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On the Chemisorption of Carbon Dioxide by
Reduced Iron. [II].

The Influence of the Chemisorption on van der Waals’

Adsorption of Carbon Dioxide at 0°C.
By
Kimio Kawakita.
Abstract

In a recent communication from this laboratory”, a study of the interaction of carbon
dioxide with the reduced iron showed that some of the adsorbed CO, molecules acted upon
the iron atoms according: to such a heterogeneous chain reaction as -

(i) Fe4(CO i =FexOy+(CO)ass
{ii) 2(CO)age =CH(COs)aqs.

Here in this paper the influence of the above-mentioned chemisorption of CO, upon van
der Waals' adsorption of the same gas at 0°C. is reporte.

Experimental Results: the experimental results are clivided into three classes: [A), [B]
and £CJ as shown in Fig. 2. In (B], the remarkable increase in van der Waals’ adsorption
should be foted. In Fig. 3® and 5 the resulls.are also shown in detail.

Some- Considerations on FEuperimental Resulli: if ¢ denotes a fraction which is covered
with adsorbed molecules, we have

i _
0, ‘iT B S — (1)

where N is Avogadro’s constant, and A, is the number of e]gmeﬁtary spaces and » the number

of gram molecules of gas adsorbed per tm? of the surface. Now we put
A
Q=08=al, =5 7 +errerseireurcarerrearersecreseasens {2
2 (k 1 N, J {2)

where ) is the observed amount of adsorption, § the whole area of surface and ¢ a propor-
tional factor.

If 'we apply Langmuir’s isotherm upon the value 6, we have the lincar relation between
p/@ and p, from which we can calculate the value of a. Then 8§ and N,S can be easily
evaluated from equation (2). ‘Table 8 shows the values of f/; and N.§ in cxperiments [AJ),
CB) and (C) in Fig. 2. -

In-{able 8, there are the fullowing relations ketween CA) and (B

By sisssssmgiesssissiis v s siee s CA=(B)
o i R TS —— [AJ(B)

The total number of the elementary spaces in the case of [B] is remarkably greater than
in that of [AJ, while the fraction covered with adsorbed molecules remains not so much influ-
enced, #, being always within o.go~o.g6 at 130 mm.

The Laboratory of Physical Chemistry Kyoto Imperial
University, Nippon July, 1936.

1) K. Kowakita, This Review, §, 89~116 (1934); Proc. Imp. Acad. Tadkyd, 12, 61 ~63 (1836).

2) The results of Exps. 8, 10 and 15 are similar to those gained by f. Howard (Trans, Farad.
Soc, 30, 278~287 (1934)) on the Cr,0y~11. system and those in R. M, Barrer and E, K,
Rideal {Proc. Roy. Soc. (A), 147, 246~217 (1935)) on the charcoal-l1, system.
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Fig. 2. —Influence of the Chemisorplion on
the Isotherm for van der Waals' Adsorption
of Carbon Dioxide at 0°C.
CA) Isotherm at 0°C. on the fiesh surface
of the calalyst,
(B} Tsotherm at 0°C. on ihe surface which
beforehand chemisorbed a considerable
amount of €O, at 300°~400°C. and was
evacuated at the same temperatures.
Isotherm at 0°C., on the surface which
Leforehand chemisorbed a sinall amount
of CO, and was not evacuated.
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a4 = Chemisorp- |, i R ‘Temper- =

= m / Expt. |tion of rgar- ;:mpual_lln. !aturepi:f T'_mc of
: ¥ 4 s Chemi- [Evacua-
- / No. |bon Dioxide omption(°C,  Eyaca- oo hrs.)
§ s ec. at N. T P.2OTPUOB(°C)ion (o, [Hom(hrs.)-
T 1 [0 : 0 2%
(e} /, 2 0.103 A60. 200 24
O g 3 0.426 360 360 24
s ] 1| o9 1360 100 24
g H 1.166 360 360 5
',;,' 2 I 1) (0] 1.877 360 360 10
= = 7 5.687 360 100 24
2w A " 8 74.609 420 0 24
= // ] (111} 0 74,609 420 260 24
™ = 10 B2.824 430 0 24
i Vil 11 89.324 430 260 8
= /"' 12 82.324 430 360 7
5 u || 13 82,524 430 - 450 24
= 14 52.324 430 460 24
zw 15 | 421345 440 0 24
= i 16 | 421.345 440 450 24
SV 2 40 60 88 180 120 140 160 INT G

P(Pressure in mm, of Mercary., )

Fig, 3,—Is_o_lhern15 for the Adsorption of Carbon

Dioxide by -Reduced Iron at 0°C. The Relation

between the Chemisorption and van der Waals'

Adsorption. '

(i) Tsotherm at 0°C. on the fresh surface of the
catalyst, %

(i) Tsotherm at 0°C on the surface which be-
forchand chemisorbed a considerable amount
of CO, at 300° ~400°C. and was evacmated
at 100~ 500°C.

(i) Tsotherm at 0°C. on the surface which
heforehand chemiso:bed a considerable am-
ount of CO, at 300°~400°C, and was €va-
cuated at 0°C,

(@) LR () () B (if) ok 45T
LD Y
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FERIEIEAi (2 TS 546 Table 1. IZ4LEY
¥otor i, (LR GORIE, BT TRIE
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Table 2.

Temperature of van der Waals’ Adsorption.--.-.0°C.

Q@2 vander Warls' Adsorption of Carbon Dioxide

cé.at N T I

P: Equilibrium Pressure mm. for van der Waals’

Adsorption.
Expt. FlQ
No. e £ [mm{{cq.)
0.140 0.1 0.671
- 0.338 0.2 0.592
0.537 3.5 6.518
0.920 234 112
1.065 39.8 37,371
1 1132 90,3 48.852
1.195 68.4 86.401
1,267 6.4 76.085
1.301 122.1 9:3.851
L30T 155.8 119.204
1.309 172.1 131,474
0,460 0.1 0.217
0,842 2.0 5.038
L.023 12.4 12.12]
1.179 23.5 21028
1.208 30.4 30,354
1.301 59.5 26,305
5 1,304 67.3 48.278
= 1,469 94.1 G4.054
1.605 106.2 70,565
1.522 121.6 70,805
1,542 137.1 £8.853
1.549 157.0 101.356
1.549 185.5 119.755
1.540 202,4 130.605
0.174 0.1 0,575
0.949 11.0 12,540
1.221 32.4 26.536
3 1372 a6,b 41.181
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1.409 72.9 51.739 1.185 163.2 137.722
1.432 89.6 82.570 1.212 184.5 152.063
1.501 111.1 74,017 1.221 204.4 167.404
1.503 133.8 89.022 0.358 0.1 0.279
1.526 130.3 98.493 0.680 0.2 0.204
1.548 148.1 108.592 1.311 3.5 1.907
1.574 186.6 118.551 1.748 15.3 9.925
1.574 197.3 125.349 2.009 337 16.775 .
U.383 0.1 0.261] 2.003 518 24,749
0.790 12,5 15.843 2.198 68,7 31.2566
0.980 22,4 23.367 Q 2.317 8.5 37.333
1.146 36.3 31.679 2,359 105.5 44,722
4 1.260 69.4 56.079 2,375 120.9 50,905
141 06.6 72.036 2.411 137.56 57.030
1304 118.5 85.007 2,431 155.6 64.006
1.394 139.3 099,998 2. dtid 173.5 70.414
1.404 161.3 114,886 2.464 187.8 76.218
1.407 191.1 135.821 2,464 203.3 82.508
V.06 0.1 0.246 0.377 R 12.4997
0.747 3.2 4,284 0.647 25.4 39.258
1.030 16.1 15.G31 0.825 19.5 60.000
1.200 0.6 25,500 0.928 65.8 70.905 '
1.331 45.8 TH4.410 10 0.957 82.3 87.834 .
1,334 5.6 40,930 1.051 96.3 01.627
1.391 7.5 48,526 1.050 118.5 107.481
L] 1.443 84.1 58.281 1.102 162.0 147.005
1.454 69.8 68.638 1.117 181.5 162.488
1.605 116.1 77.143 1.156 196.8 170,242
1.516 134.4 88.654 0.368 0.05 0.136
1.516 149.3 08.483 1.330 1.5 1.128
1.654 165.7 106,68 1.728 15.2 7.639
1.559 184.0 113.024 - 1.945 24.2 12,442
1.560 196.7 126.090 2.261) 47.8 21.150
1.536 0.1 0.187 2.957 61.8 26,444
0.937 6.5 6,937 1 2,470 75.8 31,193
1.098 16.1 14,663 2.450 90.6 36.980
1.176 28.0 24.810 2.400. 106.9 42.777
1.239 ané 10.721 2,505 | 123.1 49.142
1.336 51.9 38.847 2.546 137.5 54.006
6 1.407 G1.6 45.913. 2.875 152.7 59301
1.407 f1.8 £8.138 2,538 166.5 64.335
1,464 93,6 63,934 2.631 199.6 73.865
1.4%0 112.5 75.503 0,445 DR 0.295
1524 120.6 85:039 0.957 0.4 0.405
1.547 144.8 93.601 1.412 a.7 4.037
1.577 162.3 102.917 1.674 15.7 9.379
L425 1.0 2.353 1.860 5.8 15925
(1.820 6.3 7.600 2013 38,;’; 18.747
0.959 16.1 16.788 12 2,171 53.8 24.781
1.082 29.5 27.264 2.267 70,2 30.966
1.183 456,06 38.546 2.346 86.1 36.701
1.253 62.4 49,800 2.389 101.3 42.403
= 1.299 0.7 88.276 2415 118.1 49.317
¢ 1.337 91.1 (8,138 2.445 136.7 04.225
1.571 106.4 77.608 2.470 160.8 65.101
1.371 124.6 00,882 0.618 3.0 4,854
1.403 143.1 101.996 0.699 4.6 6.581
1.403 161.3 114.968 1.619 20.9 12,900
1.425 180.1 126,386 1.R18 20.0 21.452
1441 195.9 135.947 13 2.015 63.4 32.457
0,309 2.2 7.120 ) 2145 94.5 44.056
0.531 9.7 18.267 2,174 124.9 57.452
0,750 51.b 42.000 2.266 194.4 84,700
0.823 479 08.202 2.313 233.0 100.735
0.978 65.4 G6.871 0.696 3.0 4.310
8 1.036 86.0 B2.046 1.238 8.5 6.800
1.094 104,1 05,155 1.589 24.8 15.607
1.004 123.9 113254 1.747 40.8 23,851
1.136 142,38 125,264 14 1.872 67.2 35.807

‘
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2,004 91.8 . 45.808 0.993 149.0 150,050
2,142 119.5 55.789 1.013 131.5 179,171
2,142 151.7 70.829 1.035 1.1 200.005
2.9 176.9 79.434 D.410 R.A 20.013
2.245 201.4 89.710 0,711 30.8 43,419
0.332 5.4 16,265 0.883 54.6 61.835
0.573 25.4 44.328 16 1.948 82,2 78.435
3 0.727 41,9 57.634 1.993 137.6 112.827
2 0,859 67.2 78.231 1,426 171.7 140.163
0.919 07,0 105.550 1.975 205.3 161.020
0.937 123.0 131.270 -

Table 2. o5 BICHTHRATFR MK & Fig. 4. o icix 3.
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{b) Exps. 2, 3. SEEGIZHMT Fig 4.
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Exp. L. ©@ZiL kv bHis LRERL, A
FEET 0l 2 C Licins : F—othigeail
TLaLETLps. WILA—MRkicT,
BICH OB IE AR 360°C. AT Y1¢
B AR 1 € 360°C. (k1% 200°C) ThiL
i, {LEGEORPRML T 2
STO°C. (T T B van der Waals BT &2
DL WT 2D,

(¢} Exps. 4&7ICHT Fxps 4 % 7
IZHT KL L SoE DRI 360°C., HEIT
1< B EI2100°C. ¢H 5. I b RGESR
#2152 () L FREE -t Rl T
HBHT LHMD.

(d) Exps. §R1|SHMT Exps. 9 %11
3 (L B I L 92 2 420°, 430°C., %
OILZEIT G| < HIEIE IHT360°C. Th B AL

| BEEOEIEDS Exp 11, @ %4810°C #5

W, LB T2L Exp 11 OhAE
e TLTHS.

(e) Exps. 11 R 12CHT Ml
TEER RO 20 XITEI G { BT

B5. WHESICH] RO Fxp 12, -

DY FRERLTH 3.

(f) Exps. 11,13, 4R1BICET WHE
i AT B R F o R 3 DI AR IT T
¢ iBIECH 3. Bih Exp. 1112360°C., Exp.
1313.450°C., Kxp. 1413460°C. T, ill¥ ¥ Ex
2 2 AT EEAME F L, Esps 11,
13, Lok TP« Tl LT
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ZOXH5. Exp. 1613, REDRTIRIEE RIEEECH & MIC  ZBHE B4 T LSS
PIMILY, £460°C. CRELIVZOTH 2 h bt sBET- L £ RIC It E~5Nh,
W2PAOHME Exp. 1 X U §UESHHITU LA FRLTHKZIOCTD 3.

(g) Exps. 8, 10RISICET Exps. 8, 1015 (EBUAICREO B0 T2 51 ¢ B BEA2550°C.
CH 3. WAPAC IR EREBE, Fig 4. iipdtllasind, Exp. 1 kb b L ABKT
REXETZOTHS. WOEIEEIT Cr0,—H, RICFET J. Howard OFMASA RAHE—
H. ST R. M. Barrer % E. K. Rideal o7 REECH 5. '

$4. (CloBEILHT
(1) LBASEE T T ZBBICETOD 0°C. oM FHHEL:

W o
R EE YN AR T Y
3.2868¢. 440°C. 24lirs. 360°C. 7 24hrs,

Loz R E MO ZE 29727 #iJud Table 3. B Fig. 5. IERTHM{ITh S,
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Exp. 1 O#%XERES% 0°C. 12T 24 REIITERICS Wi iier 0°C. R THIER T Ok R TH

_ Table 3. 5. Fig. 5. 1Tt 5 Txps. 1 K
Temperature of van der Waals' Adsorptionsc e (°C 97 b ) Iy 3300 T BLLEETC B
Temperature of the Chemisorplion «.eeessee. +300°C » .
@ van der Waals’ Adsorption of Ca.rhon Dmml: . at \‘ wy: BE LMD
P: Equilibrium Pressure mm, for van der Waals' Adsorption (2) 360°C. I ThRiERED
Exot. |Chemisorption of P Re(ldeds FREMRMRITE B384k
P ICarbon Dioxide cc. Q Vg 1% ; 1
No. N TR ' (mm.jec)  BUPKGYE TR L THRREES
V.05 0.1 2,00 Al 214, e
a1 1 2004 BEMECHIHTBHE00°C
0.27 10,9 73.70 1) ’
1 0 0.31 2.8 8.’].3:1 ORITFRR _
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Fig, 5.—Tsotherms for the Adsorption of Carbon
Dioxide by Reduced ‘Iron at 0°C. The Relation
between the Chemisorption and van der Waals'
Adsorption. )
Exps. 1&0 ¢ Isotherm at 0°C, on [he fresh surface
of Lhe catalyst,
Exps, 2&3: Isotherm at 0°C.on the surface which
7 beforchand chemisorbed a small am-
ount of CO, and was not evacuated,
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Fig, 7.—Data for the Adsorption of Carbon
Dioxide by Reduced Iron at 0°C. graphed accord-
ing to the Langmuir equation,

F{g_ B.—Ixnata for the Adsorption of Carbon
Dioxide by Reduced Iron at 0°C. graphed accord-

ing to the Langmuir equation,
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Fraction covered with Adsorbed dolecules, 9, and Total Number of Elementury Spaces, V5.
LExpt. Q(ce) 1, NgS. Increase@@ or decreasel in NS
No. (at 150mun.). (at 150mm.). 10 x. compared with the fresh surface
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