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Reference XR 500/2

Introduction
T
« paper by Franck and Heimann in "Zeitschfrift fur angewandte &
Ghemie, 1931", 372. claias high yields of Calcium Cyananide from the
reaction

Ca0 + 2HCN =+ CaCNp + CO + Hp

It was decided to repeat their work from the viewpoint of csteblishing
a possible econounical large scale process but omitting nitrogen as a "
carrier gas for tine HCN.

Experimental

in apparatus as shown in Fig. (1) was used. The essential features
of this apparatus were:-

1, 4 silica tube of about 3 in, bore and 30 in. long.

2. An electric furnace capeble of maintaining a reaction of about
1 foot of the tube at controlled temperatures in the range
400 to 900°C.

3. i glass tube fitted with ground glass joint and stopcock for
holding liquid HON.

L. . serics of absorption bottles containing 10« KoH for the
absorption of unused HCN.

5. an aspirator in which to collect the residual guscs.
The metnod employed was as follows:-

anhydrous liquid HON was preparcd oy.tiac action of dilutc sulphuric
acid on potassiun cyanide, the HCN being dricd by passing it over Colcium
Chloridc and Phosphorous Pentoxide and finclly redistilling. Condensation
was ochieved wita cn ordinory Licbig weter jocket condenscr and o cooled
rocciver. The HCIT was stored in gloss-stopped bottles at low toapercturc
(BP.26 C) until rcquircd.

HON was introduced into thc smcll glass cylinder, thc stopcock
closcd, ond tac wholc cooled and weighcd. The weighing wos ropected at the
end of the expcriacnt, thus giviang the uscge of HCN.

The silice tube wes fitted ot ecch cnd with o rubber bung cnd gloss
dclivery tubc. Rubber bungs werc uscd for convenicnco cnd gove no
scrious difficultics ot the temperaturcs used. The lower ‘cnd of the
tubc was pocked for cbout 6 in. with broken silicc. The purposc of this
wos to reisc the level of the lime to about the centre of the furnnce oend
kcop the lower bung cnd joint awey froa the heat. The cooling coil as
shown in the figurc fitted to the top of the tube was simply 2 length of
mcad" pipe wound tightly round the tubc and through which pcsscd cold
weter., TIts moin purposc was to cool the issuing goses, cnd it also
served to keep the upper joint cool., However, it wos cbandoned after o
fow runs o8 unncccssory with o long silice tube. The goscs issuing from
the top of the silico tube werc pessed through two scrubbing bottles
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containiag 10, KOH to re.ove unciaanged ECN fro. tne issuing gases, and

were finally led into a large aspirator. .. poiut for gas saupling vas
fitted betieen tne KOH bottlies and tac aspirator. Tac flow of gas

througn the apparatus was controllca by tac flow of water frou tiac aspirator,

The tcaperature of tuc furnace was mcasurcd by wacans of a thermocouplc.

Lime, usually about 20 gus. was pleced in thc silica tubc above the
broken silica and the tubc adjusted so that the liwc was ot the centre of
the furnace, Nitrogen wos drawn through the system to sweep out wir, the
furnacc tcmperature set, <nd thc wholc lcft to obtcin equilibwium., High
melting-point vocuumn-wax wos found uscful for scaling sacll lecks in the
systcu.

Geascous HCN was passcd over the lime by roising the tempercturc of the
woter surrounding the HCN to cbout 30-~35°C.

4t the cnd of & run, the HCN tubc was coolcd cnd the opporatus swept
cleor with Nitrogen. '

The first fow runs werce made at cbout 800°C ond o gos flow of cbout
9 litres/hour. . The product in the silice tube wos found to be in
two distinet and clearly defined strote. That ncorest the point of cntry
of thc HON wos coked and dark grey in colour. .t the further end it was
white and appeared to be unchanged lime. The lime between the two was
sharp., Moreover, the grey portion was rich in CaCNp whereas the white
portion was very poor in CaCNg. It appcared, therefore, that reaction
between lime and HON at 800°C was spontaneous, and travclled progressively
through the mnass.

The difforent colourcd products wirc analyscd scparatcly, the
cyanaxidc being precipitated as the ycllow silver salt.

Thne unuscd HCN scrubbed out by the KOH was cstimatced by titration
to turbidity with ..gNOz or by Volhard's mcthod, giving very similar
rcsults.

Table 1. gives the results of thc first 4 runs.

The volunc of gas collccted in cach casc agreed closcly with the
woight of HON used, ond indiccted no volume change throughout thc
rcoction, Tests indiccted the formation of Co and Hp as stotcd by
Franck cnd Heimonn,

These preliminory runs showed the feasibility of such & proccss ond
indic.tcd thot high yields of quitc high purity cclciua cycncmide aight
be cxpectcd. The conversion of HCN wos almnost totcl ond rcoctions sceucd
spontcncous on contoct.

Runs werc now made with the objeet of finding the optimum working
conditions. TFor ¢ll thesc runs, thc cooling coil was omitted from the
top of thc rcoction tubc. .lso after run 8, thc dircetion of flow of
gos through the reaction tubc wes reversed so thoat HCN cntered at the
top ond the residucl geses led off from the bottom. The general
orrongeacnt of the apporctus wes, however, unchengeds  wnalysis of the
issuing goscs confirmed the production of CO #sad Hp alonc in approximotely
l:1l rotio.

Toble 2 gives cxamples of thesc subscquent runs,
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The rcesults of Teble 2 reveol the foet thot whilst yicld secas to
depend solely on tcapercturc, the porticle size of the lime affects the
purity of thec CoCNye This is probobly due to recetion teking pluce
first ot the surfoce ond then progressively through the porticle. This
we.s substonticted by tho results in run 9 below,

o run wes ncde using colcium carbonote in the form of precipitated
chalk in ploce of lime in the recction tube, kesults are shown in toble
3e

it the end of the tost the rocction tube smelt strongly of amaonia,
It sccus therefore thet with CaC03 other reactions toke place involving
the crocking of port of the HCN. This line of rescorch wos not continucd.

To discover the wppgoximatc ninimun temperaturc of rcaction runs
werc ande ot 400 and 500 C, good yiclds of ColNp having clrccdy beon
obtoined at 600°Cs

at 400°C, no CaNp could be detected in the product, no gos was
evolved ond much Ca(cN) was prescnt. Lt 500°c, & troes of CaCN, was
found tnd also uuch ca(éN)z. Thus it cppecrs thoet the miniuum
cconoiical reacting teaperfturc lics between 500 cnd 600°C, probobly
closer to the 600° mark, Moreover, thc prescnce of Co(CN), ot theso
lower teupceratures and its obscnce at the higher tcupcraturcs tends to
prove thot the reaction procccds in the following three stoges:-

(1) ©a0 + 2HCN = Ca(CN)o + Ho0
(2) ca(oN)p = CalN, + C

(3) C + Hx0

CO+H2

The cffect of using metcl reoction tubes wos then investipated.
With iron .nd stoinless stecl tubes much carbon wes formed, cnd the
residucl goscs contained a high percentage of Ho and Noe This indiccoted
cracking of some of the HCN. 4 copper tubc, however, gove yiclds ocnd
puritics comporable with those from o silica tube.  Tho high thermol
conductivity of thec tubes made tempercture control difficult ond uniforaity
of heating wos not obtoined,

Teble 4 gives the results from the series of experizents on metal
tubcs.

The following experiment was clso instructive:-

Run 19, HCN at the rate of 5 litres pcer hour wos possed through an

iron tubc containing lime in the form of luups ot 700°C. .t the end,

the luaps were black on the outside and were dark rrey for a distonce

towards their centres, but had distinct white corcs of apporently

unch:nged lime, This indicated thot the recction hod procceded progressively
through thc lumps. Therc was much frec carbon in the tube and the ges

anclysis wes as follows:=

o} - nil_
co - 4O/
Ho - 48
No 12%

The HCN scrubbed out of the residucl gos was oxtromely smcll (.016 ga. from
about 7 gms. of HON) beering in aind the very free passcge through the

limc =nd tunds to prove the crocking of HCN by iron at temperctures around
700°C.

w: B /after



after tho conclusion of this scrics of cxpcriments, it wos discover..
thot heating cnlcium cyoncmide to 700°¢C in thc prescncc of cir cnused o
progressive decrcasc in the cyoncmide content.  Whilst cndeocvours woere
ande to conduct all runs in the cbsence of oir, the cxtreanc importonce of
this foctor wos not cpprecicted ot the time ond it is possible thot slightly
better puritics would be obtoined if cxtro prceenutions werce taken to
exclude oir at 2ll hot stoges, (speciclly during cooling) and to cnsurc the
No usca for swecping out wos froc from oxygen.

Hecot of Recoction
The rocction is exothermic, 4 Q = =-19.1 Kg.cols/ga,mol,

Conclusions

1. Cclciun cyonciadde in yiclds greater thon 90, ctn be obtaincd from
liae end HCN at temperatures over 600°c cccording to the cquotion
Cc0 + 2HCN = CaClN2 + CO + Hpe

2. Yiclds appear to dcpend solcly on tcmperature of roi.ction,

3. Purity of product depends chicfly on the stite of division of
the perticles of rooctont, Puritices greater then 90 Ay be

i

obtiincd witn suitubly ground linc.

L. The minizmum economical temperature of reaction lies between 500
and 500°C. Below 500°C no CaCN, is formed. Ca(CN), is present
at lower teuperatures indicating that the reaction procceds:-

(a]
(1) ca0 + 2HCN 200°¢ Ca(CN), + Hy0
; 00 - 600°
(2) ca(cN)s 0 =k CaCNo + C
(3) ¢ + HYO * CO + Hp

The darkness of the product can thus be explained by some¢ of the
watcr escaping before the carbon is formed, thus leaving cxcess
Ce

5. Thc use of calcium carbonate instead of lime introduccs side
reactions with the formation of ammonia and reduced yield.

6. Best yields arc obtaincd in silica (or presumably somc othor
cocramic) tubcs. The use of iron tubes causcs cracking of the

HCN, with deposition of carbon, libcration of Hy, and Ny, and
rcduced yields. Copper -tubes appear to hove little cricidng cffcct
and give yields comparable with thosc from silicc tubes.

7. Alr or oxygen must be kept away from CoCN, at red hect.

8. The reaction between lime + HCN procceds progressively through
the moss leaving o sharp linc of demarcation between the reccted
ond unreacted portions.

Recommendotions

Should the menufccturc of HCN on o lorge sccle prove to be cconomic
then the recction between HCN cnd hooted lime should prove o reosoncble
routc to ¢ leium cysncmide ond should be furthor studicd on « pilot pl.ont
sedlc,

-4 - . S.No.80
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