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hiifial mtes  of' the three primrrp reactions of  acetylene I~yc~raralyn~erizatio~~ 
over palladium catalyst, viz . cmvemions q f  acetvlene to et.;?jlene, hutodiene and 
oil, h a w  been derermined by exh~pola t ion  from tke  orire-throuqh conversiorr data 
obtained at 18arious space *~elocities. Based on Ihese irritial rate data, initid1 rate 
equations haw been derived Values of  activation energies and j>equenc? factors 
for the three primaq~ r e a c ~ i o m  have been calculared frona the respectfie cquattons 
for. initid m r e .  

Kmcrm of palladium-caldysed 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 (>CJ 
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 C,-prcducts was slightly less than that over platinum under compatzble 
condit:ons. 

Kinetics of acetylene hydrodimeruarion over palladiuln war studled by 
Gorin and Dereviyagina'. On the basis of the rate and yield data, bntadiene- 
I, 3 was consiCered to  be the primary product of the reaction with butylene 
as secondary. Also the reaction inechanism was presumed to inbolve either 
an addition of two units of CH,-CH.Pd followcd by the elimination of 
atoms of 2Pd, c r  a union of PdH with a conlplex of Pd and an unsaturated 
hydrocarbon. 

The present communication deals with ihe kinetic interpretation of the 
conversion data obtained on the hydropolymerization reaction of acetylene 
over a Pd-catalyst as presented in Part I of the study3. 

*Present Aldress: University of Baghdad, Iraq. 
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The  condition^ of expsr'iolcnts ( ~ n  Part I )  under atmosplicsic prcssure in 
flow rysrcm and rising a m : l l l  volun~i. (1.5 em3) of catalyst in order to 

;,b,larc dtlfir-ullies of the !riglily rxi)lilernlic reaction were a i  I'ollowb: 

S i x  : -2Y ?~ 35 Tyler mesh 

Feed comnpositir~~~ . CL t rZ : H2 : Nl -= (1)  5 : 3 : 2 ; ( 2 )  4 : 4 : 2 ; (3) 3 : 5 : 2 
(4) 2 : 6 : 2 (mole ratio). 

i/oi~rrneltir rprrce r.r/oci[v S20 to 13130 hr- '  (at N.T.P.). 

Krarliurl te!xpernrure 220" to 320°C. 

Ethylene, hutadiene-1, 3 and butenes, a11 in $ar phnse in [he product, 
were determined by ar~alysis, whereas heavier hydrocarbons, collected as 
liquid by cooling product gases, Iidd been termed collectively as ' oil ' and 
determined throush mstcrial bslancc with nitrogen 3 s  rhc tie component. 

i~~ i i i u l  R r t e  q/  Acer?/me Co!~wrsior~ : i t  hxs been shown in the previous 
comniunication3 that hydropolymcrizarion of ;~cctylene over pvllsdium concists 
of ifirec primary re.ictions, naniely (rrj hydrogenation of ;icztylene, 
to ethylene, jh) dirneriz'~iion and hydrope~~alion of acetylene to butadiene-l, 3 
;tnd (c) hydrogenativr polymeriz~tion of acetylene to oily hydrocarbons. 

In order to evaluate the initial ra[e.i of the iibove three reactions, once- 
lhr0~g11 co~~vel.sion data, expressed as  mols of acetylene per ~ n o l e  of feed 
converted into (i) ethylene and s i l ru~e ,  (1;) hutadienc-I, 3 and bu:enes, and 
(iii) oil, are ploc~ed in Pi_es. I to 3 esainst ' rime factor '  defined ns gm. of 
catalyst x hr./molcs of feed. The slopes of the curves are then determined by 
eYtrapolalion lo zero [ijne ('actor Ddta on Ihe initial rate o r  conversion of 
:lcetvicnc to thc three primary prod:~cls, SO determined, are presented in 
Tahie I .  

Rcocrion Mechunism : Initis1 rale equations corresponding lo v:irious 
~ o s t u i i ~ ~ r d  reaction mechauisnls have been derived fol lowi~~g the procedr~re 
outlined by Hougen and W a t s o n ' a n d  separately tested with the initial rate 
Wlations given below, which are derived on the assumption that all the three 
renetions take place between adjacently adsorbed acetylene molecules and 
hydrogen nmus,  and that the rate controlling step for both the ethylene m d  
bntndicne forming reaction is the adsorption of acetylene. 









Pr~itial Rates oh Conversion L)F Accryiene ro Primary Prodacts 
. - . ...- -~ . 

~ e e d  Composition Reaction Moles of  C3H9 converte,f to 
C,H,: W?: N, Temp. products -- - -- -." J*i 

gm%. of catalyst A hr. 
(Mole Ratio) d€ G M I  C,H&-1.3 

230 

240 
4 : 4 : 2  250 

260 
270 

--- * . .. . - .- 

230 
240 

3 : 5 : 2  250 

260 

270 
. . . . . ~- ... . . 

230 

240 
1 : 6 . 1  250 

260 

270 
~.~~ ~ - 

Thc initial rate cquations are 

1." ==ily,?,/(a-,- h.11,,,)~ 

1.' (bi - aHl,/(il' : b'-aAJ2 

r6 ~, ,=a, , / (av t b"da,,,) 

where r,(, , ,  I. ,(,, and r, (,, 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, a', h', a". 5" are 
comtants in the respective equations. 



S!iice i h c  .nitial reaction rsLrr aic ilcrivcd Trail? slopoi ot'convcrilcn 
C I i I  , LIa C ~ i l . ~ p ( i i i : ~ ~ d  to ~ e s o  t imr racta1. I h u ~  i~mplping wrj ,  hglr 1'e':il mic, 
diffusion:~i resistances mag be assurmd :u h c  trcglipibk C'or!xq~ietiti~, ( h c  
,,lterfaciai concentrations of acevy!rne (o,,i a116 hydroptv (n,.,i iii Kqs .  [ i  I ii, 12) 
j?a\,e been substii:!:ed by the corresponding bdk-phase coiicen~sutioiis .illd. 
with the tota! pressure heing one stmosphcre, have been cxprcsscd in rerm:; 
of mole fractio!;~, nan~ely, wZ4 and ?I,? respecliveiy, w Lhnr rhe initial rate 
equathons, finally selected ( F q s .  4 to 6) for the 1hrt.r p i - i m a q  ircaclions, ,lrc 

Correlation of initial rate data o n  the conversion of acet)lene to ethylene. 



Eroiuatio~r of ,Su~isti~nt,s 

The values ol' ~ l l c  collr(jnts rr anit b of Eq. [a] are-determined by noting 
:hc inlercrpl (or1 the  R-axis) and s l o p e  of ;he straight line plot in Fig. 4. 
1-kc COnStanls f r ' ,  b',  a" and 19' arc xiso evaluated in the same way. 

Since these cons~aius are products and quotients of rate and equilibrium 
constant values, t h e i r  temperature dependence can be expressed by an ecl-~wio~i 
of  the Arrhcnius f o r ~ n ,  such as 

N : ~ ? ? r  2x1). (PI IT)  



The producr distrihurion patt5I.n in acetylene bydl-opolyrnerisation can tiL. 
related to [he initial rates of conrersion of acetylene lo the p.'imary produzts 

y;, C,M, convcrlcd lo oil ro . I00 - .- --- 
"0 (?) 1 "0 ( b ,  "0 !,>) 

[ l j i  

I I I I I 
0.5 0.6 0-7 0.8 0.9 1.0 

b'GJ 

FIG, 6 
Correlation of init ial  ratr.data on the  convercion of aztylcne.  



FIG. 7 

Logarithm constant-rsiprocal temperature plots. 
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The initial yield of butadiene-1, 3 ah obtained from Eqs. [14] is equal 
to the overail yield of dimers, namely, butdime-1,  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&,-Hz-N, feed composition 
have been calculated from Eqs. [4], [5 ]  and [61 after evaluating the constants 
at given temperatures from Eqs. [7] to [12]. Calculated values on product 
distribution derived from these by using Eqs. [13], [Id] and [I51 are recorded 
in Table 2, for comparison with the experimental values taken from Part 13 
Agreement with the calculated values is, in general, found to be much better 
at lower (e .g .  30°/,) lather than at higher ( e  g.  60%) overall conversion of 
acetylene. This is, however, expected as reactions at lower conversions are 
closer to initial conditions for which alone the rate equations have been 
derived. 

Product Distribution Pattern: Calculated Vs. Experimental 

Moles o f  GH, converted to oroducra . . -- Feed 
100 moles o f  Czp, reacting (g'P,yt$i",) Teepp. Calculated values Values from expermental plots 

C,H, : Ha : N, C,H4 Dlmers Oil CsH, Dimers Oil 
(a) (b) (a) (b) (a) (h) 

. -  . . . - 
Nore : (1) Columns '(a) and (b) correspond to once-through total &tylene conversions of 

30°L and 60°1, respectively. 
(2) Dimero consist of  buradiens- 1, 3 and hutcnes. 



Product distribution paitern deduced from Eqs. [I31 to [15] for different 
c,H,-H, feed concentrations, after calculating the corresponding initial rates 
from ~ q s .  [4] to [6] and [71 to [12], indicates that i t  is grearly influenced by 

concentrations besides the relative ones of C,Hp and Hi. Thus, 
decreasing C,H, and H, concentrations, while keeping C,H, : H, ratio constant, 
would produce more o f  ethylene and less of oil and vice-versa. Table 3 
presents the computed product distribution patterns for C2H,: Hz feed ratio 
of 1 : 1 vis-a-vis experimenial results quoted from Part I of the study3. 

TABLE 3 

ERect o f  Feed Dilution with Inert Gas on Product Distribution 

M r .  ( I J  Experimental-plot values correspond to AY!, once-through total conversion o f  
acetylene for the flow r Ire 2624 cm3 of CIH, at N.T.P./cm80f caralyst hour. 

(2) Dimers consist of butadiene-1, 3 and butcnes. 

Activation Wergics for the Primary Reactions 

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



Given a definite coucentrntion of lile reacranr acetylene, i .e., 71, = constam, 
Eq. [I61 redilces ro 

&her: k, (,, = i/(a+b=n,)' 1 nl 
* 

Here, k,(,,may be considered as the initial rcaction rate constant valid for 
a definite value of nA. 

Similarly the initial maction rate constant for acetylene hydrodimeri- 
zation lo butadiene-1, 3 when n, is consrant is given by 

Equation (6 )  for the conversion of acetylene to oil can be written as 

ra col =nA/(ar' +b".l/nXX) -k, (,,.n, 1191 

where ku;,) is the initial reaction rate constant for hydropolymerization of 
acetylene to oil involving a constant concentration of hydrogen in feed. 

The values of k,(,, and ka (b, have been calcdated from Eqs. 1171 and 
[IS] assuming different concentrations of acetylene and each at different 
:evels of temperature in the range 239'---27O0C, employing the value of a, b, 
a' and b' computed from Eqs. [7] to [121. Likewise, k, ,,, has also been 
evnluated by combining Eqs. [Ill, [12] and jl9] for different values of n,,. 
From the slopes and intercepts of the log constant -reciprocal temperature 
plots (Fig. S), activation energies and frequency factors, for each of the 
primary reactions have been calculated. These are recorded in Tables 4 
and 5. The values of activation energy, thus computed, are seen to be 
comparable to those derived by Sheridanvrom reactions in static system on 
palladium-pumice catalyst, namely, 12 to 15 Kcal. per gm. mole (at O" to 
120°C) for both the hydrogenation and hydropolymeriztition reaction af 
acetylzne. The value of activation energy at 0.2 mole fraction concentration 
of acetylene for the hydrogenation to ethylene (Table 4) is, however, seela 
:o be unuw:tlly low. 





Values of Activation Energies and Frequency Factors for Conversions o f  
Acetylene to Ethylene and Butadiene 

&,=Activation energy (Kcai./gm. mole) for the hydrogenation of acetylene to ethylene ; ~ , b  
she corresponding frequency factor. 

Ea=Act~vation energy (KcaLIgm. mole) for the hydrodimerizatian of acetyiene to bota3ieos 
-1, 3 ; As is the corresponding frequency factor. 

The uniiof freourncv factor is zm. moleof acetylene converted Per gm ofcatalsst Der hour. . . . . 
. - - - . 

Mole fraction of acetylene in feed 
..- 

0 2 0.3 0.4 0.5 

Vaiues of Advation Energier and Frequency Factors lor Conversion of  Aceryizne to Oil 
Eo-Activation energy, Kcal./grn. mole of acetylene converted to oil. 
Ao=Frequency factor, gm. mole of acetylme converted lo oil per gm. of catalyst per hour. - - - -- -- - 

Mole fraction o i  liydmgen in feed 
--. .................. -- - 

0.3 0.4 0.5 0.6 -- - ........... 

The initial rate data on the hydropolymerization r z~c t ion  of acetylene 
in  ii flow systenr over a Pd-ZnO-Cr,O,-Kieselguhr catalyst and in the 
Iemperature 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) rhe rate controlling step for both the ethylene 
ond butadiene forging reactions is the adsorption of hydrogen while that for 
tbe oil forming r e a c t i a  is the absorption of acetylene. 

-/-' . - 
-.- . .. ,- 



f&xvever, in view of rhe simpliFying assumptions4 underlying the deri- 
vation of the rate equations. it has to be emphasized that the rate equations 
fixed for the hydropolymerization reaction of acetylene should at best he 
looked upon as satisfactory interpreiations of the kinetic data rather than as 

the postulated surface rc:iction mechanism on which their 
derivations were based 

Thus, for atomically adsorbed hydrogen the su r fxe  concentration is 
propartional 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 hy 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 confinns 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. 

a, b, a', b', a", b" = Constants in initial rate equations. 

a.ii3 axxs = Interfacial activitieq of acetylene and hydrogen, 
respectively. 

k, (,, , k ,  w, k, (,, - Initial reaction rate constants for acetylene 
conversions to  ethylene, butadiene and oil, 
respectively. 

m, n - Constants in Arrhenius equation. 

d e ) ,  ro(b), r,(O) = Initial rate9 of converqion of acetylene to ethylene, 
butndlene and oil 

1 .  Sheridan. J .  . . . . J .  ckem. Sbr., 1915.470. 

2. Gorin,Yu. A.  and Dareviyagina, N. L. Z. Obshch Khim., 1956.26. 1087. 

3. Manas Chanda and Ghosh, S. S. . . Part I, Tbb Journal 1969, 51, 180. 

4 HoUgeo, 0. A .  and Watson. K .  M. . . Ind. Enpng. Clrern., 1913,35,529. 



SUPPLEMENT TO GLOSSARY O F  INDIAN MEDICINAL PLANTS 

BI' 

Tn the year 1950,  he Council of Scientific & Industrial Research, 
New Deihi published a Glossary of Indian Medicinal Plants with a view 
;o presenting concise informnlion wgarding their properties, uses and 
important constiiuenis. Over 2,600 species, belonging to  aboui 1,350 
plant genera have been deal; with. The information is given under the 
bolan~cai n:mes of the plants, which are arranged in their alphabetical 
sequence : trade and vernacular names are also mentioned. The Glossary 
gives distributio~l of ihc plants, diseases for which the particular plant is 
used, and the active principles. Adequate l!rer:!ture references to the 
>ources ol' infornlation are also provided. The book ends with two 
cfirnprehcnslve indexes one periainin_r to the vernacular and trade names, 
and the other io the chemical conslituents. 

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 Scpplement 
prov~drs additional inforlnaiion on over 700 species already mentioned 
in ;he Glossary, and includes about 380 new species. Indexes covering 
additional vernacular and trade names and chemical constiiuents have 
been provided. The supplement 11ke the original Glossary, %*ill be 
useful not only to the prac!ltiuncrs of indl_genous system of medicine, 
hut  also io all others who ai-c interested in drugs of vegc:abie origin and 
common bazaar medicines. 
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