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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
(0°~-78°C.) was studied in the presence of nickel which was prepared by the reduction of the
oxide obtained by the calcination of the nitrate. The reaction velocity was measured statically,
first, at constant volume as usual with the-apparatus shown in Fig. 1, and next, 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 reaction velocity are such as shown in Fig.
4. The treatment with cthane has little effect. (z) 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 retards it. ‘This relation
reveals itsell 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
-78°C. are of the same nature as at o°C. (Table XI, and Figs. 9, 10, & 11). For the heat of
activation about 6 Kcal. was obtained (Table XTI). '

All these experimental 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 reactants are adsorbed on the active 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 hydrogen 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, [Langmuir's isotherm heing applied
to the mechanism, a velocily: equation is derived (K. (4) in p. 132) which explains the
experimental results very well.
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Table 1.
Reac. temp.=0°C,,
Catalyst 1, (0.005g., reduced at 490°C.)

Inmitial partial press. Imuial partial press,
Expt. (mm.) Final total] ta Expt. (mm.) Final total]  t.
ne. L CH, press.(mm.) (min.) no. ", CH, press.(mm.); (min.)
1 102.8 103.5 104.1 42.1 5 101.3 100.1 1011 43.2
2 102.0 10.3 103.2 41.9 6 101.1 102.5 1033 434
3 104.7 1040 | 1050 42.5 7 103.5 [01.9 104.2 44.0
4 101.5 100.8 101.9 43,0
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HOUT LU it~ 2 BE I AT IR OHERIR ST BT 100°C. BHTIS A TS~z X 727
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Table II.
Reac. temp.=0°C., Catalyst (I1.(0.003g., reduced at 480°C.)
Initial Parual press, I ininal partial press.
Ixpt. (mm-) Final total] t Expt. | (mm.) Final total] 1tz
no, 1, CH, press.(mm.); (min.) no, [ 1, CH, press,(mm.)[ (min.)
1| 3975 1014 198.0 19.8 15 101.1 ‘ 203.3 204.5 81.9
12 301.3 100.8 302.0 27.2 16 102.0 209.8 300.5 99.9
13 209.3 99.9 208.9 34.0 17 100.5 401.2 101.9 124.1
14 105.6 107.3 108.4 71.5
stlllllllVIIIIIIll;ll
LLE
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Table TIL.
Expt. No, 11.

Time (min.) | Piess, (mm.) | Collg (mm,) { Time (min) DPress, (mm,) T CH, (nm)
0 I 1089 ‘ 0 25.7 133.2 65.7
a.D 490.4 ! 8.5 27.3 429.0 69.9
8.3 485.7 13.2 33.0 414.8 84.1
8.3 477.9 21.0 3.8 409.0 89.9
9.7 475.1 23.8 38.2 404.9 4.0

11.4 470.4 28.5 41.9 401.2 977
13.9 463.8 5.1 44.1 399.7 99.2
16.4 457.4 41.5 47.8 J398.1 100.8
17.8 454.0 44.9 57.1 398.0 100.9
20,3 447.1 51.8 final J9R.0 100.8
23.0 140.8 58.6

Table 1V.

Expt. No. 14.

Time (min.) Press, (mm.) { C,H,; (mm.) F Time (min.) Press. (mm.) C,Hg (inm,)
0 212.9 0 107.3 140.5 . 2.4
4.3 209.4 3.5 120.9 134.8 78.1
6.1 207.9 3.0 125.4 133.1 9.8

10.4 204.6 8.3 134.0 130.1 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
23.9 193.9 19.0 150,2 125.0 87.9
30.4 188.9 24.0 156.9 ‘ 123.7 89.2
33,7 186.5 26.4 167.6 120.8 92.1
390.5 182.0 30.9 182.8 118.0 04.9
47.3 176.8 36.1 199.4 115.4 97.5
53.1 172.2 40.7 211 113.8 89.1
64.5 164.7 48.2 : 224 112.0 100.9
77.2 156.7 56.2 241.5 110.9 102.0
83.4 153.0 59.9 250 110.0 102.9
98.0 144.9 68.0 final 108.4 104.5
~ Table V.
Expt. No. 17.

Time (min.) Press. (mm.) C,H,; (mm.) Time (min.) Press, (mm)) . C.Hg (mm).
0 501.7 0 183 ! 436.1 65.6
3.9 499.9 1.8 194 ‘ 433.5 (68,2
8.5 497.6 4.1 211 430.0 717

13.9 495.0 6.7 222 ‘ 427.9 73.8
19.8 492.3 9.4 229 ‘ 426.6 75.1
25.8 189.5 12.2 248 423.6 78.1
37.5 484.0 17.7 263 421.2 80.5
44.0 481.1 20.6 274 : 119.7 82.0
49.3 478.8 22.9 298 ! 416.6 85.1
58.4 475.2 26.5 309 ‘ +415.5 86.2
67.1 71.7 30.0 318 4147 87.0
5.3 468.8 32.9 329 i 413.6 88.1
91.6 462.8 38.9 341 \ 412.7 89.0
1003 459.6 42.1 355 411.5 90.2
109.8 456.5 45.2 369 410.6 91.1
125.5 451.5 50.2 78 410.0 91.7
141.5 446.9 54.8 388 ' 409.6 92.1
150.5 444.5 57.2 399 408.9 92.8
159.5 442.0 50,7 final i 401.9 99.8
173 488.5 63.2 |
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Wi, KERET EE LOREROSMEDORBY ZH 2 H0 Ch 2288, RAIC=71 v O
$ A B Expt. No. 17 {202 kERITT 32— FIRHEIRE R 2HT LT 5?;% & Table ‘V[. s}
mEinitoins. Bhxs v ORBENAR Z2BIMBOTINIRME IR T4, (RO

Table VI. BUC A TIZALMICBL TH 2 —RIEE 1T

¢ x km B WIRAIHd S,

(min.) (mm.) x0.4343 %104
- (i) W K K

20 9.5 21.6

10 18.8 23,5 IR REC R TITRAPEJRE, =FL >

60 2.2 22.8 Rx ¥ OBIETHBL FRILTS. ko=
100 42.0 - 235
200 69:3 "95.4 (KO  REHIE T EMERTD 0, =
200 8.2 27.2 F v v L RBHFMHTH DT BRI O  k
E 92.9 28. - .

100 ; 8.0 EROREE = 7L L BDRE N TIEHTH B

Plb WEXLTBSEBICR TR REREL ¢ LT~ EKRLEMOR P ORRL,

R L e L ~2 =7 v Y BORPOPRLSHBRIECHRINTHZ DL B~

FdD. MITARER = 7 v v O ZRKO YLD~ I —ERICARORH T I

ZEELTHEZ—NOEELZG 30 MBEIND. TR TEZSTho6 4K

T3 IKET D 21 & JTHEFRO BRI —SEMIL AROBITIHRD 5 RHUT = 7 v > & I

TR TR kAL = 7 v O SR EREE—EICROBANAD. WRFEOHICHT
Table VII,

E'xpt. No. 23, Catalyst V. (0,008g., reduced at 500°C,)
Hs 10 the burctte

Time' (min.) (cc) C.H, (cc.)_ CoH¢
0 48.64 (caled.) 0 ce.f 7
3.3 16.73 1.91
5.9 46.29 3.5 or -
8.3 41,72 4.92
11.1 41.95 © 669 " . -
15.3 39.41 9.23 v
19.6 36.30 12,34 _ o i
L4, o). 2.
27.9 30.45 18.19 - Hy:101dmm. 5
31.0 23.97 20.37 C,I1,: 113.9mm.
f: ‘? 35-1;2 32(): 0P Reac. temp.:0°C. -
;g:; .l%:')‘) ' 52;2 Burette temp.:10,6°C.
49.7 14.95 33.69 [~ 7
52.1 14.24 34.40
55.5 13.86 34,78 e L s
58.8 13.81 34.83 —
61.4 13.64 35.00 :
final 13.54 35.10 , Fig. 7.
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Table VIII,
Expt. No. 24,
Catalyst V (0.006g., reduced at 500°C.,)

Ve . Gl 1n the
I'ime (min.) e (cc.) CH,; (cc.)
0 3545 (caledj | 0
3.0 2.4 0.41
9.R 32,40 1.0
15.4 31.66 1.79
19.1 3130 2.15
2.8 $30.56 2.89
29.7 30.34 a1
35.0 20.85 3.60
40.6 28.64 4.81
58,0 28.36 .09
68.1 27.30 6.16
84.4 26.50 7.15
100,5 25.43 8.02
nas 24,68 8.77
132.4 24,22 023
153.9 23.59 9.86
171.0 23.17 10.28
198.5 22.74 10.71
223 22,128 11.17
239 22,06 11.39
249 21.96 11.49
271.5 21.57 11.68
286 21.69 11.76
final 21.66 11,89
Table IX.
t.(min.) x/ (cc.) Km
A : T Tx0.4343x 107
10 1.13 43,2
20 2.22 _ 44.8
40 4.00 4.3
60 5.60 45.8
80 6.89 ! 46.4
100 7.95 47,6
150 9.77 19,4
200 10.82 ol.4

GoHg _
3
10p= =
- xS
2 A\ b
B Peapry=const. T
- H, : 102.3mm. N
- C,H,: 467.6mm. n
‘- Reac. temp.:0°C. -
s - Burette temp: 10 5°C, -
b+ -
T | 1 1 1 1 [ 1 [ 1 [ 1 L [} [

%0 80 120 160 200 a4 280 min.
Fig. 8.

B LNTORER = T v v ORIEH — W WEEEIC ]
NTH3. WHKENOME —EITRO7BEIL=
FroBERIND ITRY, RKEEEEIZMKEN
L. REOQIHITES LRTBAMELELTHS.
RET =7 v v DR —EITH 078413 RHH
KX RIEDHETTE T BRI, BLAHS 2illic
WY T 5. $EOTRIHARON: —FEhL.,

TF v ORGSR ZRIRAICBILTL b —fF
—RIXETENERAEHO6N 2. Table IN. (2

Expt. No. 24 OF5LUCH 2 HOMIEY T LD TH 5.

(4)

REEBHOEE

RICREERIIE D= ¥ > OREY BB, =712 L AEDREMICRTING =5 » &
M~TREREXTEL. 2% x5 OhVHA LB LT Table X. (1 20—HTHoT,
AT = 7 o i RIS IC B TH 2 L SRS, B¢ LTKE =FLvgos s
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Table X.
Reac. temp.=0°C.
Catalyst V. 0.0035g, reduced a1 480°C.)

Expt. o Initial partial press, (mm.) Final total ! t
‘ 1, ’ C.H, l C.H, press. (mm.) (min.)

(8 I 1913 [ 1220 ‘ — | 125 K
19 b 1234 123.9 20.6 1243 5.1
20 | 1209 192.1 ‘ 166.3 122.8 [ 5.5

21 I 1240 123.2 l 193.8 1245 | 3h2
22 ‘ 120.4 | 121.0 | S | 121.1 I 543

(5) REREOEF
MITEIC A TIZTRT 0°C. 1Tt D E & i 7ent, RIS SEy W3 Bic-73°C. ic /ATl
EETTo%. HOBIMFEO R Table XL % Fig. 9. iz, {0 RHKIX Kk LEWE—ED IR
Table XI.

Reac. temp.=-78"C.,
Catalyst V1. (0.041g., reduced at 480°C.)

Expt. no. Initial partial press. (mm.) IFinal total press. s
H. | CH, (mm.) (min.)
25 316.4 110.7 316.1 54.0
26 108.8 * 109.3 110.2 107.4
23 110.0 321.4 321.5 142.9
T rrrr T rrrrrrrrrr 110t T
CoHs
ma
100
80
60
%0
20
P S NS N N SN VENN VAU N NN WH NN NUNN NN S DR SO N

40 80 120 160 200 240 280 3?0 360 min.
Fig. 9.
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(BHI) BEMICRT 2 = 7 r A BB 2 = F v v okRiE (BH) 120
GHe T T T T T & M=Tv oW—EO AW %
c.r . 7 Fig. 10. & Fig. 11 SRLA. T
sol- - e
8 _ ¥ BTl bichdh aHI IO R
sk - 13 -T8°C. T AT H 2L 0°C 1Tt 3 &
- ‘\,;.3" ] H—ees. zTCEERMICRTRE
My = consi. R
»l- " ;50 7 B BT I3 K BOE RIS
L . A mm. - .
GHy: 122.2mm. ST M IS DB IS K 2 kW,
20t - -1
B Reac.tamp.: -78°C | ZhH i3+ 3 & Table XIL ol
B Burelle femp.: 19.9°C ] o
n} : - B E LTH 6 Kal. & aixBk.
) 1 L L 1 1 [ 1 i ] i
20 40 &0 80 100 min,
Fig. 10.
G
x”t“. | O L L I L L L L L A |
20 - =
16 ﬂo-?'g. .
21 Pc‘ 4y = const; 7]
. Hz :99.9mm.
ar C)He5323./mm. ]
B Reac.temp.: -78°C -1
4 Burefe temp.: 20°C _
1 [ ] 1 1 1 1 1 (] | 1 1 ] ] 1 1
0 80 120 160 200 260 20 320 min
Fig. 11.
Table XII,
Initial press. (mm., 0°C. Reac. vel, Heat of
Catalyst Re?gk“):mp . ( ) mm. o activation
. H, . G, (_mn_ 0 L-) (Keal)
IV. (0.0035g., 273 361.5 1203 ' 2,55 61
ruduced at 480°C.) 240 366.2 128.1 0.53 )
VIL, (0.021g., 240 4131 136.5 2.16 65
reduced at 490°C,) 195 429.8 140.1 0.43 'D
_— 821 —
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130 (kB GHID ERIRB 2 =2 YARIRIES =7 v v ARIEM

~

e s

Rt RoE®R
VO HE B T2 I I 30048 5K,

JXRERAROAEITAS 0°C. ISR T $-T8°C. I T SFEERED KW koM ChH ot IE
DT B I TERIC A TIRE AR A—0gIC L DTN 2 RL TR 2. =7
L v EREOH—FRBHULHER 40 Keal, W EDKE D I LB B LY, 4~300°C. |-
WChLEELITHFT LI WAL, 22N BERICA TR 5 L ¥ 2 BUEO fE RIS IC L C
I~ 2D LD B~ HHHAPS. mbatBHkD%ﬁDHJNM$®$#M) Ak
OB TUIAD I MEET 200D BRE LB IN . WHKRERM IR BEED iRt
G ENToRLELE AU ABEINAczF L v & OMETHIN K 4 T RIECH 5. 2D
EokAE =7 v i3 b RO FIELEBICRE I NS B, HEOMIC RO E9T
Iz, RICFHERBIZTAT 2 =7 v > OB EERIVREDEN L D L ROBIZ, kEnmg
NI AEAL B = F L oD E D BICHLLIMMRN, ZICRLT=7 v v omlf
RALHIT LTREDAARIT & 0 ARSI . B2 1T MG I IR TR WA 1 2 JE I I
RO BEOTITIIIT N2 X IUT, KWL 2AKCHLTIRRKEZ D, BIEAED
TFUYICEHLTRERHREAES. WHTEE L TRENREEORIT I b RESREAKR
2B immm#meMLumﬁimxmwamﬁwm#ﬁ#@tHFOTﬁW%m%
ML, RECFEHIO = F L LA ML m¢o%mmmﬁanme L B0 e
bﬁfbr.ﬁM$m%15vurkatﬁﬂ&mménftmrmux5%Mﬁ "5 IS i
ﬁkm_AOTwLﬁﬁﬁinth-&OfimnmﬁézayomuxmﬁﬁtﬁLTm
EMPRE Y, HEROMILE & RYIT 3 HA M.

ST MEHRARA B ATHIC AT 22 TR 2 T TUNC BT IR M T k0 { KB 5 0t
A, EHHRAOMEIC X b RIETHINS b0 & FIUE RED 2BBUL & { & bKDK%
B THEADZTHNAS. (1) MROKER = 7L o G TORGERM~OIEL (i) kHE
%= T v 5 TORUERMI~OBN. (i) BEHITRE 2 =71 > 5 T2 kEXT- L O
(iv) KEERm = 5 > ORG. (v) %2 =5 2 TORB~OWR. 250 TR HV-R
1205 2R RIS & KT 5hH Ch Dd b, Mk 6N REMS AR RY B
W LRI TIBI0E (1) R BCBRTEINEA SR HOBE L LAM%T 5L, %7
REECHEST = 7 v ITHENBR RS (iv) & (v) IRERIELRET IBIR ClIn VWL H~L
NB. RIT (1) ILDWTHE~DE, WOHEZTEARD DDLEE~LNDH, BHLE G
Kitif~ K EE O Y U HEFER AT LT 2 3 TIC R 2 ToRHIN 2 H &k, K
EOOKEZFFLACHOTHLBRMICK L TIERITI RS L2 E, —HE
KT oUENRSD. TRERL =T v oML —HOFRIEIRE ~ OFINTHIEA R BB FEE

i~~~

8) R. N, Peasé, J. Am, Cheni."Soc., 54, 1876 (1932).

—_— 022 —
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(Sh) PEIBACHA Y 2 =9 ¥ R RIS Z =+ v v ok KD (HRy 131

P SNV SV S v

et i

ETE FRERDICRT 2 Z20OBERIITH 2. W RABEHIC SR mI~RiLT 24 T
i RIESRIC X D ’
pL(Sv —Sa)h 2rMRT

ELTHALNG.D BT p (XZORMICHRT 2508, L (1 Loschmidt g, So 13 75E Lm0
DB, Sy X TOTHD KEMITICK D B TH B, M B4 TRTHS. HICK
HEGRIER p(So—Sa) IICILPT 2 HE R 2. ROTHHEI~SOFRE—EICEObNE
TG, ZOWRFEEIEAESC Sa D KE 2 FEM & B /IC S 2R IS 12 Sa=cunst.
L, KEGHIET p KL T—ANMEE 2%, BB —H OB FEEAREAE i ¢
DT Sa RPEIEFREX R TERTIRMOESTE ITHR Sa (BML, 2O BRKBGE
EaRHE p CHILT 1 X b REBREE FT2HERD. R2ICEHICHE~NAHBREIC
BTRALTHEH MBS IR INTOHRE V. BB REOMBRE —ECfto7ifmd
FEGHEITTEmL, =7 v vk —ER{EokPAE =7 v v oOBSFERIRKE 2 HEI
W CRFITI L T— AR ICHEET 2 ICBF v, D05 (1) DM KGR IE % %
FTaLOLEHE~LNE. I (i) & (i) C@eTit, BCEBRROYICRTRE |
DFBSHOWIEE LT~ P E b RO FEEET 2 M4 S WS BERRYk AL =
TU SR LOTE ORI, FERREL 2 RELI=F v o OBZYRGLTR D, 248
BT AL S NSO 6 T B L THZWOR T BT T 5 101 2 e 2 3 2 11 K
OFWNCHENIENZ DL MIND. ZTORUREABBOFULL = 7 Lo B E BT
BLzolx, REEE I EE LTRER/ DR 2 kEORTBEIC L 2TXR SN B Hic, K
BEDKITRAEINO = 7 v w1t & ) AEORG AT L6, HEOTRLHE
IS WIS A TRBECR Y L, L= 7 v Y IERORICRTILAFOREDRA AN T 284,
FTMEHUE & NS AT IN A SR T 3 D & BA~L N5 <o n ¢ ffg-ivd, (i) o @ (i)
XD AEZWWIWHTH 2, (i) IS L TERRKICHENWEZIE~NEZ V. ZTTH YL~
WM S HIER B DO L EA~TH 2 L b2l TH 5. Hl-~F Langmuir »FGRICH
TIERAGR L GRS &8RS KT~ OO #Hi4 8 X Accomodation coef. —ZK#ZWIE) &
LTHIIENZ D5, WoFIERIERCEaR bO &5, ALK S REOHICIIRGE
RIZEZEHPCH =T, Zhic Taylor BT L NEILBREECENIR T 2 O iR ek
HTH D b EOME L= F o ¥ —XRNTOBERD S B S Rl —FUCIERITRE
IREFHICIATEL b o K2 Rifie = 20 ¥ - BT 3\ ET 2 Lo & T,
s S HEGEE LI SREOIEIGAT EWIEA L 03203 Ch 5. ALAM

T9) RBEEDWC, B RO O EE R TH A EHE LTI U S B AIEHI R 3 KEHROR
WERXE—E R T 2ts.
10) T, S. Taylor, J. Am. Chem. Soc. 53, 578 (1931): 11, 8, Taylor & A, Sherman, Trans, Farad. Soc.,
28, 247 (1932). W58
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152 (b8 (SHl) ACECRG &= 2 7 RREAHES = F v ok Kim

N i

B —BUCBSIRGBO W E AN RN LY~ E R LCH DL, R0 i
fb= f ¥~ I —$UCM AR SR AL TR D" o TR BIR T2 iR
TR, L2 0L BENAS. $R Taylor AHLEL 2 2T =Y 71 kiR
e Liciar HatD:=2HD 7 2 KEEOREAEE D F O ISMIC R CIREICE bl 2 %0,
6@&&$&%%Lfk%ﬁ'~ﬁMﬁoEWMMoﬂﬁg,zﬁmﬁm&&MLﬁﬁwﬁﬂ
L OB IO WICRN, BEOBREICATEF:E EDSNEWOTHELE, 4
(i) o> KB BITICHE 2+ 508 & ARG & 5 BOSHILR TN 2 b o & BiELT K
BEHIER £ 5~TH 5. WEOPERESEEEBDIC

- %:mnst. gy * Ok (1)
TRIN, ou & op (TF xS EMAFFICS 2KHE L= F 1w OIFERREIC R 28055
TH2. " HOTHD ou, o W RRAIEN 20T 5T REELIE 7 SURO K E 0 %
zFL BOENE LTETEHSHES. Langmuir DR 75 K I RTUL Z D5 B HAThIdkiiE
AT B & O X HBTHE I —HEFNH B SBRITHE~ SN D25, ILORIZBIIBRIK
HY, THH O BEEYBELTHRABOBRSRICHIET 288103 o s Mixhvs. Bic
Schwab PHHELTH B3R5I, 2 HOMEEES: Langmuir L ¥ BMT2WCL D (R
W2 B HT, WUERREIC A T 2RO O MmN & F, IR OB YR 2550
TR2WERLTH S, WLOMNESATHRNIC AT Langmuir £ 253805 ML T
B HOLBETIUL, on ox [TKROMKINS. D ‘

e I'm = _ﬁ_ 9
u=const 4 b, G =COnst, T+AP: (2)
il
_ Pu —const e TE___
In=Const o TR Tt s (8)

a, BlEiF A REKREF L o OBRGRE, 'n & Pe R 2FHORER=FL o OFBTHS .
ERKOBP(2NTKRLE = v AR « REOBNGEE L H2BE, WD on, on IR LD
RO RIC L DT L EERGRVER TS ), (3TN MO TN L g4
T34 CH D WEOEREOEELLHOBEH L~ ERRIANIC (3) CHBDHG,
(HRFxomE2 R~ 5.

dx Py Py

TR (P gy n (4

11) -~ H. S. Taylor & A. T% Williamson, J. Am. Chem. Soc., 53, 2168 (1931), 1. S. “Taylor &
D. V. Sickman, J. Am. Chem. Soc., 54, 602 (1932) F5:08.

12) A. ]. Gould, W, Bleakney & H. S, Taylor, J. Chem. Phys.. 2, 372(1934).

13) EHEREWCHRTIN I RERNTEOF 5 RFANED 24 388 3ERIAVRIT I HITH 355,
WHT P RBCMET SHAC b hR L =F v v LR AT WA S L 2 BN EOBY -
R+ 5 4L (DRSS 4 3.

14) 7. Elktrochem,, 35, 586(1929) '

15) AW = 2 UREETH 205, =7 v ORFREMLT I
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) B RT 3= vy ARk S =F v v okFEdEm (B4 133

m———
s

=L ORFAREL D SBOOCTHL0L, HOKXIRTHSIT alf CaphEibd
i, A F HIEBITKE { 14+aPugpPe i 3WHT
| o E (5)
dt Pr
Lr b, #EOTHARKMEC P TITRA RO S & 1 W L O #1T & ici@ixgmL,
=7 U vBHOE R IIIREO T & IR KEERIEITRI L, =5 v v 2 KEOERIRE
HOLMIEBRKEE 23 HECH 3. ALAaNsZxWhc¥ine ~HLawv. @b Bk
BRE S hWENDSS. L a BRETIERIT/ 2, aPeLl+8ls 2 BRI T BB
P =const. DOIEKIZATITHIC
-%%-:k:?n (6)
L b, KECPWLT—AREERZSECTHS. A2 ICHEIL P XIERITASCLTHDT |
HEDRRICEL T 2ICBE S, &R a TRBEDI S AVERIATICAZ WML THKRTE
REEGRIE T (1) © =B L i 243, o HUEATRERIE YU TR~ 7R AR K = 7 v~k
OB ERIT L CRPT DRI AOM LTES 1T S.
ESINERECRTEE LILEOMRECHT BE~TH B, kER =F L oD UM k=
a, b & LKMEOTMEY vo ETNE(HRADHLTBIC

u =k—“b___
¢ {1+ aa+ Bb)

OV b1 —aa+Fb)
0a (1+aa+pb)?

iz 1+pb=aa K BILHDOT Gvof/ 0220 L 2. REICLT

0vo_ _ a{l4+aa—fSh)
ob {14+ aa+Bb)*
B 1+aazfb K BITHD Gvo/db20 L7z 3. A 84 a k) AR EBROWEIHAI

AT RIT I+ aa<lfb ARILT 2 L D& TILEYHIC
0V, R - 6Uu
oa >0, ob <0
Lz, BLEBRERE—ET 2.
KIS AR OEENT A TIZHS Pu=const=a OPE LH~TR D & UEHE v (T

k al’y
(1+aa+8Pe):
dv . a{l+aa—pPy)
dPy (1+aa+fADPi)"
BBIC 1+aafb HARHT v RO L RICHARML, Pr——2 IR TR
MO USEHLTH S HEERRERE S 8T 30EYMHS. L Pe=const=b »iPElL
,,_k_ﬂ_ ‘
- (1+aPu+Bb)‘3
o _ b{1—aPu+pb)

T dPp T (14aPu+pbp
BT 1+aa<lfb B2 EVTAEIRIICIE L 0, v ZREOHEITE BT W MICi b+ 23 L

=
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134 (BN G SR RY 5 = v r AN = F v okEE

S T T I T Uy

BV, HE L —#T2.

e () K 1+ aa<lfd FaRHRSE T3 Lo ThEENMIICIES BB LS -5
¥ 3.

RICERANITIE, pr=const ITL T Pr AR BZHSICHATIZIPLIZ (AT () ITIHR T~
FCHEMb, 7L rORKE 2=+ v AR RO KRB ICE L T —REHBRLT 3
B L (HBED—HEZTIDLEDT L VL, —BROBAEOKEMBR Y (1) OHHITE
F—x AL THHRT 2RI LMD L  THERTH 5. (KOTHROME Fkxhio
TH 5. HSWAERMITHTIZ(H) Kb Ebic
{a—x)(b—x)

=k TFafa—x)+Bb-NF (7

ExBhb, HOKITHNT
1+aa45b _ .
o =, (8)

Vi . ;

m= l\, (9)

JERe) (10)
EEFE (TN

C—x=Ky 1D

Ens. HMITKEHENCERT v XR®, ¥y PENTIE x &y EORICIZERBRRSRLT
~#ik 3. Fig. 12. Fig. 13. [ Table II. % Table XI. o&HUCH LT D OBIEEN

YL -
wf No.27. .
200 ' .

160

120

a0

40 - M -
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(D) RT3 = v 7 At s =7 v ¥ R (5 135

b DTHDOT, ﬂﬂ;’iﬁfta)géﬁ‘éE%Ji&té?éf%tikﬁ%ﬁiﬂ 2hTh z, Zitigpo st (9)K
OBRT 20 AT R TR FRIRSERE AN TH 2. (R)RiIHhixkxn C flihd a 8
BRI L B TS DD ZITITBEAKRE  T—E LMzl 6k \v.

KA R & AT LT IR E M~ 2 30 A 5. St B AT RESEIEA
WO cllE 0T, (4) it.lc A2 Pu, Pe kI x REEROARICSE LWL Hok
C RS Fig. 3. oA vy FNICAT ZIHIECRTED X EFH L LTRTOR
HW R cHOT, sNE e Vo, Vi ETIUS(HDRUITROM L FH S0 2300014 S.

, dx’ Vu. Vi

= =k’ 2
V=i K T a Vet Vap a
Ve pri=const. OFMEIT AT Vu=const.=a' & FiLir (I2)THidT
14+a'a” _ ., Vi L, Ve _
RE = T_l\ ’ T
EECHIL LY, AT
C’+VJ~:=K’)"

BBEND. =Fr o DRE—EORE b REECH 5. Fig. 14 & Fig. 15. 13+ Fig. 7 X%
Fig. 10. o 28ib: 2G50k L2 b0 THOTHEBMIRIIZ SN T b KBRzE 2L TH
2. 164 ] )

T 1T T T T T T 17
v 8 5
0F n
[ 8 -
AR No.28.
4 | -
¢ 4
o, ° -
2k -
i 1 [l | | 1 i ]
[T TN SN N W A T SO M )
0 20 30 <<, 10 20 30 %0 50 cc.
Ve T
Fig. 14. Fig. 15.

LB RO THEO 7 EERRE YU EiEO RIEBHE R TIGRIER T L ) X CRM2 NS b0
LELHAHES.

16) EREEOS M REREN T < T LEO N FRTH LN T BB ITRRHL BT UL
Fige 8. B Fig. 11 (RT3 v A P SERC 26 StORBIR P L2 M I Bk L 12 5-
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136 (BE#HD OH) KBRS = 7y A RBCKS =F v v kRN
% 3

AT MO B 5T TR~ Feilh ) RO TR S LTI IO & 0 % 95~ 3 JasHi 4
B, BROBICHE AT VL {BRLTH v _

%5 Taylor SHIKGUT KD ARIRILEOHIICNT =7 L v & kE L OB IHAEEH L
REDIKEL b b KI5 AUELHT 2 WMEdIhs. ™ —FHEOPEITE LTIE Marshall i
Lo SRS I NAOT, Y =7y kKRN DRI L OTHS b0 EEALN
BICE D™ ROTHNIC & 2 KIKITHT b, BRERNID: b 75 1L 2 L 7e RIS~
Yeih 2 RERICR THBRES TN 2 B B~ N2 HTH 2.2 RLAKLZITHT
2EEBMHIRZ RN 2N v, Bennewitz u. Neumann (ZEIG L MO THid 39X
TTo%ehs, MEFBRICHER D OTIMEEL RO —JriltoEikaliciks = » v
vm%mmum@%#%mﬁﬁfbotﬂ”Q@EEZE@&ﬁMémﬁLﬁ%mému%w

. ThBh BRICABERBITR TRENFEIL 2R TKRELE X AL, Z0E N~ shT

KRB & R BB ) = 7L Y E RIET 2 $ & LT H, 28184,
KED KBEIT A 3 DBROFIED 6 BATRL TR O L E~E. R D ITRERT
DBBLH 5 5 EB T 2 BITITEIC OKaal. BEN EOA TR = 34 ¥~ 8T 2 b0 LIEE
Li85™mb, KRR 2 KERIGIEMEMAIEC b DL k2. HICHD 5 EEHHI
ICHIE TR EERC S LW IS EIlAdE R 6Y. i Foresti Rz L 5= 571 5k
HRMO KBS L L L CRERICA TR S 0i% BRICHD TH B0 21l ko
ESICH L THhRHBRELH~2 L0 CH 5.

KICHMOBEE LCINEIT0> — BB ZITU A S AL, WARH: b 21 itk LC b
BT B R A~TH B OB KB LR T 2 CLEOREBEL AL, =7y
¥ & RFFEOFHRMICRAGS N 2R RSO B KFIRAOBA = F L o DB o
LOMEEEND & B~k b, MERROMANE S B 2 Wik USR5 k¥ & 5H
DETF L rEORICFHIN, BEHICDZ =71 LI RIOKREOW NG i+ 21122 b0
ELEBNEARORVHTSS. HOBREIMICTERTH 24, SR it 2 aHIns

17) "'H. S. *Faylor & A.-1.. Masshall, f. Phys. Chem., 29, 1140 (1925).

18) A. L. Marshall, J. Phys. Chem., 30, 34, 1078 (1926).

19) 1L S. Taylor & D. G. Hill, J. Am. Chem. Soc., 51, 2922 (1929).

20) 4, AZE 5, () 3. (RHSE) B

21) K. Beonewitz u. W. Neumann, Z. physik. Chem. (B}, 7, 273 (1930), 17, 457 (1932).

22)  A.L. Marshall, J. Am. Chem. Soc,, 54, 4460(1932), W. Frankenburger u. H. Klinkhandl, Z. physik.
Chem. (B), 15, 421, (1932).

23) M. Poianyi, Z. Elektrochem,, 35, 526 (1929), J. E. Lennard-Jones, Trans. Farad, Soc., 28, 343
(1932).

24) B. Foresti, Ateneo Parmense, 4, 401(1932), Chem. Abstract, 28, 3202 (1934).

25) V. N. Morris & 1. H. Reyerson (f, Phys. Chem,, 35, 1220 (1920)J0X i Ci3d 3 202 s 2
E~TDH3-
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Ohl) BB RG 5 = vy iR s =F v v kK (G 137
LOE LT HRITTT U ¢ F A EERE Wy BT 2B HA R, LIS I35 oo KGR
BT X ) WA, '

U=d—l\' ]\(Iul r

PyuPi

=k771+aPn+ﬁPE
Ei 2. 4 Pu=const.=a OHIPEEXE~THDE
dv ~a(l4aa)

dPy (1+aa+p5Px)? >4

Lih, WRICHD 3 Pr OMAPIIKDOT Y ﬁdgbu'r%%z:ﬁ"ﬂ'r%%b iz .

PO 8D b Ric BERES OB HICR TR~ BIR S ZER b L MINS. Wihd
WIS & ST A IC FHIN 2 FIARANC b R CH 5.

RICARR ORI RARDTFRE LB LTH BT, =Y ra BEYER LS O&LTIE
Rideal, ™ Klar,® zur Strassen™ $OFFHAEE R DO TH 34UED P Klar o2 1D —EfLk
EXUTHLE L =Y r L U TER L DD TH 300, EOMREELREZNILER
Ch D BB oEOWXLBGEE LT=r L BUT="rn « ¥ # o & iFL LTHOTE
D, ARRIRITHG B b O LIxE Rk CII M 3. BRI Rideal 5813 B> iH BEA:100°C.
BHHIEC 25 2 o b AR & T B IC LB AC I U, 7ur Strassen OTUEHLIER -10°C, 426 100°C. Bl
TCEDTH Y, BEOBikk b AFFO KR IHITIE b H Cdb 3% BT CIE LTH 2.
e s UUE Schwad o fERiICIvE™ _

d\ 11-
dt k}”1+;9P

En s, JLOBMIRILH « ITHBET 23U EDILS 5D ARFHICHRT 2 LML (i
PoREEWHINLT FL L 2OBICRESRTFIIND b ETE, FRIZWhic kLl F
vV rAR A RBOTFRERTHICBGESNIHEETIEHL 2 ), RHHOI L BhCHET
© B JEOWBGEAE Veass™ AWML BWUE LT 0°C. B 20°C. ICAT IR I KBTI L I
LIKEDLTHS. WHHI D2 EREDO REEEICH L TROMEKBA L R TH .
P =k Vi (SCVep100as)

JP 12 MDA 550 b B 153 IO BOBE Y, Vit 3 HEFRAOIREO 2R (FEH) Ve i
=7 v v OMRFER, S C 324 (Satuation Capacity) "€ 5. Pease OOfrelborss it
XREORAIEHICE R CTRREMCILD 2!, EMANTIIARPIHOMRE X { KL TE

26) A~ i¥M. Polanyi, Z. Elektrochem., 35, 561 (1929); J. llorfuti & M. Polanyi, Trans, Farod, Suc.,
30, 1164 (1934) . '

27), 28). 20) Bl 4) B

30)  G.=M, Schwab, 7. physik. Chem. CA), 171, 421{1934).

31 i 1) B
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138 (KiH) GHID BERIZRYT 3= 7y RAEH S =F v o KEiR

A et AL ot e . o —

N~

D, FOTEOREOHED FfA b & i 3.
zur Strassen ¢>§% YT L AL BOMETEIE % 100°C.BL I 0 3 & IHEKIE B BHIO kLR =7 L
YICBL RO a8 FRED M2 BE RBICES. Rideal OFUL S R5E40 46 Hid: 2B
¥H#LTH2A0L MRS, L Pease DWMITHNY 2551 L KEERIER 50 2 L (H LI
£12200°C. ) BRES =53 f- K MEICSER K HE R L TR 2. RUFHITH T b A BEGEIE L (1)
LEHWTENTHZE, REXWHT a & B DFEFIC/HE Caoks, WhcGlokE
R F v AACBL T TR AR T 2 HAMRAMACS . WD T oMENIMTIC Il CHoT
BEO TR D& ML BI T 2 ITEO M X U b %AW 2 Ko I Y M~2
FHRETH 5L 5SS, '
RITHEA O NP iR AL B W& LTIX Rideal 7% 1.8 Keal., Zur Strassen %7 4.6 Keal, # Bl
~NTH D, 3 Schuster ™ {Z =Y ra L UiiERcHT #3 Keal. {3 ChH%. 2oz
WS b REIRICIIT 5 — KIS OBIE RS 6 85 NI b P T B DT, KKEOWHSD
BIT¥L { RV hE B DTH 3. ABHICHRTI e 6 Kal k2 ItnMIcRTI
HACEWSE RIIN 2SS, ISERBIICAT 2BEEOIBIEI & 28 LT b b w
BRI ERNR . TRIT LT b BERED RIS — R RHK IS E W b B
DRI EOTHABRBIDCH L0, RFFEOM MR TEBELRLT 205258
WELBI K2 B2 bDLE~BNS.

R RIESEIE ORI D b I3 LA 2 MELKE OB THCBIL Tk, ABTAS I RTRIZES
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