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INTRODUCTION 

Chlorine is fin ding an increaair,g nilmbe.r of 

u.ses annually, and production of the element is 

stes,dily increasing. 

It is of significance to note that, even i,n 

these ti.mes of economlo stress when nearly all 

industries have reduced production to a minimum, 

the output of chlorine is greater than ever ·before 

in its hietory. 1 

1 

Consequently. the economical pro due tion of 

ohlO:r·ine becomes a. problem worthy of se:r·ious consideni­

tion. 

At present the annual production of the elemen.t 

in America is more thsn thirty thousand tons, two-thirds 

of which is used in the bleaohi.ng of 1ial)er pulp, ten per 

cent in water ))Rl'.'ifica,tion, and Rbout seven per cent in 

laundry bleaching. Until recent yes.re it we.s used in 

comb:i.nation with lime as ble~ch1.ng powder. Howeve:r, 

there is now prHctically no dem~ind fo:r this product, 

a,nd the element is being liquefied and hAnd1ed in steel 

1 . d 2 cy 1,n ers. 

1. Birmingham News, J·uly 2, 1931, "Market Letter". 
2. Holmes, H. T.""; General Chemistrz, pp. 166-167. 
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Chlorine i.s also usea. :Ln. the chlor:i.nation of 

organic conrpoundA. It i~ inte1~esting to note that in 

such a reaction only one atom tn. each molecule o:f ch]o­

rine combines with the compound being treated, the other 

atom uniting with hydrogen to form hydrochloric acid. 1 

It is possible that a way to utiltzA the acid thu.s 

formed may be found in the results of this study. 

In the pa.st many chemists have been attracted 

by the inherent possibilities in the oxid~tion of 

hydrochloric acid by qtmosph-3r1.c o-x;1rgen as a mea.ns 

of evolving chlorir..e cheaply,, It wa.s along this line 

of thought that such men as OxlBnd, Vogel» Thib:ter{"e, 

prasented his process to the chemlca1 :i.ndustry in 

The gene:-cal ide8 seems to b9 that there is n.o 

bett"H' catalyst for the -proeesP thRcn the Ont'3 1med b;r 

Deacon.. Ae an ind i<::i a.t:l on of thls thi.nking tbe follow­

ing statement iR t~ke.n in whole from '.2horne I s !2-5:.£,~ i,011-

ary of An-pl led. l..ihemi.strY, 4 
____ ,.,~,--- .... -~,----~,,_, ... _,_,,_.~,---~ ..... ,..,,_,,_, __ .Al., 

1. Holmes. H. U., Ge.neral Chemistry, 1)pw 166-16 '7. _________ , .. ,~·-,--... ,~ . -

2. Taylcn~, Hughs., and 1d.dea1, ,!,;ric K., Gatalvsis in 
Theory and Practice, pp.'99-104. 

3. Thorpe, T. E., Dictionary of Applied Chemistry, 
Vol. 1, P• 519. 

4. Ibid. 



11 From R diB.gram by Hurter, show1.ng the 
Rffinity of technically available 
eJ.em,:ints for oxygen, chlorine, and 
hydrogen, it apvesrs that no other 
metal than cop-per forms two oxides 
arid two chlorides in which the com­
bination is of so loose a charRcter. 

"It is therefore almost a certainty 
that a cheaper a.nd more effici,~nt 
011.talyst cannot be fou:nd, and that 
the Deacon process is the best for 
the di.rect comrersio:n of gaseous 
hydrogen c h1oride into free chlori. ne .. n 

Rowev1:::r, i.t is the purpose of this ~tud;v to 

follow closely the vrinciples of Deacon's process 

but using d if:t'erent catal;:rsts and different tempera­

tures, if nel7ded, in th•? ho·oe of f:Lnd:tng a y>r~wtica1 

sub13ti tute for the sR1 ts of eopper. 



Since, ln many instances, the ste::,s :L~1voJ.ved 

in t.hJ.$ investigation ftre stmilar to those employed 

by He?u•3r De~con Ely,~ce is allowed for 8, review of the 

process that bea"!'.'S hie nFtme. 

Lud 1!\T:ig M<rnd sa.~rs of Deaoon, "beca11se of his 

prooesR, :t ts slm-pl io i ty and beauty, the :name of Henry 

Deacon will ev1:ir be f11mo11s i.n the a:!"'ni:xl s of indus­

trlj'.tl ohemietry" •1 ~here ls litt1,:} doubt but that 

Dea.con was anccessful j n offering e.:n entLrely prA.c­

tica,l method for obtatn:tng chlo::rt:tJe th.13,t wotlld 

serve in the manufacture of bleaching powde:r, and 

process known .• 

To put l t briefly, the proce':"'lis WfH3 founded or1 

th'3 fent that 13, '11~.xtu.-re of hydrogen chloride ,=md 

oxygen in conte.ot vr'tth certatn nRts.lyRts, and at ~. 

ti'lm:)0rHtu!."e just be1ow :r:::H1 hea.t would react to fo!'m 

chlorine B.nd v;,J:tte:r. 2 

Deacon found the sAJ ts of cop'De:r to be the 

most effective catRlysts in his work. In such a 

1. Thorpe, T. ~., Dictionary of Applied Chemistrz, 
Vol. I, p .. 519. 

2. Ibid. -

4 



chlor-tde bres.l{s U'!:) into C11"1)!'0U'8 ch1o:d.de and chlor1.nn. 

The cuprous oh1o:ride comb1. ne s w5 th ox;,rge:n to form 

oxychJ .. o~r·id'9, and th:ts e.galn acts upon the hydrogen 

Th9 reaction cRn th~n st~rt again. 1 

However, there seem~ to be a bit of confusion 

of the hvdrORAn cblo~id~ would be converted into chlo-
... <,.,,., 

ri:ne 9,nd the 1_)Y'Oportl ona te Rmo11nt of wa t,3r, but in 

condi.ttons only R 1ittle riore tb?3..n h~tlf of the h:rd:'.:-o­

gen chloride is decomuosed." 2 

A 88("1;1:i ng-lv confl i.eti.:::ig ;:::itatement :i.s made b:r 

3 
Kendall. He says, 

".Nh,;:i n the mtxtnr,:; o:f gases is passed 
over t})e heated mass, Bt:-)amw c1:1or5ne, 
e.nd about tw9nt:r 'De:r oent of ttll­
oh~n~ed oxv~en and hvdrogen ohlorid~ 
·i'"'s1 1:::.'. at +ti~ oth1=>T' 0 n· d ·--·Lar• 0 e.,, h""rit-~? ¾ :,_,_g ;.,,,.,.. .. ,,..,, . ..., -~ \.:.., . ~ .... ' -'-e,~, ...... , .. •,.., ,.., 

in,g- do':Js not alt er the nroport ion of 
thr; mate:riRls t-ri:tnsfo:rme1l .... 

1'ii'hat eif;hty ·y)er cent is c}1A..need 
and tw9t1t~r pe-r> cent unch~ne-ed i.~ 
due to the fact that the raaction ie 
rev~rsihle~ No more than tw9nty ~er 
cent of th9 hydro1i,-e11 chloria.e r8r:i.9.ins 
unchanged 'bee-:?.use it sBems that f'tn 
aquU tbr··i.um exists 8 1.1.eh thBt tb.f' 
r-!3tio '"'"HTIAi.ns the f<~rne.n 

1. Thorpe, T. ~., Dictionary of Applied Chemistry, 
Vol,. 1, p .. 520. 

2. Ibid .. -3. Smith, Alexander, Inorganic (.;hemistry, revised by 
James Kendall, p. 265. 

5 



From the Jq_st three ps.rBe-1.'a'!)hs t t wi.11 be sr::en 

that certa:Ln chemi.sts are not in ~ccord g~ to just 

what yield :l.s posei bli:l by .i.ieHco:n' s p.roc ess. 

ae Rtatefl ab0va 1 suggests that th0oretioally ona 

hundred -per cent of the av~ilabJ.e chlori.ne wou1d be 

liberated@ Kend~ll. on the oth9r hand, in his 

ir0~css i.hle to obt~.in mo:·<: thA..n. eighty r>e:r cent of the 

g-ae from H :iv•'H'l q_ua.ntit;y of hyd·rogen chlortde., 

tlgatio:n of vihlch we 9.r·e not a.w·-:1:re, but lf not it 

proceee. Until then we qre fnrcnd to accent the ~ield 

found ".n act11A.l '))J'Hct'ice as bei.nr~ indici3tive of the 

Deacon found thB. t ,.lux·e oxy5·c-n1 .era ve a bett0r 

yield of ch1ori ne thi:i.~ ·wher1 m:ied 1.n A..tmosuheric 

~nough to ju~tlfy tllA a.dded expenf'is,. .ii1oJ:' this reason 

only atmospheric oxygen. 

Dea0on found by exper L'1e:nt the.t the yield of 

chlorine was best when four parts of air by volume 

combined with one of hydrogen chloride. An excess 

6 
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three feet wide, and was divided into six compart­

ments, one of which was emptied every ten days. This 

was accomplished by means of discharging doors below 

the cylinders. Freeh decomposing material was then. 

thrown in from above. 'J:his mate.rial consisted of 

broken bricks dipped in a solution of cu-pric chloridei, 

This mass lost its decomposing properties after a.bout 

ten weeks and had to be replaced. 

The temperature in the decomposer was held 

w1.thin the range between four hundred eighty a.nd five 

hundred degrees. 

After the gases had left the decomposer they 

consi.sted of a mixture of hydrogen chloride, free 

chlorine and steam. In the average case a.bout one­

half of the hydrogen chloride was oxidized, sometimes 

the yield would be a little better. 

The hot exit gases were cooled by passing through 

a long string of earthenware pipes and freed from 

hydrogen chloride by washing with water in ordinary 

acid condensers, consisting of stone towers filled 

with coke, combined or not combined with acid cisterns, 

Woulff's jars, etc. 



Other ContPot Sub eg thst hav<; been Used in the 
Process by ~eRoon~ 

Lmny, in 1873, made A.n investtgat:lon of the 

mutual action of hydrogen c hlo:r ide and oxygen in the 

presence of certai.n metall'lc com-pounds .. 

9 

eoyrrer, :iron, ma,ng4re;::H7 and chromi.um. He foun-d the 

cop~ar salts, as used by D~acon, to be more eff8ctive 

th.:i.r: the 
7 othe1--s • .. J, 

Nickel 0~1ae w~e n~oposed by Ludwig Yona, l8R6. 

heA.ted Air, end nickel oxide 1rm.s af;ain formed and 

<!hlcri n~ given off. 

Bone-black hF.ts l)een ueecl i:,.s f;l uof'Rib1e s1:ibsti-

tute, ca~acitv. for the . ,.., ,, 

a. :. Kin~~ett worked in thiR capAc1ty with 

~ 

?·esn1 ts .. ""' 

1. Thorpe, T • ..U:., Dictiona:r,y of Applied Chemistry, 
P• 522. 

2. Kingzett, c. ~., The Journal of the Society of 
Chemical Industry, April 30, 1888, pp.286-689. 



~ccording to D~acon's ~races~. 

the gases issuing at the other end passed directly 

into a sol11tion of potassium iodide containing 

10 



ata:rch. Any chlo.r1.ne 1lberated would :rep1~.ce the 

iodlnA. formi.ng potassium chlorid-.:: A.nd sat ting the 

iodine free.. '.l.1he :rf1~ction bt3tween tJ~.13 j od. i.ne And 

sti:,,rch, indi.c:rxted by the resulttng r\·n.rple colo:r, 

wou] a lndiri~ct1;v sbow the uresence of chJ.ortne,. 

The sta:rch test w:<1!=1 n,,r:H3S>'f?:.".'Jr onl;y i.m~ofAr 

as it f'1.1.rnished a more Aensit:i.vB Ltidie~itjYJ.Q' .,...,,:P,ct:ion 

Cupric chlo~ide was used first. A small corn-

b:ist5.c,n bor1 t !'V/i!".,l .i.,r~lrYr~~gnatec w-:ith 'lt .•·nd hen1>:::d to 

a tr;irf'1')~;:•ntn::•:•.::>, of i::.bout fonr hun11:red fiftJr dB§'J.,<;ArL. 

Immed lately r:i.fter the mtxtu;-e of 13.i, r n:na h;.rd:roi!P 17 

tr:e str:~:r-0h-r,ctr-1 rrn11tn1 iodlde solution sh.owed A. da:r·k 

matAl]:irJ eonrnound::1. Among them we1"',1, sBJts of 5::ron, 

m.'3.HS-J1nese. Rnd m,:,JmPsi1l.m. Cxi.dc·H} cf nleke1 i:1nd 

sttive r~sults. Rone-



ed under favora·ble conditions by Dea.con's process, it 

was evident ths.t several fa'ctors would have to be 



::t t would stAnd to reBson trwt if R, new ca.tal?t:ic 

t-ried. 

),'1n~~r'i.rrent he.s shown th.A.t the 1')resence c:f 

moisture hRs ~n adverA8 effect on th8 yiAld off 

over the catPlyt1c mR8R. 

by meP.:ns of e. }5'1,T'V8 bot tJ e of ai.:r flttAr'!. with a se.r,a.­

-:Pft to:ry f 1.umel in s1rnh a mr1nn,:,:r that vrP.te1" could be 

used to force the B-b' frnm tb e bottle i. nto a f1ask 

the furnace • .ii. detailed discussion of the apparatus 

used will be found in the chapter given to is descrip­

tion. 



th':l 8mount of th~ yield of chlorine. .l\.TI 

R~d it wPs i.n t~i9 manner that a yieJd of chlc~ine 

ohlorlde,, 

v1ou.ld not ~o bi~her than seventeen. 

However, this was to be conside1°ed significant. and 

from then on the work dealt 'primarily with the 

14 
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increasing of the yield of chlorine. using asbestos as 

the catalyst. 

In the meantime silica gel was tried in the 

quartz tube and at a temperature of about eight 

hundred fifty degrees it served as a catalyst, though 

rather inefficiently. It is impossible to say just 

what per cent yield would be possible from silica gel 

since it was impossible to get good results from it 

in this work, due to its fine texture. When the 

tube was filled with silica✓ gel the gases found 

passage inipossible without pressure, and if less were 

used the gases could pass directly over the mass 

without making contact. i'he yield obtained under 

such handicaps was never more than seven per cent. 

The idea then was suggested that it might be 

productive of good results if silica gel were mixed 

with the asbestos. Such proved to be true and 

analysis showed an increased yield, about forty per 

cent under the best conditions. 

Other silicon bearing compounds were tried, and 

sand is perhaps the only one worthy of note. Sand 

with asbestos was found to be even more effiotent tha.n 

asbestos with silica gel. It was with se.nd that the 

yield was increased to nearly sixty-two per cent. 

Some cRlcula.tions gave a higher percentage yield, but 
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effect. C~Joul8tions were m~de thAt det~~mined the 

of sand t1mt wou.ld ston on size twant? mesh.. ;;,o it 

one .. 

'.2he yiBJ"I of ohlor·ine was b~st, too, when the 

to on~ by w~ight reere0tively. 

~he asbestos us efl in th is wo1•k vs:as o't)tr--d.red from 

The 

Je~eey. Its chief oha~ncterist1n iR itR ?hart fibre, 

in dir~nt cnnt~ 9 st to th9 lnn~ fibered vRri.~ty found 



lJJSCRIPTIOTJ O:? AP?l1.:uri:us u.s 1~D IE 
J:?}10C :GDtnUG 

rrTJ".? ,,....,. • ..,,.,,.:J 

of ths A,pp111•8,tus 1.wed in this study. ~he hydrogen 

chloz•ide ~enerator (I) is connected with the flask 

funnel { 3). in s1.1.e11 a mn:rmer that ai.:r- from the lar5e 

17 

broufht tog0ther for mixtng before entertn~7 the drytng 

bottle ( 4). :rhe drying bottle contA.i . .ns sulphuric acid 

and insures the thorough dehydration of the gnses before 

enterin~r the qua.rtz tube ( 5) ~ ~he tu1:1e 1.s mn:ml i er1 

with hef1t f:rom t}H~ e1ect:d.c fn.:.·nece ( 6). which is con-

the f'urnn.ce the r;r,.ses ·=mte:" A. solut:ton of -potaeRium 

iodide in bottles (8) Rnd (9). 



• 
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CH.APTER FOUR 

ANALYTIC.AL PROCEDUB.:~ AND QUANTITATIVE 1n~SULTS 

As hae ~een stated before in this paper, the 

chlorine liberated in the process employed was 

caused to nase into a solution of notassiu.m iodide. . ~ 

The chlorine combined with the potassium forming 

pota.ssi um chloride and setting iodine :free; 

01 2 + 2KI ~ 2KC1 -t I 2 

19 

In order to calculate the quantity of chlorine 

produced in a:ny given experiment it was only necessary 

to determine the amount of liberated iodine and then 

by employing the :principles of equivalent weights it 

was -possible to arrive at the quantity of chlorine. 

In determining the amount of'free iodine a 

standardized solution o-r- sodium thiosulphata was 

used in titration; 

Na2s2o3 + I 2 + Na2s4o6 + 2NaI 

The sodium thiosulphate solution was standard­

ized aga.inst a known solution of iodine. 

The hydrogen chloride used in this work was 

prepared by dro~ping hydrochloric acid on concen­

trated sulphuric acid. The apparatus consisted of 

a separatory funnel connected with a large flask as 

shown in the photograph. 
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'.::he ri.mou:nt of· h~nh'og~n ch1ortde :U.berated was 

deter•ffdned by adding si.l v~y• .ni t:i:-ate in excess to a.n 

~liquot portion of the residue in the generPtor flask 

and th~n 'ilrE:lighing the precipttated st1ver oh1oridE:t .. 

ThA chf3m:tceJ_ f,ietor of ehlo:r-1.:'1?- in silver chloride, 

• 2474, wat1 mu1 tir,1 i-ed b;v th.ci i:~10ight of sU.v~r 

chlcr:d.de,, '.i:his gHve l n s-rame th·3 chlor tne remst r..:ng 

orie-inPI ~wonnt of ,Jhlorine 11,. the l'lci.o_ u:::ied Lndi.cqted 

th~ 1:vnoi,.nt pe.~Ain? throur!'h the fu:· n~ce. 

AfteJ:- errq:1oying tbe !FOceau.re for som(➔ ti1e it 

control18d c 1:i~0 efull~r th9r'3 w~s a V'3r~r smaJ.J. dtffer­

ence between th8 amounts of sU. vr:rr r~hl or'.i fl e :r:rec :I­

~itatAd in aach caee. ~ m8~n of ten ~etarminntions 

WAS tR..ken i,s r·eprese~ti.ng th.A b~rd:rcb) ox·ic acid used. 

tn each ex:-A·".'inwnt Rnd wi:i,R t::r-·eet•<:IJ a>:1 a co:n.8tant in. 

th~ anHlyt i cal 1,roced1Jre .. 

The quanti tatt VE} x•esu.lts presented tn the form 

of tabnlat:t om~ represent, ir1 th~ main, the exper.-:imen­

tqi,; ion after th~ O!'t i.r:irt11r1 t8mria::•JC).t111·A1 hBd bee:r d iA­

oovR:r•ed., ~hiF,J wi::ia found to be a.bout 850° C, b!':i.ght 

red heat.. It >YJ.-t,3:ht be Rt!'1t,~1d hi?:r-e th"'1t wi.th the Ctiht-

1ysts emrilo;ired, 1.n :n.o instHnce Y,eri.? s tfrnificie.nt ;vi el c) s 

of chlorine obtained below 800° C. 



wse no advanta.ge :l.r 'NOT°k"ing· wi tl:'1 tempe:.r·atures above 

cata1ystB was used !9..~ shown tn the tables g1ven 1.n 

the following rages. 

Th~ following tables represent the reRults of 

ulRi.ned in detail in the first part of this charter. 

In all cA.ses. the amo11rit of ch1or5ne in hyo.~ogen-

chl orHle pA,ssir.g OYe:t? th8 o;;:,.tal;vtie mas A :l 8 taken BS 

a conat4nt, two P.nd fifty-om~ hundredth~ gr,:;i,me. ~L1he 

yield of' fr0,'1cl ch] orin.e iFI divided b;r tr.d s constant 

to obtain the rer cent yi81a. 

Catalyst - asbestos 

Chlorine in qH9eous 
hydrogen chl;ride 
passin3 over aat~lytie 
;.'}~~ teri ~-l 

5. 2. 61 grams 

;;1:re=; ch1or:i:ne 
obta:l.rn~d i:n 
f!:TB.Ins 

"4262 

, 

.3672 

:Per nent 
;'r:i.e1d o:r 
ehlo:rlne 

16 .. 98 

Hi~42 

16 .. 02 

12 .. 13 

14.62 
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Tab1e S:wo 

CRtRlyst - RRnd th~t will stou on n~mbsr ~6 scr~en 
Tll8~fl, 

ChloJ•1.ne 11r>ssinP' 
ovar catRiytic ~ass 

YteJd of 
cblori.ne 

·'"-·~·---~---·-~-~ -··-- ..... ir_gr&rrJ_S __ _ 

?er (Jert1~ 
y:teld of 
chJoT·i:ne 

2.51 grams 1. • 2915 

.261C 

4. 

CRtP.J..yst - nf'l1c~stos .cina dli.ca gel in the r:r·or101•tion 
o:f lt - 1 by w3:ipht. 

Ch1o:drF:. -passing 
ovsr catal~•tic ~ase 

~ri,,1n of 
c hl o c- :Lne 

Jl~n· cent 
yield of 

i.n ,;,·::::'SJ:"\8 ch] ori.ne 
,.,,•,_,,,-,,,.,.,,._,=••>--'=>s""""'«~_,,., __ ~a••~ --------•--~-»--.•-•-··------ ,.._«-~,,..~ ,,_..., .,,,., .,-.,,. """'.,,,,.,..._ .~.,---

8.51 fl'8.U18 1. 1.0121 

2. 1.0926 

~3. • 98 '77 

4 .. .. 9368 

F 
4!J,:i,, 1.0062. 

6. .9012 

7 .• ~ 9678 38 .. 55 



Table Four 

Catalyst - send and Itali?3.n a.sbastos in the nroT)ortion 
of 15 - 1 by we 1ght.. · he ~ize f!t,:nd 1:~rt-Js thf)t 
which would sto-r:1 o!l size 35 EW:>:een mesh. 

Amount of chlor1.ne 
passing over catalytic 
ffit:'.ISS 

Y5.eld of 
chl01·ine 
in f•re.ms _____ , __ ... _. __ . 

2.51 grams 1. 1 .. 4909 

') 

'". 1~ ,1[16 

3 .. 1.3804 

4. 1,.5090 

5 .. L. 4116 

r o .. 1;>5391 

7,, 1.3985 

8 .. L4981 

9 .. 1. 4783 

10@ L. 5002 

pa,-• cent 
JrieJ.d of 
chlorine 

59.39 

56 .. 63 

54.95 

60.11 

56,.23 

61.,31 

55. 71 

59 .. 68 

58 .. 88 

59 .. 76 
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CONCLUSIONS 

:H'rom the results of this investigation it would 

seem that the chief advantage of the apparatus employ­

ed, when c-ompared to that used by Deacon, is its com­

pactness. 

Perhaps a study might well be made to determine 

if direct chlorination of organic substances is 

possible when the same apparatus and catalytic sub­

stances dealt with in this study are used. 
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