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ABSTRACT

The patiern of acetylene conversion in the hvdropolymerization reaction over
palladium catalyst in fixed bed hus been swdied and the effects of varying the
palladium concentration and ¢f incorporating ZnO-Cr,05 additive in the caialyst
have been determined. The ceffect of feed dilution with inert nirrogen on the
conversion pattern has been suudied.  Conversion data on the hydropolymerization
reaction carried over Pd-ZnQ-CryOy-Kieselguhr (0 02:5.0:4.6:100) catalpst
have been processed in respect of reaction temperature, space velocity and feed
gas composition as variables.  Results lead te the conclusions that acetylene
conversion to ethylene, butadiene, and oil are primury reuctions, while butenes are
secondary products stenvning from primarily produced buradiene.

INTRODUCTION

Since Sabaticr and Senderens® (1899) cbserved the formation of acetylene
hydropolymers in the nickel-catalysed reaction between acetylene and
hydrogen, acetylene hydropolymerization has been the subject of numerous
investigations. The reports m literalure are, however, mostly of a qualitative
nature with little stress on the kinetics of diffsrent reactions. The most
important single reason for the obvious mneglect of the acetylene hydre-
polymerization reaction was the slender prospect for its industrial utilisation
in view of the inordinately high cost of acetylene from caleum carbude source
in sharp contrast to that of ethylene. However, over the last fow years, the
method of hydrocarbon cracking to acetylene has undergone vast improvement
due to development of highly efficient techniques of high temperature
reactions, and there has also been a confident forecast of a drascic shde in
the acetylenc production cost. [t is important to note that the cracking of
hydrocarbens urnder efficient conditions would yield a mixture of acetylene
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and hydrogen, which could be directly used as the starling material for the
hydropolymerization reaciton. As such, these two processes, coupled
together, open up possibilities of converting -natural gas and by-product
hydrocarbons into various useful olefins. In fact, it was the potential
possibility of a low-cost aectylene-hydrogen mixture stemming from improved
cracking techniques coupled with the inadequacy of the available information
bearing on the kinetics of the metal-catalysed acetylene-hydrogen reaction,
especially under streaming conditions, that prompted the authors to undertake
the present investigation

Acetylene and hydrogen react 26 over palladium to give ethylene and
ethane, with about 10 to 309, of the reacted acetylene being. converted into
less volatile hydrocarbons. Besides the formation of ethylene and oily
hydrocarbons, considerable extent of hydrodmmerization of acetylene to
butadiene and butenes over palladium catalyst was reported by Takeshima?,
Shiba®, and Gorin and Dereviyagina °.

Product distribution pattern in hydropolymerization of acetylene over
palladium catalyst was reported by a few workers. The yields of ethylene,
butadiene and butenes are affscted ® only slightly by the temperature and
space velocity, but largely by the composition of the feed. With a 2: 1
acetylene-hydrogen mixture and employing a PdCl, —Kieselguhr (0.01 : 100gm.)
catalyst Takeshima’ obtdined acetylene ~conversion of 9 to 14% into
butadiene, 3 to 6%, into butenes, 28 to 41, into ethylene and 42 to 60% into
otly hydrocarbons at 125° to 265°C. At higher temperatures of the order of
335°-340°C, Gorin and Dereviyagina® obtained 11.6%, conversion into
butadiene and 8.2%, into butenes at an overall 559, conversion of acetylene
feed. Among palladium catalysts with additives Pd—ZnO—Cr, O,—acid
clay (1:260:240: 10,000) was reported® to be the most active, producing
25-40%, of buiadiene of 85 —88%, purily and 45~50% ethylene and converting
20-25%, of the feed into higher polymers. '

The present communication deals with a study of acetylene conversion
to products in fixed beds of palladium catalysts with temperature, space
velocity, feed and catalyst compositions as the variables.

Catalysts

For all the catalysts Kieselguhr (Riedel), nitric acid washed and dried,
was used as the support.

Pa-Kieselghur -

Catalysts were prepared with Pd in the following percentages by weight:
0.005, 0.010, 0.0182, 0.020 and 0.040.

A known weight of kieselguhr was thoroughly slurried with a calculated
volume of standard PAC1, solution followed by drying on water bath. The



182 MaNas CHANDA AND S. S, GHOSH

dricd mass was broken up, si.e graded betlween—28--35 Tyler mesh, angd
dried in an oven at 120°C, Reduction of the supported PdCI, to metallie
Pd was left to be accomplished ia siry, prior to its actual use. by heating in g
current of hydrogen at 200°C.
Pd =700 — Cry0y - Kieselguhr

For preparing the Pd—Zn0O-Cr0y—Kieselguhr (0.02.5.0:4.6. 100)
catalyst, a known weight of kieselguhr was thoroughly mixed with a solurion
of zinc nitrate and chromium nitrate containing requisite quantities of zine
and chromium. Coprecipitaiion of zinc and chromium carbonates was done
with 0.5N potass;um carbonate solution. The precepitated muss was washed
free of alkall, nitrate and carbonate ion3, and excess water removad by
suction, after which its content of ZnO —Cr,0, —Kieselguhr was . determined
by incinerating a known mass under hydrogen atmesphere till the weight
was constant.  On the basis of this value, the rest of the carbonaies plus
kieselguhr mass was slurried with the calculated zmount of a standard
solution of PACl,. This was foliowed by removal of excess water by heating
on a water bath and crushing and sieving to—28+35 Tyler mesh size. It
was then heated in a muffle furnace at 400°C for 5 hours in order to decom-
pose the zinc and chromium carbonates, and then finally sieved to eliminate
the — 35 mesh particles formed due to shrinkage and decomposition. Redu-
ction to metallic Pd was carried out, prior to its actual use, by heating ina
current of hydrogen at 200°C.

Experimenial

Experimental studies in a flow system were carried out by employing a
fixed bed of catalyst primarily because this permitied wide variation of space
velocities.  Difficulties regarding control of catalyst bed temperature arising
from the high exothermicity of the hydropelymerization reaction were over-
come by reducing considerably the catalyst volume. The use of a small
catalyst volume, moreover, made it possible to conduct each experimental run
with a fresh volume of catalyst, drawn from the same stock, thus ensuring
uniform activity.

The product from acetylene hydropolymerization comprised both gaseous
and liquid hydrocarbons. While the gaseous products could be duectly
enalysed, the liquid portion produced with a small amount of catalyst was so
small in amount that it could not be assessed quantitatively by direct weighing
and analysis. Resort was, therefore, taken to material balance, and to

facilitate this process a definite amount of inert nitrogen was incorporated
in the feed mixture.

Apparatus

) Thelset up of an all-glass (*‘ Pyrcx ") apparatus used in the present
Investigation is shown in Fig. 1. Acetylene obtained from vommercial
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acetylene cylinder was purified by bubbling through solutions of sodium
bisulphite, chromic ac.d, mercuric chloride (in HCI) and alkaline pyrogallol
placed in series, and then collected in a storage. Hydrogen and nitrogen,
obtained from respective cominercial gas cylinders were freed from the minor
contents of oxygen by washing with alkaline pyrogallol solution and they
mixed in predetermmed proportions in 4 second siorage. Purified acetylene
and purified nitrogen-hydrogen m'xtuie were then displaced by saturated brine
from an overhead reservoir and introduced at prcdetermined rates through a
mixing chamber into the reactor (I.D. 2.4 cm., length 15 cm.). which helda
small volume (1.5 cmm®) of catalyst at its lower end, the upper portion serving
as the prehealer. For the purpose of analys’s samples of feed gas were
drawn {rom a point preceding the mixer, while product gas samples were
taken from a point immediately following the salt ice traps which condensed
out the heavier hydrocarbons (> C,).

Products Tdentification

Products of acetylene hydropolymerization reaction, conducted under
such condit.ons as to effect almost cent per cent conversion of acetylene, were
stripped of oily hydrocarbons by passing through ice coolers and then
absorbed in bromine in potassium bromide solution. The resulting mixture
of olefin bromides, freed from excess bromine and dried over anhydrous
calcium chloride, was subjecied to fine fractionation m a spinning band
column’® under reduced pressure. From ihe boiling point, refractive index
and density measurements the principal fractions for palladium-catalysed
products were identified 10 be dibromides of ethylene and butenes. The
gasecus products from palladium-catalysed acetylene-hydrogen reaction also
showed s'gnificant absorption in molten maleic anhydride'’ indicating the
presence of butadiene-1, 3 which was also confirmed by isolating the latter
as the corresponding tetrabromide (M. P. 118°C).

The saturated hydrocarbons present in product gases were always found
by combustion analysis to have average carbon number very close to 2,
ind.cating thereby the predominance of ethane in the mixiure.

Gas Analysis

Analysis of feed and product gases was done with a modified Orsat gas
analyser prov ded with specially designed pipeties. Acetylene, butadiene-1, 3,
butenes arnd etlylene were estimated in this order by means of alkaline
K,Hgl,'* molten maleic anhydride,"! 88% H,SO,, and oleum respectively,
afier which hydrogen and saturated hydrocarbons were determined by
fractional combustion.,

Errors due to physical solubility of the unsaturated hydrocarbons in the
aforesaid reagents for a fixed contact time, had been previously determined
by treating them with known mixtures of pure gas samples prepared by usual

chemical methods and appropriate corrections applied in the analysis of
unknown samples,
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RESULTS AND DISCUSSION

Conversion Calculations

Conversion results were expressed as per cent of feed acetylene going to
form different products. Feed gases were prepared by having a definite
proportion of nitrogen as the inert component so that from a balance of
niirogen in the feed and product gases the molar relationship, namely, moles
of product gas/moles of feed gas, and hence overall conversion of acetylene,
could be easily calculated.

The method of computing conversion patterns based on feed and product
eas analyses is illustrated in Fig. 2.

Effect of Palladium Concentration

To nvestigate the effect of Pd-concentration in Pd-based catalysts four
different concentrations ranging from 0 005 gm Lo 0 04 gm. Pd per 100 gm. of
kieselguhr were used. Once-through conversions of acetylene to butadien-1.3,
buienes, ethylene and o1l are represented graphically in Fig. 3 for the reaction
cenditions indicated thercin. Fresh samples (1.5 ecm® vol.) of catalysts from
respective stocks were employed for experiments at different reaction tempera-
ture conditions.  The couversion values corresponding to a reaction
temperatue 270°C have been taken from these graphs and recorded in Table 1
o afford ready comparison. The facts revealed by the resulls are detailed
below . -

(i) Increasmg Pd-concentration wmarkedly increases the once-through
conversion of acetylene to ethylene and to dimers (butadiene-1, 3 plas
butenes), but the relative proportions of butadiene-1, 3 and butenes markedly
alter and shift towards the laiter.

(iti) Increasing Pd-conceniration considerably increases the ethylene/oil
ralio in the product. .

Thus, the overall effect of increasing Pd-concentration in the aforesaid
range is to shift the produect distribution paitern towards the formation of
more of ethylene and butenes and less of butadiene-1, 3, and oil.

TaBLE 1

. Effect of Palladium Concentration oo Yield of Products. e

Cﬂncemgt: o T 7”};7cricgr;i';gcvo-fy CVH— converted to pro:iru';(;"i o

Pdgm. of pd/100 {16 one pass) X -

& of Kieselguhr CHa C,H, C.Hs Oil . Towal
0.005 27.0 3.5 2.0 16.0 43.5
0.010 44.0 4.0 4.0 20.0 72.0
0.020 55.0 4.4 6.5 21.0 86.9
6040 64.0 4.2 8.0 21,0 972
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Effect of Zn0-Ciy04 Addition

It was a general observation made in this investigation that ZnO- -Cr,0,,
when added in small amounts to a palladium-catalyst, markedly reduced irs
hydrogenating activity. For the purpose of comparison, the conversion data
on the hydropolymerization reaction of acctylene over fresh samples (of
1’5 em® wvol) of two catalysts, namely, Pd-ZnO-Cr,0,-Kieselguhr
(0.02:5.0:4.6:100) and Pd-Kieselguhr (0.02: 109.6) are plotted 1 Fig. 4.
It is seen that the main effect of ZnO- CrzO3 is dIStlnC[ly to depress- the
hydrogenating activity of palladium.- This is reflected in the reduced scale
of ethylene formation with higher conversion of acetylene to butadiene-l, 3,
compared to butenes, through the total conversion to dimers (butadiene-1, 3
plus butenes) remains practically at the same level for both catalysts.

Effect of feed Composition

The effect of feed composition on the degree and pattern of acetylene
conversion was studied by using the Pd-ZrO-Cr,0;-Kieselguer (0.02:5.0°4 6:100)
catalyst. For this purpose, four different feed compositions were employed
with C,H,: H, : N, molar proportionsof 5:3:2, 4:4:2, 3:5:2and 2:6:2
A fresh 1.5 cm® volume of catalyst was used for each experiment. Space
velocities studied ranged from 820 to 13120 hr~! (at N.T.P.) and the range of
temperature for each space velocity was 200° to 330°C.  Experimental
conversion data obtained for arbitrary temperature levels within the range
200 to 330°C have been presented graphically (Figs. 5 and 6) by plotting the
percentage of acetylene converted to butadiene-1, 3, butenes, ethylene, and oil
against the corresponding reaction temperatures for different space velocities,
based of the same volume (1.5 cm®) of catalyst and different rates of feed-flow

The extent of ethane formation in the above rangess of variables was
found (o be conspicuounsly low in comparison with that of ethylene. Thus,
the C,H,/C,H, ratio was always higher than 40: 1, which became still higher
at higher temperatures and with lower H,/C,H, ratio in the feed. The
conversion values for ethane, being so low, have, therefore, been ignored, and
taken along with ethylene in entirety.

Values for acetyleme conversion Ao different products for selected
reaction temperatures have been taken from the plots (Figs. 5 and 6) and are
presented in Tables 2 to 5. .

Figure 7 illustrates the distribution pattern of acetylene conversion to the
four products, namely, butadiene-1, 3, butenes, eihylene and oil, at the
reaction temperature of 250°C. It reveals the following facts:

{a) When extended towards zero acetylene conversion, only the butenes-
curve tends towards zero indicating that butenes are secondary products while

the other three, butadiene-1, 3, ethylene and oil, are formed by primary
reactions.
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(b) With the increase in the ratio of H, to C,H, the conversion to
ethylene shows marked increase while that to oil falls abruptly. To afford a
comparison, values of C;H,/oil ratio in the products for different feed cOmpo-
sitions at a temperature of 250°C and corresponding o 50%, tatal conversion
(once-through) of acetylene are presented in table 6.

(¢) The degree of acetylenc hydrodimerization to butadiene-1, 3 and
butenes increasing H, to C,H, raiio in feed as can be seen from Table 7, the
data of which have been collected from Fig, 7 corresponding to 509%, overall
conversion of ucetylene

TaBLE 2
Single-Pass Conversions of Acetylene at different Temperatures and Space Velovities.
Feed Composinon  C,H, 50% ; H; 309, ; N, 20%, (by vol.)

Percentage of C.H. converted to products

vm}%}T ?5? < at 1‘3;;;‘]33 (“l one pass) -
TPy C,H, CeHo—1,3  C.Hs oil Total
230 8.0 2.9 1.6 30.0 42.5

240 12.6 3.5 1.9 32.5 30.5

820 250 16 ¢ 4.0 2.2 35.0 57.2
260 19.0 4.5 2.4 37.5 63.4

270 21.5 4.9 25 39.0 67.%

230 5.5 2.5 1.0 24.0 13.0

240 8.0 2.8 1.2 25.5 37.5

1640 250 10.5 33 1.3 27.5 42.6
260 13.0 3.5 1.4 30.0 47.9

270 15.0 3.9 1.5 32.5 52.9

230 35 1.5 0.5 17.0 22.5

240 5.0 1.9 0.6 20.0 27.5

3280 250 7.0 2.3 v.7 22.5 32.5
260 9.0 2.7 0.8 25.0 375

270 11.5 3.3 0.9 27.0 42.7
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Effect of Feed Diluiion

The effect of diluting C,H,-H, feed with an inert gas, such as N, was
investigated by conducting reactions under identical conditions with the same
feed composition (C,H,: H, ‘ratio) but having diufferent concentrations of the
added inert compoment. ' Once-through conversions obtained at different
temperatures are plotted in Fig. 8. Product distribution patterns expressed as
perceniage of acetylene converted to different product. have been calculated
for reaction temperatures of 250"C' and 275°C from the corresponding
conversion values taken from the plots of Fig. 8. These results, as recorded
in table 8, prove that the degree of feed dilution influences the relative yields
of ethylene and oil, so much so that a progressive dilution causes an increase
in the yield of ethylene and decrease in that of oil, and vice-versa.

TanLe 3

Single-Pass Conversions of Acetylene at different Temperatures and Space Velocities,
Feed Composition C,H: 40% ; H, 409%, ; N. 20% (by vol.)

velglgbsﬂiﬁ u i\eeﬂctigé Percentage ofg,nH‘,)::E;:ged to Products

N.T.P.) mp. C.H, CiHs—1, 3 C H3z ol Total
230 39.5 68 48 270 78.1

240 435 7.5 55 275 840

820 250 47.0 80 6.0 285 89.5
260 50.0 8.2 6.1 200 235

270 537 83 6.0 29.5 96.5

230 99 6.0 3.0 23.5 61.5

240 32.5 6.7 4.2 26.0 69.4

1640 250 36.0 7.3 5.0 27.5 75.8
260 39.0 7.7 5.2 28.5 80 4

270 42.0 8.0 5.0 28.0 83.0

230 15.5 4.2 1.4 17.0 38.1

240 18.0 4.8 1.8 19.0 43.6

3280 230 21.0 5.4 2.2 22.5 511
260 24.5 5.9 2.4 24.0 56.8

270 27.5 6.4 2.6 25.0 61.5

230 8.0 2.2 9.5 10.0 20.7

240 12.0 2.7 0.8.. 15.0 30.5

6560 250 15.0 3.2 1.1 16.5 35.8
260 17.0 3.7 1.4 18.5 40.6

270 8.5 4.3 1.7 20.0 4.5
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TaBLl 4

Single-Pass Conversions of Acetylene at differsnt Temperatures and Space Velocities
Feed Composirion: C,Hs30°,; H; 50°/,; N, 20°/, {(by vol )

Vol space  pegetion Percentage of C;H, Converted to Products

(hr“(e;?cl\“t.yl‘f y temp.°C o, s CSEEY on Total
230 45.5 4.0 3.6 8.0 56,6

240 500 4.5 4.2 9.5 68.2

1640 250 53.5 5.0 4.6 11.5 74.6
260 57.0 5.4 43 13.0 80.2

270 60.0 57 5.0 14.0 84.7

230 250 3.7 26 6.5 37.8

240 315 5.0 3.0 8.5 48.0

3280 250 37.5 5.9 33 100 56.7
260 43.0 6.4 36 11.5 645

270 47.5 68 3.8 125 70.6

230 14.0 2.4 13 45 222

240 18.0 4.0 2.0 7.0 31.0

6562 250 22.0 5.2 2.6 9.2 39.0
260 25.5 6.2 30 1.0 457

270 28.5 6.7 3.2 12.0 50.4

240 12.3 2310 4.5 203

250 15.0 3.1 1.5 6.0 25.6

13120 260 17.5 3.8 2.0 7.0 303

270 19.5 44 2.3 8.0 342
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TaBLF 7

Single-Pass Conversions of Acetylene at different Temperatures and Space Velocities
Feed Composition: C,H;20%: H,860°%%,: N, 20%, (by vol.)

R mm e
230 §6.5 23 4.9 9.0 839

40 70 4 5.0 Ws g0

1640 250 75.0 35 5.0 120 953
260 775 3.5 49 (30 9%

270 79.0 3.4 4.6 13.0 1000

230 59.0 5 6.2 65 752

240 65.0 490 6.5 80 8s

3280 250 69.0 44 67 100 9.1
260 715 47 69 10 9t

270 72.5 5.0 7.0 115 960

230 53.0 4.8 55 55 683

240 £0.0 5.1 5.7 7.5 783

6560 250 64.0 5.4 5.9 3.0 843
160 £6.0 5.7 6.1 55 873

270 7.0 5.9 6.2 100 891

230 23.0 45 2.4 30 30

240 1.0 5.5 31 40 436

13120 250 39.0 6.3 3.7 50 540
260 46.0 6.9 4.3 6.0 3.2

270 50.5 74 4.8 2.0 9.7
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TaBLF 6
Bffect of Feed Composman on Bthyleane/Oil Yield Ratioc

Feed Compo;mon B o of C,I—L convened to C‘H‘
{Mole ratio) [
C,Hy:H,: N, °/, of C,H, converted to o1t
5:3:2 0.38
4:4:2 0.93
3:5:2 2.77
2:6:2 7.15
TasLe 7

Effect of Feed Composition on Acetylene Dimerization

Feed Composition Moles of C,H,conveited to dimers
{(Maole ratio)
CoHz H,* Ny !()0 moles of C, H, 1eacung
5:3:2 10.5
4:4:2 15.0
3:5:2 17.5
2:6:2 19.0
TABLE &

Effect of Feed Dtlution with Inert Gas on Product Distribution

Feed Composttion Moles of C,H; converted to products

((‘P:’foﬁh.eIr‘latxc;\)J Temp °C o, lg(;nr)neor;ea of C,Hnore]acnng Al
2:2:6 230 585 13.5 8.0 26.2
275 538 196 26.6 31.6

3:3:4 259 494 13.8 36.8 26.3
275 49.1 17.7 332 35.0

4:4:2 250 41.9 12.0 461 35.8
273 43.0 12.8 442 45.3

Nowe: (1} A%/, =Once-through °/, conversion (total) of c,ﬁ,?EﬁE’ﬁEﬁaae 2624 cm?3 of
2 H, at N.T.P. per cm® of catalyst per hour.
2) Dimers consist of butadience—1, 3 and butenes
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PERCENT OF ACETYLENE CONVERTED TO PRODUCTS (IN OWE PASS)

Maxas CHANDA AND S, 8. GHosy

p1 T T T t T T T T T t 13 t
B ACETYLENE FLOW RATE: J
- CM3 OF Gyhy AT TP |

2624
¢nd OF CATALYST xnr

. &——0 FEED: 52”2 20% , Hy 20% , Ny €0% (8y voL)

%= -K FEED: CpHy 30%, Hp; 30%, N, 40% {av voL)

8.0~

x 4
[} l | i ! ! l / ! ! I . ! ) e
230 240 250 260 270 280 2390
REAGTION TENPERATURE %G
Fi16. §

Variation of Percent Conversion and Conversion Pattern of Acetylene due to feed
Dilution with inert Nurogen.
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CONCLUSIONE

In the range of 0005 to 0.040 gm. of kieselguhr, higher pailadium
concentration brings about a distinctly greater yield of ethylene and dimers
(butadiene-1, 3 plus butenes) and less of oil,

The hydrogenating activity of palladium-catalyst is considerably
suppressed by the addition of ZnO-Cr,O,, which results in a product with
increased ratio of butadiene-1, 3 to bulenes and reduced degree of ethylene
formation.

The H,/C,H, ratio in the feed gas has a pronounced effect on the product
distribution pattern, a lower ratioc promotling oil formation. A higher
H,/C,H, ratio in the feed gas greatly favours the formation of ethylenc and
dimers. '

Dilution of C,H,-H, feed gas with inert gas (N,) augments the yield of
ethylene and reduces that of oil.
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