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Butene was synthesized fram vinyl acetyleno by partial
hydrogenation. Palladium and nickel catalysts for this
reaotion were compared, and the exact conditions for ob-
~ teining high ylields of butene and suppressing the for-
mation of butadlene and. butane were investigated. :

I. INTRODUC!;Oﬂ

Isoootane is synthesized from acetylene through eight steps, acetylene, acet-
aldehyde, aldol, crotonaldehyde, butanol, butene, isobutene, isooctene and .
1soootane, This method is troublesome not only because of the long course but
also the loss of meroury is unavoidable during the synthesis of acetaldehyde
from acetylene. Hence, the manufacture of butene from acetylens through vinyl
_acetylene was investigated. Butene was prepared by the hydrogenation of vinyl
acetylene which was obtained by the catalytic polymerization of acetylene.
The catalytio polymerization of acetylene was reported by Niewland, J.A.C.S.
4197 (1931); Klebbanskii, India Rubber J., 10, 163 and Schmidt, Z. E1eot. Chem.,
45, 503 (1931). Since no additlonal data of importance were obtalned 1o To-
gard to the preparation of vinyl acetylene from acetylene, this report is only
concerned with the partial hydrogenation of vinyl acetylene to butene.

II. [ETATLED LESCRIPTION

A. Apparatus and Procedurs

A mixture of vinyl acetylene and hydrogen was passed through a glass tube
whioh-was heated in-an electric furnace. The ocatalyst was placed in the
reaction tube and the temperature was measured at the center of the re-
action tube, Vinyl acetylene used was prepared by the catalytic polymer-
ization of acetylene using & well-known cuprous chloride complex salt
solution and was purified by redistillation.

B. Analytical Method

The hydrogenated product which contains vinyl acetylens, butadiene, bu-
tene, ovtane, hydrogen, oxygen, and nitrogen was analyzed by the follow-
ing-methed. Vinyl asetylens in 1GOoo of the sample gas was measured by
absorption in an alkaline merourous cyanide solutiom. A 2500 portion of
___the_remalnder was mixed with 500cc of pure hydrogen and was repeatedly-
passed through a capillary tube packed with palladium asbestos maintained
at 120°C until thers was no volume change. The volume of the hydrogen
oonsumed by the hydrogenation of butadiene and butene, and by the combus-
tion with oxygen was measured., Separately, butene and butadiene in an-
..other 250c portion of the remainder from the vinyl uacetylene analysis was
"“passed through bromine water, and then the bromine vapor mixed in the
sample was removed by a caustic potash solution. The oxygen content was
then determined on this sample by absorption in pyrogallol. The percent-
ages of butene, butadiene and oxygen were calculated from the results of
the bydrogenation, the bromine absorption and the absorption of oxygen in
the pyrogallol solution., Hydrogen was determined by the ordinary combus-
tion method on palladium asbestos, ‘Since the vinyl acetylene used was
well purified end the air in the apparatus was replaced carefully by the
charging gas, it was regarded that the oxygen and nitrogen in the product
came from the.atmospherioc air after the hydrogenation reaction. There-
fore, the amount of the nitrogen in the product was caloulated as four
times that of the oxygen in the sample., Butane in the product was cal~-
oulated by the difference of the total volume of the sample teken and the
volume of the other components previously measured. These methods were

' checked exactly with mixed gases having known compositions.
' : 7 "
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Co Experimental Results i

1. Partial gxggﬁgenation of Vinyl Acetylene to Buteno by Palladium
_ Catalys ‘ _

‘The palladium catalysts, supported on diatomaceous earth having var- .

ious compositions, were prepared by Willstatter's method.

a. Bffect of the concentration of palladium in the catalysts

Table I(B)1l shows the effact of varying ooncentrations of pal-
-'ladium in the catalysts on the yield of buteme ~ =

TABLE I(B)11 ‘
bd, Cone, CLH], Composition of Cj, fract. (%) |percent yield
in Cat, polymerized - of C,Hg
(%), (%) CuHy, | CLE¢ | CiHg | ChHlp -
5 . 17 © 8.0 | 11.7 | 79.8 | 0.5 | ' 66.3
0.66 17 3.8 11104 ] 79.8 | 6.0 65.9
0. "1 3.1 8.8 | 88,1 78,2
0.3 11 7.7 | 20,0 | 72,3 | 643
0.2 15 7.0 | 205 | 72,5 ° 61.4
0.1 9 10,0 | 11.6 | 78.4 71.5
0.0 15 5.6 | 21.7 | 72.7 61.7
0.025 1 L6 | 15.9 | 79.5 . 68.0

Yit. of the cat. used '0-ou.-.--o-n-oc-'-c.-ucou.coo.o.ooocn--a-.-o. 2 grams
Reaction temperature teersreserscavee esesessnsses 100°C
GaB vOloodby Leeeivrunineivensannase dvesvessieseeeb 1it/hr/gm of cat
Ratio of hydrogen to vinyl acetyleme .. L

b. Effect of the reaction tempurature

Table IXI(B)1l shows the effect of the reaction temperature on
the yleld of butene, )

‘ TABLE II(B)11

!React.- ] CLHY Composition of ¢, fraot. (%4)--! percent yield
'Etemp.‘c i polymerized - 2 of C Hg

! CIOHIO ; cltﬂé c hﬂar“ C 1o

L 30 0 82.8 | 14,7 | 2.9

! 50 19 3.1 | 10.8 | 86.8 70,4

{80 12 5.8 i 12.6 79.51 2.1 70.2.

s 16 - 3.6 | 2.4 | .0, 62,3

Pd. in cat. percent ..........................L....................; 0.05.
Wt. or cat.‘.l.l.....'l..‘.‘....‘l..l... ..-.....ll.....'...'!._.. grams

GBS VE10CLLY sstnencsncncsncncsseseasansancnrnsnnvasesd 1it/hr/ gm of cat
Ratlo of hydrogen to vinyl acetylene cevecsrscrroqrecsensssrsscnasesses 2
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c. Effeet of the ratio of the amount of hydrogen to vinxl
aoe y .6n6_on the ylel of

The erfect of varying amounts of hydrogen to vinyl ecetylene‘is.

-, -shown in the Table III(B)ll. —_—
Hp/CLH), CuH, - | Composition of Cj fract. (%) | percent yield
polymerized : : of C)Hg :
. m(%L”ww,”cﬁmpvvqﬁéw.cgmu,cuho..””,”,” o
1.2 20 - 39.9 | 40.7 | 14.2 | 11,3 11.3
2.0 9 10.0 11.6 7844 1.5
2.3 1 2,0 | 2.0 88.5 7.6 87.8
2.9 23 1.1 -81.9 | 17.0 63.5
3.9 34 0.7 L8 69.3 | 25.2 L84

Pd. content in cat. percent ......................................... 0.1
WEe OF OB u veiiiacuovionesisssssnsnososassssssssnscasssssosssonsss 2 grams
Reaction 5emperature seececsessctcccsissrscasssscssncscsriasanssone 100°C
Gas VBlOOity R R 6 lit/hr/gn of Oat

d. Effect ot the ges velooity

The offect of the gas veloeity on the yield of butene is Bhown
in Table IV(B)1l. :

TABLE IV(B)11

!

gas, vel, CLH,, Composition of C; fract. (%) percent yield
lit/hr/em polymerized . of CiHg
of cat. (%) C,H, | CuHs | CiHg |CyHio ‘
12 12 33.7 335 32.8 28.5
6 20 12.0 | 18.9 | 69.1 55.2
22 | 3ok 6.6 83.9 6.3 65.3
I 0. 5 26 6.8 9.6 3‘ 68.5 |15.1 50.7

Re&ct. temp.7.n.-u......7...-7...-..'-....--........“.n--.-....... 100 C
Hz C[,H .0‘...'.....C...O...'l..‘..l....‘.i.A0.0IO....l...."‘ll.l'.ll.<2

Pd. conc. in cat. peroent R R R LRI R LIRS 0,05

8. From these experimental results the following conolusions
_were derived

(1) There was no pronounced effeot of the concentration
of palladium in the catalyst on the reaotion within the
1imit of the experiments.

(2) No remotion occured below 30'6. The temperature of
the reaction must be above 50°C.

{3) - The unreacted vinyl acetylene could be deoreased to
less than 1% when approximately three times as much hydro-
gen as vinyl acetylene was used.

'(h)\ The formation of butene could be completely suppresssd,

: 173
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—{5) ih‘viéw of the formation of butene at higher ratios
“the best ratio of the amount of hydrogen to vinyl acetylene
-appear 8 to be 0.25. - L e e R

‘(6)\nAt the optimuﬁ’condition the conoentration of butene
—_in the €4 hydrocarbons of the product was 80-90% and 70-75%
of the vinyl acetylene was converted to butene. .

2. partial Hydrogenation of Vinyl Acetylene by Nickel Catalyst

.. The nickel catalyst was prepared byﬂignition¥or“pur£rledlniokel.nie_
trate at 800°C for three hours, and the catalyst was reduced in an
‘atmosphere of hydrogen for three hours before use.

a. Effect of the ratio of hydrogen td vinyl acetylense

When the palladium cagalysts were used the ratio of hydrogen
and vinyl acetylene showed a pronounced effect on the yield of
butene.

Therefore, the effeot of the ratio of hydrogen to vinyl acety-
lene was first examined. - The experimental results are shown in
Table V(B)1ll. . . o

TABLE V(B)1l
Ha/C CLH | Composition of Cj fract. (%)
\ 2/ Wl polyﬁe?izdd i b - percent yileld
(%) | oy, | CHg | CHg | CuHio of C4Hg

1.9 557 11,3 ] 17.6 ] 8042 [ 0.9 | 3601
2.3 54 0.5 2.4 95.6 1.5 L3
2,6 48 0.5 5.5 91.0 | 48,9
3.1 48 0.6 3.2 86.6 9.6 45,
3.8 36 0.7 | 85,7 | 13,6 58.8
4.0 L6 0.9 8.5 67.0 | 23.6 36.5
43 31 60.3 | 39.7 41,6

Wit. of cat. used .-ocoo--oo-.-o‘o.o.‘oo.o.-.uooa-oo.o-o--oon‘-coooo 5 Rralgﬂ
Reaction temperature 000 0000000000000 00cen0s0seeRsIO IR RRR S 1°C
GBE VOL0OALY seesasssercesasossssssssasossverssencssessd Lit/hr/gm of cat

b. Effeot of the reaction temperature

Table vI(B)1l shows the effeot of the reaction temperature.

TABIR VI(B)ll
Reaot, G H), Compoaition of Cj, fract. (%) | perceat yleld
temp.°C. | polymerized : of Oy Hg

(%) cl;Hl; OI.H6 Obﬂg 0[0510 Y
150 - | 4B 0.5 91.2 8.3 - 476
100 45 (VSR 5e¢5 | Ghel. . L8.8
50 50 1.2 104 | 773 i 9 A B 38,9
40 ‘ 30 1.0 10.2 | 69.8 19.0 L8.9

¥Wit. of cat.;used L R R R R N Y R YN 5 grams

Ratio of to C,H 00000 0000R000000050000000000000000000000000000000 205
-Gas velm??’aiy oooltnl:o'cooo"ooco-ooowooovooo'ooocoooo‘oc6 lit/hr/gmof oat_
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o. T Effect of gas velouity —

. Table VII(B)llsshoﬁs.theﬂéfreot.or»the gas velooity..

TABLE VII(B)1l S
" Gas vol. ¢ - | Gomposition of Ci, fract. (%) |percent yleld
1it/hr/em of polygggized ; : 4 - A | of Gkgg
cat (%) CH, | ClHg | CuHg:| OuHjg »
6 .35 . 116.2 | 25.7 | 58. 37.8
3 WBohole | ke L BT | 7a| Bl
1.2 ) 48 0.4 5e¢5 94,1 48.9
0.6 50 0wy | 37.6 | 40.8 | 21.6 | 20,0

Wte OFf 0L, UBOBA scevesvscescosncrnsssssccssssacsvsrcrvscsscconsse 5 grams
Reaction tomporature eecsscsssccccccss cecsvee esscsssanses 100°C
Ratio Of H2 tO Gth 8000 esssNeENIsEsRIIEAINEIRINIIIIOIREPIENROIRTIROIRBEIYY 205

~

d. . From these results the following conclusions were derived
(1) The unreacted vinyl acetylene was easily kept below 1%,

{2) The formetion of butane was very small when the reao-
tion temperature was 100°C and when the ratlo of hydrogen
to vinyl acetylene was less than 2.6. Increasing the re-
action temperature and the hydrogen to vinyl acetylene
ratio inoreases the formation of butane.

(3) At optimum conditions the gas produced contained 90
percent or more butene but half of the vinyl acetylene was
polymerized and'only the other half was hydrogenated to
butene.

\

3. The Polymerization of Vinyl Acetylene, Butadiene, and Butene on
- the Eaf%?ysts In the Absence of‘Hydioéen *

In order to olarify the polymerization action of the catalystis,the
individual unsaturated hydrocarbons mentioned above were passed
through the catalysts repeatedly in the absence of hydrogen and the
volume deorease was measured at each pass, The relation between the
volume decrease and the number of passes are shown in Figure 1{(B)ll.
As the figure shows,vinyl acetylene is most apt to polymerize. The
polymerization ocoured not only on nickel and palladium but also on
the diatomaceous earth.. Although the palladium-diatomaceous earth
catalyst had a greater tendency to polymerize vinyl acetylene than
the nickel catalyst, the hydrogenation results indicated the reverse
to be true. This fact may be explained by the strong hydrogenation
aotion of the palladium catalyst on vinyl acetylene., On this cat-
alyst vinyl acetylene will be easily hydrogenated, therefore the
polymerization of-vinyl acetylene will be suppressed. Henoce, cat~
alysts having strong hydrogenation activity for the triple bond will
be suitable for diminishing the polymerization loss. :
s ol

4. Comparison of Palladium and Nickel Catalysts

Although from the point of view of the purity of butene in the pro-
duoct, the nickel catalyst is more advantageous than the palladium
catalyst; the former hes a stronger polyﬂgrization action on unsatu-~
rated hydrocarbons in the hydrogenation'rﬁaotion than the latter.
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The polymerization action of nickel catalyst might be weakened by =
reducing its polymerization activity by heat, ocatalyst polsons, or
activity deterers, and maintaining the hydrogenation activity. -

1IXI. CONCLUSIONS

This method for manufactﬁring butene as -a raw material of isooctane is diffi-

oult to extend to commercial scale for the following reasons:

A. Butene produced contalns some vinyl acetylene even when the partial
hydrogenation was carried out at optimum oconditions.. .. ... .. ... ...

B. Butene produced by this method is always mixed with Buﬁadione.

C. The elimination or the separation of the above contamirants by frac-
tionation was diffioult .because of the proximity of boiling points.

D. Vinyl acetylene should be hydrogenated to a mixture of butene and

butane, since there should be no butadiene or vinyl acetylene present if
the product is to be used for the synthesis of isoootans.

i R R
i i

R
1 Bt
i

Figure 1(B)11 .
POLYMERIZATION OF Cyq, Cyo AYD CyHlg ON CATALYSTS
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