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CHAPTER I 

INTR' ODUCTION 

Rubber consumption is an index of industrial 

growth of a nation. Rapid industrialization during the last 

decade resulted in an increased demand of rubber products 

in our country. Natural rubber resources are too meager 

to meet the total demand. In 1970-71 the produCtion of 

natural rubber was nearly 92,200 tons while the total con-

sumption was 1,34,000 tons(18). It is estimated that total 

requirement of rubber by the end of Fourth Five Year Plan 

will be approximately 2,38,000 tons while the production 

of natural rubber is expected to be only 1,20,000 tons. 

In order to close the widening gap between pro-

duction of natural rubber and the total demand for rubber 

products as well as to conserve available land resources 

for production of food and other cash crops, the Synthetics 

and Chethicals Ltd. have built and commissioned in 1963 

at Bareilly a synthetic rubber plant to produce 30,000 tons 

of styrene-butadiene rubber per year using alcohol as 

raw material. This plant is unique of its kind in the world 

as it combines at one place facilities for large scale 

production of butadiene and styrene, the two important 

raw materials needed for the production of styrene-butadiene 

rubber. 
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When this projeCt,was in planning stage the avai-

lability of petroleum hydrocarbons as industrial feed-stocks 

was very much restricted while alcohol was abundantly avai-

lable at low price as a• by-product from sugar industry in afax  

U&P. and Bihar. Simplicity of alcohol based process also fti/OCejca.:  

) 
promised a better economy. 

Butadiene plant of Synthetics and Chemicals Ltd. 

when operated at full capacity consumes nearly 66,000 ga-

llons of alcohol to produce 80 tons of butadiene per day. 

In addition, National Organic Chemical Industries Ltd., 

Thana is currently supplying nearly 7000 tons per year 

of by-product butadiene obtained during naptha cracking. 

Availability of alcohol in recent years has become a 

serious problem and the plant is trying to conserve as much 

alcohol as possible by process improvements to-give .better 

ultimate ethyl alcohol selectivity to butadiene. 

In commercial operation tantalmn oxide on 

silica gel (2 percent Ta205-98 percent Si02) is used 

for catalysis of ethyl alcohol-acetaldehyde to butadiene. 

Normal plant operation gives 28 to 30 percent conversion 

with an ultimate yield in this step of 70 percent. The 

ultimate selectivity from ethanol reduces to nearly 65 per 

cent since the efficiency of ethyl alcohol conversion 

to acetaldehyde is only 92 percent. Thus a significant 

fraction of total alcohol consumed in the plant is conver-

ted tq undesirable by-products. 



The pur ose of this. dissertation is to develop 

a catalyst which can be a suitable substitute to the • 

imported tantala-silica cataYst. In addtion, work is also 

carried out to develop a promoted tantala-silica catalyst 

based on imported commercial catalyst which can give a better 

performance both in conversion and ultimate yield. Shortage 

of alcohol in India may recessitate its import and, there-

fore, aslight improvement in the ultimate yield in catalysis 

ethylalcohol-acetaldehyde tobutadiene by using a suitable 

promoted tantala-silica catalyst has a special significance. 

This work is mainly devoted to promote imported 

tantala-silica catalyst with cupric oxide or zirconium oxide 

as promoter. Some tantalum oxide-silica gel catalysts are 

also prepared and tested using indigneous silica gel. 

The line of action pursued to develop promoted 

catalyst has shown promise and few more test runs are needed 

to arrive at 	final conclusions regarding the effective- 

ness of cupric oxide or zirconium oxide as.promotors for tan-

tala-silica catalyst and the optimum promotor compositions. 

The indigenously prepared tantalum oxide-Silica catalyst 

has also shown' good results. and some more, development work 

is necessary for commercial adaptation. 



CHAPTER II 

LITERATURE REVIEW 

Butadiene does not occur as such in nature. It is, 

however, present in varying quantities in the products obtained 

from high temperature petroleum processes. 

2.1 Methods of Manufacture  

Some of the important methods reported in litera-

ture for the manufadture of butadiene are given below: 

2.1.1 Catalytic Dehydrogenation of ButeneS - The process 

involves the catalytic. dehydrogenation of 1-butene and 2-butene 

at 630-70e0 and at low butene partial pressure. The reaction 

proceeds quite readily and selectively 

CH2  = 01HCH2014.3 - CH2 = CH-CH = CH2 + H2  
1-butene 	Butadiene 

CH30H = CHCH3  - CH2 = CH=  CH = CH2  + H2  
2-butene 

The catalyst used for the reaction is calcium nickle 

phosphate stabilized with 2 percent chromium oxide. 

2.1.2 Dehydrogenation of n-Butane - Two processes for pro-

ducing butadiene from n-butane are in commercial operation 

(i) iioalarocess - 95 percent or better n-C4 feed 
stock is dehydrogenated at 620°C in one step to a mixture of 

butenes and butadiene. The butadiene is seperated and un-

reacted butane together with butene is mixed with fresh feed 

and recycled. Activated alumina impregnated with 18-20 per 

cent chromic oxide is used as catalyst. 

(ii) Phillips  Process - This process consists of 

two steps: 
(i) Dehydrogenation of n-butane to butene 
(ii) Dehydrogenation of mixed butenes to 

butadiene. 



The butane dehydrogenation is carried out isother-

mally at 600-620oC., 1-20 psig and at a space velocity of 

about 700 using alumina-chromiona catalyst. The second step 

in this process is essentiallysame as described earlier. 

2.1.3 	Thermal Cracking of Petroleum Distillates - The pre- 

ferred feed stock for. thermal cracking operation range-from 

naptha with an end point of 200-230°C to light gas oil with 

an end point of 430°C. 

For optimum yield of butadiene and other light 

olefins and diolefins the cracking reaction has to be 

carried out at temperatures above 725°C with short resi-

dence time keeping hydrocarbon partial pressure very low to 

avoid undesirable side reactions: 

2.1.4 Aldol Condensation Process - The process uses acetylene 

and involves following; main steps 
hydrated mercury 

CH .= CH 	CH3aHo 
Potassium hydroxide 

2CH3CH0 	C'T 'HOHCH2CHO 

100-150°C 
CH3ChOHCH2CH2OH 

300 atm 	1,3 butanediol 
100°C 

CHCHOHH2CH2OH C  CH2  = CH-CH = CH2  + 2H20 Sodium pyrophosphate 

2.1.5 Process Using Acetylene and Formaldehyde - 

Acetylene and formaldehyde is reacted to give 

2-butyne -1,4 diol over copper acetylide catalyst, which is 

then hydrogenated to 1,4 - butanediol and subsequently 

dehydrated to butadiene. The overall yield based on acetylene 

consumption is 70 percent. 

CH3CHOHCH2CHO + H2 



2110H0+ HC CH - HOCH2C = CCH2OH 

HOCH2C CCH2OH + 2112 - HOCH2CH2CH2CH2OH 

HOCH2CH2CH2CH2OH - CH2 = CH-CH . CH2 + 2H20 

2.1.6 Process Using Ethyl  Alcohol - 	There are two methods 

for the conversion of ethanol to butadiene: One step process 

and two step process. In one step process the dehydrogenation 

and dehydration reactions occur in same reactor andthe overall 

reaction can be written as 

2C2H50H 	GH2 = CH - CH = CH2 + 2H20 + H2 
Butadiene 

Yield and selectivity of one step process are poor 

as compared to two step process where dehydrogenation and 

dehydration are carried out seperately with different cata-

lyst. Ethanol (92-95 percent grade) is vaporized and passed 

over a dehydrogenation catalyst at 260-290°C to produce acetal-

dehyde. .Acetaldehyde yield is 90-94 percent with 30-50 percent 

conversion per pass. In second step excess alcohol is mixed 

with acetaldehyde in molar ratio of 3:1 and fed as liquid to 

a fixed bed convertor containing tantala-silica catalyst. 

Pressure is essentially atmospheric, the temperature is 

325-350°C and the liquid hourly space velocity is 0.4 to 0.6. 

A conversion of 28-30 percent based on acetaldehyde is obtained 

per pass with ultimate selectivity in this step of-75 percent. 

2.2 	Reaction Mechanism of Two steprocess. from Alcohol: 

2.2.1 Main Reaction - Many hyprothetical reaction mechanism 

are sggested for the formation of butadiene. Reaction mecha-

nism involving the formation and deoxygenation of crotonal- 

dehyde (reactions B,B1,B2,D) sugested by Jones and Cowrkers
(4) 



and Quattlebaum and. Coworkers 	based on their study of two 

step process. 

The overall reaction is 

(A) Cq3CH0 + C2H50H - CH2  = CH-CH . CH2  + 21120 

and the probable reactions leading to the formation of 

butadiene are: 

(B) 2CH3CH0 	CH3CH:CHCHO + H2O 

(B1) 2C 1130110 	CH3CHOHQ112CHO 

(B2) CH3CHOHCH2CHO 	CH3CH:CHCHO + H2O 

(C) CH3CH:CHCHO + 02115011 CH3GH0 + CH3CH:CHCH2OH• 

(C') CH3CH:CliCH2OH. 	CH2:CH.CJ:CH2  + H2O 

• (D) CH3CH:CHCHO + C2115011 	CH3CH0 + 0112 :011.011:0132 . .* H2O 

(D1) CH3CH:CHCHO + RH2(Hydrogen 	CH2:011.CH:CH2  + R + H2O 
doner other 
than ethanol) 

(E) 0113011:0110110 + CH3CH:CHCE OH 	CH9:CH.CH:C112.+ CH3CH:CHC .110+4;0 

(F) q I-13CHOHCH2CHO +0 2115011 CH3  0I-I0 + CH3CHOHCH2CH2OH 

(F' ) CH3CHOHCH2CH2OH 	0112 :CII.CH:0112  + 21120 

(G). 202115011 - 011301-120 112C 1120H + 1120 

(G 1 )oH3C H2c H2c H2O H 	cH3c1-12cii: C ±-I2  + H2O 

( -G1) 01130112011:0 112  - 0112011.011:CH2  + 112  

( G2  ) CH30112C1120112011 	0113011: 010 112011 + 112  

(G) 0113011:0110112011 	0112 :011.011:0112  + H2O 

(G3 ) CH30H2CH2CH2OH 	CH3CH2CH20110 +. H2  

(G3) C1130112011201-10 	0113011:0110110 + 112 
(G4) CH3CH2CH2CH2OH 	0H2:0;.1.011:0H2  + H2O2  + 112 
(Ii) CH30110 + C2115011 	01130110H (002E5) 

(H1) CH3CH0H( 00 2115 ) 	0112:CH( 002115 ) + H2O 



(Hi) CH2:CH(OC2H5 ) + CH2:01-12 	CH2 :CH.CH:CH2  + Ce50H 
(H2) CH3CHOH(0C2H5 ) y CH3CHOH0H2CH2OH 
(Hp CH3CHOHCH2CH2OH 	CH2:0H.OH:CH2 + 2H20 
•(I) CH3CH0 + CH2 :CH2 	0H2:CH.CH:0H2  + H2O 
(J) OH2:0112  + CH:CH - CH2:CH.CH:CT 2  

-CH2.0112- 
(K) C 2H50H < 

_CH7.01-1011 - 

-CH2.0112- + -CH2, -CH2.0H2 .0H2 .CHOH - 

SiOSi .+C2H50H 	SIGH + Si0C2H5  

= SiOSi a + CH2:QH.CH:CH(OH) 	= SiCH + 	SiO0H:CH.CH:0H2  
SiOC.H = CHCH = CH2  + ^ Si002115 	CH2:CH.CH:CH2  + 

• The bilateral mechanism (K) has little supporting 

evidence while for this mechanism Lebedev and Coworkers (as 

reported in Jones et al  (4)) suggested that -CH2+CH2-. and 
-CH2-CHOH, radicals are first formed and then these combines to 

give butadiene. According to Quattlebaum et a1(); it would 

lead one to predict larger quantities of .ethylene and butylene 

than actually formed and ignores acetaldehyde, which is a nor-

mal dehydrogenation product of ethanol. 

n-Butanol (Reaction G) does not produce butadiene 

under process conditions as reported by Jones et al (4) and 

this eliminates the possibility of n-butaraldehyde as reaction 

intermediate. Furthermore, vinyl ether-ethylene feed gives 

negligible butadiene yield, thus reaction H can be omitted; 

It has also been observed that when acetaldehyde-ethylene and 

acetaldehyde-acetylene are used as feed mixtures (reaction I), 

it resulted in negligible butadiene yield and therefore reac- 

tion mechanism I can alSo be rejected. 
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Ethanol-butaraldehyde feed mixture resulted in buta-

diene but it is suspected that butadiene was formed from 

acetaldehyde obtained as a result of reaction of butaraldehyde 

with ethanol and not directly from butaraldehyde. 1,3-Butanediol, 

proposed by ostromislensky (reported in Jones et al 4) as inter-

mediate, gave 12 percent per -0ass yield of butadiene, whereas 

ethanol and acetaldehyde' gave about 30 percent yield. ,Thus 

1,3 Butanediol (reaction F) can not be an intermediate product 

in formation of butadiene. 

Detailed analysis of the experimental results lead 

Quattlebaum(1)  to conclude that from the stand point of reaction 

mechaniSm theimportant facts are 

crotonaldehyde readily formed, when acetaldehyde 
is passed over tantalum oxide promoted catalyst, 

(ii) crotonaldehyde is not present in significant 
quantity in products when ethanol and acetaldehyde 
are converted to butadiene over some catalyst, 

(iii) crotonaldehyde is readily converted to butadiene 
by ethanol over same catalyst. 

The extensive experimental studies on the mechanism 

of second step, that is , catalysis of ethanol-acetaldehyde to 
produce butadiene, lead Jones' and Coworkers(4) to conclude 

(i) The final reaction which produces butadiene is 
the deoxygenation of - crotonaldehyde by ethanol. 

(ii) A mixture of crotyl alcohol with a minor amount of 
crotonaldehyde is ideal for production 'of butadiene 
under the condition of ethanol-butadiene process. 

(iii) Feed mixtures capable of producing acetaldehyde 
in situ produce butadiene when processed over 
Tantala-Silica gel_ catalyst. 

(iv) The primary function of the silica component cf 
the commercial catalyst is to catalyze the conden-
sation of acetaldehyde, whereas the function of 
the tantala promoter is to catalyze the deoxygena- 
tion of crotonaldehyde by ethanol. 

( i ) 
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It seems therefore certain that the crotonaldehyde 

plays a key role in the synthesis of butadiene.' The kinetic 

study also indicates(4)  that the rate controlling process at 

atmospheric pressure operation is a second order condensation 

of acetaldehyde. It looks probable that the acetaldehyde is 

condensed to a short lived transitory intermediate acetaldol 

which is then dehydrated to crotonaldehyde. It has also been 
(i) established 	that the crotonaldehyde is responsible for the 

formation of. butadiene Ethanol acts as a hydrogen donor and 

undergoes oxidation to acetaldehyde crotyl alcohol is the most 

likely transitory reaction intermediate but dehydration of crotyl 

alcohol to butadiene is definitely not a rate controlling step. 

Jones and Coworkers(4) reported that both crotonaldehyde and 

crotyl alcohol were present in the crude catalyzate, acetaldol 

was not detected. 

Recently Bhattacharya and Coworkers(8'9)  carried out 

a detailed investigation to study the influence of likely reac-

tion intermediates on the overall conversion of ethanol to buta-

diene. However, these studies were carried. out on catalysts other 

than tantala-silica gel and findings of these workers are not 

of much help in estabilishing the mechanism of catalysis of 

ethanol-acetaldehyde to produce butadiene using tantala-silica 

gel catalyst. 

The work of earlier investigators(1214) has estab-

lished that the rate controlling reactions in the catalysis 

ethanol-acetaldehyde to produce butadiene over tantala-silica 

gel catalyst are: (i) condensation of acetaldehyde to crotonl 

dehyde and (ii) deoxygenation of crotonaldehyde by ethanol to 
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produce butadiene. The first step in the reaction sequence is. 

catalyzed by silica component and the second step by tantala-

component of commercial catalyst. It is, however, possible that 

acetaldehyde may first condense to form a short lived intermediate 

acetaldol at the catalyst surface which may dehydrate rapidly 

to crotonaldehyde. The deoxygenation of crotonaldehyde by etha- 
some 

nol is more likely to proceed via crotyl alcohol as/crotyl 

alcohol is invariably presetat,in reaction products. The most 

likely reaction sequence seems to be 

(B1 and B2) 2CH3CH0 CH3CHOHCH2CHO CH3CH:CHCHO + H20 - 
(C) 	CH3CH:CHCHO + C2H50H CH3CHO + CH3CH:C.FICH2OH 

(E) 	CH3CH:CHCH20H + CH3CH:OHC1IO 	CH2:-CH.CH:CH2  + 
CH3CH:CHCHO+ H2O 

The preference for reaction E, over direct dehydration 

of crotyl alcohol (reaction GO for butadiene formation is 

evident from the fact that tantala-silica catalyst gave better 

butadiene yield when used with a mixture of crotyl alcohol- 

crotonaldehyde feed rather than crotyl alcohol alone. 

2.2.2 Side Reactions - 	In the reaction of acetaldehyde and 

ethanol over` tantalum oxide promoted silica gel catalyst, 

approximately one third of all material reacting is converted 

to products other than butadiene. The notable byproducts found 

(2,3,16 ) 
are ethylene, propylene, butylene, ethyl ethers  

acetic acid, 	ethyl acetal, ethyl acetate, methyl ethyl ether, 

crotonaldehyde, crotyl alcohol, butyl alcohol, butaraldehyde, 

butanol, methyl ethyl ketones pentadienes, pentenes, hexal-

dehyde, hexadiene and hexanes. The other byproducts which are 

isolated but consumes less. than 0.2 percent of total alcohol 
are Hexahol, vinycyclo-hexane, et 1 vinyl ether, propane, 
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oxides of carbon (CO,002), Butyl acetate, ethane ,Butane and 

Methane. 

2.3 Thermodynamic Analysis of &action Equilibria: 

Bhattacharya and Coworker(9)  have carried out 

thermodynamic feasibility studies of the indivisual steps in the 

suggested mechanism by evaluating free energy change and reaction 

equilibrium contant values at different temperatures. Some of 

the physico-chemical data required for such calculations was not 

available in 'published literaturen This was estimated by apply-

ing group contribution method to stereochemical models. Such 

models were developed for acetaldol, crotonaldehyde, ethanol and 

butadiene. Table 2.1 gives free energy change and reaction equi-

librium constant values at different temperatures for some impor-

tant reactions leading to the formation of butadiene. It can be • 

seen from, equilibruim data that acetaldol concentration at 

reaction temper:ture of approximately 375°C will be negligible 

small but its existence as a short lived reaction intermediate 

in the formation of crotonaldehyde over a bifunctional catalyst 

can not be rules out. 

2.4 Catalysts: 

The two step american.process, in which dehydro-

genation of ethyl alcohol to acetaldehyde and catalysis of 

acetaldehyde - ethyl alcohol to butadiene, is base on the 

earlier work of ostromislensky (as reported by Quattlebaum et al 1).. 

The research was initiated to investigate the variables affec-

ting the conversion and tltimate yield to butadiene in the 

second step. Commercially this second step comprises of- 
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a mixture of 69 weight percent ethanol,24 weight 

taldehyde-and 7 weight percent water over a suitable 

a temperature range 325 to 400°C, a liquid hourly 

ity from 0.4 to 0.6 and atmospheric pressure. Corson 
( 5,6 ) rs 	carried out an extensive investigation to find 

catalyst composition, method of preparation and opera-

ting conditions for catalysis ofecataldehyde-athyl alcohol to 

butadiene. Over 600 catalysts were, tested by these workers and 

40 different elements spread over the entire periodic table were 

involved in the investigation. List of important catalysts with 

ultimate yield and conversion is given in Appendix B. • Catalyst 

activity was found tole,maximal in oxides of element of group.II 

to VI. The oxides of elements included in the diagonal band 

drawn through magnesium to uranium in periodic table are most 

specific. Combinations of silica gel with oxides of certain 

transitional element of group IV and V•were most active except 

oxides of six elements viz antimony, cadmium, chromium, tin, 

titanium and zinc. Following is a brie-f summary of their findings. 

(i) GROUP-1  (Li, Na, K, Cu,Ag) -• The use of various combinations 

resulted in a maximum yield of butadiene to a value less tiaan 

20 percent. 

(ii) GRCJP-2 (Be, Mg, Ca, Ba, an, Cd), each of- these elements 

were tested in several combinations. The catalysts Beryllia-

silica, magnesia-silica and magnesium carbonate-silica showed 

some promise. A series of 16 magnesia-silica catalysts with 

magnesia content from 3 to 70 percent were tested. The maximum 

,attainable conversion'per pass was 28 percent and ultimate yield 

was 55 percent at 375°C. 

processing 

percent ace 

catalyst at 

space veloc 

and Coworke 

a suitable 
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(iii) GROUP-3  (B,A1,Th) - No effective catalyst was obtained 

from this group. 

(iv) GROUP-4 (Si, Ti, Zr, Sn, Hf, Pb, Th) - Major emphasis 

in this group was given to silica, titania, zirconia and hafnia 

because of their better performance 

(i) Titania-3ilica - Numerous titania silica combinations 

were tested. The best of these (1.0 Ti02-99.0 Si02) was prepared 

by impregnating silica gel with titanium chloride. This catalyst 

showed 18 percent per pass and 52 percent ultimate yield. 

(ii) Zirconia-Silica - Numerous Zirconia-silica combinations 

were tested with regards to variables of composition and prepa-

ration.. These were prepared by zirconyl nitrate impregnation on 

commercial silica, gel and zirconia content *was varied from 

07 to 100 percent. The maximum attainable conversion per pass 

was 37 percent and ultimate yield was 55 percent. 

(iii) Hafnia-Silica - 2 percent Hf02  - 98 percent Zi02  was 

found to be one of the best catalyst tested. It was prepared 

either by hafnium nitrate impregnation or in some cases by 

impregnatin oxalic acid solution of hafnia on silica gel. 

o 	• 
Test run extending over 12 hours at 300.C, 0.4 to 0.6 liquid 

hourly space velocity and ethanol to acetaldehyde mole ratio 

of 2.5 in feed•gave 31 mole percent per pass and 64 mole percent 

ultimate yield.. 

(t) GROUP-5  (7,Cb,Ta, P, Sb, Bi) - Test runs on vanadium oxide-

silica, columbian oxide-silica, antimony oxide-silica and 

bismuthoxide-silica showed that these catalyst compositions 

have very low activity for butadiene synthesis. On the other 

hand tantala,silica catalysts showed good activity and selectivity. 
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The effect of tantala content on ca-ualyst 

cussed later in section 2.6. It has been 

cent tantalum oxide - 98 percent silica is 

catalyst composition is used in commercial_ 

-(vi)G-ROUP-6  (Cr,W,U,Mo,S) Tungston 

performance is dis-

observed that 2 per 

optimum and this 

operation. 

trioxide-alumina, tungston 

trioxide-silica catalysts were found to be in-effective. Uranium 

oxide-silica catalysts showed medium activity less than 55 per 

cent ultimate yield at 350°C. 

(vii) GROUP-7 (Mn,C1,F) Manganese oxide-silica catalysts showed 
poor activity. Certain halide containing catalysts possessed 

some catalyst activity; Aluminium fluoride was best among these 

with 40 to 47 percent ultimate yield. 

(viii) GROUP-8 (Ni,Ci,Fe) No satisfactory catalyst was obtained 

from this group. Catalysts showed poor activity less than 
40 percent ultimate yield. 

2.5 	Ternary Catalysts - 	Various ternary catalyst. were 

prepared Edi.d tested by corson and coworkers(5) to observe bene-

ficial effect, if anyi, on butadienD synthesis. Tatittalum oxide-

silica gel were essential components with a third component 

used as a promoter 	The promoter tested were CO, ZrO2, MgO 

and Ag20 with tantalum content varying in the range of 1.5 to 

2.3 percent. 

CuO -Ta 0 S' 	
The commercial tantalasilica catalyts 

were prorated with CuO. Catalysts with 0.001, 0.01, 0.5, 1.1, 

3, 10 percent CuO were tested and it was found that 1.1 percent 

copper is most suitable giving an ultimate yield of 63 percent 

and conversion 40 percent..  



MgO-Ta205-Si02  catalyst - Several catalysts were prepared 
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and tested. 3ut it was concluded that performnnce of.Mg0 promoted 

catalysts was no better than that of commercial tantala,silica 

catal  yst. 

Zr02-Ta205-Si02  catalyst - Several catalyst compositions were 

tested.. These Zr02  promoted tantala-silica catalysts gave good 

results. The most suitable among these were 2.3 Ta205-0.2 Zr02-

96.5 Si02  and 1.7 Ta205-1.8 Zr02 - 96.5 Si02. 

The best catalyst compositions giving about minimum 

30 percent per pass yield and 60 percent ultimate yield are 

given in appendix B. 

2.6 Effect of variables on the catalyst activity - 

Available literature presents the effect of different 

variables in terms of overall efficiency, acetaldehyde effi-' 

ciency, alcohol efficiency and butadiene yield. The variables 

affecting the system can be classified as follows: 

(i) Primary variables 

a. Feed rate 
b. Ethanol-to-acetaldehyde ratio in feed 
c,. Operating temperature 
d. Operating pressure 
e. Tantala content of catalyst 
f. Catalyst age 
g. Catalyst particle size, 
h. Catalyst bed thickness 
i. Impurities in feed 

(ii) Secondary variables 

feed. Single or Multiple point addition of auxilliary 
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Some of the above mentioned variables have significant 

influence on the system while others effect only marginally. 

A brief summary outlining the influence of each of the above . 

mentioned variable on the reactor performance is presented below. 

2.6.1 Feed Rate - For a given quantity of catalyst, change in 

feed: rate changes the space velocity and the butadiene production 

rate is accordingly affected. Increase in feed rate decreases 

contact time resulting in low conversion of reactants. Unconver-

ted reactants are separated from reaction products and are recy-

cled back to the reactor. The cost of separation is therefore 

increased. 	the feed rate is decreased butadiene yield increa- 

ses, reaches a maximum and then starts decreasing with further. 

decrease in feed rate as undesirable side reactions involving 

primary reaction products become more and more significant. 

This is a typical behaviour to be expected when butadiene is an. 

intermediate product of a series reaction. Optimum butadiene 

production rate is obtained at a liquid hourly.  spabe .velocity 

defined as volume of feed as liquid/(hr)(volume of catalyst), 

of 0.6. Howe7er, the optimum value depends upon other variables, 

such as, catalyst age, operating temperature and ethanol to -

acetaldehyde ratio.. 

2.6.2 Ethanel-to-Acetaldehyde Ratio in .Feed - 

The molal ratio of ethp,nol,,toLacetaldehyde in conver-

tor feed is very critical both for butadiene yield and overall 

efficiency. Maximum efficiency is obtained by using the 

ethanol-to-acetaldehyde mole ratio in the range of 2.7 to 2.8. 

However, the optimum value of this ratio can vary in the range 

of 2 to 3 depending upon the operoting temperatures. 
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2.6.3 Operating Temperature - Reaction temper ture affects both 

the main and undesirable side reactions. Dehydration reaction 

is generally favoured at higher temperature. The acetaldehyde 

efficiency is found to increase from 50 percent at 3000C to 

95 percent at 375°C. The ethan61 efficiency is found to, increase 

at first as temperature is raised from 300°C, reaches a maximum 

and then starts decreasing at temperatures above 350°C. This 

may indicate that the rate constant of undesirable side reactions 

involving ethanol increases with increase in temperature at a 

faster rate than that of main reaction resulting in the production 

of butadiene, For a catalyst of average activity and an ethanol-

to-acetaldehy mole ratio of 2.75 optimum temperature is found to 

be 350oC. 

2.6.4 Operating Pressure - Initial increase in pressure above 

atmospheric has•resulted in some increase in butadiene production 

rate as a result of higher reactant concentrations but higher 

.pressure favours the formation of undesirable byproducts. This 

may decrease the efficiency at higher pressure. The reported 

optimum pressure is 5 psig. 

2.6.5 Tantala Content of Catalyst - The optimum tantala content 

is found to be two weight percent. At a lower operating tempe-

rature of 30000 beneficial effect of increase in tantala content 

to as high a value as ten weight percent were observed, but the 

highest conversion achieved at 300°C with ten weight percent 

tantala was still lower than that obtained at 350°C with two • 

weight percent tantala. 

2.6.6 Catalyst Age - Catalyst age is found to affect the 

conversion but not the efficiency. Average conversion of 28 per 

cent duripe, the first month ofoperation was found to decrease in 

a commercial plant to, as low as 20 percent after about four months 
of operation. 
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2.6.7 Catalyst Particle Size - 	_ht a given liquid hourly space 

velocity and temperature some decrease in conversion is observed 

for catalyst particle size exceeding 4 mesh. For catalyst par-

ticle size less than 4 mesh, intraparticle mass transfer limi-

tations are in general insignificant and no adverse effect on 

conversion is observed. 

2.6.8 Catal st Bed Thickness - For a given liquid hourly space 

velocity. performance is not effected by catalyst bed thickness 
provided it is above ten inches. For very shallow beds, less 

than ten inches thick, marked decrease in conversion was obser-

ved probably due to the severe channelling in the flow. 

2.6.9 Impurities in the Feed - Some byproducts are always 

formed along with butadiene in a commercial plant. Unreacted 

ethanol _and acetaldehyde is seperated by distillation, and 

recycled. Because of practical limitations on seperation 

efficiency achieved by distillation, an appreciable amount of 

reaction byproducts are also recycled. Some of these materials, 

• such as, water and ether, only act as diluents while others, 

such as, olefins and higher molecular weight oxygenated compounds, 

decrease catalyst activity and adversely affects butadiene 

efficiency. 

2;6.10 Secor-Variples- It has been reported that if 

an auxilliary feed rich in acetaldehyde is injected into the 

catalyst bed at or above mid-section where acetaldehyde concentra,- 

tion is low due to rapid depletion, higher butadiene yield and 

efficiency are obtained. Furthermore, higher butadiene efficiency 

is also reported when an auxillary feed rich' in ethanol was 

injected to catalyst bed below the mid-point. However, no firm 

conclusion can be arrived at in view of limited experimental 

data. 
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2.7 	Recent Fluidized - and Fixed-bed Investi ations with 
Catal sts other than Tant4la. 

All the earlier investigations were carried out 

using catalyst in fixed bed. 3hattacharya and Coworkers
(7,8) 

have extended this work to fluidized bed and investigated the 

performance of non-tantala' catalysts. 

The fluidized bed studies are generally carried out 

to achieve more uniform temperature within the reactor. How-

ever for. two step process the endothermic heat reaction of 

second step is of the order 7.0 Kcal/mole of butadiene. In 

view of the low heat of reaction the use of fluidized bed 

will have little advantage over fixed bed as far as unifor-

mity of temperature is concerned. 

Single and binary catalyst tested by these works 

are A1203; ZrO2; Th02; Sr02,-Si02(2:98); Zr02-Si02(3:97); 

Mg0-Si02(70:30); A1203-Zr02(50:50); A1203-Th02(50:50) and 

A1203-Zn0(60:40). The performance of these catalysts was 

evaluated under fixed and fludized bed conditions. The 

temperature range used for investigations was from 300 to 

400 and ethanol to aldehyde mole ratio in the feed was always 

maintained close to 2.75 to 1.0. 

The results reported by Bhattacharya and Coworkers 

are given in Table B-3, Lppendix B. These investigat028 

reported higher process yield for fluidized-bed operation 

than that for fixed-bed operation even when the value of 

liqUid hourly space velocity was higher for fluidized-bed 

operation as compared to that of fixed-bed operatiOn. In a 

well mixed fludized-bed reactor this does not seem probable 

unless reaction is autocatalytic and further conformation of 
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this behaviour is necessary. These results are not discussed 

further because the catalyst compositions used by Bhatta-

charya and Coworkers are non-tantala based and they are not 

used in present investigations. 

2.8 	Silica Gel Support - 

Silica is an active component in catalysis of 

ethanol-acetaldehyde mixture to butadiene because silica gel 

catalyses the 'condensation of acetaldehyde to .crontonaldehyde, 

the first reaction. in reaction mechanism. In addition this 

can provide large active surface for reaction to take place.. 

It was realised that properties of silica gel such 

as surface area, pore size and pore distribution depends upon 

numerous preparation variables. 

Silica gel when used alone has some catalytic 

activity for production of butadiene(5)  (4 percent per pass, 

23 percent ultimate) which was first attributed due to the 

presence of trace impurities in feed. But latter investiga-

tions with a relatively very pure sample also showed 

approximately the same catalytic activity. It is now believed 

that crotonaldehyde can be converted to butadiene on silica 

surface but at a much slower rate with poorer selectivity. 
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CHAPTER III 

CATALYST 2P2EPARATION 

3.1 	Introduction 

Butadiene is commercially produced by passing 

a mixture of ethanol and acetaldehyde over a tantal  a-silica 

gel catalyst at 330
o
C and essentially at atmospheric pressure. 

The commercial catalyst consists of two active components; 

tantalum oxide and silica gel. The tantalum oxide content in 

catalyst varies between 1.75 to 2.25 weight percent. 

The object of present work is to prepare 

tantalum oxide-silica catalyst first and then to promote 

this catalyst with third component to give better conversion 

and/or ultimate yield. Cupric oxide and Zirconium oxide are 

tried as promoter. Earlier workers(5) hd -Ve indicated the 

usefulness of these components. 

The present work is essentially divided into 

Preparation of tantalum oxide-silica gel 
catalyst. 
Preparation of promoted catalyst using 
imported commercial tantalum oxide-silica gel 
catalyst with CuO or ZrO2  as promoter. 

3.2 Preparation of Tantalum Oxide-Silica Gel Catalyst  

2 percent tantala, 98 percent silica is most 

widely used catalyst in commercial operations to produce 

bUtadiene by two step process. This catalyst is prepared 

by impregnating tantalum oxide on silica gel. The catalyst 

two parts: 

(i)  

(ii)  
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preparation method was essentially the same as reported by 

Quattlebaum et al
(1) 

consisted of the following steps: 

(i) Preparation of solution for impregnation. 
(ii) Impregnation. 
(iii) Drying 

Following is a brief description of various 

steps based on the reported work of Quattlebaum et al(1)  

and Corson and Coworkers(5). 

(i) Preparation of Solution for Impregnation - 

Potassium tantalum fluoride, K2TaF7, was used 

as the source to supply tantalum oxide. Potassium tantalum 

fluoride is only slightly soluble in water and effective 

dissolution of this salt urts attained by dissolving it in 

sufficient quantity of distilled water. The approximate solu-

tion concentration of the salt in water was kept at 0.5 percent. 

The solution of potassium tantalum fluoride 

was prepared by dissolving necessary quantity of salt in 

distilled water. Polythene container was used for dissolution 

with continuous stirring for sufficient time using a teflon 

stirrer. 

Aqueous ammonia solution was used for preci- 

pitating tantalum oxide from the solution of potassium 
	40-Pt< 

tantalum fluoride. The theoritical amount of ammonium 

hydroxide required as per the reaction stoichiometry is 

5 moles per mole of potassium tantalum fluoride, but at least 

twice as much was provided. Suitable precipitation conditions 

were employed to give amorphous, nearly colloidal preci-

pitate. When precipitate settled completely, the supernatant 

liquid was decanted and discarded. 
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Wet precipitate was then washed by slurrying 

with 5 to 20 volume of water for several hours. The extent, 

to which precipitate was freed from absorbed soluble ions, 

was estimated by the conductivity of successive filterates. 

Washing was done using Demineralized hot water and continued 

until the conductivity of filterate fell below 104 mho with 

the removal of alkaline salts. Normally fib.e washings were 

sufficient. 

The precipitate was then dissolved in oxalic 	
14 b tom` '.  

acid and tantalum oxide-oxalic acid complex on decomposition 

gave tantalum oxide. 

Three parts by weight of oxalic acid was added 

per part of tantalum oxide to wet slurry and the solution was 

heated to evaporate water to bring the concentration of solu- 

tion to desired value. 

(ii) Impregnation - 

Wetted silica gel was impregnated with tantalum 1/V INAC 

oxide-oxalic acid complex by immersing the gel in solution. 

The method of impregnation used was to soak the 

water saturated silica gel in impregnatingsolution for suffi-  60--hC 

cient time so that diffusion resulted in homogenous impregn-

tion. Mild toiling is generally necessary to keep the con- 

centration of solution throughout uniform 	Sufficient time 

was, allowed for diffusion to complete while keeping the 

concentration of tantala-oxalic acid complex to a low value. 

This gave a more uniform distribution of tantalum oxide inside 

the pores of silica gel on decomposition. 



Percent concentration of CuO on catal st 

Hours of Im re nation 
4 5 6 8 

0.432 0.548 0.600 
0,685 0.930 0.952 
0.725 0.945 0.960 	0.964 
1.028 1.240 1.290 	1.310 
1.418 1.710 2.260 
1.92 2.080 2.333 

Cupric nitrate 
concentration in 
solution as per 
cent CuO equiva-
lent. 

2 
2.3 
3 
4 
5 
6 
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After completing the impregnation, excess slution 

was drained and reused for second impregnation after adding 

malce up solution to bring tantala content to a desired value. 

(iii) DrVin 

The catalyst, after impregnation, is dried in 

air oven. in controlled atmosphere. The drying procedure used 

is a very exacting one and was followed very carefully to avoid 

fractioning of silica gel. The catalyst was first dried at 

temperature below 10000 for sufficient time in controlled atmos-

phere and subsequently at higher temperature. The usual schedule 

for high temperature drying was to raise the temperature from 

that of room to 300 or 35000 during 4 to 6 hours and maintain 

the maximal temperatute for 1 or more hours. 

3.3 Promoting Commercial Catalyst with CuO 

Many samples promoted with CuO were prepared 

using imported commercial tantalum oxide-silica gel catalyst 

by varying the cupric nitrate concentration in solution and 

time of impregnation. The results are shown in Table 3-1. 

TABLE 3-1  
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The effect of time of impregnation and CuO concen-

tration in solution wasenalyzed and suitable procedure was 

established to prepare CuO promoted tantala silica catalysts 

containing CuO in the range of 0.2 to 1.6 percent. 

3.3.1 Preparation of CuO Promoted Tantala-bilica Catalyst 

The imported commercial catalyst was saturated with 

steam following a carefully controlled saturation to avoid 

cracking of catalyst. The catalyst was placed on a copper 

screen (iron screen was not used to avoid Fe contaimikatianY 

above a beaker containing distilled-water. The distilled 

water was evaporated till complete saturation of catalyst was 

achieved. The wetted catalyst was stored in a container under 

minimum quantity of water. • 

Cupric nitrate 3H20) solution was prepared 

by dissolving necessary quantity of cupric nitrate AnalaR grade 

in measured quantity of distilled water. water saturated 

tantalum oxide-silica gel catalyst was placed in cupric nitrate 

solution and gently boiled on hot plate. In some cases 
	Cev‘c 

constant temperature bath was also used for impregnation 

instead of hot plate. To prevent the loss of water by 

evaporation, the beaker was covered with clock-glass filled 

with water. 

The catalyst was seperated from the solution after 

impregnation. The wet catalyst was dried in copper trays 

in an oven f'y one and a half hours under saturated humidity 

condition at 75°C. The saturated humidity r, condition is 

attained by raising temperature initially to 95°C. 
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While keeping water in open trays and then lower the tempe-

rature slowly to 75
o
C. After one and a half h6urs drying 

at 75°C, the temperature was slowly and gradually raised to 

125°C over a period of 30 minutes and drying was continued' 

for one more hours The total drying period was three hours. 

The cupric nitrate was then decomposed to CuO 

on the catalyst. The drying temperature of 125°C was suffi-

ciently low not to give any appreciable decomposition of 

cupric nitrate. The rate of decomposition increased with 
o 

temperature and decomposition was quite rapid at 275C. 

Dried catalyst was placed in a muffle, furnance to 

ale 
maintained.  at 150°C. The temperature was slowly raised to 	

4-  

275°C in a period of one hour and held there for next two ;(4/1/0 

hours. Proper air circulation was maintained with the 

help of an air blower to keep temperature as uniform as possi- 

ble in the furnance. The temperature was then rapidly increa- 

sed to 350°C and maintained there for one more hour. 

The catalyst was subsequently cooled and screened 

to remove fines produced during wetting impregnation, drying 

and decomposition. InSpite of very carefully controlled 
conditions 

operating/some fines were always produced. 

3.3.2 Preparation of Used Catalyst Promoted with CuO 

Few samples of spent catalyst were promoted with 

CuO. 18000 hours usedcatalyst from the plant was selected 

for the present work. The catalyst was screened to remove 

fines below 8 mesh. Oversize catalyst was wetted and stored 

in water as described in earlier section. 
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Impregnation of used catalyst was carried out with 

an aim to achieve about 1.1 percent CuO. 4 percent CuO equiva-

lent solution of Cu(NO3)2.2H20 was prepared by dissolving 

121.50 gms of 1.alalaR' grade cupric nitrate in 1000 ml of 

distilled water. The wet catalyst was placed in this solu-

tion and heated gently on a ho plate for 4-1/4 hours. The 

beaker was covered with aclock-glass filled with water to 

maintain inside volume nearly constant. After 4-1/4 hours 

of impregnation the catalyst was seperated from the solution. 

The wet promoted catalyst was dried and decomposed 

under careful conditions as described earlier in section 

3. 3. 1. 
r - 

3.3.3 Preparation of Used Regenerated Catalyst Promoted 
with CuO 

18000 hours used catalyst was promoted with CuO 

after regeneration. Two samples were regenerated in labora-

tory and one regenerated sample was supplied by M/S Synthe-

tics and Chemicas Ltd. 

3.3.3.1 Regeneration of First 

First catalyst sample was regenerated at 500°C. 

1000 gms of spent catalyst was put in copper dishes and 

placed in muffle furnance. The temperature of furnance was 

raised to 500°C in 2 hours. The air was.intermittently 
an 

circulated in muffle with thehelp of/air blower and tempe- 

rature maintained closely at 500°C for 12 hours. The 

regenerated catalyst was removed, cooled and screened 

to remove fines. 
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3.3.3.2 Regeneration of Second Catalyst - 

The second catalyst was also regenerated exactly 

as described above except that the temperature was maintained 

at 5500C for regeneration. 

3.3.3.3 Preperation of Promoted Regenerated Catalyst - 

Three regenerated used catalyst samples were promo-

ted with approximately 1.1 percent CuO following the procedure 

as described in section 3.3.2. 

3.4 Pre aration of Commercial Catalyst  Promoted  with Zr02  

Few samples were also prepared by promoting zirco- 

nium oxide on commercial catalyst (2 percent tantala- 98 per 

cent silica) and Zr02 content was kept in the range of 0.2 to 

.1.8 percent. 

Zirconium nitrate was used for impregnation. The 

solution for impregnation was prepared by dissolving 220 gms 

of zirconium nitrate in 800 ml of distilled water with some 

nitric acid to keep solution concentration equivalent to 10 

percent Zr02. Water saturated catalyst was placed in that 

solution and beaker was gently heated in a water bath at 

6500. Low temperature was employed to prevent decomposition 

of zirconium nitrate. Impregnation temperature was kept 

Constant for four hours and beaker was covered with clock-

glass filled with water to maintain the solution volume 

constant. 

After four hours of impregnation the catalyst was 

seperated from solution. The spent solution was filtered and 

used for impregnation of other catalysts. The catalyst was put 

in clock-glasses and kept in an air, oven . The atmosphere of 



31 

air oven was under saturated humidity condition at 6000. The 

drying at this temperature was continued for two hours. The 

temperature of the oven was then slowly raised to 1750 and 

was maintained for next six hours for complete decomposition 	n( 

of zirconium nitrate to zirconium 'oxide. 

The decomposed catalyst was screened to remove fines 

formed. during wetting, impregnation and decomposition. 



CHAPTER IV 

CATALYST TESTING 

As a standard procedure catalyst is analysed for 

mesh size and tantalum oxide, volatile matter, oxalic acid, 

cupric oxide and zirconium oxide content before using it in 

a pilot-plant reactor for performance analysis. The perfor-

mance analysis was carried out at the .Synthetics and Chemicals 

Ltd. , Bareilly. 

4.1 Screen  Analysis  - Catalyst after drying and decomposition 

is screen analysed. Three screens 4,6 and 8 mesh (B.S.S..) 

were used for screening: The catalyst retained by 4,6 and 

8 meshes is used for performance evaluation while catalyst 

passing through 8 mesh is rejected. 

4.2. Chemical Analysis of Catalyst - For chemical analysis 

a representative sample of catalyst is taken and ground tes.  

very fine size. 

4.2.1 Volatile Matter - 	About 5 grams of the ground sample 

is accurately weighed in a platinum crucible. The covered 

platinum crveible is heated in muffle furnance at 950°C for 

one hour. It is then cooled And weighed. 

Volatile matter (percent by weight] 

Loss in weight x 100 
Weight of sample 

32 



4.2.2 Oxalic Acid 	5 to 10 grams of accurately weighed 

sample is digested with dilute sulphuric acid at about 80
el,C: 

This solution is titrated with standard potassium permagnet 

and oxalic acid is then calculated. 

4.2.3 Tantalum Oxide - Tantalum oxide in catalyst is deter-

mined as total solid after removing silica. 

The ground sample is heated in muffle furnance to 
0 

950 C and at this temperature for two hours more. This 

removes all traces of water, oxalic acid and volatile matter. 

The sample is then cooled in a desiccator. 

Accurately weighed quantity of thissample is taken 

in a platinum crucible and silica is removed by using hydro-

fluoric acid. The total residue after silica removal is 

weighed as tantalum oxide and tantalum oxide content of the 

catalyst is calculated. It is not possible to report proce-

dural details because it is a proprietory information of the 

Synthetics and Chemicals Ltd., Bare illy. 

4.2.4 Cupric Oxide - 15 grams of catalyst is weighed accu-

rately and leached with concentrated nitric acid. During 

leaching all cupric oxide is re-converted to cupric nitrate. 

The cupric nitrate solution in nitric acid is separated and 

remaining catalyst is washed with distilled water five to 

six times to remove all traces of cupric nitrate. After 

wa,shings, the catalyst sample still appeared slightly 

bluish indicating presence of some .cupric nitrate. To 

     

     

     

remove the last traces, the catalyst is dried and crushed.  

to very tine size. It is now leached again with nitric acid. 

33 
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The entire solution is now analysed for copper using sodium 

thiosulfate solution. The entire solution obtained during 

'leaching and washing is divided into four to six equal parts 

and each part is sepeately analysed to achieve better accurac 

of nitrogen which may be present. The solution is cooled 

and 3 grams of potassium iodide JinalaR grade dissolved in 

10 cc of distilled water is added. This is immediately titra-

ted against standard 0.1 N sodium thiosulfate solution.. 2 cc 

of starch solution is added when brown colour of iodine decrea-

sed in intensity' sodium thiosulfate is added continuously 

until blue colour of solution became faint. Then 20 cc of 

10 percent aqueous ammonium thiocynate solution is added and 

titration is completed without any delay until•the disappea-

rance of blue colqur completes. 

The copper is calculated as 

1 cc N Na2S203 a 0.06354 gram, copper 

cupric oxide content of catalyst is calculated by 

assuming that allcopper present is in the form of cupric oxide 

4.2.5 Zirconium  oxide - 50 grams catalyst impregnated with 

ZrO2  is leached with concentrated nitric acid at 80-90oC. 

The nitric acid containing zirconium nitrate (zirconium oxide 

is converted to zirconium nitrate by the actionof nitric acid? 

using the standard procedure(17)  as given below: 

The solution is heated and 1.0 gram of urea Ana 	P— 

grade is added. The solution is boiled and boiling is conti- 	 ` 
tA*-  nued for one minute. This removes all nitrous acid or oxaide 
e- 
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Ge 
is seperated and catalyst is washed carefully with hot dis- 1- 	627 

/ tilled water for four to five times. The entire solution is4 2  
then concentrate to about 20 ml. This is now transferred to ak: 

tared platinum crucible. The crucible is placed in muffle 	

trAri  
furnance. The temperature of muffle furnance is slowly raised 

from room to 95CcC and maintained at 950°C for one hour. The 

remaining total 'solid is weighed as zirconium oxide and per-

centage. of zirconium oxide on catalyst is calculated. 

4.3 	Performance Analysis of Catalyst 

The performance analysis of the catalyst was carried 

out at the Develnpment laboratory of Synthetics and Chemicals 

Ltd., Bareilly. 

Ethanol and acetaldehyde feed mixture having a mole 

ratio of .approximately 2.75 to 1 is charged to the feeding 

pipette. The flow through pipette is carefully controlled to 

obtain liquid hourly space velocity close to 0.6 	The feed 

mixture from pipette goes to a preheater. 

The preheater is amild steel tube heated externally 

with electric heating coils. The temperature is controlled 

at 200°C with thehelp of a temperature controller. The 

liquid feed mixture is converted to vapors and these vapors 

are carried to the reactor. The temperature of the tube 

carrying the feed vapors is kept between 150 to 200°C to 

prevent condensation. 

The reactor is made of a stainless steel tube 

having inside diameter as 1 inch and length 38 inch. 
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The feed enters at top and leaves at bottom.Reactor is exter-

nRlly heated using electric heating- coils. The temperature 

is measured at the top and bottom of catalyst bed and controlled 

carefully at 330oC with the help of a temperature controller. 

The heated section is insulated to prevent heat loss.. 

The reactor has three zones; preheating at the top, 

reaction in the middle and cooling at. bottom. The preheating 

and cooling zones are filled with glass raschig rings and 

reaction zone with catalyst. The catalyst after charging, 

is heated following a carefully controlled procedure with a 

continuous flow of hot air for a total period of about 88 hours 

before starting the test run. The highest temperature to which 

catalyst is raised during heating sequence is 350°C. The feed 

vapors entering from the top are preheated in preheating zone 

to 330°C before contacting the catalyst. The product vapors 

are cooled in a cooler made of a helical tube immersed in cold 

water. The temperature of cold water is kept at 2 to 3
o
C. 

Ethyl alcohol, acetaldehyde, ether, water and ethyl acetate are 

condensed in tube and collected in a flask. The uncondensed 

vapors pass into another flask kept under dry ice (solid 

CO2  at -78°C) to condense butadiene, propylene, ethylene and 

Butylene. The uncondensed vapors contain some acetaldehyde 

and is removed by scrubbing with hydroxlamine hydrochloride 

solution. The gases after the scrubber are collected under 

water. The liquid fractions from flaskes are analysed by 

chromotographyl To check accuracy of results these fractions 

are also chemically analysed. Hydro.xlamine hydrochloride is 

chemically analysed to give the quantity of acetaldehyde 
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removed during scrubbing. The gases collected under water are 

measured and analysed for - composition using Orsat Analyser 
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CI-LP TER V 

EXPERIMENTAL RESULTS AND DISCUSSION OF 
CATALYST PERFORMANCE  

5.1 Experimental Results. 

Experimental results are presented in Tables D-1 

to D-5 in Appendix D. There experiments are conducted at 

the Development Laboratory of the Synthetics and Chemical Ltd. 

Barailly. A stainless-steel reactor of 1 inch diameter 

and 38 inch long is used for test runs. The catalysts are 

tested for intermittent and 120 hours continuous run. 

Temperature in the reactor is kept approximately at 330°C, 

liquid hourly space velocity is maintained at about 0.6, 

and ethanol to acetaldehyde mole ratio is kept at 2.75 to 1. 

All runs are carried out essentially at atmospheric pressure. 

300 milliliter of catalyst is used for performance evalua-

tion. 

Measurements are made for feed composition, 

feed rate, reactor temper Aure, ethanol and acetaldehyde 

consumed, butadiene and by products formed in a specified 

period of time. From these measurements the following 

quantities are calculated: ethyl alcohol to acetaldehyde 

mole ratio in feed, accountability of feed to products, 

alcohol and acetaldehyde selectivities and ultimate selec-

tivity :f ethyl alcohol to butadiene. Defining relation-

ships used for calculations are as follows.  

Accountability of feed to products 

Total weightsLLroducts x 100 
Total weight of feed 



Butadiene Production  Rate t gti..hr 

Rate of butadiene produced  
- Volume of catalyst 

Per pass yield of Butadiene, mole percent 

	

Moles of Butadiene Produced 	x 100 
= Total moles of ethyl alcohol and 
acetaldehyde in the feed. 

Ethyl alcohol selectivity, mole percent 

	

_ Moles of Butadiene Produced 	x 100 
- Moles of Ethyl alcohol consumed 

Acetaldehyde selectivity, mole percent 

	

Moles of Butadiene Produced 	x 100 - Moles of Acetaldehyde consumed 

Ultimate selectivity from ethyl alcohol, mole percent 

Moles of Butadiene produced. x 200 
- Moles of ethyl alcohol consumed + 

Moles of acetaldehyde consumed/0.92. 

The factor 0.92 accounts for the efficiency of 

ethyl p3cohol conversion to acetaldehyde. 

5.2 List of Catalysts Prepared 

Catalysts were prepared by promoting tantala-

silica imported fresh catalyst with cupric oxide and 

zirconium oxide. Some cupric oxide promoted samples were 

also prepared from 18000 hours plant used catalyst. Few 

fresh tantal  a-silica catalysts were also prepared using 

silica gel supplied by Jai Chemicals, Faridabad. Few 

freshly prepared tantala-silica catalysts using Jai Chemicals' 

silica gel were also promoted with cupric oxide. 
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A complete of lists of catalysts prepared is given in 

Table 5.1. It is to be noted that only some of the catalysts 

were used for performance evaluation because each test run 

normally require more than six days of continuous operation 

and involves tedius and time consuming analysis. 

T1BLE 5.1 

PREPARED 

Ta205 Remark 

LIST OF CATALYST3 

Catalyst Catalyst Description 
No. 

CuO / Or02  

C71 	Fresh imported 

C-1A 	Fresh imported 
Fresh imported 

Fresh imported 

1.22 

0.05 
0.24 

0.43 

1.2 

1.15 

' 	1.02 

1.02 

Tested 

Tested 

Not Testel, 

.Not 	Tested 

0-4 	Fresh impoited 0.60 1.40 Tested 

C-5 	Fresh imported 1.03 1.45 Tested 

0-6 	Fresh imported 1.10 1.15 Not Tested 

C-7 	Fresh imported 1.38 0.97 Not Tested 

C-8 	18000 hours used nd* 0.937 Not Tested 

C-9 	18000 hours used 	0  
Regenerated at 550 C 1.08 1.50 Tested 

C-10 	18000 hours used 
Regenerated at 500°C 1.08 1.32 Not Tested 

C11 	18000 hours used 
Regenerated at 500°C 1.12 1.03 Not TeSted 

C-12 	Fresh imported 0.84 1.674 Not Tested 

C-13 	Fresh imported 0.76 1.368 Not Tested 

0-14 	Fresh imported 0.61 1.53 Not Tested 

Zr-1 	Fresh imported nd nt Tested 

Zr-2 	Fresh imported nd nd Not Tested 

TF-1* 	Prepared from Jai 
silica gel nd Tested 

TF-Cu-1** Prepared from Jai 
silica gel. 1.45 nd* Not Tested 

TF-Cu,2 Prepared from Jai 
. silica gel. 	2. 

*nd - not determined 
** Prepared by first impregnating 

c,n1-11-1-4nyl 

3.01 1075p2 

siENTRAL LIFO 'Y UNIVERSITY OF RoOtek.« 

with cupriXn!Ycffte 
by tantalum oxalate 

01 

silica gel 
impregnated solution, decomposed and then 



5.3 Discussion of Catal st Performance 

14,,s discussed earlier, the tantalum content is 

quite critical to obtain high ultimate selectivity from 

ethanol. Tantalum content has a marked influence on ethyl 

alcohol and acetaldehyde selectivities. 

5.6.1 Before discussing the chemical behaviour of catalyst 

it is, therefore, necessary to know its tantalum content. 

5 a I 	
Leaching of Ta205 - The tantalum oxide content 

of the imported commercial catalyst used at Bareilly, varies 

from 1.75 to 1.96 weight percent. Normally the tantalum 
of 

oxide content/catalyst is supplied in tantalum oxalate form 

and. is decomposed to tantalum oxide in the reacotor. On 

wetting the imported fresh catalyst and storing in water 

to keep the silica gel saturated with water to prevent 

cracking during impregnation, it was obServed that the 

colour of supernatant water is milky. Originally this 

colour was attributed due to the presence of fine silica 

particles formed due to cracking of silica gel but later 

it was found that some tantalum oxal  te was leached from 

catalyst during wetting, storing and impregnation. Water 

containing tantalum oxalate also has a milky appearance. 

This was later conformed by tantalum analysis of promoted 

catalyst. The tantalum oxide content of fresh catalyst 

was substantially higher than. that of the promoted catalysts 

prepared from them as can be noted from Table 5.2. 
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However, the tantalum loss due'to leaching could not be. 

completely prevented. 

It may be necessary to compensate for the tantalum 

to =s during the preparation of promoted catalysts either by 

having a higher tantalum content initially to start with or 

to impregnate the promoted catalyst again .with tantalum 

'oxalate under controlled conditions. One of the catalyst 

was prepared by impregnating the silica gel (supplied by Jai 

Chemicals) first with cupric nitrate and then with tantalum 

oxalate after decomposing the cupric nitrate to cupric oxide. 

5.3,2 Production Rate - The production rate is directly-

proportional to per pass yield and analysis given below for 

production rate equally holds true for per pass yield. The.  

production rate of all catalysts 'ecreases with cycle time. 

The rate of decrease in production rate is very slow and more 

or less at a uniform rate for imported commercial catalyst 

(curve. 1 fig.5.1). The initial production rate of butadien 

during intermittent runs (Run No.1,4,5,7,8; Table D-1, 

ppendix D) with CuO promoted catalyst 0-1 (1.22 percent Cu0- 

1.2 percent 'Ta205) has been 30 to 50 percent higher than that 

obtained for imported commercial tantala-silica catalyst 

containing 1.7.8 percent Ta205. The production rate for 

promoted catalyst C-1 decreases very sharply with operating 

hours as can be observed from 120 hours continuous runs. 

The final production rate for the promoted catalyst C-1 

at the end of 120 hours operation is only 48 percent of the 

initial value while in case of commercial catalyst this value 

is about-70 percent afthe original value. 
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T.ABLE 5..2.  

COPE).,3ISON OF COMPOSITION OF FRESH AND 
CUPRIC OXIDE PROMOTED C„ITLLYSTS 

Promoted Catalyst Fresh catalyst composition and 
condition. 

Catalyst CuO Ta205 , Ta205  
No. 
C-1 1.22 1.2 1.96 	Undecomposed 

C-2 0.24 1.02 1.96 	Undecomposed 

C-3 0.43 1.02 1.96 	Undecomposed 

C-4 0.60 1.40 1.96 	Unlecomposed 

C-5 1.03 1.45 1.96 	Undecomposed 

C-6 1.10 1.15 1.96 	Undecomposed 

C-7 1.38 0.97 1.96 	Undecomposed 

C-8 n1 0.937 1.50 	18000 hours used catalyst 

C-9 1.08 1.50 1.50 	18000 hours used 
Regenerated at 550 

0-10 1.08 1.30 1.50 	18000 hours used 
Regenerated at 500 

C-11 1.12 1.03 1.50 	18000 hours used 
Regenerated at 550 

C-12 0.84 1.674 1.78 	Decomposed 

0-131 0.76 1.368 1.78 	Decomposed 

C-14 0.61 1.53 1.78 	Decomposed 

SinCe tantalum oxalate is soluble in water it was 

considered desirable to decompose tantalum oxalate to 

tantalum oxide before impregnation with promotor component. 

The catalyst samples C-12, C-13, C-14 were prepared after 

decomposing the fresh catalyst. This reduced the 'tantalum 

loss due, to leaching at the time of wetting, storing and 

impr6gnation as can be seen from data given in Table 5.2. 
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Composition of curve 1 and 2, fig. 5.1, indicate that the 

initial production rate for the promoted catalyst C-1 is 

nearly 17.4 percent higher than the initial rate for the 

commercial caralyst but production rate at the end of 

120 operating hours is nearly 21.6 percent less. However, 

the time averaged production rate for 120 hours is nearly 

the same. 

Curve 3 shows the variation in production with 

operating hours for catalyst C-1 after regeneration compari-

son of curve 2 and 3 indicate that not only the initial 

activity is low after regeneration (nearly 10 percent lower) 

but deactivation rate is also faster (nearly 40 percent lower). 

Curve 4 shows the pro,uction rate for another 

promoted catalyst containing 1.45 percent.  Ta205 and 1.03 per 

cent CuO prepared from fresh imported catalyst. Nature of 

the curve is essentially same. as that of curve 2 however the 

time averaged production rate is nearly 5 percent higher.  

than the .imported commercial catalyst. 

Curve 5 shows the production rate for the catalyst 

TF-1 prepared from silica gel supplied by Jai Chemicals, 

Tantalum content is not determined. It shows higher 

production rate than imported fresh catalyst for the entire 

120 operating hours and time averaged production rate is 

nearly 26 percent higher than imported fresh catalyst. 
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This catalyst also shows a faster deactivation rate than the 

commercial catalyst. 

Curve 6 shows the performance of cupric oxide promo-

ted catalyst TF-C-1 prepared from catalyst TF-1. The initial 

activity of catalyst TF-C-1 is nearly 10 percent. higher than 

that of catalyst TF-1 and is nearly 70 percent higher than 

that of imported commercial catalyst. However, it shows a 

very steep decline in activity initially similar to that 

shown by catalyst.  C-1 regenerated (curve 3). 

Table 5.1 gives a list of other, catalysts tested. 

The performance data for some of theseis given in Table D-1 to 

D-5, Appendix D. The performance of thesecatalysts, except 

that of 18000 hours. used regemrated at 550°C catalyst C-9, was 

much poorer and is not discussed further. 

From the above discussion it seems that both Ta205  

and CuO content are important to det higher production rate. 

It is necessary that CuO content is maintained at a level 

of 1.1 to 1.2 percent while Ta205 content should exceed 

1.2 percent and preferred range is 1.8 - 2.0 percent. . The 

problem of rapid catalyst deactivation of promoted catalyst 

con only be solved partly by improvements in catalyst prepa-

ration techniques. Suitable adjustment in operating condi-

tions, such as, temperature, ethyl alcohol to acetaldehyde 

mole ratio and duration of operating cycle, may be required 

to get optimal performance. 
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5.3.3 Ethylalcohol.Selectivity - 

The effect of operating hout8 on ethyl alcohol 

selectivity is plotted in figure 5.2, The ethyl alcohol 

selectivity increases with cycle time in all cases except 

for catalyst TF-CUp-1 (curve 6). The extremely low value 

obtained.  for 40 operating hours may be attributed to measure-

ment or analysis error as the accountability value calculate 

for this run is unusually high (113.74percent)°. Curve 1 

shown the ethyl alcohol selectivity•with operating hours for 

the imported catalyst. Selectivity increases with time but 

rate of increase is not -rapid and the value for 120 opera-

ting hours is only 32 percent more than the initial value. 

Curve 2 shows the ethyl alcohol selectivity for 

cupric oxide promoted catalyst C-1 with operating-hours and 

indicates rapid initial increase in selectivity. The•selec-

tivity value for 82 nperating .hours is more than two times 

the initial value at 2 operating. hours. The selectivity 

value shows a maxima at 82 hours and then -.1ecreases With 

further increase in operating hours. The initial selectivity 

value for catalyst C-1 is nearly 30 percent•less while at 

about 80 operating hours it is 30 percent more than those 

of imported commercial catalyst. The selectivity values at 

120 operating hours differ only marginally. 

Curve 3 shows the ethyl alcohol selectivity 

for catalyst C-1 after regeneration. The test run was carried 

out for a total of 73 operating hours. Curve 3 is similar to 

curve 2 except that the values are 13 to 15 percent lower. 
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Curve 4 shows the ethyl alcohol selectivity for 

cupric .oxide promoted catalyst C-5. The trend is same as 

that for catalyst C-1 but the rate of increase for first 

80 hours is not rapid. For first 80 operating hours ethyl 

alcohol selectivity for catalyst C-5 remains 14 to 18 per 

cent lower than that for fresh catalyst. 

Curve 5 shows the ethyl alcohol selectivity for 

tantalum oxid-silica catalyst prepared from silica gel 

supplied by Jai Chemicals. For first 80 hours selectivity 

value remained at about 48.6 to 50.4 per cent and then allowed 

a 16 percent decrease at 120 opelting hours. The selectivity 

values for this catalyst are xna always less than that for 

imported commercial catalyst and the difference increases from 

nearly 8 percent to 33 percent with increase in cycle time. 

Curve 6 shows the ethyl alcohol selectivity for 

cupric oxide promoted catalyst TF-Cu-1 prepared from cata-

lyst TF-1. xxxxxxxxgtaXpgtx2Fx0xxIx For the catalyst TF-Cu-1 

the value at 39 ol.crating hours is disregarded because of 

poor overall accountability than the values indicate an 

increase with time. The initial value is about 8 percent 

lower than that for catalyst TF-1 but the values for two 

catalyst are nearly the same at about 80 operating hours. 

The lower ethyl alcohol'selectivity exhibited by 

cupric oxide promoted catalyst is due to the activity which 

copper catalysts exhibit for dehydrogenation of ethyl alcohol 

to acetaldehyde. 
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5.3.4 Acetaldehyle Selectivity - 	The effect of operating 

hours on acetaldehyde selectivity is plotted in figure 5,3. 

The acetaldehyde selectivity shows a marginal decrease with 

cycle time except for imported commercial catalyst. The 

cupric oxide promoted catalysts show a.rapid decrease in 

aldehyde selectivity for first 1-0 hours of operation. 

Curve. 1 shows the acetaldehyde selectivity with 

.operating hours for the imported catalyst. Selecti*ty. 

decreases slowly with time resulting in a selectivity value 

after 120 operating hours only 10 percent lower than the 

initial value. 

Curve 2 shows the actaldehyde selectivity for 

cupric oxide promoted catalyst C-1 with operating hours and 

indicates rapid initial decrease in selectivity. The selec-

tivity value at 40 operating hours is only 64 percent of the 

Initial value. The change in selectivity between 40 and 

82 operatinghours in only marginal and rises steeply 'there-

after. The initial selectivity value for catalyst C-1 is 

about 146, nearly 90 percent higher than that of imported 

commercial catalyst, and clearly indicates acetaldehyde 

formation from ethanol as indicated earlier while discussing 

the effect of CuO on alcohol selectivity, It seems that 

some of the most active CuO sites producing acetaldehyde gets 

deactivated quickly resulting in the decline in acetaldehyde 

efficiency but after some time the rate of formation of 

acetaldehyde seems to stabilize. This may be responsible 

for increase in acetaldehyde activity. during the later 

part of oprating cycle, that is, 80 to 120 hours. 
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CUrve 3 shows the acetaldehyde selectivity for 

catalyst C-1 after regeneration. The test run was carried 

out for a total of 73 hours. Curve 3 has same trend as 

curve 2 except that the values are about 25 percent lower 

indicating irreversible deactivation of some catalytic sites 

responsible for acetaldehyde formation. 

Curve 4 shows the acetaldehyde selectivity for cup-

ric oxide promoted catalyst C-5. The initial value is about 

quite high, about 24 perdent higher than the value for . 

imported commercial catalyst, and its behaviour is quite 

similar to th t of catalyst C-1 after regeneration for. 

first one-third of the cycle, In the latter part Of the cycle 

the acetaldehyde selectivity values only change marginally. 

Curve 5 shows the acetaldehyde selectivity for 

tabtalum oxide-silica catalyst prepared from silica gel 

supplied by Jai Chemicals. The initial value of acetal-

dehyde selectivity is only marginally lower than. th.attof 

.importbd commercial catalyst. The selectivity first increases 

reaches a maxima after about 40 hours and then starts 

decreasing. The selectivity value at the end of 120 hours 

is only 11 percent less than the initial value. The time 

averaged acetaldehyde selectivity is neirly the same as 

that of imported commercial catalyst. 

Curve 6 shows the acetaldehyde selectivity for 

cupric oxide promoted catnlyst, TF-Cu-1, prepared from 

catalyst TF-1. The value at 39 operating hours can be 

disregarded because of poor accountability. The initial 
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value is about 12-13 percent higher than. TF-1 but decreases 

rapidly with operating time showing a behaviour similar to 

catalysts C-1 and C-1 regenerated. 

The higher acetaldehyde selectivities exhibited 

by cupric oxide promoted catalyst is due to the known activity 

of copper based catalyst for the dehydrogenation of ethyl 

alcohol to acetaldehyde. It alSo looks probable that this 

activity stabilizes after rapid initial deactivation of 

more active sites..  

5.3.5 Ultimate Selectivity 

Fig. 5.4 shows the effect of operating hours en 

ultimate selectivity. It is directly related to ethyl alcohol 

and acetaldehyde selectivities as can be seen from the rela-

tion given below: 

1 
Ultimate selectivity 

1 	1  
2( 0.92 x aldehyde selectiva-77 

+
alcohol selectivity  

To get high values of ultimate selectivity both aldehyde and 

alcohol selectivity values must be high. Catalyst C-1 (curve 2) 

gives significently higher value than that for imported commer-

cial catalyst for most of the operating cycle. All other 

catalysts have resulted in lower ultimate selectivity values. 

The time averaged selectivity of cupric oxide promoted 

catalyst C-1 is nearly 18 percent higher and that of catalyst 

C-5-is nearly 13 percent lower than that of imported commer-

cial catalyst. 
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5.3.6 By-products - The pro Ducts obtained for catalyst C-1 

are given in table D-2 Appendix D. .The following trend for 

by-products is noted for catalyst C-1 after comparing with 

the by-products of fresh catalyst: 

1. In comparison to butadiene produced the 
conversion of. reactants to (butanes + butenes) 
is quite high. initially (approx. 32 percent of 
butadiene) but stabilizes to about 10 percent 
of butadiene after 40 hours of operation. 

2. In comparison to butadiene produced the con-
version to ethylene monotonically increases 
from an initial value of approx. 5 percent to 
about 16 percent of butadiene with increase in 
cycle time. 

3,. In comparison to butadiene produced hydrogen 
production rate shows a rapid decrease (1.9 per 
cent to 0.6 percent. of butadiene at 2 and 
42 hours of operation) and then a slight 
increase (0.75 percent of butadiene at 120 hours) 
with increase in cycle time. 

4. Ether formation was quite low and no definite 
trend was observed. 
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CONCLUSIONSAND RECOMMENDATIONS 

Conclusions 

1. Tantalum oxide-silica gel catalyst can be prepared 	P 
using indegenous silica gel to match - the performance of 

imported commercial catalyst. 

2. The use of cupric oxide as promotor to commercial 

silica-catalyst has distinct advantages over the imported 	4/61  
• . 

catalyst both in terms of• production rate and ultimate 

selectivity. This is largely due to the fact that copper 

based catalyst has dehydrogenating activity to produce acetal- 

dehyde from ethyl alcohol at•temper.ture range of 2500  to 

400C. The following are the important observations for 

oxide promoted imported commercial catalyst. 

(i) Rapid decline in catalyst-activity with 
increase in cycle time. 

(ii) Increase in ultimate selectivity with increase 
in cycle time. 

(iii) Alcohol selectivity increases and acetaldehyde 
selectivity decreases with increase in cycle 
time upto 80 hours of operation and then 
trend is reversed. • Changes are quite rapid 
during first 40 hours of operation. 

(iv) From the performance data collected so far 
it seems that bromoted catalyst should contain 
1.1 to 1.2.percent cupric oxide and a minimum 
of 1.2 percent tantalum oxide preferably in the 
range of 1.7 to 2.0 percent. 



Recommendations 

1. The test on some more cupric oxide promoted catalysts 

in the composition range and indicated above is required to 

ascertain the most optimal composition. 

2. Preliminarily indications are that the distributiOn• 

of silica, Ta205  and CuO sites has an important influence 

on the catalyst performance. 

3, 	Lfter establishing the suitable catalyst composi- 

tion, most optimal operating conditions may have to be 

determined by direct search technique. 
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APPENDIX A 

PROPERTIES OF BUTADIENE(14) 

1,3-butadiene is a colourless gas, slightly soluble 

in water, some what more soluble in methanol and ethanol, but 

readily soluble in acetone, ether, benzene,carbon-tetrachloride, 

chloroform, amyl acetate, furfural.. It forms azeotropes with 

ammonia, methylamine acetaldehyde, n-butane. Its physical pto-

perties are summarized in table A-1. 

TABLE A-1 
Physical Properties of  Butadiene  

Molecular weight 

Boiling point at 760 mm Hg 

Freezing point at 760 mm Hg 

Critical temperature 

Critical pressure 

Critical density 

Density 20°C 

25°C 

Heat of formation at 25°C 

gas 

liquid 

Free energy of formation at 25°C 

54.09 

-4. 413°C. 

-108.915°C 

152°C 

42.7 atm • 

0.245 gm/ml 

0.6211 gm/ma 

0.6149 gm/nil 

26.33 Kcal/mole 

21.21 Kcal/mole 

36.01 

Butadiene exhibits an intense absorption in the near .  
Ultra violet region of 215-2E5 millimicron. 
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APPENDIX B 

SUCCESSFUL  CATALYST COMPOSITIONS AND THEIR 
pERFORMANCEC7777---  

Typical successful catalyst compositions and their 

performance characteristics are listediactable B-1 based on 

their position in periodic table. Reported values of per pass 

yield qnd ultimate yield are the average values obtained during 

8 hours run with ethanol-to-acetaldehyde mole ratio in feed as 

2.75:1 and liquid hourly space velocity as 0.4. The compositions 

which gave per pass and ultimate yield values more than 30 and 
60 mole percent are marked by asterick. 

TABLE B-1 • 

Successful CataiutImpositions'and 
their Performance  . • 

Catalyst composition, 
weight percent.. 

Tempep- 
ture, 	C. 

Per pass 
yield,mole' 
ercent, 

Ultimate 
yield, mole 
percent 	• 

GROUP - 1 

14 

4 

17 

7 

1.0 K20 - 99.o A1203  

2.0 Li02  - 98.0 Si02  

350 

350 

GROUP - 2 

15.1 Be0.- 84.9 si02  350 7 29 
21.0 MgO - 79.0 si02  375 23 54 
49.3 Mg0 - 0.3 MgC12-50.4 Si02  350 25 50 
60.0 MgCO3 - 40.0 11.203  400 11 30 
90.0.1dgCO3 - 10.0 Si02 400 25 49 
2.0 ZnO - 98.0 A1203 400 14 20 

10.0 Cd0 - 90.0 Si02 350 10 25 



57 

Catalyst composition 
weight percent 

Tempera-
ture °C. 

Per pass 
yield,mole 
percent 	- • - 

Ultimate 
yield,mole 
ercent 

GROUP - 3 

Al203 350 21 29 

Al F3 375 14 47 

Fuller's earth 350 15 28 

2.0 Ce203  - 98.0 Si02  350 12 27 

2.3 Nd203 - 97.7 SiO2 350 13 27 

GROUP - i 

Si02 	 350 4 32 

TiO2 350 8 20 

Zr02 400 8 9 

' Sn02  350 1 2 

*2.3 Zr02  - 97,7 Si02  300 33 61 

*2.0 Hf02  - 98.0 SiO2 300 31 64 

1.0 TiO2 - 99.0 8102 350 18 52 

2.0 3n02 - 98.0 Si02 	400 9 20 

2.0 Zr02  - 5.0 Th02  - 93.0 Si02 	350 32 55 

GROUP - 1 

Ta205 	 300 24 45 

1.0 Ta205 - 99.0.Si02 350 27 60 

1.2 Ta205 - 98.8 8102  350 34 68 

*2.0 Ta205  - 1.1 CuO - 96..6 Si02  350 40 60 

*2.3 Ta205 - 0.2 Zr02 - 97.5 Si02  300 32 62 

5.7 Ta205  - 94.3 A1203  350 18 30 
1.0 Cb205  - 99.0 Si02 350 15 39 
5.0 V205 - 95.0 Si02 350 6 10 

*2.0 Ta205  - 98.0 Si02  :300 29 62 
*2.3 Ta205 	97.7 Si02 400 34 69 
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Catalyst composition 
weight percent 

Tempe.Ka, 
ture °0. 

Per. pass 
yield,mole 

__percent 

Ultimate 

percent 
ti .  

GROUP- 

Cr203 400 . 15 40 

WO3  350 	2 3 

10.0 W03  - 90.0 A1203  300 	11 15 

12.0 Cr203  - 88.0 A1203 	425 	15 21 

5.0 Cr203  - 8.0 Mg0 - 87.0 Si02 	400 	20 38 

2.0 M003 - 98.0 Si02  350 	2 5 

2.0 U3C8 	98.0 Si09, 350 	17 22 

5.0 U308 , 8.0 MgO - 87.0 Si02 350 	20 34 

1.0 U308 - 2.0 Ta205 - 97.0 SiO2 350 	31 35 

10.0 U308 - 90.0 Floridin 375 	18 30 

GROUP 

9.2 Mn02 - 90.8 Si02  400. 23 37 

MnC12  - Florite 350 	10 20 

Al F3 350 	13 40 

15.0 NiS 	85.0 Si02  350 	18 30 

15.0 Fe2O3  - 85.0 Si02  350 	6 35 
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Best Cn,talystg21122sitiand their  Performance
(5) 

Best catalyst compositions and their performance charac- 

teristics are listed in table B-2. The reported values of Per 

pass and ultimate yield are the 

acetaldehyde mole ratio in feed 

space velocity as 0.4. 

TABLE 
Best Catalyst Com os 

average value with ethanol-to-

as 2.75:1 and liquid hourly 

Performance 
	B-2 
itions and their 

Catalyst composition,. Hours of Tempe- Per pass Ultimate 
weight percent test. rature 

oc 
yield,mole 
percent 

yield, 
mole 
percent 

1. 1 Ta205 - 98.9 Si02 36 350 35-25 62-50 

1.2 Ta205  - 98.8 Si02 8 350 44 63 

1.3 Ta205 - 98.7 Si02  8 350 35 63 

1.5 Ta205  - 98.5 Si02  8 350 33 65 

1.7 Ta205  - 98.3 Si02  48 300 25 60 

T 	- 98.2 Si02 1.8 Ta205  2_5  8 350 32 62 

1.9 Ta205 - 98.1 Si02 48 350 34 62 

T 20_5  2.0 	a 	- 98.0 Si02 48 300 29 62 

T 20_5  2.1 	a 	- 97.9 Si02  48 300 24 61 • 

2.3 Ta205  - 97.7 Si02  8 400 34 69 

2.4 Ta205  - 97.6 Si02  8 350 31 65 

2.6 Ta205  - 97.4 Si02 5  48 350 39 60 

2.8 Ta205 - 97.2 Si02  8 350 38 64 

2.3 ZrO2  - 97.7 Si02  8 300 55 61 

2.7 	ZrO2  - 97.3 Si02  48 300 30 58 

2.8 ZrO2  - 97.2 Si02 8 300 30 64 

2.9 ZrO2 - 97.1 Si02 8 300 27 60 
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Catalyst composition, 
weight percent 

tours of 
test. 

Temp e-
rature 
o0  

Per pass 
yield,thole 
percent 

Ultimate 
yield, 
mole 
percent 

64 

60 

63 

2.0J-T02  - 98.0 Si02 	24 

0.001 CuO - 2.0 Ta205 - 98.0 Si02  8 

1.1 CuO = 2.0 Ta205  - 96.9 2102  12 

300 

350 

350 

29 

36 

40 
0.1 Zr02  - 1.7 Ta205  - 98.2 SiO2  48 300 22 63-57 
0.2 Zr02  - 2.3 Ta205 - 97.5 8102 48 300 29 64 
0.2 Zr02 - 1.1 Ta205 - 98.7 S107  8 350 18 62 

1.8 Zr02  - 1.7 Ta205  - 96.5 S102  48 350 29 64 

1.0 MgC - 2.0 Ta205  - 97.0 Si02  8 350 38 62 
2.0 MgO - 2.0 Ta205 - 96.0 Si02 48 350 32 60-58 
8.0 MgO - 2.0 Ta205 - 90.0 Si02  48 350 31 60 
0.5 Ag20 - 2.0 Ta205 - 97.5 Si02  .8 350 37 60 
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Chemical Formulae ofSome ITTortant Compounds Formed  
During Butadiene Synthesis. 
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Acetaldehyde 

Acetylene 

Acetal-dol 

Acetic acid 

Butadiene (1,3-) 

1-Butene 

2-Butene 

n-Butane 

1, 2-Butadiene, 

Butaraldehyde 

Butalene 
(1,3-Butanediol) 

Crotonaldehyde.  

Crotyl alcohol 

Ethanol 

Ethyl acetate 

Ethyl ether 

Ethylene 

Ethyl acetal 

Propylene 

.Propane 

Vinyl ether 

Water 

CH3CH 0 

CH= CH 

CH3-Cii( OH)_CH2_CHO 

CH3000H 

CH2=CH-CH=CH2  

CH2=CHCH2-CH3 

CH3CH=c HC H3  

• CH3CH2CH2CE3 

C112=C=C,HCH3  

CH3-CH2-CH2-CHO 

CH3-CH( OH)=CH2-CH2OH 

C H3- C H=C H-C HO 

CH CH-CH CH
2
(OH) 3- .- 

CH3-0112( OH) 

CH3-000-CH2-C H3  

CH3-CH2-0-CH2CH3  

CH2=CH2 
CH3_CH(-0-CH2_CH3  ) 

CH3CH=CH2  

CH3CH2CH3 

CH3-CH(OH)(002H5) 

H2O 



APPENDIX  D 

Experimental results are presented in tables 

.D-1 to D-5. These 'exceriments are conducted at the Deve-

lopment laboratory of the Synthetics and Chemicals Ltd., 

Bareilly. The description of pilot plant is given in 

Section 4.3. 

Imported fresh catalysts, cupric oxided promoted 

catalyst and freshly prepared tantala-silica catalyst on 

Jai Chemicals are used for performance evaluation. Table D-1 

represents the performance analyses of catalyst C-1 on 

intermittent feed basis and continous 120 hours cycle. 

The composition of product for catalyst C-1 is given in 

Table D-2. Table D-3 and D-4 gives the performance analysis 

of various CuO promoted catalyst and the ; performance 
prepared 

analysis of freshly/tantala-silica and cupric oxide promoted 

tantala-silica catalyst on Jai Chemical silica gel are 

given in Table D-5. 
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