bility -)f i'.'.,n-c;:i.1m.0 in.::,.t e:0. c ,x:1~:1.Junds .:.ncl i::~.s c'. furth,Jl' c heck c,tl 

chlorinaL:d c0,:lf,)Unclf:i, Tho t .::.-st u~;::c: b/ t h:: Bell TcL;:;:ihcmo 
Labo1~;;;.tor iLJS u~-i n(; j~l· 1:-.,r :-cr1c;..t -2 c~ ~JD.f"Cr J:.;t;~.:oon ~1.l1.r:ti :1u t·: cluct :-c·oc~;::s 
is po.rticuL,:cly Sul1~;i tiv:, ~1.nd 2.ccui'C:ct u . Tho -~lcctri co.l t:;;~,t 
m2..y not bCJ JK,coss,:.:cy f or Hs.J. ::,,_·:c.;:: compot:e.1c: s us,x: 2.s CD.bl,: i r11)n.:2:i1,;c11ts 
s i nco it is n,)t irnr,or~:tiv;.:, th2:. t :::.l.l ,TLHor c0r:tot,i0n be; olininat .:,d 
1'iith this ty:;O c-f .:,qui'[)lnOnt. 



INTRODUCTION 

(a) Authorizaticn 

7 
.L . 

No. l.19/,:J. 
by 

2. CO.i "~:~KiUJl6 ~~ U~ii:"X: c:.:.1C:. i~;n1c~. u,.:-1.CCX' tho °Cr't .:.(.<i .i.:U..:~·•..:. ll H~ ... 10 1:·Tl.t )~lf 

h.J.v0 b,:.;G11 U{jC6 d:~tr:::::tC""::i. vcly i ~·:1 _-:. ~t:--.r~~·-1 r~~icl:Lo r:.r1C:. Gl·...;ctr icul t;t.:. ui~:.•­
i i1iJilt E'-'" ·::,ottins, .~;.:,u.li.nt c.r:c~ i, :.::,::.·,,:::,n, '.tin::.; co,_·,i~om1(i.:; . C.;rt,:in 
unit:.; of nt.vc1l r".r: :i.o ,mr'.. r:J.:_,ctr:;_c,,,:;_ ._,,~ui ".°'' ;cnt , k·:o'.,Tl. to con t,,j_:,.1 
on.a or .; :~oI·e I!t~llY· .. ·~.:.:-(<.!b v.:::-: {:.iGl,;-ctl":i.C ·:.~(~.:t.21 .. iu.:L.~ lli .. \-Vd bc::-2:11 o'.)sc::c·v,:;i:~ t o 
bv :.oubjr,ct to co::!T..:•:.;io;1 ,.ti'10. <i,, t e :c::i.0j•,.,-c.trn:i, ,.::;;~·;,.:-,c:i; ,_}J.:,: v .. fo.:;. c.-:1, hot , 
i,u,·,,id cli;=1<;.t j_c corn: j_tiorn,. Th.,: cl0ct ::cic .... l :[', :.i.J.ur-:: · ·,,.::- t l11.n.1:·.ht 
t o be due to tJ-1G h~y<:lrol yt:i_c IJ:cc.:: .. J:c,.0~·-:r,. of r,. H.J.11.1-: .;'-:-.:.;.:. c:-~t-. .::~~uct!.~ic., 
~1roC.uci~.1;~ COI":-i.--o;-~iv·c r~u'h;~·t.i :.;icor; ;,1nn <>~ t·hc cl1c!: d.c~ ; ). :-.,tu{;:;- of t J~n .. ~ 
s t<:~bility ot· t>.1c;:~e ~'1roc:uctL -.--~:-~~ u.;·1t-~(::Ct~:-~ 1.;!1.. T}~:~; ~-~_::oL·t <..:O"t• .. ;::•~;. 

1n.v ,~t-;t j_~;.~.tion.~; ;.1-::.l~e to (r;tCl."'1.t) . ..Q (; ·: t .i eh Hl,,.~10·~·:~·:.~.: :~_~-i-·o(uct . .- i ilJ 
':.-·itJ-1r.;t;_;_.r1c: tb.2:.>c G::~t:cCJ."!C cJ_.i.J.·_;., .. t ic (;~)nc.:~Ltic-~·.: ;·; cJl.<-. t c ,: .. :;t, . .;1·\ ::i.110 t o 
\ ·i1L~t ~=-·~t-::;i1.t c:;.;c0:;:~~o f'~i t :Lo~-L o~f tl-td::.~c..: Hl:1c,:.:~~::.::u r.,) : .. c:-. :r 00 c~-~: iC;Ctcc: t o 
occur. 

J, Di.:.ri21_:~; tlh;~ <.;c..:•ur~;..; of c .. 1 ir1ve;:;t:Lr·.~.t j_o~, nf >:i:--o~·;o~~cc: r.;yntll(°J°t~t~C 
l1y0_i ... '-·-ulJ.c 0 i J.r1 ; i t --~~:.~:,; folli ... :.C: i1L-C(::~•SC: .. j:~3r j__._i, t h.is lr:~bo1. ... t:to1·y to 
c:evise <---.. test f or hyd.rolyt ic s t nbility of chlorin~::.ted compounds . 
This tect was fourni to be directly a ~)~lico.ble to the probler,: 
of h?C~.rolytic breakdorm of H<'.lorn.:;~es s ince the s2.:":te f undar•12nte.l 
chemi cal react i ons v1e r e involved. 

(c) Kno,m Fe.ct;; Bcar i nF! on t h e Problem 

4. According to inf orr.1~ltion supplieu by the Halov1ax Di v ision 
of the Union Ca r b ide and Ca:cbon corpor~tion, the terrf, Ifalowax 
refers to mcJ.ny proc',ucts of different constituti on produced com­
mercially by th8ir cor,1;:Bny. Thcl'e 2.re many be.sic Hal ov,ux prociucts 
used o.s com:,>on,mts of the commerci al mixtures also sol e. under t hG 
tro.de mme of Halov,-ccx , These ba sic Droclucts 6.iffor i n doerec of 
chlorination and. consec-ucntlv i:1 T)hy:,ical pronert ies. Four 
principle ones arc HaJ.;,::axcs· ClOOO J • //1012, - {1013 e.nd i¥101L;. 
Halowax //1000 :i.s a li<:_uJ.d. contccininf, 25- 23% chlorin8 o..nd i:orrcsponds 
approximably ta ~, 0nixt urc of mono-(21. 9% Cl ) Ctnc~ d:i.-(36% Cl) 
chlorona:,ht haknc, }Ic-1.l ov;.:i.:: #1012 is & cry1,t:.l1ine ;:;olid contc:.i ning 
46-49~~ ch1orine a nG. corr cs;_",onds i·oue;hly to a t r i - (465~ Cl ) chloro­
naphthalonc . Ha l ov!a x f,L-1013 is 3. Golie~ cont e.i n-.Ln g a~:rroxi ,,,~, tc l y 
56;~: chlorine , ·:J1ich corrc spo1:.(_s to a. 1;;:1.xturc of totr.::i.- ( 53 .L,% Cl ) 



o.nd :~cnta-(59.05:; Cl) chl·):·orn:.:::,hthalene. Halowc.x /,'1014 is an 
amor,hous solid contain:Lns:: 62-61.;.% chlorine v:hich corres-oonds to 
hexri.::..(63.65; Cl) chlorona,h.thalene . These four prod.ucts - are 
relatively ~ure since they are distilled materialB . The crud0 
Halowa:xes fror,1 which these better ·:")re,arations are made 2,re some­
t i r1es used themselves as basic c;ori11,on~nts, especially as i ngredients 
of cable imnremants. - ~ 

5. Some of t hese less turc I-Ialov,a:x:es are r.,s foJ.lor;s; Halowa:x 
//1005 is the crude black chlorin2.tion -.,reduct from which Halowax 
}1013 is distilled. H8.lowax 1¥1006 is the crude product from ',!hich 
l·Ial owax fiilO14 is d.isti lled c.nd Halowo..x iflOJ.l is the crude oil 
from which Halo1.'Iax //1000 is distilled. 

6 . The basic R:,.loH.::tx })rod.ucts 1:cre not used extensively <H1 

such) but a.n:: usue.11:-, com:'.)ounc~ecl ,vith other materio.ls to ma.b:, 
the various commercial ;:;re:0e,rations. Thc:: com::,ou.'1ded proc.ucts 
sti ll retain the narno Halo,0;c.x, but are dosigm.ted by different 
nunbers. The nu,11ber:i.ne; systcr.1 used is not as informative as 
many other coumercial product nomcmcla.turos such as that used 
by the Monsanto Cheinical Co. to desic;nate aroclors, but it docs 
scnre to distineuish bet•:,con the so·,rer'.1.l class0s of Halow11x _prepara­
tions . 

7. Fou1· series of num'.:>ors ore used, the 1000 sorios, thE", 2000 
series) the 3000 series) and thG 4000 series, The 1000 series 
com11riscs the basi c Ifalov:ax products already mentioned, r~ixturos 
of two .or more of the be.sic :,roclucts and the crude chlorination 
products from v;hich tho basic ~roducts arc d i sti lled. 

S, The 2000 series consists of a lare;e number of cornpounclcd 
products mad.G froEI r:;i tho1· tho ba.sic I-I~,101.qax products or tb:, crude 
materi.:tls of the 1000 series to:3othor ''!ith a wick variety of v:;:i_xcs j 

ros ins, as_rihalts., dye:; 2.110. sol vents. E&ch m0i:1bcr -::>f the 2000 
series is usuc.lly custom-rns.c.~0 to fit the ro;uircmonts of one 
1:ic:.rticular cabl e rnnnufc.cturor oc::· oth-:::,r user of the nrocluct, Tho 
~terials that are a.de.led to make the mo1!lbcrs of the - .2000 s0ri0s 
from t h e 1000 nrod.ucts ars a;.:;le:ctcc:_ fo r several roa.sons , Uutorials 
arc add.cd f o1· such !mr:iosos :1s to destroy the., crystal line cha.rc.ctcr J 

to chanGc the ;ncltine; point, to ,:todify tho hardness; to chan~e: 
the olectricD.l !1ro:-iort i cs 1 to r,--,aJ.-:c it ensior to :::.pply, or to Gi V3 

t ho product a chc:.r actori:::;tic color. 

9. A fo1·: of the HaJ.orrax pr oducts of the, 200(, series t hn t arc: 
usod o;i radio equipment urc: 

Halor.ra:;{ r·or i.12..C~•J from +1013 I potroleuu :;,m: (C~rcsc AA) r,:__ .<:. T 

I!alov:nx f/2141 - ~:!ado fY'Oli1 /;t.1014 I 
T polyisobutylene 

- 2 -



Halo·.-,-a:x ;!,.'2002 - rL:.dc from /ilCJ.J {- Gilconi tc 

Ha.lo•;.-2.x #2004 - f:1£:.dc from tf 1Gl 4 -l- Gilson:i.tC! 
asphe,lt of ,1 hiGhor m.p . 

8,-,1,..," (1·•·[·•-,•1· c <> n 1...; vA : v~-.. 1.:.4.,. 

Asphalt) 
Solcx (tkxican 
than #2002). 

10. Anothor of tho Halowax :riroc1ucts t ho.t has recently come 
to the attenti on of this Laboratory in connection ,7i th a problem 
of cc.blc Sccturants '.,as l oarncd to be another of t he 2000 series 
of Ha.louax :0roducts 7 #-2034. Thi s me. t orial mu:; encountered in 
an investigati on of tho e ffect of Hc.lowax on t he polyvinyl chloride 
wire coatine;, both of nhich wore used i n ca.bk r:ianufo.cturc. 
hal onax !!2084 is a mixture of # 1014 T:,i. th s '"vore.l chlorina tc:d 
diplwnyl s .:md yolystyr ono. The mixturo is nppliod i n toluonE': 
solution with thc solv,:mt being le.tor evaporated in t he dryine: 

t . t so0 c. opcr2. i on o. 

11. l.11:my of the: Hal ?vm.x nroduct::, used 8.s cc.bk satur.:mts 
arc incluckd in t he 2000 s0rios, but deta iled i nformi:~t icm r 0-
eurdi.113: t ho c:Jrnp.Jsition of 02.ch •Jn,J ;•;as not obtaj_n,:-;c;.. Ho,·:0vcr ; 
if the cor:r_:;iosi tion Gf any s:-iccific ,.mo is neodGd) it co.n bo 
obto.inod throue;h t ho Ha.lo,mx Di vision of tho Uni,Jn Go.rbid.;:; and 
Carbon c orpor ation c:ltlrur).1 i t is not tho policy of tho company 
t o ~i vc actual ~crcontago c 01::rr,osi ti-:-r, un L::ss syicci f ic,,:lly ro­
cu0stod . 

12 . Th,: J000 s.:.;ri os :ii' Hal'.)1:tE,X pr ,:;ducts ~re t he so-callc:d 
Don-toxic Hc.J..rrax..::s . They c '.)l1t,'.l. i n l i ttl0 •.:>r ac, chl:::-ri no. It is 
knurm ancl adni t t cC:. by the HaLn·tax rc,pr c scntr~t i vc s thnt t h e chL:,rin8.tod 
aromc.tics., : •.-:;.rti cule:.r ly t h os-: nf hi::-;h chlorine c:Jn tcnt 1 .::.bc-,vo 
5Cf , aro toxic cs:·.usi ns l i ver d.oe:)1101'atfon :.me.:. als::> d.cr mati t i s. 
Case:o of dermatitis aro most :1~'-°"·vval cnt ar11-:i11e r.~orl-~.~r::; i:!1 c\-:.;J.lo 
f a ct,) rios D.ncl. am )n[:: shi~y2.rc:. ·_-_-:.;,r k.)rs r1h0r,: the cable i s boil'.[': 
ins t 8.ll.:)cl in c-x1fin,::d c:x1c:Js. Ti10 n,:n- t oxic IL::l o·;,c.x0s usually 
consi8t of ;:iitch(;s ::>r asr,h2.lt s ::,la.sticizcc. 1,--ith s0mo r.1.:ctorial such 
c.s t r i - cr,:;syl ::-,:Cws~ho.tc . Th .:.; :Ci,)11-t:Jxic materials c::.rc usually 
choc..~,cr t h:.n those C,)ntaininG tho chl o1~i n€!.toc. a r vma tics , but d o 
not ha0ro tho f l c:.me:- :,r,,:;')f and dc::,irabl 0 oloctrical qua l itios •.:>f 
t ho lo.tt0r. 

13. Th0 4000 seri es compri scs tho chl,:_;rin:.: te:d par:::ffin r)r oducts. 
These pr 8d.ucts may consist :,nly of chlorinat.::d paraffin o.s in 
thC; cei.sc of HD-lo\·;~,.:-: /)4001 (/,2- 46% Cl), or th0y rnc.y be c -::m1poui1dcd r,i th 
res i ns &nd f i lL:rs to ei v ,::: th-.; clcrnir cd r-'hys ico.l pr 0pcrti,:)S. Tho 
4000 se:::-ics of Ha lonax a.re usod chiefly I')r f'ln:no- pr,J,Jfin3 o.nd 
w.::i.tcr-:iro::ifine f abri cs" An i mp,)rtant no.v.:.l a:i:-iplication 0f' those 
t4000 corff(}.)tmds is in t ho £'le.me :,---1~,:;,)fing of lifo-proscrver s . 

'I ., -



14. Only -:-,urc dy0stuff na:9hthalone is used for tho manufacture 
of tho chlorino. toe~ no. ::ihth2.lcn0. Tho purity ,;Jf the ra r.- mo. tcrio.l 
i s chocked by :ncltine p::ii:nt, but the most accurate check -:m t h o 
:iurity i s by n.ctual chlorinat5.,Jn . S£S_mpl.::s of naphthaL;nc r 0pro­
scntine c. carload o.ro r ocoivod. a t t h;) Ifolo':.,ax roso.:i.rch l a bor::itor i os 
a t 3loomficlc., N. J • fr:,m tho Barrett C )mp::;.ny and arc chk,r:i nc. tcd • 
Tho chl-:iri..1::i.kd ma torial is ncutro.lizcd and distil l:::d <>.nd tho 
!}roducts of distillation oz~min00.. It is clain10d tho.t thi:::; pr,:,­
c .:.iduro is very -.:ffoct i v-:: in chr.cl osing c.ny alipha.tic l"l.'.lrt ,:of the 
or ie;ino..l r:.1r: ma t0ri,1l since t he ht1lot:on on tho c.liphat i c pnrt •Jf 
the or i 5inn.l ra·:; materio.l is nuch loss stable tha.n on the 2.rom;1tic . 
If tho sc·:mplo pr •:>•ro:::; to bu o.cc~ptc1.bli::; the CD.r is Ghi!Jpod tc· the 
J!IB.nuf,:-..cturiae :,l~rit <.l t : .-yc.nd.:;t tc:, j :ichi cc.n Qnd c.n,)thc r SULifl C 
chlorinatir)n run thoro ~x,L·r-:: the cc,1· i s -.)m7tic-d. 

15. In t hJ :.:.ctuo.l nc..nufo.ctur0 .1 th0 nayhth.:-.1.:,;;:: is subj cctcd 
to vc:.ryin'..:'. c:oc;rc;c, s of chL1rinr:tL,;1 C:..: :"'-.,i.lilinr: on t he ty:1c ;.-:f product 
dcsirc-c.. i"Jhon the r•,).:\cti,:-:1 h::s r c;1chod the d...lsir cd f;tcl::o J tho 
pr 0co~~, is st,,!-':.''-'G u.HL1 thJ acid th£. t h<'-s b0e:i1 lib<Jr:.!.tcd C::uri:at 
chlorino.tion is noutrc..lizod ·.:i th lim.:.:, Tlw ias oluhlc m~1t0r io.J. 
is 1·ot1ovc0. by fil t.::r ~rcscin~;", y i oldinf; a blucl: substc.,1co con­
t2.i_nin,:: less t han 1% i:-wdubJ.o 1.,J.t 0rial. This i s the cruc:c 1:1c.kri c.l 
dJscrib,x: c.::.::·lic:r as on0 of 1G05, ~006, 0r 1011 from ,·:hich tho 
pure h:.::.sic Hal•'.)~·,o.x :~roc.uct it:. d istilled.. CarrJ is ta.k;:;;1 cl urine 
th0 chlod_,7.:;.t Lm t ~.' :,r,::v0nt .:dc1iti,.m of t h-.; lw.loe;on cmd to :.'•Ormit 
on:y tho s ubsti tut ir;n r ...:2.cti.Jn to :)r'.)c.:;Jcl. 

16. Chlorin.::.tt.::d di~,h;;nyls a rc us0d ':.•ith the chluri nntod m~:·,h-
thalone: in ;:1:,.ny of tho H<--1:.:r,:::.:x ~r,.:.,ducts. Tho HaL,·:;e.x Pr:Jducts 
Di•rision 0f Uni,)n Carbic.o ma~ufactur0s th~ chlorinatod diph,myJ.::, 
us0d i n thoir !:)r'?ducte ancl d..:.:si[.natcs thom by numbor::;, the 11:.st 
t~·io cli r-it::i of ~,hich i nc.iccto the r;orcontoso cf chl,,rinc. F-'.Jr 
,-.x,-,•n,l~ :r..,1.-J•·,--··· l.fl048 1· '" ., ch , ,,--i· 1,at ,--a' d~ n'~,·-11vl c-111t'"' i ·11· l1P 4°)~ \_; ._(...U.,:. .,_.) £-" . ~ W..t\.. : , V 1_;, ,.._ .J.._,i • ..., .J.~J.1.;.v • .J \ ._.., _ _ 4 ;;..i (. / "' 

chlorino . Usir,s the sc.mo system 1 H-1la:.?C.X //1060 ,i:ould b0 £>. chlo::cina ted 
c1iphonyl cont 1.::Lni nc 60% chbrin e:, 

17. The Navy us;.:r, c. lo.r~c::- Cl ua.ati~y of Ho.LJ0:,-a~c pr oducts in 
01.::ctricn.l cablcfj than f,,r a~1y ·Jthcr yur::os-.:. For· this use, t he 
f l 3.r110-:7r;:i:1f quahty) tho hie;h ,:l..:ct ric..-,.l rosist2.nco and the r:atcr­
pro~f quo.l i ty .::i.rc t he caic:f c.c"1.vo.nt,0,~cs, Th.-: tcxi ci ty is en.: of 
:tho mai:1 C.is~dv.::nt ::..,:;(.;s . Hal,..,·.:::i..:-::; :--es us;:;cl j_n ca blc) i s n,;t u su~.lly 
flp!)lL)d dir0ct ly t :1 tho ·•:ire, but o.s :.:-.n irn:•r0£:!lant (,f c:sbestos 
us.Jd over tho !")ri:s1:.ry inaulnti,,:, ,)::.." 1 .'irc c:_,: .. tinp; . In this c:;.sc, , 
i t i s ;:;.~;!,lie:Q c..s n. t0lu,]~1;.:; s :-J.t1ti -:;1i ,1~1{ c.1rioc.1. 2. t l,c to:.1: 102.~a tur;.;;s. 
Svm;.) of the s::1-cr,llud non-L;::~.c Ji,).l,1°,-~~: ? r ,_;ducts aro o.lS:) used 
in c-.blo m.:tnufnctur c. 
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1$. In 01..::ctrical :::.n:. r.3.c'!.i o ex.:. ui:11.l.::mt, Halo·."ax :;,r.:iducts a rc 
ur;v~:. in cond(:m,ors, tronsfo;.-mJrs i rcc.ctors) coils, etc. Al th·:,ue:h 
the .:>ur0 chlori n..:,.tcci nc.:::,htru::l()nc is still used to c.. limited .:):-::tent 
as i! cond.:mscr dic].cct ric J th-:; c hid' us.:, in olcctric£:l oqui)iflcnt 
is as c. p•)ttin{', e.nd s.;ul:Lnc co:11:!)ounc: . Th0 ,·:irin~; is usuo.lly 
covcrJd ,·,i th un insula t,1[: vzir ni :::h c.l1d. the Halo':,a.x rr xluct used 
ovor thc.t. There is a t l.Jast on0 ;,1anufactur0r, ho'.',..:'l:cr, ·:Iho i r,i­
:'.)roe:natcs c0i1:::; d i rJctly r:ith c. IfaloY.'a:c of the 2000 s-.:rios. FrJr 
c loctrico.l equipment, no i:cJv;;:nt is used ·.,it h tho H,,l orm.x. The 
pe.rts to b.:.i tr..:;a t G:5. ur 0 o.ir,,cd i n th0 Ha.1:-,•··ax c'.!.t 120° t o 150°c 
r.~ft0r t hor our::J:1 vacuur.i dryin~. Th..; Hc.lo•::ax ruo.11uf.:::.ctur.:-,r s trof:scs 
t h 0 n,:;cc:;;sity :.Jf hcnrine; thu ,Jquipmont th,jrouehly dry b0f.:;;r0 dippinf, 
~ )ttinf or G(.;llli11s. 

19. r-I-c;.l vr:ax products of tho 4000 ser ies ) chl0rL1at,)d ::1.s.rc.ffi:ns 
and r,1ixturcs r:i t h oth0r subst2.nc0 f;, ar~ us-:d >J.S fla1:1c-:1rc,:;fine-
D.r!d i~'a tcr- r,r')ofin~ ae;cnts f•:):r f ubrics. Thu d1lorinn t cci r,o.r "ffins 
c.ro nuch less Gtc::.blo th::m tho chL)rinatct~ nr :.>matics so thct these 
pruduc;ts f:.r0 lil-:el y to lib:irate; hydrochlor ic acid r ca.dily under 
hu::id c :mclitioni..:. In the Ar,:.y sp.:::cific:;ticns f)r tho f abr i c-tr0a tine 
mat0r:i.o.l, co.lc:i.um carbwr..t;.. is included to h0l!) neutralize t he dc­
COB:_,0:;iti -,n ~ro,:.ucts of tho H:::l ,Ji';.::_:x L;.000 r;-,ixturcs. 

20. ChL>rin<-1.t..)d naphthc.lo!"lus (Hc.lv·::c.xcs ) m:0 u::;ccl in cuttint:: 
.J.:lC. brcak5.n ~•-in •.;ils .;.ncl in cxtro,::c ~,:c;:;scm·-.a; (E. P . ), lubricc.nts. 
Chlorin3.tcd :::-,a:cc.ff5.n Hdl'Y.''l!.xo.s .::.re USl:6. in h:,r;:i.:,id ;0·:;..::ar lub0s and 
to i:1crcn.s0 the fj_h: strc-ne·th of lubrici:nt s . 

:a. H.:110·:1.:.;.:: r:.t.E:lbJl',: 'i:hich 2.::-:;. hy~ihonutoo. such as 1-67 r0for 
to ox ~>0r.;..m.::i~1tcl s ~:·.i~:.lcs ·::h:,sc CG:·n: .... :,s i tL,::-. i s ka•'.J,·.n .::::1ly t ::> th0 
Jlc.lor.c.:.:·: mc.rrni'i.:.ctur0:.:-::; . Thc:.;.:o s.:.,r.:-,l,:.>c:: c.ro ['.i v_~! u nu:ilbor ,_··!lich 
c )nf :ir;:1s t .) th-.::i r ,::r.,i.J.5.:1c.,:::r of t h;.;- c..::r ios ·;,he;n :.m .:tcc.J pt uble: com­
Y-JJSi t ij!~ i c f 1.":tc1c: f or t hv us~~ 0f th0 c110lcct r ic 1.1~-:-.tcri-:; .. l .. 
The: l a.~t t}n•--, ..: cii.e:its i.."1 2. r.u:c:~cr such c.c 2.C•l4 r..:f-:r t ·) a s~oc i f i c 
nroduct ,.,anuf€...ctur:x~ to ,,,0::t s::r,:::: C;):.mttny ' s sp.::Jcific,:i.ti :,nsi a.nd 
o.ro ent i rely CL;:)5.rical ,:nd C·:Ji:t,~in no- kc:, t ,) the C(;ffi:,l:JSi tLm. 
::;f tho ':,.1x . Thi::: sh:,uld t0 c.sc-:-rtr.1i.r!~d ;)y c.';_j_r.:;ct inquiry t o 
tho H~b,·,ux Pr0ducts Div:i.sion . 

22 . Tho rn~nuf1ctur:-rs ::,f H.:..l ::,•::.'.).X products spocify thc.t co.ch 
1-;~10~-:a:;: sh)uld b;) C?~liccl to \7i ro rml y ov..::r ;_:_ eoo<i lccqucr c...nd. ,:;i t h 
strict oxc.lusion of .:1oisturo . S0mc mw1ufo.ctur0r s of oloctrico.l 
cqui ;:-'mcnt f:iil t c c ·)mr,J.y i:i th this rocoi!!JncndL ti,m, a.cccTdine to 
the Hc.lc,·. ,o.x Divisi'>n, 

23. An 0xtonsi v0 irrv.::sti:-;o. ti, .. m of th,:i use: of lmlo:70110.tcd 
hy<lrocc.rbons .:i.s di-:1(.;ctric ,.(,:,,or- j_n9rot--no.nts r:as i:l&do by tho Bell 
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Telephone L~boratori es . 1 They have studied the beh::nrior of Halowc,x 
}1001 (chloronapht!:.alene) a nci Arochlor t/1254 {chl ori nated o.iphenyl 
~~onta i ning 54;~ chlorine) 1.·:hen use& as i mriregnants for paper in 
electrical apparatus such t.s capacitors ;;,nd transfon1ers . Samples 
of Kraft po.per ana. rag stock linen pa::,er ''/ere dried and i mp:cegnated 
wit h hot dielectric compoi.::ncl. The impr egnated nc,]_1ers v:ere fasten ed 
hetv1een r:ietal foils &nd a cl. c . potenti-:'..l r.,as a pplied . The conductance 
wc.s then observec; for an e:-:tend.ed ner iod until breo.kc:iovm occurred, 
It r:as found t hat brea r:cl.01.-m at l.00 voJ.t s d . c . Dotential v,as observed 
often after 20 to 60 hours ·t!hen ·the t emDer atur~ v!aS 100° c usi ng 
,:lumj_nu:r;; foil e lect rodes. Sir.1ilar bre2.kdo\,n v1ns obse r ved c.:. t 101:cer 
temperatures, but here it ,1roc0ader.l a t a ·decreased r a te, It was 
.found t hat E.rc:ft Di'.l)Cr showec. better stability thc.n linen pnper 
in t hese tests . Theso o.uthors explain thei r r esults by 3.ttributing 
t he bred:dovm to a Sc;l i tti ng off of hydrochloric 2.cid fro:,1 the 
imprcgn.:1.nt or as s. direct rcsul t of th<J degrc.6.ing i nfluence of 
the e l ectrode mcJt al upon t he chJ.orinated compound , The hydrochloric 
c;.cid f ormed t h en o.tta.ck s the 2.lu:itin um ,.:;lcctrod.os by £:2. coi:1bi11.:.tion 
of direct ch~t1i r-;c:.l action ano. ,:loct:rolysis:; forr:1in; :::.J.urninum ch l oride 
,.-,r,i ch actively c:::.talyzi::s further docomposi t i on r co.c tions. ThGy 
point out tho.t hydrochlor ic e.cid j_tsolf is }-,.novzn to :::.ccelerato 
tho c:1.oco:n;~osi tion of c,::llu: o sc ::,::. t•.::ri~ls c,nd i n ecC:.di tion uc.1,ds to 
th.J conductivi ty rrhich fL1:,.lly builds U:' to & :,oint '!ih(,;re t hor;nal 
effect s cnt ;.Jr . 

2.4. Thcs-:.:: results ,'ere <iiscusscc. rri th r0pr 0s·:::ntativcs o f the 
H:.1.lowax Corporation v;ho ;yen, r:o.11 a cquain te:d with them, Conc l usions 
d rc,1T. ';)y thes.:: r e;pr cscntnti v.:;s r.'or ;;; t hat tho Bell Tolophonc 
cxp,Jririonts ~)!·oduc,c:cl fr. iluros o.uo to hyc~rolytic i ns t a;:,ili ty v;hich 
v1c;:.s pr0scnt bccausn t he sr.-ocirc~e:r1s irn.;J:..."'egnateC. ·~·:rsr ~ not properly 
dried bc,fore: ths i;rryffoe;na.tion tro2.trnont,. Thosu co:-iclusions ·,:orG 
1xis-ed. upon 0xpcr:L:",,0nts C:JTriod out a.t the Ht'.lO\''ax r c:,oarch l aborc:.tories 
8-t oloomficE, l~. ,J. o..nc. ho.ve: not bcon published , 

25 . 'fie Bel } Tol:,,r,hono report st.::.tc:f.l th.:).t t h e mc.tori als u:::cd 
in thei r cxpori m"rits 1:,ore dr ioc. unti l th:_ J·1oisturs:: content of 
t.ho f.,apcr •'l&S l.:ss t han 0. 05% by ',i8ight and the G.iT;,lication v'c.s 
done by- c, procoss of vacuw? j_rr.pr(.;gn(: t ;i.cn Ht ll0-l2C°C. Truth a.s 
r og,.trds tho obvious d iffcrc:;nccs of opi nion bctr:c,.m th0 h .ro concerns 
i nvol ve c'. could not !:l0 2.scortc..in"'d . 

(d) Th oor,"ticc:.l Considc:r.:-,tions 

;:6. I-l>-.:.lowu.xcs usod in nnvc.l cqui-r.,rncnt c.ontain :u,,rgc ::1-:;rcentagcs 
of chl orine. Hydrolytic f.:.nd t hernnl br ce.kclovm . of tho H2,J.m:ax 
cont1.1in i ng conDOunc.s of tho ch lorinD.t cc:'. :.:.rorno.tic type can :)roc~uco 
t ho highly 1.:01-rosivo su'ost.:•.nccs, chlorine; anr;_ ;1yc:rochJ.ori c a c i d.. 
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Tho tracos of hyclrochlcric o.c:id formed r:ould r oadily attack the i!total 
m:d by the rc:sulti nc h it::h c:mductivity of the dielectric., vrou.ld 
destroy tho insula tin[: off oct 'Jf tho Hal0r.rax in V!hich it w,)uld 
be formed. A furth0r rcacti.:,n t •o be oxpoctod from tho liberated 
o..cid rnuld accclorato ch0raically th0 furthor decomr,ositi::;11 of the 
Ha.bwc.x . In o.dditi)n t o the chloride ;_)roducod, other ionic material 
r:12.y bo dcvcb!.,0d v:hich r cduc0s tho electrice.l rcsisti vi ty of the 
Hc.1,Ju3.x and would be oxccodin~ly c0rr'.)Si vo cspoci&lly in tho presc;ncc 
of r.m .::le:ctrical :,-Jt,:mtio.l. L ra1oc.sur::m:mt of tho chloride c.:.nd other 
ionic r,10. t0ric,l d0v;::il o;:,ocl durine: hyd1· ) l:rnis '.-rould bo o:r.::70ctod. t '..:- bo 
il :0'.:!Sitivo indication :)f th0 t.:mdcncy of e:. e;ivsn Halovrax to corr,:;do 
mctn l .:md subsequently ~-::roduco cqu i:7nont br0akdorm. 

( c) Na.rro. ti vc of Ori~i.11ul Ti ork Done 

27. A trip t0 confer r!i th Ur. Intomc.nn .::md Mr . rJ!aybov:cr of 
tho Ho.loP.J.X Pr()ducts DivisiJn; Union Co.rbid0 <J.ncl Car bon Corporation 
y:o.s m&clo by Lt . J . is:. F:~e;olb;;:,re; ancl Dr. J ,::;lm K. F01fc on iJarch 12, 
1943. I nformation rm.s obt:iincd rolutiv0 tc- the no.turo of tho 
H2.lo1·.'sJ.X :iroducts, tho re. i7 r:12. tori o.ls usod c.nd the J!lotho<l of marm­
f::J.cturo of th.::: basic r,n)ducts . tho c:;1;mJsi ti,.:n and nr.,r;orti8S 
of tho b(1sic :Jr·xlucts .. o.nd :; f thC! c ._;ir11~,)~nd.0d 1:,aturic,.ls. - Tho nu val 
us:Js of Hc. L)'.'IaX 2!r )duct::: 17cro o:1ur:cr;:i,te:d as r:oll ,1s tho ch0mical 
na t uro ,:,f 1:12.t .:)ri ccl furni sh,:,;d. in c,;,.ch c.:::.s0. Th;:; 11or.1e;r,cln turc 
system used f or th.J c::.r.tie1-..::rcic.l :=-!T0_,n1·2.t i )ll.S 1:.,.n.s ..:.scortr-.inod . 
Tho moth:)ds -..:, f .:.!]~,lic.::i.ti.m a.s rtcll o.s qu0sti :ms ·:,f stability and 
corr'.:>si::in 0f metals by HCll,,,-rc.x ::,r-.,ducts ::ror0 discuss0d. 1, visit 
,,r.n.s ,,.ls,;. r.10.cb t , th0 i'.'Ic:.tor i ,::-.1;; L:.10:.;-rJ.t _\ry, Br :>·.)kly;, No.vy Yc:.rd 
c.nd th..:: i:r.:-r k b;:;inf d :,no. thor .:: m the t0sti nf of rnatorial c,)nt<'.:!inin~ 
l!ctl'.,'.K'.X '!,as discus~c;.:.:d ·,:i th Lt. C.)1;idr, B,:,rsky; Ass 1 t L.::.b·)rat·.;ry 
Officer .:1nd Messrs . Fr.:-,s0r .:.l:d GraYos ,;f the EL,ctrica l I.•i vi sLm . 

28. A nir.1t.::r :f Hc.l )·:· . .,;.~~os of tho 1000 rrnd 2000 sc.:rics ::ere 
s0curodi 1:1ith :;,c,r t iculc.r c rr,:ihc.si s ,.;.n •:bto.in.inr: t.,ut-::riD.l used 
corn,.:crcic;.ll y as c·:,il, en.:::,11ci t ,r c.:.nd cable i mi)roen.mts . Thcs0 1-x.ir,:, 
t c stcci as r:..)coi vvd f .;r th~ :,rosc nco ,)f f roc cj1l )rid.:, i,.:,,., by cx­
tr<,ctine; a t ol.uonc s ,)J.etion ,,f tho •·:ax <;{i th ci.ilutc s .:,<iium b i c::lrb)na to 
c.nd u.n&lyzinc; th-:: ,~e;.uc·)us bicarb.,n.::-.tc s ,1luti ,)n f .Jr chL;ri clc by 
t h,l V )lhJ.r d moth ,d .2 A ::iiuilG.r unaly,~i s ,:,eas made c...ftcr rofluxinc 
for f,.:,ur hours the t oluo).-i.:, s;:;luti,)n )f Hal or:2.x ,:i th a dilute: bi­
carbonate soluti<.:m . This soc :,nd; Jr hydrolytic brcakd::i1:m test ; 
·::as r cix:?atod in t ho proso:i1CO of stool, C')!)pcr) brn.ss r~ncJ. d.uro.l l?ST , 
S') thc.t tho 0ff0ct on tho r:1otc.l c •)uld be obsorvod nnd tho cat.::lytic 
effe ct of tho ,:otal ,m tho Hn.l .),·:o.x brc~-,,kclo\·,'n c _iuld be ascorto.inod. 

29. Tho t·Jkl imic 
dLltcn1inod by rc:,l:1ci::.1: 
r.ra t c r ,1nd mcc.sur in: tho 

matorio.l clovol~:!:)od i n th) hydrolysis •.·Io.s. 
the: bic::irbcmatc, soluti 'Jn r1ith distill,::d 
C,)116.ucti vi tv .)f tho rm.tcr 2.ftcr rcfl uxinr- . . ~ 

- 7 -



30. Tho th0r!'!lal stabil itv ,·:o.s t0st-::d in oxr:1,;rincnt c r,hich 
iiiv.:ilved ma:u·,t::i.ininc th0 H.:11:_.,.-,2.x c:,t e.i, clovc.ted. tom,:1cr2.turc (137-

0 -133 · C) f -::ir 72 h-Jurs end the:, studyi!1s tho br c::.kL1Y:.11 r.::sultin~ by 
aprilication '.cf the hydr '.llysis tost. 

HETHODS 

(c, ) Arr,,o.ratus 

31. The hydrclytic brc0.kc_,),:,:.1 t est u5>ed. Yms 2. r,,::>dific.o.ti,.)!1 of 
that dcscribad i n N:ill, Ro!"Jort N.J . P-200o/" for tho kstine of liquids 
u,1d,,r consiC:rati '.)n ~~s 'tx:su flu.ids for usv c,s synthe;tic n-jn­
infl<l~'.J:!c.bl0 hyclrr.ulic .:;ils. Tho test ;_,as r:1ado usin~ a 250 ml. 
r,.Jund bott:>r,, flc.sk fittod. t·::, ct r0flux c=>~cl0n sc,r b:r moo .. ns 'lf c. 
::rou:1d ~la.ss j 'Jint. 
:)l o.c0d o.t th0 b:1su. 

Ii:.::::cti nc; ,;:as a. cc:m~lish;:;d by o. Bunse:n 1::ll.n'n:::r 
B:>ilj_n '.:'. chi::s y_re;ro used to pr:))'J•'.)t'"' s::1-:K)th 

3;2. In th0 J1y·c~r)l:."tic bi ... ~ukc.~ ·-:i·:·i1 test f 0r t )t <..1l i ~;!'!iC n1ntcri ,~l 
c ,;rt :1i r1 ,3_Qdi ti;)n.;.·~1 :jre:ec_-:.utic.1"}. :J -:,7e:ro .:.,,bs.:.:r•.r~d,. Bui l i :12 c}1i "0S 1;~:cro 

01ni t tcd 2.!-id stce.·l:l -=.:.::~s 0?:1:-1l ··)yc<l o..n a S-Jurcc c;f h..::c:t t .:, c::..void 
bun:,ii"-:: of tho nixturc::. Lll ::.:,I:z.rn.tus ·::.:::. ::: C:(,;:.;;£'uJ.ly ,::::sh-..:d ·:,i th 
disti1loc: r:2..tur b-:f,Jr0 usi;:H:. Th-' uso of ~r.m:.1d r,l;;cs s j :,L~ts 
ff.thor- tha:;1 c-,rk ,:.ir 1·utbor st·..J :'•~,,rs ·,K!.S e:ss0~1tiL .. l since t h0 ox­
clusi0)1 of i 1mic .suostc.:1cc;, n;;_·.r:. i r:-,:,-:.;r2.ti ve:. 

33., The }100.t tre3.tJnGnt c.~,:1~~r::.tus is sfi ;r.~1 i11 Pl:..:t~ 1( ,. i: f, !I 
i:. is 

1.1.,1 J..G us . tub-.: ·J:iich C·),,tc!.incd th0 ~c,r.1:-ilo t ) be he:c:, t cd. Tho 
so.r1:•l0 is intr jducoc~ tl11·ou:_;-h. ·Y).:.:ni n~ E.. Tub:: A i s surr )Ui1d~d 
b? ,1 :cDu!·1d '::nttc,n f l2.sl~ rihj_ch i s -2tt,:.che:d by rrr•.:;u.21d gl-:::.ss j ,)int 
B. A r"flux c,):::10.3nsc:..' iB r,tt:c.:ch~;d ;..,t j')L1t C, A liciuid havin£; 
tho boilir:: t..::m;:-·0rt1tur o D.t r:hich t h..) Ii:::.L:•:7,:1.x is t () be: hen.tad 
is j_ntr 0duc0d i ntc th,J rounC: b,.;tt..:;;:, flc.:.sk until th0 l ov.:::l is just 
bolo':' but not touchin: tr.10 8.:;tt •Ji.! .yf tube .-,. • On h0n.tine; thv 
f lnsk, th-3 lic~uid boi ls) l ,)2.v0s by sid-.) G.r:i: D ::md is rc.:fluxod 
i n tho condons0r. Tho ,.mtiro tub8 i', is sur round:.;d. by rcflu:;~in~ 
vapo:!:' t,n.d t he t.:;r;1::_-1orcturc thus rcE",--·,:Lns c,)nst ;,.r:t o.s lone as both 
liqui d. ~~nd v::i.:x.:r &ro :ircs0nt i n tho b-'.)ilia;-: r:1ixturc . 

(b) tlatcrials 

34- Tho foll <Y.·inc t.:,st solu~ions t,:1::' stands.rd S·7luti .ms ;·:e:ro 
;:I'G~nr0d o.nd us-::::~ in th0 t e: s t s ~ 

(n) Soc.im; bic,-..r ';:)J~1ato -- !.~ lf, s -~-luti:::,:,1 
a!1tyc1.r:'.)US in d.istill,:d ,K,L:r ,.·:as used . 

C, 
<.:, 



KCr~S, c. ~ . Cr:,sta ls R.:-:2.r:o'..:1t Quc.lity ;) '.fas ,.-.rci (•h-::d r')1Jfhly ,~nd 
ma.do u::, t.::i 1 lit0r in:: ·,nlur'.l<)tric fl0.s k r.riti:1 <list illc,;c. n:it:.::r. 
St::mdn.rcliz.::..ti '.):l '..'B S me.do by t i trat ine:_ sui.tc.bl,:: alic:uots a;:_,ai::u:; t 
0.1 Nor tial silvor nitrat e . 

(c) Silvor nit rat ,::, C,. l Nor mal. H. carefully ·:,ci[:"hod 
sar.iple: (16. 9890 5.) of c. !) • Prir11c.ry St an.do.rd Sil v or Ni tratG r;c.s 
di ssolved cmd L1t,do u,:, t :J 1 li tor ::.n a vc.,lu;;ictric f l ask r.'i th d i st i1L.::d 
~7il t el'. 

(d) 
solutio:1 ,if 
nitr ic r,c i d 

Fc.1rric Amt1:ini m1 Llum 
TI' lTIH (so· ) l') " O · ~• C ·, l. ~ 4 2 • . "- r.2 i n 
untj_l the brc:,.11 C.)l ur 

Indica t 1r Solut ::i.cm. A satur c,tod. 
di stilkcl r.ro.t0r ·,,c.s trocttod ,·;ith 
•::o.s discha rfocl. Thu n ixturo 

35. Th e hydrcJ.ysi s •,:,,:,.s :.:. ,;,c;~_ifit>J.ti:,:1 , .f the. t 0.0s c r i boo. i n 
NRL R<>0rt lJ.J" P-;;QC9.4 A 25 cc. sc.u;!lo _, ~-h-..::.1 tl1,:; ~Ial ;·;;&;: •xu;; 
obtc..i ~1.::C_ :.:~s u t Jluc-n~ G·Jlut:Lc~ .. . )l'"' 5 ::.r~~i:!S Ec.l::;-:::rt~~ G.n.c~ 25 cc:. 
t~)l ll01'1C r;h011 the.: sc.ra:~l_:; ~:.~c.~ r) L)t.-;..i !"l0 (~ ~ .. s 2. Gi:;1:Lc:) ~.-,::.s ~,l;;; coC: in 
a 2 50 i:11. r·~•U:ld b.,tt;;:, f lr,si: fit tod r.·it h::.. r ,.'.fl;_,z c ,:·~c-1-::lS..!r . 
To this r:as addc(~_ ~~5 cc .. of 1::; s,xliuF'. !)ic .. :.i •b ~·,~1•.-~t:.:;, Tho ~-ni;~turc 
r.ro..~ rcfl tL{cd f ,:1r :;.·Qur ;.1;J~r· s :.i t}ie: 1:•at cr S'"Jluti .. )11 s~~--:.·trutod.2quc.nti­
t c:,ti vcl :,r nnd titre:tod. by the V ·.:. lhcti:·e. i:,cth·x ~ f ,l' chL-rid0 . 

t e st ':.:o..s i d0r1tic2.l v.: i t}:1 th~1t ~n .. 0~viousl~r 
str.i::, ::,f notL'.l ·::c.:.s ~,l e:coo. i ri tbe n ;und. 

36. Thi ~, h:,c.r,;-J :rsis 
d~scrih)d uzce:~1t th::.t c. 
1x .. t t :m fb.sk . F::,ur t~'::Ui (1f ::,0t~~1 ;·,or(: use.&, c·::ile;. :rul L..d. sto·.::l ;­
cc,ri~or , br~:ss ::.:.~1c, clur.sl l 7ST . E::-.cl:l stri:" ·:,~s carofu1J.:r ::-,re::,::.r ccl 
by p'.)lishin:: ·::ith 01:ury cL,t h .:-~nc::. stool ':i:; :;l c,nd r.ras thor,)uchly 
do~r oascd b:r c l c ,:n1i 11:.,· ir1 boi ll11~ b011z,J110 o..nd f i112.. l l y ·r..11shin2 
r:i tl1 yie:trolcUY., •.)t)1cl'. Th0 sh·ir r0stc-d vort:i.c,:.111:,r in the fL~sk) 
·:;i th t ho 1-)•:·cr half i 1;u:iorsl:c. in t ho hyclr:::l::sic i':i x tur0 c..nd. the 
U~•;,10r h o.lf CX!)OSO<l t 0 2. r:::fluxi:1c varors , Ph,,t n.~r o.:1hs '·''Cro 
nuck ,.1f the stri:)S ,lft,)r t he h?c°'.r·~•lysj_s •:,·,is cc,r:,~,lctcd .. 

(C) Ch lorido Anc.l ?sis 

37 . Tho ~itrc..ti ::-11 °:•c:s carr i ed (mt b" tho Calc:.•:·1.,;:1.l a.nc: Eo:tor 
m::x).ificati,);1 c)l th-: V:)lh.:i.rd ,;;c t h,:.id , The 2.C:_UO·)U<.i :_x;r tion of 
the hydr ·)lys:Ls n1ixtur~ 1.-:D.s :'lc..c0d i !"l a :.~1r ... ss ;.;t ::,·-";·-ori:)d. Erl(;ru::.1cy0r 
fl:::.slc An C { Coss of G. l N s i lvo:c n J.tr:::.tc ( ?C cc .. ) ,•·,,.s run i:n 
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c.nd 6 N nitric a ci d added drO;)V,isc until t he silver c2.rk,nato 
dissulvod o.r1d th.J uixturo wo.s sli::ht ly aci d . A f ;,,.7 cc. •)f 
nitrobcnzcnc lmd t v1clvc dr o;::is of L:,rric c:r.tri'.s;nium a lu:·:1 indico.tor 
were ,::.ddod . Tho O .1 N :1ot ~1ss i uu thiocy2.no.t.J r:-9.s r w."1 i n until nea r 
tho end :point. Th,; mixture ,,;;-.s then st:,1·ne:r ccl Q!lC: shc:.kon vi , ·or­
ously. Tit r 2.ti::)n ,_._,~:s c0nt i nu0d tmti l t h;· (c:finito ;:iinl: C'.)L .. ; 
of t he ond ::i ~•int ha.cl bcon ,::,bsorvod. Tho enc: :,::int ".c:-'.:!.s ch-..;ckod 
several t i nes by .:,lt0rn2.t0ly s.dchn~· ;.::.liquots, silver :1itr,:,tc 
a nd :1otc,ssi u,;i tb.iocyanc:.tc. 

38. !',. blo.!'lk dc t or ::.:irn::.tiJ~i :·,,~s ;::i::.dc· f;_~r chlori.dc :rcesont h1 
c.11 ::.·co..e:m1ts used . The indicator bl.a::1k fer tho vol1LJ.c ''!f solution 
ui'kd ,_·::::.s d.ct -::ri.1i:::•1cd c.nc". subt :c~.s.ct-sd f ron t he tc,tr:.l thiocyc.:.11atc 
readi::1:::_· . The re:sul t a of tb) c.no.l: 0 sis c.,ro cx:,r cssQd c::,.s r::i J. liE:_Ta,:i.s 
of chloride: ion f ound ir, the ;)_,·:u :;ous lo..y0r. C.J.lcul.:.•.t i o"1 °:::.:,.::; th0n 
n:.d.::) t o fir).d t h " nillicyc:r.1s of chl,)rid--:l i o!1 : ior ,,~i:!.lili tcr uf 
lial:.)1:;·c.:c sol uti o~ ,:!r ~,,.,;r e-r2J:1 vf Hc.1071~::-: dc::.1-8:1.din~- 0n r:J1ct}1.J1"' tl1c 
sc..n1~·)lc usod. 1.:-:as o.. solutior1 or solid o 

(D) Conductiv:i. ty !•.ioE,surosont 

39 . A 5 :ra,,: s.:D:~lo .) f tho H.:.lY::ax ·:,o.s r'L.cud. in c-. 250 :11. 
:;:ou:.1d bott:)m flask ,,;i th 25 ;::l. t 0luc.:nc .:.ncl 50 ,,·,l. distilled 
;_;.::;_tor . The fl::. sk ,·,c:..s f it te:d ,_._,j_ th ::: .. :to f lux c,)no..:..:,.1s0:c by 1:10.::.ns ,::,f 
a ~rm.1:.18. ::;lo.ss j 0i nt t'.n<l h oa.tod on a sto2.,J b(;.th f ) l ' four h,.)urs . 
No '.::>:.iilin;; chi~)S rn.;r0. used . T:1() C.(_uc :ms la:r0r ,:.:cs r_:_;,.1,,v,)d usin:_ 
c. c l c:::.n sc:nrotory f uru.101 and. tl1c conductivity n:,2.surcd at lOiOOO 
cycles :ior scc:.mc;_ usin[: o. G0nc-r .:.l I:.S.c.i:j ty~.::! 716 A bri d~c and 
bTizht pl o..ti:mr., cLctrodcs. The resul t is cx~;r.::sscd as Ghms 
rosist.1ncc •.)I the.: coll c..nd co.lcul1:.tcc.", t o the os.uiva l,cmt r.!::lality 
f or an. ~11 . .. UG01j8 sulut i on ·)f ~v)tn. s siu1n. chlori de. 

(E) Th-~r mc.1 Stu.bility 

40.. Ste=.bil i t,_T t ,):-:c.rd l1cat ?.r~s r:10;1..surc.:d b"l lcconi 110- the Halry:;o.x 
e.t l37-1J8°c f-'.:!/ 72 hjurs usin~ th::: c..:,1xtr.::,tu·s shc·;·.n in Pl(;.to 1 
ar:d then a;.1~1lyit1c tho h:·6.r ,)l ytic b:-c;:;2.Ld.r..:'::n t est. Th.J li,.:.uicl 
used. for r0fluxin::;: in tho h,.:0.t tr-:lntB.:::mt '..x1s xylc,r:.o , solcct-::;c. bc­
CC;.use: cf its b .. ~·i li.!.1.r. 'Y")Oi11t . Bo he.vi er t c•:·.,o..rc~ thori:!-.:\ l tran trt:.c11t at 
183-1S4°C ,;;;:;.;:; .::.lsr_, ; t~c"J..,::c. usine; aniline .::.s the rofJ.ux li~uiC:. 

DISCUS3IOiJ OF RESULTS 
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Hc.1-::r:,s.:x.-:;s t,:.,:.,-ard h:,rdr,:,lysis. Th.: r0sult,s ;_1,r,:; shc,,.:n i rJ. Tc.bl,:;s J.J 
2, Dnd 3. Tc.blo l lists t h G re, sul t s ,:;f the tests f ) r fro0 chl or i de 
a:10. tho hyc1-r olysis tc;sts, Table 2 shry::s t he r ,:;sults ;Jf hyc:nlycis 
in t ho ::·rcscnco ,)f rn::tc.l. Ls ,.:c..y bo s00n fror Tc,bl() l, c.11 --,f 
t l1o HC!.J.cmc.x,:;s t2st0c ·;,.:)ro 1.ms8.tL;fact,..:17 oxco::_,t nun'ocrs lGl ~; 
1013 J 1014, 2068, 2012; and :,CS s:i. bly l CiGO, 2084, 1- 67 ,-:nd. 2J.Cl. 
A!)prociabL:: w1l u0s for chloride ion sh:.mld rul0 .mt any }fal-:-·:.cax 
f or us.:: 0n. ::1rccis o oloct:i.~ic,11 oqui!,"): :cnt sinco ..:vu,'! small a m0u.YJ.ts 
uf hydrochloric c.cid mc.y have c.. c .::,rr0zi vc offoct· c,n tho unit 
i:nv•)lvod. 

42 . S·JDo ,:,f t h.:; r:1-;:is t ::::ir0:.1isine: Hal:.:r!.:.:ws, j uci:;:cd by tho hy-
d:c,:,.lysis test_, .:i.L::n::· nit h on0 :-i~')r (:w..:: f:)1· c -:;rn::)2.rison; F8rc ::_·ivon 
t he hydr-:)lysj_s te:st in tho prcs0nc:: c•f stc 0l, c•.0::,:)0:r 1 br:-.ss c,nd 
clur:.lL Tho c1.1brido v~luos obte.inod aro eivcm in Table 2. The 
Ho.l ,x10.xos sh'.)'.;0d ,v,,.1c \·arintL;n ~-rith difforc~1-t !:lcto.ls; but t!1e chi 0f 
i nterest c,f this test l ies i n tho c1o::r (.;,.) :.)f c :)rr·:is i ,:,n of t lw 1Jotc.l, 
1:rhi.ch r.1C'.:-, b0 seem in I)J.c.to s 1- 9. A 1:oy t-., tho ::-,latcs sh),,i n 2 
c ,)rrcis i cm tests i s ~iv;;,n in Tc.blc 5. Plc.tc: l is c, c ,:,ntrol ru:1 r,1adc 
nit;: socliuu bicc.rb::imc t u ) but n :, Ho.J.,y,:c:.x; t) sh:y,, the c,.:-rr)si .-;n 
t o b e c :.-:pc ct0d f r or:, th<: c:.cti :m : f t he; bicn.rb.m'lt0 s:,luti•)21 o.L.mo. 
Pln .. to l crmt:;.i!~S t::.\) SC.lii;)lo~ :if cL1ch kind .,f mot:::.l. The iJct ... , l 
str i n t ,; t ho r i-:-ht i!'l. co.ch cr,s(j- j_s c. frcshlv r :;lishcc1 s: ocincn 
;:t:1d tho stri9 -::,;; t he kft is ::. 3inil.:i.r :,i0c; ~:-f r:,ot.:.l a.fte:r f cur 
h·.)ur s c,f rcfluxinc ·,rith bica.rb'.)~·1:.:.tc s :<Lutj_ ,:•:: . Pl a t e s 2 c.nd 3 shon 
tho v:,ri ')US Irc.1,~r,c.:( t0sts v,i t h c ·)~-•T,or. Plo.tos 4 2.:c.d. 5 c :,n tn.i;:;. t h e 
results usint br~ss, 6 and 7 2rc 2f stool, ~nd 8 Lnd 9 tho results 
usir,r.::; dur: ... l. l?.: -:,J.c.tos 2 t,:. 9 ir.cJ.usivc) th-J stri::, C;.t t h 0 f o.r 
l ef t is :c:.n 0x;.:;.n:::~1o --,f t h o f r 0shl:, ~,.,h sh0C:: ;:iotc.l. 

43. In r...,:,st c:.s:;; :.; th0 c _,n•·;;sj_ -:::1 .:f tho r:icto.l il1 tho ~~r cscnco 
of Hc.l:)":_•ri.x r -:1.s ~•roatcr thCLY! ic1 th0 ::::-r;:;s0~'!c,_ of bic~: rb,:,no.to 
s-:;lutio,! o.l·::?:,o . Th0 H,~1,:-1.,·.s:.:-::cs i n th0 2000 sor io~ r:.:;ro loss corr .:;si vc 
th:,n t h'JSr; in t h0 1000 s 0;,·ics o.nc. I-:L.1.l.·;•:;£11: 1-67. H:::.L;'"J.'.lX 1-67 
1::c.s consist.:ntly c _.r,~:;s i·.r0 2..lth:)u::,::1 n c chL:1·id.:.: ,,as dotc-ct,.,d. 
Hi.!.l.J~·ro.x-.:::s 2068 ;::nc~ 21CJ. r.'Gr c c ,:.>n s istcntJ.y the: lcc..st c:)rr,:-si vo 
c.:1c~ o.ls) :::,1vo ,:)ff EttJ;.; chl.:ri0.0. Th:) Hc.l .:: ·D.z..:s f;ivin~: off 
1.-::.rs-_,st o.m,Jm,ts ,,f chL,ri C:.0 1·.•cro u:1if·,r1::ly very c~rr.::,si vc. 
PL:i.te 4 chcs net sh::,'i the !1r ·.:•:1e.:r c,::ntr.::: st ·.ri t h tho blank ru::1 \'.•ith 
bicar bon;:.to, c1.uc t ) the: circumst,•.i-ic::: tlut tho c·)ppi:;r n::.s q u j_to 
uniforml y dc,rkonod t ·:> a :,ur::-1lish b1•,);,,m. 

44 . T-:ibl:3 3 s h,;0:rn tho result s of tho c•.;nc.uctivi ty to:.;t. 
Three t ests ·;•cr 0 r.v.ldc. Th-.:: ros ults are: 0x:ff0sscd c.s -:Jh1:1s of 
rcs i st-~ncc of tl10 aqueous lt~.yor L~.nd th0 l:.;::)r 11xir.1:J. t :.: vetlu~s cc.lcu­
l a t od f or t h0 nalD.lity cf !:Cl r c c~uir0d t,) [-~ i vo t his r::::sist::.nco. 
Tho fir:5t tC!st :;:::vo l ui_·_r v.::.luos in ,:,tr,1s due t :) i ;mic ma kri2.l 
i n the fj_lt or po.:ior usod . I:1 t h.:, l.::::;t t 1 r) testf: nt, filt or ,c1:ior 
r;:l.s used. . 'Bore ·::r:s v ,:;T~' ~-,;"d c •Jn~oJ.a t ion boh:0cr, c•Jnductivi ty 
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r1ousurcncnts and chlorid.0 values. H.2..lo;mxcs ho.vine:· hi r.-h c ,)nduct ivi tv 
or loF rcsistivi ty yielded C:.!,pr e:ci ablc m.;ounts ;)f chloride: and w 

the Ho.l<.maxos sh'.>'."Iinc no hydrolyzetblo chloriclo .i:::avc r,o.tor layers 
of hi~h rosistnncci. 

(c) Thermal StabilitY 

45" The r esult •Jf this test is includoc in Table; L lliJ.L,~,;n.x 
1014 ·ahi ch r:J.v ;:; ID hvclrolvzablc chlcridu by tho hyclr,Jl ysis t ost, 
:iO.S r.w.into.inod .:-,t 137-138bc for 7 2 h-::>urs r,no. tho hydr;;:lysis t est 
them rcry0at od. ifo hYdrJlvz.:.blc:: chl,)ridc s.-yas ,)btain.::d. 1-. s:.;cr}ncl 
thermal· t rco.tmunt f:); 72 h:rnrs c.t 183-181}0 c yicld0d o. lieht bror.11 
solid which c-2-vo c. l,)r:, but ::nsitj_vo v,1luo r:he:n t0stod Lff hyc;r.;,lytic 
chl::irid.o. Thi:J i ndicc.tcs that Hc.L::;::1c..x /f.1014 ,.:ill brcal~ d•J,'m under 
severe: hcnt; but tho.t u:1dcr o.~1y ~1)r,ai:~J. c ::mch ti ms J f us-:, ovon i n hr)t 
cli□c.to:::; it sh:~uld b:J th.:,rmully s ta'.:ilc f -::.r .::.n ,:;xtonclcd :1cri<:-d. 

CONCLUSIONS .!\ND P~COI.ii,lENDATIOlJS 

46. 1\. nur;-,bcr :;f t:,rr,:: s ')f Hc.L,·::EJ.x have been iY1vcsti:.:t t e:d fr-.:r.1 
th,:: vio;·,~ ,_-;int •.:f' ;,8t cnti~:l c:,rr.::si::i.'1 ,;f rG.dic 0r1ui:,n.:mt. 1Lst 
Ha lm-,::,xcs r:crc: f0u,1d. uns:.1.ti;:;f act,.;r y f or u s e: :l s c-:.. c•) i l ) cc1.;_-;;i citor 
or condcns.:.:r ir:;:irc::nrmt , rh,:rc tho ;:i-::ssibili ty ,:•f c ..'~.tact ·.:i th 
i'!Ctter ·m~:1r or n<)ist ::.ir exists; boco.us.::: ,)f tho re:lc,:::,o ,if hydr ;,­
chloric acid under c.ild l:qdr,-lytic c :mdi t L ·ns, s ~.·.,nc H:tl ::1·.·axos 
,;,ere f ,:,und t J b,,:; st·::'..blc c.nd n on - c0rr:;si v0 under the: t est c :,n-
di t i :i:1s. It i s re:c-:.irn,:cndcd the. t o.ny Halo,·;,::x :::ir'):-:)scd as ~n in­
riro~rn.mt ,:r dioloctric f)r r ndL) C(~ui::-;□ont bo sub joctud t::; a 
hyd rolytic stabilit y kst. Th0 dovcl·)!)I.1ent ·:f o.:::,~>r~ciabL:: o.n Junts 
of chl,'Jridc sh:rnld. exclude any sa1;;: ,lc fr,m further c:Jnsid1Jrn ti x1. 
C:JmD )U11ds si:n ,;n.nt-" vorY 3lir:ht o:." no tr~'!.Cos of chlorid.o i n this 
tost no.y bo c:msid0r c~: s::-.tisfo.ct~ry ,rn fr:.r ns c orrosi on is C'Jnccrnod, 
provided trnt ,:1r,)r)cr mcth,:;ds :.,f a ::,:::,lico.t i ,Jn c.ro strictly .:.:.dhor.::d 
to . Tl.10s0 arc) rc:,;x:.rtod t'.J incl udo c bo.so C(;ati ns· of pr,:Jtectiv0 
l acr:ucr, thor,:rnjl cl.r:;i nc durL1r:: .:1:9;?lico..tL;~1) off.::ctivc scaline 
of t he .:i.p;:iar.:.tus 2.p,:;.inst noisturc c.nd. m:.1.int o~1c,ncc of dip:'.)ing b.:i.ths 
e.t a tcnricr atum ,::i:11:;r slichtly c..be:vc the n.:::ltin~ ;,>.:-int of the Hc.lu;'!cl.X . 
It should bo ho')t in r~L1d thc.t tho lnck of hydr'.)lytic chl,.)rido 
i.s n ·::,t c :u.:.r::mto,; the. t o. <licloctric such as 2- Ec.l.J-.-:ax 1::ill be 
sG.ti s fo.ct-,ry in s8rvicc. l,!iany of tho s o n.'.'l.te:ri.:.ls 1 S•)r:,c actually 
so1d under th.:; tract.: nc.r:,c c f I-18.l•Y::o.x) c: :mtr~in little :,r n":> chlorir:..o, 
but still r::c:.y C•.J!1to.i:1 c JL,]·..:nc::-its in th;;, i:1ixturo •·:hich are; unstable: . 

1+'7. It can_,_"1ot be sw. tod r;-n t;:10 bc..sis 0f chcmic&.l 0x.:.::::i :::,.1 ti.-m 
:.l··mo

1 
nll0thcr r: f:ivs)n Ifal::i:·rc.x S(;.,:-,nl.~ ·.-::Lll c,r r'ill int bG tr0ublo­

scc,o i:i .:my ,:xirti culc.r ty::-;:) ;f ur:_ui:n,:0;1t, :.:s ::ioci~,lly e:l,.:ictrico.l 
C.!1:--x..,r::'.tus o::;,"':co.tin~· u:·:cLr hic-;h :.:,l..,ctrice.l :_:)t:.:Y1ttr.:.l ) under r:: c:mdi tL,ns 
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otrwr than th::,,so us.)cl i:n the actual tust c ,x1duct0d. S,.,vs:;ral 
rc2.sons for t h i· s a :r,,: f l) Th- H"l,., •.. ,, ..• ,..,.., v~r,, ·••-i o~-1 -, ; •• , .... , . ., ch ~·-,i·,..,,,1 

....., \ ,, ..i., ~ C... ...;•. , u.....-,.,1...,.: ,..:, ,_.:. ,1, ~,'.J... . :_;._j ...l..1 .- V J..-'- ., . .... \.,;: •• ....,....., 

,-.., +,,r e- r,f' t li-. 'o.., c•i·c c··,·c.non·,:1.Lc, , (2 ) Ti,. _., r-, -, -~-. U"''U"17"'·y ·~r•"" " ·-+ ... .111...._ .J \,A 'J..1. ..,t._; t_.;. ~ ~ '-.JJ•-.:. \.,;,.. ... I.,~) - ~ J,!.._.. , ..., C...J. V ,_ c.t_,J_ ,l;J -_ ~.Jo ..... 1.L V 

in Halo-::.:".;-;: ;:1ro;:)a r2. b .. -:.ns fi l lers '.Ih i ch :'.r G n ::irr.ially inert, but 
under co:tt ,:;.:i.n cone,.:L ti-),"!S can t,J.r tcdlv i~1f luoncc th'"' cl::0i,-.ic2.l br00.k­
dovm; (J) Th:.::: :-;rc~soncc of the oloctric,:-,1 :;.::itcnt:ic.l i:1 S0it,v ty::::,os 
of w.:JI_Xtrci.tus Vi£J.J c::.ccolcr a.to ·Jr dccclcrat 0 tho chomicc,l rcc:etion 
involved in corr·Jsj_on and cl.:::t0ri(;1-ati:::n. It i s t hcrcfor0 r0c,.:,r:u:~cndcd 
that co.r,nounds 1··hi ch e.rc stable t0 hvd r olvtic tcsts be further 
stud ied. . ~nC:or 2:r)l,)n -::co. sinu l.::toc. actu2.l ~s o crmditi,:;n::.: boL)rc 
o. dccisi,:,n x 1 the ch011ical stc,bil i t,· c f the pnrticular Hal ,'.·:c.x 
proC:.uct i!1 C:,U.:::stir)rt is ~,~adc.: . v 

L,S. Not all r.:a nufa.cturcrs )f r.:.\dic G.nd electrica l cqui ;:--:r.ont 
f ,.:,l lor' th0 :rccomr:10ndcc"'. :.i;;tl:nds of m;in:· the !fo.l.::;~·:ax pr:;ductn. 
So;.10 of tho nc..lc.:-rs .:if ch0.J.:;i0r 0~ui::-,:,-.:mt 1:?.:ro l~(•'.iT! tc dis:icmsc 
~-,i th vccuw:t dry i n::: 011tircly a.nd C.0})0nd 011 tho t0r.:::,crat ur-.:? of th0 
d i l'J:lin:: bo.th t:; driv,, .) f f c:my s.bssr'!:)--~d ;,1uisturc . Th1.; S:'ccificati::ms 
for r adi ·J cqui~1xmt 1:ii~"lt n ,.Jt d isc:l.:,s:i tho usc :,f such i'.l :::'r o.cticc;1 
yet it ,:-ii::ht be tho chief cc.us o for t he ultiac.to failure ,_,f the 
CC.:. Ui)m,mt. 

49. It is further· rcc·,x.u:icndod th.::.t o .. lctb,..,r a t ,:::.."y clcctrico.l 
test for broakdo,·.';J be ::i.:.d,:: i:1 a~di ti ::m t -:> the; ,.,(K,surci,h)nt ,;f the 
hydr'.)lytic stability ~m Hal7::c.x~,s t c) ·'Jo usod as c:,il; ca;:xlcit'.)r, 
or c :mdcnscr i n:-ir•:..:::_:.1.:i.nts . The test us0d by tho D::11 Tclc::,h:mo 
L-D~bo:ratvry ,_~;it.b t1, .. ;tal fr.)3..1 vl c ctx\~dcs :..,n oe .. cb. sid 1.) Qf n ~-,.~:\Jr 
iJ:ip1·0!:nu. tof. ·_·:·i tb th;~; chl ari nz: t.::d hyC.r-ocGr bc-,n in c1 th:Sti._"ll sh ~.iuld 
be c ui to satisfl~~c t·~~:r·v... 'TJ1i.3 ~s th•,:·ut":ht n0c:..;ss;:.~rv :sinc0 th~ d.e:toctio:i.l 

... V - ;.,! 

of brcJ..l-;(t._;•·?11 :.,r,)ducts (;t:n D.:; 0.•Ji1 3 ;-:1uch r."" .. Jr i;~ s011sitiv·\Jly· b~r vloct.r·icc.1 
r~cD:..t1.S thnn l)V chu;:1ico.J.,, It i :;; ::.ls•:· nncossc~rv ns c:.. c}1.:.;:cl~ ; r1 ~tic 

,..-1- ,,. .. J • • ' .-,1 .... : . l C".:t· 1 ·t ~ l""'l..f..-.. ,, ·,"J _~ ... '"" ,..1.,. 7 ,., : r ~, .-.. .-,~ --... r.i, -i r, ~,, t"'.'" .,lI'"•l.· .··:•· -.:.r !) J u• . .!'1.l L, .. t ... ~ C . .J .rr· .. "-'J... l 1. .; y •., + '- . ,._ ..-.i. .~-v.1.L;.. •, r .1. ... 1._ \... ' _, .... _ L...u...,.,._!._,.u ... •: · c... .... . ... , .<.~.,· .. ~ 

S01nc .Jf t l1c Hr.:.1 )~·.:D.:: :=--?r0~(!rc.t i -~•r1s f )r u se i n i t.1r>rc~·11~ttin?· c:.bJ.vs 
hav.:; b.:!C!l r2~:-:;rt...;d t·") ::._i vo s.~.titJ:':i.ctory· ::-: ·0Ta ti,.~r! in scr".ricG 
over l.on: ~i2:ri . .:-ds. Tb.0sc H~l.) ·.-_:-2¥~i:os h~!.~.:--c b;:;:..;?1 f :.:-unC. i ::.1 tl1is lD.bcr·u-~ 
tory t o '.:'.'iv.:.: Shi.3.ll C'.?JJur. ts _.,;- hy<lr ',ly z ... 1,:;.0 chLn·iC:..;:; i n th0 ;:,.:;th.xi 
1101"',:?in dvscr ib:·.:;d .. 

50 . 
t hcso 

n\..>t c :.ins~Lc:0'.i.,..cC. 1:cc;.:ssc.r:.r t s -~·bt~i::; 
clcctric~l Jr or:.k.d:,r'.·ti.1 tests cri !L:: l~~-~.ox 

r.12.te:ri-:..l s t ·;- b0 used o. s c~bl~ ir1~1r 0cnants since it is n::Jt i::1r~orc:tivo 
that 211 r.: ill-JI' c .)r::.· ,si ,:-11 b0 0lir:iinc,tcd r:i th t hi2 t:r:-i-., c:·f ;::;c.:.ui::,,:nnt . 
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1- -t/'l 

J.005 

1006 

1Cl'.; 

:tOJi , 

J 00(; 

TLBLr: 1 

· ... 'r-.:-; o Cl - .\:·~ 1~ ~£,,_i.r_i_/' cc 
·~·._;:tc~~tlt s,~)!-i d!} lit .. 10·:.·~~~{ ,~at:.!~1 -.l e 

63-63 

/4.9-5': -753 

~ I ..._, · 

;;u.~- j!) 

6C 

6c 

lOC(. 

I! 

I \ 

?vuT l~ours ~ .. ---f~::·1u:-:) 
I-Iyclr ·. i)=- ZLa:.JlG Cl - :·.1g-1~l// c:c 
H/:10'1-ro.;~ ; ~~,;r.· 1 e 

( .C.C5 

< , GC5 

· C- 5 rngr,1 Cl -/cc 



Tt.BLE 2 

Hydr ol yzc.blc Chloride i n H.:110,.7.:ix Sum:,lcs 0bt,.:.inod i n t h0 Prcs,mce 
cf t10t :.-..ls 

2068 

2101 

2013 

1-67 

Hyclrolyz:;.bk c ;11oridc (r,1er.! Cl- -::ie r cc, Ha.l::>r:ax 
Sn.ttplc) 

Four hours reflux i n th.: pr esence of: 
Skd C.rner Brass Dur.::.l -- - -
.012 ( .005 <.005 .019 

( .005 .101 ( .005 ( .005 

.351 .499 .433 -4A5 

<.005 ( .005 ( . OC5 < -005 

1005 ,62 :-t[D!l Cl/er.: .44 r.1gi:: Cl/ en .so ;'".ie;J:~ .55 j,~er.\ 

10o6 

1012 

1013 

1014 

.66 

( .005 

<-005 

<.005 

11 

II 

ii 

I I 

. 22 II 

(. 005 I I 

\ .GC5 1; 

(. 005 Tl 

- 16 -

Cl/~~l 

.82 II .61 H 

( .005 11 < .005 · n 

< -005 11 < -005 Ii 

(. 005 11 < ,005 !I 

Cl/~~ 



1005 

1006 

1012 

1013 

lOJ./4 

Disti lled 
·:.'G. t cr 

Filtered 
disti lled. 
·. :o.t cr 

T.L.BLE 3 

Results of Co~duct~vity Tests 

Fir st Tost Soc0nd Test 
ohr.1s 

523 

440 .32 

8, J.CjO !1C:11G 

8,120 II 

8,09C II 

G8 ,000 ,; 

; 1 

-- 1'7 -· 

5J/4. =: 2.f !f-'l'OX , 1.6 ,-... 10-J 
nslal KCl 

513 
,,_ 

20,560 - approx 3, i: :c 10-0 

rc:•~•kl 1:c1 
21,140 



T . .'.BLE 4 

Ik.lo·;.,::,.x A:r:mc~rc.nco 

1000 

~005 

1006 

1-012 

1013 

101!.. 

200:2 

2012 

2034 

2141 

~014 

2041... 

2o6G 

2o69 

;:.073 

1-67 

bl~cl: sulid 

c•.:,il, c.::c 'Jc.Ci tor ~1xl c-::1d0ns0r L,~)raf)lc.nt, 
.'.lnC: b.'.l::;ic col!1: ):10~-:t cf othi.!r t:ixtur0s, 

basic c,:ir:.:,on. .. mt of cc.bl 0 iEi:irce;:,;.1ting 
::.ixturcs. A crud0, u:1distillcd :-,roduct. 
\'1J.1cr. c.ist i lJ.cd it yiolc?.s Hul.)1:,-;:::;,: 1013. 

be.sic C'.",,., ··o:1cnt of c~,bL: ii.::,r()£nc.tL1g 
turo::i. A crude ur:didillcC: 7,1·-::-cuct. 
d.j_ stilL:id it yidc.s H:.:.L~•_;nx 1011+, 

,:,ix­
ffucn 

::,hit..; cr;:'.'~t.:-.lli!::0 bc,sis c ~E_ ··:~101,t of C•:)il c~·<·..:-.cit.>r ~nd 
·~ :,lid co::.1c:~n:J0r ii:,::r,:;gne:;.1ts . A disti lled r,i•oduct . 

·:,hit~ crystc.lli:10 b..:.3~c c:,:r_-_~--•.•~~~y•.; :)f c ,,;,ll;; c :1 ... ~;.:..cit;.;r &11cl 

£h..1~i d C..)!~dL:nsc1~ i?~_ .. A. ...... s :(~tit:.:.... ~ G.istill~-= _'T;Jduct -

li~ht ycllc-·~·.- s-;:·.l i.( b~sic c ;;: __ -c•r!011t ~•f' c.:.-l1) c..:~·?:.cit·:1::.. .. 0 c.11C. 

blo.cl: s ,:,J.ic: 

t 2-n r. . lie. 

t:.n t r,lu::n, . .- s,·le­
tiun 

01::.cl: scJlic~ 

bl~ ck sc l i C: 

thi:1 r ,x1 t nlucnc 

thin tl~!cl: t : luono 
::oluti0ri 

c 2r:d...::1scr-- ir1~ ~~~;f..i~<2ntt: __ di sti.1 2..0d ,;f,r x : uct -

1,1i1:turo u:,;d f:,r c jil ; c.:.~·-:.::.cj_tor, t'.:;1d 
c-_;!1Ct:;!1Z~f: i~.:~ ... •r -:: ~n.:-:1;t, 

I I 

H 

li 

II 

Ir 

II 

II 

- lJ -



Ti~BLE 5 

Key t •:; Pl:::.bs 

PJ..::.t c 1: S - steel; C - co~•:'cr ; B - br .:::.ss:; D - duro.l 178T 
lfo Hc.lortc.x 

Pl-::i.tcs 2 r.ud 3 - c:>~i~cr; Plc.tc.s L-,. o.nd 5 - b:-.:-,ss; Plat e s 6 c..nd 
7 - col d r 8llcd s t ool 

Tho Ho.lor:.:.x: us0d c:i. t h cc.ch ;Jckl stri. ·1 is indic.::. tcd 
by the l otter sh o• .. n bcn0.:.t h t he str.i:· L'.s follo,·:s : 

Pktcf.; 2, 4,6,8 Pl.:. t o s .3 ,5,7)9 

' Cor.trol, n ,J H..llO':.,,~:x: ' C.::mtr::l, P.:) Hc.101·:c.x Jc a 

B H.:110,·,:: . .x 2068 B Eo.l ry.--c.x 1005 

C lb.l.:)':r.1.x aoi C !!<2lc:.~~x 1006 

D ]{.~ l o--·,, c: ::x,13 D H::.lo;·~: 1012 

:2 E-~l•:,c;·~.;:{ 1-67 E H-c.l0r:~x 1~13 

F Ii~l :;,;:«:l;~ 1014 
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