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EQUILIBRIA INVESTIGATION OF THE BUCHER

PROCESS FOR NITROGEN FIXATIONe

The purpose of this investigation was to obtain data which would
aid in increasing the efficiency of the Bucher process for the production of
sodium cyanides The indications are that this process when perfected will
compete favo'rably with other processes for the fixation of atmospherie nitro-
gen, by furnishing ammonia products with a minimum outlay for apparatus, labor
and raw materials.

The historical development of the process, wl{ich dates from approxi-
mately 1840, has been completely outlined by Bucher (1), During the period
of development, however, very little work has been done upon the equilibrium
conditions of the reactions involved; hence the process has not been developed
to its fullest extent.

Essentials of the reaction.

The fundamental reaction of the process is NA,COz+ Ng+ 4C &= 2 NACK

+ 3C0 = 138, 500 cale(l).
The presence of a catalyzer such as iron or nickel is required if an apprecia~
ble yield of sodium cyanide is to be obtained in a reasonable time. That the
reaction is reversible has already been proven; the equilibrium point is far to
the carbonate side of the reaction at temperatures near 860° C. The commercial
operation of the process has been considered in detail by Bucher (1); only cut
and try methods of control, however, have been used in his developmente

The large heat conmtent change (=138,500 cals,) of the reaction indi-

cates that the equilibrium constant changes rapid.ly with the temperature. It
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was therefore thought probable that an accurate determination of the equilibrium
constant at various temperatures would lead to a knowledge of the most favorable
temperature for the commercial operastion of the ﬁrocess, amdl the present thesis
describes the attempt to obtain this informatione

In this work the equilibrium constant K of the reaction was determine
ed over the temperature range 898° to 1016° C. This constant is the ratio of
the cube of the partial pressmre of carbon monoxide over the reacting mixture,
to the partial pressure of nitrogen over the mixture for a given composition
of gas admitted to the reaction chambere The greater the value of K the greate
er is the tendency of the reaction to go toward the production of soédium cyane
ides The experiments described below show that the value of X increases very
rapidly with the temperature, and indicate that as high a temperature should be
uged in comnercig.l operation of the Bucher process as is consistent with commer-

cial limitationse

Experimental,
The bomb
The reactlon chamber, or bomb, as it will hereafter be called, is
shown at A, Fig I. It consisted of a short piece of seamless steel tubing

about 2—1/4" in diameter, and varying in length from 4 to 9 ", the ends being
closed by plates into which tubes for the entering and exit gases were auto-
genously weldede

After welding on one of the end plates the joints were tested for
leaks, a thin layer of steel wool was placed on the bottom of the tube and the
charge inserted. Another layer of ﬁhelwool was then placed over the charge
and the other end plate welded in placee The entire bomb was then tested for

leaks, In the later experiments the thermocouple tube was placed within the
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gas entrance tube, which made it necessary to charge the bomb with this tube in
place, to prevent difficulty in getting the tube into the bombe

The steel tubing served well as a reaction chamber, although the
length of the run was limited to the time necessary for the tube to oxidize
through and develop leagkse In only one case, however, did this factor make

any material difference in the results obtainede.

Furnace

A Heraeus platinum-wound electric furnace was used to heat the bomb,
variations in temperature were obtained by means of a tramnsformer which was
capable of giving voltages in steps of 0.5 from 0 to 110, The first two or
three runs were made using only asbestos boards to0 preveut radiation from the
open ends of the furnace chanbere. 1In these runs the temperature was measured
by means of a thenﬁocouple placed between the interior furnace wall and the
bomb, moving the tip of the couple from ome end of the tube to the other show-
ed a large variation in temperaturee Since it was known that a small vari-
ation in temperature caused a large change in the equilibrium constant at tem-
peratures near 1000°C, it became evident that a much more uniform heating of
the bomb would be necessarye To avoid umecessary radiation at BB, Fig I,
end plug conbtaining heating coils were used; thus supplying heat to balance
that lost by radiation. To make the construction of these plugs simple and
at the same time to determine with more accuracy the true temperature of the
charge, the thermocouple was inserted in the bomb through the gas entrance
tube, the joint between the couple tube and gas entrance tube being made tight
by means of the rubber tube Ce. With this arrangement it was necessary to
have only one hole in each end plug. ‘l‘he“details of construction of the plug
are shown in the assembled drawing Fige Ii, They were made according to the gen-
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eral prineiples outlined in the Bulletin of the Bureau of Stendards (3}, hav-
ing alterngfe layers of heat conducting and heat insulating materials so ar-
ranged that the conduction was perpendicular to the path of radiation, thus
tending to transfer the heat to the furnace walls rather than to the air.

At the outside end of the plug a variable source of heat was applied, thus the-
oretically emabling the radiagbion loss to be counteracted at any temperaturce
Nichrome wire, protected by a layer of alundum cement, was used as the heating
element and s flange of asbestos was placed outside the nichrome wire to insure
the complete covering of the open ends of the furnace chamber.

With the plugs in place, during a run, the temperature gradient in-
side the bomb was obtained by moving the tip of the thermocouple from one end
of the bomb to the other by one centimeter steps, and reading the correspond-
ing temperature by means of a potentiometer indicatore. These data enabled
curves to be plotted showing the temperature of various parts of the charge.
The temperature variation in the central part of the bomb was smé.ll, not ex-
ceeding 6_or 7°C, when g potential difference of 35 volts was used across the
end plugse The difference in temperature between a few centimeters at the
ends of the bomb and the center of the bomb was much larger, often amounting to
about 15‘0. Since the steel wool occupied same space at the ends, it is pro-

bable that the variation in the charge itself was not over 6 or 7°Ce

Temperature measureament

The thermocouple first used was of iron and constantan. This combina-
fion did not prove satisfactory for temperatures over 900°C, conseqrently a
couple of platinum and platinum=~ 1070 rhodium was used for temperatures gbove
this pointe The calibration curve supplied with the couple was used rather

than a calibretion mgde in the laboratory.
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The wires were placed in quartz tubes enclosed in a piece of small seam—
less steel tubing; this tube was inserted into the bomb-thermocuuple tube. A
Leeds and Northrup potentiometer indicator # 36310 was used to measure the po-
tential difference set up in the thermocouples.

Figure II is an assembled drawing of the bomb, furnace and end plugs
as used in the later experiments; the various parts were constructed as indica—

ted in the above discussione

Gas Analysis
Since a knowledge of the composition of the gases in equilibrium with the

s01id materials is necessary to conipute the equilibrium constant X, an accurate
means of analyzing the equilibrium gas mixtures was necessary. Throughout the en-
tire investigation the gas analysis agpparatus gave trouble. A description of the
several methods used and a typiecal calculation of data obtained by each are given
belows
1, A combustion pipette containing an electrically heated plsft:inum coll was first
used for the determination of hydrogen and carbon monoxide, known quantities of
oxygen being added to the gas mixture to enable combustion to teke place. The
gas was freed from moisture before each reading by causing it to pass through a
calcium chloride tube. Carbon dioxide was determined by absorption in KOH solu=-
tion, and excess oxygen by means of a phosphorus pipette. The residual gas was
considered to be é,ll nitrogen. The epparatus is shown diggrammatically in Fig,.
IIT.

In moking an analysis the following procedure was useds

Before drawing & sample into the measuring burette A, the capillary
tubes and header were evacuated. This was done by the aid of a two-way stop cock

on the measuring burette, which allowed the burette to be used as a pump. Since
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ercury was used in the burette, a good vacuum could be obtained in this waye

ir was then drawn into the burette and the volume read. When the stop cock was
urned so that the evacuated capillary tubes were comnected with the burette a
ortion of the air rushed in to £ill the evacuated space. The volume of air re-
aining in the burette was then reads The difference between the readings gave
2e volume of the capillary, All the air was then again pumped out of the capil-
ary, and the gos sample drawn in and measured. It was then treated successive~
y with potassium hydroxide in Pipette B, phosphorus in pipette C, oxygen in

he combustion tube D, potassium hydroxide in B, an& again with phosphorus in G,

The analysis data and calculations for a typical sample are shown

elow:
DATA SHEET
eading Tempe Fresse Vole Total Vole Stan. Vole Contraction.
urette 219 748,0 53.1
ur & Cepillary 21,9 748,0 5062
0le Of Capillary i 2.6
nitial Vol, 22¢4 748,0 69,7 72e1 6547
fter KOH 22,7 748,0 69,8 7242 6547 0.0
fter Phose. . 2248 748,0 6843 70,7 6442 0e¢5
ample 0o 21e9 777.0 100,40 10244 9740
fter combe 2062 747.8 7745 79.9 7362 2368
fter KOH 21,8 747.7 74:.1 7605 6947 3eb
fter Ph.OSQ 221l 748,60 49,8 5262 47 o6 21,9
ure& Capillary 2245 74840 3245 29.6 2e2
CALCULATIONS

The oxygen used was of the following composition:

No  1.39%
C05 2431
0, _96432

100402%

a) Oxygen added m 97,0~ 6442 = 32,8 cce
3248 X ¢0139 = 045 cc of Nz
3248 x 40231 7 048 cc of COp

b) €O fomms CO2 by combustion, therefore

s
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3¢5 = 048 = 247 6C m n0e 0f cc of CO originally present
since 2 CO+0p >—2 COp

(c) n 5242 = 045 z 5147 cc originally present,

(a) Hs was detemined by excess contraction over that due to the
Purning of the CO present.

Total contraction after combustion = 23,8 cc
Contraction due to CO = 2.7/2 = 14

excess contraction 2246 ceC

The hydrogen originally present was then
2246 x 2/3 = 15.1 cc since 2 Hy+ Oy - 2 Hy0

Final results:

002 &= 0.0 cec = 0,0 %
Op = 05 " = 0.8
CO - 2.7 o : 4.1
MZ =471 " =Tl.8
Hy =5a1 " 52340

65¢4 " 99,7%
Use of the Ca Clg tube made the calculations of vaepor tension umecessary.

Analyses of the same sample made by the above method could not be
made to consistently check with one another and the total percent varied from
94 to 106, This was probably due to oxidation of some of the nitrogen im the
combingtion pipette,
2¢ In a second modification of the gas enalysis apparatus, the combustion pi-
pette was replaced by a tube containing powdered cupric oxide heated to 285° C
after the manner described by Burrell and Oberfell (4). Potassium hydroxide
and phosphorus pipettes were used as in the preceding method. The arrangement
of the apparatus is shown in Fige IV,

The oxidation of CO and Ho was carried out in the CuO tube Aes This
tube was heated by means of a small electric furnace wound with advance wire
and capable of attaining a temperature of 325° C on 25 volts. The cupric oxide
was renewed, after being reduced, by passing oxygen slowly through the heated
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tube into the auxiliary Pipette B and back againe In this type of apparatus
the contraction in volume of the gas sample after passing over the heated cupric
oxide was taken as g direct indication of the hydrogen presente The CO in the
sample was burned to COg without change of volume and was determined by absorb-
ing, in KOH, the COs formede.

A typical calculation from data obtained by this method is given in

the following tables

DATA SHEET

Reading Tempe Presse Vole Total Vole Stan. Vole Contractions

Burette 21.6 748.6 4:292

Bure & Cable 2166 74.8 6 392

Vole of Cape 340

Initial 216 74849 50,1 53,1 4845

After KOH 21,6 7489 5061 5341 4845 0.0
" Phos, 21,46 49,0 5040 5340 4844 0.1
" Cul 21,6 74941 48,7 5147 4742 1.2
" KOH 21,6 74941 563 8e3 746 3946
® Cul 21,6 749 42 543 843 746 0.0
" KOH 2146 7492 44 7ok Ge8 068

Burette 2146 74942

Bure. & Cape 2146 74962

Vole 0f Cape S0

Final Results:

CO5 = 0.0 cc = 0.0 %
02 e 001 = 002
HS - 1.2 = 245
CO "59.6‘*' 008: 85.3
I‘Iz = 6.8 3 1400
48,5 cc 10040 %

Analyses of samples of the same gas by this method gave varying results
for the hydrogen amd carbon monoxide content, the variation being as high as ten
per cent in some cases. The total percent for each analysis, however, always
came close to 100% The analyses yielded suspiciously large amounts of hydrogen,
end since the arrangement of the apparatus necessitated cooling the cupric oxide

after passing the gas through and before reading the volume, it was thought possi-
-]



ble that some carbon dioxide was absorbed by the cooled cupric ozide to form
cupric carbonatee This absorbed COs would appear in the calculated results as
hydrogen, in the above method bf analysis, and thus introduce considerable error,

Teble I gives the results of amalyses of the same gas sample by the
oxygen cambustion method and the cupric oxide method. The results are too irreg~
ular to be of use in an accurate determination of the equilibrium constant. ZEs-
pecially the percentage of carbon monoxide must be detemined, as this value is
cubed in the expression Hr the constante

A gas sample of known composition was made and analyzed by the Cul
method, but the results gave no better checks than the analyses shown in the
" tablee |

Other modifications of the gpparatus consisted of the substitution
of a pipette conbaining alkaline pyrogallol solution for the pipettes containing
phosphorus and potassium hydroxzidee This solubtion removed the oxygen and carbon
dioxide at the same time, thus gvoiding ummecessary operat ione

The final apparatus was essentially that shown in Fige IV with ex~
ception that the potassium hydroxidgﬁghosphorus pipettes were replaced by one pi-
pette comtaining alkaline pyrogallol. In future work the apparatus will be so ar-
ranged that the cupric oxide tube is kept hot at all times, the gases coubained
within it being drawn out by means of a mercury pump, and added to those in the
measuring burette, The hot tube can then be cut off completely from the rest
of the apparatus while the gas volume is being measured. It is hoped that
this type of apparatus will eliminate any possibility of cool CuQ absorbing COpe
As it is, caleulations based on the results obtained thus far can be only ap-

proximated and of use only in drawing general conclusions,
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The charge

Preliminary work was begun upon the question of the reversibility of
the reaction by first using a charge made up by igniting sodium ferrocyanide,
the reaction being-

NALFE (CN)5 —— 4 TIACN + 2 C+Fe+1is
The cyanide, carbon and iron are formed by this process in intimate contact with
one another, and should constitute a satisfactory charge for the bombe Experi-
ence showed, however, that some other compound than cysnide was also formed from
the ferrocyanide by ignition (2).
The charge used in the next few experiments consisted of iron, char-
coal and sodium cyanide intimately ground together and placed in lgyers with
plugs of steel wool separating thems Thus it was kept porc;us, intimately mixed
and in such a condition that a large amount of surface was exposed. After heat-
ing and passing in carbon monoxide the charge was rapidly cooled and a portion of
it tested for sodium carbonate. A large amount of fthis compound was found to be
present. Since Bucher has shown that the reaction proceeds also in the opposite
direction under proper conditions, the reversibility of the reaction is establish-
ede Analyses of the gas mixtures in equilibrium with the charge did not, how-
ever, give sufficient reliable data for a caluulation of the eguilibrium comstant .k,
The charges used in experiments following the above have been of two

types: {1) sodium cyanide, sodium carbonate, iron and carbon in definite propor-
tions were intimately ground together, amd placed with separating plugs of steel
wool in the reaction chamber;

(2) A mixture similar to the above was treated with a small amount of
water and passed through a meat grinder, producing long pencils of the desired
composition, These pencils were dried in an oven at 90 -~ 130 ©® C for eight hours
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and then transferred to a dessiccator until ready for use. Hydrolysis probably
took place to some extent in accordance with the following reaction:

NACH+ 2 HoO === NAOH + HON
rather then according to the reaction.

HACN +2 Hy0 & NHz + NACOOH
since the odor of ammonia could not be detected. A thin white coating was no-
ticeable 6n the surface of the pencilse This coating was probably either cy-
anide or sodium hydroxide. In the event that it was the hydroxide, it is kmown
that the relation of carbon monoxide to nitrogen in the equilibrium mixture would
not be altered, since the only effect of the presence of sodium hydroxide would

be the formation of hydrogen through reaction with the carbon monoxide,

 Analysis of the Charge

In future work it will be desirable to analyze the charge both before
end afber the run. A method based on suggestions by Dr. Graham Edgar was test-
ed and found satisfactory for the accuracy desired. In this méthod the sample
t0 be analyzed, consisting essentially of 2 mixture of sodium carbonate, sodium
cyanide and sodium hydroxide, with a possible small amount of sodium, is firgt
treated with a small amount of water cooler than 30°C (to avoid the formation of
NA4Fe(CN)g) in an evacuated flask which is connected to the gas analysis appara-
tuse Any sodium present will react with the water to form hydrogen, the volume
of which 1s measured in the gas analysis apparatuse From this volume the smount
of sodium originally present can be calculated.

The aqueous solution obtg.i.ned after filtering off the iron and carbon
is then treated with an excess of 0,5 N Ba (1(03)2 solution and filtered. It is
best to perform the filtration under a bell jar containing air free from COp and
to wash the precipitate with freshly boiled water. This step precipitates all
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the carbonate as Ba C0z aceording to the reaction:
KapC0z+ Pa(li0z); —— BaCls 2 na,zmz;
The solubility of Bal0z is 1486 x 1073 grse in 160 grse. of solution at 16°C (5].
Since large excess of water was avoided in the first step it is spparent that
practically all the carbonate present will be precipitateds
The filtrate obtained from the Ba(lOz)s treatment is diluted to 500 ce
end a 50 cc sample titrated with a standard solution of 0.1 IIAgI\TOB until 2 per=
manent turbidity is formede This point is best observed by placing the contain-
er over g piece of black glazed papers The burette is then read, The reaction
which takes place results in the production of the soluble NaAg(CH )2 according
to the equation:
2 NaCN+ AglO; 22— TaAg(CN), + Nall0.
As soon as all the (CN)~ ions are used up in producing NaAg(CW}, the
following reaction takes placé upon the addition of more AgNOse
NaAg(CH), + AgNOz—— 2 AgCN + NallOg
At this point the permenent turbidity appearse
AgCN is soluble to the extent of 242 x 107° grams per 100 grams of
solution (5) NaAg(CN)z in solution however produces fewer Ag ¥ ions than
AgCN in solution, comsequently no AgCN will be precipitated until all the(cw)™
ions present have reacted to form NaAg(CN)z. As soon as this conversion is
canplete an excess of Ag+ ions from the AglOz will cause thé precipitation
of the AgCNe. The esmount of AgNOsz required %o produce the first sign of a
precipitate of AgCW affords & basls for calculation of the amount of (e}~
originally present, one Ag¥ being equivalent to 2 (CN) ™,
All of the WaAg{CN)s is then converted into insoluble AgCH by add=

ing an amount of Agll0z equal to the amount required to produce the first tur—
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biditye Further addition of Agll0; causes the following reaction to take places

2 NaOH+ 2 AgNO —)_A_g;Z_O_ 5 5 I\TaI\T05+H20.

Enough AglOz is added to insure the complete precipitation of the hydroxide as
the browam Ago0e This compound is soluble to the extent of 2,15 x 10™3 grse in
100 grse of solution (5) and is consequently practically all precipitated.,

The solution containing the precipitated Ago0 and AgCHN is then treat-
ed with standard 0,2 N HNOz solution until the brown color disappears, and the
amount used is recordeds The Agzo goes into solution according to the following
reactions

4850 4 5 o, —> A8N05 + 00
The cyanide, however, does not dissolve as it is only slightly soluble in dilute
HNOz solutions The solution is then filtered to remove the cyanide, and titrated °
back with standard 0,1 N HaOH solution to the point of the reappearance of a brown
color, In this way the exact amount of acld required to react with the Ag50 is
found, amd in consequence the amount of NaOH originally present is calculable.
Since this last end point is not distinet the reading is taken at the point of
the first appearance of the brown color.

The precipitated BaCOz from the Ba.(NOS)Z treatment is dissolved in
standard HNOz solution and the amount used recorded. The solution is then boil-
ed for five minutes and titrated back with stendard FHaOH solution, using phenol-
phthalein as an indicator, The first reaction between the carbonate and acid is
as followss

Ba005+ 2 HNOg "*B&(NOS)Z‘*' HpCOze

This reaction is caused to go completely to the right by boiling the solution and
decomposing the HpCOz formed. Knowing the acid equivalent of the NaOH solution

the amount of HNOz required to react with the carbonate can be found. This then
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enables the calculation of the gmount of carbonate originally present.
A sample taken from the charge after a run was analyzed according to the
above system of amalysis and gave the following results:

DATA AND GALCULATIONS

Sample taken -~ 1565 grse
l.Treated the sample with cold water- no hydrogen was evolved.
2.4dded 75 coc of 1 X Ba(NOZ)z solution, filtered and washed.

3elade up the filtrate to 500 ce.c and titrated 50 cec of this
solution with «05 I A@TOS solutions

Then 10 x (2 x #0463) x 49 x 05 = 14,67 NaCH
15,5

Added an excess of AglNOz solution,
Added 062113 N HNOz solutione
Amovmi® used = 16473 CeCoe

Filtered and_titrated back with NaOH solution, 1 cec = 044982 cec
of HIIOS SOlu.tion.

Lmount used «= 19460 coCoe
16673 = (19460 x 044982) = 6496 coc Of acid usede
Then 10 X 0.00696 x 40 x 042115 = 3462 4 of HaOH,

155
4.  Added HNOz, 1 cec = o0112 grams of NasCO4, to the Ba(NOz) precipitate.

Amount used = 15359 CeCe

Boiled gnd titrated excess with NaGH, 1 cec = 064982 cec Of
H:NO5 solution,

153459 = (93480 x 04982) = 106486 cec Of acid used in reacting
with the BaCl,, This amount is equivalent to 106486 cec of
002115 iy Nazcgzt

Then 53 x 042115 x 061069 = 7,733 TA00,,
15,5

Anelysis of the sample:— NaCll = 14467, NaOH = 3,627, NaCOs = 74737,
A duplicate analysis of the above sample gave checks within 065 % for

the NaOH, and within 043% for the carbonate and cyanides



Enterine gases

The gases passed into the reaction chamber consisted essentially of
a nmixture of carbon monoxide and nitrogene The first gqurimen’cs were car-
ried out using practically pu.re (over 95%) carbon mondxidee This, of course,
necessitated the consumption of a large aﬁzount of the gas before the equi-
librium mixture of carbon monoxide »and nitrogen was attainede In later ex- -
periments, basing the proportions on the analyses of the gases obtained in
the equilibrium samples, it was found advisable to use a mixture of nearly
equal amounts of carbon monoxide snd nitrogen. E:cperimenté in which nezr-
‘ly pure carbon monoxidg was admitted to the bomb, and others using a mixture
of equal amounts of carbon monoxide and nitrogen would then enable the equi-
librium of the reaction to be approasched both from the nitrogen and tﬁe care
bon monoxide side; for it was found that the nitrogen J:.n the equilibrium gas
mixture at about 1000°C was considerably less than 50%.

The gez}eralvarrangenent of the apparatus for a typical run is
shown in Fige V. In this figure, A is a container for the e;a,tering gas~
eous mixture, and is equipped ﬁith a manometer. The two-way stop cock B
enigbled the use of any other gas without disconnecting the container. Two
of the towers shown at C conbain alkaline pyrogallol, and the other two
concentrated sulphu%'ic acid; these free the entering gas from carbon dioxide,
oxygen and moisture. The stop cock D enables the rinsing of the washing
towers with the gas before starting a run, The pressure in the reaction
chamber within the furnace E is measured by the mercury manometer G, and
desired vacuum being attained by means of a pump comnected at Fo H and I
are the sample tubes and gas analysis apparatus respectively.

A typical run consists of the following operations:

l, Mixing the charge to be used in the bomb and filling the
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gas reservoir with the proper gas mixture.

2« Filling and welding the reaction chamber with subsequent tests
for leaks throughoute

3¢ Pumping out of the borﬁb the gases which are formed during the five
or six hour heating period, in which time the temperature rises from room temper-
ature to about 1000°Ce The proportions of nitrogen and carbon monoxide in this
gas depend on the proportions Of cyanide and carbonate present in the original
charge.

4, Admitting the gas mixture to the bomb until equilibrium at the
desired tempersture is attained.

5 Drawing the samples from the equilibrium mixture. Two general
methods were employed. First, the flow method, which required from twenty to
forty- five mimutes, in which the gases are admitted very slowly at slightly
over atmospheric pressure and drawn from the bomb at practically the same prese
sure, thus insuring the formation of an equilibrium mixtures This method was
finally sbandoned as the concentrations of the CO and Ny gases were thought to
change as they gradually passed from a white heat to the cooler end of the bombe
To obviate this difficulty a second method was devised. The charge was allowed
to come t0 equilibrium with the gases present in the bomb, The bomb was then
cut off from the entering gas by closing the stop cock E1 and the gases within
the Igomf) were allowed to escape into the previously evacuated sample tubes H
by quickly opening the stop cock By ~ This stop cock was then closed, and Ey
opened slowly, preparatory to taking another sample.

The equilibrium gas mizture samples were obtained in about 2 to 3
seconds in this mammer and probably more nearly represented the true equilib-

rium mixturees
A T



6e The analysis of the equilibrium gas samples,as soon as possible after

taking, to enable a better control of the run and te lessen the possibility of
contamination by leakage. The average time consumed in making an analysis
with the cupric oxide tube apparatﬁs was about three quarters of an houre
It was Impossible to make runs longer than 40 to 48 hours; at the end of this
time the iron bomb usually oxidized through and developed leakse

The results relating to the determination of the equilibrium con-
stant are tabulated in Table II. Each run is separately showm and the type
of anglysis apparatus indicatede Examingtion of the table reveals the fact
that the discrepancies in the gas analyses are large, and that in many cases
accuracy sufficient for a useful determination of the value of K was not ob-
tained,

Experiment IV gave probably the best results of the series, and
upon the data obtained in this experiment the calevlation of the equilibrium
constant and other data is based, not with the idea of establishing accurate

values, but more to obtain a general knowledge of the prevailing conditionse

Caleulations
The derivation of the hest of reaction is as followss

From the data recorded in Expe IV, the table given below is

obtained:
I’c X logqg K
973 9,47 x 10° 349763
969 1947 4,2945
1008 3245 465119
1010 41,3 4,6160
1010 31,9 ® 445038
1012 45,0 446532
1016  64e8 ® 4,8116
1016 2945 £.,4698
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The values of T and loglox are plotted in Fige VIe They may be assumed
with an accuracy equal to that of the data, to lie on the straight line showne
Assuming this linear relation, the slope of the curve will be found from the

plot to be 040176, Substituting this value for d log,.K in the equation

ol 1 1l
ar
d1 ‘
0BK - 5,305 4 logipf = DI
ar ar RT ,
2
gives AH = 0,0176 x 24303 x 1,98 x (1273) = 130,000 calories

for the heat change of the reaction

Na,C0xz+ N, + 4C ~=— 2 NaCH + 3 CO at 1000° C

From Lendolt-BOrnstein~Roth Tebellen, pgse 859 and 855, the heats of
formation of NaCN, CO, and Na,COz from their elements are given as 22,600,
29,000 and 270,800 respectivelye From these data the heat change of the Bucher
reaction at room temperature can be calculated as |

H= zvo;eoo - 2(22600) - 3(29,000) = 138,600 cal,,

s value in fair agreement with that given above. The agreement becomes still
better if account is taken, in the following manner, of the fact that ome value
refers to room temperature and the other to 1000:’0.

‘The molal heat capacity Of Na,COp is — by Landolt Bornsteln, Dage
758, as 0e27 X 106-= 29 cal, per degrees The molal heat capacity of NaCN is
not given but may be ecalculated by the forymla given by Noyes (7) to be ME
= GaR+ 1o8 Tt 62 = 1442 cal, Hach

The molal heat capacities of carbon, nitrogen and carbon mono:;ide at
high temperatures are given in Landolt—BSrnstein, PgSe 751 and 773 as 443, 366
and 648 respectivelys The cha:ngé in molal heat capacity when the reaction
Wa,C0,+ My + 4 C 4~ 2 HaCN + 3 CO0 occurs will therefore be 29+ + 2(346)
4(4e3) = 2(1442) = 3(648) = 442 cale The heat content decrease attending the

(=23
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the reaction at 1000°C will therefore be approximately 42 x 1000 = 4200
calories less at 1000°C then at room temperature, if no account is taken of

the latent heat of i‘uéion of sodium carbonate and sodium cyanide. The value,
138,600 cale from La:adolt-—B’o‘rnstein should on these assumptions be decreased
by 4,200 cals, giving — 134,400 cals as the heat content decrease at 1000°C,
This figure compares favorably with that (~330,000 cal, } derived from the ex—
perimental data of this thesise The mean value, -132,000 cal., may be assuned
provi sionall;y for the heat content decrease near 1000°C., Using this value the
ratio of the equilibrium constant KT at any absolute temperature T, to the con-

stent X at 1273°A, may be calculated, by use of the equation

1273
T T 2s308R FmO
T, 2
Paling K. ... as 249 x 10° (see plot Fig.VII) gives
1000 s
152,000 T-1273 .+ log K - 22,8(1- —§r~1+4.45

108108 = T2.5] (1.98] 1273.0 1273 ~

The use of this formula, assuming the heat of reaction to remain constent over

the temperature range, gives the following values for K at various temperatures:

T °¢ X
800 1462
850 2446
900 321,
950 3290,
1000 29,000,
1050 206,000
1100 1,294,000

=25



SUNMARY

In this thesi s has been presented a description of the apvaratus and
methods employed in s determination of the equilibrium conditions of the Bucher
reaction, Nazcos-f R21—4C —=2 NaCN 430, and their dependence upon the tem-
peratures

The results obtalned, while not entirely satisfactory, show that the
equilibrium constant X of the reaction is gbout 1.6 at 800°C, 320 at 900°C;

5 x 10* at 1000°C, and 1.2 x 10°

at 1100°C; and that the heat content decrease
when the reaction goes toward the production of sodium cyanide is 132,000 ==

2000 caloriese

-
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