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INTRODUCTION

The increasing commercial demand for ethylene
zlycol requires more efflcient and less expensive methods
for its preparation. If 1its formation could be effected
from carbon monoxide and hydrogen, an iImportant step
would have been taken to fulfilll these requirements.

The present rescarch wags initleted in order to
determine the effect of various catslysts on the
decomposition of ethylene glycol into carbon monoxide

and hydrogen, the ideal resctlon desired being,

2C0 + 3Hy; = CH,OH CHgOH
The kinetic view of equilibrium 1n s chemicel reaction
gshows that a catalysat which accelerates the rate of a
reaction in one direction must also accelerate the rate
of the reverse reaction. In more sappropriste terms, a
catalyst which decomposes glycol Into carbon mornoxide
and hydrogen, may, under thermodynamically sultable
conditions, form glycol from these pzases. The following
experiments, thus, have & practical lnterest in that
they represent a simple method for testing catalysts for
the formation of glycol from carbon monoxide and hydrozen,
without resorting to the use of costly and cumbersome high
pressure apparatus.

If the decomposition of glycol could be induced to
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occeur in accordance with the sbove eguation, the
synthesis would be grecatly facilitated by operating
under high pressure.

According to Parks and Huffman'the free energy
of formation of liquid glycol from its elements is,

Fogg ® =80,200 cal.
and for gaseous carbon monoxide,
Fogg ® =32,700 cal.
Consequently, for the reaction
2C0(g) + 3Hp(g) = CH,OH CHR0H(1)
Ppgg * -14,800 cal.

From a consideration of these thermodynamic dats
the synthesis of glyecol from carbon monoxlide and hydrogen
becomes the problem of choosing the proper tempersture,
pressure, and catalyst for cerrying out thls reaction.

This thermodynamie¢ possibllity may not be reslized
in 8 practical way because of the many side reactions
which ere possible in s system as complex as the one
under consideration. There is, nevertheless, nothing
thermodynamically unsound in attempting to devise a

method of carrying out the reaction.



REVIEV. OF LITBERATUHE

FEthylene glycol is at present prepared on a
commercial seale in most cases by reacting chlorine
or hypochlorous acld and ethylene, and subseguently
hydrolyzing the ethylene dichloride, or hydrogen by
means of an aqueous solution of & c¢chlorine acceptor
at elevated temperatures, the main reaction resulting

3,4
%f 1425,6 In contrast there

in the formatlion of zlyco
has been very little reportsd work on the catalytie
synthesis of this gzlyeol. The first method approaching

g catalytic process 1s rscorded in a patent granted to
Hough’. In this method ethylene is reacted with chlorine
and the Cl group of the ethylene dlichloride thus formed,
are substituted by OH groups under the influence of an

iron oxide catalyst. Ybutzs

reports the electrolytie
oxidation under high pressure of olefines to the
corresponding glycols using caustic soda as the
electrolyte. Recently Skarblamg has effected 1ts forma-
tion by reacting ethylene, and oxygen with water in the
presence of l1odine, or a substance capable of readily
liberating lodine and then combining with it again.
Among the latter he mentions, hydrogen iodide, ethylene
dilodlde, potessium triiodide, and ferric iodide. The

reaction is sllowed to take pleace In a closed vessel at
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e temperature below 50°C, and a pressure above
atmospherlec. The presence of a carrier, or an oxidation
catalyst, for example, an iron or manganese salt, prevents
the formation of bye-products due to the generation of
hydrogen lodide.

In the catalytic decamposition of ethylene glycol

there has, aleo, been very little woerk reported.
Sabatierlo, states that glycol heated at 400°C. with
alumine yields chiefly scetaldehyde which partlally
condéenses to paraldehyds. Trillatll passed glyecol over
a platinum spiral, and obtained formeldehyde, glycollic
aldehyde, and glyoxal as decanposition productse.
Previous work by Drake and Smithl® has showed that glycol
vapor when passged over vanadium pentoxide at temperatures
renging fram 250°C to 400°C, yields principelly scetalde=
hyde and ethylene, together with small amounte of carbon
monoxide, carbon dioxide, acctie acid, and metliane.

There is no reported work on the catalytic action
of metallle copper, zine oxide, or chromic oxide, or thneir
mixtures, on ethyvlene glycol. They have, however, been
used very extenslvely in other catalytic processes.
Sabatierlo hag stated that in the decomposition of
methanol, metallie copper and zinc oxide are principally
dehydregenating in their catalytic action, while chromium

oxide 1s dehydrating in character. However, Lazier and
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Adkinsl5 have shown that zine exhiblts dehydrating as
well as dehydrogenating properties in its effect on
alcohols, the predominance of ether reactlion depending
upon the method of preparing the catalyst. Others, as
for example, Ghoshl?, Ghosh and Baks1l®, Harel®, and
Mennich and Geilmanl? have studied the catalytile effeet
of copper on the decomposition of methanol, whille Palmarlg,
Ridea1l®, and Constable®0 heve investigated the decompo-
sltion of ethanol by the same catalyst. Patart®l in
studying the decanposition and synthesis, and Fischerzz
the synthesis, and Frolich23 the decomposition of
methanol, found that zinc oxlde alone was a good catalyst.
Patart and Frolich, however, obtained better results with
mixed catalysts. For example, Patart'!s experiments

showed that a cetrnlyst composed of 90% metellic copper and
10% zine oxide was more effective than one consisting of
pure zinc oxide. Similerly Frolich has sh:own that a
cetalyst contalning 98.6 mol percent zinc oxide and 1.4
mol percent copper oxide decomposes 41% the methanol,
wihereas pure zinc oxlde decamposes 33% under parallel
conditlions. Penske and Frolichaé, and Ereyfuags state

that zinc oxide posseszes moderate activity in the
synthesls and decomposition of methanol. Smith and Hawkzg,
¥Woodruff and Bloomfielda®’ in studying the formation and
Cryder and Frolich28, sSmith and Hawk®?, Huffman and DodgeSC
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Platnikov and Ivanovel, and Storeh®? the decomposition
and synthesis of methanol, have shown that mixtures of
zine oxide and chromium oxide show a greater activity
then does pure zlinc oxilde. Lonmandas, Frollch and
cellabaratorssé, and Frolich and Lewis>® state that
mixtures of copper and zine oxlide are superior to pure
zinc oxide in the synthesis of this same aleohol.

A large number of patents relating to the
synthesis of methanol and simllar oxygensted organic
compounds mention coppersg, zine oxide”’ and mixtures
and alloys of zine oxide and copperd® as castalysts.
one patent,®® furthermore, states that zine oxide,
ordinarily considered a non-reducible oxlde, 1s reduced
in the presence of copper. Rogers40 verifies this
statement. His experiments indicate that in 8 mixture
consisting of 91.51% cuprous oxide, 7.68% zinc oxide and
.36% ferric oxide, the zinc oxide 1is completely reduced
by hydrogen at 3009C.

Penske and Frolich24, Platnikov, Ivanov and

?ospekhov41

studled the activity of ternary mixtures

of copper, 2inc oxide and chromium oxide on the methanol
synthesis and found that such catslysts were more
effective than elther the pure materials, or their binasry
mixtures. The latter investigetors have also shown that

the optimum proportions for this ternary mixture are at
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gine oxide: chromium oxide equals 11:1, and highest
gctivity was obtained when these oxides constituted
30% of the catelyst. These same investigatarsQE
report that & catalyst composed of 90% copper oxide,
8% zine oxide, and 2% chromium oxide is effective in
the decamposition of methanol. Likewise, they 1ater45
studied the synthesls of this alcohol from carbon
monoxide and hydrogen at pressure up to 162 atmospheres,
with a high space velocity of the recacting gases and
terperatures up to 320°C. in the presence of various
catalysts. Copper proved to be a wesk catalyst, while
zince oxide possessed high ectivity. Chromium oxide
promoted the resction,

200 + Z2Hp = CHy ¢ COg
The addition of zine oxlde to copper produced no
appreeieble effect. At this high space velocity gine
and chromium oxldes promoted the formation of hydrocarbons
instead of methanol. VWoodruff and Bloomf1e1d44 received
e patent for the formailon of methanol by using cataslysts
composed of zine oxide, chromium oxide, ferric oxide and
zine chloride. Tropsch and Koehlen?® passed formaldehyde
vapor over zine oxide at 400°C. and obtained carbon
monoxide and hydrogen from dry formaldehyde and carbon

dioxide and hyvdrogen from molst formaldehyde. Uith
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chromie oxide they obtalined in addition to the above
products, an 8% yleld of methane. According to

Sendonnine and Bezz1%0 cetyl alcohol wien passed over
ci'romic oxide, or zinc oxide yvields 61% and 93% hvdrogen
respectively. Lazier?? found that chromic oxide posgesses
the unique property of hydrogenating the double bond.

He obtained zood yilelds of ethane by hydropenating ethvlene

in the presence of this oxlide. Sahati&rlo

statcg that
zine oxlde and coppéer decompose formic secid exclusively
into carbon dioxide and hydrogen. 'hen organic acids are
pagssed over Zn oxide the correspondinz ketones are
praducedlo. In the field of arocmatic chemistry Ullmann48
found that copper greatly facilitates the action of
ammonia under reduced pressure at 170°C. on chloronitro-
benzene to form amlno nitro benzene.

Many additional references mey be cilted. It should
be noted that zince oxide, copper, and chromic oxide have
been used in a great variely of orgenic catalytie processes,
and wvhen used geparstely have, in most csses, shown less
activity than when binary, or ternary mlxtures rave been
employed. Copper can be clsszed as a purely dehydrogenation
catalyst. %inc oxide and c¢hromle oxlde show both dehydro-
genation and dehydration effects. In view of the extensive
appilcation of these materials in the fleld of catalytie
chemlstry the present investigation of thelr catalytle effect

on ethylene glycol was initiated.
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PREPARATION OF CATALYSTS

Chromium Oxide

This catalyst was prepared by adding agueous
apmonia (sp. gr. .958) contalning 10.47% NHz to a
solution consisting of 250 grams of s basic ch:romie
nitrate (28.42% chromium) dissolved in 3 liters of
distilled water. The solution was maintained at =
constant temperature of 90°G, and thoroughly agitated
by means of & motor driven stirrer. The ammonie was
added at a constant rate of 20 cc¢. per mimate until
the end point was reached.

The chromlic hydroxlde was washed in the following
manner: VYhen precipitation was complete, the agitator
was stopped, and the suspension allowed to cool. The
hydroxide was permitted to settle for several hours,
or preferably overnight, and the supernetant liquid
siphoned off. The remaining gelatinous mass was filtered
by suction. The filter cake was treated with 4 liters
of boiling dlstilled water and the resulting suspension
acitated for 1 hour at 90°C. This washing process was
carried out 3 times. After each filtrstion the precilpitate
was pressed filrmly onto tiie fillter and sucked dry in
order to remove as much of the mother liquor as possible.

The chromic hydroxide now in the form of & cake
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of about the conslstency of dry putty weaes pressed into
cylindrical worms 2 mm. in dlamcter by mesns of a clean
sodium press, and dried for 2 hours 1in an electric oven

at 110°C. The material thus obtained was dried in =
muffle furnace at 400°C. for 2 hours, and finally screened
with a 40 mesh sieve to remove the fine particles. The

vield of catelyst was about 50 grams.

Zinc Oxide

Precipltation of zine hydroxide from & solution
consisting of 1 mol C.P. 2n(ﬁ05)2.6320 in 3 liters of
distilled water was effected by the same method whish
was used in case of the chromium catalyst. The
procedure for washing the c¢rude hydroxide was, however,
somewhat different.

Referring to preparation of z inc catslyst, the
suspension resulting from tne precipitation was sallowed
to ¢ool until the zine hydroxide had settled. The
supernatant iiquid was siphoned off, the nydroxide
treated with 4 liters of bolling distilled water, and
resulting suspension sgitated for 1 hour at 90°C.
Filtration by sucilon was not employed ag the zine
hydroxide settled much more completely than did the
chromiec hydroxide. This washing process was carried out
3 times. OSubsequent to the final washiing the procedure

was ldentiesl to trat used in the case of the chromium



catalyst.

zine=-0xide - Copper Yxide Cstalysts

to one-half mol of @ mixture of chemically pure zine
and copper nitrates dissolved in 3 liters of distilled
water. The solution was hested to 60°C. and maintained
at ti:is temperature during the precipitation, which was
carried out in a 5 liter 3 necked flask equipped with an
efficlent mechaniecal stirrer, a small separatory funnel,
and a thermometer. Ammonia {(sp. gr. .958) containing
10.47% NH3 was edded from the funnel at e constant rate
of 13 ¢c. per minute until the end point was reached,
the hydroxides of copper and gine being precipltated
together.

The preclpitates were washed 3 tlmes aecording to
th:e procedure gilven above for pure zine hyaroxide with
the exception that the wash water was heated to 60°C.
and the system mainteined at thils temperature during
the interval of stirring. Following the third washing,
however, the mlxed hydroxides, then in the form of a
dried cske oOn the filter, were washed with 2 liters of
distilled water at 60°C., the nhydroxides on the filter

being stirred as muc: as possible. They were finally
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dried by suction™, pressed into cylindrical worms

2 ym. in dlameter, and dried for 24 hours in an electrie
oven at 11006. The msterisl thus obtained was heated
for 2 hours at 400°C., the hydroxides being converted

to the oxides and any adhering ammonium salts volatilized
and carrled off by a constant stream of alr passling

through the heatling chamber.

Zine Oxide ~ Chromium Oxlide Catalyats

These catalysts were prepared by exsctly the same
proceudre used in the ghove preparation for gzine oxide =
copper oxlide catalysts.

The chromium nitrste used was shown by analysis
to contain 28.42% chrorium. This value is in fair
agreement with that for mono basic chromic nitraste whiech

contains 26.94% chromium. Consequently, in calculating

# In the case of catalysts high in copper content
considerable difficulty wee encountered In transf{orming
the hydroxides into the forms of cylindrical worms. They
pocssessed a marked tendency to absorb wsater and passed
through the circular opening of the sodium press not in
the solid form but rather in s semi-solid form. This
difficulty was successfully overcome by allowing the
hydroxlde cake to remain on a clay plate at room tempera-
ture for at least twelve hours before putting it through
the press.



the weights for one-half mol of a mixture of zine and
ch:romium nitrates, the molecular forrmla for the chromium

salt was assumed to be Gr(ﬁH)(HOs)g.

Glycol mploved

This was obtained by distilling commercial
ethylene glycol, Prestone, under reduced pressure and

collecting the fraction boiline at 101%C. at 17 mm.
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APPARATUS

The apparatus used iz shown in the fisure.

It was similar to that used by Lrake and Smith (loc.cit.).
There are, however, same very important changes.

A, a wasninzg tower conteining a little concentrated
sulfuric acid, was connected through a plece of small
pyrex tubing and a rubber stopper to B, a 15 mm. combustion
tube. The latter was fllled wiltin reduced wire form copper
oxide and electrically heated to 250°C. to remove traces
of oxyzen from the nltrogen which wes supplied from a
nitrogen cylinder. The vaporlzer C, a pyrex tube of 10
cc. capaclty, and containing glycol, was heated to the
desired temperature by meens of an electrically heated
Crisco bath. Glycol was introduced by removing the
rubber connection and introducing a small glass caplllary
through the stopcock attached to the pyrex bulb. A
small hole was blown Into the inner tube of the vaporizer
at & point 3 cm. below the rins seal. This device
permitted flushing the system with nitrogen after intro-
ducing the glycol without bubbling the gas through the
zlycol. Connecting the vaporizer with the furnace D,
was a 1 mm. capillary pyrex tube, electrically heated to
£2109¢. Glycol vapor senerated in C passed through this

capilliary at & constant rate intoc the catalyst tube. The
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latter consisted of a 11 cec. pyrex bulb 140 mm. x 10 mm.,
into which was sealed a plece of 70 x 5 mm. tubing. This
smaller tube acted as a receptor for the thermocouple.A
small piece of glass wool placed in the base of the
catalyst tube prevented the catalyst from falling down
into the lower arm of the tube. The furnace, D, was
made from e pyrex tube 34 rm. x 26 cm. This was filrst
wrapped with thin asbestos paper and then wound with
chromel ribbon followed by a layer of thicker gsshestos
paper. Further insulation wes secured by use of asbestos
marnesia pipe covering with walls 2.5 cm. thick and a
length of 30 cme. PFitting snuggly agalnst the ends of

the tube were asbestos plugs 2 cm. thick sealed to the
inner walls of the asbestos plpe covering by means of
glycerin litharge cement. In the plugs were holes
sufficliently large to permit the introduction of the
catalyst tube. The temperature of the catalyst wasg
reruzlated by means of a lemp bank in serles with the
furnace. 'I'he upner bent arm of the catalyst tube was
electrically heated to 250°C. The catalyst tube was
removed from the heating chember by raising the furnace
and cutting the arms just above and below the asbestos
wrapping.  consists of & coll condenser fitted into s

bell jar by means of a closely fitting rubber stopper.
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The coll, cooled in an ilce beth during the experiments,
was provided with a c¢ondenser trap cerrying & stopcock
for removing the condensate. The low head scrubber, F,
filled with 300 cc. of 4 K magnesium sulfate, connected
the coll to the ~asometer, G. The latter was provided
wit a tenth degree thermometer, a connectlion to the
gas analyzer, and a siphon tube. It had & volume of 8
liters and was calibrated to 500 cc. divisions. The
siphon tube connected the rasometer to H, a smaller botile
equipped with a second siphon tube, I, sand a 3 way stopcock
whicrn could be opened either to the atmosphere, or the
mercury manometer, J. The primary purpose of this bottle
was to provide automatic adjustment of the gas mixture in
the gasometer to variations Iin the atmospheric temperature
and pressure. G, H, and the scrubber, F, were filled
with 4 N magnesium sulfete by means of the aspirator, XK.
The catalyst was removed as described above. After
each experiment tie catalyst tube was cleaned with
concentrated sulfuric acid contasining a few cubie centimsters
of nitric acid. The products of decomposition torcether
with undecomposed slycol passed into the condenser, where
the glycol, water, small amounts of resin, acetic acid,
and the ma jor portion of the acetaldehyde were condensed
and removed from the trap through the stopcock. The

remainder of the ascetaldehyde wass absorbed in the
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scrubber. The internal pressure of the system was
repgpulated by means of & pinch c¢lamp on the lower end
of the siphon, I, and the mercury manometer, J.

At the conclusion of easch experiment the scrubbepr
liquid was wilthdrawn through the stopcock. The
acetaldehyde was recovered by distillation from a 500 cc.
distilling flasgk into a small coil condenser. The end
of the condenser extended a few cm. below lce water

contained in a 125 cc. Erlenmeyer flask.
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¥LTHOD OF PROCEDURE

The procedure used wlth pure zine oxide, or
zine oxide - ciuromlic oxide mixture as contact material
was as follows: The catalyst was Introduced into the
catalyst tube and the latter sealed into the aspparatus
as shown in the diagram. The thermocouple was then
put in place. In order to completely close the heating
chamber from the mir asbestos fibre was pressed firmly
around the arms of the catalyst tube at the top and
bottom of the furnace. .0613 mol of glycol was run
into the vaporizer C, and the reduced copper in the
furnace B heated to 250°C. The switeh to the lamp bank
was closed and tl.e catalyst furnace heated to the desired
temperature. The stopcoeck in the scrubber exlit tube
was opened to the air end the system flushed out with
nitrogzen for 3 hours. Heanwhile, the scrubber, gasometer,
and H were filled with 4 N mapgnesium sulfate and the
stopcock in H opened to the menometer. At the conclusion
of the 3 hour flushing period the above mentioned scrubber
stopcock was turned so that the reasciion zeses could pass
into the gesometer G. With the system thus in readiness
to eollect the decomposition products, the temperature of
the Crisco bath C was raised to 205° -~ 210°C. and maintained

at this temperature until the glycol was completely vaporized.
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The extent of the vaporization could be followed tirough
a small opening in the asbestos paper covering the beaker
containing the Crisco. Throughout the experliment the
pinch cock on the siphon tube leadling from H was so
ad justed that a few mm. pregsure was rmalntained within
the system.

The temperature of the Crilseo bath was so resulated
that 40 minutes were required for complete vaporization
of the glycol. At tlie end of this time a slow stream of
nitrogen wee passed through the system in order to carry
the residual gases into the pasometer. hen spproximetely
500 cc. of nitropen had entered, the stopecock on the exit
tube of the scrubber and that of H were opened to the air,
the scrubber liquid removed, and the cutelyst cooled in an

stmogphere of nitrogen.

Chromic Oxlilde as Contact Material

The method of procedure for tiils materisl as
catalyst was the same as the preceding one, except for
the Pollowilng differences: 6.5 ce». (equivalent to 6.5
grams) of chromic oxide were used in each experiment
and the temperature of the (risco bati: was so adjusted
that the complete vaporizstion of the glycol required 2

hours.



Pure Copper and Copper=Zine Oxide Catalysts

The procedure here was the same as the first
mnentioned with the following exception: Previous to
the experlmental run, oxldes were reduced by hydrogen
at 5086°C. Hydrogen from a cylinder was washed with
an aqueous solution of potassium permanganate and
passed through the catalyst. Thils method of reduction
was used because experiients showed that catalyats
obtalned by reduction with glycol vapor were inferior in
activity to those obtalned by reduction with hydrogen.
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ANALYTICAL MuTIIODS

Degomposition Products

The analytical methods were essentially the
same as those used in previous workl2. The decomposition
gases were analyzed in a Fisher Universal Gas Analyzer;
carbon monoxide, oxygen, unsaturates, carbon dioxide,
hydrogen, and methane were determined in the order.
mentioned. Carbon dioxide was absorbed by 33% aqueous
potassium hy droxide; oxygen by sodium anthragquinone
beta sulfonate 301ut10n49; ethylene by 24% fuming
sulfuric aclid; and carbon monoxide by armmoniacal cuprous
chloride solution®0, Hydrogen was burned in a copper
oxide tube at 310°C and methane in a slow burning
pipette,

At the conelusion of each experiment the
condensate from E of the diagram was drawn off into a
125 cc. Erlenmmeysr flask, Distilled water was then
drawn up into coil and the washings collected in the
Erlsnmeyer flask, Acetaldehyde was determined by
adding 1 gram of hydroxylamine hydrochlori&@5l to a
25 ce. portion of the aqueous condensate, allowling the
resulting solution to stand for at least 30 minutes and
titrating the hydrochleoric acid liberated with N/4 sodium

hydroxide using tetrabrom phencl blue as 1ndieator.52
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The acetic acid was determined by titrating
another 25 cc. portion with N/4 slkall using phenole
phthalein as inﬁiaatw. |

The agetaldehyde contained in the scrubber
liquid was driven off by distillation and collected
directly in & 125 cc. Erlemmeyer flaask contalning
& gold aqueous solution of hydroxylamine hydrochloride

and titrated as above,



ANALYSIS OF CATALYST HMIXTURES

Copper Oxlde -~ Zinc Oxide

The copper was debermined by dissolving a sanmple
contalning approximately .1 gram of copper in &6 N
gulfuric scid. The resulting e¢lear solutlon was made
allkaline with congentrated ammonia and cooled. 50%
acetic acid was added in slight exceas,

The solution, now about 30 gec. in volume, was
treated with 3 grams of potassium iodide, After five
minztes the liberated iodine was titrated with N/10
sodium thiosulfate using starech as indicator, The
per cent zinc was determined by difference. The
enalyses were made after the oxides had been heated
for 2 hours at 400°C. as deseribed under the preparation
of the catalysts,

The following table represents the reasults
obtalined from the copper oxlde « zinc oxide catalyats

using the above method of analysis,
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Gat, % Cu % oul G 20 Mol % ol %
_No. Cu 4n0
0 0 100 0 100
2 1.29 1.61 98.39 1.63 90,37
3 576 7.20 292.80 7.32 92.68
4 13.32 16.65 83.35 16.95 83.08
5 18,47 23,09 76.91 25.49 76.51
6 24.135 30.16 69.84 30.64 60.356
7 34.39 42.99 57.01 45.55 £6.45
8 52.12 65.15 54.85 65.65 34,35
9 67 .04 83.80 16.20 84.11 15.89
10 78.94 98.70 0 7 0

The values for copper were determined by analysls,
and those of zinc oxide by difference. The last two columns
represent the values of metallle copper and zince oxide afier
reduction of the mixtures at 5@6°G., assuming that only
the copper oxide was reduced, The error involved in making
thils assumptionég 18 realized but for a qualiitative
representation of the catalytlec effects the above values
willi suffice. This point will be discussed more at length
in the subsequent pages.

In plotting these wvalues in the following zraphs
the last value of columm 5 is taken as 100 mol % copper.

In reallty 1t is probebly not more than 99 mol %. This



discrepancy can be explained on the basis of incouplete

dehydration of the copper hydroxide at 400°C,

Chromic Oxide = Zino Oxide Catalysts

el = B pgram of gatalyst, depending upon the
chromium content, was dissolved by prolonged heating
in 10 to 15 scc. of nitric acld { 2 ce. conec. HNOz to
1 cc. water). The resulting clear solution was cooled
and made strongly alkaline with concentrated sodium
hydroxide solution., 10 -~ 15 grams of sodium perocxide
were added. “hen effervescence had subsided, the
solution was bolled for a few minutes., Oxidation was
completed by continued bolling after the addition of a
drop of liquld bromine, After cooling ammonivm carbonate
was added to neutralize the greater portion of the sodium
hydroxide, whereupon the solution was filtered from a
trage of iron, 6 H sulfuric acid was added until a
permanent brown color appesred, 20 co. of 30% pobtassium
acld sulfate added, and the solution boiled to sxpel the
laat traces of oxidizing agent., After cooling, the
solution was acidified with 6 ¥ sulfuric acid., 5 cc, of
agcid per 100 cc. of solution were added in excess. The
resulting cold solutlon was treated with 4 grams pobassiun
iodide and after 5 minutes the liberated iodine titrated

With1% sodiun thiosulfate solution.
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From the titration values the per cent of
chromium was calculated. The per cgent of zinc was
found by difference. The following table represents
the values obtained for the various chromic oxide =

zlne oxlde catalysts,

Cat. % Cr % Crg0z % Zno Mol %

No. Cry03
1 - - 100.00 -
2 1.68 2.45 97.55 1.32
3 3.05 4.45 9555 2.43
4 7.70 11.25 88.75 6.35
G 14.19 20.74 79.26 12.25
6 £1.51 31l.44 68.56 19.73
7 36.30 53.05 46.95 37.73
8 49.25 71.95 28.05 57.82
9 57 .36 08.83 11.17 81.54
10 65.82 96.19 00.00 ?

As in the case of the copper oxide - zinge oxide
catalysts dehydrabtion of the hydroxides was not complste
at 400°C. There 1s no information in the literature as
to the lowest temperature for conplete deliydration of

chromle hydroxide. Treadwell and Hall state that the



- 27 -

correct procedure is to i;nite the hydroxide. Here
also for purposes of a qualitative comparison of
catalytic effects, the last value of colum 5 was

taken as 100 mol per cent,.

Model Calculations

The carbon balance from whieh the total decom=
position was figured was obtained in the following way:
Catalyst = 11l cc. of 100 mol per cent Zn0.

Temperature = 506°¢C,
Entering glyeol = 0613 mols,

HMols reaction zases plus nitrogen = ,1330.

Gas Analysis

Per Cent Liguid Compounds
~ Hols
Carbon dioxide 20.83 Acetaldehyde «O1l1ll
Ethylene 6,66 Agetic Acid « 0000
Carbon Honaxide 4,95
Hydrogen 44.30

Methane Q.74
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Carbon Balance

Mol c

Carbon dioxide 0277 . 0277
Ethylene . 0089 - O177
Carbon monoxide « 0066 « 0066
Hydrogen « 0594 -
Hethane « 0010 . 0010
Acetaldehyde . 0111 L0222
Acetic acid + 0000 « Q000

«116%7 L0752

Since no attempt was made to determine the
gquantity of water formed from the decomposition reactions,
the percentage decomposlition was figured on the basis

of carbon. Thus,

0752 x 100 _ g1.3 per cent

. X =

The individual decomposition products listed

above were expressed as per cent of /the total glycol used.

Carbon dioxide = ,0277 x 100 _ 55 g per cent
x : T

L ]

Bthylene = 0082 x 2 % 100
. X 2

= 14.52 per cent,



PYROLYSIS OF ETHYLENE GLYCOL

Pyrolysis of glycol was determined by passing
the wvapors through the empty catalyst tube lhivated to
50690, nhis temperature bheing the highest at which
experiments were made. The following table gives the

resgults of such g determinatione.

Temperature = 506°C.
Entering glycol = 0613 mols,

Per cent decomposition = H.l.

TaABLE T

ol Percent of

Degomposition
Substance Hols Produets
Carbon dioxide 0003 5.88
HEthylense . 00GL 1.99
Carbon monoxide « 0003 5.88
Hydrogen . 0016 31.37
Metnhane « 0002 5.98
Acetaldehyde « 0023 50.98

Acetic acid « 0000 G000

The above data indlcates that glyeol is very stable

=
even at 50600., an obgervation confirmed by Hurdag.

He
states that ethylene glyecol starts to decompose atb 500°

to 520°C. and that the decomposition is appreciable at
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550°C. At this latter temperature he rscovered
14.4 gorams from an original charge of 40 ;rams of
giyeol. The decomposition products consisted of
acetaldehyde (7 ce¢.), water (5 cc.), some croton-
aldehyde {traces), and 4,5 litera of gas, the latter
being composed of 50% carbon monoxide, 11.5% hydrogen,
and 38,5% methane. HNo unsaturated compounds were
formed which 1s in close agreement with the above
experiment,

Referring to Table I it is evident that the
prizary reaction of the pyrolysis is the decomposition
of zlyecl into acetaldehyde and water, according to th

following squation:

CHgOHCHgOH = CHzCHO + HgO.
The formation of hydrogen, methane and the oxides
of carbon may be accounted for by the equations,

GEQOECﬁQQH = 200 + 353

CHxCHO = CHgq + CO
and

CO + Hp0 = GOg + Hy

3ince the pyrolysis was very =light {only 5.1%)
it is not considered necessary to give further discussion
on these equations at the present stage of the thesis,

It shonld be noted, however, that no traces of acetic acid
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could be detected in the decomposition products., This
interesting observation will be considered later in the
light of the data obtained from the catalysis experiments.
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DISCUSSION OF R

Chhromie Oxide ag Catalyat

b X

e

ULTS

The experimental results obtained from

chromic oxide as catalyst are presented graphically

in Figure 1.

glyeol plotted as a function of temperature,

remaining curves represent the percentage of entering

slycol decomposed into the various products which wers

identified.

included in Figure I.

The followling table gives the data

Curve 1 represents the decomposition of

The

%

% of glycol used decomposed Into:

Temp. Decomp. COg CoHyg Co Ho CHy CHzCHO CHzCOOH
378 34 3.1 0.7 3.0 2.0 0.1 23.%7 4.0
408 49 4.9 1.5 3.8 5.0 O.4 S55.2 Sed
428 63 Ce8 2.1 349 8.4 0.7 42.5 7.2
455 52 11.3 4.5 4,5 13.3 0.5 26.2 S.1

the decomposition can be a Urue measure of catalytie

Volume of catalyst = 6.5 ec.

Time of each experiment = 2 hours.

In comsidering this data it must be remembered that

activity only when the space velocity and sconcentrations



are the same in each experisent. At each temperature
the rate of flow of gaseous ;lycol into the reaction
chamber was .0532 mol per hour. This rate of flow
over 6.5 cc. of catalyst would give at the several
temperatures the following space velocities, the
latter being given in the usual units of cubie

centimeters of gas per hour per cubic ecentimeter of

catalyst,
Temp., 9C. S. V.
375 433
408 456
428 469
453 486

Furthermore, the decomposition products are
constantly diluting the reacting constituents, and
since the proeess in question proeceeds with an increase
in the number of mols the time of contact ia constantly
decreasing along the length of the catalyst layer,.

The net affect of these two factors, namely, the
increase in temverature and the dilution by the decompo=
sition products, is a flatening out of the ocurvea at the
higher temperatures.,

Referring to Curve 1, Figure I, it will be noted

that the slope becomes zero in the viecinity of 435°C.,



and agsumes a negative value tiereafter, An inspection
of the aldehydse curve indicates that this same condition
prevails in this case. On the other hand, the curves for
hydrogen, csrbon dioxlde, and sthylene show a decided
increase in these substances bstween these temperatures,
In more appropriate terms, the desgired reacition, namely,
the dehydrogenation of glycel, was favored, while the
dehydration was diminlshed. At this point, however, it
should be stated that at 453°C., a considerable quantity
of an unknown oily product was obtained in the condensate.
It is probable that this substance was produced by the
condensation of acetaldehyde, This explanation would
account for the rapid decline in bothh the aldehyde curve
and Curve 1, since scetaldechyde 1s the dominant product
of the decomposition. 'This concliusion will be obvious
when 1t 1s remembered that the total decormposition was
obtained by means of a carbon balance based on the
determinable products of the reaction. It is belleved,
therefore, that nothing would be galined by operating at
a tewmperature abovo éﬁﬁoG., a concluaslon which is in close
agrecement wlth the observations of Reit254. He states that
the opltimum terperature is 41000.

Referring again to Figure I, it will be seen that
the decomposition is by no means a simple process, as

evidenced by the complexity of the products., Methane,



ethylene, and acetic aclid were formed in addition to
acetaldehyde, carbon monoxide, carbon dioxide and
hydrogen. The most lunportant gaseous products were
carbon monoxide, carbon dloxide., and hydrogen. The
domlnant reaction wus the one resulting in the formation
of acetaldshyde. For exanple, at 375°C. the per cent
total decouposition and percentage of entering glycol
decomposed into acetaldehyde were respectively, 34 and
24, Conasequently, approximately 714 of the total zlycol
dscomposed occurred as acctaldehyde.

i2

Drake has suggested two mechanisms for the

production Qf:aeetaldehy&@ from gaseous glycol with
vanadium pentoxide as catalyst.
CHgOHCHoOH — CHg = CHOH + HgO

CHp = CHOH == CHZCHO

“1§atiev55 has studled the behavior of oxides on
heating both in the presence and absence of catalysts,
Ithylene oxide passed through a lass tube was fowud to
begin to decompose at 500°C. In the presence of aluminum
oxide, however, rearrangement of the oxide into acsetaldehyde
took place readily between 200° and 300°C., The work of
Nef®® comfirms in a zeneral way that of Ipatiev, Hef
observed a slow rearrangement of ethylene oxide into

acetaldehyde in glass tubes at 400 - 420°,., No evolution



of gas took place within this tempersture interval.

The behavior of many substituted ethiyylene
oxides on heating has been studied by Tiffenean
and Lavy5v, and Levy and Sfiras®®. liany of the oxides
investigated undergo a rearrangement like that of
ethylene oxide into acetaldehyde. This rearrangement,
therefore, 18 common to alpha oxides, and it 1s possible,
consequently, that ethylene oxide was the intermediate
fron which both acetaldehyde and ethylene were formed.
The following reaction would account for the sthylene

CHg -/cﬁz=== CHp = CHy + %0g "

N

The complete reactions for the formation of
agetaldehyde and ethylene from glycol would be
CHzCHO + HgO (2)

CHg = CHg + HQO + %‘02 (3)

|

CHZOHCH0H

I

CHGOHCH,0H

These dehydration reactions would be expected
from the usual catsalytie effects of chromlec oxide.
Sabatierlo states that chromiec oxide 1s dehydrating

28 state

In its effect on alcohols, Cryder and Frolich
that Crgly when added in excess to Zn0 causes an increass
in the dehvdration of methanol.

Acetlieo acid was undoubtedly produced by the

oxldation of acetaldehyde. The amount of acid formed
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was conditioned by two factors, {a) the concentration
of the aldehyde in the reactlon products, and (b) the
amount of avallable oxygen. The latter in turn
depended upon the reducliblility of the catalyst and
the extent to which reaction {3) proceeded. Although
the catalyst did show a physical change (evidenced from
a change of color from the origlnal desp greon to an
olive green) it 1= believed that the greater part of
the available oxygen came from reaction (5). From
Fipure I it is seen that the eontour of the acetic acid
curve follows roughly the means of the contours of the
aldehyde and ethylene curves,

Carbon dioxide may have becn mroduced according
to elther or both of the following equatioms. The

reaction
CO + Hg0 = (COg + Hy (4)

13 advanced on the basis of the use of chromic oxide
as a promobter in the catalybic process for the production
of hydrogen from water ;as®0, Plotnikov, Ivanov and
?oapekhovés in their studies on the synthesis of wmethanol
from garbon monoxide and hydrogen found that Crglz
promotes the reaction
260 + 2Hg = CHyg + COg (5)

This reaction not only accounts for the presence

of carbon dioxide, but it also predicts the simultaneous

formation of an equivalent amount of methane. These
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reactions were favored by inereasing the temperature.

It is seen from Figure I that the carbon dlioxlide curve
shows a declded increase at the higher temperatures, while
the methene surve 1s nearly a straight line. It is
evident that the greater part of the carbon dioxide is
produced by reaction (4).

For the production of ecarbon monoxide two
mechanisgmg are propeosed. It ig nown that Gr305 acta
as a dehydrogenation catalyst. Lazier?? states that
Crg0s gives 50% each of dehydration and dehydrogenation
of alecohols. The same investigator has also shown that
chromic oxide is effective in the hydrogenation of

ethylene to ethane. The reactions
CH,0HCH,0H = CHOCHO + 2H, {c)

CHOCHO = 260 + Hx0 ()
readily account for the presence of c¢arbon monoxide and
hydrogen.
Hinshelwood and Hutchinson®® in their studies on
the thermal decomposition of acetaldehyde have shown thatb
this substance decomposes asmoothly at 500°C. according

to the following equation,

CHzCHO = CO + CHg (8)



A consideration of eguations (4), (35), (6),
and (7) indicates that the sum of the hydrogen and
methane values in Pigure I should be roughly equal
to ﬁha sum of the carbon monoxide value and one and
two-thirds the carbon dloxide value, since the latter
is produced from ecarbon monoxide with the liberation
of an eguivalent amount of hydrogen. This conclusion
18 roughly substantiated by Figure 1. There is,
however, a shortage of hydrogen especially at the lower
temperatures. It is believed that this discrepancy
can be explained on the baslis of two side reactions,
nmmely, the productlon of carbon dioxide by oxidation
of carbon monoxide, and by the removal of hydrogen

through the formation of water.

Pure Zinc Oxide as Catalyat

The graphic presentation of the experimental
results using this oxide as catalyst is identical with
that used in the case of chromic oxide., Table II gives

the data plotted in Flpure 2.
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TABLE XTI

4 % Total piycol nsed decomposed Inko:

Temp. Decomp. C0p CgHg CO Hp CHy CH5CHO CHZCOOH

400 80 Ted 1le& 2.5 11.8 0.3 34.2 3.9
425 53 13.3 4.8 4,0 20.2 0.5 27.3 2.9
4866 58 19.%7 6,2 5.0 7.1 0.7 26.5 0.7

506 58 22,8 10.1 6.1 337 1.7 17.5 0.0

Volume catalyst = 7,1 cc.
Time of each experiment = 40 minutes,

Glycol used = 0613 mols,

By the previous method of calculastion the following
space velocitiss are obtalned for the experliments using

this contact material,

Tempe S.V,
400 713
425 740
466 785
506 826

Curve 1 of Plgure 2 represents the percent total
decomposition as a function of temperature. An inspection
of this curve shows that the decomposition increased

steadily from 400 to 466%°C, and remained nearly consbant
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thereafter, On the other hand, there was a very

narked variation in the gquantities of the reaction
products. It 1s interesting and sgiznificant to note

hat at the lower temperatures the chief product was
acetaldehyde. A4 the higher temperatures, Lhowever,

the pilchture 1is qui%e aifferent. The amounta of the
desired products, namely, carbon dioxlde, carbon
monoxide, and hydrogen increassed at the expense of

the aldehyde., For examnple, at 400°C, the per cent

of the total glycol used decomposed into acetaldshyde

was 34.2%, while at 5306°C. it had fallen to 17.5%.

In comparison, at these same températurea the correspond=
ing values for the sum of the remaining carbon compounds,
were rocspectively, 15.5 and 39.7. It would seem, therefore,
that the optimun temperature in this case would be in the
vicinlity of BLl09C. £t will be recalled that considerable
pyrolysis ocecurs at 520=-550°C. This reaction would not
permit of operation abt temperatures mueh above 510°C.

A comparison of Figures 1 and 2 will eaphasize
the relative dehydration and dehydrogenation characters
of chromic and 2ine oxides, This conparison is dimlinished
in its significanes by the fact that the data for the two
catalysts were nob obtalned under ldentical conditions,
It wili guffice tc say that there ls a decided difference

in the dehydration andé dehydrogenation effects of the two
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catalysts, the. zinec oxide being far superior bto
chromic oxide in iits dehydrogenation effect on the
deconposition of zlyecol,

Furthermore, with zince oxide the oily resin
formation was very =2llizht even at the higher tenmporatures.
#ith chronie oxlde there was conslderable resin formation
even at the lower teuperatures.

Heferring to Pigsure 2, 1t will bhe seen that
the decomposition of glyeol results in the formation
of the sanme products as in the case of chromic oxide,
the chief difference being the relative proportions of
these various products. Zinc oxide shows a decided

catalytic effect om reactions 1, 2 and 4,

CHo0H CHgOH == 200 + 3Hg (1)
CO + Ho0 == COg + Hg (4)
CHgOHCHpOH == CHgCHO + Hgo (2)

The presence of methane and acetic acld is
explained in a nanner identical to that used in the
case of chronice oxide. Tt is significant to note that
the contour of the acetlie ncid curve follows very closely
that of the scetaldehyde, and is directly opposite thatb
of the sthylene curve. Thiz fact leonds sirong support

to the hypethesis that the acetie acid is formed by the
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oxidation of acetaldehyde, the oxygen coming from the
catalyst and nct from reactlion 3. Furthermore, the
catalyst showed a decided caolor change from asnow white
to steel gray.

That the Zn0 was at least partially reduced
is supported by evidence presented in several published
articles. Lemarchands®? states that zine oxide is
reduced by carbon monoxide at temperatures as low as
350 - 400°C. Platnikov and Ivanov°) found that the
oxide shows signs of reduction by hydrogen at btemperatures
as low as 325°C. St.JohnS2 passed dry hydrogen over Zn0
and noticed appreciable reduction at 310°C.

The presence of ethylene is explained by reaction
Se

CHaaﬂ cﬁQGH = CHg = CHp + Hg0 + #0g

From Figure 2 it i3 seen that the curves for
hydrogen, ¢arbon monoxide, and carbon dioxide are nearly
parallel assuming that reaction 1 was the source of the
hydrogen, and further that carbon dioxide was produced
by the oxidatlon of carbon monoxide, then the area under
the hydrogen curve should be equal.to the sum of the
areas under the curves of the other two. If, Lowever,
carbon dioxide were produced by reaction 4, the above
equality would no longer exist, the hydrogen area beling

larger by an amount equivalent to twoe-thirds of the carbon



dioxide ares,

Pigure 2 shows that the percentage of
entering glycol decomposed into hydrogen is from 3
to 5% higher than the sum of the percentages of
zlyeol which cccurred as carbon monoxide and carbon
dioxlide., It would seem, therefore, that the carbon
dioxide was produced by both of the following

reactions,

GO + HpO COg + Hy

COo (9)

I

CO + #0,

It would be very interesting to study the
reduction of 2inc oxide by a mixture of carbon monoxide
and nhydrogen over the temperature of 400 - 500°C. Suech
a study would undoubtedly throw some light upon the
gquesiion at hand,

Finally, it may be stated that zinc oxide
possesaed good activity in the decomposition of ethylene
glycol into carbon monoxide and hydrogen. It also
gave considerable dehydration into acetaldehyde. Aa
the temperature of operatlon was increased the formatlion
of aldehyde was suppressed. In conbtrast with this the
dehydrogenation according to the desired reaction

CHgOH CHgO0H = 2C0 + SHgy

was increased wlth inersasing temperature,
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Copper « Zinc Oxide as Catalyat

Fipure 3 presents graphically the decomposition
of ethylene glycol plotted as a function of catalyst
composition. The experiments with these catalysts were
carried out at a constant temperaturse of 506°C, This
tenperature of operation was chosen subsequent to an
examination of the results obtained from pure zinc oxide.
Table III contains the data from which Figure 3 was

obtained,



TABLE IIX

Mol % % % glycol used decomposed into: -
Cu Decomp. CO0g CpHg CO Ho CH4 CH3CHO CHgzCOOH

o 61 22,6 14,5 5.4 32.3 0.8 18.1 0.0
1.63 60 11.3 6.4 5.2 19.4 1.1 34.2 3.5
7.32 62 17.4 6.0 6.3 28.1 0.9 30.0 1.8
16,85 58 21.4 8.0 6.4 34.8 1.5 20.0 0.2
23,49 63 21.6 B.3 5.7 32.0 2.0 25,1 0.0
30.64 61 17.5 7.2 6.0 28.5 1.3 28.0 0.8
43.55 71 11.4 8.5 B3 20,0 1.6 43.9 2.2
65.65 68 8.5 6.0 4.8 16.2 1.5 42.7 4.5
84.11 61 4.5 4,1 2.4 11.5 1.1 45.0 3.6

100.00 16 1.4 1.1 1.2 5.0 0.25 11.%7 0.5

Volume catalyst = 11 cc.
Time of each experiment = 40 minutes.
Temperature = 506°C,

Glyecol used = 0613 mols.

Under these conditions the space velocliiy based
onn the entering glycol was 334.

Referring to Curve 1, Figure 3 it is seen that
the addition of zine oxide to copper increased the
decomposition very rapidly until 40 to 45 mol percent

g2ine oxide was present. At this composition the



decomposition had inereased almost five fold over that
for pure copper, In contrast, the presence of a small
amount of copper with zine oxide slightly depressed
the decomposition. Over the range 5 to 20 mol percent
copper the decomposition remsined nearly constant, With
fuarther addition of copper to the point whers copper was
present in preponderating quantities there was, however,
a small but noticeable increase in the decomposition.
An inspeoction of the remaining curves of Figure
3 shows that the decomposition over mixed catalysits of
coprer and zinc oxide was complex and cannot be represernie
ed by a single reaction. Here as in the cases of the
simple catalystis the chief products were aocetaldehyde,
hydrogen, carbon monoxide, carbon dioxlds and ethiylene,
together with small amounts of »sethane and acetic acid.
The decomposition may be represented by the reactiona
already given, namely,
CHgOHCH,0H
CHoOHCHpOH

I

2C0 + 3Hg (1)
CHg = CHp + 0g + Hy0 (2)

CO + Hg0 = C(0p + Hy (3)

CO + 305 = CoOg (4)
CH,O0HCHGOH == CHzCHO + Hg0 (5)
CHzCHO + $0g = CHzCO00H (6)
CHzCHO == CO + CHg (7)
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Heferring to these reactions it is seen
from Flgure 3 that the extent to which any of those
reactions proceeded was dependsnt upon the copper =
zine oxide ratio. The addition of a small amount
of copper to zinec oxlde favors reactions {5) and (6).
At the copper = zine oxlde ratic of 1.6 to 98.4 mol
pey cent this promoter action had recached a maximum,.

T™n

e presence of more copper favored the reactions

(1), (2), (3) and (4) and suppreassed the formation of
aldehyde. At 20 :0l1l por cent copper the extent to
whieh reactions (1), {3) and (4) proceeded had reached
the maximum for the entire range of catalyst composition.
In contrast the curves for aldehyde and acetic acid
show minima at this same per cent copper. From the
peint where copper was in excess the major portion of
the glycol decomposed occurred as acetaldehyde,
Consequently, for the decomposition of ;lycol inteo
hydrogen and cavbon oxides the optimun catalyst
composition was 20 mol per cent copper and 80 mol per
cent zinc oxide,

It is significant to note that the hydrogen,
carbon monoxlide and carbon dioxide curves have the same
seneral shape. Thils condition should prevall if reaction
(1) accounts for the production of hydrosen and carbon

monoxide. It is understood that the forumation of carbon



dioxlide was a secondary reaction, the extent of

wihich was determined, mainly by the sextent to which
reaction (1) proceeded, Here, as in the case of Lhe
simple catalysts, the hydrogen values are a few per

cent greater than the sum of the corresponding carhon
monoxide and carbon dioxide values. IFrom a considesration
of the data at hand 1t is believed that the carbon diocxide
was produced by the reactions (3) and (4).

From Figure 3 1t is seen that the contours of
the acetic acid and acetaldehyde curves are almost
identical, indicating that the amount of acetic acid
formed was dependent upon the concantrations of aldehyde.

Hethane was probably formed according to reaction
{(7) with an equivalent amount of carbon monoxide,

Further .consideration of Figure 3 shows that
little ia to be zalned by the addition of copper to zinec
oxide., For example, with pure zinc oxlde as cabtalyst
the total percentage of glycol deconposed into carbon
oxides was 28, whereas with the opbtimum mixture of 20
mol per cent Cu and 80 mol per cent zinc oxilde this value
was 27.5, The corresponding values for acetaldehyde were
18.1 and 25, If. however. "he production of acetaldehyde
were .ue priqary purnose of ths f-vestigation, a catalyst
composed of 65 mol per cent copper and 35 wmel per cent

zine oxide would be effective. At this composition
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approximately 47% of the toial slycol used was

decomposed into acetaldehyde.

Chromie Oxide - Zine Oxlde Catalvysts

The literature contalns many reoeferences on the
use of mixed catalysts couposed of zine oxlde and chromie
oxide. Smith and Hawk®® investigated the catalytlc
activity of thirty-six different catalysts on the
decomposition of methanol. They report that a catalyst
composed ol these oxides in a ratio of four of zine
oxide to one of chromle oxide was found to be among the
beat of the catalysts astudied. They also state that
chromic eoxide when mixed with zine oxide does not show
its specific character.

Cryder and Frolich®® have shown that 2Zn0 = Cr,04
catalysts are very effective both in the synthesis and
decompoasition of methanol. Smith and Hirstzg, and
Huffman and Dodge 9 have studied the use of this mixture
in the synthesis and decomposition of methanol. The
latter invegtigators state that the addition of CrEOS
to Zn0 lowers the decomposition. This decrease is followed
by & sharp increase with a maximum at about twenty-five
atomice per cent chromium,

Hith this information and the data obtained in



this investigation on zine oxide alone it was decided
to study the catalytic effect of intimate mixtures of
zine oxide and chromic oxide in the decomposition of
slycole

Pigure 4 presents the results obtained with
this catalytic material. The percentage decomposition
ims plotted as a function of catalyst compositlion.

Table IV contains the data from which Flgure 4 was

obtained.
TABLE IV

gel % 4 % of glycal used decomposed 1ntos:
Cry03 ﬁecomp, eer: Uty CU ™ Hp CHyg CHLUTU

O 81 22.6 14,5 5.4 32,3 0.8 18.1
1,352 60 2246 10,3 6.4 33.4 2.5 i8.1
2,43 59 22.2 11.2 6.9 33,6 1.6 16.6
6,35 66 28.1 18,8 8.8 37.2 6.9 3.6
12.25 66 280.8 16.0C 2.5 41l.8 9.8 0.5
19.73 68 30.8 4.2 12.6 42.8 10.9 0.2
37.73 72 31.3 15.6 13.0 45.3 12.3 trace
57.82 o4 26,5 16.3 8.3 27.2 12.6 0.7
8l.54 62 22.8 17.5 8.5 26.08 8.7 4.7
100.00 57 20,5 7.8 4.8 22.% 3¢5 20.2
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Volume catalyst = 11 cc.
Time of experiment = 40 minutes
Temperature = 506°C.

Glycel used = .0613 mols,

Space velocity = 534

Curve 1, Figure 4 glives the tobtal decomposition
plotted as a function catalyst composition., It is seen
that the addition of a small amount of chrmolc oxide
to zinc oxlide slightly decreased the decomposition,

This observation 1s in accord with the work of Huffman
and Dodgev? on the decomposition of moethanol, Between

3 and 25 mol per cent Grzos the decomposition increased
rapldly. From the point where chiromic oxide preponderates
there was a constant decrease until at the point 100%
chromic oxide where the deconposition was nearly the same
as that for pure zine oxlds.

The remaining curves of Fiure 4 represent the

extent to which the followlng reactions proceeded.

CH,0HCHgOH = 200 + 3Hp (1)
CHgOHCHgOH = C(CHp = CHg = CHg + 503 + Hp0 (2)

CO + Hg0 = COg + Hyp (3)
CO + $0g = CO + $0g (4)

CH,OHCHgOH = CH3CHO + Hg0 (5)
CHzCHO + 0o = CH3CO0H (6)
CHzCHO = CHy + CO (7)
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As in the case of the Cu = Zn0 catalysts
the extent to whieh these rsactions proceeded was a
funetion of the Crglz - Znd ratlio. It is of special
interest to note that the production of aldehyde was very
rapldly decreased by the addition of a small amount of
chromic oxide to zinc oxide. The same was true for the
addition of =zinec oxide tc chromic oxide. Between 10
and 70 mol per cent of Cry0z there was practically
no evidence of sldehyde formation. With pure zinc
oxide as well sas with pure chromic oxide a small gquantity
of acetle acid was formed., With the catalytic mixture
it could not be detected in the reaction products,

It is seen from Figure 4 that reactions (2)
and (7) proceedsd to a considerable extent. The
result is in striking contrast with the resulis of
the preeceding catalysta., The formation of methane nay
posslbly have accounted for the disappesrance of the
aldehyde, It is possible, however, that at least a
portion of the methane wasg produced by the reduction
of ecarbon mconoxide,

The hydrogen vailues are roughly equal to the
sum of the corrssponding carbon monoxide, and carbon
dioxide values. Yhis condlition is in accord with
equation {(1). It is encouraging that the maximum

production of hydrogen, carbon monoxide and carbon dioxide



occurred with a Cry0z = Z2n0 ratio of approximately

1:3, this also being the ratio for maxlmmum decomposition,
‘Conaequently for the dsescomposition of glycol into carbon
monoxide and hydrogen the optimam mol per cent of Cr203 -
ZIn0 is 1:3.

From a consideration of this data it is evident
that catalysts composed of zinc oxide and chromle oxide
are effective for the decomposition of ethylene glycol
into carbon monoxide and hydrogen, Furthermore, it
does not appear presumpbunous to state that a catalyst
composed of zinc and chromic oxldes in the ratio of
3:1 would be effective in the synthesis of glycol from
carbon monoxide and hydrogen., It is seen that the
decomposition 1s a very complex process. Likewlse it
is probable that in the synthesis slde reactions would
be a determining factor in the conversion of carbon

monoxide and hydrogen into glycol.
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SUMMARY

A& study has been made of the catalytic sffects
of various catalysis on the decomposition of ethylene
glycol. The c¢atalysits used weret Zn0, Crg0g, Cu - Zno,
and Zn0 - Crz0z. Of these the latter showed the
greatest catalytie effact,

The reaction products conslsted of acetaldehyde,
carbon dloxide, carbon menoxide, hydrogen, and ethylene,
together with amall amounts of methane and acetic acid.
Wiechanlsms have been proposed to account for the
formation of these products,

Crg0s was principally dehydrating in character
while 2n0 gave sbout 50% each of dehydration and
dehydrogenatione. The addition of a amall amount of copper
to the zine oxide, for example 2 mol per cent, produced
g decided increase in the dehydration resction, and a
corresponding decrease 1u the dehydrogenation reaction,
Further addition of copper favored dehydrogenation. At
the point where copper preponderated principally dehydration
occurred., In the case of the Crglz =~ Znd catalysts the
principle reaction was that of dehydrogenation. In this
mixture Grgoa did not show its apecific character. The

dominate products were hydrogen and the oxides of carbon,
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