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THTRCDUCTION

Az a result of meny researches the functlions of catalysts
have been aiarifi%é, and sonme theoretical principles have ueen
establizshed leading to the prediction of an efficient catalyst
for any resction thermodynamically possible. These results
serve to further the lnterest in catalytic research.

A catalyst does not contribute energy to a reacting sys-
tem, since the catalyst emerges from the reactlion without
loas or chemical chenge. Herein lies one of the principal
practical sdvantsges of the catalytic apent, since 1t ensures

hat in the presence of minimal smounts of catalyst, lerge
Qaﬁntiti&ﬁ‘mf the reacting substance may be transformed. The
advantepges of & catelyst lle in its abllity to incresse the
rate of & glven resction or, ss 18 usually the cmse, to lower
the teuperature at which the resction will socur at a deslr-
able rate, and to direct the resctlion along & particular ?&t&
when several paths are avallable.

In many instances the catalyst for a perticular synthesis
has been determined by & study of the catslytic decomposition
of the desired product. Thset this study is expedient 1z amply
illustrated by the methancol asynthesls, In which the isolated
experinents of Babatier and Ipstlieflf on the catalytic decompo-~
gition of methenol served as 8 gulde in the searech for

catalyste to be used in its synthesis.



Experimental facts throughout the literasbture illustrate
the @ffi&ﬁaf*&f some catalyets to induce the decomposition
of orgenic cowmpounds in several directions, while other cata-
lysts @FQ@RG% Jecomposition in only ene directlion. To group
them under headings of de %*ﬁfﬁkﬁﬂﬁzqmﬂ or dehydration requlres
s chewlcal study of all the remctlions that mey cecur in any
glven cass; then and only t© % en may conclusions be drawn as to
g proper claseification.

Am an esxample of a cabelyst incorreetly clsssified,
mention may be mede of the work of Sabvetier and Mallhe (1),
in which nmagneslum oxide is liat@ﬁ as a dehydrogenating cata~
lyst w?i h produced ﬁlﬁé%@ﬁ@ decomposition from eothyl alcohol,
necanse at 560° ¢, treces of hydrogen are Tound. As bas been
so ably demonstrated by Tpatieff {(2) in the butadlens decom-
posltion of ethyl aleohol, ﬁbﬁ liberation of hydrogen is no
proof thst zldebyde decomposition has taken plsce. Thus,
wore dats are nscessary %&f@@e g final decision may be drawn.

The purpose of this rea@&réh is to arrive st sultable
conclugions concerning the effect of using magnezium oxlde as
& contact agent in-the decomposlition of aslcohol. To do that
it 1s necesszary bto study the reactlion experimentally under
the grestosd pospible variety of conditions, under gradients

of tewmperabure, pressure and spasce velocliy, with due

1. Sevstier and ¥Wallhe, fnn. chim. phys., (8) 20, 289-35¢
{1910).




"

conslderatlion beling placed on the nature of the tube used to
nold the cstalyst. This study reguires the use of high-
pressure egquipment, since the course of catalytlic reactions
and the nsture of the final product may be modilfled or changed
by the physical factor of pressure lor any glven texpsrature.

| This investipgation trsces the Influence of magnesium
oxide on the decowposition of ethyl alcohol under the follow-
ing conditlionay high and stwospheric pressures, low-space
veloclity, end the lower temperatures &t which the decomposi-
tion takes place.

Tt 15 quite evident thet there is st1ll much to be done

to this most Interesting decomposition under the inllusnce
of magnesiuyw oxide at other tswpsralurses, pressures, and
space velocitlias @gfﬁfﬁ its use either alons or with promot-~

ers ig definitely kneown.



HISTORICAL rEsunE

Catalyvtlic Decomposition of &Llcelol Under

Atospheric Pressure.

Previous to Ipatielf's work, observations had been re-
corded on the decomposition of ethyl alechol in the presence
of extraneous subsisnces, bubt no sugpestion had been made
that these @iff@#ﬁnﬁ materials caused the decomposition of ths
aloohol in & specifilic menner to produce different oproducts.
Hotable among the esriier recorded oussyrvatlons were those of
Diewann, ?fﬁ@&tﬁyﬁ, Leuwrenburg, and Bondt (&). They showed
that et high temperatures and in the presence of kaolin the
zas obtalined from the decowpositlieon of slechol wes predomin-
ately ethylene. Obher lnvestigaztors had rscorded separate,
but discordant, observations on the decowmpositlion of alea&él.
Deumen (4] reported the presence of a ges whickh burned with a

.

gslightly luminous flame when glecchol vapor was passed through

a plowing tube. Harchand {5) reported the finding of sldshyde,

gas, and carbon by passing ethyl alcechel through & clowing

S Delmenn, ven Troostswyk, Leuwerenburg, and Bendt, Ann.
?bg«ig, 2, ?ﬁimﬁlﬁ (1999} .

4, Tpatiers, "alumi @iagﬁxgé als K&t&l?ﬁ&tﬁ? in der
%rgmﬁiacken Chemle,” Akadewmlsche ¥ @rlagwM eselischalt F.B.E,.,
el wﬁi% Pe 1. 1829,

B %arab&ﬁﬁ, Je prakt. Chem., 15, 1-16 (1838).
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porcelain [a fired mixture of kaolin {liphlg(810Q,),Ho0) and
feldspar (KA181.05)] tube. Berthelot (&) detected small
gmounts of aldehyde and hydrogen In the produets resulting
fror the passage of alceohol through 8 glewing peorcelalin btubs
packed with pumice:; Sassure (7] d1d not ohserve the formation
of sléenyde in similar experiments. Hef (&} observed two
simultanecus reactions in the decomposition of aleohol by
héﬁt in which hydrogen and water wers e¢liminsted, with =
yf&@ﬁﬁé&?&nﬁﬂ of the former.

Because of the psucity of dats recorded in the literature
no comeluslion could be drawn &8 To whether the decomposition
ef ethyl alcohol wes gpecifiec or haphagard, and one could not
conclude that alechol decomposed inte aldehiyde and hydrogen
under the sole Influence of hest, because the slight forma-
tion of sldehyde might have been due to the oxidation of
aleehel by the oxygen of the alr in the spparatus at the start
of the ezperiment, eor secondly, the carbon which is slweysy
formed from alochel st high teupsraturss in the presence of
punice might have acted as a catalyst for the decomposiiion
of aleohol. In splte of these diffieculties, atteumpis were
pade to write the egquation for the decomposition of aleohol
at high termperastures. However, 1t weoes Ipstieff's work in

1800 thet first drew sclentifio attentlon to the efficacy of

6. HBertheleot, Ann., 81, 108-117 (1l882).

7. Ipatieff, "Catalytic remchtions at high pressures and
temperatures,” The ¥eomillan lo., Yew York, p. 1. 1838,

%p ?:@f, m;, é@i}i, 15?"‘%;‘%{) {19{}}-}4:



a catelyst to influence the course of a decomposition,
because, as first noted by Ipatierf (2}, the produects ob-
tained from the decomposition of sleoochel depended upon the
tubes used in thig pyrolytic reaction. (ther investigators
had failsd to atbtach any sipgnificance whatsoeever to the
particular materisle of which the tubes used in the experi-
ments were mado.

Ipatief? (10) began his study of pyrolytic and catalytic
regctions with the decompositlion of aleahols and found that
upon the passape of ethyl alechol in the form of vapor through

a hard gless tube at TOO® (. the aleohol elmply distillesd over

=
i,

Hhe Finimum

%
%

§

through the tube without appreecisble loss in wel
ancunts of ges were lliberated. 4g the temperatures Iineressed,
the decomposition of nlcohol becawme apparent by the liberation
of gas and the fermation of acetaldehyde. At 800 to 850° L.
decompos ition beceme energetlc. Dortholet and Jungflsisch
{11} reported s tewmpersture of BOOY £, as the initial tempers-
ture fer ethanel decompoeition In contrast to the wsuch higher
temperature piven by Ipatieff for comparable experimental
cenditions. These ﬁi&ﬁ&?ﬁﬁﬁﬁ‘ﬁﬁéilﬁﬁ mipght have been due to

ifferences In tine of nitect or differences in methods of

ga }, &tﬁ“?f, 33*‘325%, t}'}i’ g"‘%;{;*ﬁ?ﬁu ‘(}-J{}l}t
patieff, Ter., o5&, 3&79-3509 o1} .

1l. Bertholet mnd gznﬁfiﬁigcwa, ““ itf sleventaire de Chewle
organigque,” 1886, End Ed., ?@&« 1, pe 2863 through Narsk
end Hhakn, "The ﬁa%&igtie oxidetion of orzaniec compounds

in the vapor phass,” The Cheslesl Catslop Ueo., Inc., New

York, p. 39, 1932.

Pt
L
¥

?WZ
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temperature measurement. Expsrimental date by Ipatlel?
indlested that the amount of alcohel decomposed depended not
only on the tewperdture of the non-catalytic decaomposition,
but also on the 1$n§t§ of time the wvar DOTE WETe sublected to
the tesperature of the heated part of the tube. Therelore,
to veke sxperiments comparable, the veper velooclty wasg so

¥ as

fixed that egual gquantitles of alecochol passed through the tube

£

per unlit of time: some 150 prams of aleochol were Glstlilled
pver In an hour.

*

Ipatielf found that when 140 grams of ethyl slcohol were

i

glace tube at 800° te 820° ., BO grams
graatsr part of that decomposed wus converted

&

scetaldehyde. The acebaldehyde at higher

wged [urther inte simpler gsses. le

f

determined the smount of eldenhyde obtained in tﬁa decompos
tlon in the form of aldebyde ammonia. From the weipght of the
erystalline eldehyde ammonie the yleld of aldshyde was cal-
culated. Altogether nine gramg of aldehyde were obitained

8 of the gas gave the following results: 11.% per cent

fos

Analys!
ethylene, 1l8.9 per cent carbopn monoxide, £6.2 per cent
methane, and 41,3 per cent bydrogen. After the removel of
ethylene the gases contsined 21.8 per cent carbon monoxide,
4148 per cont hydropgen, and 31.3 per cent methane.

Inatieff {(10) deSersined the amount of slcohol which was

dehydrated to lorm ethylene and water. One bundred forty

grame of alcokel were passed through the glass tube st B20°
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to 830° C.; B9 grams decomposad. The gas obtained by the
decomposition was pessed through a {lask conteining bromine;
45 prewms of ethylene bromide were obtained. Assumlng that
21l the sthylene obtzinad originated rom the decomposition
of sleeckol dirsctly inteo ethylens end water, one might Judge

that about 12 prawms of alochel should have bsen Jdecomposed

in a manner Indleated by the equatlon CoH.O0H =» Col; + Hols

The cther 47 grams of aslcehol might have undergone decompo-

sitlon according te snother reactlion, Sgﬁ%§H - fg + Qﬁgﬁﬁ@,
: _

to pive about two grams of hydrogen and 48 prass of

fpwever, the experiment showed only 17 grams of sldehyde, the

remaining 28 grams of sldehvde decodposing at the above-

ﬁ

wentioned tepperature chlefly into csrbon ronoxide and methane

according to the oquation CHLLHC -~ CO0 + CEge  Buch g re-

¥

action should thervelore vield ten grams of pethane and 15 graws

Bl

=

of carben monoxide. I these welghte of gwses are converted
to volumes under standard condlitlions, & mixture of these three
geses in the proportion stated would have the {ollowling com-
positlons 42 por gent hydrogen, 40 ner cent wmethans, 27 psr
cent carbon wonoxlde. The ﬂ&@gugit lon sctually found was
41.€ per cent hydrogen, 3l.4 per ceoent methane, £4.5 por cent
roon mencxlide. The compeslition of the gaﬁﬁéu@ mixzbure
gsetually found apgreed, therefore, gulte closely with thet of

the compoeition of ihe pas mixturs caleulsted on the basis

5]

of en sssumed course of decomposition. Such an agreement

Justifies the equations gliven. FPurthermore, from Ipsitlelf's
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resulte only about one-third of the aldelhyde Qrigingllg

formed 914 net have sulficient tims to decompose, the re-
mginder having split into carbon wonoxide and wethane. I

wag Pound that the higher the toewpesraturs of the decomposli-

tion of the

but because temperature a greater amount of

aldeh

decomposed. This fact was shown by an egualizatlion
of volumes 1n the gaseous mixture of hydrogen, esrbon mon-
oxide, and methane. On the octher hend, the lewer the tenpesra-
ture of the docomposition of the slechol the greater the
amount of aldehyde resained, and the grester was the percente
ags of hydropen in the gsseous wixbure. Consaquently the
approximate zourse of the pyropenetlic decowposition of the
alooh al may be judged Trom the composlition of tk gas [ormsd,
and, accordingly, Ipatisif concluded from his @ﬁ@arimmmtﬁ on
the pyrogenetic decompogition of sleohol et terperatures
above T00% C. in = hard zlage tube, bthat there sre two kinds

of decomposibtion: first, slcohol inte aldehyde and hydrogen,

and second, alecohol into ethylene and waler, with no itrace

of carbon feorzatlion in the tube In splie of the high tempera-

w.;
{Jf

tura, The latter fact, according to Ipatiefits sstimabtion
¥ £ : ]

&

*

i very lmportant, becsuse 1f earbon were formed, one ecould

3

not speak of two kindg of desompositlon of slocohol under thse
sole influsnce of heat, as carbon separatling st the beginning
of the reactlion wmlght set se & catalyst later on snd thereby

change the course of thes decomwposiitlon of alechol.
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Conbinuing his studles, Ipstieff (10) fﬁanﬁ‘tka e g of s T
genetlc decowpesition of sleohol In & platinum tube to be the
game as thet Iin a gleass tube, but the r&&ctiﬁé seeurred at &
lower temperature than that in the pgless tubs. In these ex-
Cperiments, the ethyl slcohol wag passed through a vlatinum
tube hested to & tesmperaturs of 660° ¢. 0Of 100 gr&ms of
aleoohol, 70 grams decomposed. Trom the ethylene bromlide formed
1t was caleulated 10 gremg of sleohol decompesed into @t%yé@n@
ang water, and the rexalining 60 grame Iinte aldebiyde and hydro-
Fen. Of the aldehyde considered to be formed sbout flve graws
were absorbed by samonlia, and the remaining 5L grams were
cong ldered to have detomposed into carbon monoxide and methane.

The obzerved oo

rosition of the pgas coincided quite well with
the celeniated dats of the gassous composition resvlting from
the above assumed decomposlilong the esleoulated cumposition
wang 4.2 per cent hydropgen, 32.9 per cent cerbon monoxide,
SZ2+8 per cent methane; the observed composition wes I8.4 per
cent hydrogen, 31.7 per cent carbon monoxide, 32.8 per cent
mothane. From the sequencs of sxperisents Ipatiefll concluded
that about one-seventh of ths alechol deconmposed iﬁ & @i&tiﬁum
tube te Torm ethylens and water, and the oiher $§x~sév@nﬁhﬁ
into ascetaldiehyde snd bhydrogen. ?ié*mf*tiizer%ms@, e obsorvesd as

.

before that the higher the terperature of deocomposlition the
nearer will bs an approschk to equality in the resulling
volumes of hydropen, carben sonoxide, snd wethane. DResides

these wain resctions other slde reactions were cbserved, as
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in the caese of the glass tubs, notably the formation of srall
amounts of formeldehyde. Ipatieflf therefore conecluded from
his experiments on the decomposition of aleobol inm s platinum

tube that decomposition started st about 540° €. These experi-

wents Indiceted that platinum was 2 catelyst inm the decompo

4]

%
*

%

it i

¥

n of ethyl alechol, becsuse under the same tempersture
conditions the decumposition was three tines as great lo

platinum as in plsss tubss,.

Ipatielftas (12} ezperinentes on the decompogitlion of

P

-,

slcohol In a porcelalin btubs indlcated that decompeosition pro-
ceeded the same way as In ths glass tubs. In the sawms sorles
of experiments he cbserved thal, when aleohol wss passed
through a tube wade of pure red copper at & temperature of

=3

780% o BOO® ¢., he obtained spproximstely the sswme percent-

&

age products as he 414 in a8 plass tube; thereby he concluded
that pure red copper was not a8 catsliyet for the dscomposition
of sleohol. His sxperizents with slcokol sarried out In &n
aluwninun tubs and in & gless tube filled with pulverized
aluminum, with both gbseclute and 96 per cent slechol, showed
no decompogition when hested to & bemperature of 600° C.

Ipatier? {2, 10, 1B} was lvpressed with the enormous

T

infiuence of iron on the decomposition of aleohel st high

.

temperatures; 1t was th ivat cetalyst whieh he discoversd

*

for the debydropenation of aleohel. FHe observed that if the

vapors of pripary slechels {in thls csse sthyl aleshol) wers

12. Ipatieff, Ber., 55, 1047-1087 (1902).
& F ¥ Wiy
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passed through an iron tube @r‘thrcugﬁ & glass tube contain-
ing iron Pilings an energetic decomposlitlion of alcohel into
eldehyde end hydrogen ensued at a tempersture of 460° to 4800
Ineresses in the tewpersture of thile catslytic rescitlion in-
creased its veloclity, and et certain temperatures the aldehyde
whlech was lormed starisd to decomposs, principally Inte
zaturated bydrocarbons and carbon monoxide. In some caszes,
the experiments showed thet part of the sldehyds decomposed

to zive swmell amounts of oleflins. The gr@gsﬁae’ef olelins
wight have been explsined, kewsver, by the decomposition of &
saturated hydrecsrbon into olefins and hvdrogen, and the pres-

ence of satursted bhydrocarbong by the reduction of carbon

wonoxide to methane Iin the presence of cetslytic iron. Carbon

gdeposlts were noted on the surfaces of the iron, the smounts
depending on the tewperaturs of the resctlion. The lowsy the
temperature of the decomposition of the salecekol in ths pres-
¢nce of iron the more repularly the sldehvde decomposition
procseded, with the liberationm of a gas consisting chieflly of
bydroegen. The above conclusions were drawn from the follow-
ing experiments: 1Y2 grams of slecohel were passed through

an iren tube &t Y0O® ., 144 grems decomposed, 20 grams of

aldehyde were formed, and 27 grame of esrben were obtalned.

Under the ssme condlitions, when he used 195 prams of slechol

at 600° C., only £3 grams of sleobol decomposed, and 12 grams

of sldehyde and three grams of carbon were obtalned. The gas

analyals in the first csze was U.B per cent ethylens, 21.1
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per cent carbon monoxide, 1Z2.1 per cent methane, €5.9 per
cent hydrogen, and in the second case 5.0 per cent ethylens,
10.9 per cent carbon wonoxide, 10.5 pe nt methane, 71.9
per cant hydrogen.

Because ol the formation of carbon in these particulsar
gxperiments Ipatiell belleved ithet part of the decompositlon

&

wag probably due to the carbon forved. %o answer the guse-
tion whether carbon wounld produce such decompositlon of
sleohel, aleohol was passed through & glese tube contasining
carbon which wes Tree from iron. Ab 7002 O, from 134 groms
of sloohol, 17 prams were decomposed, and four grams of
aldehyde were obteined. The carbon did not incresasse In
welght, An apalyslis of the pas gave the folliowlng resultss
S

.8 per cent uvnsabursted nydrocarbone, 3.2 per cent carbon

moporids, 48.8 per cent hydrogen, and 22.2 per cent methans.

3

Thue it appeared that iron wag the casuse of the separation
of ecarven during the decompositlion of slechel. Yhen a
winimur amount of lron was mixed with the carbon, and 136

grams of elechel passed throm

the tube containing the wmix-
ture at 8009 ., 17 grams of aldshiyde were produced and the
carbon galned 4.5 grams In weight; nine grams of ethylens
bromide resulted when the exit gase was pmasad Inte bromine,
indicating thet the decompositlion is the saze as in the iron
tube. Ipatlsl! concluded {rom these experiments that iron

waa an ensrgetic catalyest Tor ths decomposition of aleohol

asnd that 1t eppesared to ceunsge the separstion of srbon.



Ipatief ! csrrisd cul an sxperiment to determine whethsr the
cerbon separation in the presence of lren was dus Lo the
decomposition of aleohol or of aldehyde. In this experiment

131 grems of pareldehyde were passed througb e&n iron tube st

5000 C., 182

e

grama were Jdeconposed, and 17 grams of carbon

were oblsined. The composition of the ges was as follows:

three pear cent eihylens, 42.8 per cent carbon meonoxide, SH.5

per cent methane, 17 per cent hydreogen, showling that the
oroducts of the decomposlitlon of sgetaldehyde in the
presence of lrom are methane and carbon monoxide. Deosuse of
tie larpe carbon dupositlon In this experiment, 1t was cone
cluaded that the c&ybw§ obtalned Iin the decompeslition of sthyl
gleohel was primarily due to the decowposition of aldehyds

in the presence of catalytic iron. BSenderens (1Z) stated
that when slechel vapors were passed over amorphous carbon
some formsldehyde was produced. The gas from the resetion

contained B4.7 per cont msthane, 35.5 per cent ethylene, 4.5

&

o

per cent carbon nonoxide, and 4.5 per cent hvdrogen. This
high percentage of metbzne and low percentage of hydrogen and

'

iiffersd materially fron Ipatlelf's results

[
&
b
ey
5
i
o
ol
)
j 24
Fedn
O
o
S

Ipatielf {10), in order to deternine which metals pro-

duced decompogition of slcobol, conducted z whole series of

413

experiments, noting the effect of other metals which might

produce cuntalylic decomposition. Among those tried were

13. Senderens, Cowmp. rend., 144, 381-3685 (1007).
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Labatler end Senderens (14, 156) showed that reduced

nickel vromoted the catalytlie deno

sidenyde and bydrogen, but thet reduced

terperatures, 178% C., decorposed the
carben wonoxide and satursted hydrocaritons., Bouveaull {18)

gine converted gleohol

or nickel catalysts at

3

cent yleld of aldehyde. AL

terperaturss the sldebhyde
decomposed, and dehydration to ethylene also took plsce.
Later frmstrong and Hilditeh (17) reported & 355.7 par cent
vield of asldebyds frow slechol in the presence of g nlckel
catalyst at 840° of 260° . Farlier Ipatiefr (12) pointed

out that this oroperty of reduced nlckel, which promotes the

=] . Nl . S 3 %
formation of estursted

T e gy Lo Py (. P AL
rocay 8, makes thils netal unsulie-

7%

able for the decompoglition of asalecobol inteo sldenvde.
Ipatiel! also showsd the influence of the dispersion of

urss of bhe deeomposition of

o

the metsal catalyst on the ¢
wl
o 3

aleohol by the use of zine dust. Fis dats indlcated that

about one-half of the alcohoel decomposed into et

rde and Lydropen. In

w

water, and the other one-hall inte aldeh

esrlier experiments, Jabn (18} decomposed nleohol, using zine

14. Sabatier and %8%&@?&&3, Comp. rend., 156, 983-086 (1903).

15. Sebatier and Senderens, 4Ann. ohim. phys., (B} 4, 20l-408
{1908). T -

18. Bouveault, lel. soc. chiwm., (4) 3, 119-124 (1%08),

17. Armstrong and iluitaw, Proc. Roy. Soc., 974, 259-264
(1920).

18. Jakn, Ber. 13, 983-890 (1880).




dust as n gatalyst at tewperatures from 300% to 3500 C.,
obtalning chiefly ethylene end water, In another experiment
nsing & terperature of abeut 600° C., he obtained, in mddi-
tion to these products, considerable guantitles of sldehyde
and hydrogens

Ipatieff (10) showed nlso that the zine alloy with copper,
namely brass (33 per cent zine and &Y gﬁr cent copper), decom-
posed sleohol near tewperatures of 600° . ﬁgrban denogite
were slight, being less than one per cent.

Ipatieff (10, 12) conducted & series of experiments on
the decomposition of slechol in the presence of wetsllic
oxides, showing particularly that ozxides tske part in th
catalytic decomposition of alechol. ELxperimentally, he showed
thet practically no dscomposition ocourred when he passed
alechel over molten tin heated to from 660° to Y00® C. How-

&

ever, when he pleeed tin oxldes in the tube, an energetlic

decomposition took place at 850Y to 660° . He carried out

the é&mﬂ experiment with copper and copper oxlde, and found
that red coppsr was not s catalyst for the decomposition of
alcohel., Gabatler and Sendersns (15, 19) showed that copper
oxlde reduced by the dehydrogenstion of alcohols inte finely
disperscd copper containing coprer oxlide was o catslyst.

¥Yrom the resulits of his experiments on the decomposition
of alechol in the pressnce of wobsls and wetsllic oxides,

Ipatieff (12) drew the following conclusions:

19. Bebstler and Ssenderens, Comp. rend., 136, 738-741 (1903).




l. If a metal is & catelyst in the aldshydlc decomposi-
tion of sleokhol, its oxide ususlly posgesses the same
properiles elthourh 1t is not capable of being reduced to

2t

finely divided wetal} f@r exaxple, zine and zlne oxlde are
both excellent catalyete.

«» The catalytic asetivity of the metal and its oxilde
seoemg to be y@latad te the nesition of the slement in the
periediec syatenm of elemsnts. The metels srrangsd according
te their incressing ability to form the sldehydic decomposi~
tion of alcokbol sre sg follows: cahromium, manganese, Iiron,
cobalt, nickel, copper, and zine, the Qfﬁﬁf of which is the
same ag thelr ipereaesing sbomle numbers. In this serles
chromiunm causes only llsht deconmposition st high tenpers-
tures, éad& rese and iron are good catalysts, cobalt and
nickel are very rezsctive, and reduced copper and setallic
zine are the best eatelysts Tor the deecomposition of aleochol.

S. The ability eof the wetsls to decompose the catalyti-
cally formed aldehyde into satursted hydrocarbons and carbon
monoxide inereases in the series of setalysts--mangsanese,
iron, cobalt, &nd nickel. The reduced copper and zine causesn
no deconpozlition.

4. ¥etals snd metallic oxides of higk moleeculsr welzht
induced the two typse of slechollc decomposition, dehydro-

genation and debydration. Nowever, dehydrogenation was not

ochgerved with tunpsten and ursnlum oxid

&

B
Armetrong and Tilditeh (17}, studying the degomposition

of ethyl alcolhol In the presence of copper, obtalned & yleld
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of from 90 to 98 per ceont acetaldehyde at 300° ¢. They found
that the presence of water lmproved the yileld of ascetsldehyde;

trat ms the tesperature was ralsed the yield of asldehyde was

considerably lessened, although the amount of alcohol decome

o

posed and the volume of bydrogen produced were such incressed;
that at bhigher texpersturess the yield of aldebyde was in-
proved by the use of sleohol contelining & larger proportion
of water; that when anbydrous eleoohol wag used, the vyield of
slderyde even at 300° C. wes conslderably decreased. Small
guantities of n-buntrric sldehyde, erotonlic aldehyde, and

ethyl scetate were alvo obtained In sll thelr experivents.

Again attentlon must be called to the differe

catalytic setivity of one and the seame metal under

regition. Thus, for exssple, eleg-

conditions of physiesl ag
trolytic copper is nct effective as o catalyet Iin the dehydro-
genatlon of slcohol, wheresas copper prepared In other ways

may te extremely active (20, 21, 22, £3, 24). Sabatlier and
Senderensg (25, 26) reported that finely divided copper was
preexinent susong the metels In its ﬁgﬁiitv to facliitate the

formation of gldehyde from slechol; but Ipatiel? reported
» b

e

20. Constable, Proc. hov. Soe., 1104, 203-301 (1826).

£1. Palmer, Proc. Koy. Sece., 284, 15-86 (1920); 99, 412-485
{ “”1}§

28. Gsuger, J. Am. Ulemi Soc., 47, 2276-2282 (1828).

£23. A“k;nﬁ, J, nn Lnem. S0C., %%, 2175-2168 (1922).

24. Legg and Adawm, Tritish retent 166,249, Sept. 3, 1913.
G. A. 18, 801 {Xﬁgﬂ},

25. uaua?%ww and Senderens, Ann. chim. phya., (8) 4, 319-422,
453-488 (1905} . -

26, davatier, Per., 44, 1884-2001 (1911).




the sctivity copper weakened greatly with use,

and thet it was néver possible Lo obtain as large a yield of
aldehyde with copper sz with zines In ble experiwent,

freshly reduced copper deecomposed aleohol into hydrogen and
asldehyse between the temperabures of 4209 and 4500 ¢. 7The
activity, however, decrsased, and an increasse in tewperaburs
was required up to H30% or BYOY {.

Billigan and Reid (Q?) uses the oxides of cerium for the
dehydrogenstion of ethyl alcohel, the dlioxide beling more
active than the trloxide, but less stable. Large amounts of
corbon dloxide wers also formed. The addition of smull
amounts of manganese oxide to cerie Incressed its sctivity,
according to Anlsimov (28).

Sabatlier and ¥eilbe (1] found thet magnesia, prepared by
hesting magnesiun | u?ufﬁxiéa below 4009 C., exercised very
little catalybtic sotion on primary eloohels. A smell amount

of pas, whlch wee slmost pure bydrogen, wasz obtelned when

ethyl sleohel wse passed over magnesls &b 380° C.

It bas been stated that when ethapnol is passed over mag-
nesiut coxide suprcorted on wood chareoal 2t a tewperature of
%W%Q to 4300 C,, bubanol, ethyl acetete, and zcetsldebyde are
obtained., When mesnganese carbonate or zine oxlde Ils used on
wood charcoal at & t@mg%?ﬁtufﬁ of 4500 (., utanol and

sldehyde are obtalined., 4n sotlveted magnesium oxide catalyst

27. ¥illigan and Reid, J. Am. Chem., 44, 202-205 (1922).
28. inisimov, J. Gen. (Tem., {U.0.8.8.7, 7, 1931 (1939},
ﬁ- ‘%‘e :%:%; BB {}-g:ﬁﬁ}‘
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can bhe prepared when precizitstsed magnesium hydroxlde is

heated at 4000 . (2%, 30).

W

Miller {(81) decomnoss leohol in & novel way. 4An elegw
tric are from iron and carbon glectrodes was played under the

surface of 1.1 literg of slcokhoel In & copper vessel attached

to a copper roflux condenser, for five hours. 7The products

s

of the resciblon wers

1. Porty-elsh

o

12’3 Lo 15(} i’;., gonte iy '}iﬁg L4 o, &Egﬁhﬂl and f»{“}:r vo. of
acebaldehyie.
2. Sixty ce. of condensate, collected at -40° o -80° 0.,

-

which in s8ddition to alcoobol contzinesd of acetaldio~

hyde and 2.5 cc. of acetvlenss. Prom the latter was lsolsted
about C.8 to 1.0 gram butadiyne, BOSCC=CH, to evsry lliter of
sleohol decomposed. Tt polymerized above 0° C,

35« Une thousand tﬁm bundred 1liters of pas from which the
108 ce. of the condenssaies in 1 and 2 were taken. The rewaln-

ing gas anslyzed asg follows: 406.2 to 48.9 on,

20«4 to 23.8 per cent carbon monoxide, §.8

£
=]

paralfing, 6.0 to 9.6

e

gr cent ethylene, and 7.0 Lo 9.9 per

cent ascetylene.

29+ Consortium fir Elektroch. Tnd., French Pat. 648,169 (1887}

Barek and IHahn, “ég?*¢y ie Cxidation of Organie Compounds

in the Yapor %h&ﬁﬁn The Uhenlcal Catalog Co., Hew York,
}31 E:*V?n %58&

3. Barine Chemicsls Ns., Ltd., Freneh Patent 812,575, Fay 12,
1BE7 Cwe Ao wftg, OEG {}.9&%}»

31. riller, Trelv. Chim. Acts, 8, 021-825 (1925).
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To summarize briefly, during the pyrogenetic decomposi~
tion of aleochol under the Influence of catalytic agents,
chiefly aldehyde and hydrogen were formed. In addition to
this reaction, there was considerable decomposition of the
alcobol inte ethylens and water; especially was this notice-
able in glass'ané platinum bubes. As noted pm@éieusly, in
experiments confucted by Ipatieff (10} and Jahn (18), the
decomposition of aleohol in the presence of zine dust at
'550° C. proceeded egually well In the two directions. In
some of hils experiments to determine whether iron or carbon
was the actual c¢atalyst in the aldehyds decomposition of
alechol at 600° C., Ipatieff used a graphite tube containing
e necessary binder (keolin}. Beyond all expectations, an
entirely different resction seemed to take plasce. The exit
gas on bubbling through bromine yielded pure ethylene bromide.
The ligquld remaining in the recelver consisted only of water,
undecomposed alcobol, and & slight trace of aldehyde; from
these results he concluded that there was & new catalyst in
the graphite mass which produced & specific decomposition of
alcchol into olefin and water. A study of the component
parts of the graphite tube led Ipatieff (32} to the opiniocn
that 1t was alumina. Earlier observations by four Dutech
chemlsts, Deimann, van Troostswyk, Lauwersnburg, and Banét £3)
indicated this possibility, but they gave no indleation of
tﬁa temperature required, the yleld of ethyiene, or thé

32. Ipatleff, Ber., 36, 1057-10864 (1902).
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wanner of oxperimentation. In his expsriments, lpatleffl
found that pure graphlte fﬁa@ from iron Ji¢ not catalyze the
decomposition of alechol inte etbhyleane and water at 600° (.
To determine further the quention as o which of the ingredi-
ents of the ;*&mz te was tlhe catalyst in the olefln decowpo-

gltlion of slcebol, sillicic zeld and aluminy were glso gtudled

smperstures,  In the experiments caritied oub w

t1lica heated to 6509 ¢., from 150 grams Q?iéiaghel
nosed, 2lightly more than 140 grams remained unéesampaé&é;
but when slumine was used instesd of silics the aleohinl was
readlily éeaﬁmgﬁﬁéé inte olefin end water. & quaentitstive
decomsesition into these substances wae obtalned by rerulat-
ing the yate of flow of the sleohel Into the catalyst @3@6,
and the hempermture of the aluwmina eatalyst. In ﬁer@'@etail,
these @*ﬁ%?i%%n*& soncerning the decomposition of alcohol
were garried oot ae f@izﬁwﬁi several i lﬁﬁa experiments wore
run in which slechol was psssed through glass and copper
tubss under the saws condlilons s were to be used in the
degomposition of slechol in the prezence of alumins. When
100 gram& of ethyl aloohol were passed through & glmas tube
at & tespersture of 6109 to 8309 C. feor 70 minutes, the sir
v%&iﬂg first dieplaced by nitrogen, 10 grame of aleohol
decomposed, Witk alumina in s copper tube, ethyl alcchol
beran to decompose into sthylene and weter et 360° ., the
optimum tempersture beling from 420% teo 450¢ C. That ne

o

decompogition into sldehyde and hydrosen took plece was proved



by a specliel experizment In which the origimal aly present

fi?:

was sweph oul by cerbon Jdioxide; 100 grameg of ethyl alcobiol

were passed in ons hour over 12 srems of alumina heated to

£
&
nF

w

a bempersture of 380° ¢. The ges cobtained was 97.7 per cent

&
4

%t&g&%ﬁa, determined ng ethylens bromlde. Aboul one gram
divinyl tetrabromide was also formed. The 1iquid which col-
lected in the receiver during the resotlen counsisted of

water and unchsnged aleobhol free from even & trsoce of aldehyde.
This ezperiment seemad to indlecate thet the slumine under the

g

conditions of the experiment promoied only the ethylene de~
compesition of ethyl aleohel, and only when air was present
in the spparsbus was scebaldehiyde formed. In experiments
gonducted at ordinary pressure with alumine in elther th

iron or copper tubs, Ipatieff (38} noted that ethyl sther was

formed in slignilicant awounts only st the lower %

seratures

o
o

pf decomposition. Sabatier and ¥silhe (1) substantiated these

Purthermore, Ipatieflf showed that at lower pres-
sures sn iron tube with slumine promoted pure sethylene Jdecom-
cosition up to temperatures of ebout 4509 to 460° C., but
above these tosperabturzs iron began to functlion catslytically,
promoting aldshydes decomuosition, and at s temperasture of
about S20Y O, the ethylenc end sldehyde decompos’tione were
about equal in rete.

Ipstieff (33) cbserved that not every sawple of alumina

wag &8 good cetslyst for the dshydration of slecohol, sone

&3+ Ipetieff, Per., 3Y, 2086-5008 (1804).



samples requiring a bemperature of 360° to 400° C., others s
terperature of 5009 to 5500 (. Some samples yielded & product
contalining only from 80 to 80 per cent olefin, the rowmaining

-

being carbon wmonoxlds, and methane. Hiperiments

led Ipatief? to conclude that the requlrement necessary for

cetalytic sctivity wae that aluwina must contsln o minimum

P

amount of water of hydration, corresponding sonmewnhabt Lo the

formulae ALCOH. And thus, when slumine is prepared for cata-

iytlic work by precipitation and drying, 1t should not be

heated too strongly, that is, not above 400° C. The properly

&

*

prepared product dilssolves eesily in hydrotinlorie or sulphuric

acid, and elsc in concentrated scdium hylroxide solutions.

J

Senderens (34) found thet nreciniteted silica or wmoder-

ately calelined alumina denhydrated aslechel, giving pure

ethylens., If the czlcinatlion of slunina is strong and long

continued, the catelytic power ls lessg actlive and tends to

i

change In charscter, so that 1t debydrogenates only part of
the alcohol. |

4Alexender, Forn and Munro (35, 36), investipating the
catalytle delydration of ethyl alecchol by sluming, found that
the water content of the catelyst affected ﬂ%t only its

activity but also the course of the reaction. For the par-

tleulsr aluminum oxide used, there was one opltimum water

&4. Senderens, Bull. seoc. shim., {(4), 3, 197-202 (1808).

3%. Alexander, lorn and Munro, Cen. J. Aesearch, 15, 438~
%6 {1937). - -

36. ¥unro and Horn, Cen. J. Besearch, 12, 707-710 (1935).
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content for the production of ethylene.

Ipatieff (2, 33) showed that, when ethyl slcohol was
passed through & eaﬁgag tube conteining alumina which had
been stronpgly ignited, the éﬁeam§ﬁsiﬁien temperature of the
aleohol was higher, end the ethylene produced was not purs,
being contaminated with carbon monoxide, methane, and hydrogen.
The exit gas, when passed through bromine at 0° C., formed
eéthylene bromide, and & certain amount of a h&gh boliling pfaﬁ»
wet which proved to be buﬁaéiama tetrabromide. Epatiaff nsﬁsn
fully investigated this formetion of bﬁt&éiﬁn& from ethyl
aloochol end was led to the discovery of a new pyrolytic re-
action of ethancl. When ethyl alcohol wag passed over powdered
aluminum et 600° C., & special sort of decomposition took
place; besides acetaldehyde and ethylene, there w&a a e@ﬂéiém
erable smount of diolefin, butadlene, fﬁ%&ﬁé, - Contact time
and temperature played ﬁﬁ‘imye?%ant part in this reaction as
regards the yleld of buitadlense. Lebedev (37) later p&ﬁen@ed &
method for the production of butadiene by heating alcohols ak
400° ¢. in the presence of a dehydrating eatalyst and a dehy-
drogenating eastalyst, such as zinﬁ oxide and aluminum oxide.

Pesse and Yung {38) obtained apprecisble guantities of
diethyl ether as well as ethylene from ethyl alcohol In the

presence of slumina at 275% and 300° C., the amount of alcochol

37. Lebedev, British Patent 331,482, Jan. 30, 1929, C. A. 25,
115 (1931). |
38. Pease and Yung, J. Am. Chem. Soc., 46, 390-403 (1924).



decomposed stteining & maxinum corresponding to about 85 per
cent conversion. The maxisum ylseld of ether obtained was
€0 per cent at 250% C., while the slcohol waes completely de-
hydrated to form eﬁﬁylﬁnﬁ-&t 3500 €. The presence of watey
vapor and ethylene diminlehed somewhat the elficlency of the
atalyst to dehydrate sleohol. Clark, Orsham, and Winter
(39), howsver, reported a yield of 81 per cent ether when
alcohol wes passed at the opbtimum rate of Flow {16 to 20 ce.
per hﬁur} over sluming in a pyrex tube at 280° C.  Alverado
{40), investigating the results of Pease and Yung, and those
Clark, Crabam, snd #inter, gtudied the catelytic dehydra-
tion of ethanol by aluvina at 260°, 3009, and 3854° C. Ee
obtained & yield of B2.2 per cent ether at 2659 C.; 73.5 per
cent abt 300° C.; and 55 per cent at I54° C.; and he thereby
confirmed the higher value given by Clark, Crabsm, and
Winter.

Alvaredo concluded that dehydration of alcohol is at
least & twoe-step procsss; [lrst the goroduction of sther, and
second the debydratlion of sether to sthylespne. Dats obisin
by Kearby (41) in his studies on the dehydration of ethyl
alcobol in the presence of different slumine catalysis con-

firm the bhypothesis that ether iz zn intermediste preduet in

39. Clark, CGrahem, and %inter, J. Am. Chem. Soc., 47, 2748~
2783 (1988).

40, élvar&uo, Je Ama Lhem. S0c., BO, 780-782 (1928).

41. Kearby, Chem. Age (London), o7, 427-428 (1937).



n alechel. In contrast, Adkins and

ridsncee obtalned In thelr ex-
periwsnts on the debydration of nlcohols in the presence of

alumine, that the Formstlon of ethylene takes place

from the alecohol and not by way of the ether, for although
ethyl aleohol in contact with aluming glves the same rate of
production of etbylene at 4000 C. ase sther, this i not true
for butyl sleoobel and its ether, neor Jo etbyl aleehol and
asther underge debhydration at eguael rates 17 catalysts other
than aluming are used.

slder (43), studying the effect of added water on the

dek found that the presence of water in

the aleohol was unfavorable to dehydration, and when present

ﬁ?

in large swounts Iinduced dehydrogenstion.

<

Coris {44} investigatsed the effect of tewpsrature, rate

of flow of the liguid over the cetelyst, and the concentra-

tion of the aleohol on the dsom

position of ethyl ealcohol in
the presence of alumina. AL 420° to 4500 (., 66.9 per cent
aleokol was practically all decomposged, bab with slecohol con-
taining mere than 20 per cent water unsatislfsctory results

2,

Bliss and Dodpe (45} studied ihe dehydration of alechol

42. Adklns and Perkins, J. im. Chem. Soc., 47, 1163-1167
(1925). N
48, ﬁﬁﬁ&lder Jde Phya. Chewn
44. Goris, Chimle et indus
45, Bllss and LOGpe€, inGs

Tr 5@, 11, 449452 {EQ&@};
Eng. ‘fjﬁm., 29, 19-25 (1937).




.,

and the hydration of ethylene, using slumina, aluming mixed
with tungstic acid, svlfurie acid, phosphorie acld, potsssium
hydroxide, sluminum borabte, and a2luminum sulfate. They
found that all the eatalyste, if neot gliven specisl sctlivation
trestment continuously, diminished in activity. The addition
of two per cent of tungetie oxlde or phosvhoric aeid to
alurina inereased its Initlial setiviby.

Senderens (46) carried out & seriss of investigetlions
on the catelybic activity of sluming and aluminum sslts in
the ethylens snd weter decomposition of alechol. Suck cata-
lyets ss slunminom phosrhate, siumipum silicats, and anhydrous
aluminus sulfats 2ll gave praetically pure ethvlene, but th
gpeed of dehydrstion wes different. Later he found that
sodium bisulllte ylelded olefins at lower bterperatures than
aluwins or aluminum sealts.

Jatker snd VWatezon (47) studled the elffeect of &;ﬁﬁima,
bagle aluwainum sulfate, sluminum sulfate, chrome alum, and
potassium slum as catelyste for the vreraration of sther from
aleohol. They ound that potesssiuvm slum wae the most effle-

cient ﬁﬁt&}ymtﬁ At 228° ¢., which was the optimum terperaturs,

4

75 per cent of the slcobol wss converted inte ether. They

obheerved nc eppreciable dscomposition of sleorol into

&t temperatures below Z70° €, Hallhe and Codon (48)

46. Senderens, ann. him. phys., (&) 25, 449-528 (1912).
4%. Jatkar end } &tﬁan, J. Soe. Crem. Ind., 4B, 168-170
{1828).

48. mﬁilh“ and Godon, Bull. goc. chir., 25, 565-568 (1919);
27, 121-126 (1920)7




stated that alum gave pure ether at 175% ¢, with no Tormation
of ethylene or aldehyde.

Toatielf's discovery of the cataly

i

tic properties
of aluning, Sabsbier and Eailbhe (1, 49, 80) also carried out
E ¥ ¥

sxpeyiments on the deson ition of aleohol with other oxides,

They found that thorlum oxide and the blue oxlde of tungsten

=)

e g A g T v oo PR < oty & g
ware very gopod for this

coneluded thet thoriam

oxide was the bost cataly sthviene decoppusitlion of

bl
%
fe}
e
3
(5]
b
e
3 J.
L d

aleohol, clalming that g setivity.

However, Ipatiefl (&2} pal catlion

of slumina Tor the oreparation of lene, and Bngelder {(43)

stated that alumine ls

because of 1ts chsapness, 1t lg the best cebalysl Tor comrer-
oial debydration. Brown and ﬁ@i@ﬁ{@l} studisd the sctlion of
the blue oxide of tunp:s i@m, alumins, thorils, and gilica gel
in the dehydretion of alechols at 220° o 500° C. &nd found
thet aluming and the blos oxide of tungsten save the largest
ethylerne f?%ﬂ ethyl aleohol.

Sendsrens (B2, 53) carried out o seriss

off experiments
witk such substances apg sglilles, sllisates, Bluminae, colcium

alfate, sluminue sullate, shos: harﬁ&,,&m§\w~@mazﬁ*@:,‘ Yo

)

o ey o 3 G e o ey g% Ry 5 P R i pes o
Tound that amorphous alonhol at 2189 to

48. Babatier and Mailhe, Bull. soec. chim., (4} 1, 107, 341,
- B24 {1907).

53Cs Lubatier and %&i?ﬂ&,~ﬁﬂmﬁ‘»?@ﬂﬁn, 1b0, BRI-828 (1910).
£l Brown and Reld, J. Phys. Chem., 28, 1077-1081 (1ef4).

!

ﬁg;’d@ﬂQﬁfﬁﬁﬂ,‘wﬁgﬂp rend., 144, 1109;1111 (1807).
3. Senderens, Iull. Boc. chim., (4) 1, 687-888 (1907).

"




that, becauvse 1%
g e o, O % £ v Fa o " T [P S, 3 e P —_— Tl s A
i not gatisfactory for the oroductlion of sthylens. Ie

found, howover,

b b‘é,i.; sty

Ipatiess (B85} oleims that the Initisl tenperature of the

decomposition of alechel with rhoscheorus is not bBelow 2509 0.,

e

the decomposition being more rapid at 3309 to 3609 ¢,, et

&

that 1t is reture thapn aluming

I phoschorus above

5

6 Yen, " Ed S e e T R
thare i sope dlstilla-

zloohol wes
Balarew {(£7) has

QEDS horous

sleohol s

S
ot
1Y
o

depends upon ite capaciby to unite with alkyl ! ater and

Bull, soc. ohilme, {4} 5, BE3-8%8 (15081,
@ff, "latelytic Reactione st High Pressures and
seratures,” The Nacrillan Go., New York, p. 76.

b6, Hef, aAnn., 218, 1-87%, 187-2050 (1@%1}.
57. Laleve¥, J. praxt. chem., 104, 368-377 (1928).
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thorie catalyst detersined to a grest extent its activity.
Thorla prepared Dby @?@@i@iéaﬁi@ﬁ~was Pound to 5@ far more
active than a simlilar catslyst produced by caleining the
nitrete. & precipitated thoris catalyet bsgan to debydrate
alechol at about 300° L. The bliue ozide of tungsten, pre-
pared by hesting the velleow oxids to 380° (. in alcochel vapor
was more active than thoria at temperatures up to 320° C.,

tut above this tevperaturs ﬁhe activity of the two cebtalysts
became about equal. Titanium oxide wse found to 5@ relatively
inactive sven at 350° . Under certain conditions thorls |
acted to a glight extent as & dehydrogenation catalyst, a fact
- also reported by Eramer and E@ié {61}, Gilfillan did not
obtain ether with any of these catalyets. Baskerville (&2)
garlisr had reporied thet no sther was formed from alechol

hen a thoria catelyst wee used even at tempersbures ss low

as 250° C. Levl (63), working with therium oxide catalysts

%

prepared in seven different wavs, reported that therlium oxilde

2

was an energetic catalyst for the formetlion of ethviene from
ethyl sleohol, and that no appreclable difference was found
in the catelytic sction of the different catelysts. |

Adkins asnd lLazier (84) found thst the sctivity of cata-

lysts varies preatly with the method of prevaration. 4 zine

8l. Krawer end Reld, J. Am. Chem. Soc., 43, 880-890 (1981).

62, Baskerville, J. Af. Grem. 600+, o0, 90=-06 (1913).

65. Levi, Attl scead. LTncel, (6) 2, 4318-422 (1925). L. 4.
20, 1018 T19%87. , -

4. Adkins and Lazier, J. Am. Chem. Soc., 48, 2201~-2305
(1924); 47, 1719 (1928); 48, 1671-18Y7 (1626).




cxide catalyst may be go wodified that 1t will give from four
to slx times as much dehydropenation sz dehydration of ethancl.
They also found that in the presence of zinc oxide catalysts
the preportion of dehydratlion to debydrogenation was practl-
celly independent of the t%m?ﬁ?&%m?ﬁ when the jemperaturs

renpe was 5409 te 440° C. Ordinary iron oxide gave & paseous
produnt with ethancl that canc&inéﬁ from BU bto 20 per cent
hyérocarbons et 4009 C., but an oxide mede Trom alkyl ferrites
gave no more bydrogarbons than 414 coppsr. Two distinet |
types of nickel are produced by reduction with aleohol, and
with hydrogen. These btypes Eavﬁ guite different powers in
the dehydrogenation of sleobol, and In thelr abillty teo break
the carbon to cerbon linkages. Uhe true cutalyst 1s not a

nickel oxide but metallic nickel., Adkine end Lagisr stated

that the spacing of ths sctive polnts on a nlckel catelyst

s

ls & matier @f‘fmﬁ§&W$mt&1 Importencte, ag in the case of non-
vedueible oxlide catalyste. One of the marked characteristics
of all anickel cabtalysts Is thelr proncunced abllity to break
the carbon to carbvon linkages.

mylor (85} has statsed that the presence of sullate lons

w1

wlll cause &n incresse Iin the dehydration ratic in the case
of rvredominantly dehydrogenating catelysts, such s uranium

oxide, molibdiuwe oxide, ferric oxlide, snd vansdiuw oxide, and

that slkell long will favor dehydregenation. To investigate

and ¥illington, J. Ame. Chom. fSoc., 51, 2440-2480
ol bl R NIVl A R d

A dsa——



thig, Adkine and ¥illinpgton {68} studied the effect upon the
ratio of dehydration to dehydrogenetlon of ethancl, of adding
smell amounts of various acldie and beslc oxides teo zing
oxide. They concluded that the dirsction ef the shift in the
ratio of two competing resctions iz not dependent upon the
scld ity or baslcity of the proweter, and that beth the direc-
tiom and smount of change In the ratic 1z specific for the
sleohol and the catalyst.

in various resctlonsg inveiving the decompoglition of

sloobel ovey cstelysts, vary percenteres of carbon dioxide

Ex iy

ware obtalined, end inveriably when carbon dicxide asppeared in
appreciable quantities In the gaseous producte of the re-
actlon, & brown, odorcus, vnsstursted oll, or resinous
material, was alsc obteined. Humesrous sxplsnatlons have been

dvanced for the formetion of the carben Gilozide and of the
2lso been obtalned in cerbtain csses. Hone

\
of the propesed mechanlisms, however, ls free from objectlons.

sthane whielh has

b
m

Adkins and Lazler (66) use the formstion of ketens and the
subsequent reaction of ketene with the other gproducts of the

&

regetbion a8 sp exvlanation for the feormation of carbon

Sloxids.
Te aceount for the presepee of sthane in the ebtbunol
ﬁ%eﬁw?mﬁi%i@m} Engelder {43) supposes the simultancous de-

hydration and debhydrogenation reasctions followed by the

hydreopenation of the ethylens formsd over & sultable catalyst.

66. Lazler and Adkine, J. Phys. Chem., 30, 895-89C (192&}.




Adkineg {67) proposes another reaction to sceount for the

ethane, in which the alecohel breaks down into sldehyde,

sthane, and wester. Hoomer and Foprrisg {(88), in their work,
t ) ¥ ¥

bt deo not

attempt to explain

&3

the swall esmovnts of brown oll, and the acld nature of the

condensate, in thelr decompoalition of ethanol over thelr

copper-chirominm cebalyst supported by silicas gel.

Catalytic Decompositlion of Bthyl Alechol

Under High Fressure.

Prom the beglinolnp of his studies on the catalytliec de-
composition of sleohel et high temperature and ordinary
pressures, Ipatisff (12) was also interested In studying the

possibilitise of these resctions In & c¢losed systom. Secondly,

he was interested in determining whet debydrogenation

o

catelyste could be used to catalysze the reverse resctlon of

hydrogenation. Colncidentslly, ss Ipatlefl was discovering

the delydrogenation of slconols, Sabvatier and Sonderens were

{:»
fede
el
L
o

svering the getalytie hydrogenatlion of aromatice hydro-
carbons, thus substantiating pertislly the existence of
catalytic reversibility, the validity of which at that tine

was besolouded because of ecertain diffiouliles; for example,

67. Taylor, J. Phys. Chom., 30, 145-171 (1926).
68. Boomer and %arr*s,'gaﬁ. J. kesearch, 2, 84-387 (1830).
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the reduced nickel of Sabatier and Senderens had excellent
properiies for the hydrogenation of ithe arcmatic nucleus bub
was shown by Ipatieff (9, 10) to be worse than iron as a
debydrogenstion catalyst for sroducing sldsbyde Irow aleohel.

To aceount for this diserepancy and othere, Ipatieflf {33, 69)

rezorted to & seviss of experizents conductsd under Dressure
& & @

becouse pressure ls mme of the most influentlisl of ghyeieal

Pactors In many chenical processes, causing reactions to

cceur which in all probebility would net cceur at ordinary

vresgures, or 1f at all, wonld procesd very slowly. Further-

more, high pressures may £low up zome resctlons which wmizht
take pluce readily at ordinary pressures. Pesasuse of these

faetors, Ipstleflf ocbeserved the Inlluence Ure on 8ome

catalytlie reactions to determing whether eristic

8 catalyst at atvogsphoric oressure wag maintalined

completely or partlally when the remctlon csused by 1%
A g &

ocourrad under higher pressure. The ol Tcet of pressure was

not introduced sooner into the study of cetalytie roactlons

-

becange of the szperizental dilfficuliliss invelved; notable

among these were the censtruetion of an apparatus
be heated to 8009 C. or sbove wiile under several hundred
astmospheres of preassure, the development of wsans of measuring
continuously the pressure developsd withiin the apparatus

througheut the experiment, and & mesns of slowly discharging

&
1
%
5
o
!
e}
2
=
@

products at the end of the experiment. These

69. Ipatielf, RBer. 37, 296129856 (1804}).
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zleobol st 4509 C. under ordinary pressures, in which only

2 small guentity of nethane was noticeds CJomparative

& g % 482 gy g it oy e oo oy v i = 5 s B et gy B
in these and obther sxperiments

fond
@
e
[
et
&
g
w
2
M
UE
} =3

icn that with the Inerease Iin pressure the
geseous products begape richer In saturetsed hydrocarbons and

. Yoy e et o - T e i
sarhon ponexids ine

noorer in hydrogen, the

creaging up e & certa and then dropping off, This
change in gea mposition, dependent upon tenperature and

pressure, was perdliaslly exglalined by the

gitlon Into a saturated hydrocarbon and garbon monozide.
Lowever, otheyr Tmeitors ssemed to indicste Lhet a resciion book
e

pisce between the gsssous producis undsyr the influsnce of the

=

2 by Sabatier and Senderens (70}

on mopozxide and carbon dloxide were easily

reduced Lo weihane by bydrogen under 1o catalytie sction of

nickel. Cther webtsls probably

N

8 a&bout at & lower

srature.  Conseguent he compositlon of the

gaseous products of the deo itlon of slcohel In the

iron slzo sesemed to be
a cutalyst for thie rveduction.
The liguid product obiasined Irom the decomposition of

aleohol in the presence of iron st the high tewperatures sand

pressures studied ususlly censisted of two layers, the lower

T0. Sapatier and Senderens, Uomp. rend. 134, 514-516, CHB.681
(1802} .




layer being

the uppey layer & Lransp

b above

wolymers

&
at
%aimﬁﬁ
amount of

snturobed

hydrocarbons

2 g
Saw;

temperature ingr
lsyer eutirely ¢

oy i

of heating

¥.ou

st

EALT

£ g .. 4
nregssure of 228 stwosvheres in
9E of liguid

no

wount dacressed

8

hesting was 420
The outestand

on the deconposition o

i
L

23]

iroen were

'53

of

i‘?

-

b

Mx

lgh pereentage of

with & eomeidersble aw

distinetion to the obs

the walls of the irvon

FErE

were conducted

aldehyie, water

250° ¢

roximately

the n

saturates

2t atmosy

and

a8

L1

L.

unoer the

soperatures and pressure and obe

In penersl, the

and the pevcentsge of
in the gssegous products increased s
sede &t & t&mp@yﬁﬁu?a of 600° . the
izsppeared Por suy given tempervature
greatly influenced the resulte. In
% ab u tenm

50 the

pey cent shen

By
acts shown by the sxperiments conducted

f glcchol undsey pressure in the pres-

o P
N

ligivle stion of carbon gnd the

2]

A N
I ¥

yaroc wixed

ocunt of carhon o contra-

=orved resulis of carbon depcosition on

tube above 520° {. when the oxperiments

eric pressure. Pecause of the

71, Kef. BS, pp. 1106-1

1.



meoaition of

patiell Iindi-

the regobion

Daration,
y s ’ . S Yy R N RTINS 9 1 o S T .
methane uander the influence of both pressurve snd calalyst.

o L 5 o,
on the degom~

cogltion of ethyl aleohol In the presence of irom, the iaie

slechel. In this cloged system as the teuwpersture incressed,

3

readings were dus to the vapor of

aleohel, until sugmented Ly the pressure of the products of

degowmposition. The relue depended upon the Lemperature

Under these conditiong in il
probabllity other resctlons besldes the basie one could and

210 oceur. To countersct suy influence of this nature due to

the preszsure gradient, and teo Jdetermine the ellfect of pressure

o bhe besle catslytic scilon cbserved, Ipaltiel? conductel a
o F i

the initlal pressure of the
alevhoel was sugmented elther by the produects of decompositlion

or by an inert gag. In & number of experiments on the de-

£ iron gz & cabslyst and the

Turniehed

and nitrogen, Ipatlell drew the
was imposs i%*ﬂ to detervine the elfect of prossures on

catalytic decomposition of sleoohol in the presence of lron

in an atmospghere of hydrogen, for the experiments indlcated
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that hydrogen at a tempersture above 450% ¢. in the presence
of iron hydrogenates the products of decomposition, convert-
ing them into saturated bydrocerbons., This reductlion becomes

more complete %“@ Bi

temperature and the jpregsure.

s

The introduction of earbon diloxide up to BO atwospheres and
nitrogen to 78 atmospherss dovs not influence the course of
the catalytic decomposition of sleohol.

Subseqguent experimsnts with reduced nlcksl as the cate-
lyst with end without hydrogen in the high-pressure aprarstus
indicated that at 1959 C. and under high pressure of hydrogen

31 sleokol dves not decompose, deconposition astarting only
when the terperature reaches 300° . and proceeding slowly.
The decompositlion products sre chielly scetaldshyde and satu-
rated &yﬁfa@aféﬁﬁa. The ssme experizments cendusted in the
absaﬁé@ of hydrogen at a tempersture of 2109 £, indiceted
thet the ssme reaction occurs, with the %ﬁ&@ﬁﬁiﬁﬁ that carbon

wonoxide is among the products. In neither case were oclefin
hydrocervong produced. This fact ls explained by the a%aar*
vation of Sabatier and Bendevens {14) that nlckel ??&mﬁﬁ@ﬁ
t&&‘ﬁﬁﬂ?&?ﬁiﬁﬁ of ethylens into ethane even st low teupera-
tures. Iron and zinc do net promote this conversion to such
& high degree. Uonseguently when sleohol is decomposed in
t&ﬁir'gyﬂﬁﬁn@ﬁ at high pressures snmell awmounts of él&fiﬁﬁ
are observed.

Although zine oxlde prosotes the sldehydle decomposition

P

of ethanol at terpersbures Trom 3000 to 400° ¢. and st



stmosoheric pregssures, Adkine end co-worksrs {(72) revportsd
that no aldebyde resulted when the remction was gonducted
undsy sufficient hydrogen pressure. They obtsined s complex

o

mixbture including esters of seebtlic, butyrie, and caprole
acelds, and azaﬁ&ﬁks up to and higher than cctyl. They used
condensation rﬁa@tiaas of aceteldehyde to smcoount Tor the
presence of these compounds, but ne deflinite pxecf nas besn
sdveanced to explelin the wmechanlsm of thsir formatlion.

3

In concerted eflTorts by Ipatieff (33, €8) on the decompo-

. pressure in the presence
of slumrina, two tubes were aae&, scopner and iron ?ﬁa@ﬁativéig,
Iin sach @g;@rzm@mg approximately S8 grams of slcohol and

from twoe bto three grams of alumine were introducsed into the
tubss. The observed data in the case of the coppsr tube con-
talinipng slumine showed that diethyl ether was the chief prod-
uct when the heating period wes short and the tﬁmgar&ﬁara

was not above 490% C. With shorter periods of heating and e
higher temperature bDoth ether end ethylene wore found in
addition te water. Preasure Incrsases diminished the deocom-

position into sthylene, Toreing 1t in the dirsciion of sther.

.

erature was above BOCY €. together with long

periods of heating, othsr products sppear; the gmseous cone
tent beceme poorer in olefins and ricker in %&t:rat@n
hydrocarbons. Again, se noted in the case of iron, gag& 43,

the durstlion of heating played an Iwportsnt role in theses

T2+ AdRiIng, Xinsey and Folkers, Ind. wﬁ?- Chem., 22, 1046«
1048 (1880}.




sxperimente; for exenple, when ethyl mleochel was heated four

hours st 530% . the gas conbeined 12 per cent of ethylene, but
when the heating rpericd was one hour st the szawe btemperature
the gas was Y8 per cent ethylene. Eimiler results were ob-
tatned at 5609 to S70% 0. In the experiments sonducted above

o

5209 C. there was slwsys 2 szell amount of carbonsceous

gzidue, the guantity having inerveased with rise in tempe

ture. A&lso, an addltionsl product was cbserved in very
small amounts, an unsatursted wmaterial simller to that found
tn the decomposition of slcohol im the presence of iron. A
820% J. the enly produets were carbon, water, and heavy

condensation produets. In these experiments s further im-

5«..4!

portant cobeservetlion was made vhich soemed to indleczte the
erpatlion of & condlition of equilibrium between the sleohnl
and its decomposition products which formed st sueh tempera-~

» the vroggure rose Lo @

b

tures, becsuse on heating &t £30°
maximim and remained there. The sther formed wes about 30
per cent of the theersbtleal amcundt. Other sxpesriments con-
ducted by Ipabtiell emphasized the occcurrence of an equilib=-
rivm vetween zlcohol, aldehyde, and hydrosen at ceriain
tenperatures and pressures in the reactions catalyzed by iren,
ivon oxide, nickel oxide, and other substances.

When the lron tube contsining slunine was substituted

o ¥ P, i " s
Tor the copper tubs and

*')

the @x;&rzwax 5 contlinged under
high pressure, Glethyl ether and water were the pole products

erasture of 4009 o,

of the decomposl




-

Using an activated copper catslyst, containd

"

pereenteges of msgnesium and manganese oxides, Tisehitchenko
{73} reported that under atmospgheric pressure and at a tem-

perature of 350% (., of the B0 psr scent of slcohol decomposed,

11 e
BLGE

11 per cent woe converted to the ester and the rest to

eed
b
L]

hyde. Under & pressure of @tnm&gaﬁreg at the same tenper-

%

ature, of the BU per cent of sicohol decomposed, avout BO per

cant went to ethyl acetate, EH per cent to normsl butyl alco-

hol, and the formed acetic scid and acetslidebyde,

the products by & distillstion process.

Other setals nickel, =zobalt, elither

alone or wmizxed r wetsls such as ohromliom,
manganese, mapnesium, and cslelum, were catalysis for the
reaction.

Frolish and Cryder {74) reported thst a cstalyst mizture

sultable for wethsnol synthesle, which wes composed of

ehromive and sine oxides admized with bariuw bydroxide or

sotessluw ozlde promoted the debydration of ethancl te
butenel in & high pressure process,

73. Tischtcohenke, Chem. ﬁﬁﬁﬁf‘§‘1§ﬂﬁi, 5aL (1800).
T4. Frolich and Cryder, Inc. Png. Chem., 28, 1051-1087 (1¢30).




EXPERINVENTAL
Apparatus

The apparatus used In the decomposition of ethyl aleohel
gt atmospherie @r@égar@ i illustrated in Figure II. The
alcohol psssed from %&@ constent flow burette A st definlie
rates through the mercury seal into the arm of the catalyst
tube I (inside dlameter 26 mm.; length &7 em.). Upon enter-
ing the catslyst tube, the alcohol came into contact with the
catalyst, which wag confined in & space of 16 cw. in helght,
pagsed downward through the cetalyst into the water-cooled
condenser E, then to veecelver F. The contsct mass was sup-
ported on a swall amount of pyrex plass wool, whileh in turn
wag supported by internal prong-~like indentures made in the
tube. At the top of %h@ catalyat tube the alcohel vapor
had a tendency to escape through the ground gless Jolnt,
whieh held the pyrex tube B, used for the thermo-couple wires.
Counteracting the tendency of the sleohol to evaporate is a
jacket, semled to the upper end of the ecatalyst tube in which
water circulsted freely. The recelver F was maintained at
& low temperature by means of lece., By the introduction of
nitregzen through the three-way stopcock at the right of
recelver F, the contents of the receiver were removed, when

deslred, through the side arm resching to the bottom of the
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Apparatus for dehydrating the magnesium oxide.
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aratus for the decomposition of ethyl alecohol at atmospheric pressure.
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receiver. The gasseous products forsed during the decomposi-
tion pasged from receiver F by mesns of glass tublng to the
two splral condensers {, placed in thersos bottles. The
first spiral condenser was cooled with ice, the second con-
denssr H, with a mixture of dry lce and ascetone. The products
not condensed passed through the bubbler I, then through the
wet gas test meter K, snd out to the atmosphere. Bamples of
the gas were collected intermlittently during the run in the
gas receiver J, which was filled with & satursbed solutlon
of sodium chloride. By the addition of the sslt solution
through the droppling funnel, ﬁam§3&3 for analysis were ob~
teined by displecsment of the gss in the receiver J. Flasks,
tubing, catalyst chamber, condsusers and so forth, were made
of pyrex glass, and the use of ground glass joints gave a
gertain degree of desirable mobility to the spparatus. The
furnasce €, mounted in a veritical mannsr sinilar to those
uged for combugtion purposes, operated on either 110 or Z20
volts. The furnace was 80 mounted that each half section
gould be swung horizontslly, thus exposing the catalyset

tube for inspection when dssired. The temperature of the
furnace wasg controlled through the use of a rhecstst. The
temperature of the catalyst woss determined by the use of a
thermo-couple and a Potentiomster«~indicetor. The chromel-
alumel thermo-couple was 1ﬁs$fteé'in the protective pyrex

tube B, which resched to the center of the catalytic mass,

i



Preparation of ¥aterials

Preparation of anbydrous ethyl alechol

The aleobol used in all the @zpﬁrimamﬁa on the decome
poalition of ethyl slecchol was prepared by the addition of
four grams of metslllic sodlum to 400 =l. of the sbsolute
sloohol obtesined Tror the stockroom. ¥When the sodium had
dissolved, the alcohol was 4distillsed {(7B). The fraction
distilling over betwesn T7° and 78° {. was used imvediately,

gither in the low- or in the high-pressure experiments.

Preparation of the megnesium oxide catelyst

Dllute emmonium hydroxide was added to 8 hot five per
cent solution of magnesium nitrate {"Reagent® grade nade by
the CGeneral Chemlcal Company of YHew York) until precinitation
was complete. The precliplitete was washed with hot wabter three
tim&s(by decantation, flltered on a PBuchner funnel, end washed
with hot water until the wash water no longer gave the brown
ring tegt for the nitrate ion. The precipltate was dried
over night in an electric oven at 110% ¢. The oven-dried
material was then transferred to a pyrex glass tube A

{(Figure 1), which was then sesaled at the top and heated in

75. Warvel, "Organic Syntheses,” Vol. IV, John ¥Wiley and Sons,
Inc., New York, ». B5. 1825, ‘



the eleetric furnsce B at s temperature of 350° to 380° C.
for 24 hours. The system Curing the h&ating was under &
vacuun of apgfaxim&tely 15 mm. There was o decrease in
welght from 28.0 to 28.5 per cent during the heating opera-
tilon. The dried catalyst was crushed slightly and screened;
that which pgssed through & three mm. scresn but was retained
on & two mm. screen wag used in all the experiments run st
atmozpheric oressure. The fine particles that passed through

the two mu. seresn, &8 well as the materisl retalned on the

two wmm. screen, wers used In the experisents run at high
nresgure. The pyrex plags which wes used to determiune the
catelytic sffect of glass was prepared by crushing and scresn-

ing odd pleces of pyrex tubing. Those particles which paseed

screen were used as the catalybtic material.
A spectrographlic analysies of the magnesiux oxide cata-
iyst showed, besides meynesium, traces of silica and iron

and faint traces of copper, nicikel, potassium, snd calcoium.



Procedure for the Decomposition of Ethyl Alcochel

at Atmospheric Prsssure

when ready for an experimental run, with aleohol in the
constant flow buretts, the catalyst in the ceatslyst tube, the
lee in place Tor the condensation of vapors, and the heating
unites turned on, the apparetus wasg flushed out slowly with
nitropen for seversl minutes. 4as the tenperature of the cats-
lyst approsched the tempersture to be used in the experiment,
alcohol, gt the desired rate, wss allowed to enter the cate~
lyst tﬁbﬁ, and passed downward through the catalytlic mass.
The passage of the aleohol fhrough the catalyst was always
gocompanlied by & drop In tempersture. The texnpersabure of
the furnece wss raised to compensats for this drop. After
an eguilibrivm between the tewperature and the rate of {low
was establiehed, the [irst 50 mi. which passed through the
catalyst were rewoved. Before the pgaseous products were
collected Iin the gas receiver, tlme was allowed for the
apparatus to be swa§tyaaﬁ by the gaseocus products of decon-
position. The iat&rﬁittﬁnt collecting of ges frﬁm‘ﬁha main
stream of flow gave & mixture that was representative of
the run. Samples of this gas to e snelyzed were withdrawn
from the gas recelver end analyzed In & gaoe analysls eppa-

ratus (76)}; this ges was passed successively through

T€. United States Steel Corporation, "Fethod of the Chemlsts
of the United Stetes Steel Corporation for the Sampling
and Analysis of Gases,” 3rd ed., Carnegle Steel Co.,
Pitteburgh, Pa. 1987.
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- potassium hydroxide (260 grams per liter) to remove the car-

ey

onn dioxide; through Puming sulfuric seid to remove unsabu-

g

reted hydrocerbons; through alkaline pyropalleol (12 gren
pyrogallic acld and 84 grams potassium hydroxide per liter)
to abserb the oxygeni and lastly through an acld Sélﬁtﬁﬁﬁ

of cuprous chloride (75 prams cuprous chloride and 600 wl.
hydrochloric acid per liter) to absorb the carbon moneoxide.
The ses wap then passed through 8 tube contalning cuprle
oxide, heated to a temperature of 290° to 500°% ., to remove
the hydrogen, and the saturated bydrocarbons 1n the residual
FB8 WETE éﬁt@r$iméd when the gas was passed at the rate of
one wml. per winute into the combustion plpetts which contained
& measured swpount of oxygen.

At the conclusion of some of the experiments, the llguid
product cellected in the first recelver wss lmmedlately
fractionsted, gnd the different fractions sublected to a
gualitative analysis bto determine thelr clsss; then appropri-
ate derlvatives were nmade. In other experiments the liquid
product collected in the [irst recelver was mixed with
equal volume of water. The mixture separated ihﬁ@‘ﬁWQ layers.
After sepsration by wmesns of & separstory fgﬁpal, the uapper

layer was weshed with water until the volume becnve constant,

then dried over anhydrous caleclum chloride and distilled,
The oxygsn-contalning o mpounds extracted by the water were

sglted out with sodium carbonate, dried with anhydrous

scdium carbonabe, and distlilled. The fractions resulting



from the distillation were subjected to a gualitative ansly-
sis, and derivatives made when possibls. The contents Trom
the spiral condensers verse resmoved after each run &and

characterized.



Discussion of Results for the Decompozition of

Ethyl Alcchol at aAtmospheric Pressure.

In resctions cerried out under the influence of &
catelyst the time of contect of the reacting material with
the catalyst may influence the nature of the products or the
tempersture at which the products are formed. In these
studies the temperatures were low and the contact period was
leng, e shown by the low rate at which the alcohol was
allowed to enter the cstelyst tube (Table I).

It ls difficult to sstimate the influence of the wslls
of the catalyst tube on the decomposlition of alcohol. Con-
sequently blank éﬁﬁﬁfiﬁﬁnﬁﬁ were run to determine the effect
of glase, The resulis are shown in Tebles I and II. The
liguid product obtained In the sxpsriments Z~0«8 to 4-C-1
inelusive was predominstely slceohol. Por example, & frac-
tional distillation of the liguid product from 3-0-8 (voluwe
695 wl., 542 grams) geve only one fraction, D.p. 77-80° C.
{690 ml.}s The distillistion of the liguid product from
experiment 4-0-8 (478 ml., 376 grems) gave the following
fractions: (1) to 70° Cop B mle; (B) 70-77° ¢, 35 mle;

(5) 77-78° ¢., 430 ml. ¥Praction 1 conteined acetaldehyde

and aleohol. fThe liguié found in the ice trap wss also
acetaldehyde, characterized as the Z2,4-dinltrophenylhydrazone
(mixed m.p., 1642 C.). The liguid product obtained in

experinsnt 4-0-1 was not distilled, bscause in the



Catalytlic Decomposition

Table I

of Ethyl Alcohol st Atmospheric Pressure.

= 3 e oo
Exopt. Catalyst Temp Hate Alcohol iiquid ?raﬁucta , Gas Produced
Ho. 8 g ml, Vel. ] Wt. | Receiver 1 |ice Jory Vol. | Tewp.
per 1. e Vole| BE. trep %gg 1. © o,
hour 1. g« 1Vol. VGK%
mle ml e
3-C~8 | Pyrex 480 20 TC0 | b4s 585 548 O ¢ | very
glass 1ittle
4-C~5 | Pyrex 488 i8 500 | 380 | 480 384 1.5 O 0.7 25
glass '
4-C=8 | Pyrex 602 20 500 590 498 | 376 13.0 O Z 0 27
glases
4-C-1 Pyrex €76 45 500 | 380 50C.7 31
glass :
3-C~1 | 24 g. ¥gC | 365 18 500 | 380 430 | 335 O 0 5.4 30
2-C~4 | B2 g. Mgl | 440 22 400 | 312 3628 300 o 5 25.3 22
2-0~3 | 28 g« ¥z20 | 480 20 400 | 812 355 | e84 o 18 | 42.7 24
Gl 21 g. ¥g0 | 453 15 400 | 312 &0 258 Q 20 43,6 28
2«05 | B2 g. Mgl | 487 20 400 | 312 808 | 2861 ¥ £1 .
5-C-2 | 23 g. WgO | 455 20 4G0 312 340 | 28% e 20 43.2 25
5-0-3 | 23 g. %ge 455 18 400 | 312 226 | 278 0 20 45.7 23
Ew(ed | same 448 21 400 | 312 360 | 304 0 17 32,4 23
5-C-& | same 445 18 400 | 212 &b | 287 G 10 B38.3 25
5-C=~8 | same 458 23 4C0 | &12 360 | 898 0 24.4 28
6~-C-1i | same 458 20 400 312 225 | 272 0 24.5 25
6-C~-18 | same 448 e 400 | 312 345 | 289 0 29.4 23
6~C-2 | zame 445 28 400 | 312 370 | 310 O 28.1 23
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experiments invelving magn@éiam exlde s the catalyst the
temperatures were decidedly helow that used in this éxgarim&mﬁ.
In some of the experiments In which magnesiuvum oxlde was
uéaﬁ, the liguid @r@dacﬁ’ebtaiﬁeé in recsiver 1 was lmmedistely
frectionated. A representztive idem of the fractions obtalned
may be drawn frmm~éx§@yim@ﬁt ﬁwﬁ—ﬁ; in which the liquid product
(340 ml., 287 g.) vyielded the ﬁ”‘&lia?img fractions: (1) 30-
56° C., 7 ml.; (2) 56-85° C., 7 ml.; (%) 65-72° C., 17 ml.;
{4) 72-74% C., 7 ml.; {8) 74779 C., B wml.; (8) 77-80° C.,
187 ml.; (7) 80-20° C., 45 ml.; (8) 90-116° C., 27 wl.; (9)
116-1189 €., 10 ml.; (10) 118-124° C., 2 ml.; (11) residue
22 ml. The jdentifiecetlion of individual substances in threse
frections wes extremely diflieulty however, the fractions
were classified according to their sclubility in the follow-
ing solvents: water, ether, five per cent sodium hydroxids,
five per cent hydrochleorie aéiég five per cent sodius bicar-
bonate, coeld concentrated sulfuriec seid, and BS per cent
rhosphoric aeid. They wevre further classiflied with the
following reagents: Tollen's reasgent, five per cent bromine
in carbhon tetrsebloride, two per cent permanganate, and
Fuchs in-sldehyde reagent.
The individual experiments showed that from 45 to 55
per cent of the originegl alechol was decomposed. However,
upon {ractional dlstilletion of the ligquid product, 1ittle
informetion could be cbtained as to t&@'samyesiﬁi@ﬁ of the

diffsrent fractions, because of Incopplete separation and the



smell volume of some of the frsctions. Therelore, nors
l1iguid product was prepared In as nearly an 1ldenticsl manner
as pogsible ané fractionated. The corresponding fractions
were gonbined and refractionated. This second fractionation
gave & better meparatlion and made 1t possible to identify
geveral compounds formed in the desomposition. The fractions
with the largest volumes obtained from this second fr&atié&a»
ticn were sollectsd &t the following temperatures: (1) below
58° ¢,, {2) 88-750 0., (B) 78-809 C., (4) 86-92° C., (B) 96~
103% ¢,, (8) 103-118%9 ¢., (7) preater than 118° C.

With the sxeeptlon of fraction 3, which w&sfgrinaiﬁgliy
aleohol, all the fractlons were soluble Iin ether, very slightly
soluble or inscluble in water, Iinscluble in sodium hydroxilde,
sodive blearbonsate, and bhydrochlorie zmeid. All the fractions
were socluble and f@r%eé color in sulfuriec aeid {sp. gr. 1.84)
and in phosphoric acid.

Fraction 1 decolorized bromine with slight evolutilen ef
hydrogen vromide. It slseo decolorized potassium permenganste
and reascted @éﬁitive toward Fuchsinealdelhyde reagent and
Tollen's reagent. This frection contained sorme alecchol and
scetaldehyde, characterized as the 2,4~dinitrophenylhydrazone
(mixed m.p. 163-164¢ C.).

Fractlion 2 decolorized bromine with evidence of hydrozen
broxide formstion and also pobessiuw permengenate solubion.
It reacted positive to PFuchsin-aldehyde reagent and Tollen's

respent. This fraction contained besides alecohol,
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n-butyraldehyde, charscterized as the 2,4-dinitrophenylhydrs-
zone {mixed m.p. 122-123° C.).

Fraction 3, which wae predowminately alechel, always
contained traces of aldehyde.

Fraction 4 decolorized large swpounts of bromine very
rapidly with no evidence of hydropen bromide feormation and
also a gat&séim@ permanganate solution. FHowever, the freoction
gave & sllight test with Fuchsin-aldehyde reamgent and Tollen's
reagent.

Fraction b dececlorized browmine with no evidence of
hydrogen bromide, rescted with potssalum permangsnsate, and
gave 8 negative test with the aldehyde reagents., This frec-
tion was found to contasin sose water along with methyl
n=propyl ketone, characterized ss the 2,4-dinltrophenylbydra-
zone {mixed mep. 140-141° C.).

Fraction € decolorized potassiun permengsnate and broe
mine without the formstion of hydrogen bromide, and rsacted
with metellic sodlum. This frection was found to contein
n=butyl glechol, sh&r&et&riaa@ as the §,5-dinitrobenzonte
(mixed m.p. 64~88° C.]).

Fraction 7 rescted with bromine and pobaesiux perman-
gaﬁate.‘ Large smounts of this fraction did not completely
dissclve in sulfuric acid (=p. gr. 1.84}.

In sore experiments the lliguld produet obtained in re-
celver 1 was not inmmediately {ractionally dlstilled; for

example, in experiment 2-L~5 the entire content of receiver 1



(308 ml., 881 g.) was extracted with water. 7The top oil
iay&r wae washed seversl times with water, dried over anhy-
drous calcium chloride, and this materisl (28ml., 18 g.)
fractionated., The following frections were obiained: (1)
60-61° C., 4 ml.; (2) 92° ¢., 6 ml.; {3) greater than 92° C.,
16 ml. {(brown). This ssme procedure wess followed in smeveral
other experiments, and the corresponding fractions nized
together, 4 classsiflcation of the fractions showsd them all
to be positive towards ether, sulfuric acid, phosghoric acid,
promine in carbon vetrachloride, and two per cent potessium
permanganate. Fractions 1 and 2 were also poslitive towards
Fuchelin-aldehyte recgent and smponiacal silver nitrate.

Fraectlon 1 {b.p. 80-81° C.}, besides containing scebtal-
Gehyde contalined unssturated hydrocsrbons, as shown by the
fé@t trat it decolorized bromwine in carbon tetrachloride
without the fermation of hydrogen hromide.

Fractlion 2, was refluxed with s weter suspension of
gilver oxlde to remove the aldehyde, then filtered and dls-
tilled. The distillete {b.p. 98-103° C.) was sslted out with
sodium carbonate and found te contain wethyl n-propyl ketone,
craracterized as the 2,4-dinitrophenylhydrazone {nmized m.p.
140-141© C. ).

A& small amount of fraction 3 {b.p. greatsr than 929 C.)
reacted very readily with bromine In ecarbon tetrachloride
without the formabtlon of hydrogen bromide, and seemed to be

completely soluble in sulfuric ascid (sp. gr. 1.84), but s



larger amount upen treatment 814 not completely dissolve.
Therefore, compounds other than unsaturated ones must have
been present.

The portion extracted by water from the receiver 1, ex-
periment 2-0-5, was saturated with sodivm carbonate. 7The
oxypen-containing compounds whilch separsted out wesre dried
over sodlunm carbeonate and Iractionated. From approximately
273 ml. of sclution the followling fractions woere obiained:
(1) up to 65%° C., & wl.; (2) 65-69° 0., & ml.; (3) 73-76° C.,
10 mies (4) 77-78° C., 141 ml.; (5) 80-83° C¢., ? ml.; (8)
86-909 C., 10 ml.; (7) 90-92° €., 53 ml.; (8) 94-100° C.,

48 wl.; (9) greater than 100% C., 10 ml. 7The same procedurs
was followed In several other szperiments, and the corre-
spoending frectlions wizxed topether and refractlonsted,

Fractions 1 end 2 were nmixed together and refluxed with
freshly prepared silver oxide to remove scetaldshyde, flltered,
and then distilled. The distilliste which came over between

500 and 609 C. contained ecetone, cherseterized as the 2,4«

Ledn

dinitrophenylhydrezone {mizsd m.p. 126-127° C.), The silver
galt formed was snalyzed for silver.

Anal. oalod, for silver
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Ap, 64.8.

Fraction 3 gave & positive test with the aldehyde re-
agents, reacted slightly with bromine, and decoloriged po-
tasslum permangsnate slowly. This fraction wss refluxed

with silver oxlde to remove the aldenyde, filtered, and the
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filtrate alstilled. Acetone, as well s waber and ethyl
alcohol, waes found to e present.

Fractien 4, pradominately alcohsl, contsined traces of
aldehyde

Fraction &, sacted readily with metsllic godium. To
deternine whether alcohol other than ethyl was present, the

,B5-d1nltrobenzoate was prepared {(mized m.p. 81-929 C.).

The result showed thet ethyl slcchol was the only &laabol
present.

fractions € and 7 rapldly decolorlized large amounts of

brosine and potassium permanganate, snd gave & sllght reac-
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aldehyde resgents.

Fraction €, slightly yellow in color, was scluble in
ether but inscluble in weter, sodium hydroxlde, sodium bi-
carbonate, and hydrochloric acid. It dlssolved with a2 red
coloration in sulfuric zeld and phosphorie acid, and de-
colorized bromine and potassium permanganate very rapidly.

The materisl conteined in the dry ice trap, approxi-
mately 20 ml., {(experivent 2-0-5) was found to be soluble in
ether, insoluble In water, sodium Lydroxlde, scodium bicar-
bonate, and hydrochloric seld; 1t reactsd and formed color
with sulfarie seld and phosphoric ascid; 1t reacted readily
with browine and potassliam persangsnate sclutions, and gave
& positive test with the Fuchsineasldehyde respgent. This
material was found to contain sone acetsldeshyde, charscter-

ized as the 2,4~Cinltrophenylhydrezone {(mizxed m.p. 1863-164°
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Because of ithe sppesrance of a white precipitate when bromlins
was sdded te the wmaterisl, the entlire content of the dry ice
Yrap in similer experiments was trosted with & golutlion of
bromineg Ir sodliow bromide. Uuring trhe addition the substances
wors kept at low teswperaturss. A white erystalline orecipil-
tate was formed, filtered, and recryvstallized frowm slceehol
(meps 118° C.)s  The percentage of bromine was determined by
the Parr homb nmethod.

Anal. Caled. for 1,2,3,4~tetrabromobutsnes Br, 65.54.

Pound: PBr, 85.85.

From another sanmple of this =materisl, the addition

preduct of wmalele enhydride was prepared (m.p. 103-104°% ¢. ).
Therefore this material was 1,8-bubadiens.

In experiments L-0-3 to 6-0-2 ineclusive, Teble I, the
same cabalyet was used under continuocus operation untll
2184 grame of aslcohol had gazsed through., The sziperiment
was discontinued when carbon begen to be deposited in consid-
erabhle quantities, becsuse carbon acts as a dehydrating sgent.
The amount of 1liguid product in the dry ice trap totsled

100 wl.



- B7 =

Procedure for the Decomposition of

Ethyl Aleohol at High Pressure.

%&& m%wwﬁwmﬁm used in these mem %%wwmauw.mamﬁwww was
the Pary m@&%@%@ﬁ@&w&ﬁ bomb, model mMﬁa\ﬁmﬁﬂ%waaﬁ%@a by the
mwwa Mﬁ@ﬁwmﬁwmw maﬁwmﬁ%a Holine, Mwwwﬁa»au In www.wmﬁgwww:
mmﬁwaw the bomb was used withoub ﬁ glass linery hence the in-
@mamww volume was wmﬁﬂ@wwﬁw@www 480 %w*ﬁ and the awmwmwmm
am@waww% 200 ﬁw. “The ethyl alcohol ﬁw& aaﬁwwﬁw agént used
wore prepared in exectly the same manner mm wwamw mwag wﬁ the
waﬁ pressure @Wﬁm%» In this work there ﬁ@%& wﬁ@ series of
experiments, the Jecomposition of ﬁwaawmw with end without a
contact mmw&ma A1} the mﬁ%@ﬁwﬁﬁﬁ@m were carried out in essen-
ww&www wﬁ@ mpﬁm menner. One hundred %w¢ of alochol were
introduced wmwQ the nwwwmaamw which was made of 18«8 staine
less mwm@wc Iin the m%wwwwawmwm;ww whish the contact apgent
was used, the magnesium ﬁxwm¢ ﬁmm elither intimately ground
with the alcohol or added separately along wmw side of the
eylinder. After the material was introduced, the head of
the cylinder was cerefully replaced, and the cylinder was
tested for leaks by means of nlitrogen. If no leaks developed,
the eylinder was flushed once more with nitrogen, placed inteo
the electrically heated furnece and brought to the desired
temperature as rapldly as possible, then held there wam;m
considerable length of time. At sbtated inbervals during the

heating pericd and after the temperature became aﬁwawwﬁﬁu
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presasure readings were taken. Then the apparatus was allowed
to cool, ususlly over night. Before the liguld contents of
the oylinder were removed, the prsssure r@ﬁﬁing 8t room tem-
perature wag recorded, and the gas relsssed snd messured
through & wet ges flow meter. At intervals during the meter-
ing seversl samples of gass for snalysls were tasken. 1t was
noticed thet the composition of the first samples in whiech
the gae was under high pressure when collected was diffsrent
from that of the last samples taken. Consequently the aver-
age percentags é&myasitiam for that experiment wus r@cmré@é.
In later experiments, more representative samples wers ob-
ﬁaﬁnaé by collecting the sntire volume of gss in one con-
tainer, through the displacerent of a saturated sodium
chloride solution, and then withdrawing samples from this

contaliner for the gas snalysis. In others, a spaller

o
gag

collector wus filled with & saturated sodium chloride solu-
tion and the gss allowed to enter 1t intermittently; then =&
gample wes romoved Irom this contaeiner for & representative
gas enalyslis of the sxperiment.

In Tebles III, IV, and V are given the resultsg of thess
experimenta, and in Uraph I are a number of curves that show
the course of decompeosition. To obitsin these euvvasvthe
pressures developed during the period of heating were plotted
g8 ordinates apainst time, in minubes, s absgissae. As
noted, each table and curve represents the dete of either

opne or the average of several experiments carried out under



- 89 -

a8 nearly 1dentlieal conditions as possible; lor example,
1.0-82 represents the average of four experiments performed
at & temperature of 4529 C., in the presence of five grams
magnesiwn oxide, heated at the same rate and held at the
same tampér@tura for identicsl lengths of time. The gas
ansglysls for 1-C-92 indicates the limits observed in these
four sxperiments.

When all the gas had been completely expelled, the
ilguid contents were removed and fliltered if necessary, dried
with anhydrous sodium sulfate and subjected to & fractional
distillation imwedlately, unlese there was & separation into
two layers. From these respective fractions, by means of
gqualitative anslysis, some idea of the nature of the products
was obtained, If two layers occurred, = separabtion was
made by meang of e separatory funnel; the upper brown layer
was washed several times with water, dried with anhydrous
sodium sullate and subjeeted to & fractionsl distilletiony
the lower layer was fractionally distilled without previcus

treatument.



Discussion of Results for the Decompozition of

Bthyl Alechol at ligh Pressure.

The characteristics of the decomposition of mlecaohel in
& elaseé‘ﬁySt@m are convenlently studlied by tké time-pressure
plots first advocated by Ipatieff (69}, end due aaﬁ&iﬁarati&n
is paid to his iﬁt@ryr@tatiﬁm. At the beginning of the
experiment the @ressaré gauge Iindlcates only the vapor preose
ﬁuré of alcohel st various temperatures. At the tam@&rﬁtare
at which the decomposition of alcohol begins the pressure
gauge shows the sum of the vapor pressure of the remaining
undecomposed zleohol plus the vepor pressure of the decompo-
sition products. As the teumperature increasses, the decompo~
gltion proeduets ere responsibls for a greater part of the
total pressure. 1If the incresse in the vapor pressure of
alcohol, above eritical tewperature, follows the sisple gas
law and 1f no decomposition of the slcchol takes place, the
increase in pressure is provortional to the tewmpersture.
Each pressure reading, therefore, corresvonds to & delfinite
temperature, irrespective of the time of hesting. However,
if decomposition cceours, this relatlionship between pressure
and temperature no longer holds. Although an idea can be
obtained as to the course of the decomposition by this
relationship, 1t seems wmore edvantagsous to trace the course
of the dscomposition by peans of a pressure~-time plot, which

not only delinestes the course of the reaction but gives
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some 1desa as to Eés rate. When & comparison is made b@tween‘
the incresse in pressure thst results when & catalyst is
introduced into the reaction with that when the eatalyst is
omitted, some ldea concerning the accelerating actlion of the
catalyst can be obitasined., The wost characteristic value of
the course of decomposition is not the sverage pressure in-
crease per unit of tise, tut the maxluum increase denoted

by (dp/dt),,, because it belongs to that period of decompo-
sitlion which 1g affected lesst by side reactions.

In the decomposition of alcohol the surves that sre
obtained when the pressure is plotted sapalinst tine consist
of thrse branches: the flrst branch represents shlefly the
vapor pressurse of ths eihyl alechel; the second branch of
the curve reprssents the @raﬁﬁurﬁ due to the decomposition
of the slechol {(this is the most charscteristic part of the
curve, and its shape is different for different maxinum
temperatures, bscause the acceleration of the decomposition
of the aleohol depends upon the catalyst and the tempersture);
the third branch of the curve begins where the curve becomes
parallel to the sbsecisgsa, a faet which indicates that the
maxinum preasure reachked in the descomposition of the aloohel
and the establisbment of equllibrium in the geseocus products
of decompogslition have been reached.

It is interssting to observe the results of & serier of
experiments represented by the data in Tables III and IV and

in Graph I. When 100 ml. (78 grams) were heated in the high
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Table 11X

B@ummyasitiéﬂ of Ethyl Alcohol Under Pressurse.

1~G«5§,'éﬁ§?e 4

Table

11T {eontinued)

1-C=80, eurve 1 1-0«84, curve 2 1-C~82, curve 3
Catalyst 5 g. Mgl Catelyst & g. Hgl Catalyst 5 g. Mg0O
- Pime T. P. Time T. | P. Time 3 7. ‘ P,
G 25 O 0 24 0 0 27 O
20 178 200 20 184 220 15 142 50
50 38l 1480 850 368 1800 5G  3B0 1400
80 479 2440 80 4855 2240 850 404 1800
110 487 BE00 110 474 2800 110 480 2440
130 4987 3280 140 476 3200 140 458 3040
170 474 IBOO 21C 4584 500
188 478 3620 290 485 3800
B30 455 3860
400 4585 4000

laﬁwbﬁ, curvawvlw‘

Catalyst & pg. MpC Catalyst & g« Hg0 Catalyst b g. Mg
Time Ty P. Time } Tu 2 P. T4 ; T, ! F.
%ﬁiﬁ - G I~ 1%33 * E‘fi?} - L 3«?}5 . ﬁgiﬁ ™ Ce lbﬁ »
0 24 o o 24 O 18] 26 ¢
20 154 5O 8O 392 2000 15 184 200
30 280 400 7o 592 2080 48 310 1160
=191 258 1500 176 382 2100 75 E44 14860
20 438 2100 275 3886 2120 120 2566 1820
150 444 Z2BEQ &5 396 2140 210 358 1620
210 446 2800 6056 398 2160 200 386 1520
280 448 20980 880 e glae 4085 358 1880
68 446 E240 725 306 2180
308 446 BIEC
520 446 S480
590 446 3580
&620 444 3590

O 1P A ot Y e e R L T BT ——
e A ot M A s P Ao S e G B A A BTSN i ot et
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Table TII (continusd)

1-C-69, curve B i 1=-C«76, curve & 1-C-77, curve 6
Catelyst 10 gm. ¥g0 Catalyst none Catalyst none
Time Te P, I Time | T« P, Time Te 2,

¥in. | C. | 1bs. ¥in, U. | lbs. in. C. | lbs,

G 30 0 o 29 0 G 28 o
15 216 280 0 74 1840 860 332 1380
45 296 1040 170 386 1840 g0 368 1580
76 338 1380 | 345 382 1820 135 388 1740

130 348 1440 | 480 39z 2000 | 20C 384 18OO
180 348 1440 810 3pE2 2040 285 584 1820
250  38B 1440 30 386 2080 360 384 1840
525 381 1440 480 594 1860
5156 381 1440 510 394 1880

680 394 1940
786 384 1860
855 594 2000

- A b et S b e e e T R i O 2
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Table V.

Anslyeis of the Gas Produced by the Catslytle Decomposition

of Ethgl #leohel (nder High Pressurs,.

\

B T S S A S s
ot o 0T, 0, co

() () 7 (%)
1-C-76 2.2 20.3 0.1 7.2
1-C-77 2.2 22.2 0.1 5.0
1-0-68 1.5 16.5 0.1 1.5
1-C-69 1.5 17.5 6.1 1.5
1-C-"79 7 4-8.0 6.1-6.5 0.0-0.0 5.6-7.1
1-C-88 | 12.5-13.4 | 2.9-3.2 0.0-1.0 4.0-4.53
1-C-92 12.7-15.5 | 2.8-2.9 0.1-0.4 4.6-4.7
1-C-84 6.8- 7.3 | £.0-4.1 0.2-0.3 8.1-8.9
1-C-80 | 4.8- 6.0 | 3.8-5.6 0.1-1.0 9.9-11.0

Table V {continuved)

zﬁpt. By, CH .o |  CH CoH,
Ho- (%) () (€) 7)

 1-0-76 26.8 29.1 2.1 27.0

177 27.3 27.0 2.7 24.2

1-C-68 | 45.4 28.2

1-C-69 47.5 27.6

1-0-79 53.0-54,1 | 16.9-17.2 | 3.0-2.1 15.9-15.1

1-C-88 39.9-40.8 | 31.5-31.1.| 2.7-2.8 28.4-26.6

1~C-92 B7.5-38.3 | 35.0-36.9 | 4.7-6.4 30.5-30.5

1-C-84 41.6-46.2 | 27.5-31.8

1-¢-80 41.8-45.8 | 24.5-20.5 |

AN Bl b Whtoddolut it A K SS——
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pressure apparatus to different temperatures, irst with and
then without a catalyst, curves 5 and 6, &ra?h I, and expari-
mente l-C-T8 and 1-0-77, Tablea I11I, zv;'a&ﬁ V, show that a
slight decompositien of aleohol occurs at 394° C. because of
the catslytic actlion of the walls of the contaliner. A frac-
tionel distillation of the combined recovered ligulds (182
ml.) gave the following fractions: (1) 25-74% C., 1.0 ml.;
(2) 74~77° C., 2.5 ml.; (3) 77-80° C., 160 ml.; (4) 80-83° ¢.,
11.5 ml., Frections 1 snd £ conteined conslderasble smounts

of acetaldehyde, characterlized as the Z,4~dinitrophenylhydra-
zone {mixed mep. 164~165% C.). Praction 2 was refluxed with
freshly prepared sllver oxide to remove the acetaldehyde,

and after flltering was diestilled, ths distillate being prin-
cipally slechol. The silver salt wss analyzed for 2ilver.

Anel. Celed. for silver scetate:r Ag, €4.6. Found:

Ap, B64.3.

Practlion 4 contained small ewounts of sthyl wethyl
ketone, characteriged as the B,4~dinitrophenylbhydrazonse
(mized m.p. 118-116° C.).

However, if the results of these experiments are com-
pared to the averasge of two other experiments {desipgnated Ly
1-C-78, Tables T1I, IV, snd V) carried out at apuroximately
the same tenmpersture, 1t ls noticed thet under the influence

f maynesium oxide a more snergetic dscomposition occurs, as
evidenced by the larger volume of gas. Furthermore, Trom

the gme snelysis one cbserves an outright %snéamﬁy of the

o
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magnesium oxlde to decrease the percentags of the ordinary
gaseous unsatursted hydrocarbons, but this decrease in un-
satursted hydrocarbong does not necesssrily wmean that meg-

nesium oxlde lavors dehydrogenation with aldehyde formetion,

%

because in all the experiments conducted sbeve this tempers-
ture there was formed a noticeable amount of an‘anﬁat&rgteﬁ,
yellowisl, o0ily material which separated out on the surface
of the 1llgulid and was ingoluble in water. Later exporiments
ahowed that this ﬁﬁtﬁfﬁ&l wes probably & wnixture of satursted
and unsatursted hydrocarbons.

Curves 7 and 8, Graph I, and experiments l1-U-88 and
1-C-89, in which a larger mmount of wegnesium oxlde wea used,
show the slipght decomposition below 396° C., the larpe
volume of 1liquid recovered beling prineipslly alecohol with
traces of acetsldehyde. Three ml. of liguid (D.p. up to
79° C.) wers obtelined, and upon charscterization with am-
monicel silver nitrate and Z2y4-dinitrophenylhydragone proved
to be asceteldehyde. .

Experiment 1-C-80, Tables 11X, IV, and Vv, and curve 1,
%?&@h I, repressnt t&é average data of four experiments uesd
for the purposs of determining the charscier of the paseouns
products before the waximun pressure had besn resched. In
8ll cases the catalyst became @kighti§ gray in color anﬁv
incresged epproximately one gram in weight. The other experi-
ments, 1-0<84, 1-0-88, 1-C-82, Tables I1I, IV, and V, and

curves £, 3, and 4 in {rsph I, represent the average dats
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of four experiments conducted at different lempersturss to
indicate the course of decomposition. As shown by the data
presented in Table IV, the gquantlty of 1liguld preducts
ocbtained depended upon the temperature of the decomposition.
In some experiments there wes a separatlion into two lavers
{s brown upper layer end a colorless lower layer); in other
experiments, particularly thosze eonducted &t lowser tempera-
tures, a single brown-colored 1iquid was obtained. This
liguid, however, on being treated with water separasted into
two layers, an insoluble brown layer, and & coleorless laysr,
which upon ssliting out with sodium sulfate separated into
two layers. The upper layer wos distilled. In the other
experiments where the decompositien was slipght, only &
golorless liquild remained in the container.

In the four experiments represented by 1-C-88, Tables
I1%, v, end V¥, and curve 4, CGraph 1, from 100 »ml. of alcchol
there were obtelined, on the average, £1 ml of liguid product,
separating into two layers, the clear lower layer asveraging
17.6 ml. (15.8 grame), end the upper laver 32.5 ml., Shaking
of the upper layer with water ramoved the water soluble
graﬁuets; reducing the volume on an average of 6 ml. Upon
fractionsel distillation, the insoluble portion rem&inimg’f
(26 ml.) showed that 1t d1d not consist emtiw@ly of hydro-
carbons, because a carbon-hydropgen analysis did nat.ﬁﬁtal
abhove 80 per cent, & result which indlested the presence of

oxygen. Traces of scetaldehyde and the presence of
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unsatursted compounds were also observed in all fractions
up to b.p. of 80° ¢. However, an averags of 7 ml. of
prownish oily liguild with & b.p. greater then 90° C. re-
mained; this llguid showed 1ts unsaturated nature by decolor-
‘izing 8 two per cent permanganate zolution snd reacting with
bromine in carbon tetrachloride without any evidence of
hydrogen hp&mié@g it turned darker upon exposure to alr.
The substance d1d not dissolve completely in sulfuric acld
(sp. gr. 1.84). 4 carbon and hydrogen enalysis was mede.
Anal. Calcd. for Cﬂﬁgﬁ; £, 85.7, Hg, 14.3. Yound:
G, 83.4, Eé, 15.6. Therefore the i1iqguid was probably & mix-
ture of saturated and unsstursied hydrocarbona.
The lower colorless layer, approximately 70 ml. {(about
17.5 ml. per experiment), was subjected to s fractional dis-
tlllation. A peparation and an analyeis of these products
were extremely difficult beeause of the small range of bolil-
ing peolinte, the similarity of oropertiez or the formatlion
of miztures. However, an 1dea of the fractions and thelr
respective boiling-point range may be a&tain&ﬁbfrgm the
following: (1) to &8° (., 3.4 ml.; (2) 56-69° C., 2.4 ml.;
(3) 69-76% C., 7.2 ml.; (4) 77-79% C., 29.8 ml.; (5) Bl-86°
G., 6 ml.; (8) 87-90° C., 7 ml.; (7) abvove 9C° ¢., 6 ml.
The distillation loss of the product, about 7 ml., is due
partly to the presence of acetaldhyde, which persistently
appeare in the fractions vwp to snd including fraction &, as

shown by the reduction of awsmoniacsal gllver oxlde. Fraction
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showed considerable unsaturation, decolorizing & two per cent
permanganate solutlen and & scolution of five per cent bromine
in earbon t@%ré@&iﬁriéﬁ, with no evidence of the lormation of
hydrogen bromide. PFraction 7 wes an oll-like materisl, brown

in enlor.
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SUKMARY

1. & study of the decomposition of ethyl slcohol was
mude with and without magnesium oxide gs a contaol agant
under the following conditions: low tempersturses, long con-
taet time, stmospheric pressure.

2. Studies of the sawe decompositlion were made wlth and
witﬁamt magnesiun oxide as a contact agent In & closed sysw~
tem under high pressure in an 18-8 stsinless steel bomb.

3. Decause of the different materlals used in the con-
struction of the catalyst chambers, & [eir comparison of
the two studies eannot be drawn.

4. Vhen the experiment wus conducted at atwospherie
pressurs, the decomposition of sleohol began slightly below
Z65° C. in the pyrex glass tube containing magnesium oxide.
Under high pressure in the pressence of msgnesium oxide in
the 16-8 stainless steel contaliner, the decomposition begen
at & tewperature slightly below 392° C.

§. Detween 45 and 55 per cent of the alecohol decomposed
in the presence of magnesiuw oxlde at stwospheric pressure
in the temperature range 440° to 460° ¢. Under the condi-
tiens of hiigh pregsure in a closed system, within the same
temperature renpe, 60 to 70 per cent of the alechol

decomponed.



o BH -

6., From the liguld product obteined in the decomposi-
tion of slcohol at low pressure, the following substances
were ldentified: undecomposed aleohol, acetaldehyde,
acetons, butyraldehyde, methyl n-propyl ketone, butyl alco-
hel, and 1,3-butadiene. Other substences, seeminpgly present
but net identified, were unsatursited In nature. In the
liguild produet a%tais@ﬁ in the highk pressure experiment the
only oxygen-containing compounds identified were undecormposed
alcohol and acetaldehyde., Lxperimental facts indicated the
presence of saturated ss well as unsaturated hydrocarbons.

T« The gascous product of decomposition obtained at
low pressure wae predominately hydrogen, B0 to 85 per cent.
The paseousg product obtained at high pressure was from 40 to
55 per cent hydrogen.

8. Time-pressure curves were plotted, showing the course

of deccmposition of aleohol under high pressure.
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