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The aubstance O)"anogen chloride was first prepere4 bJ' 

Berthollet 1n 1787 by the action or chlorine on bydrooyan1o 

acid. He oe.lle d it "oxidized pruaslo acid", but did 11.0t 

appl7 8117 t'ormula to it. Gay-Lussao(l) 1n 1815 made a more 

complete investigation of' this crX!lpound, assigning it the 

tormula CNCl tram a consideration or ita chemical propertiea. 

He tound that OJ1Ulogen chloride ooul4 be prepared by reaotln8 

moist hydrocyanto acid with chlorine, or by the action ot 

chlorine on dry merourto o,-..nidth The physical oonstSilta 

cl.eteminod by him for oyanogen chloride an not accurate, 

because his product was impure. 

l • 

se:rnllaa(2) im'est1gated the preparation ot cyanogen 

chloride and .found that moisture raoili tated the reaction r4 

chlorine with m6l"our1o cyanide, while annligbt was detrimental 

to the reaction.. H.1s product oonta1ne4 hydrooyanio acid, 

cyanogen tm.d chlorine. Wurtz, t:Ghler, Cahoura and Cloez 1n

vestigo.ted cyanogen chloride, but they employed tbe reaotioa 

ot chlorine w1 th hJ'drocyan1o acid or mercuric cyanide, which 

yielded a product contaminated with hydrocyanic acid and 

chlorine, nnd perhaps also cyanogen. The former 1m.pur1t7 

is especially d1f1"1oult to remove, and ~urtz believed that 



• 

• 

a. 

a molecular oompound corresponding to the tomula 8CNC1 -Hell 

was formed during the reaction ot ohlortne with hydrocyanic 

aot4, but 1laumann and Vogt showed that no suah ccm.poun4 

existed. Wurtz removed BCtJ by treat i.J'lC the C:NCl with mer

curic oxide. He showed that the procluot na stable 1t pure, 

but 1t bydroohlortc acid and chlorine were pNsent 1 polJ!B.er1-

zat1on to cyanuric chloride, (CNCl)a occurred. 

Lau.gloia ( 3) employed alkaline cyanides instead ot mer-

our to oyanide, but found that crrictent oool1ng or the reac

tion vessel was necessary to keep the reaction under control. 

Hantzsoh and Ma1(4) L'lod1t1ed this proceclure by add!Dg potaaa1ua 

oytUaide to water saturated with chloriDe Ut. an ice bath. 

Held(&) proposed the addition or zinc sulphate to tb.e potaaa1UIIl 

cyanide aolut1on in Langlota• method, stating that tbe mixture 

woo thea more stable to the action of Chlorine. J!auguin and 

Stmon(6) 1nveatip-e.te4 Held's method., and round that lt gave a 

pure product 1r the ZDS06 and KCN were 1n the proportion oorrea• 

poDding to Zn(CN)a•&KOH. 

J'enninga an4 Saott( '1) 1n a thorough investigat10D. into 

the pxeparatlon of cyanogea chloride obtained poor y1elda 

using Held's method, and proposed a method. 81m1lar to that or 
LaDgloia. Their method is described in detail below. 

The structure ot cyanogen chloride has been the subject 

ot mttoh oontrcrYera7. Cyanogen chloride reacts scmewhat dit

terentl;y tran cyanogen bromide and cyanogen iodide, and the 

eoJuaonaua ta tn favour ot the 1so-struoture 

Cl•N:C 
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althalsb some 1nvest1eatora believe that two forma e:d.at, the 

18o-n1 trile ancl nitrile struoturea. It -.,uld be 1rrele'9'1m.t 

here to enter into a d1aouss1on ot the structure or CNCl. 

This is d1sausaed at length by Chuttany and VIa4more(8), 

Gr1S."'Ulrd(9) an4 othera. 

s. 

Cyanosen ohlor1do was used as a war su in co~ber, 1916 

by the .t"'t·anoh. It wn.u anployed aloact 1 l!lnd also mixed with A&Clae 

which was allesed to stabilize it, Wlder the naae "V1Tr1te•. 

It has .Lair laobl"'Ymatory act ton, and ts a T&J7 to:d.o substance, 

poisoning by cyanogen ol'llorlde being silAUer to that of cya

nides, but more severe. Owing to its nail-persistent charaotc 

it was d1ft1oult to obtain a lethal concentration in the tteld. 

Recent interest tn c;rano~en ohlort de has been aroused by the 

disoovery that most service respirators otter very limited pro

tection against thia gas when the ohtaooal contains mo1sturo 1 

that 111, under n1·d1nary ooudi tiona • 
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fj!EPARATI~, fUIUFIGJ~T!OB .At~D l11TiiiCAL PROfER:r.J!§ Ol 

q)"N!2f!ER CIILORXRJJ 

It was desirable ror the prAsent studies 1:D have CJ'aDO

gen chloride or high purl t7. ThS.. was aoocmpl1ahed by pre

paring the material according to the method ot 1enn1rca aad 

soott(,), with mod1t1ed subsequent treatment for purit1oat1oa. 

The method ot Held( 4) as appl1 ed by Zap pi ( 10 ) , and the method 

or 1enn1nga end Soott were investigated, as they are reported 

to hl ve given t~ purest cyanogen Chloride. The latter method 

was round to give a good y1e ld or pure prodn et, provided 

certain precautions were taken. 3ff1e1ent cooling aa4 st1rr1ns 

ot the reaction mixture were neeessa17, and care be.d to be 

taken that all the sodium. cyanide had reacted betore the reac

tion ns stopped rmd distillation begun, otherwise a reaction 

took plaoe between tm IJOdium cyantde and oyanogen chloride 

y1eldiag a bl8ok solid. ~lte often a alight e%oess ot 

chlorine was added, anci any tree chlor1ne in the distillate 

was removed nth .m.ercul"J'• The ch1et impurity remaining ia 

the cyanogen chloride after distillation and ,treatment with 

merotlry 1s carbon tetrachloride, and the percentage or th1a 

BUbstanoe can be rednoed to a small sount by passing the 

GNCl through a tractionating column and ·br orystallizat1oa ot 

the distillate. 
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Three hundred o.e. or carbon tetrachloride were placed in 

a one-litre t}iree-necked flask t'1tted with a thel"tlOIIleter, 

stirrer w1 th mercury senl, and bubbler containing water. The 

chlorine delivery tube was join~d to tm side or the flask, 

near the bot tom. Two hundred grat1s ot ~Lerok' a Reagent ao41wa 

cyanide were conditioned to approxim.ately 2% moisture by 

spreading the solid on a piece ot paper and sprinkling it uni

ro:rm.ly with tour o.c. or water from a pipette. The aol1d waa 

now gro·-1nd, a small a.-·n.ount at a time in a mortar, and trans

ferred to the reaction vassel, w1 th oont1nuous stirring to 

prevent romation or lumpa. The tlask was cooled 1n a mix

ture or toe and salt, ao that the teapernture tell to -3•c. 

or lower. Chlorine frcm a chlorine cylinder lll\t; then passed 

through a bubbler containing water or carbon tetrachloride 

into the reaction vessel at such a rate that the tenperature 

did not rtse above o•c. Soon thn reaction mixture became 

tleah-ooloureda and remained this shade until the end-point, 

when 1t appoored darker. Chlorine was passed in tor eight to 

twelve hours, the time required depending on the etr1c1eno7 

ot oool1ng. At the end-point, the odou.r ot chlorine could 

be noticed at the outlet ttlbe, and the te.1pera ture of the 

reaotton mixture dropped. 

V!hen the renotion was judged to be at en end, a tre.o

tionating column and oalctum chloride drying tube were fitted 

to tbe reaction flask, and the salt-toe mixture na replaced 

with we.ter at 15 - 2o•c. which could be heated near the end 

or the d1st1llat1on by an electric light bulb ~ersed 1n 
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t.he water. J~.t first, the :fract1onat1ng column oon.s1ste4 ot a 

water-jacketed condenser the tnner tube ot wh1oh was paoke4 

w1th a series ot glnss (\iscs, nnd about which •tor at 13• to 

lt•c. was otroul~ted. In letf!r ·praparst1one, a simple tube 

about etghtenn inches lon8 tUled with ooppe.r gauze waa •

ployed with se.t 1aractory re salts. The geaeoua Cl{Cl passed 

up through tbft rracttonntt~ column, down tbro.tgh the oalotum 

ohlorl.de tube, into n trap or l.Brge mpoale ~raed 1ll an 

toe-bath, wtv:~re it oondeDst"Jd. Dtst1llet 1on was stopp<"d 'lihea 

the t9xu.pt'B"nture infiide the re~ctinn tlask roae to 6o•c. It 

't.lw disttllnte contained tree chlorine, aa 1nd1oated by a 

greenish colour, meroUX7 was added to the liquid. end it 11ffl8 

shakel oeoaa1onall7· The ;mrit'"ied CNCl was 4tat1l.led ott 

t.rom the re si due. 

~· Vari011s methods ot purlry'tDg oyanogen chloride were 

studied. TM metbotls 4osor1bed by :r.J.emenc an.d Wasaer(ll) 

were tr1e4. "'raotional distillation at r.,duoed pressure a\ 

•7a•c. did not 1•eare the lfllst traces or ohlor1t:.e, and dis• 

tUl.o:t ton t}"!..roue;h a suspension ot zinc oxide an.d oaloiua 

carbonate oaused n lowerug or the treez1ng-po1nt or a 

:f'filrl.J' pure sample of CUGl, probably as a result or b)r<lro

lysts. Chlorine was not raaoYed sat1et'actor1l.7 'by ersento. 

ant!mDDJ' or z1Ao metal. Pure oyanogea chloride could be ob

tained by rraottonal orystall1zat1oA of' the d1at1Uate t'J."aa 

the J'enntnga rutd ~1oott m.ethod(l!). 

The watt!tr-wh1te l1qu14 wtul frozen ln the trap or ampoule 

ued u a receiver. until it was 00~ to 9~ aoltd. The mother 



• 

'· 
liquor was poured oft • the solid was rem.el ted, a.nd crystallin• 

tiOil repeated until no .turther rin in the freezing-point 

occurred. Usually three recrratall1zat1orus on red1at11led 

Cl1Cl prepe.red b7 the above method were sntrtclent to give a 

product better than 99 .5';-t pure. 

The purity or the cyanogen chloride was determined by 

the :m.ethods or Maugu.in enc. S1mon( 6 ) • The tl rst or these ia• 

.alvod hydrolysis ot cyanogen chloride in an excess ot standard 

:tJaOt:I, and bnok t1 trstion with star:.derd Haso., to e. phenolph

thalein end-po1nt1 oere being taken not to make the solutioa 

acid. 

CNCl + 2Ua<IB _...,.. NeCNO + HaCl 

If' e measured exooss of H~,SOt; Wt'l.~ then add~d to the 

neut:ral solution, and the solution wBTr:"..ed for soma t me, the 

HOCN vras oonvorted to (NH4.hlS0& 

2!:1C1iO + nz.:;o.-, --;Jil- ( NR•) Bf'~& • eo s 

and tm Tt;;!S04 could be back titrated with 1la0H ua1n.g methyl 

red. A third methOd eonsisted ot: titrating the chloride after 

diluting to 200 o.t'. and tak1Jl8 an al1quot part, ua1Jl@ o.o;s 

1'1 AgN0 3 with diehlorotlaoreacein aR 1nd1ee.tor. 

Two r11ethods were snployed to Bftt an accurately knoWA 

senple of CNCl absorbed 1n HaoH. In the method A, a oonT&nient 

qt1anttt:y o:t liquid C:tiCl at o•c. wu poured into 50 m.l. ot 

o.SN oarbon;-•te-trae naoH cooled to o"c. The tlaskand NaOH 

ware weip)led before and after adding the CliCl at room temper•• 

ture ar-.d atntosphorio pressure. The :.atxtu:re was allowed to 

stand at room te:<1p~t·ature ror an hour or more before })aok 
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titration W1 th HeSOf.t to Oll&Uro OO:<plete hydrol;ynis or the CliCl. 

In method D, the CHCl ns plaaed in 11 ttle T1 nl.s made or 
6 &rl• sof't gl.f.UU'J t'Jb1ng. F:aoh of these Tial.S bed Q IJ:)lid tip 

bent at en s.usle and scratched so thnt wte.~ the stopper was in

serted, the nal broke at tills point,. releaslng the Cl£1. L1-

qn1d C!tel, senled 1n e Y1el, was we1ghod 1 cooled to o• and. 

pleoed in a fia:ak oon.tn1n1.ug 60 ml.. ot C .5U :ie.Ccfl ooolod to o•c • 
aa before. The W(l)if::ht or the Cllel was detcr~dnf!d by collecting 

the fragmonta or the vial t:ron1 the t1·t:rat1on tlask, d.r71ng an.d 

wet. gbing them.. In Table 1, treez1ng point end analytical f\..ata 

are glven tar a se1•1es ot CNCl sfin)ltls • 

:tAiUJ ~ 
Freezt.ng i;o1nt Data rod :'urt ty ot CNCl 

' I " • 
b.z cns~211 .talDa. 

i).eroeaY.&• l!li£1SX . -J.l'lteozing 3araple ret.ght ( 1 ) by .I'UiOH ( 2) bJ' NHa ( 3) b7 Cl 
l:ollll bx ::ethgA Md R£2411914 presMS 

-&.9o•c (l) .5645 A 100.9 - -(2) .63'15 #. 10{;.6 - -(3l .551'1 A 101.0 - --a.92•c .4'142 A 1o1.a - -~~) .45!9 A lOO.'I - -(5) .5062 • 100.2 - -~1.. 

-?.26•c !l) .4342 J 98.8 - -J'ft.. 

2) .4722 it ~.2 - -
,~~ 

.4527 i\: 99.3 - --7.32•c .664'1 n 1(,( .3 - -
il .4770 B 96.5 - -.6970 B 96.2 - -_, .O<:>•c fl) .sa1a A 99.67 - 99.8 
2) .54'16 " 99.90 - 100.8 .~ .. 

-?.c.o•c fl) .6006 B 99.85 99.9 99d 
2) .5156 B 99.10 9a.t 99.4 

(3) .48'18 D 99.55 99.5 99.2 
-e.grc (ll .8762 A t19.88 - lOC.5 

t~ .7169 fk 1C0.32 - lOO.! 
-1o.oo•c .6039 ' 89.3 - -b 

(f) .6445 ' aa.G - -!{o 

{3) .6134 L. 88.1 - -
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The method employe4 for treez1n"~ pot.nt ootem1nat1one ftll 

an exteuton or that used by :r.A. :1orrtson and r;.E. GJ.'Um1'3.1tt(l3J. 

The appe:ratus oor.uJisted or a small ol€tft1" dewer to which 'llll8 

sealed a stopoook at the top. The oir pressure ooul4 be adju ste4 

to stve a convenient rate ot cooling. This tube was tlttecl m th 

a stopper through wh1oh passed n Ileokmarm therm.an.eter and a slau 

rtng atirrer driven by sn eooentr1o wheel titted to a st1rr1nc 

motor. The Deotanarm therm.caeter was compared with two standard 

thenn.om.etera ot different rtmf~~s calibrated at the l? .T .R. Tho 

zero po1nte on these were checked. with great can. Surt1oient 

cold C.NOl was plHced in the t.nner tube to ooYer the bulb or the 

thel'!l'lal1eter, and the 4ewar was cooled in an tce•aal t mixture 

at about -12•c. 1'1'!18 and tmperature readings were reoorde4 

unt 1l \be freezing-point had been. pnased. An toe-water bath 

vu then substituted for the 1oe-aalt mtxtllre, and reed1ngs 

were tek:en as before. The f'reezine-po1nt could be determined 

quit.e occurately from the t1me•oool1ng ou:rve, but the melting• 

,point wu not well 4ettned, as will bo seen ,rrom. the soccmp~m7-

1ne Oll::rYea,. figs. 2 and 3. 

A fUrther check on the purity or cncl was mt"\de by deter

mining the molal rreezing•potng lowering. Into a sealed tube 

24.186 em•• or pure CNCl were welshed, the tube was cooled 

below 0 6
, and the contents placed in the !'reez1ng-po1nt e,ppara• 

tus. The .treez1ng-point was det~rmlood as desor1bed above. 

Tha solid wa.s rme1ted1 a.'lnla ~s. or CCl.t. •ere added, 8Jl4 

the treez1ng-po1nt egnin detemiDe d. A lower ins of o .oc •c • 
ror a mol rraotton of' o .Olllf was found, tmd the molal 
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f'reez1Dg-po1nt lowering was calculuted to be 3.26°0. Assuming 

~· lnten t best of fusion to be constant between -6.9a• and 

v.sa•c., ita value ia 2650 oal./mole. The entrop7 or :ntslon 

is therefore 9.96 entrop7 units. E•'ran a consideration or the 

anal7t1oal. ~·eroentagn or impurity )resent 1n a s-.ple ot CNCl, 

and the molal treez.1ng-po1nt lowering 1 the molecular weight ot 

the L:tpurit)r waa oaloul.r1 ted to be 112. The L'apu.r1ty is pro

bably ma1nl7 carbon tetrachloride. 

Tbe progress or pur1rtcat1on b7 reoryatall1zat1on 1a 

1llustrate4 in Table a. 

TABU 2 

Ppritloat1Q9 ot CHCl 'J t£aot1oua& C£Eat!A11zat&op. 

A. Material at'ter remOY'ing Cl2 w1 th Hg end red1at1111ng. 

Atter Crystall1zet1on 
Freezing Po 1nt 

B. Mother liquors fran ceystall1zat1oite. * 
Crystall1zat1ons 1 3 5 6 7 
FreeztDB rloint -le .1o•c -7 .45°C -e.g:s•c -&.tz•c -e.ga•c 

* In this series onl7 about 10~ or leaa of the material was 
poured orr each ti:ae. 

The Yapour pressur~ o-r CNCl was measured, using a 

statio method. A trap aonta1ni.tlg CNCl, and .t1 tted with an 

AD.aohutz thennaneter was connected to a ra.ercur.y manometer. 

Tbe trap was surrounded by a bath at the desired temperature 

1n a dewnr flask. The ta~.pereture or the bath was measured 

with one of the s tcmdsrd th orm.om.eters used. in the treez1ng

po1nt measurements. l1ead1ngs were taken. over such long 

periods of time that equ111br1ma was established between the 
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CN01 and the bath, and the temperature of the CNCl was taken as 

that or the bath with only slight error. Observations were Ltade 

over a p~?.riod or nearly a week. The data together w1 th those 

or Klemeno and Wagner arP- given in Table 3. The latent heat ot 

vapor1znti.on was calculated from the Cle.usiua-Glapeyron rela• 

t1on to be MOO oal./mole. 

Temperature 
•c. 

•••• 11 • r 1 r 

-12 
•lO 
-a 
-a 
-5.6 
-4.8 
-4.0 
-2.8 
-2.0 
o.oo 
o.oo 
1.85 
2.00 
3.40 
4.00 
5.00 
6.00 
&.20 
'1.40 
e.oo 
~).10 

10.00 
10.60 
12.00 
u .. ao 
13.00 
14.00 
17.82 

TABLE ~ 

---
342.1 
348.3 
359.1 -
396.3 -
446.8 
446.5 
483.6 -
515.4 

558.0 -
581.2 
616.5 -
658.3 -
697.3 

'154.8 
763.0 -
916.5 

Tbeae uta are plotted 1n t1g. 4 • 

233 
265 
302 
S4l --
373 -
408 
445 --
484 

52'1 -573 --
621 

674 -
'130 --
'190 
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CJ'anosen chloride mey be prepared 1n good yield 1t7 the 

method ot .renn1nge and Scott. After removal o:r chlorine With 

mercury and re-d1st1llat1oa, :rr~et1oual or;;etall1zat1on pro

Tides the moat satisfactory m.flthod o£ pur1t1oa t1on. The methods 

ot ~>Iauguin and Simon pro"fide e means of' tl&tea1n1ng the purity 

ot cyanogen ch1or14e analytically, the chief d1f'f'1oulty being 

to get an accurately known amount of' OJ&nogen chloride ooa

pletely absorbed in standard base. 

The £reezing-point of a sample ot cyanogen ot~or1de .m.q 

be dete11U.1ned w1 th considerable aoouraq trom the t1me•cooltng 

ourTe, and proTtdes an excellent criterion or pu.rtt;r, as the 

molal freezing-point lowering is large (3.26°0.). Tbe melt1ng

po1llt is ill-defined even under O&l'efully controlled co:1d1 t1ona. 

Vapour pressure measurements made on a sample ot pure CNCl 

gaTe values that agree weli with those reported by Klem.eno and 

\1agner( 11) • 
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It ne thought desirable to have acme tn.rorm.atio.u abcut 

the ktnatiou or tho hydrolfsia or cyanogen ohlor1de berore 

studying the sorption or oyonocen chl-oride on wet cbarooale. 

Data wera avn1l.able on the reactions or ornnosen bromide and 

iodide in butf'eri!td solutiono end in the preSEtnee or NaOH, ~m:.;, 

m.eth)"lan1nea, ethylem.inl!ta and tr1.,thrulolam.1ne(l4), but a wr

Yfl1 ot' the 11 teratura did not reveal any 1n.Lor~tion about 

the k1not1os or the hydrolysis or cyanogen chloride. 

llJ'drolysia of Cl.lel takes place 1n two steps: 

CNCl + HttC __,.. IiCNO + UCl 

_ __,..,. UHa + GOa 

16 • 

In solutions ot pll la a than '• hydrolya1s ot• oyanio ao1 4 ia 

rnp1d at ordtu.ar,. temperatu1·es, aud the rtrst reaction is rate 

<Ulteminill£• Jinoe equivalent quanti ties ot' HCl tw.d l!A.;s &re 

f'ort;V!d, the pH should not oha.IJ.F~e as;>ru·eciably during hydroly-sia. 

!Iydrol:ysis or cytmot~on chloride (and also oJ: the other halt des) 

ts oatnlys~d b7 GH- and H+. In thft presence ot• &1ines, ammonia 

and pyr1d1ne, very rapid rosotion occurs. The reaction of CJa

nogen chloride v:t th tcrtlnr;y eminas 1a an exEnple or the VOD. 

Braun resot1on( 15). In the pr~senoe of 1m~, CUCl remote to 

form oyaus.r:1ld: 
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1'1. 

An aqueous solution of pure oyanogen chloride gives no 

reaction with aqueous silver nitrate. Henoe oyanoeen chloride 

1a Wlionized. Since chloride is formed duriJJg hydrolysis, the 

hydrolysis may be followed by titrating the chloride present. 

Chloride may be detemlned very oonv,n1ently by titration w1 th 

.AgliOz, using dichlorotluorescein as ind1oetor. The pH should 

not be less than 4. The initial concentration or Cl-iCl may be 

detennlned by one of the raethoda or tlenguin and .']imon <lesoribed 

previously. It was thought advisable ror prelim1.nary work to 

study only the hydrolysis in purf'! water buttered with COa 1 the 

resultinP: pH being between 4 and 6, sad to find tt. megn1 tude 

or the salt ertoct. An attempt wns r.a.ade to study the hydrolysis 

in 0 .02.N HCl, but rfJaot1on occurred so rAp idly that no accur,. te 

results oould be obtained. Rates of hyil:rolysis were deteralned 

over the range or o•c. to oo•c., and the activation energy cal-

culated. 

Distilled watP.r fts oooled in an ice bath, n.nd saturated 

with COz by nddi~ drT ioe to the cold wa.ter. To approximately 

3CJO ml. ol' this water sufficient cold liquid CliCl was added ~ 

give a solution not s~ronger than c.2 M. In most of the work, 

tllO oonoontrntt ons of cyanogen chloride wero employed at each 

tenpere"ture. The solutions were always freshly prepared before 

uue. A.fter vigorous s.l)aking, the cyanogen oh1oride solution 

was poured into bulbs or 25 to 30 ml. oapncity, which were 
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• eeale4, and placed 1n n thermostat at the des1re4. tesaperature. 

~'or the zo•, to• and ro•c. ruu, a vnter thermoata' t1tte4 wlih 

a atirrer. electrto he!1ter and thermoreBUlator ft8 eploye4. 

'!'be heater na operated by a merCU1'7 rola:.r described DJ' Blaok(l6). 

This type ot relay was round to be quite reliable, eoonom.1oal, 

and easily constructed. The thermostat was controlled to aaout 

o.o5•c. For tll!t o•c. run, an ice-water mixture 1n a ~ tlask, 

and tor the 11.1•o. rua, acetic acid containing Wf'lter waa •

pl()7e4. Tbe dewar containing this mixture was kept in an toe-

box to keep the solid• liquid ratio a,p proximately oonatant, an4 

the tflPlperH turo was oheoked at least (JlJ.CJe a 4q. Because ot 

the cheraoter or the frozen mAterial, a tauporature gradient 

ot two or three tenths of a degree existed betwetm. the aol14 

and liquid. 

J'or a study ot the salt et:tect, solutions of.' CHCl 1n 0.02 

.M lnt..Cl and in o.oe 1t XROa were p:ntparea. Tbe o.oa M ntoa 

solution was prepared trc.m water previously satux-ated nth eo •• 

but the b1{f.Cl solution was un.but'f'ered with coa. as the Nli&Ol 

itself' aoted as a batfer. 

The 1n1t1el ooncentrnt1on or oye.nogen chloride 1111a 4eter

mlued b;y addiug an excess or c .5:r .NaOB to a BS!lp.le ot the 

f'reshly prepared cyanogen chloride solution. allowing the mix• 

ture to stand until hydrolysis was canplete • eJJd back-t1trat1na 

the base w1 th standard Ua504. to a phenolphthale1n end-point, 

as desor1'bed preYioual7 (p. '1). The 'blank on the water aatu• 

rated w11h C02 was determined by ada1ng excess baae to a saruple 
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• o~ tbe water, end bao:t-titrettng w1 th neso._ as tor tba CHCl solu• 

• 

-tion. The h;rdrolys1a ll'lls tbllowed by titrating the t:ree Cl in 

tm samples with o.OSll AgliOa using d1chlorotluoreaoe1n aa 1nd1-

oatQl". Thia method o1· determining ohlortde was tourul to be 

quite aatisfao.tory tr the pH or the solution watt cre&ter than .ft. · 

A aam.ple or ro or 25 o.c. ot the GNCl solution ••• withdrawn 

trom a bulb by a pipette attaohE'd to a nter aspirator, between 

t'1ve Wld ten drop a of a 0 .1 per cent solution or sodium. 4tobloro-

1'luoresoe1n were added, azu.t the solution titrated l1itb c.omi 

Agl10a until 1fhe suapenaton ot: Agel just 'became pink. Bulba 

rm~oved fr1!:'1!l the thermostat et the hlr~er tt.npE're tu res were 

1ram.ed1.ately coolecl in tee ntflr before ba1ns opt>ne4. 'rh~: tile 

of rtlaovttl of' tb!lt bulbs Wf's notea in each ot.ute. 'J'be oonoea-

trnttons or 07ftD<>gen chloride rem.a1n1l.lg were oal.edatecl 1"roa 

the initial CtlCl conoentrat tons and the am.oo.Ata or ohlor14e 

twnd 1n the solution at Yarioua t1.lnfl8.. These data were used. 

1:c. drav1ug the loa ~~ti tn''&•l Ya. time ourvea. 8D4 the 

values of k for the Ynr1ws temperatures were calculated f'roa 

the slopes of thH'H1 linf>a. J•~tnally the .trrhen1ua l1na wu 

plotted• t*.nd. tl10 value or tie eet1vat ioll. s:nsrgy detenain.ed. 

The data are £1Ven in Tables 4. 5 and 6 and tigures 5 to a • 
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..ae.:fA l'OI\ RATES OF UYDHOLYSIS (iF CHC1 

lnl,le.l 
Ttme lia -J WNCl] 10 ~uo~ (hJ:! 1 soles/~ • molea/l. 8 NC t 

o. 
23"1. 
39'1. 
525. 

T~tp.o•c. 

o.ooooo 0.03955 o.ooou 
o.ooo83 o.o3872 o.ooa& 
o.oo11f o.3838 o.o1ae 
0.00149 0.03806 0.0170 

initial 
Time [cl·J WNC1] 
(hrs} mo1ea/1. mo1es/l. 1oalliWfi NC t 

T'l<JD.lr.x•e. ----
c.o o.oooo o.ovaoe 

24.4 O.OOlOi 0.07697 
53.8 0.00139 0.0"1667 
67.a o.ool75 o.o7&31 
115~6 0.00282 0.0"1524 
16?.3 0.00320 0.07486 
212.0 0.00422 0.07384 

o.oooo 
0.0091 
0.0108 
c.o1aa 
0.0190 
0.0211 
0.0!40 

-~-~~~~~~--~~~-~~~~~~-~~~~~~~~~~~----~~-~~~--~-~~~~-~-~~~~-~~~~ 

TAIP. 30*C 
o. o.oooo 0.0813 o.oooo o.o o.oooo 0.1845 o.oooo 
3.25 0.0019 0.0794 0.0103 3.0 0.004? 0.1798 o.o111 

20.5 0.0063 0.0750 0.0350 a.5 n.oo44 0.1801 0.0105 
30.0 o.ooa4 0.0"129 0.04'14 13.'1 0.0123 0.1'122 c .0300 
.fc3.9 0.0118 0.0695 0.0681 24.0 0.0174 0.1671 0.0430 
52.8 0.0141 0.06'11 o.oaz, 36.'1 0.0245 0.1000 o.o&19 
~~~~~~~~~~~--~~~~-~~~~~~~~~--~-~~-~~-~-~~-~~~~-~---~~~~-~~~~~~~~~ 

Tmn>. 4Q•c 
o. o.oooo 0.1413 o.oooo 
3.4 c.oo53 0.1360 o.cl&6 
9.1 0.013& 0.1277 0.0439 

13.1 o.ol79 0.1234 0.0598 
18.0 0.024'1 0.1166 0.0834 
23.5 o.o:soa 0.1101 o.lo&? 

mi.P. 40•c 
0. 0 .oooo 0 .07006 0 .oooo 
2.2 o.oool4 o.o'1792 o.oooa 
4.6 0.00284 0.0'1522 0.0161 
e.a o.oo489 o.o731'1 o.o2Bl 

1'1.5 0.01335 0.06471 0.0614 

o. 
1.0 
3.2 
5.5 
9.0 

12.5 
23.5 

o.oooo 
0.0039 
0.0114 
0.018"1 
0.0297 
0.0395 
0.0511 

0.1245 
0.1206 
0.1131 
0.1058 
0.0948 
0.0850 
0.0'134 

Yt~. flO•c 
o.oooo 
0.0141 
0.0423 
0.0709 
0.1186 
0.1660 
0.229'1 

o.o o.oooo 
3.4 c .0033 
9.6 0.0083 

13.1 0.0110 
18.0 0.0145 
23.5 o.ol85 

o.o o.oooo 
1.0 0.0027 
3.2 0.0065 
5.5 0.0116 
g.o o.o173 

12.5 0.0224 
23.e o.o3f58 

0.0870 
0.('83"1 
0.078? 
0.0'160 
0 .0'125 
0.068"1 

0.0695 
0.0668 
0.0630 
0.0579 
0.0522 
0.04'11 
0.0317 

o.oooo 
o.o1csa 
0.0435 
0.058"1 
0.0'192 
0.1025 

o.oooo 
0.01'12 
0.042"1 
0.0'195 
0.1243 
0.0690 
0.3409 
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TADLE 5 

VAHlL'ttOli OF k WITH TE1U::;gA'1URl~ 

'raap. l(,T-1 k.1 
0/!; A sah 

523 0.00309& •2 3.130xl0 __ 
313 0.003195 l.lilxl.O a 
303 0.0033(1() s.585:xlo-
284.1 0.00352 3.070xl0-· 
2'15 o.ooS663 6.65 xlO-~ 

WLI& 

EFFECT OF ADDED !>J.LTS 
ON THE RATE OF CUCl; H'f~OLt:SI§:::t!!,WATUFE .to•c, 

.• -, 1n1 t1al r _1 
Time [Cl j t, \CHCl) fb.HOlJ \'!me tOl J lPNClJ 
{bra) molea/1. molee/1.10&~, (hraj m.olea/1. m.olea/1. 

1n1t1al 
~ 

1os rc£1l, 
o.ol M NH•Cl 

o.o o.oooo 0.10'1'1 
8d 0.003'1 u.lo40 
8.4 0.0089 0.0988 

12.6 0.0131 O.OH6 

o.o c.oooo 0.05175 
3.0 0.001'10 0.050015 
5.5 0.00314 0.04861 
8.8 Q.00481 0.04&94 

14.8 0,(11081 o.o4094 
20.1 o.o1ol7 o.o4lrB 

o.oooo 
o.olM 
o.c3'14 
0 .O:S63 

o.oooo 
0.0146 
0.01'13 
o.o423 
0.1018 
0.0950 

o.o 
3.4 
6.2 
9.6 

11.4 

o.ol M moa 
o.oooo 0.05625 
o.oo2oo o.o53&6 
c.oo460 o.o51&5 
0.00664 0.04961 
o.oosl5 o,o4Slo 

o.oooo 
0.02015 
0.03'10 
o.oM5 
0.0679 

a Cl.- f"rom hydrol.7sia of 
CliCl only. 
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4r CQHCLUSICNS 

The Arrhaniua line ~or the l:t.ydrol;rsia or OJ'anogen chloride 

at pH 4 to 6 was t"ound to be a straight line wi'thln the experi• 

mental error over the range C' 0 to oo•c. The aot1Yat1on eners7 

tor h7dl'Ol181S was celoulate4 from tho alope or th1a line to 

be 201 6?0 oalor1ee per mole. 'Jlle rate or hJitrolJ1118 at 40•c. 
waa only slightly increased 1n c .02 M IiH&Cl and in 0.02 M Kliea• 
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!.~tw7 8l:l1P1rioel 1nY{';S1;1gat-1ons ot: the sorpilon or 07a.DOI8l'l 

chlor1 de by charcoal lm:ve bee made durtng the last ffffl ;reara. 

?his work has been mainly elons the ltD.es ot te&ttng serYloe 

respirator oan1stera1 the chior object generall7 being to 

determine tht~t serv1ce_1 er brfJaltdown tt.me. Owing to the m.etho411 

eatplored and to variation 111 the ~erimental conditions oD.l.J' 

a ver-t 1noomplete picture of the sorption 1}rooes~ h68 been eb• 

tained. A more d&ta1led ~1ndy ill obviously or importraace 

s1noe the e:mp1r1oal teats have shown CNCl to he.ve a short a.r

Tloe time on moist charooala acd therefore to be a war ga.a or 

nenacing aspect. 

An e.ppv.ratua has beon oon.struoted 1n. th1a luborator,r 

Which tollows tilt amount or gas sorbecl w1 th time, the oon.oea.• 

trat10A or o:rlo gas 1n 'Che ot"1'"1uent stream. and 1.he :rise 1n 

tenJPeratur(!J at two levels tn the charcoal bed.. Goocl rewlta 

ha'Ve been ol;,-'.,..a.i!iea Wi '!;h this at:i':lratus in the study or the 

sorption ot: a:-wonis and butane b;y charcoal and alight mod1f1-

oe.t1on l'ws made it possible tr; stuay the sorption or eyao.ogea 

chlortdfh 

Yne results obtatnod so tar in thia investigation arc or 
a _prelimine.ry ;o.ature. .i.Jethods of anal;yaing ror cyanogen 
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• chloride in the ef'tluent stream he:ve been studied a.n4 atar.ularcl

lzed. SOrption on 417 charcoal baa been studied, but the eorp

tion ot CJ'811088D obloride on wet charooa~s, 11hiob 18 ot muoh 

greater practical importance, remains to be 1nvest1sate4. 

STATIC SORPl'IOJj 

The phe11.0118non ot tbe sorption at gases and 11qu148 'b7 

aol14a la well known. J!xtenaive 1nveattgat1o.n htu!J shown Ule.t 

tbe anount ot saa aorbed by a solid 1a a tunotion ot the 

pressu.re. expressed by the well•known Freua411oll 1aothea 

relatioa: 
1/n 

X • kp 

where z: 1s the etCWlt or gaa aorbed 

p la the pressure 

and k aA4 a are oonstanta tor a given S)'llt• 

and a g1 ven temperature. 

'l'h1a relattOD. holcla only arer a limited pressure range. 

Lanpulr assumed that a uni:lloleoular liQ'er of' eorbed gaa W88 

tomed on the aorbent • and postulated a t1Dle lag betwe81'l sorp• 

tion and re-.tssion or the gas itloleculea. Fraa theae ooa

a1derattona he derived the tol'mllla 

•·rf11ip 

where a 1a tbe ID.ount ot gas sorbecl at a giTea 

tem.perat ure 

p 1a the pr eaaure 

an4 K and 'b are oons tan ts • 
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'l'hla tormu.l.a baa been ver1f'1ed exparbtentall.J'. It may be 

written in simpler t"orms where the amount or mrpt1oa 1• nrr 
large or Tf.t7:1 a11all. 

In the absenoe ot other raotors linear relation between 

the logarl'lba o-r tbf; amount of gas sorbed 8Jld the taaperat.ure 

at OOtistant preaatre he.s been tound by ma.l17 lnYeatigatora. 

There la a large ditterenoe ln the e.mcunt of' gaa aorbed tor 

a ~~~~all temperature change. The mechani• ot sorption Jl.87 

ohan~ w1 ~ temperature in sc:me oaaea. 

29. 

The amounts of verlous gases taken up at a g1 ven pressure 

b:r a g1 ven aorbaJit are approxtmatel.J' in the or4er of the 'boil

ins points or art t1oal temperatures ot the aorbatea. Sorbenta 

Yal'J greatly- 1n the maounta or a g1 ven gas which tbe7 oan take 

up, oharooal and sUioa gel being part1oularl;r noted tor thell" 

m.arke4 oape.otty tar: sorbing gaeea. The et'tlole1107 ot a aor'bent 

trequentl7 deperuta upon lta hiato%'7 .. and aotivatioa 'b7 heat1D& 

or chemical action haa been toUD4 poaaible with JD.8D.7 aorbenta. 

The sorption capacity ~ oharooal de~nds also upon. the aou:roe 

ot tm charaoal. Beat 111 evolved during sorption, the amount 

or heat given oft tor c given increment of gas eorbed be1DS 

greater at the beginning or the sorption process than near the 

end. sorption ooours rapidly at tirat, the decreases rather 

sharply to come to equ111br1um which 1s ot'ten reached. only 

after ll long period Ot' tlmfte When the Sal'ption Of m.1Xiurea O't 

sases 1a studied, it 1s round the.t tor reTersible sorpt1oa, tbe 

ratlo of tbe aaou.nta or gaaea eorbe4 is the same tor a givea 
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gas mixture and a given oorbent, a is not altered 1t one ga.a 

la added af'ter the othnr. In othtn· words. gases displace eaob. 

other from the sorbent, th" aqn111br1um ratio ot gaaea present 

on the sorbent depending only upon the ooApositlOD. or the gu 

mixture, other :factors bei11g oonsttUlt • 

Two types or sorption m.q be d1 st1D8'~1ahed: ohem1sorpt1on 

and molecular or Ym der Waals sorption. In the rormer tJ'l)e 

molecules or atoms are held to the surface of' the sorbent b7 

covalent forces which exist because or the structure or the 

solid. This type or sorption oooura oommonl7 on metal mrtaoea, 

ao.ch os tungsten and nickel. Desorpt1on is o.t'ten ditttoult, 

even at Yery h1gb tanpernturea. Tbe heat ot sorption is htsh; 

about three times that for molecular sorption. Lall6llu1r ha a 

shown that a Wliraoleoular lrqer ot" sorbed gas COYera the aur

taoe or tilt sorbent, and that the gas is often aorbe4 1n the 

atomic stnte. 

Molecular sorption oooura wnen molecules or gas are held 

to the sorbent surface by van der Waala, or ord1n.fl17 intra• 

moleou.la r f'oroea. In the absence or com.pl1cat1ng tactora. 

this type or sorption ia easily reversible. lto decomposition 

of tte sarbate into atoms occurs. ;.Atvere.l processes may COD.• 

plicate tbta 1f7Pe or sorption. In the earl7 stages, true ad

sorption• 1nvo1Yins a unimolecular layer of aorbate, probabl.J' 

oocura. W1 th charcoal and similar porous substances, con den

sat ion or the gas to liquid in the capillaries otten takes 

place. Because ot' the concavity of the meniaoua of the liquicl 



• in ~ Oaplll&riea, 'he Vfl)tOUl" !JrtUH3llr8 18 lOW• Water probably 

extata 1A the liqu14 state on charcoal under ordil:lar,r OOI141t1o.as • 

When sorption on auoh "wettt charcoal oooura. the eorba\8 XUlJ' 41a

aolve tn, or be hydrolyae4 by the water present. Catf.l].yt1o ae

oc:mpoa1tton of' the aorbate may be brought about by 1mpresnallta 

• 

oa the aorbent. 

RJlUMIO SOJlU!OI 
statte sorpt1cn studies yteld real ta Which are ot great 

theoret1oal tmportenoe. Bowenr • to evaluate the etttoicq 

ot a sorbent, suoh as oharooal, 1n removi.Dg a toxie gas f':roll. 

an air stream. a 4Jnamio method must be used. The rate ot 

eorpt1on or the toxic gas •7 c\epend on et Uler ot two faatora: 

(a) rate ot 41f'J.'uaion or tiB gas m.oleoulea to the su.rtace of 

the oharooal or (b) rate o:r aorpttoa or reaction at the au.J.

taoe ot tbe charcoal. It the tor.aer process ta rate dete~ 

miniDg the presence ot the "oarr!er gu" (air) •1 tntertere 

W1 th sorption. Tbere ia also the pess1'b1lit7 that d•aorptton 

ot the toxic gas :mq ooou.r when pure air 111 pasaed throup 

the charcoal. 

mqms oF m~:Mttc oom,xpH 

Several mathEIIUit1cal theories ot tfJnam.1o sorptioa have 

been developed. Some or then ere enttrel.J' empirical. whlle 

others are 'based upon rate or d1t.rus1on or rate ot reaotton 

or the tone gas as mentioned above. ?.quat ions have been 
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derived which express relations between var1ou& deteDninable 

quaat1tiea, and the behaviour or a certain oharooal towarde a 

certain tono gas under varying ooud1 tions or concentration, 

a1rtlow and bed-length may be predicted 1f these quantities 

are knoWA. 

There are several quanti ties and tems which it is oon

Tenlent to dettne here bef'or~ entering into a discussion of' 

the Te.rious theories. The most important ot these t'l'Om a 

prnottcel standpoint 1s the senice, or breakdowu. time -r • 

This 18 the time t"rom the start or the gas flow to tba point 

when an arbitrarily chosen dangerous concentration or toxlo 

gas appears 1n th ett"luent atreem. This quantity 1a also 

somewhat indefinitely' defined as the time rrau the beg1nn1Dg 

or the gas flow to the point when the ohnrcoal ceasea to be 

lOO~ ef'f1o1ent in remDTing the toxic gas trom the air streaa. 

For the accurate deterrdnat ion or the service time, the tor

mer det1n1t1on ia much more exact. especiall7 when dealing 

w1 th highly poisonous ge.aes. The cri tioal bed leD8th A., la 

the length or charcoal bed below which 1mmed1a te penetrnt1 QU 

ot tox:l.o gas occurs. Another tem, the "dead length,. h 18 

used by some authors. especially Meoklenberg. This ia a 

length or the charcoal bed next the inlet which 1a visualized 

as being saturated with toxic gas, the remainder ot the char

coal bed betns tree or gas. It is a 1111them.ntioal fiction, 

'but it la uaetbl 1n naluat1on or the protect1Ye action or 
sorbenta. 
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..leoklenbers(l'l) postulated that sorption on aharooal oo

ou.rred by the mechanism of capillary conden.satlon. and to 

atmpllfT tbe matbemat 1oel treatment, he assumed all the capU

laries to 'be of' unif'orm. l.Gngth and cross-aeot1on. Re divided. 

the. charcoal bed into three imaginary parts: 

(a) a section next the tnlet saturated with gaa 

(b) a "working length", where sorption ne ocourrln.g 

( o) a sect ton which the gas had not reached. 

Be cont'ined his oonslderat ions to the "'1110rking length" • and 

GllJ.Ployed for the rate of dif'tuslon ot toxic gas to the surraoe 

the Nernst equation tor a heterogeneous reaction. 

1 - IZ< •;a" 1 - - - - - - - - - - 1 

Where o is the '"partial pressure or gas near the oharooal 

o" is the partial pressure ot gaa 1n t!a oapillar1ea 

D 1a the coet:rloient ot cl1rtuaion o.r the tox1o gaa 

in a1.r 

" 1s the outer aurtaoe ot tbe oharooal gralDa 

exposed per c.o. 

6 is the th1okneas of' the gas ll!l7ftl' sorbed on the 

charcoal 

and T is the time. 

He then deduced the following relatione: 

(ln c o - c" - c o J 
c' c" -c0 d 

where h is the dead length 

I is the service time 
,_ .!! 

2 

3 
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L is the linear veloot ty of tbe air at re• 

,\ is the length or the charcoal be4 

Q. is the oross-sectionsl area or the bed 

KQ la the portion of the cross-section or the oell 

DO~ f'tlle d wt th char coal 

o• is the minimum detectable oonoea:tration ~ the 

gas• 

and n la a. constant .. 

llenb7, De.You4, ETerett. II1nsbelwood ad Lodge(l8) haYe 

also treated the problem or cl:,y'Damio sorption 1n a theoQ" whiab. 

Will aubaoquontly be referred to as the B1nsbelwoo4 theory. 

A.ooor d 1ng to tlu.tae a thors, the oonoen trat1on or 'to.x1 o gas 

in tlla effluent air atre• in:oreasea exponantlall7 with time: 

-lSr- ¥ 
o • o0 e e - - - - - - - - • 

wbere Jc 1a the 80J'pt ion rate constant 

o0 1a the 1nl t1al c onoentrat ton or tone pa la 

the air strera 

o is the concentration in tbe ettluent atreaa 

i\ is the bed leagth 

T 1s the time t1'0m. t be start ot the gas tlow 

L 1a the 11neu tlow rate 

and 'b is the rate o:r omma.at1on or the act1Ye centres. 

• or, 1n our oOD.sJd eratlou., tile arb1trar11J' ohoaea claDgeroua 
concentration ot toxic gaa • 
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A ablpl1:t1ed treatment by Hinshelwood et al usumea that each 

su.coessive element or charcoal fuuott ona with complete etr1o1-

enoJ" and then pessea completely out of action ... 'l.otually, ex

haustion la gradual, and a more r1r;oroua treatment takes this 

tftot into account • 

.Now, since the rate or exhaustion of ect1Ye centres 1a 

dtreotly proportional to the total a.mou.nt or tone gaa passing, 

and inversely proportional to the 1n1t1al number o-r act1Ye 

centres, 
•oL b•- _ ... ___ ._ ..... 5 

Bo 

where No 1s the 1n1 t1al number or aot1 Ye cent rea 

per o.o. 

From equattona 4 and 5, the serrtoe time tor variat10D. in the 

oolmm length 1s given 'by the re la tioD. 

.. ------ 6 

and it' tte :tlowrate 1a Yar1ed, the bed length beiq kept cca• 

'T. ~ {..l.- 1 ) ' 
00 't' r:; ..... - ....... 7 

where L0 is the cri tloel flowrate, above which break-

doa is instantaneous. 

The the017 assumes that t110 zones exist in tle charooal 

bed; (a) a section of the bed which actively remofta tone 

gas hom the air streau, end (b) a uectlou. which is saturated 

W1 th gae; that is, no act1 Ye centres are lett. ..l%.ctual.l.7. 



• howver 1 saturation ot• the charcoal 1a e:;radUal,and sorption 

often takea place long after tbe service tim.e has pesae4. Ex• 

pressing the decrease in gas oonoentratioa through the bed b7 

the pi'D."tial dlft*erential equation 

-tr. !(fi +-H) - - - - - - -- 8 

where 1 is distance traa the inlet end o~ the bed to 

the po1n.t be1118 considered 

x ta the eo no entrat ion or gu oa the charooal 

and all other quanti t188 are as preT1ously dettned 

renders the treatment independent ot tbe :m.eolumlsa or ktnettca 

ot aorpttoa. '1'o solve this equation, Hinshelwood et all assume 

that 

...................... ...., 9 

where k 1s a constant 

o ts t~ concentration ot toxic gas in the 

air stream 

and N is the llUlllber ot active centres per c.o. 

The aottve oentres do not retain their aot1vtt7 1n4et1n1tel.7• 

on the average, each active centre deals with n m.oleoulea or 
sae bef'ore beOODling 1naot1 ve. It the number or aot1 ve centre a 

per o.o. la No •, then th1a la equivalent to DN0 ' • 50 centres 

o~ unit act1vit7 per c.o. Neither a DOr N0' ts determinable. 

In this treatment tt 1a al., aaawned that the sorption process 

takee place isothermally, nnd that locnl changes 1n the water 

content or the bed do not alter appreciably the rate of sorption. 
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!Praa equattou I am '• 

A o - ib 1a :~ - - - - - - - - - 10 
0 

11bere o' 1n the ooncentret1on or toxlo gaa 1n the ettl\len' 

stream at breakdown 
klio /L 

and 'T • __.1_ la(e - 1) - ln(;,. - 1) - - - n kiO 0 

or, &;>proxima tel7 

T • ~( ~- 111 ~) -.--- .. --~-~ 12 

lS 

or I• ~ (! ~ ~) ~ ~ ~ ~ - - - - - - ... - -- -
tor variation 1n t1owrate 

Both treatments give tdenttoal. oxpreastou tor the break• 

down tltUh Howeve:-. en a~) proximation 1n the more rt.gorou.a 
0 

treatment hns been D.li!Hle whioh is on.l.7 'f'al.14 for ;!; » 1, a..ely, 
b.!J;l 0 

ua1ty waa llef").ecteii 1u 0a1partaoa ld th e • When the 

Itt.nshelwood theory 1a applied to cond1 t1 ana near ea tu rat toa. 

this e.pprox1raa t:too cannot tae made, since o has nearly the amu 

Yalue as o0 • The distribution or gas throue.h the ctuu-ooal bed 

rm.d the erteot ot grlUlUle size have been d1sousse4 1n detail 

1It. the orig1nsl report, and 'fl111 not be considered hent. A more 

oaaplete disousaton ot the t~180ries or H1nshelwoo4 and ot 

:.leoklen.berg 1s g1 ven 1n the theses ot cs U vte ( 19) Bnd Darts( 20). 



• ( 21) hfl.S extended Hinabelwood.t s trea tm.ent to 

1nolude the posst bill ty of' desorption, and henoe the possibili

ty ot clmnsea in H0 111 th oht1JJ61~ initial oonoentrat ton ot 

toxic gas. This .mfllkas necessary another parameter, the rate 

constant tor desorptton, K. 1n the case ot renraible sorp

tion, it x 1a the conoentret1on or gas on the charcoal, the 

value or x at equ111b1rum. will be a runctton ot o0 determined 

by the condition 

~ • - Kx + Jto0 (Jl0 - x) • o -- - - - - 15 

whea.oe x • N0 onl.7 when ko0 » K 

Tbe tollo11'1ns relatioDS have been taken from Xinoaid' 8 S\8%18.1'7 

ot Lis ter' s or 1g1nel report ( 21). 

For irreversible sorption 

¥-1nl~ -~ . lA • - 1 

and tor tbe revera1ble oaae 

• Jco T - • 16 0 

- - - - - 19 

The breakdown t1me is given bJ' the f'ollowl.ng equet1ou: 

Irreversible 

....... .., _ _._.,. l8 

19 

Reversible 

'roo•:foo+k ·~-Ki'ool•kln(~o·:~ /L -1) 
- ... - - - 20 



• The role t1ona ror or1 t1cnl thtctnes1.1 are 1dent1oal 1d. th eq_uation 

10 tor 1rrevers1ble atld rarera1bls sorption. 

In oonclua1on may oo mAHl~1oned tbe theories or Dohart an4 

Adc&a, ot Dortlc:y aDd !ier;tenea(22) s.ud of W1cke(22). Bohert and 

Adama 1n 1920 proposed a theory of ~to sorption whteh la 

1den.t1oal nth Htnshel11'004'a later treatment. Tbe7 assumed 

that the rate-oontroll1ng step was reaction or tlle toxic gas 

w1 th 1 or sorption 011 the oba:rooal, and also that eorpttoa wa.a 

UTeversible. W1oke'a b'eatr.:um.t oonoeru sorption Wl4 desorp

tton and is based upon d1.ttus1on 11s the rate-oonuolltns tao

tor. Bertk7 and Hestenea have recently develope4 a s-.1-

aptrtonl treatment cf' the date or Dole and KJ.otz(2a). The7 

aasurae that f- _,..1 at a t1n1te tlma 1 rather then. when T _,...eo 
0 

•• aaaume4 1n t~ Htnsbelwoo4 trentmct. Their 41rtere.ut1al 

eque. tion ta 

-----.--- 11 

() <: ..,. <:.1 

llbere m. an4 '\are emp1r1oal. oonatanta, and the o'thel' 

aymbola haft the ._. slgo.trtoanoe aa 1u. tbe 

preV1QJ.S 41aou.aaton.. 

To appl7 this theo17, the oon41t1on o0 1" • conn. le neOUSU'J' 

but DOt Btltt1o1ent. 



• 

• 

1. The Hl'Tloe time 

The theories or H1nsbelwood e.u.4 or f,:eckl.anbers predlot a 

linear relntton between serVice ttme an4 be4 le.aath• flotreYftZ', 

Lieaklenberg has shown that the linear relation o1'&17 holds ror 
bed depths greater than a oerteln m.inSmta length. and th1a 

f'elline ort tram linearity has been noted b7 aneral obaenera. 

I$1Bter'a theory predicts a 11noar relation between sernoe 

t.imte an4 bed depth .for 1rrovers1ble sorption wt not tor re• 

T•Jrs1ble • 

Both the roroer theories 1Ad1oate a lineftl' relation bet• 

...... service time and the reo1procal ot tbe tl.owrate. 

IUndlalwood' s theory predicts tho t tbe Mrt'1ce ti.M varies 

as the reciprocal or the 1D.1t1al o01loentret1on tor Yf.t%'7 low oon

ceu.tre.t1on.s, 1.e.,<"(o0 • OOD8t. AooorcU.ng to K1n.oa14., tb1a 

1s onl.y Uu.e 1t kNoA/L ~ 1u.(~- 1) • When .,...00 18 DOt ooa

ata.nt. it should decroaae wltb 1IrDreea1ng 1n1t1al «>noentratial. 

In reYeraibl.e 80Z'pt1oa, Llster'a theol"J' predicts tbe.t T C!lhou.l4 

l.aoftaae tm4 rea. oh a constant value aa o0 decreases. 'l'hla pro

'Vldes a ort. terioll or reversible sorpt1oa along with ~1o de

sorption studtea. 

2. Ttle dead leagth end art ttoe.l length 

Aooordt DF. to equn tion 3 

h c(' .,J.-n 

1t the nowrate 1a varied and other variables are kept constant • 

Tbe 'V8ltut or n is usually about c.5. Y'rcn equation 1o, the 



• or1t1oel le.usth varies direotl;r with the t'lowraw, and thia re• 

lation is 1ndepend811t of Whether the sorption ta reYeratble or 

1rreTers1ble. 

• 

J:!quatlon ro e.lso 1nd1 oates a linear relation betweeD cri• 

tioal length and the logarttlml of the 1n1t1al ooncentratiOA • 
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Alli@A'NS 
The apparatus WJed in thia 1nvest1pt1oA bu been dea

or1be4 by rearoe(23) an4 by Cg1lvle(l9) and Dav18(2o). A 

, .. 

cell 1'411oh eantaiu the aharooel to be 1nvest1gate4 la sue• 

pcdttd treel7 from one am o.r an eu:ull.ytioal balance, p:rov1s1on 

btt1DB made tor the ual.J81a or tbe e!'tltaen~ atree rraa the 

oeu. ~ tollowing deaortption or the ftrioua .,.., .. applies 

to fi&. 3 • wb1 oh la s at imp let diagra or tm ap parataa. 

Air \ftls auppl1od b7 a treper neka tt1oro 1~. tbe out

let of which was attaohe4 to a 45-lltre ballast YOlum.e V1• 

The air preasure 1n the ballast 'IOlume wa regulated bJ' a 

water blow-oft B. The inlet oock on the purap wu 1rurne4 pe.rt-

17 ott so that only a small streaa ot alr passed throueh the 

blow-otr. From. the bal.laat "'V'Olume the atr passed throt:lch 

three oalolum. ohl.orlde tubes c in aer1oa to remove water 

Yapour, t..'lon thrau.eJl three uoartte tubes V to remove carbon 

4bx1da, and t1nall7 through three eulphuric ac14 bu'b'blera.o. 

B7 adjuatlng the CX>noentratlon ot sttlphurlo ao1<1. lu tib.eae 

bubblera, air or a.a;r deatre4 degree or hum.1d1t7 ooul4 be ob• 

ta1aed. In tb1s preltm.iu.al:7 stuq 4'1:7 a1r •• euplO)"e4. and 

the bubblers oontaincd oonoentrate4 ao14. The alr tlow waa 

measured by means or tbe wet test meter w, \'fh1oh waa t1lle4 
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• w1th di'butyl phthalate. Tbe rlowrate wns adjusted 'b7 a o.p1U&r7 

.tlo1£leter, oonte 1n1nc d1but7l phtlu1.tate as the aarlflGieter 11qu141 

and the nter blorl-orr. Aocurato adjustment or the rlow vu 

obtained 'b7 rAovt.ne too nir tube on the 'bl.ow-ott u.p or aoa. 

The air etre• oculd be aonttted to the oond1t1oaer by the 

thfte-n.y stopoook 31• and to tb!t oell or d1Terted b7 the stop• 

oookssa and z., the rubber tube bei.D.G removed trm S). 1n \he 

latter case. 

t.'Mle oy811.0gen chloride wae oonta1ne4 in a glesa ampoule A, 

or f.lbout l50•o.o. oapac1'Q', which Y&s oonnecte4 to a lO-l1tre 

ballast wluae V a by 6 mDh gl..tuus tubing, uat..ng as 11 ttle rubber 

oo.rmeottnc t·tb1ns !t.a :··c;Aible, ainoe CNCl at•oka ru'bber alo•l.J'• 

To keep tbe ftpour pressare or 'the cyanogea oblor14e oonatu.t 

io e.nstll"e a constant t"lovate, lt was neoessUT to keel> the 

apoule in a therm.ostat(T). iW this ktUl"i}O&e, a large gl&aa 

benkor, well lagge:d on the outsiata, wna employed.. 'rbia con• 

tabled e. oo1l 1mn~~recl in water through which tap water at 

:.!2.,.C. ctrculn ted. A a~Wa~.eter 11 aerred to 1n.d1ca te the ,presa

ure or the cyanogen ohlor14e. '1"be t".low wa.a a(13uated b7 mecm 

or a awell steel Aeedle Yaln N& cud e oap1llary nOWUtter Fa 

oontat.utng meronr,. Dib\tt)-1 ph.thel.ate or other orgnn.to l~qu14 

ooo.ld not be used as a aaaaneter tltt14 because of the aolu• 

btl1t7 or Cliel 1n. th•. The COOl could be scb.i tte4 at will 

to tbe a1r stream by openiDB the stopoook S41 or d1't'or\e4 to 

the waste pipe thrcu.gh tbe atopoook ~.. The aorbate systs 

was oonnecte4 to n HTf'aO pUC!p throueh tllt stopcock Se for 
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purpoeea ot evacuation. All7 CNCl 1n the ballast Yoluu .... 

~ OOttrH, thoroqbly :tluabe4 out w1 th a1r l>erore the BJ'8t• 

waa e"'aouated. 

The oondt ttODer tor tbe charcoal (E) oonau ted or a 

pyrex tube about a root long and two inches 1D. 41ameteJ!l 11b1oh 

wu wound W1 th n1obrom.e wire and legge4 w1 th aabeatoa. At 

the upper elld there was a gro.uui jo1nt anCl stopper J, tO%' 

t1ll!Dg, and m atr outlet s,. ~he lower end had an ail" ill

lot and lftls connected to the air tube leadtng to tbe cell 

through a short pieoe or rubber tttblDg, whtoh oould be closed 

w1 th a p1ncl1 clamp P1, to the ground joint la. The tempera

ture or the oond1 t1oDGr n.s a4justed by a rheoatat 1n the eleo• 

tr1cal otroult. lll"7, oarbon d1ox14e•tree air trom the purlt1• 

oe.t1on 'traf.D na paaaed through the ob.arooal during the ooa41-

t1oJ11n8 prooeea. 

'l'be cell (suspended undc" Ja) ... ttlled with ohareoal 

,,. openiq the aorew a lamp P 1, ratalng the 80lld1 tlour all&h.tq 

and tappSng tt. Packing or the charcoal in the oell was aln7a 

unt:rom a1noe tbe charcoal al.tra7a f'ell trom the --.. hetsht. 

No oont•1D.8tlon of the oharooal ldth coa or 1r11ter YapOU1' 

owlci ooeur. 

The cell ltseU oonatated or a piece of p:vrex tubiDB " •• 

1u1de 41aeter and 21 •· long. The top or the tube waa t1tte4 

W1 th a brass cap sealed to the glaaa w1 th de Khotiuq Of.ID.eD.t. 

'l'brongb. t)W, centre ot thia oap waa aol4ere4 a brass tube ? Clll 

long and 1.5 om. in d18Dleter, wh1ch exten4e4 into the oell. To 



• the lower end ot the oell was cemented a narrow braaa Z't.li8 having 

two projections whloh fitted into oblique slots 1a a removable 

brua oap aSm.llar to the one at the top or the cell. By th1a 

means an a1r-t1gb:t joint be'heen the oap and the bottom or the 

oell was secured. A pieoe or brass tubing or the aaae 4lme!!.

elona as that at the upper end extendecl do1lll1rar4 trom a hole 

1n the oentre ot "h1a oap. Cn the 1ns1de of the lower cap 

na soldered a light braea ring about 1 am.. high which just 

oleared the lnslde or the tube aud to which was attaohe4 a 

olrottlar piece or metal 6auze ailllllar to that used aa a ohu• 

coal support 1n respirators. Thla gauze supported the obar-

ooal and allowed tree exit to the gas str••· Two small the:r

aal jUD.Otiou were o•umted to this gauze and enent1e4 upwarda 

to heights ot 1.5 end 2.5 ea.. above the gauze Dear the O«ltr• 

ot the oel1. Thq were constructed ot copper and oonataataa, 

88 B & s gauge. Connection to the reat ot the themoooaple 

was &eO'\lred through three pieces ot lacquered oopper wire, 

abou' 40 B & S gauge. Voltage readings were :macle with a 

Caabridge un1p1YOt galvanometer. 

'l'he oeU was suspended through a hole in the bottoa or 
an anal.Tttcal balance b7 a light wire eupport to an aa of the 

balance. The brass tubes dipped into cups which oon ta.1ned • 

light h7drooarbon o11 having a low T1scos1ty and low vapour 

pressure. and in which qa.nogen oblor1de na not very aoluble. 

The phJ'aloal properties or the oil peml tte4 ta1rly accurate 

weighing ot the oell. A 100-mg. rider was e.plOJ"e4. A tixe4 
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oell waa also OOl'lstruoted, whioh could be connected d1reotlJ' to 

the air inlet b7 a ground joint instead or the oil aeal. This 

oell was :frond use:rul 1n certain instances • 

J: • .nal7sls or tha effluent stream presented 1U1D;1 41f"tloul

t1es. It was not thought feasible to e:apl07 gaa aam.pllDg 

m.etbodJJ, and direct absorption or the CRCl in Yarloua solutions 

was resorted to. Sintered glass disc bubblers were used, and 

tbe 'Q'pe or tower round most att1 tnble is illustrated ia f"1&. to • 

The aintered glass discs were prepared in this la borato17 an4 

were or vcrry coarse porosl ty. A a:all amou.o.t or we tU ng agent • 

Aerosol os • wns a4ded to the solutions to produce toam1q" and 

thlla increase the e1"t1o1enc7 or allaorptioa. In the stopper 

e.t the top or each tower was t1 t ted a small glass bUll» ot tbe 

:torm illustrated 1n rtg.Io in which oould be put a c.\rop ot 

oapJTl aloohol to break the foam if 1t should rtae into the 

outlet tube. To overoaae tbe back pressure or the sinterod 

glass disc Md the colUIDA ot abfiOrbing liquid• gentle aucttoa 

was applied by a water aspirator. A4juatmen.t or the su.ot1on 

was secured 1dth fiD. alr inlet tube projectlag into a tube ot 

phosphoric ao141 and tin.e adjustment with two screw p1noh• 

olam.pe P1 tmd l?e on the suction line. The suotton was a4-

Juate4 so that no change 1n the level ot the oil in the seala 

on the cell occurred when the air stre• was paased throuah 

oae or the absorption towers containing tbe absorbt.D8 solu.tton. 

'!'be et:tluea:t stre• could be oonHeoted to the waste pipe ar 

to either or the bubblers b7 the stopooob S1 and s 8 • 
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For the determination or Cl£1 as th1oqanate, the absorb

ing solution wes 50 o.o. of NaeS solution (lOO P• or NaaS•9HaO 

per litre), as recommended by H1nsbelwoocl(24). CJ11nogen chloride 

reacts W1 th NaaS, )"1eld1;og thiooJlUl&te. 

NaaS + CNOl --ill"' Na.ONS + H&Cl 

The thiocyanate was determined by Sohulek'a metho4(2~). 

This method in'VOlves converting the thiooyaaate to c,-anogea 

bromide by the action or branine water, and titrating the 

iodine liberated .rrom an exoeas ot potassiwa 1o41de b7 the cer. 
NeCNS +. Bra ~ CNBr + S + .NaBr 

CHBr + 2KI --?i1" I a + KCli + KB1" 

To the alkaline solution 1n a glass-stoppered tlaak 15 o.o. ot 

40~ Ha;PO" were added, and tbe :mixture boiled tor tin min.utea 

'to drive ott the H2S and ooe.gulate the sulphur produced by the 

action ot the act d on tbe NaaS. The flask was then oooled 

rapidly to roc:m temperature, and bromine water as add<t4 unt-il 

a P'rsistent yellow colour appeared. A.tter halt an hour, 2 c.o. 

~ • phenol were added to rEBDO'f'e the excess bromine, and the 

flaalc was shaken vigorously and repeateclly d11r1ng halt en hour • 

.rtnalll' 5 c .c. or 10" KI were added, the rlask allowed to stand 

in tbe dark for halt' an hour to two hcnrs, and the liberated 

iodine was t1 trate d w1 th 0 .04N thiosulphate ( sandardized 

agalnst CNCl by the above procedure), using starch as indicator. 

Sohulek' a method was round to be more accurate and less trouble-

aome than the uaual oolor1ll.etr1o method in which t'tt:rrio thio

oyaute 18 :formed by adding FeCla to tbe slightly acidified 
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solution oontaining tb1ooyanate aud ooHlpar1ng the resulting 

rnddlsb-brown colour with a standard prepared at the same time 

ft8 the u.Wr'J1011Ile 

It was also desirable to have a method of' analyain« tor 

one oi' the possible deooml)081 t1on products of COOl, o.nd deter

mination ot total chloride was chosen as the most sui table pro

cedure. Absorption or the GNCl in the e:rtluent stream 1n cold 

o.tm NaOH tmd t1trat ion of' chloride gave poor checks. No 

better rnsu.lts were obte.1ned when 2N NaOH was employed, but 

when the Cl~Cl was absorbed in hot (about 8r••c) KaOH, the chloride 

analyses checked quite well, end also f!S'reed w1 th thiocyanate 

determinnt1ona on S8111ples tuken 1n .Naas solution at the same 

t1mt!t. This seemed to indicate that ta1lure or absorption oo• 

ourred in cold o .5N l~aOH ow1ng to t ~ slowness o-r the hydro

lysis reaction. Il'inally, a prooedare was evolved and standard

ized in whioh o.5N liaOH containing 25 o.o. or Reap-ent grade 

pyr1d1ne per litre wne usPd as the al>sorb1.ng medium. It 1& 

well known thnt cyanogen chloride reacts w1 th pyr1d1ne itself", 

t'orming a reddish o:~l.pouncl. It was round toot the pyr1d1na-

bas~ solution becane slightly yellow in the prea~noe ot CNCl. 

the yellow colour fading slightly on standinp;. and disappear-

ing when exoe1w acid wan added. The react ions which occur 

are not kno'lll.. This absorbing solution :roamed easily, only 

a trsoe of Aerosol os bel~~ necessar.y to stabilize thn foam. 

l:>robably a high ooaoontrnt1on or pyr1d1ne existed in the roam 

films, owing to the surraoe-aoti ve ahnracter or pyridine • 
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After absorption or the effluent CNCl in 50 o .o. or the 

pyridine•NaOB solution described above, 5 o.c. ot concentrated 

ni trio ooid were added, and the mixture allowed to stand for 

ten hours or more. The o1;lor1de was titrated with o.omi mer

our le nitrate sol ut 1on, using sodium nitroprusside as 1nd1oa• 

tor. For each lC c.o. or soltltion being titrated, 0.1 c.o. 

o~ 10~ sodium n1 troprusside ws.n used. This method was round 

to be very rapid n.nd noourt•te, and is more sensitive than 

titrntion w1 th silver nitrate. Th~ aollltion must be acid, 

but the oonoentrati{m ot sold does not have to be adjusted. 

The method depends upon the 1"ormntton of practically unionized 

HgClE, end an indicator which shows the presence ot mercuric 

ion is employed.. In tlle presence or sodium nitroprusside, a 

turbidity appears at the. end point due to tm formation or 

highly insoluble mercuric nitroprusside. There is a snall 

indicator blank of approxtnately 0.17 c.c. which is not con

stant, but vartet; with the concentration of HgCls• This blank: 

wns neglected iu the larger titrat ions, as 1 t is well within 

the expertmen tal error. 

A saturllted nlooholio solution of dlpheD;J'lcarbazlde wu 

also an.ployed as indicator, but wllen.uaed in aqueous solution 

under the above condi tiona, the indicator blank war: constant 

and flbout o.5 .ml. Apparently it is more aans1t1ve when the 

titration is carried out in alcoholic solution. Dipheeyloarb

azide gives a violet colour at th~~ end-point. 

Anothor method for the deter.aination ot CNCl, whiob 1n• 

Volves absorption in o .5N NaOH in 50% methanol and t1 trot ion 
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ot the 01• is under 1nvest1gat1on, and appeara to gt ve re.vour• 

able results. 

A aupplJ or condtt1aned charcoal was kept in the oon41-

tloner. This charcoal was oond1tione4 at l5C:°C. in a current 

or dry, COa-t"ree air far twelve hours, and air was allowed to 

o trculate tor an eddi ttonal twelve hours atter the current was 

turned orr. The oondi tioner was shut ott trom the atmosphere 

by closing the air inlet and outlet. l~llOUf!Jl charcoal was con

ditioned at one time ror several runs. 

The airflow and the C~Cl flow wor(~ adjusted at the de

sired values w1 th the help or the .t'lowmeters, and the oil seals 

on the charcoal cell were cond1 tioned by paastng the atr-cl-tCl 

stream through the eupty cell ror abOut two hours. several 

detf~rnlinationa of the 1ntluent concentrn t.1on were made by 

passing the gan mixture through absorbing solutions tar known 

periods or time. The Cl.ZCl flow was diverted to the waste pipe, 

and the empty cell was weighed after having been flushed out 

with a anall auount of pure a1r. The air flow was deflected 

to the waste pipe, and charooal was dropped into the cell to 

the desired depth. The cell containing the chatooal was then 

weighed without air flowing 1 and then w1 th atr f'lowine;. The 

time waa noted, the CNCl strera was turned into th~ o~ll again, 

ond time, we lght and taapera ture readi~s were .tak~:n at ap1)ro• 

pr1ate t1L1e intervals. One or two sa;rl.J}les or the effluent 
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stream were taken bet'orf~ the expt'cted break t1m.e, and several 

mora between the break time e.ud se.turat 1on, the tim.e at which 

sampl1ll8 was begua and ended being noted. The se;upling inter

val was chosen to gtve a 0'}uvaniant quantity or CNCl tor detor

n1nnt1on, the 1ntel"'f'nl being calculated t"rOl.-'l the influent C!iCl 

f'lowrat;e and the change in weight of the cell with time. The 

wet test meter was read at the beg1rm1ng of the run, and several 

ttm.ea during the run. The CNCl and air f'lowmeters were read 

oooasionalq, and the temperature of the air stream, baok 

pressure due to the purttioa tion train and baranetrio pressure 

were recorded. A raw desorpt1on studies were also made. ~'hen 

saturation ns attained, the GliCl :t"lOIJ' was shUt orr, the time 

noted, and weight read ws were taken while pure air was pas&1Jl8 

through the absrooal. Occasional sanples ot the effluent stream 

were also token. 

The weight readings were accurate to 0.002 p. 1n most 

cases. The overall experimental error waa about 5-:,&. Var1a• 

tions in the CNCl flow, errors in time ot sam.pliag, and 'Varia

tion in room temperature because of the neoessi ty o.f having 

good ventilation accounted .for at least part of this error. 

Tbe materials •played in this investigation were 

Charcoal. Canadian SB ( un1rn.pregne.tc4) 

Canadian s.B.T., silver 

i!npregnated 

Cyan.ogen ohlor1de 1 r•repared and puri.fied as 

described in J.:>art I. 
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Becauae of the large num.ber ot observations made dnr1llg a 

1"'Ull, oomplnte data ror each run are not recorded here, but a 

•ntcal data sbeet rollowa,to illustrate the essential observa

tions made during a ~tn • 
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Run 15 

.t..lrtlow: 6.24 1./mtn. 

• 4.96 c.o./m1n./an.• 

Atm.osphuric pressure: '151 mm. Hs• 

OlfCl tlow: 66 118/min. 

Air pressure: 2.58 1n. Hg. 
(65 mm. Hg.) 

Depth or charcoal bed (measured) 3..0 om.. 
(oalculsted)3.l em. 

crosa-seotion ot bed; 

Weight or oharooal plus oell (air f'lowlng)t 19.498 p. 
(at1ll)t zg.411 ~· 

iieight ot c&ll (air flowing): 
(atUl): 

r:etght ot charcoal: 

Final weight (ohnrooal plus cell): 

CI~Cl sorbed: 

A1r meter roadinga~ 

Initial 

99.'11 cu. f't. 

8.906 
8.906 

20.505 

35.'110 

6.214 

TiLa : 441 m1n. 

A1r rate • ~ x 28.3 x g~f x ;a§ • &.M 1./min • 
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Ttm.e Cell ~Zeight nn1n in l'!eight T1 Ta 
min. 5• I SPh •c •c -

0 29.496 o.ooo 21.6 21.9 s.a 29.596 o.lco 24.2 23.4 
4.55 29.760 0.264 29.2 23.8 

18.23 30.660 1.154 38.2 so.5 
00.91 30.640 1.344 39.2 31.8 
23.12 30.978 1.482 sa.oo 31.198 1.'102 39.8 34.0 
32.28 51.800 2.104 39.3 34.& 
3'1.19 31.920 2.424 39.0 35';:S 
40.20 32.120 2.624 38.1 35.8 
45.13 32.300 2.8('14 
4:'1.59 32,.600 3.204 36.8 '36.2 
54.12 32.992 3.490 35.2 36.0 
60.50 35.327 3.851 33.t z•.9 
65.26 33.580 4.084 32.'1 34.3 va.oo 33.881 4.365 ao.f)O 34.168 4.6'12 
83.59 M.a&a 4.772 29.5 30.3 
90.00 M.432 4.936 88.3 29.0 

103.53 34.695 5.199 26.3 2'1.0 
112.41 34.836 5.339 25.6 26.1 
120 34.944 5.448 25.6 25.5 
130 35.033 5.537 
138 15.100 5.604 
160 35.1'16 5.680 23.4 24.5 
162 35.241 5.745 23.6 !3.8 
171 35.269 5.775 Z3.6 23.8 
182 35.209 5.0C3 
236 35.39t) 5.099 23.0 23.3 
2'16 35.430 5.934 23.0 23.3 
412 35.6t5 6.199 22.2 22.5 
439 35.f05 6.209 22.3 22., 
499 35.710 6.214 21.8 22.0 

~1c!l data to£ the ~ttlyeat streaB 

SJPR&! Tiple in m!!•. U• CliClf!!1B• ljJS• CJ!il/ou..m./min. 

u 
0 
p 
B 

19-20 
46-48 
81-68 

182-183 

' o.ov 
1&.9 
32.6 
55.5 
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Analyt toal ;;"et hods 

A.a ate.ted on PP• 47 and 48, the CNCl 1n the effluent stres 

fror,;;. the charcoal oelf was uetffrm1ned as th1ocJ'B.,Date and aa 

chloride. 'rbe CNCl oonoentratlon data, unless othenr1ae stete4, 

were obtained rrcm the thloa,.anate detem.lnatioua. In Table 

7 and ttg. 11 a oom.parlaon of the results or the two methods 

ls given ror run 12. Th1ooyan.ate values appear to be al1ghtlJ' 

higher than obloride tar low ooncentrat1ona, but both methods 

obeok well. Th.e ~xpertm.ental error 1n sampling 1s quite large, 

and is generally not less than 2~. 

Sorption Data 

A sum,m.sry o.i.' the data obtained tram the runs made is given 

1n Table a. }i'or eauh run data were obtaiued ror the weight ot 

CUCl sorbed at d1 l'f'-'rf'nt t1t.r.~es 1 nn.d ror et'flue.n.~ conoentre.t ions. 

When the 1n1t1al oonoentrat1on of CNCl was n.ot too low, tempe-

ratul'ft t.1easura1~nts were also ;ilftde. Runs were carried out o't"er 

a range or bed depths, air rlowrate~ nnd CNCl flowratea. To 

obtain a oc:mpl0te picture of the var1nt1on in the d1 t•rerellt 

quant1tlea os the variables)\ , L and o0 were altered one at 

a time would rt"?quire approxma tely eighty runs for a single 

Oharooal. ~1.noe 1 t was not thA purpose of th1s investigation 

to provide e:xpor1rr.tmtal evidence to proYe or disprove tbe theories 

Of dynmn1C sorr)tion, no 8'HID extensiVe investigation has been made. 



TA.BL}~ '1 • Comparison of Chlor 1de and Thiocyanate 
Ae!llnl qt ?:ttlutnt. .~az:~•· ay. ll 

Time 
ha1A.l eh1~~ ~ M• JmiD/m C!J!oi~ a 

M. Cli01J#Wm 

185-195 0.025 3.9 
196-20'1 o.ol9 3.0 
345-355 o.1o 15.8 
355-365 o.153 24.2 
438-444 1.55 245. 
444-450 l.'f{J 269. 
55"1-563 4.32 684. 
563-568 4.46 '106. 
855-860 5.61 889. 
860-865 6.68 1050. 
865-870 5.8'1 930. 
8'14-6'19 6.94 1100. 
8'19-884 6.40 1010. 
884-889 6.64 1050. 

... 
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TABLE§ 

[:!U!!'J'i!.a: ot pS?lJ!tio:n l~ta to:r: C~l. 

Se£!:&~ 'fetal 
Rua Hod CNCl Cl:lCl Bj ~orp..: Wt. 
No. rJitJ ilii ~ mi)Olf iiJi .. Malzeu l12,11 cunt Sorbet - • • . mis:h ~ !!!!• m1a. tl!l.• 

Canacllaa. S.B.T • Charcoal 

1 6.11 413 68 lS "' 15 10.C3 
2 6.11 381 68 14.1 60 100 9.24 
:5 4.'1!) 55 a a 13.7 &'I i'l 10.00 
4 ts.l3 399 " 1h2 11'1 - 145 a.a 
6 •• 09 &31 81 14.3 M(Cl ) '15 5.4'7 
7 3.11 362 68 14.9 87 158 5.3 
8 4.l.Z 131 20 12.1 320 360 3.06 
9 3.30 3'18 14 2.9 175 215 2.98 

10 2.81 382 23.5 4.9 eo lSO s.es 
11 4.04 50 V 84.5 3.8 105 lSI 5.11 
1! 4.18 IU &.& 1.0 350 440 3.4'1 
l8 4.98 313 69. 19.5 90 115 10.'15 
14 "·"' 

..,, ea. 1o.e eo 90 9.85 
15 3.1! 411 ee. 10.9 so 5& a.a 
1& 5.01 501 1.8 0.26 860 850 2.2 

s .B. Charooal ( WJ.impregua ted) 

1'1 5.02 483 ,,., 0.93 250 soo a.'lts'l 
18 5.03 490 16.6 1o.a 46 70 '1.895 

e~ 
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VlelglS sorbetl-t~ enrvea 

'1'he abape o~ the sorption isotherms is shown 1n :t'lgs. 18 

8.Dfl 13. The rate or s:n-ption is constant over tbe .first part 

ot the curre, and them o.~~oreeuJfut, Ul\ttl t1a&U7 eqtl111br1ua 

is :t"Mlohetl. This equilibrium. was atta1ae4 quite reacUly, and 

a aall change ln the CNCl tlowrate a.t aaturat10Ji imi:aed1atel7 

m.ade 1 tsel:t apps:reat in a change in t be a1ght of the cell • . 

-rh1a apparant1y eaail.J' reV'eraible eqail1br1a at aa.tura

tion was quite dif'terent from. the behav1ou.r tluriag 4esorpt1on. 

When pure a1r was passed over charcoal u.turated with CNClt 

deaorptton took place readil7 at t'irst, the rate of' desorptlon 

talli.D.g oft continuously w1 tb time, as 1llustra ted 1n t1g .. a. 
Finally a point was reaohed Wllere the rate ot deaorptloa 'booerae 

very small, al. tbc:llsb aeTeral grem.s ot Cl'{Cl remained on Ule cb.ar

ooal. In run 2, tor exat:Qle, 2.&1 9D-• ot cr~Cl were still pre

sent on the charooel atter approxtmately thirteen hour•• the 

decrease in 'Hif!:ht cJ.ul'f...ng the laet seven hours being only 0 .16 

8111• Some static sorption studies taight, perhaps, otter au ex• 

planat.1oa tor th1a behaviour. Two different t~s or Gorption 

BUlJ' ocour ait11ultaneoual.7: a small proportion or the CNOl being 

held. stroasl7 perhaps by true w:t.imolecular adsorpt1oa, and the 

rfi!Ulin.der of tlle CNCl sorbed throupo)l oap1llacy condeusat1oa. 

'rbe posa1b111t;r ot polrmerlzation or the cacl on the oha.rooal 

to Q"anur1o obloricle must not be overlooked. 
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Ert"luent oono•tration ourvea 

The eft1uent oQBoentrat1on aurv0s were p~otte4 on a semi• 

logar1iihm1o aoale ao that the entire range or canoentrattou 

could be showa 1u e. satisfactory awmer. The service times 

were obtai.DI!td tro,.1 these ourYes b7 determ1n1Dg the points at 

wh1oh a horizontal line at the concentration 15 1'18• per ou. 

motre (the ph)"a1olog1.oall.7 deteminacl break concentration) eu't; 

the currea. The first tew samples taken during a :run tended 

to g1't"e high results tor the CNCl oon.centrat1on because or the 

absorption oi.' CUCl by the rubber connecting tubes when. high 

o{mcm trat1on.a were passed tb:rOt.tgl them, and 1ts emission et 

low oonoentrations. Sometimes the concentration in early 

samples exceeded 15 mg per OtJ.. metre but tbis value decreased. 

to tm oorreot one after one or two asples were taken. Loaa 

or CHCl :tram the lower oil seal on the oell also accounted 

tor part of this error. 

Aooord1Jlll; to the theory or 1U.nsbelwoo4 et al 1 the concen

tration or CliCl in the effluent stre• should increase exponen• 

\1al.lJ' with \1me arter breakdoWn. The ernuant oonaentratiOa• 

tt.me ourvea plotted on a aam1·l~ar1thm1o scale are 1n general 

linear onr an 1nterral p8Bt the break: concentration, but begin. 

to bend towards the t1la8 axis some tJme be tore se.turat ion 18 

attained. Examplee or these curves are given 1n tiga. 11 and 

14. 
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The SerTice Time 

'!'he service t1rue was obtained by two m.ethodaz (a) b7 aDillJ'a-

1118 the ett"luent stream and detenn.iniDg the time at Which. a con

centration or 15 mg./ou.m.. wa.B reeohed• as 4eeor1be4 above, euJ:1 

{b) by detnrm1ning tbe point on the weight sorbe4 va. time carve 

Where the rate ot sorption began to fall off, i.e •• the point 

at Wh1oh the ohnrcoal ceased to be lOO% et"t'1cient 1A r .. .m.oTiD& 

CNCl fl'o::t the air stream. A comperiaon or tbe aerTice t 1me ob

tained by these two methods 1a given in Table a. It will be 

seen tlw.t the latter method. gi vea higher values thaa the former 

except when the CNCl t'"low:rate is aaall. The disorep&DOJ' 1a m.uoh 

greater than the error in est1raat1ng the point at which the 

sorption isotherm dertntes rraa a straigbt line. 

It tho inoroose or weigllt or tbe cherooal with tbae aa 

deten'11ned tran the CHCl flowrote is plotted w1 th the aorpt1on 

taothemt flS in fig. 13, it is seen that the slope or the 11nea:r 

part or the sorption oune la SUJ.aller than the calculttted slope. 

This behaviour was noted b7 Og11Y1e and Dav1a(l9, 20), and the,r 

attributed 1t to tbe deaorption or air. Analytical reau1t• 

t~ the ef"tlumt CNCl concentratioa 1n41oate that the loss or 
CNCl from. the charcoal betore the service ttm.e 1s not great 

enough to account .ror the d1screpaD.07 between the theoretical 

and actual rate ot increuse in weight or the charcoal, so1b.at 

displa oeuen t of a1 r t'ram the charcoal by- the C.NCl otters the 

only logical explanst1on ot the phenomeD.Oil. The sorption ot 

air c\lr1ng the 4eaorpt1on or CNCl, and the convfli'se phenomenon 



ot the desorption or air during the sorption of CNCl are clearly 

ab. own 1n Table 9 • 

!he deaorpt1on of air accounts in part tor tbe 41rterence 

in the values of the service time as determined b7 ena.l.7sia 

trau the weight sorbed-t1m.e curve. Referring to cur'V'e A ot :rtg. 

lS, if t~ curved portion of the 1mothem 1a extrapolated back 

to tou.oh the calcul~~ted nigb.t•time line, the servlee-time D 

thus obtained agrees well with the analytically determined 

sel'V'ioe-tf.me o. Th1a extrapolation is, or oourae, ver7 in

accurate, and is intended OlU7 to give a qualitative indication 

or the reason :ror the discrepancy 1n the servioe•time values. 

Service times were plotted against 1n1 t1al oonoen trat ions 

(o
0

) and against t- tor three runs 1n m1ch the bed depth and 
0 

airflow were constant. The theory or Hinshelwood et al. pre-

diots th;·,t To0 • oonst., that 1a
1 

a plot or "T againat o0 gives 

a rectangular hyperbola. As will be seen rran. t1g. 15. the be ... 

hav1our or CNCl ap~roximntes to this relation over the range 

or concentrations studied. Three points are not sufficient 

to determtne the shape or this curve With ~ degree or accuracy, 

and detel!llinetions over a g.reciter range or concentrations might 

;yield valuable information. The plot ot 'T' Ys • ..!. ittg. 16) 
eo 

is not a st2'a1ght line • but bends towards the .!.. axis at high 
Co 

concentrations. l,locord1ng to Listar 's theory. it sorption 1a 

reversible, this line should beoome horizontal at ver,y low oon

oentratione. that la • 't" increases to reach a constant value 

as a
0 

decreases. More runs at lower ooncentrat ions should offer 

ev1 denoe 1n favour ot, or against this theor,r. 
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The Desorptton of i-.1r by CHOl an4 
tJ!e Deao:rpt1AA r;.t CllCl bz A1£· 

Sorption of CNCl Desopption of CNCl 
Rate of Rate ot 
iaoreaae Intluent Effluent Time Time 1~ttluent 4ecrea• 
ot oell n. C:t£1 Ctt;l CNCl ot oell 
bet'ore break rate rate min. min. ~te ... -n.....,... ~-

mg.{Dit.D.. mg./itn. mg./min"~ - .7:.11n. ms:?m.in. 

ea. o.o& 
1.6 0.03 

!LBLE 10 

45 154 12.8 

130 13 6.3 
8.t8 5.0 
47o a.a 

14.0 

6.5 
4.0 
l.t 

V,Hi!Jtlon or SmJ.o~ T!@ With In1t1al conceAtra:tio.Q 

Bt4 dt.R"' 5 •• Air tlQ!l!t~ 500 o.o./m1a./ga.a 

In1 t1al CHOl ..1.. Senioe time 
Concentration a 

!bm }fo. OA IA8•/1. l.,mg. min. 

16 0.25 4.00 850 
12 1.03 0.9, 35C 
14 10.8 o.o9 ac 
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• 1'b.e sen1oe time may be visualized as th3 ttme when a dett

nite ooncentrat 1on gradient is set up through the charcoal bed. 

Between aervioe time and saturation, thia oonoentratioa gradient 

!I.OTee upward through the bed rt th constant velocity. It m.!ght 

be expected than that somtt relation exists betw~R the weight ot 

charcoal sorbed per gram. c:) at the service time and the initial 

oonoentrat1on tor a given bed depth s1.m1lar to that between .e at m 
saturation and the 1n1tlaJ. aoncentratioa. In the tormer case, 

the .A would. represent en av$rag~ value, since the COOl conoen-m 
trat1on varios aontilllloualy tbro~tgh the length or the be4. Data 

are given in Table ll ror three runa, and the shape or the : TS• 

o
0 

curves ia shown 1n 1"1£. 1 '1. Curves A end B appear to be simi

lar 1n shape, but the latter curve flattens out before the for-

T•perature-Tt.me Data 

Tem.peratnre-t:tme ounes are r,1.. ven in ttg. l8 tor two rep• 

resentatiYe runs. The lower ourTes represent tbe t~mperature 

o:r tbe lower junot1oa in the ceu. The :naximum in the upper 

curve ocours a short time be tore breakdown, e.nd serves as a 

good 1noloat1on or its approach. 1the max1m.um 1n the lower 

curve oooura at, or slightly after breakd.owa. The rise 1n tem

~re.Mu·o or the charcoal bed during aorpt1oa should dncrease 

the aervioe time • s1noe a r1ae 111 temperature decreases the 

amount or sorption. The theories of qnamio sorption usurae 

1aotherm.al sorption oooura, but this ia only true when the 
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TABLE J,l 

Weight ot CHOl Horbed per Grt7llll ot Charcoal 
l't ~eruo,t 'rim! and ,at ~>atum~lOI 

Bed depth 5 an. Air flow 500 c.c./min./am. 2 

Iiiltiil 'Nitil tt. cuci .e 
CXCl 1Ift: • aorbed at & 
oono. CNCl Sen1oe ilit. Ai satura- At SerY1ce 

Rw1 o sor\>ed Time Charcoal t1on Tillle 
16· 11•?1. - •.. f1YJ. p!h 

16 0.25 

12 1.03 

14 10.8 

2.20 

52.'108 

31.306 

0.082 

0.106 

0.31<& 

o.o'f~ 

0.16'1 
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concentration or sorbate is low or when the airflow is large. The 

lowering of the temperature of the oba.rooel bed during desorption 

has been r~ot1ced, but no e:xtens1 Vt'> observations on this phenane

non haTe been made. 

Behaviour or 41fterent charcoals 

The vnr1ation or aerYioe time and total weight aorbed nth 

silver-impregnated and un1m.11regnated charcoals under similar ex

perimental oond1t1ona is illustrated in Table 12. Tbe CNCl ser

vice time is shorter ror tbe unimpregnated charcoal at both high 

and lf'.llr oonoentrctions tbtm .far the s1lver-1mpregnf1ted, ·and the 

weight or CNCl taken up a~ equilibrium. is greater tor the latter 

Charcoal than .for tb3 former • 
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.. X,ii.BLE 12 

Com.;aar1son o.r Un1J!erewted and Impree;na-ted Char!R!AI 

Bed 4!pth 5 OIIh 

Charcoal s.B.T. (A,fl i"preg.) 
(Volume ActiVity zo.~) 

Charooal s .B. ( t1ninlpres. ) 
{Volume Aot1T1t7 1'1.7) 

i\lr f'low 

In1 tial CNCl 
oono. o0 g./1. 

1.os 

10.8 

0.95 

g.av 

49$0 c.o.LmW~: 

SerT1oe ~o\81 wt.CNCl 
Tiae at satt,Jration 
m.t.n. •• 8•r 

350 3.4'1 

80 9.85 

250 2.76 

46 7.90 
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CO.NCLUS! 0~-15 

The dyD.omio sorption ot C:tiCl b7 dry charcoal has bee 

studied over a range or concentrations, air tlow:rates and be4 

depths. Weight sorbed-ti::ne and erflnnl't oonoentrat1on-t1me 

curves have been obtalria d, and service times deterntined tor 

various aonditions. In addition., th6 te~:lp~rature rise at two 

levels of the charooal bed has been followed with thermocouples. 

The sorption ot CliCl on dry charcoal has been shown to ·be 

partially reversible. .At saturat1.on 1 equilibrium is shitted 

very read1l7 by a anall olumge in the CNCl tlowre.te. lllring 

desorp-tton, the rate or rmoval ot C~lCl decreases stead117 

until it roaches a emall valuet part of the CNCl beine held 

very tightly' b7 the charcoal. .No explanation o:f this behaviour 

1a offered, but the poss1bil1 ty o:f the existence of tm types 

or sorption operating stmultaneoualy, or the pol~erization at 

the cyanogen chloride on the charcoal to oyanurto chloride has 

been suggested. 

The desorpt1on or air during the sorption or CNCl and the 

convorse process ot sorption or air during deeorption or CNCl 

he.s been d61lonstrated, and hence service t1J:l1QS eud ~;NCl flowrates 

detenn.ined tro . .:J. weight sorbed•timo curves are not accurate un

less the CNCl oonoentrat1on is small (about 1 mg. per litre). 

The eff'luent CliCl oonoen trat ion has been shom to increase 



approx~atel7 exponentially with time over an interval past 

break4own, as predicted by the theory or IUnshelwood et e.l. 

The product 'T o
0 

wns round to be essen t1ally constant over 

the range o:f concentrations r;tudied. No conclusions as to the 

validity or ListPr•s theory when B?p11ed to t~ sorption ot 

CNCl oan be drawn owtng to lacl<: of data nt low concentrations. 

The results d.esor1bad above ~aust be regarded as prel1m1-

uary to a greut deal or work yet to be done. The efteot ot 

varlous oha.roool 1m.prag..nants and the e.ffact or moisture on the 

Charooal are now an<1er investigation using the apparatus des

cribed previously. 
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czp.ogm Cl;!loride - ,f:r'8,28;l',~tion, ii,hYs1CJill: 

Pro:ee,rtlea, HrArolzs.1s and ~orption on Charcoal 

Cyanogen chloride or high purity has been prepared b7 frac

tional orystallization or the product obtained by the method ot 

.Tennings and soott, r"reez1ng point and Tapour presmre measure

ments haTe been made on the pure substance. 

The hydrolysis or cyanogen chloride in aqueous solution et 

pB 4 to 6 has been studied over the range 0°C to so•c. The rate 

or eydrol:y'a1a was found to be indepencl~nt of the C.NCl concentra

tion. The aotivat1on enerQ calculated rrom initial rates la 

20,670 oal./mole. 

The clynam.io sorption of cyanogen chloride on drJ charcoal 

has been studied at bed lel:'lgtha from three to five cent1m.etres, 

and CNCl aonoentrattona or 0.3 to 11 m.g. per litre. The sorp

tion process has been fo.tnd part tally reversible 1 and the de

sorption of CNCl has been delilOnstrated. The weight aorbed-tlme 

curves are l1nea:r !'or part or their length, and. flatten out at 

saturation. ll.lr1ng desorpt1on. the rate of loss of CliCl de

creases continuously to a &itall value, part of the sorbe4 CiiCl 

being held Yery tightly. t~rvice times deternincd from the 

sorption isotherms h!l'f'e been frond to agree poorly w1 th those 

determined analytically, and this dtsorepancy has been explained 

b,- the desorptlon or atr. The product or the service tL"lle and 



1n1t1al oonoentratlon was essenttall7 constant over the range 

ot con.centrationa studied, a small deviation oocurrt:ng at the 

higher oonoentrattona. The behaviour ot CNCl on dry charooal 

appears to be in aooordtinoe with the 'theo17 of H1nshelwood et 

al. 
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War Researoh 

C7anogea Chloride - .Preparation, Physical l'Toperties, 

H;rdrol)"ais and sorption on Charcoal. 

Cyanogen chloride ot high purit;r has been prepared b7 

rraotional crystallization, and saae pb7s1cal conatan1ia have 

been deter.m.ined. 

The hydrolysis o-f cyanogen chloride 1n aqueous solution 

at pH 4 to 6 has been studied from 0° to so•c. 'l'he setiva• 

tion energy is 20,670 oal./mole. 

The dynamic sorption of cyanogen chloride on dry char

coal has been studied. sorption has bt:•en round to be par

tially reversible, and desorpt1on or atr by cyano~n chloride 

has been dem.onstra ted. The product Of the sel'TiOe time and 

initial oonoeutration wes folmd to be essentially constant 

over the range or concentrations studied, in accordance with 

the theory at IT1nshelwood et al. 




