


PART I. 

HISTORICAL SUMMARY. 

SHOWING T H E  PROGRESS A N D  DEVELOPMENT OF PROCESSES FOR 
I”E MANUFACTURE OF CYANOGEN A N D  ITS DERIVATIVES. 

PRUSSIAN BLUE. 

The familiar coloring matter, Prussian blue, was discovered 
about 1710, but the chemical substance cyanogen, the radical 
common to Prussian blue and to  a large series of complex substances 
nom known to chemistry, was not isolated until more than a 
hundred years later. The name cyanogen (generator of blue) 
was given by Gay Lussac, in 1814, to  the new substance which he 
found to be the characteristic ingredient of this blue and of com- 
pounds related to it. The familiar name of ‘‘ Prussiates,” still 
applied in tradc to the double cyanides of iron and potassium as 
well as the common nilme “Prussic Acid,” by which hydrocyanic 
acid is known, bear evidence of the importance which the blue 
color originating in Prussia had early acquired as a commercial 
prodnct. 

Some time before the year 17101 a German manufacturer nained 
Diesbacli, working with the so-called Dippel’s aninial oil (com- 
monly obtained by destructive distillation of bones, blood or other 
ttnimal waste) happened, in handling a sample of this oil made 
fiyoni blood, to add to it ZL solution of potash (crude potassium car- 
bonate) and obtained thereby a blue color. The process w:ts soon 
applied upon a commercial scale. I t  mas first described in R book 
called Viscellauea Berolinemia, published in 1710. But the dis- 
coverer of the color wag not known by name until mentioned hy 
Scheele in 1731. 

Richardson-Watt’s Chemical Technology, Vol, I., p, 1,  et 8e4. (Referred to hereafter 88 R.W.) 
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Woodward & Brown, English chemists, each published ii paper 
in 1724 upon the new blue. Woodward refers to :I Gernian from 
whom he had received directions for preparation of the blue, bu t  
gives no name. 1 

The process, as reported by Woodward, consisted in deflagrating 
a mixture of Paltpetre and orgols (crude potassiani bitartrate) 
and fusing the product with dried blood. The resnl ting niiiss was 
lixiviated with water and the solution was treated with copperas 
and alum, producing a grecnish precipitate which on heating 
with hydrochloric acid, yielded the blue color which 11:~s since 
been known as Prussian or Berlin blue. Brown (loc. cit.) substi- 
tnted animal flesh for blood in the process. He also suggested that 
iron was essential to  the color of the new substance. 

Geoffry, in 1726, proposed the use of wool and charred horn in-  
stead of blood or flesh. 

Scheele in 1731 published the tiidme of Diesbach as the original 
discoverer. (R. W., loc. cit.) 

In latermodifications the use of nitre was abandoned and scrap 
iron was added to the mixtiire. The process as thus originated, 
is, in i ts  esseiitial features, that  which exists to-day for the manu- 
facture-of potassium ferrocyanide from which Prussian blue is made 
by precipitation with aferric solution. 

Potassium Ferrocyanide. 
Macquer (1750-60 3) first made ordinary yellow prussiate of 

potash (potassium ferrocyanide) in the crystalliue form by 
treating Prussian bloe with a concentrated solution of citustic 
potash. 

Beaume i n  1773 proved the presence of iron i i i  the sitnie salt. 
The fact that  iron was an esseiitial ingredient of the salt reniuind 
for a long Lime unkiiowii ; as the proportion of iron wried in blue 
from different sources i t  was regarded as :tn impurity and m m y  
attempts were made to prepare a blue free from iron. Bertliollet 
(1800-1806) determined the iron quantitatively. 

1 Phil. Trans., 1724. 88.84,15-26 In the original edition of the Transactions, Woodward's 
article is in Latin and the name of Diesbsch is not mentioned. In the later, uniform edition the 
article is in English and the name ai Diesbach is given, in a foot note, as the Qerman referred 
to.-B. 
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The researches of Gay Lussw, in 1814, first placed the composi- 
tion of Prussian blue and its related substances upon an intelligible 
basis by showing that  they all contain the radical cyanogen, a 
compound of carbou a i d  nitrogen (CN) which combines with 
hydrogel) to form an acid and with metals to form simpler or com- 
plex cyanides of which latter Prussian blue, ferric ferrocyanide, 
(Fe,  (CN),,) is a good example. 

This knowledge a t  once led to inquiries into the chemistry of 
the commercial manufacture of yellow prussiate of potash, a pro- 
cess which had previously been purely empirical. 

The  researches of Liebig led to  the general theory a t  present 
accepted, namely, that  potassium cyanide is the first product of 
the fusioii of nitrogenous animal matters with potash and that  the  
yellow prussiate found in the liquor after leaching the fused mass 
results from decomposition occurring between potassium cyanide 
and )I compound of iron, generally ferrons sulphide, which is 
formed in the fused mass by action of metallic iron upon the sul- 
phur of the animal matters. In proof of this view potassium cyan- 
ide can be extracted by alcohol from the fused mass previous to 
the addition of water. 

Mnspratt, in 1820 (loc. cit.) obtained by direct lixiviation 
of the fused mass, crystallized yellow prussiate which had bean 
obtained previously, by the method of Macquer, from Prussian 
blue. 

Mackintosh in 1824 used closed pots for fusion and applied 
mechanical stirrers. 

Gautierl suggested in 1827 and Geiitele* in 1835 practically ap- 
plied the use of raw animal matter instead of charring i t  before 
fusion with potash ne had been done previously. 

Naumann in 1837 allowed the flatne to play directly upon the 
fused materials. 

Up  to this time the large loss of nitrogen during fusion and the 
small yield of ferrocyanide with respect to  the theoretical yield 
(never more than one-third, generally much less) seems to  have 
attracted comparatively little attention. But the increasing de- 

1 J. de Pharm, 1627, ll. 
Dingl. pol. J. IPB, 98&. 
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Cyanogen from Atiiiospheric Xitrogeii. 

Ziiikcii i n  1813s 11:td fouiid :t inass of fused sal(, iiiixcd with car- 
bon:iceous i i i a t  ter i n  tlie lower part of :t fwn:tcc :it Itotlieliiite, 
\vliicli he partly esnmined and supposed to  bc priiicipully chlorides. 
Koch (lor.. cif.) found a simihr n m s  at Konigsliiite i i i  1819. 
I<ertliier4 nlso in 1821; reui:trl~eil tlic prcsciicc of l)ot:tssinm c:trLoii- 
ittc :ts fiisctl s:tlt i i i  the  lower 1)itr~ of an iroii fnrnucc. S o  one 
sccms to h i - e  tcsted tlicse deposits or exud;itioiis for cynnogeii 
iiiitil Dawes i i i  1835 :tiiiiounced the existelice of potassium cyanide 
i i i  them. No quantitative deterniiaation was made. 

~ 

1 J. pr. ( ‘ h . ,  20,410. 
2 Eng. Pat., J a n .  21, 1840. Jab. chem. Tech., lW, 184. 
3 d.  pr. Ch. ,  26, 246. 4 Jsb. chem. Tech., 18’79, 28. 
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I n  1831 Neilson first introduced tlie use of the hot blast a t  the 
Clyde iron furnaces. Shortly afterwards, * a pecnliar exudation of 
fused salt which hardened on reaching the air to a white, opaque 
mass was noticed upon the walls of the furnace near the boshes. 
The substance was regarded with much curiosity and it is related 
by Clark, who made tlie first analysis of the product, th:it its alkaline 
character was soon discovered by the workman and t1i:tt i t  wits used 
by the wife of one of them, for a time, as & substitute for soap in 
washing clothes. 2 

Clark’s analysis showeci it to contain potassinm cyanide 43.4$, po- 
tassium carbonate 45.8$. No ferrocyanide was present. The 
mixture gave no  blue color on addition of hydrochloric acid, but 
yielded a blue precipitate when ferrous sulphate (Copperas) was 
added previous to the addition of the acid iu excess. This furnace 
went on producing potassium cyanide for three years from this 
time. 

Zinken and Bromeis3 found in the bottom of a hot blast char- 
coal furnace at  Mudgdesprung in the Harz a carbonaceous mas8 
coiitaining iron and lead and a saline matter, which, on lixiviation, 
yielded the following potassium salts, namely, ferrocyanide, 
cyanide, carbonate, silicate and manganate. A similar sub- 
stance was noticed by Redtenbacher (R. W., Zoc. c i t . )  in a hot blast 
furnace a t  Mariazoll in Styria. Potassium cyanide was produced 
so abundantly in this case that it was sold commercially for gal- 
vauic gilding. The substance was found at  the light hoie, where 
h e  gases issue, and also in the pipes through which the giues pass 
frt,m the furnace to the stoves.4 

1 Probably produced more copioiisly in consequence of the action of the hot blast, as the cir- 
cumstance had been only once reported before and has since been a common phenomenon of 
hot blast furnaces. Neilson hud used the hot blast in iron furnaces as early as lm, how- 
ever. See “Bauerman’e Metnllurgy of Iron,’’ p. 17.5.-B. 

1 Pogg. Ann., 40, 315 : Dingl. pol. J., 66,466. 
3 J. Pr. Ch., 96, 246. 
4 I have, in my own experience, Peen two case9 of cyanide produced in blast furnaees. One 

from nn anthracite furnace as an exudation from the wall below the boshes, the other from a 
furnaca (at Irondale, West Va.), using coke, both, of coursc, hot blaet furnaces. In the 
latter case no cyanides appeared upon the wall of the furnace, but a heavy. stony, grayish 
deposit formed in the downcavt pipe through which the gmes passed to the stove. It accu- 
mulated rapidly, forming a deposit like limestone in appearance, which threatened to clog the 
pipe and had to be broken away froin time to time. Both samples were examtned 
qualitmvely, and found to be rich In cyanides. The gray color of the second sample wea 
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Bunsen and Playfair' made an elaborate investigation of ;L 

fnrnacc! a t  Alfretoii wliicli yielded cyanides. The production of 
the substance was so :ihniidaiit t,liut i t  wits estimated t o  amount 
to  224.6 lbs. i t )  twenty-four Iio!irs. A liole w i s  made iir tlie front 
wall of tlie €urii:ice, t8wo feet iiine iiiclicj above t h e  tulere or blast 
pipe, aud the gases from tliat point wei'e drawn off tlirougli ;I pipe 
for exariiiiiatioii. Funies of potassiutii cyanide escaped iritli tlie 
gasestrnd cotidensed i i i  tlie tiibe. Cyanides were obtained only from 
tlie lower ])art of tile furlrace ; above the bosiies iioiie were found. 
These clietnists believed tliat c!anides were produced only st a 
tempemtuw coi~esl~oiidiiig to that a t  wliicli potassium oxide gives 
lip its oxygen to carbon. 111 the liiglier parts of tl:e furnace cyano- 
gen acts HS a reducing agent and is tlestrojod I J ~  oxygen from the 
ores. Wlieii cyanides fall as low as the tuyere, on the other linnd, 
they are burned, according to  these authorities, by the blast of air. 
'l'lie conditions necessary for  tlieir production, tlicrefore, are ti 

redocing (deoxidizing) atmosphere or presetice of liot carboil, and 
a temperature of tlie degree above nieii t,ionetl. 

Gases drawn from tlie furnace, ~ L S  describcd above, had the follow- 
ing compositioii : Kitrogen 5S,O5$, Carbotiic oxide 37.48$, IIydro- 
get1 3.186, Cjaiiogeti 1.34$. These figures correspond to Kitrogeii 
79.2,$, Oxygeii 22.8% (iiistead of 20.08$ ; oxygen corresponding tu 
water found i n  tlie g;ms is deducted). 'l'1iei.e is evideutly lierc 
'1 deficiency of iiit.rogcn its coniliared with ordiiiary air. At  t w o  
feet above the tnyere no oxygen nor cwhoiiic acid was f o m d  i n  
the gases. 

R. F. Smith2 in 1865 found a conipound ooxiiig from the crevices 
of an old blast furnace at K?lmartiocli, which on  analysis yielded 
21.45$ potassium cyanate, 47. '73% pot:tssium cyaiiide, 10.13% 
potiissi i i n i  cnrboiiate. 

A. v Kirpel!3 describes tlie e3cape of a quantity of fuseu salts, 
chlorides and cLaoides, f rom tlie slxg hole of tlie blast furnace of' 
Als6 Saj6 iu ICuiigai3y, just before t,lie escape of t j i e  sl:g. 
probably, due t o  coke dust. Tho ma86 was probably formed from spray or vapor of funed 
potamium cyanide whlch, passing out of the furnace, condensed and eolidifled upon the wall 
of the pipe where it  flrst became chilled, binding jtogether, as it hardened, the furnnce dust 
which accompanied it.-B. 

1 Report of British Association, 1845. 
1 Jsb. chem Tech.. 1879, 44. 

3 Chem. Sews, 1865, Jsb. chem. Tech, 11,54. 
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The facts jrist given had an important influence up011 chemical 
thought. The source of the large quantities of nitrogen combined 
in the cyanides thus obtained became a subject of active discussion. 
It was not a t  once admitted that  the free nitrogen of the air could 
be taken into combination with carbon to form cyanogen under 
the conditions existing in the blast furnace. The tendency was, a t  
first, rather to find the source of nitrogen in the fuel or in the 
ammonia of the air. But the a n s ~ e r  was given i n  a series af accu- 
rate experiments which left no  room for doubt, and the direct 
fixation of atmospheric nitrogen by hot carbon under given con- 
ditions has lotig been accepted as a fact in chemistry.' 

The paper of Bunsen and Pluyfitir was read before the British 
Association in 1845, but to take up the discussion methodically we 
must go back a few years. As has been said, the production of 
cyanides in  the blast furnace a t  once raised the qnestion of the 
source of the combined nitrogen, and the problem suggested by the 
furnace was so011 transferred to the chemical laboratory. 

Lewis Thomson, of Newcastle-upon Tyne, in 18394 first proved 
that  potassium cyanide IS produced when coke, potash and iron 
filings are heated to a high red heat in contact with air, and he 
received the medal of the Society of Arts for his discovery. 
Priority itj claimed for Defosses, who made a similar discovery about 
the same time at  Besancon in France. 

Fowiies and Young3 also confirmed these statements in 1841, 
ming carbon prepared from cane sugitr and pure potash. 

Erdmann & Msrchand, however, in 18424 repeated Fownes' ex- 
periments and reported that the process was uncertain and re- 
quired very exact regulation of conditions to  produce any cyanides 
a t  all. They  concluded that  110 cyanogen is produced when the 
materials are perfectly dry. 

Berzeliuss remarked that these results of E. b M. agreed with the 
earlier results of W6liler, in that w t e r  \vas sliowil to  be necessary 

1 The experinients of Bunsen and Plajfnir showed also that, on the small scale and with a 
very slow current of nitrogen, all of the nitrogen was absorbed by the hot mixture of potash 
and carbon. It is much to be regretted that no record of the comporition of the escaping gases 
wu made in the commercial manufacture of cyanides by Possoz & Hoissiere.-B. 

2 Ding]. pol. J .  73, 281. 
J. pr. Ch., 26,4Oi. 

4 J. pr. Ch., 26, 412. 
6 Jeb. d. fortschr. d. Chem., 1844, 23. 
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to  the reaction. I t  was suggssted that; water plays the part of an 
intermediary in the reaction, first forming ammonia which is then 
converted into cyanide. 

Langloisl discussed the question raised by Erdnianil and 
Marchand. He made two expeiiments. 1. Moist, purified air 
was passed over a mixture of pure carbon and potash heated to  
high redness. Cyanogen was obtained. 2. Dry air under the 
pame conditions also yielded cyaaogen. The production of 
cyanogen in each case was tested by converting it into prussian 
blue in  the solution obtained from the fused mass of carbon and 
potash. He found, however, that i f  a. lead-glazed earthen 
tube were used instead o f  a porcelaiii tube, no cyaliogcn was 
obtaiued-lead ir, the g!aze apparently docomposing cyanogen- 
and he ascribes the errors i\f Erdniann and Marchand to this fact. 

Bunsen and Playfair* also aLtacked this question i n  their investi- 
gation above quoted, They passed iiitrogeit over ii mixture of 
pure carbon and potash heated t o  high i,ediiess i n  a tube and 
obtained potassium cyanide. As the nitrogeii was free from 
ariiinonia and the materials were chemically pure tlie origin of 
the nitrogen in  the cyanide was placed beyond doubt. 

Rieken 3 by ,very careful experiments confirmed the conclusion of 
Bunsen and Playfair as to t,he formation of cyanogen ftom pure 
carbon and nitrogen a t  it high temperature. He obtained pure 
carbon by heating pure cane sugar and pure potash by igniting 
pure crystallized potassium bicarbonate. The mixture of citrbon 
and pocasli was then put  int>o a tube aud heated to whiteness, and 
nitrogen, prepared from tLir, was passed 01 er i t .  'l'liis nitrogen 
was prepared by passing a i r  through strong sulptiuric acid and 
tlien tiirough calcium chloride-thus removing both ;mnioiiia and 
rvuter--then over iron filings 11u;~trd white ilot in :i gunbarrel 
and finally t!irougli the mixture of white hot potash arid charcoal. 
The iiigliest wh i t e  heat was reqniiwl mid tlic previous heating of 
the nitrogen was fouiicl to be essential. \VIie~i the temperature was 
below whiteness 110 t r u e  of ptnssinni cy:tiiide w i t s  formed. 

Delbrucli4 added further to tlie weight of evidence i n  favor. of 
__-_-.___ .___. 

1 Ann. ch. phys. [8] 1. 117. 3 Dingl. pol. J.. 121, 286. 
4 Jeh. Cham.. I ,  473. B. .4. Rep., 1845. 
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the conclusion of Hnnseti ancl Playfair. He  showed that tlie direct 
nnion of citrbon and nitrogen was iiicoiitestable and extended tlie 
limits of existing knowledge npon the subject by describing other 
related remtions in which cyaiiogen is formed. Nitric oxide and 
“potiissiuiii carbonic oxide ”1 were shown to liroduce cyanogen when 
heated. Carbon dioxide (GO,) mixed with itmmouia, or eren with 
nitrogen, when passed over hot metallic potassium, or ammonitin1 
carbonate kept i n  contact with fused pOtiissiun1, idso yielded 
cyanogen. 

The fact of the direct union of nitrogen and carbon being settled 
and the practicitbility of carrying out the reaction on  a commercial 
scale havitig been, in a certain sense, proven by the accidental phe- 
nomena of the blast furnace, attempts were made to build up a 
new manufacture, in which cyanides should be made direct from 
the nitrogen of the air. 

The first patent taken out in Xngland for manufacture of 
cyanides on the new principle was by A. V. Newtoti*. A patent 
taken out i n  1539 by J o h n  Swindells3 for the manufacture of 
cyanide might liave come partly under the same lte:id, as  i t  
iiivolved tlic fusion of potassium or sodium sulphate, coal ;md 
iron in a reverberatory furnace. A portion of the nitrogeii of 
the fire gases niight have been taken int,o combiiiation under 
these coiiditions as 811 alkalitie carbonate is formed, bnt tlie process 
avowedly looked only to fixing the nitrogen of the coal as cyanide. 

The specificatioii of Xewton especially prescribes that nitrogen 
from any source, but free from “ oxidating snbstances” be forced 
through a layer of small pieces of charcoal saturated with ‘‘ pot- 
ashes ” and heated to  redness, the vapors containing cyanides to 
be absorbed by suitable liquids. l i e  states that oxygen decom- 
poses the cyanides a t  high temperatures; the necessity of ex- 
cluding oxygen has always been recognized by other writers npon 
the subject as an essential feature of the process. 

Newton used either charcoal, coal or coke, but preferred tlie 
former, in pieces the size of a hazelnut. The charcoal was satu- 

The compound of the potassium retort (?)-B. 
‘Dingl. pol. J., 0.5, 298. Eng. Pat. No. 9985, Dec. 13, 1843. 
a lhp .  Pat. No. 8086. 
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stress was laid by P. and B. iipon exclusion of water i n  the process. 
The retorts were kept a t  the highest possible ten1per:itiire- 
a white lieat being preferred-ns the rate of conversion of 
potash into cyanide was found to  be proportio~ial to tempera- 
tnre. The conversion was commonly completed after ten liours, 
biit 2-3 hours i n  some cases wm sufficient, w j t l i  n good white 
hetit. The cy;iiiizetl cliarcoal was withdrawn :it the bottom of tlie 
cylinder aiid droppcd into tl t:uik of water containing powdered 
spathic iron ore in suspension, by which the cyanides were con- 
verted into ferrocyanides or priissitttes. The soltition m:rs finally 
filtered and evaporated to cryst;illization. Tlie appariitus worked 
continuonsly'. 

In the French experiments tlie retorts were seven to eight feet 
long with walls 2-3 inches thick. In England, mnch larger 
and heavier retorts were used. The high temperature, in connection 
with tlie alkalies, caused rapid destruction to tlie retorts. They were 
heated white hot before the introduction of the alkalized coal, 
White hot flues also served to superlieat the nitrogen or furnace 
gases before enteriiig the retorts. I n  later forms of the ap- 
paratus air was admitted directly to  the cylinders, oxygen being 
removed in passiiig through tlie npper layers of carbon. The 
presence of carbonic oxide or carbon dioxide, as in the fire gases, 
was found to  be dis:idvantageous, Coke yielded less cyanogen 
than charcoal. The production of cyanide was said to be greater 
for a given weight of potash than by the old prussiate process. Tlie 
alkalized charcoal contained 30% of p o t d i .  Soda was found 
inferior to potash and required a highel. temperature. Water, 
even in small quantities, hindered tlie production of cyanogen. 
This fact mas ascribed by P. and B. to decomposition of the latter 
by water to form ammonia. 

I n  the latest constructions the cylinders were 10 feet in length and 
2 feet in diameter with walls 9 inches in tliiclrness. These were 
built of fire brick and their massive cliai-acter enabled them to re- 
tain heat aiid to resist wear so a8 to last several months in use. 
Lateral slits were also m:tde in the walls of the cylinders for ad- 
mission of air direct, and through these slits tlie contents could be 

'A cutof P. 8: B:s furnace ia given in El. W; p. 63. 



stirred to prevent  clogging l)y fiised 1)ot;tah wliicli i d  beeii one 
of tlic cliief oht;ic:lcs i i i  t,hc ljro . The cnrrciit of gas was 
upward arid tlic cli;irc:oal WILS fctl i i !  ;I(. tlic tal) i n  moist coiidition 
ntid drietl t h i r j  b! wxst(1 l i ( 1 : i t .  '1 1) i i rnp  tlrew tlie g w e s  through 
the cy1iiidci.s. 

'l'lit? miiscs of fnilurc assigiieil i i j  Hiigland WC~L'C the rapid 
destriict)ion of iLl>b)itr>Ltcls owing to corrosion of tiio retorts by the 
alkali, arid t,lie great loss of alkili 1)y volatimtioii, or absorptioii 
by the oyliiiders. Mticli potitsli was wasted in r,lic fine cliarcoal 
aftcr 1ixivi:rtioti or converted into siliuatos and other salts nseless 
for fiirt,lier applioatioii i n  t,lie process. Hraiiiwell1 p te i i tcd  some 
of tlie later improvements of P. SI R.'s lilaiit wliicli were devised 
by liini (Hng. h t . ,  Oct. ti, 1846). He preferred tc; convert oxygen 
of the air int,o citrlJonic iicitl rather tlian citrbonic oxide before 
carrying it into tiic cylindcrs. The use of la tewl  slits i s  also a 
feature of his patents. 

This process is said also to iiavc been applied a t  several places in 
France, I)ut was ultimately abandoned. 

I$. Lamiiig, i n  184:j,z pitented :t process for ni:tnufacture of 
hydrocymic acid by passing amnioniit tliioiigli red hot  cliarconl. 

Swindell, i n  1844,3 lmtented a i'rocess i n  wliicli nitrogen or air 
or oxides ( i f  ni;rogen were passed t,lirongli cliarcod or other car- 
bonaceons material? heated to  full redness in n perfectly close 
retort. If ;tnimoiiiii, is to he formed, steam is mixed with the 
n i trogeii 1 )  LI s gaj. 

J. rmniug. obtained a patent i i i  1845,'. ( f o r  another p:wty), by 
which charcoal or other forni of c;trbon i n  powder is mixed with 
alkttli a,ricl tlie mixture is kept in fusion while :L cnimnt of animonia 
is passed tliroiigli it for the production of cyitnides. 

Bunset16 iir(~posed the construction of afnriiace for the production 
of cyanides on the plan of the blast fnrnace. It mas to be charged 
with alternate layers of coal and alkali and the fused cyanide 
was t u  he drawn off periodically a t  the bottoni (11. 8). NO 
industrid application of this idea is known, altliougli Hiiiks is 

1 Ding]. pol. J . ,  104,446. 
2 Eng. Pat., No. 9832, July 13, 1 W .  
3 Eng. Pat.. June  12, 1844. 

4 Eng. Pat., No. 10955, Kov. 18, 1845. 
1 Rep. Brit. Assoc., 1845. 
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said (R. W.! p. 66), to have taken out a patent for a similar 
furnace. 

Armengaud patented in France, in 1846, a furnace for manu- 
facture of cyanides from the nitrogen of the air.1 Unlike 
P. & B. he regards the presence of steam as favorable to the pro- 
cess and prescribes its regular admission to the furnace. The 
charcoal, which must be in excess, is intimately mixed with potash, 
soda or lime, the mass is heated to a cherry red and over i t  is passed 
a mixture of furnace gases and steam. The absorption chamber 
resembles a reverberatory furnace. The product is leached with 
water a t  75-85OC. The volatile products from the furnace are 
carried into a solution of ferrous sulphate. 

F. Ertel in 1846 took out a French, patent for a process very 
similar in principle to the above,$ involving the use of steam, or 
better as the iiiventor says, of hydrogen. Air from D coal fire is 
passed through a column of coal or coke heated to a cherry red 
and from this through a mixture of charcoal powder and alkaline 
carbonates or lime, also heated to cherry red. T!ie distinctive 
features of Armengaud’s and Ertel’s process are the use of steam 
and the application of a comparatively low temperature, whereas 
Possoz and Boissiere insisted upon a white heat and the exclusion 
of steam, as essential conditions. 

The Iiistory of later attempts to utilize the iiitrogen of the air 
for the nianuf;tcture of cyanides, S ~ I O \ Y S ,  up to the pyesent time, no 
commercial success. The few further plans or suggestions bear- 
ing upon the question are added here as having H. possible bearing 
upon t,he future study of it. 

Margueritte and Sourdeval in 1862s found that  when air 
is passed over a hot mixture of baryta and carbon, nitrogen is 
absorbed freely, forming barium cyanide, and that this compound 
in  presence of steam at  300°C. yields ammonia. In another form 
of the process they passed a mixture of illuminating gas and nitro- 
geu over tl mixture of coal and barium carbonate. The resulting 
barium cyanide was decomposed in solution by potassium sulphate. 

1 Dingl. pol. J., 120, 111 (with diagram); Genie Iadnatriel, 1853, 315. 
* Mngl. pol. J., 1S0.77; French Pat., Nov, 16,1&16. 
a Jeb., chem. Tech., 1873. 381: Ber. 1878, 79. 



They also used iron filings iii oiic c ~ f  tlieii, nicthods simjl:ir in  other 
respects t o  tlie foregoing. 'l'liis process? w1iic.h seemed to promise 
mn'ch for tlic iiidiistri:il iises of iiiti,ogeii, hits iiever iweived any 
commercial applicatioii, even its :t soi i i~ 'e  of itrnmoni:i'. Liigliali 
p t e n t s  for tlie process wei.e taken oiit ~ J X  Cl:irl<. 

Diess i i i  1 X C 3 2  patented iii Fraiicc :L iiietliorl for tlie ni:iiiiifitcture 
of  cyanides \vliicli tliffers i i i  i i o  cs.wtitia1 fe:ttiire from that of 
l'ossoz aiid Boissierc (1). E j ,  

s. Q. arid A. 13rin: in 1883,3 1)atented :i process for m:inufucti{re 
of mnioi i ia  by passing moist nitrogen over coke containing baryta, 
which rec:tlls t ha t  of 11. and P. They idso utilized oxygen 
scpariltetl f i$oni tlie itir by :iiiother p O C e S 6 .  

Bertlielot,* i l l  IYCS, made a vitliiable contribnt,ion to tlie theory of 
tlie syntliesis of cyanogen. H e  obtrtiiis :wetyleiie (C, 11,) bv direct 
combinatioii of its elenieilts (iiiitler t,lie influence of the electric 
sp~r ' l i  j niid converts this in  pxcsence of nitrogeii by the same 
nieiinb into hydrocyanic ;tcid ( H  C: 3).  l i e  says that wlieii nitro- 
gen i tc~s  ii1)on :i highly lieated niist.ure of nitrogeu a n d  potwsh, 
the com~~ouiit l  pot;tssiiim acetjlene (C,  K,) is first formed aud 
that this, by direct iinion wit11 iiitrogeu, fortiis two niolcciiles of 
potassiiiiii cynicle ( e  (.' XI ,  

,J. I%!itii., 5 i i i  IS:S, 1):itei:ted ;ti1 ;tl)li:tr;ittis in tlie LTiiited States 
for ri~ar~iif:ictu~~e of cyiiiides. Gases from :L cod .tii.e (a  stack 
witli i i  dcel) l it>.ei' of co:tl) : i i x  di,awii over :L layer of lieated iron ore 
to foi i i i  ciii,hoiiic acid by osichtioii of the carbonic oxide. The 
fornier  is alJsorbcd Iig 1)iLssiilig tile gitses tlirougli iiiilk of lime, aiid 
tlic risiiltiii,g iiitrogeii is ~ i r i  ied to :t holder. The  iiitrogeii is then 
curried iipwai~ds t,lirougli ii l i u t  riiixture of potash and charcoal in  
a stiick lieatetl esternally by ;t fire in :I Iiirger stack wliich 
encloses i t .  '['lie c1i;ircoal is draw11 froiii t.lie bottom and leached. 
Fiiines uf 1iot;tssiiini cj;liiide w l i  icli escape froni t he  stack :ire 
c(Iiitleiiset1 in ;I  clitiiiibcr itdjoiniiig t i i i d  the  lighter fnnies are 
nl)ioi.bed bv :t solution of a ml t  of irun. 

.. . .. . .  - . 

1 c'oiiipter Rend.. 50, 1100 : Diiigl. poi. ,I. 137, 73, 357. 
9 E. Meyer. J*h. chem. Tech., 1874-442. 
9 t h y .  Pat. No. 5 8 0 2 ,  Dec. 18. 1883. 
4 .Jab. cbem. Tech., 1869, 260: Compres Rend., ti;, 1141; J. pr. Ch., 107, 272. 
3 \'cisnt(pc ..lmrican, 1878, 21 (wirh rut), Ding).: pol. J., '130, 93. 
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Walter Wcldon, in 18'10,l obtaiiied a patelit in England for the 
rnaiinfacture of cyanides. He fiiids that  the temperature necee- 
sary for absorption of nitrogen by alkaline cha~coal is not SO 

high as has been snpposed.2 Instead of a white heat, Weldon 
finds that ti comparatively low temperature, a bright red or even a 
lower heat, suffices to produce cyanides from mixtnres of alkalies 
or alkaline earths with carbon in presence of air. His apparatus 
consists of a rotary furnace similiar to that used in preparation of 
black ash (soda ash). 

V. Alder, in 18813, brought forward a method involving some new 
features. Oxides, hydrates or carbonates of the alkalies or alkaline 
earths with charcoal are used to absorb nitrogen prepared by passing 
air or fire gases through solutions of potassium or barium sulphide or 
by passing air over iron, copper or zinc. He asserts that  presence of 
finely divided metallic iron is useful in the process' and supplies 
this by saturating charcoal or coke with a solntion of ferrous sul 
phate a i d  then igniting i t  in a current of hydrogen. Sulphates and 
sulphides of the alkalies are also wed, together with lime, in place 
of other alkaline bodies above mentioned. I n  a later patent 
(D. R. Pat., No. 18, 945, 1881) the admixture of hydrocarbon 
gases or carbonic oxide with the nitrogen is recommended ; also 
the fuel in fragments is coated with a pasty mass made by mixing 
a strong solution of a soluble salt with charcoal powder, sawdust, 
etc. These modifications are introduced with the objecb of in- 
creasing the surface available for absorption of nitrogen. 

Ludwig Mond, in 18825, obtained a patent for manufacture of 
cyanides and ammouia by calcining, out of contact with ail-, a mix- 
ture of carbon, barium carbonate, or oxide, and magnesia, previously 

1 Jsb. chem. Tech., 1879, 472. 
Armengaud and Ertel (p. 10) both advocated the use of moderate teniperatureecherry 

red-and Margueritte and Sourdeval showed that baryta in presence of charcoal absorbed nitro- 
gen at a comparatively low temperature, and that a light red or even a lower temperature is suf- 
ficient. 

3 Jab. chem. Tech., 1881, D. R. Pat. 12,351. 1882,509. 
4 This was suggested by L. Thomson in 1839. I t  would naturally occur to any one familiar 

with the old prussiate process, but the conditions are different in the two cases and the reason 
for using i t  here is not apparent. The carbide of iron may porrsibly play an intermediate part 
In the production of cyanogen, such as Berthelot suppoaes to be played by C,K,, as above 
quoted.-B. 

U. 9. Pat. !289,.309, Dec. 19,1882. 
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Dickson in i887,l patented a process for production of cyanides 
and ammonia by injection of a mixture of air, steam, coal dust 
or hydrocarbon vapor, and powder of alkalies or alkaline earths, 
into a chamber heated by the combustion of the irijected, finely 
divided fuel alone. His method also contemplates the maintain- 
ing of pressure (one to three atmospheres) in the furnace. 

The Formation of Netallic Nitrides. 
R. Wagner in 18E1'7~ had suggested that nitrides of boron and 

silicon iii the interior of the earth might be the source of the 
ammonia found in combination with boric acid in the lagoons of 
Tuscany and as sal ammonic in volcanic exhalatiow. This 
ammonia may be a product of the action of water a t  high tempera- 
tures upon the above nitrides. Bunsen, however, and Rainer, 
(Zoc. c i t . )  regard volcanic ammonia as of organic origin, re- 
sulting from actioii of subterranean heat upon fossil vegetable 
matter, coal, lignite, etc. 

Brieglieb and Geuther in 18623 investigated the question of 
the metallic nitrides. The close relation of these bodies to the 
cyanides renders a knowledge of them of much interest in  this 
connection. Nitrides of magnesium, aluminium and chromium 
were obtained by simply heating the metals in pure nitrogen. The 
temperature of combination of nitrogen with the metal seems to 
be near the melting point of the latter. Magnesium nitride is a 
greenish yellow, aniorphous mass which yields ammonia in con- 
tact with wat,er or caustic alkalies, and yields cyanogen when 
heated in an atmosphere of carbonic oxide, or carbon dioxide. It 
has the composition Mg, N,. 

Tessie de Motay in 18724 announced that titanium nitride 
could be made to yield ammonia by the action of steam and could 
then be regenerated by submitting i t  to a current of nitrogen and 
the action thus alternated successively. 

Mallet in 18765 obtained magnesium nitride by the combustion of 

1 U. S. Pat. No. 370.168, Oct.'4, 1887. 
* J. pr. Ch. 123. 2%. 
4 Jsb. c h e n  Tech., 1873, 219; Ber., 1872, 395. 
3 Roc.  Am. Chem. SOC., 1, 17. 

1 Jsb. chem. Tech., 1857, 121. 
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nittgnesiuni powder in a crucible with insufficieiit adrnission of air. 
Other nitrides, of boron, titaniumt silicium, etc., have heen iuves- 
tigated by T-fer, TIhrlaub, Woliler, Deville and (laroii. 1 

Cyanogen from Oxides of Nitrogen. 

Binksz proposed to use osides of nitrogen or vapor of nitric acid 
f o r  production of cyanides. The gases were broriglit in contact 
)vi th viipors of hydrocarbons in passiiig through :i highly heated 
c!linder filled with firebrick. Wlicn tlie nitrogen conipourids are in 
excess amnioniit is chiefly produced, bat  with Iiytlrocarbons in 
escem cyanides are the principal products. Crane and Jullion (Zoc. 
e i t . )  used :i soniewhst siniiliar process, usiiig, however, i i I i  excess 
of water gas (hydrogen and oiirbonic oside) mixed with the oxides 
of nitrogeil and 11ydroc;trboii vapors, atid passing the mixture over 
a hot catalyt,ic substance (platinized asbestos) a t  :L tcniperitture of 
600' F. 

Firman (Zoc. cit., p. 65) and others have proposed the use of 
waste gases of the sulphnric acid chamber (nitrogen, oxides of 
nitrogen, etc.) for the same p~irpose. 

A process suggested by Roussin in 18583 uses oxides of nitrogen 
ill i t  different way and recalls the very early methods of Diesbacti and 
Woodward (1). 4). TV;i,li the object of converting nitrates into 
cyanideu lie made the following experiment : Four equivalents of 
crude potassiuni acetate were mixed with three of potassium 
nitrate (nitre) and five of potassium hydrate or carbonate, and 
heated in R porcelitin crucible to 350' C. The mttss burned briskly 
le;iving a black residue which, on lixiviation, yielded potassiuni 
cFanide and carbonate. By :iddition of coal powder, to make L I ~  

f o r  tlie deficiency of carbon in the organic acid, i i i i  iiicreitsed jield of 
cyanide wits obtaitied, but still short of the theoretical result. Pre- 
vions rcduct ions of the 1iitr;tte to iiitrite yieldecl better resiilts, and 
H mixture of potassium acetate and nitrite witli liilnpllack gi lve 
2.f; parts of Uerliii blue (dried t i t  100" C.) to 13 parts of iloctate; aiid 
an ~zmrnoiiiacd odor during tlic operation sliowecl ;i loss of nitro- 
- . ~ - - . . . . .- -~ . ..... 

1 %J. pr. ( 'b. ,  101, 3-59; 103, 2,300: 106, 69: 110. 048. 

' Compte6 Rend. .  67, 8 %  J.  pr .  Ch.. i 8 .  975. 
K. w., VOI .  I .  Pt. v.. p. tin. E I I ~  Pat. S O .  10911. S O Y .  J, I W  
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gen. Potassium tartrate yielded little cyanide when used to  re- 
place the acetate, a fact alrertdy announced by Guibourd. Rous- 
sin suggested that  a commercial process could be based on the use 
of crude sodium nitrate and acetate. 

Production of Cyanides from Ammonia. 
The reactions by which ammonia is couvei ted into cyanides are 

so closely related to the direct production of cyanides from nitro- 
gen and offer so many points of suggestion i n  connection with the 
same, regarded as an industrial problem, that the history of them 
cannot be omitted from this summary. 

The original experiment, ascribed by Langlois' t o  Scheele, of 
heating togetlier sal ammoniac, potash and charcoal and obtainiiig 
potassium cyaiiide may be regarded as tho starting point. 

Liebig attribntes to Scheele (1750-80 ?) the statement, that  am- 
monia passed over hot charcoal yields hydrocyanic acid, bn t Lang- 
lois does not find this in Scheele's writings. What Scheele does 
say is that  when sal ammoniac is heated with vegetable charcoal and 
potash the mass yielded on lixiviation '( la Zessive dze sang,"a 
(Langlois, loc. cit.) 

Clouet in 17913 mentioned that nmmonis gas passed over hot char- 
coal yields hydrocyauic acid. He states that  Thenard had noticed 
that a soluble substance having the odoi- of bitter almonds was 
formed under the game conditions. Bonjonr, Vauquelin, Bncli- 
liolz, Schroder and It tner4 all refer to the sanie fact as based upon 
experiments in which ammonia or ammonium chloride w:ts heated 
with charcoal or with inixtnres of charcoal and lime or oxide of lead. 

1 Ann. ch. phys. [3] 1, 117. 
*That is, potassium ferrocyanide, yellow prossiare of potash, called also In German 

4'blutlaugensalz." The iron must have coiue from impurities in the materials. In the 1' Life ol  
Scheele," given in Creli'a Journal, 1'01. I, p. 12, 1891, the authoreaya : "Hie experiments on 
the coloring matter of Prussian blue, the methods of separating it, its properties and in short 
the discovery of its arti5cial compoeition Iron1 charcoal, 5xed alkali and sal ammoniac, may I)? 
mentioned amongst the most valuable of the performances with which he has presented us " 
The biographer also refers to fuller accounts of this work in The New Transsctions of the 
Royal Stockholm Academy, Vol. 111, p. 056, and Toi. IV,  p. 32. These sources of iiiformation 
arenot accessible to me.-B. 

Tbie 1a:ter reference, 
which is probably the original aource, I hare not had access to.-B. 

3 Ann. ch. phys., 11, 30; J. pr. Ch., 26, 408. Crell'r Annallen 1796, 

4 J. pr. Ch. 26,4UQ. 



f '  I lie prodnct \viis probabi> miinoi i inni  cyiinide, as i n  later repeti- 
tions of similar esperinients, 1Jiti. the  constitution of tlie cyanides 
was not  then understood as tliis was t)eEo:.e tlie date of (;ay TJussac's 
discovery (1814). CI<)ltti, ix~ported t l iat  ii~(iroc.:ii.boiiu, ciirbonic 
acid iml  n i t i q e i i  Jvere set  f ree  : i t  r i ~ ~ ,  b i t r i l e  r,iiiici. while Boiijonr 
showed th:tt hydrogen wi i s  rlie u i i i ~  bj-product, a i l  obseimtion 
that w&s fully coiifirriieti by h i g l o i s  in 1 &&I.  'I'roinnisdcrf,! 
however, \viis first to  rccogiiize iininiotiiuin c::iiiidc* 111 the  
products of this esperirnent. 

Kulilmanti * foiiiid t i l i l t  volatile n i t iqc i i  conil)oiiiids contairiing 
all )iytliegeti or rniserl w i t h  volatile lixdrocarbons, wlicii passed 
together with carbonic o.\itlc over hot  pliititium spoiige, jielded 
ammonia. He refers to Clouct's experiment, aiid s i i o w ,  by a rep- 
etition of the samc, tliiit  n o  Ii>.dro~y;~nic acid, but 01113 aninionium 
cymide, is produced. llarsli gas (CH,) s t q J U " t d  at tlie sanie 
time. He regards t,he process of prepariug alkaline cvaiiides as 
involving first the formatioil of ;Imnionia, \vliiclit i t 1  ~~ resence  of 
alkali and excess of carbon, is corivertcci iuto cyitiiogeii arid car- 
bonic oxide. LangloisY repeated Sciieeie's eqcrimeilt  with sal 
ammoniac, bu t  obtained no cyiiiiidc. 1Ie also obtained animoiiium 
cyanide by passing animotiia ovcr hot  cliiircod, anti called utten- 
tion to the remarkable way i n  wliicli ammonium i;?-aiiide resists 
decomposition at high temperatures. 

The processes of Jacquemyii iind 13ci in  tliis direction have 
already been menrioned (1). (i). 

Crl~eger4 ~ i a s s e d  ~ : t p o r  of itninioii iiint carbonate tiirungli iilkttliiie 
charcoal contained in tiarro\v iroii cylinders 1 ,% inches i i i  diaiiieter, 
and obt;iined 93 to 95$ of t h e  theoi.etica1 yield of ferrocyanide. 
When l u g e  iind wide cyiiiide1.5 were used the resnits were rcucli i t ) -  
ferior: oiily 15 to 30% t)eMig obtail ied.  

Brnnquill,  fi i i i  1856, p r o p o w l  tc  apply the smie  pi'inciple t u  
the pi.ocliictioii o t  c ~ a i i i d e , ~  ailti prussiates. Ammonia, or tlie 
V:LI)O~S frotii distiliatioii of boiies, o w . ,  itru passefi over hot firebrick 
- ~ ~ - . - .~ 

1 Ibid. 
2Ibid. 
3 Ann. ch. phyf .  131. 1. 117. 
'Jab. chem. Tech.. 18.58, l R 4 .  
5 Preufe. Verhandlungen, 1856, 30. Jsb .  cheni. Tech., 1656, 102. Dingi. pol. J . ,  140, 3 i4 ,  459. 

Ann.  Chem. (Liebig), $8, 6 2 :  J. pr. C'h., 16,482. 
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and then over hot wood charcoal in pieces of the size of a chest- 
nut.  T h e  volatile ammonium cyanide is absorbed by solution of 
ferrous snlphate in an apparatus of peculiar construction. A por- 
tion of the ammonia is recovered as sulphate, nnd used anew in tlie 
process. The precipitated cyanides of iron are converted by potash 
or soda into prussiates. The advantages of this method are tlie 
prevention of waste of potash and of nitrogen. Only moderate tem- 
peratures being employed, there is no loss of potash by volatiliza- 
tion, by absorption, or by formation of unavttilable salts of potash, 
all of which occur in  the old process. The cost of tlie ammonia IS 
defrayed by the increased value of the residue when bones are used. 
The author hoped also to obttiin ammonia for the first stage of the 
process by passing air and steam over coal. 

Levoir, in 1859, * noticed that  a flame of ammoniacal gas yielded 
cyanogen (ammonium cyanide) in burning. Fischer2 questioned 
this statement, saying that  he had repeated Levoir's experiment 
with an argand burner, and obtained no cyanogen. The fact was 
verified, however, a few years later by Romily. 

H. Johnson,3 in 1860, obtained in England a patent for a 
method, devised by J. V. Lucas in Paris, for preparation of prus- 
siates, which consists simply in saturating wood cliarcoal with 
potasli solation, drying and heating i t  to redness in a retort, and 
passing ammonia over it. The charcoal is mixed also with 5$ of 
iron filings. 

J. Webster, in 1860,4 patented in England a process for manu- 
facture of prussiates by charring or burning a mixture of sawdust 
or spent bark and oxide of i r ~ n ,  charging tlie mixture with potasli 
and passing ammonia through it. 

Fleck,6 in 1863, proposed to  make cyanides as follows : A hot 
mixture of charcoal or coal, sulphur and potash is treated with a 
definite qnautity of ammonium sulphate. Potassium sulphocyaiiate 
is formed. Ammonia i n  part escapes, but is absorbed and util- 
ized. The sulphocyanate is decomposed by metallic iron, yielding 

1 J. Pr. Ch., 2 0 , 4 4 7 .  Dingl. pol. J., 163,466. 
Dingl. pol. J., 167,466. 
Dingl. pol. J. 186,212. Jsb. chern. Tech., 1880, I l ,  (with diagram). 
Eng. Pat., No. 1913, Ang. 8, 1880. 
Polyt. Centralbl., 1865, 717. Dingl. pol. J. 169,206. J6b. chern. Tech., 1865, 329. 
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was suspended in  the alkaline solution ferrocyanide was formed. * 
An apparatus was devised to apply the principle industrially. 

A cylinder of iron revolving 011 a liorizontal axis,, dipped into a 
tank containing an alkaline solution. A pipe, parallel with the 
cylinder and pierced with holes, supplied ammoniacal illuminating 
gas, burning in a line of jets which impinged upon the face of 
the cylinder. The cyanides were absorbed by the film of alkaline 
liquid which was continually renewed as the cylinder revolved. 

Schmarz,* in  1869, obtained ammonium eyanide by passing 
vapor of carbon disulphide mixed with ammonia over hot iron or 
copper in ai1 iron tube. Sulphide of the metal is simultiineouslp 
formed. The vapors are passed into a mixture of sohitioils of 
caustic potash, ferrous sulphate and ferric chloride and the 
resulting mass is converted into Prussian blue by hydrocliloric 
acid, and then by potash into yellow prussiate. Schwarz also con- 
firmed the conclnsions of Levoir and Romily (p. 23-24) as to the 
productioii of ammonium cyanide during tlie combustion of 
ammoi~iacal illuminating gas, and he suggests that tlie purificittion 
of sucli gas from ammonia is, on tliis accouiit, a matter of the 
greatest importance. 

Frohde remarks3 that the fumes from burning coal may be 
noxious, not merely because of oxides of carbon in them, but also 
because of cyanogen. H e  claims to have detected cyanogen by 
its odor where coal was incompletely burned. 

E. Meyer,4 in 1874, published a review of the cyanogen industry 
tip to the year of the Vienna Exhibition (1873). He found the old 
method still the only important one. The problem of making 
cyanides from nitrogen of tlie air  was still unsolved, and the earlier 
efforts of Possoz and Boissiere (p. 12) had not been even equalled iii 

its results by the later one of Mnrgueritte and Sourdeval, from 
which mnch WRS a t  first expected. The methods using ammonia 
as a source of nitrogen for the manufacture of cyanides had not re- 

1 The discoveries of Levoir and Romily recall the early observationsof Kuhlmsnn. who showed 
that ammonia and all volatile compounds of nitrogen yielded ammonium cyanide when mixed 
with hydrocaroonu (or even with carbonic oxide in the case of ammonia), and pawed over 
platinum sponge at a temperature of 600" F.-B. 

2 Boll. eoc. chim., 1969, 167. Ding]. pol. J . .  191, 399. .Jsh. chem. Tech., 1869, 269. 
* Watt's Dicd. Snpp., I., 587. 
Jsb. chem. Tech., 1874, 44% 
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placed the old method, through dry distillation of animal matters, 
(Karmrodt. and others)-which are treated by ftision in the old pro- 
cess-nor bvsuhstitntion of ammonia salts m a source of nitrogen for 
these substances (Fleck, 1). 23) .  I Er'either had tlie methods based u1)on 
formation of stilphocganate (Gelis) marked any great success. T h t  
prodiiction of sulphocyanate is readily brought about by Gelis' meth- 
od and the process is, so far, a siiccess ; hi1  t t,lie conversion of this 
sndt into cyanide or ferrocyanide is diffjcult. It, docs not st,and 
siifficiently a>bovc the usu:rl raw rna#terials (animal matters) nsed 
for this purl)osc. in its proportion of nitrogen, to coiii.iterl)alance 
the disadwntage which i t  o f f e i ~  in ccmi>:irison with t,heni from 
its high proportion of sulphur. 

F. .Ila,xwell-Lyte1 p:tt,ented, i n  1875, a process for manufacture 
of aninioi i i :~  by bringing nitrogen i n  contact with 11:iscent Iipdro- 
gen liberated i n  the  presence of it  triad or pentad element. 

Tschernia,li and Guusberg,z iii 1878, patented a method, in Ger- 
many,3 for tlie manufactnre of cvanides similar in priiiciple to  tha t  
of Scliw;i,w (1). 28). 'I'wo pa rk  of a,mmoni;t water of St$, and one of 
carl)oii disu1pbid.e are 1mt into a tight vessel. heated to 110" C. below 
and pooled alrore so that :L contjiruous distillatioil of the volatile 
siibstancos occiirs. After three or four hours tlie iiiixtnre is foulid 
to he converted into amrnoniuin snlphocvmate and sulphuretted 
hydrogen. Tile it~iimoninm salt is converted iiit,o calcium sul- 
pliocyannte, which, by action of an nllmlinc siilpliatc or  carbonate, 
yields the r:orres!,ondiii~:ilkalille sd t ,  and this, by I ~ r t  ing with coal, 
lime and iroii, yields cvmidcs or  prii.ssiat.es. 'l'lic :Immoiiia is re- 
covered and  iised again. 

C;r:Lllam Young, in  a process for the mnnnfacture of itmrnoni:l 
l)atelit,ed in Eiigland in 1880, has suggested the iisc of electricity 
t,o effect t h e  unioii of nitrogen and hydrogeii. The 1)rinciple had  
also beell meiitioiiecl i n  a i i  English pa,teiit issued to Cliisliolni m c l  
Kent  ill 18(iO. So priicticai result has as pe t  come from these sug- 
gestions. 

__ __ 
1 U. S. Pat. 181,197, March '23. 1875. 
2 Ber., 1879, 140. Dingl. pol. J., 282, 80. .Teh. cbem. Tech.. 1879,471: 1882, 570. 
3 D. R Pat. 9.199. April 9,1878. 
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The Decoinpositioii of Alkaline Hydrates by Metals in 
Presence of Air to Produce Ammonia. 

Dufrenbl, in 1880. patented a process in England for the manu- 
facture of ammonia by combustion of zinc in air, in  presence of 
an alkaline hydrate. Hydrogen and nitrogen are both set free 
and combine to form ammonia under thc influence of ~1 porous 
solid, such ns iron or platiniim sponge in a heated state. 

Twinche, in 1881, proposed to  manufacture animoiiia by using 
oxide of nitrogen (nitric oxide ?-B.) to remove oxygen from air; 
the resulting nitrogen (which is said to be nascent and pecnliarly 
active?-B.) is brought in coiitact with nascent hydrogen from 
the decompdsition of steam or of alkaline hydrates by metals, to 
prodiice ammonia. 

(To he conclzrded.) 

4 Eng. Pat. No. 5478, Dec. 29th 1880. 
1 Eng. Pat. No. 3712, Aug. 25th 1881. 


