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3 10, Thoe laboratory purificatlon and analysls of acetylene. Ior ll_l.b(ll'ﬂ.-
tory use acclylene wsually is cither generaled from calcium cru'hult_: or
druwn from & commercinl storago cylinder. 1f carbido is employed it is
prefernble to use a curbido to water typo gencrator, observing precautions

*ageinst localized overhenling, Tt is also udf.riunblu tO uue o }n‘ccipitunt. o -
an oxidutive pwilying agent to yemove trnces of phosphine um.l_ pther -,
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* impurities.  (See Chapter 1, Section 4.) Ilowever, it is usually more
conveniont to use the gas from a atorage cylinder. In this case most of the
impurities arising from carbide have been reduced to a proportion which is
negligible il the gas is 10 be used as a raw material for laboratory synthescs.

~The gas from a cylinder docs contain acetone in_guantitics which inerense
with decreasing pressure in the cylinder. Sodium bisulfite sobution has
been employed to remove acctone.  Passing the gas through strong slfulic
acid in gn eificient wash bottle also removes acctone and part of the other

trace impuritics but may ingroduce sulfur dioxide and ncid spray. These
may be climinated by a soda-lime tower or by a dilute sodium hydroxide
wash followed by o drying agent. 1§ it is essential L0 remove oxypeen from
Ahe ga3 an aikaline solution of sodium hydrosulfite containing o little
- anthroquinone sulMonic acid (J) may be placed in the train.  loviuti (2)
and Conn, Kistiskowsky and Smith (8) have deseribed somewhat more
elnborate pwilication methods. However, acelylene may contain traces
of impuritics such as hydrogen, nitrogen, methane, or ethane which ean

not be removed by chemical yeagents.  Accordingly i the gas must be
exhaustively purified it appears cssential to liquily and distil it. This
procedure requires special technique and preeautions which do not seem
to have been adeguately described in the liternture.

For the qualitative detection of acetylenc n varintion of the cuprous
acetylide precipitation is always used, since the characteristic ved color
of tho acetylide can bo seen even when present in minute quantilics.
(Sco Chnpter I, Section 5.) However, the acctylide is readily oxidized
with darkening by air in an alkaline medium, and a reducing agent such
as hiydroxylamino is necessary to preserve the puwie red eolor, Test papers

" based on this reaction have been deseribed (4).  For a mueh move sensitive
test, modifications of Flosvay's solution have been yeeommended (5).
Thiis consists of au ammoniacal cuprous ehloride solulion containing gelatin
which acls ny o protoclive colloid to keep Lhe neolylide in n fine state of
division so Lhat its color is mors vendily observablé at great ditution,
Canco {6) stuten thalb this rengent is sensilive to reelylene in coneentrutivns

© ool 2-17% por cent il proper precnutions nro iken,

Hosvay's solution, alse has been used for the colorimetrie estimation of
acetylena (6,6). Ilowever, tho color depends upon both tho size of the collni-
dul purticlos and tho nbsenco of Bapuritics such ng brnces of hydrogen sulfido

or lurger quantities of oxygen or carbon dioxide.  Accordingly, most inves-
" tigators havo preforred Lo estimate the quantily of neetylide formed cither
by eavelul drying and weighing ns the explosive carbide C.Cus (7) or beidter, by

. dissolving the aceiylide in ucid and determining tho copper by uny standured
- method (8). Sinco the red cuprous acciylide in au ammoninen! solution
. is readily attncked by oxygon’which diskens tho color and may alter the
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ratio of copper to earbon, it is recommended that e reducing agent such us
hydroxylamine or hydiutine bo added to the smmonineal cuprous chlovide
solution (5). . ' .

Clievastelon (9) ond Noss:and Tr;zmbull (10) have described the estima- -
tion of scetyleno, especially in the presenco of cihylene, by titration of °

tho mitric seid liberated by tho gas from a neutrs! silver nitrate solution
according to the equation, Cills + 3AgNQ, — CApAgNO, + 2IINO,.

© Hocppner and Willstitter and Marchmann (11) report that the method is
.. not very rcliable. Novotny (12) propased that the silver in the precipitate

. be determined. Lebeau and Damiens and Wellers (15) used a slightly
- gkalino solution of mercuris iodide and potassium jodide to precipitute
+ agetyleno in the prescnce of olefins, , : : '

“«. In gas volumetric analysis methods, reagents, containing copper, silver or

" mercury which are eapshlo of absorbing acetylens are nearly always eapable

ke of taking up lesser quantities of olefing, diolefing, carban monoxide or higher

acetylenis hydrocarbong, so that methods depending upon lass of gas

- - yolume in such reagents ave of questionable securacy.

A microchemical method for the estimation of acctylene by reaction
with s bead of cuprous chlorids made slkaline with smmonium hydroxide

" has been proposed (14).

‘The analysis of carbide acctylene for common impurities has been

+* " _deseyibed in sovern] treatises on eadcium carbide and acctylene (sco Ief.

1, Introduction} and & fow reviews (15). A number of methiods which

6

deseribe special adaptation of thess procedurea to particulir gas mixtures
cannot be discussed in this work, - .
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4. The generation and purification of acetylenc from carbides.* The
acetylenic carbides deseribed in the preceding sections wero found by the
enriest investigators to react rapidly with water, giving acetylene and the
corresponding metallic hydroxides. The heat of hydrolysis (£) may
produce localized temperatures high enough to polymerize & part of the
acctylene, unless overheating is prevented by the use of cxeess water or by
some other means. The hydrolysis of calcium carbide has of course been:
studicd most thoroughly, and the heat of this renction has been reported
by Lewes (£) to be about 475 cal. per gram of pure carbide, and by Mason,
Anderson, and Jane (5) as 166 Btu per cubic foot of acetylene gencrated.
Lewes (£) claimed that when a minimum of water rencts with a mass of
carbide o part of the acetylene may react with steam to give carbon mon-
oxide and hydrogen; and in a few cases localized decomposition of acetylene
to hydrogen and carbon has been reported.

Besides moisture, air, fincly divided solids, and condensation products
resulting from overheating, the crude acetylene also may be contaminated

with & small percentage of other gases arising from impurities 1n commereinl

carbide® (8). Nitrogen, sulfur, phosphorus, silicon and arsenic may Le

————

prosent in earbide in eombination with calcium or other metals. On

treatment with water the hydndes, ammonia, phosphine, silicomethane

_sulfide is held in the alkaline solution.

and arsine, may be evolved to some extent, while most of the hydrogen
Maodern methods of enrbide manu-

facture minimize these impuritics by eareful control of the composition

of the churging materials. _Analysis of acetylene gencrated from o typical

—modern carbide is said to show the prescnce of .015-.025 per cent of phos-

phine, less than .015 per cent of ammonia, less than .01 per eent of hydrogen

sullide, aud Jess than 0003 per cent of arsine. AL the high temperatures

gcewrring when little water is present during the Lydrolysis of caleium

carbide, the simple hydrides alove noted if present mny Tie condensed Wil

acctylenc to give volutile orgunic derivatives which are dillicult Lo remove.

Kennedy and Holm (76) have identilicd divinyl muiflide as an important
impurity, and siata that more is preseut if the temperature of hydrolysis
of the carbide is high. "They have suggested removal of this impurity by
scrubbing with Chlormning ‘P or sulfurie neid.  Vydrogen is sumctimes
present in very small quantitics. Methods for the cstimation of im-
pwitics in orudo acotylens have been voviowed by Brown () and olhers.t

A high reaction temperature during tho hydrolysis of eurbides results
in a decomposition and condensation of the acetylena which both con-

* Tho gencration of acelyleno from carbide, and the ismpuritics and purification
of the gas havo Leen cxtensively discusscd in specin) breatiscs; seo Introduction {L8).
- 1 Soe Introduction {{, £). ) :

!
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tuminates tho product and reduces the yicld. Ac..cdingly, it hus beon the
commonest practico to propare ncetyleno by the total immersion of calcium
carbide in a comparalively large volume of water which acts us o cooling
medium, Methods and devices for tha hydvelysia of calcium carbide by
this method have been studied oxtensively, but most of the technical
litornture® covers smal) automatic gencrators for local or domestic ncctylene

_p!\ou_phine in a complex which is then oxidized by the ferric sulty, and tho
cupric sulfate calalyzes the reoxidution of the ferrous salts by uir and thus
regencrutes the purifying material. 1his nicthiod 18 said to vemove U5
per cent of the phosphine. At the present time nitre cake is suid to be
us?d also in the commercial purification of acctylene.  Oxidalion of phos-
phine by sulfuric acid of about 85 per cent concentration at about 70°

supply. ’ 1 :
Rotontly Mason, Anderson and Jane (6) have describod o large-scalo 19 ‘reporLcJ to bo an industrial method of punfication, Mcthods of evalu-
ating commercial preparations for the purification of acetylene and some

method of hydrolyzing caleium cavbide using little more thau an equivalent )
quantity of water, which is based to some exient on emlier methods (6). | comparative tests on such materials have been published (9, 13, 14).
This procedure consists in spraying the crushed carbide either in o ball ! An older propased method of purification consisted in the eomplete precip-
mill or in a rotating screea drum with a minimum of water, and con- itation of these impurilies by cuprous chloride or mercuric cliloride with
tinuously separating the powdered calcium hydrate. By this mothod 4 other chloride snlts. However, these solutions are not perfectly inert
Jocalized overheating is prevented and no temperature above 240°F was ] toward acetylens, and a small percentage of volatile addition products
chserved. A few other recent patents and articles (7) deseribe the hydroly- usually wasg formed. The drying of acetylene by refrigeration, or by the use
sis of calcium carbide with o minimum of water. The Prestolite Company Of aluminum oxide with proper precautions, or by countercurrent washing
controls United States patents (7a) on a process and apparatus by which with fatumtcd calcium chloride solution are said to be accepted industrial
water is brought into reaction with enlcium carbide near the bottom of a practices. !
eylindrical reaction chamber, provided with an agitator rotated about a _ There is reason to belicve that o trace of oxygen is a very important
vertical axis. The acctylene and powdered calcium hydroxide rise to the impurity in acctylene to be used in certain syntheses, but this possibility
top of the cylinder, and in one modification the powdered hydroxide, which has reccived little attention. A small quantity of oxygen is known to be
overflows the top of the cylinder fills an annulay seal similar to a liquid seal. | very delelerious in the preparation of vinylacctylene, and probubly has
clfects in the polymerization, helogenation and hydration of acetylene.

1f the recovered dry hydrate could be converted to a briguet or lump form 0
{8), it could be used profitably for calcium cnrbide manufacture. Sines . The acetylens mixtures prepared by pyrolitic processes are probably mere
in some localitica the acccssible supply of limestone suitable for carbide : ncarly free from oxygen than acetylene derived from carbide. Both

manufacture is somewhat limited, recovery of the ealcium hydroxide is of commercially and in the laboratory, exygen can best be removed from
interest. acetylene by washing with an aqucous alkaline solution of sodium hydro-

Even-when prepared in the best typo of generator from a good grado of sulfite containing a small percentage of anthyaquinonc 8-sulfonic acid (10)
carbide, commercis! acetylene usually contains traces of impurities. These Gascous hydrocarbons, carbon monoxide and hydrogen are much more;
are said not to be deleterious in the gos used for welding or cutting (11, I8) - difficult to remove from acetylene; the total climination of these impuritics
but may act as poisons for th catalysts employed in tho chemical utiliza- is not attempted commercially, sinco they are not particularty deterimental
tion of acetylene.  For some purposcs it has been commeon practice to in tho use of acetylene sither as a fuel or for chemieal synthesis,

oxidize these impuritics, particulsrly phosphine, by rengenta which scavcely
atinck acetylene and to remove tho acidic oxidized products by contuct

will alkalies or by precipitution. Solutions or porous masscs containing
calcium hypochiorite or potassium permunganato were at one Limo used or
propased, and masses containing chromic ‘acid appear o have been exten-
sively used in Europe. _A purifying material, which wus originally patented
by Cranjon (/6) and which is at present used in the 0. 5., consists of a
mixture of forric chloride, fernic oxide, meaganesc dioxide, mercuric

chloride, and eupric sulfate. The mercurig chiaride appears to bind the

References

{1) Fal'kevich, Khimatroi, &, 442-5 (10341).
g} %;F\ﬁru, J;i Sl;:. Chem. Ind., 17, 63242 (1808).
illgerodt, Her,, 28, 2107-8 {1805). Lunge and Cede t
10,51-5 (1807). ' Moissun, Compt. rend., 137, 457-63 ('fgﬁ';?;;nf}f:ﬁ‘:}aﬁh(?i'
18, 313-51 (1899). Wolll, Z. angow. Chem., 11, 03141 (1808). Coro f . Oue.
beleuchinng, 43, 610~7 (1899); Chem. Zeni., {1809) 11, 642. chpelcr' J .. Qas-
beleuchiung, 45, T8, B02-5, 820-25 (102); Chem. ' Zeuir., 1902, I, 1481-3.
N gm‘r" by l?:;ﬂ“‘ , Rev. gon. de chimis pure ¢ uppl., 8, 318-50 (1903) ; Chem,
4) Brows, ie-Tllinok
0327 ; Carnegie-Illinoia Bteol Company, Pamphlet (1927); C. 4., 21, 3327
{5) Mason, Andorson and Jans, Can, Chem. Mol., 19, 183-8, 102 (1035},

T AT

L6920g
0N

. Tt A Y e
T 3

* Seo Intreduclion (1, 2).




869200
20N

14 THE CHEMISTRY OF ACETYLENLE

6) Dolan, U. 8. P. 638,448 (16%0). Dickinson, U. S. P. 604,139 (1895); U.8. P
()6?1,603 @1901). Davies, U. 8. P. 701,852 (1902). Gibbas, *'Lighting by

Acctylene,” p. 80, (1899).

{7 Wuib{:znlm and Walter, U. S, P. 1,047,120 (1934); C.A.,28, 23?5 (lﬂﬂrl_}. U.8.P.
reissue 20, 527 (1037); €. A., 31, 8510 {1937). Mues (to L. G. ¥ nr.hcnmd. A.-G.),
U. S. P. 2,122,880 {1038); C. 4., 32, 6842 {1038). I G. Farbenind A. G., Ger.
P. 048,087 (1937); C. 4., 31, 8510 (1939), Mues, Z. Kompr. flyas. Guaa, 33, 57160
(1037); C. 4., 33, 6093 (1939). Dayerische Stickstofl-Werke A. G. (Wilm, Volk-
mann and Kacss, inventors) Gor. P. 67,303 (1939); C. 4., 338, 6340 {(1039). Auto-
genwerk Siriug Gan.b.IL. (Bocker, inventor) Gor. F. 073,779 (1939); C. 4., 38,

6099 {1939).
(7s) Kujolo and O'Brian, Beit. P. 483,601 {1638); C. A., 22, 7249 (1938); U.S. P,

2,201,18% (1910); C. A., 3¢, 6048 (1940). O‘Brian, U. B. P. 2,189,762 {1940};
C.ﬂjl.. u.(m)(mo). Neas and lioiol(o (to) Preatolite Co.) U. 8. P. 2,233,108
1911), 2,233,100 (1041); C. 4., 36, 1042 1041). .
®) {Vintir and Hartmann, U. 8. P. 2,017,558 (1935); C. A., 29,7834 (1035).
{9) Sumiys and Yamads, J. Chem. Soc. Japan, 38, 537-6 {1930}; C. 4., 36, 1300 (1031).
{10} Ticaer, J. Am. Chem. Soc., 48, 203047 [1_934). .
(11} Rimaraki, Kantor and Strob, Forsch, Gebicle Ingemieurw., No, 317 (1029).
(12} lHolzhauser, Autogens Melallbearb., 23, 226-90 (1931); 24, 102 (1o21); C. 4., 25,

3302 {1931).
(13) Na\u( Bullltin of tho Compreased Goa Manuf. Assoo., July 21 {1931), New York.

, Chem. Fabrik (1938), 207-10.
83 ?}l:‘:::n Fr. P. 434,137; U. 8. P. 1,004,501 (1013); J. P Acetyidne, (1934), 45761

{16) Kcnnedy snd Uaolm, Con. Chem. Process Tids., 33, 400-5 (1030},

6. The equilibrium of acetylene with carbon and hydrogen and its

bearing on the direct synthesis, decomposition and storage of acetylene.
Berthelot (1) prepared small quantitics of acotyleno by mcans of an arc
between carbon electrodes in an atmosphero of hydrogen. Dowar (£)
concluded that this reaction resulted solcly from the high temperature
attained. ‘The equilibrium of earbon and hydrogen with ucet.ylf::.lc .lms
been investigated by & number of workers (3-7, -1 1. Inthe tithbrmm
mixtures produced, cither from acetyleno or {rom the clements, ltt;l.le ncely-
Jene appenns 10 oxist between 1000° and 1700°, and nbove 1700 t!-m con~
centration jncreases with pising lemperntuse wp o n.pmnt al whu:h‘ bho
equilibrium changes beewuso of the formalion of atumic h,)(drﬂgcn. _l'ruuh
(12) states that considorablo yiclds can be obtuined only in fho rogion of
3100° to 3200° ‘The conlinuous formntion of aceiylene in this high
tempernturo rauge may o due in purt to 8 tendesey of complox eurhon
structures to hreak down under these conditions into Cs groups vather thun
inlo any other simple units. The proportion of acetyleno rc::um@;lu
from the carbon arc in hydrogen has been reported ns about seven Lo cight
per cent.  Since u higher concenbration of ucetylene enn be muwde by tho
pyrolysis of hydrocarbons, the synthests of ncetylene .Irom I.h_a ci_cmm\ta
lias not usually heen considercd suitable for commercial D:pphcat.mn, al-
though Bruding (/3) has putented an ure npparatus fow l.lu:? purpose, A.
gomewhat related method consists in eracking hydrocarbons in the olectric
are in the presence of finely divided carbon (£2).
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Of greater practical significance is the fact that acetylene, being an
cndothermic eompound, can decompose Lo its clements with the evolution
of heat. The decomposition at pressures not much above one at mosphere
will first be considered. Berthielot (14) noted that at atmospheric pressure
aud & dull red heat in vessels of inert’ material, polymerization was the
principol reaction of acetylene (seo Chapter V, Seetion 2), while at some-
what higher temperatures the polymerization was associated with decom-
position to carbon and hydrogen. He considered that this decomposition
took place through & mechanism involving the formation and total de-
hydrogenation of polymers, Ilaber (15) observed that heat was evolved
during these reactions. It was later found that the decomposition of
acetylene was practically complete in the range 1150°-1325° (7, 16), and
that noticeable decomposition began in poreelain tubes at about 480° and
became the chicf reaction at 806° (9).

Several metals have been found to increase the rates of polymerization or
decomposition and to influence somewhat the nature of the produets.
Some of these metals, when finely divided, bave also been reported to
initiate tho reactions at comparatively low temperatures. Thus Moissan
and Moureau (17) found that pyrophoric iron, nickel and cobalt, and finely
divided platinum became incandescent when placed in o rapid stream of
acetylecne at room temperature, and noted the formation of hydrogen,
carbon and oily products. Since theso reactions are promoted by increased
heat and pressure, it appears probable that the entalytic effect of metals is
at least partly due to tho loealized heat of adsorption of the acctylene and
also to the high concentration of acetylene in the adsorbed layer. Berthelot
(8) first discovered the catalytie decomposition of acetylene by iron. A
similar efect of iron, nicke! and cobalt has been observed by several workers
at temperntures botween 200° and 400° (18-23). Extensive decomposition
of acotyleno in contact with iron has been noted at higher temperatures
(24-28), und » fow iron compounds have been found 1o produco & similar
effcet (29, 80). Finely divided platinum (18, 81} and palladivm (52)
hawvo been reported o induco the decomposition of ncetylene at moderate
temporntures.  Copper and to a lesser extent a few othier metals causo the
comonsation of acotyleno to euprons st about 250° (seo Chapler V, Scelion
3), but tho eatalytic decomposition of acctyleno over copper at somewhat
higher tenperntures lins been observed also (87, 26, 27, 33, 34). Man-
goneso (£/) was found to promots acetyleno decomposition above 480°,
Most of these reactions wero aecompanied by hydrogenation and the
appearance of traces of oily condensation produets of acetylene. In many

cnses particles of tho metals becamo distributed throughout the earbon
doposils, so that coating of the metal with enrbon didl not completely stop
the catalytic cffect. Motals other than those mentionod above appear to
have littlo eifect on the rato of decomposition of acetylene (8). Tho effect
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