HYDROPOLYMERIZATION OF ACETYLENE OVER
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PART 1l: KINETIC INTERPRETATION
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(Department of Chemical Engineering, Indian Institute of Science, Bangalore-12, Ind:a)
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ABSTRACT

Iiitial rotes of the three primary reactions of ucetylene hydrorelymerization
over palladium catalyst, viz, cenversions of acetvleng to etiylene, butadiene and
oil, have been determined by extrapolation from the once-through conversion data
obtained at various space velocities.  Based on these initial rate data, initial rate
equations have been derived  Values of activation energies and frequency factors
for the three primary reac.ions have been calculated from the respectire equations
Sor initial rate.

TNTRODUCTION

Kineuies of palladium-catalysed reaction between acetylene and hydrogen
has received very little study. Sheridan! from his studies on the acetylene-
hydrogen reaction in static system observed the reaction over fresh palladium-
pumice catalyst to resemble that over platinum, having first order rate with
respect to hydrogen for both the ethylene and higher hydrocarbon (>C,)
forming reactions, except that the ethane formation over palladium was
notably suppressed even in the presence of excess of hydrogen and that the
yield of Cy-preducts was slightly less than that over platinum under comparable
conditions. )

Kinetics of acetylene hydrodimerization over palladium was studied by
Gorin and Dereviyagina®.  On the basis of the rate and yield data, butadiene-
1, 3 was considered to be the primary product of the reaction with butylene
as secondary. Also the reaction mechanism was presumed to involve either
an addition of two units of CH,-=CH.Pd followed by the elimination of
atoms of 2Pd, or a union of PdH with a complex of Pd and an unsaturated
hydrocarbon.

The present communication deals with the kinetic interpretation of the
conversion data obtained on the hydropolymerization reaction of acetylene
over a Pd-catalyst as presented in Part I of the study?.

*Present Aldress: University of Baghdad, Iraq.
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EXPERIMENTAL

The conditions of experiments (in Part I) under atmospheric pressure in
s flow systera and using a small volume (1.5 cm®) of catalyst in order to
obviate dufficulties of the highly exothermic reaction were as follows :

Camalysi . Pd—Zn0O—Cr,0—Kieselguhr (0.02: 5.0: 4.6 : 100).

Size: —2% 435 Tyler mesh.

y (D 4:4:2; (3)3:5:2
: 2 (mole ratio).

Feed composition - CyH, t Hy t Ny=(1) 5:3:
4 2:

Volumetiic space velocify 820 to 13120 hr-1 (at N.T.P.).
Reaction temperature  220° to 320°C.

Ethylene, butadiene-1, 3 and butenes, all in gas phase in the product,
were determined by analysis, whereus heavier hydrocarbons, collected as
liquid by cooling product gases, had been tfermed collectively as ‘oil” and
determined through material balance with nitrogen as the tie component.

Rrsoets

Inftial Rates of Acetylene Conversion: Tt hus been shown in the previous
communication® that hydropolymerization of acetylene over palladium consists
of three primary reactions, namely (¢) hydrogenation of acetylene,
to ethylene, (6) dimerization und hydrogenation of acetylene to butadiene-1, 3
and (¢) hydrogenative polymerization of acetylene to oily hydrocarbons.

In order to evaluate the initial rates of the above three reactions, once-
through conversion data, expressed as mole of acetylene per mole of feed
converted into (i) ethylene and cthane, (11) butadiene-1, 3 and butenes, and
(iii) oil, are ploued in Figs. 1 to 3 against °time factor’ defined as gm. of
The slopes of the curves are then determined by

catalyst x hr./moles of feed.
vate of conversion of

extrapolation 1o zero time factor. IData on the initial
acetylene to the three primary products, so determined, are presented in
Table 1.

Reaction Mechanism :  Initial rate equations corresponding to vurious
postulated reaction mechanisms have been derived following the procedure
outlined by Hougen and Watson* and separately tested with the initial rate
equations given below, which are derived on the assumption that all the three
reactions take place between adjacently adsorbed acetylene molecules and
hydrogen atoms, and that the rate controlling step for both the ethylene and
butadiene forming reaction is the adsorption of acetylene.
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Tapik §

Initial Rates of Conversion of Acetyiene to Primary Products

T Feed Composition Reaction

CyH,: Hii N, Temp.

{Mole Ratio) <
230 0.9 0.44 T30
240 1.33 0.55 4.7

5:3:2 250 1.83 068 5.80
260 2215 0.85 6.75
270 2 60 1.10 6.95
230 2.15 0.80 3.00
240 3.02 1.05 3.80

4:4:2 250 3.9¢ 1.35 4.75
260 4.45 1.65 5.25
270 5.13 215 5.70
230 4.40 1.20 1.50
2490 5.80 1.60 2.40

3:5:2 250 7.25 2.05 3.10
260 S.00 2.65 3.65
270 9.45 3.30 4.15
230 10.60 2.1z 0.95
240 12.50 2.80 1.60

2:6-2 250 15.80 3.70 1.0
2690 17.30 4.65 2.43
270 19.00 5.60 2.70

The initial rate cquations are

Ty o) = gyl a bea ) I
Ty Ay, l@ b e ) 12]
o @=aglla +5"Vag,) {31

where 7y (), 79, and ry, are the initial rates of formation of ethylene,
butadiene-1, 3 and oil, expressed in gm. moles of acetylene converted to
respective products per gm. of catalyst per hour, and a, b, &', ¥, &', &" are
constants in the respective equations.
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of conversion

Since the mutial reacuon rates are derived from slopes
cuives exirapolated to zero time factor. (hus implying very high feed rate
Aiffusional resistances may be assumed 1o be negligible.  Consequently, Ahc’;:
nterfacial concentrations of acetylene (a,) aad hydrogen {ag,) in Egs. [”» 0§23
have been substituted by the corresponding bulk-phase concentrations and,
with the total pressure being one atmosphere, have been cxpressed in terms
of mole fractions, namely, ny and ny, respeclively, so that the initial rate
equations, finally selected {(Figs. 4 to 6) for the thres primary reactions, are
as follows

R~ (Vg ry gy ra 4 bony (4]
R =N g Mgy =d =0 (51
R i drg g = o= 0"y, (61
f 1 H H i
CyHy + Hy ~=aCytay
I’— b
R= M2 = oasnb Na
vV Yoo
60— . -
230 C
5-0} P 240C 4
250C
420 -
chil 260°C
gIr\f‘B I,
ER #2707
i & e
g™ i
o
2.0 -4
pobe i x | d
02 = 043 04 05 0:8
na
FiG. 4

Correlation of initial rate data on the conversion of acetylene to ethylene.



FiG. 3
Correlation of initial rate data on the conversion of acelylene o Butadiene.
Evaluation of Constants

The values of Lhe constants @ and b of Eq. [4] are determined by noting
the inteccept (on the R-axis) and slope of the siraight line plot in Fig. 4.
The constants 4, b, a” and b” are also evaluated in the same way. )

Since these consianis are products and quotients of rate and equilibrium
constant values, their temperature dependence can be expressed by an equation
of the Arrhenius form, such us

a-m o exp. (#/T)
where iz and # are constinis apd 7 is the temperature in “K.

Equations of this form. which have beca derived from the besi-fit
straight-line plots on logarithm constani—reciprocal temperature co-ordinates
(Fig. 7), are

a =4.23610° < exp (—7.141%10Y7T) (71
b —2.831 2 10"* s exp (5.207 < 1OYT) (sl
a = 1,365 - 10" exp (3.914 - 1047 (9l
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b= 9.307 ¢ 1672 exp (2.337 10%/7T) (1]
a"=1.811x10% nexp (— 1.842 ~ 1W0*/ Ty 1
b7 =1.479 %1071 <exp (1.635«10%T) (2]

Computing Pradact Disribution Parrern

The product distribution pattern in acetylene hydropolymerisation can be
velated to the initial rates of conversion of acetylene to the primary produss
in the following way :

% C,H, converied to C,H, e o 100 3l
Totey o e

L3 o e 100

» CoH, converted to C,H 1,3 = 2@ [14)

T T lawy Vo ()

o wy . r < 10
o, C,H, converted Lo oil o w190

~ (151

Yo e - Moo

4 ¥ T T
oG L
o -
ﬁ
13
a0 ©
. .
PRy 250 ¢
276°C n
40 Catty — 2 gyt -
_ -
R=(—Ay= a+b /A7
Yool TH,
a m -
1 L i 1 -
0-5 06 0.7 0-8 0.3 0
v ”H;
Fia, 6

Correlation of initial rate-data on the conversion of acetylene.
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The initial yield of butadiene-l, 3 as obtained from Egs. [14] is equal
to the overall yield of dimers, namely, butadiene-l, 3 and butenes, since
butadiene-1, 3 is the primary product and butenes are produced secondarily
from it.

The initial rates of conversion for a given C,H,-H,-N, feed composition
have been calculated from Egs. [4], [5] and [6] after evaluating the constants
at given temperatures from Egs. [7] to [12]. Calculated values on product
distribution derived from these by using Egs. [13], [14] and [15] are recorded
in Table 2, for comparison with the experimental values taken from Part I3
Agreement with the calculated values is, in general, found to be much better
at lower (e.g. 30%) rather than at higher (e g. 60%) overall conversion of
acetylene. This is, however, expected as reactions at lower conversions are
closer to imitial conditions for which alone the rate equations have been
derived.

TasrLe 2

Product Distributios Pattern: Caleunlated ¥s. Experimental

Moles of C,H, converted to products

Feed -
Compositon Temp. 100 moles of C,H, reacting
{Molar Ratio) °C Calculated values Vealues from experimental plots
CH,: Ha: N, C,H, Dumers Qil GH. Dimers oil

@ m @ b @ »

5:3:2 250 216 8.4 70.0 225 285 5.0 9.5 685 600
275 265 105 63.0 270 30.0 100 100 63.0 600
4:4:2 250 38.6 133 481 405 43.0 125 1435 475 425
275 411 160 42.9 415 44.0 140 140 445 410
3:5:2 250 5§75 169 256 S57.0 65.0 17.0 17.0 260 1380

275 554 208 238 56.0 61.0 200 170 240 220

iS5}
(=}
| %]

250 470 167 93 720 725 180 165 100 110

275 663 237 100 670 70.0 230 200 tcO 100

Neote : (1) Columns "(a) and (b) correspond to L‘mce-throu h total acetylene conversions of
30°/, and 60°/, respectively. &1 total acetyle

(2) Dimers consist of butadiens— I, 3 and butenes.
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Effect of Feed Dilution

Product distribution paitern deduced from Egs. [13] to [15] for different
C,H,-H; feed concentrations, after calculating the corresponding initial rates
from Eqgs. [4] to [6] and [7] to [12], indicates that it is greatly influenced by
absolute concentrations besides the relative oues of C,H; and H;. Thus,
decreasing C,H, and H, concentrations, while keeping C,H, : H; ratio constant,
would produce more of ethylene and less of oil and vice-versa. Table 3
presents the computed product distribution patterns for C;H,: H, feed ratio
of 111 vis-a-vis experimental results guoted from Part I of the study®.

TABLE 3

Effect of Feed Dilution with Inert Gas on Product Distribution

Moles of C,H, converted to products

Feed Composition Temp.

CRERIRL O cumesiali " OV i e g
2:2:6 250 59.¢ 134 27.6 58.5 135 28.0 26.2
275 54.3 19.4 26.3 53.8 19.6 266 31.6
3:3:4 250 47.5 13.9 38.6 49.4 13.8 36.8 26.3
275 47.4 17.7 349 49.1 17.7 33.2 35.0
4:.4:2 250 38.6 13.3 48.1 41 9 120 46.1 35.8
275 41.1 16.0 42.9 43.0 12.8 44.2 453
35:5:0 250 32.0 12.4 55.6 .
273 35.8 142 50.0 s e

Nete. (1) Experimental-plot values correspond to A°/, once-through total conversion of
acetylene for the flow rite 2624 cm® of CoH,; at N.T.P./cm® of caralyst * hour.

(2} Dimers consist of butadiene—1, 3 and butenes.

Activation Energies for the Primary Reactions

It is apparent from Egq. [4] for the conversion of acetylene to ethylene
that the rate is of first order with respect 1o hydrogen.

(16}

¥y = i
0D T T by
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tiven a definite concentration of the reactant acetylene, i.e., n = constan,
Eq. [16] reduces o

To ey =Ko e "

where kg = H{a+bng)? 7
-

Here, ky()may be considered as the initial reaction syate consiant valid for

a definite value of n,.

Similarly the initial reaction rate comnstant for acetylene hydrodimeri-
zalion to butadiene-1, 3 when n, is constant is given by

Ky gy =1/(a’ + 5 ) 18]
Equation (6) for the conversion of acetylene lo oil can be wrilten as
Fo =10 DV ng ) = kg 0y g 09

where kl)?a) is the initial reaction rate constant for hydropolymerization of
acetylene {o oil involving a constant concentration of hydrogen in feed.

The values of ky(,, and ky , have been calcnlated from Egs. {17] and
18] assuming different concentrations of acetylene and each at different
levels of temperature in the range 239°-270°C, employing the value of 4, b,
o' and b’ computed from Egs. {7} to [12]. Likewise, kg, has also been
evaluated by combining Egs. [11], [12] and [19] for different values of ny,.
From the slopes and intercepts of the log constant —reciprocal termperature
plots {Fig. 8), activation energies and frequency factors, for each of the
primary reactions have been calculated. These are recorded jn Tables 4
and 5. The values of activation emergy, thus computed, are seen to be
comparable to those derived by Sheridan! from reactions in static system on
palladium-pumice catalyst, namely, 12 to 15 Kcal. per gm. mole (at 0° to
120°C) for both the hydrogenation and hydropolymerization reaction of
acetylene. The value of activation energy at 0.2 mole fraction concentration

of acetylene for the hydrogenation to ethylene (Table 4) is, however, scer
to be unusualily low.
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FEEE ) Na:0-5
Ny,
Tolp) = ————— = Ky
o{b} oy "A)z olb) My
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tog Koy

el hH
fole)* Tarpr i KoMy
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-8 L 1 1 1
184 1.86 1.88 190 .82 1829 1.88 .98
’-]F' H TOS R

Fio. 8
Arrhenius plots for inftial rete Constants.
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TanLy 4
Valaes of Activation Energies and Frequency Factors for Conversions of
Acetylene to Ethylene and Butadiene

Ey=Activation energy (Kcal./gm. mote) for the hydrogenation of acetylene to ethylene; A, i
the corresponding frequency factor.

Ep=Activation energy (Kcal./gm. mole) for the hydrodimerization of acetylene to butadiens
~1, 3; A is the corresponding frequency factor.

The unii of frequency factor is gm. mole of acetylene converied per gm of catalyst per hour,

Mole fraction oﬁé};ﬁén; f;fi'ccd

0.2 0.3 0.4 0.5
E, $.320 12.72 13.73 1563
A, 7.516 - 1W? 2754 10t 4.786 + 10% 1.954 . 10
E, 13 930 1308 1272 12.26
Ay 3972 . 10% L2185 108 639 j0? 3112x16°

TABLE 5

Values of Activation Energies and Frequency Factors for Conversion of Acetylene to Ot
Ey=Activation energy, Kcal./gm. mole of acetylene converted to oif.
Ap="Frequency factor, gm. mole of acetylene converted to oil per gm. of catalyst per hour.

Mole fraction of hydrogen in feed

0.3 0.4 0.5 0.6
£y 11.44 13.22 14.61 15.25
Aq 6.683 % 10° 3.556 1G4 1288 10° 2323 108
CONCLUSION

The initial rate data on the hydropolymerization reaction of acetylene
in a flow system over a Pd-ZnO-Cr,0,Kieselguhr catalyst and in the
temperature range of 230° to 270°C have been found to be in best accord with
the initial rate equations derived on the assumptions that (a) the primary
reactions comprising the conversions of acetylene to ethylene, butadiene and
oily hydrocarbons, take place, between adjacently adsorbed acetylene molecules
and hydrogen atoms and (b) the rate controlling step for both the ethylens
and btadiene forming reactions js the adsorption of hydrogen while that for
the ofl forming reaction is the absorption of zcetylene.
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However, in view of the simplifying assumptions® underlying the deri-
ation of the rate equations, it has to be emphasized that the rate equations
axed for the hydropolymerization reaction of acetyleme should at best be
tooked upon as satisfactory interprelations of the kinetic data rather than as
confirming the postulated surface rexction mechanism on which their
derivations were based

Thus, for atomically adsorbed hydrogen the surface concentration is
proportional to the square root of activity of hydrogen in the fluid phase,
whereas if molecular adsorption of hydrogen is assumed the surface
concentration would be linearly proportional to the activity, so that, for the
first case, the increase in surface coverage by hydrogen with increase in fluid-
phase concentration of the same would be less marked than for the latter case.
So, though the observed close accord of the kinetic data with a derived set of
rate equations seemingly confirms the postulated mechanism of surface reaction
between molecularly adsorbed acetylene and atomically adsorbed hydrogen,
viewed from a different angle, the agreement may be considered as indicative
of a physical situation where the catalyst surface is dominated by adsorbed
acetylene, and as a result, hydrogen in the gas phase finds it difficult to reach
the adsorption site.

NOMENCLATURE

Constants in initial rate equations.

= Interfacial activities of acetylene and hydrogen,
respectively.

= Initial reaction rate constants for acetylene

conversions to ethylene, butadiene and oil,

a, b a,b,a, b

]

Qai> Ay

Ko 2)> Ko 530 Ko (o

respectively.
nm, n = Constants in Arrhenius equation.
ro(e), rg(b), rg(0) =  Imitial rates of conversion of acetylene to ethylene,

butadiene and oil.
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SUPPLEMENT TO GLOSSARY OF INDIAN MEDICINAL PLANTS
A
B. N CHoPra, I. C CHOPRa aND B. § VarRMa

Tn the year 1956, the Council of Scientific & Industrial Research,
New Delhi published a Glossary of Indian Medicinal Piants with a view
10 presenting concise information regarding their properties, uses and
important constituents. Over 2,600 species, belonging to about 1,350
plant genera have been deal: with. The information is given under the
botanical names of the plants, which are arranged in their alphabetical
sequence ; irade and vernacular names are also mentioned. The Glossary
gives distribution of ihe plants, diseases for which the particular plant is
used, and the active principles. Adequate Dhiterature references to the
sources of information are also provided. The book ends with two
comprehensive indexes one pertaining 1o the vernacular and trade names,
und the other 1o the chemical constituents.

In order to bring the Glossary up to date, this Supplement has been
brought out. It follows the style of the Glossary and covers all relevant
information published during the period 1955-64. The Supplement
provides additional information on over 700 species aiready mentioned
in the Glossary, and includes about 380 new species. Indexes covering
additional vernacular and trade names and chemical constituents have
been provided. The supplement bLike the original Glossary, will be
useful not only to the practitioners of indigenous system of medicine,
but also 1o all others who are interested in drogs of vegeiable origin and

comumon bazaar medicines.
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