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Catalytic Hydrogenation of Ethylene with Nickel
at Low Temperatures

By
Osamu Toyama

Abstract

The kinetics of the combination of ethylene and hydrogen at the low temperature range
(2°~~-78°C.) was studied in the presence of nickel which was prepared by the reduction of the
oxide obtained by the calcination of the nitmate. The reaction velocity was measured statically,
first, at constant volume as usual with the apparatus shown in Fig. 1, and nexr, at constant
partial pressure of hydrogen or ethylene with the apparatus shown in Fig. 3 connected to that
in Fig. 1. The results obtained are as follows: (1)} The eflects of the pretreatment of the
catalyst with hydrogen and ethylene on the initial reaclion velocity are such as shown in Fig.
1. The treatment with cthane has little effect. (2) The relation between the concentrations of
the reactants and the reaction velocity at constant volume is shown in Table II and Figs. 5
& 6, which indicate that hydrogen favours the reaction while ethylene relards it. ‘This relation
reveals .itself much clearer when the partial pressure of hydrogen or ethylene is kept constant
in the course of the reaction, as shown in Figs. 7 & 8. (3) The reaction velocity is nearly
indifferent to ethane pressure in the gascous phase (Table X). (4) The reaction curves at
-782C. are of the same nature as at 0°C, (Table XI, and Figs. g, 10, & 11). For the heat of
activation about 6 Kcal. was oblained (‘Table XT1), -

All these experimiental results are best interpreted by the following reaction mechanism.
The combination of ethylene and hydrogen is a bimolecular reaction on the active surface of
the catalyst. Both reaclants are adsorbed on the aclive surface of the same kind. but the ad-
sorption of ethylene is stronger than that of hydrogen, and so the former remarkably hinders
the latter, Hence. the reaction velocity depends chiefly upon the hivdrogen concentration on
the active surface which is increased by the pressure increase of hydrogen and by the pressure
decrease of ethylene. while ethane, the product. has scarcely any effect on the reaction velocity
because of its weak adsorption on the active surface. It is confirmed that the experimental
curves represent the velocities of the real surface reaction, langmui’s isotherm being applied
to lhe mechanism, a velocily- equation is derived (19, (4) in p. 132) which explains the
experimental results very well.
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Table 1.
Reac. temp.=0°C.,,
Catalyst [, (0.005g., reduced a1 430°C.)

Initial partial press. Imtal partial press,
Expt. (mm.) Final lolnll tao Expt. ~ (mm) | Vimal tnl:|11 Lo
no. i, ' C.i, press.(mm.)i {min.) no. ", CH, pﬂ:f&.(ll‘lm.)‘ (min.)
l 102.8 103.5 104.1 42.1 i 101.3 100.1 101.1 43.2
3 102.0 m.a 103.2 11.9 i} 1.1 102.5 100.58 424
3 104.7 1040 | 1050 425 T 103.5 [01.9 164.2 44.0
4 101.5 100.8 1019 4.0
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¥ x Table 111, IV, V. (ZiBIF7e =
Table II.
Reac. temip.=0°C,, Catalyst [[T.(0.003g., reduced at {80°C.)
Initial Partial press, l Ininal partial press.
<xpt. _(_l_t_un_-) Final total] e Expt. ! ('mm.) Final total] 10
no. 1, l e, tprcss.(mm.) (min.) no. ‘ n, Cl; press.(mm.)| (min.)
1’ a97.5 101.4 1980 19.8 12 101.1 | 203 3 - 204.5 81.9
12 301.3 100.8 302.0 2.2 16 102.0 299.8 300.5 99.9
13 200.3 09.9 208.9 34.0 17 100.5 Nn1.2 401.9 124.1
1L} 105.6 107.3 108.4 il.5
"?""ltllzs|!:r|1||||11|
ma
100
89
Fig. 5
60
a0
20
1 1 ] 1 1 1 ] 1 1 1 ] | 1 1 1 1 1 ] 1
20 w0 60 50 feo 120 140 150 I minm,
Fig. 6.
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U 8o 120 160 200 240 280 380 380 min,
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Table TI1.
Fxpt. No, 11.

Time (min.) | P1ess. (mm.) | Callg (mm.) Time (min.) Iress. () T CH (wm)
0 I 108.9 i 0 25.7 41,2 6.7
2.5 90,4 ! 8.5 27.3 129.0 9.9
FR-A 485.7 2.2 330 414.8 84.1
8. 177.9 21.0 35.8 409.0 ROO
0.7 475.1 23.8 38.2 4049 94.0

11.4 £i0.4 28.56 41.9 £01.2 975
1.9 463.8 35.1 4.1 3007 0g.2
1.4 4674 41.5 47.8 J98.1 100.8
17.8 464.0 44.9 a7.1 308.0 100.9
20,3 147.1 51.8 final SO0 100.9
23.0 440,23 58.6

Table 1V.

BExpt. No, 14.

Time (min.) Press.(mm.) | C.H; (mm.) || Time (min.) Press. (mm.) Cstg (1nm,)
n 212.9 | 0 : 107.3 1405 . 724
4.8 209.4 ‘ 3.5 ! 120.9 134.3 8.1
6.1 207.9 | a.0 125.4 33.1 79.8

10.4 204.4 8.1 134.0 130.1 82.8
16.4 199.8 13.1 140.5 126.9 86.0
19.7 197.1 15.8 ! 146.1 126.2 86.7
23.9 193.8 19.0 | 150,2 125.0 87.9
30.4 188.9 24.0 ! 166.9 ' 123.7 §9.2
837 186.5 26.4 167.6 120.8 EES |
J9.5 182.0 30.9 i82.8 118.0 94.0
47.3 176.8 36,1 199.4 115.4 97.9
53,1 172.2 40.7 211 113.8 6.1
64,5 164.7 48.2 224 112.0 100.9
77.2 156.7 56.2 241.5 110.9 102.0
83.4 1563.0 80.9 250 110.0 102.8
98.0 144.9 68.0 final 108.4 104.5
T Table V.
Expt. No. 17,

Time (min.) Press. (mn.) CH,; (mm.) Time (min.) Press, (mm.) . C,Hg (mm).
0 5017 0 183 436.1 X
3.9 490.9 1.8 194 433.5 i 68.2
8.5 497.6 4.1 211 430.0 71.7

13.9 495.0 6.7 242 427.9 73.8
19.8 492, 9.4 229 126.6 75.1
25.8 180.5 12.2 248 423.6 78.1
a7.5 484.0 17.7 263 421.2 80.5
44.0 481.1 20.6 27 119.7 82.0
40.3 478.8 22.9 208 416.6 85.1
88.4 476.2 26.5 309 415.5 86.2
67.1 471.7 30.0 318 4187 B7.0
5.3 468.8 32.9 320 413.6 88.1
91.6 462.8 38.9 31 412.7 89.0
1003 4560.0 42.1 335 411.5 90.2
109.8 456.5 45,2 349 4106 91.1
125.58 451.5 80.2 378 ] 410.0 91.7
415 446.9 54.8 288 i 400.8 92.1
150.5 444.5 57.2 399 408.9 92.8
159.5 442.0 .7 final i 401.9 99.8
178 448,05 63.2 {
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Table V1. BT TIIRERICH L <52 — k&L
t X o BEVWIHA DA,
(min.) (mm.) »x0.4343 x 108 . )
- (it} 4 K I W
20 0.5 21.6
40 18.8 22,5 RIRCOHZKBIT A TIZAENOKE, =F L >
60 57.2 LX) Az yOREIH2 FEILETS. oz sy
100 42.0 235
3 60:3 "95.4 R0 In { RESHE T S caant, =
300 ; 85,2 27.2 7 v v &R ENBMHZ T 2o n ¢ gk
L = KDL = 7 L LIBDRRLE A TIEHTH B

DLk MEES NAMSREIC A TIIRR. REEREL B L2k ERMOB oL .
IR IE e bk Ly~ 2 = 7 L OB ORBL HEBIEICARZNTL 2 DL B~3
FAHES. FITTRER= 7 v rO RO pifivh— i & L —ERC IR ORI RIS
L LTHEZ—/OERrZR b0 L REZNS. TR TS Tho —a3THERK
T3 IEETH 506 JKHERO 2N —EM L AR DBRITIHED B kLU = 7 v > & iy
ISEHAT I H AR L UL = 7 v v O ERA—EIC R OB D, MERABOTHITNT
Table VII. _
Expt. No. 23, Caalyst V. (0,008g., reduced at 300°C.)

Time: (min.} . m(ct:_'s burette] C.H, (ec) Cabe T T 1 T T T

- -
0 48,64 (calcd.) 0 ce.T”
4.3 16.73 1.91
5.0 45.29 3.75 or =
8.3 43,72 | 402
1.1 41.95 6.69 n oy -
15.3 39.43 19.2.;. V
19.6 86.3 2.5 N o' ]
2.2 35.32 o 13a w0 N Prys meconisi,
24.1 23.08 15.56 2
27.9 :50.45 18.19 - I—!,.lOl.dmm. g
310 23.97 20,37 C,11,: 118.9mm.
4.3 ;);5-7“ 22-91 i0 = Reac, temp, : 0°C. =
IR 0 e 4 7
gl o e I Bareite temp10.6°C. |
19.7 14.95 32.69
52.1 14.24 34.40
55.5 13.86 i R ——
58.8 13.81 34.83 i
1.4 13.64 35,00
final 13.54 35.10 Fig. 7.

— 3 —
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ii~tfe Figs 3 oMizibn B BIclil L b0 Ch 2T, JhoBE M+ 3k
Kz Fr ORI EOTMET 2AUNNS. B LTHLNMBREOHRT. k
EOPNE—RIE LI WGn —8%E Table VIL % e 712, = Fur >DMNEE —EICL e
BAHo—Wi Table VI % Fig. 8 IT5 L7 Z28of5TUC A TIZ BN L HENBIZRT

Table VIII.

Expt. No. 24,
Catalyst V (0.008g,, reduced at 500°C.)

Time (min) | %ﬁlé‘“{cc‘_’}” Call, (cx.)
0 35.45 (calcd,) 0
3.9 23,04 0,41 | R I L N T B N |
9.8 12,40 1.05 G| 4

15.4 31,66 179 <

19,1 3130 2.15 0 =

%.8 30,56 2,89 L . .

29,7 30,34 a1 oy

25.0 20,85 .60 8- W 5

.6 .64 481 5 N ]

5650 28,36 5.00 Feeny=canst.

U, | 27.30 6.15 6~ Haz 102.3mm. .
,%‘5 “;222 8tl‘a = C.T1, : 467.6Gmm. e
183 24,68 8.77 ‘r Renc. temp. : D°C. .
132.4 24.22 923 - - Burette temp: 10 5°C, -
153.9 23,59 .36 e o
171.0 2317 ! 10.28
198.5 29,7 10.71 .
223 Qu .28 11.17 [SAEEN NS N TN TR NN T SRR TR NN NN NENN DR
239 22,08 11.39 w0 80 120 o 20 A 28 min
249 21.96 11.49 :

2715 2157 11.68 Fig. 8.
281 21.648 12,76
final 21.56 11.89
Table IX. BN RERD F L v OISR IR
. ¢ 1 . 0 — Y T
] i FL oINS N, REEE TS
0 113 4.9
20 292 1 418 L. REOFITHED ( & THABEELTDHS.
d 41 .3 REIT =7 v > DR L —EISH 27853 Rk
50 5.60 15.8 T yr— i
81 6.89 46.4 3 1TE 3 ‘-_-‘ﬂ-ﬁkn RLED ZiHic
160 7.95 47,6 AT 5. 0T REIEIERO U —F8eh L,
50 =TT H ; - g4 4
, o i =7 L v oWk BRKKICHILTE ) —R
200 10.82 3.4
—RICHEICSIEWEREAAGILZ . Table 1X. (1

Expt. No. 24 OSILICE 2 HEOBHEL T LAALDTH .

(4) REERDOEE .
KICRELRIME 2= % v OB EY RaBic, =F1v v i hkEDORSMICETNE =¥ »
M~TREEEXMEL. Z2Z =7 > ORVWHAEHE LK. Table X. {120—#lCchoT,
il = 7 YRR EICERETH L TATAMAED. M LTKRE, =FLvikad
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Table X,

Reac. temp.=0°C.
Catalyst 1V. 0.0036g, reduced a1 480°C.)

it o Initial partial press, (inm.) : Final total l
1, ! Cat, I cH, I. press, (mm.) (mnin.)
18 5 121.2 122.1 — | 125 [ 53.0
19 f 123.4 123.9 2.6 124.3 - A
i : 120.8 129.1 | 166.5 ‘ 122.8 ‘ 5.5
9] \ 124.0 128.2 | 1938 124.5 | 5aa
22 . 120.4 | 121.0 ' S _ 1211 I 545

(5) REREOEF
FITHIT R T TXT 0°C. Tt DIE X -~ 7eht, (RIEDRME ]2 Bic-T8°C. ic AT
EETTO. KO MINFORE Y Table X1 % Fig. 9. . {HREO KHHIL K KE—EO R
Table XI.

Reac. temp.=-78vC.,
Catalyst VL. (0.041g., reduced al 480°C.)

et Initial partial press. (mm.) Yinal total press, ‘ Lo

“XPpl. no. —_

p | , . Cl, (mm.) (min.)
i 3516.4 110.7 316.1 54.0
26 108.8 * 109.3 110.2 107.4
2N 110.0 521.4 321.5 142.9

IR S [ N NN NN VNN DUNN NN NN NN SUN SN N S N S
40 8 120 160 200 240 280 320 J60 min,

Fig. 9.
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