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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 C(O), molecules acted upon
the iron ‘atoms according: to such a heterogeneous chain reaction as 7

(i) Fet(CO.)ass =FexOv+{CO)aas
(ii) 2(CO)ags. =C+(COs)aas.

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 reported.

Experimental Results: the experimental results are divided into three classes: CAJ, [B]
and [CJ as shown in Fig. 2. In (BJ, the remarkable increase in van der Waals' adsorption
should be toted. In Fig. 4% and 5 the results are also shown in detail.

Some- Consideralions. on Experimental Results: il 6, denotes a fraction which is covered

with adsorbed molecules, we have

N !
01 =%,; J}  eneecescecscenrersivscccensrcsanvencnan escsenaae (I)

where N is Avogadros constant, and ., is the number of elementary spaces and y the number

of gram molecules of gas adsorbed per cm? of the surface. Now we put

Q=7S=al —a—’-\\—,-, teaseteseensenseresacasenseeastesnns (2)

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

If ‘we apply- Langmuir’s isotherm upon the value 6, we have the linear relation between
p/@ and p, from which we can calculate the value of a. Then 6, and N,S can be easily
evaluated from equation (2). Table 8 shows the values of 0, and N,§ in cxperiments [AJ,
(B] and [C) in Fig. 2. ' )

In-iable 8, there are the following relations: between [AJ) and [B).

By et (A=)
NS ettt CAIL(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 0.90~0.96 at 130 mm.

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

1) K. Kawakita, This Review, 8§, 89~116 (1934); Proc. Imp. Acad. Tokyd, 12, 61~63 (1936).

2) The results of Exps. 8, 10 and 15 are similar to those gainéd Ly J. Howard (Trans. Farad.
Sac., 30, 278~287 (1934)) on the Cr,Oy-ll, system and those by R. M. Darrer and E. K,
Rideal (Proc. Roy. Soc. (A), 147, 246~247 (1935)) on the charcoal-l, system.
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Fig. 2. —Influence of the Chemisorption on
the Isotherm for van der Waals' Adsorption
of Carbon Diexide at 0°C,
(A} Isotherm at 0°C. on the fiesh surface
of the calalyst,
(B) Isotherm at 0°C, on the surface which
beforchand chemisorbed a considerable
amount of CO, at 300°~400°C. and was
evacuated at the same temperatures.
Isotherm at 0°C. on the surface which
beforehand chemisorbed a small amount
of CO, and was not evacuated.
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R Table 1.
::: ¥ —— 11) “Experimental Condition
. e
Z W iChemisorp- |, . [Temper- |
2 u v Expt. [tion of l'(l:;zn-- ']fe mperature nturepenf T','"c of
. No. [bon Dioxidel2f Chemi- lec)cua. Evacua-
13 / .. sorption(°C.} - tion(hrs. ).
S » 7 cc. at N. T. PP tion (°C.)
£ / 1 0 - 0 24
v 18
o / 2 0.103 360. 200 24
O i 0.426 360 350 24
c 4 0.609 360 100 24
5 5 1.166 360 360 5
T ou |1 (1) 6 1.877 360 360 10
= |1 7 5.687 360 100 24
ERT // L 8 74.609 420 0 24
= e (114 9 74,609 420 360 24
W Y " 10 82:324 430 0 24
™ pd 11 82.324 430 360 8
= /" 12 82.324 430 360 7
5o S 13 82124 430 « 450 24
< 14 82,324 430 460 24
e 15 | 421345 440 0 24
2 16 421,345 440 480 24
O 077w 40 w0 a8 100 1200 140 160 INT aue
A(Pressure in mm. of Mercary.)
Fig, 3.—Isotherms for the Adsorption of Carben Table 9,

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

between the Chemi&oyption and van der Waals’ Temperature of van der Waals’ Adsorption......0°C.

Adsorption. ] Q¢ van.der Waals' Adsorption of Carbon Dioxide
(i) Tsotherm at 0°C. on the fresh surface of the ¢ at N. T. I
catalyst. - e . .
- . } : Equilil > . Vi "aals’
(ii) Tsotherm at 0°C. on the surface which be- il Al;l:;: 1:;2:1 Pressure mm. for van der Waals
forehand chemisorbed a censiderable amount piion.
of CO, at 300°~400°C. and was evacuated Expt. )
atl 100~ 500°C. No. Q 2 (mm.fec.)
(iii) Isotherm at 0°C. on the surface which 0.140 0.1 0.671
beforehand chemiso:bed a considerable am- + 0.338 0.2 0.592
: 57 o %
ount of CO, at 300°~:400°C; and was ¢€va- g};g") ‘,‘351 qg'i’:'g
cuated at 0°C. 1.065 398 37.371
1 1132 8.3 48.852
1195 68.4 86,401
s gey fee eee - 1.267 96.4 76.085
(a) (1), (ii) XK (iii) DX 4 LB T 1:301 122.1 9,851
a: 3 1.307 155.8 119.204
| R L FR R P 1,300 1720 | 131474
FER T 3 oy e RERR 0.160 0.1 0.217
8 bt o i | EOCRVE | EAUEE | g™y 0.842 5.0 5.038
: o 1.023 12.4 12,121
G.4038g | woec. | 2w, | MECT 1179 25.5 21,028
2 1.298 39.4 30,454
— — - 1.391 50.5 36.305
o R o SR Z 7T O 7. 9 i}"é gil‘ 4§-27§
2 : - A6 . (4.06
BERIEIEA (L 2 CH 20> 0 Table 1. ITfLEMY 1.505 106.2 70.565
S, VIS 1.5622 121.0 79,895
Yok g, (LERRMOSOBIE, RARICsiC iE 1.543 137.1 88,857
e Tt 2 Tabdo D 14 ek L 1.549 157.0 101.356
BB Sae T 5. Table 2. (IBWEHE T 3. : 1.549 1855 | 119.755
. 1.549 202,4 130.605
0.174 0.1 0,575
0.949 1.0 12,540
1.221 32.4 26.536
3 1372 365 | 11181
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Fasg e SRR SRS RE (BB 205
1.409 72.9 51.739 1.185 163.2 137.722
1.432 89.6 62.570 1.212 184.8 152.083
1.501 111.1 74.017 1.221 204.4 167.404
1,503 133.8 89.022 0.358 0.1 0.279
1.526 150.3 98.493 0.680 0.2 0.294
1.548 168.1 108.592 1.311 9.5 1.907
1.574 186.6 118.551 1.748 16.3 9.325
1.574 107.3 125,349 2.009 33.7 16.775 .
0.383 0.1 0.261 2.093 51:8 24,749
0.790 12,5 15.823 2.198 68,7 31.266
0.980 22,4 23.367 9 2.317 86.5 37.333
1.146 36.3 31.675 2.359 105.5 44.722
1 1.260 69.4 55.079 2.375 120.9 50.905
1.341 6.6 72.036 2.411 137.5 57.030
1:394 118.5 85.007 2.431 155.6 64.006
1.394 139.3 99.928 2.464 173.5 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
0,406 0.1 0.246 0.377 4.9 12.497
0.747 3.2 4.284 0.647 25.4 39.258
1.030 16.1 15.631 0.825 49,5 60.000
1.200 30.6 25,500 0.928 65.8 .70.905
1.331 45.8 34.410 10 0.937 82.3 87.834 .
1.334 54.6 40.930 1.051 96.3 91.627
1.391 67.5 48.526 1.056 113.5 107.481
5 1.443 84.1 58.281 1.102 162.0 147,005
1.454 99.8 68.638 1.117 181.5 162.488
- 1.505 116.1 77.143 1.156 196.8 170.242
1.516 34.4 88.654 0.368 0.05 0.136
1.516 149.3 98.483 1.330 1.5 1.128
1.554 165.7 106.628 1.728 15.2 7.639
1.559 184.0 118.024 - 1.945 24.2 12,442
1.560 196.7 126.090 2.961) 47.8 21.150
0.536 0.1 0.187 2.337 61.8 206,444
0,937 6.5 6,937 1" 2.430 75.8 31,193
1.098 16.1 14,6653 2.450 90.6 36.980
1.17 28.0 23.810 2.499. 106.9 42,777
1.289 39.6 30.721 2,505 123.1 49.142
1.336 51.9 38.847 2.546 137.5 54,006
6 1.407 G4.6 45.913 2.875 152.7 59.301
1.407 81.8 £8.138 2.588 166.5 64.335
1,464 93.6 63.934 2.631 199.6 75.865
1.490 112.5 75.503 0.445 0.1 0,275
1.524 129.6 85.039 0.987 0.4 0.405
1.547 144.8 93.601 1.412 5.7 4.037
1.577 162.3 102.917 1.674 15.7 9.379
1425 1.0 2.353 1.860 25,9 13.925
0.829 6.3 7.600 2043 38.3 18,747
0.959 16.1 16.738 12 2.171 53.8 24,781
1.082 29.5 27.264 2.267 70.2 30.966
1.183 . 45,6 38.546 2.346 86.1 86.701
1.253 62.4 49.800 2.389 101.3 42.403
- 1.299 75.7 58.276 2.415 119.1 49.317
! 1.337 91.1 68.138 2.445 136.7 54.225
1.371 106.4 77.608 2.470 160.8 65.101
1.371 124.6 00.833 0.618 3.0 4854
1.403 143.1 101.996 0.699 4.6 6.581
1.403 161.3 114.968 1.619 20.9 12.909
1.425 180.1 126.386 1.818 39.0 21.452
1.441 195.9 135.947 13 2015 63.4 32.457
0.309 2.2 7.120 ’ 2.145 94.5 44.056
0.531 07 18.287 2.174 124.9 57.452
0.750 31.6 42.000 2.266 194.4 85,790
0.823 47.9 58.202 2.313 233.0 100.735
0.978 65.4 06.871 0.696 3.0 4.310
8 1.036 85.0 82.046 1.238 8.5 6860
1.094 1041 05,155 1.589 24.8 15.607
1.094 123.9 113.254 1.747 40.8 23.354
1.136 1423 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 1.013 181.5 178,171
2,142 151.7 70.822 1.055 211.1 200.095
2,227 176.9 79.434 0.419 8.4 20.043
2.245 201.4 89,710 0.711 30.8 43.319
0.332 5.4 16.265 0.883 54.6 61.835
0.573 23.4 44.328 16 1.948 82,2 78.435
13 0.727 41.9 57.634 1.225 137.6 112.327
0,859 67.2 78.231 1,225 171.7 140.163
0.919 07.0 105.550 1.275 205.: 161.020
0.937 123.0 131.270 - g
Table 2. ORICHETRIFHFEME I & Fig & omick 3.
I ‘ | i (b) Exps' 21 5! S&G'Cﬁt Fig. 4.
v — bt R IRT, Exps. 2, 35 % 6 OBGHARERIE
2 : —t . -
i /i/,/""* O Exp. 1. ozh kv Mz EERL, A
® B I s ey FECETI] & T 2 1TI3HE T A~ L
2 DTS = .
“ Vit N ThzTceTH5. WHRA—RikcT,
,: / // i %’ 1 B RIEAEHR 860°C. JEITTI(
NNy A= | iBIEAFA L < 360°C. (R 200°C) ThHL
= | | A L (LEERGEDRAMINLT b ThuC &
= u */ /// . STO°C. (IZ# T 3 van der Waals B 752 &2
N P DIEE NI NT & AR
3 A/ B (¢) Exps.4R7ICHT Fxps. 4 % 7
£ w o~ 12 & LA SISO K 360°C., TZIT
g Y, ool 31 REEZ100°C. T 3. b b BAEE
B ATk gt AR () & FIES < Fl—MhERE R LT
L 1 IENELE < _ DTT LHRB.
5 p oy R i N - - ‘
2 u’» e (4) Exps. 9RINRT Exps. 9 %11
I/ EZE: [ 12 LB 5k % 420°, 430°C., %
3 é P DI g T 360°C.TH B B
5 » / %9//5* . BUAIGROIRIES Exp. 11, D5A10°C #
5 o /44 i v, WL HET22 Exp 1l Ob8E
SN/ B RETLTHS.
[
M (e) Exps. 1R I2ACHT AECH
) T cumrroRr zoR RIS R
| 3. WHIETH] CHMO R Exp: 12. -
cbmr | aBpS | ebmd | eppn! OFb A FRERLTH 3.
aF1p.2 + lr;xlxﬁ & Expl0 w Expj4
of TP e lme TENE - (f) Exps. 11,13, MRISICBT MHilE
L b, CRTHRCHEREO R 3 ORITECS]

A(Pressure in mm. of Mercury.)
Fig. 4,—Isotherms for the Adsorption of Carlon
Dioxide by Reduced Iron at 09C. The Relation
Letween the Chemisorption ‘and van der Waals’
Adsorption

i TH B. B Exp. 1112360°C., Exp.
1313450°C., Exp. 14{3460°C. C, B ¥ &
i 2 L AERIGEEEAME T L, Exps. 11,
13, 14OREICBRAESREMIB 2 TR LT
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ZOEHS. Fxp. 1613, BREORTIRIE L R E CFh & RANGE { ZBHMESHE ¥ L BRGE
¥IHIL Y, #£460°C. TRELH WD TH 20 bR 2BHT-Y £ RIc ki 25~bh,
WinPEOHT Exp. 1 & ) SBGFESHBIT LA THRLTRZOTH 3.

(g) Exps. 8, 10R1SICHT Exps. 8, 10% 15/ (L SUAHGEO O T4 1B A 230°C.
CHB. WAPAITEPAGFREL, Fig. 4. i Tcillzasimd, Exp. 1 XD b LABEKT
B 8T20CH2. HoEERIREIC Cr0,—H, RiT#T J. Howard O ek R AR —
H. FicitT R. M. Barrer % F. K. Rideal Ofifcki e REECH 5. ’

§4. (CloBEILHT
(1) (LBAYIEX T T 3 MBICHTO 0°C. oML
WA @ R i

He Mok | B X B & | 2 o W M * K B 4 B M

3.2868g. 440°C. 24hrs, 360°C. T 24hrs,

EREOM 2 REEE U ZIGWE 21T 07, #5IUL Table 3. & Fig. 5. ITRTHMmick 3.
Exps. 1 & 1 13T BUIOGE LTI E 2 EMIITETo 0°C. oM %8 cd b, Exp. 17 13
Exp. 1 D#%FERS Y 0°C. 12T 24 BEIIERIT Wit o 0°C. ICTHER T Ok R Td

] Table 3. 3. Fig. b.itidF 5 Exps. 1 &
‘Temperature of van der Waals' Adsorption..sevesrerciniiraiens 0°C 17k b |&;‘§¥iﬁ%}}%liﬂ]ﬁ§gﬁ’yﬁb
Temperature of the Chemisorption «eeeeereeiieisacrainee coee :+00360°C .
Q: van der Waals’ Adsorption of Carbon Dioxide cc. at N. T. P, 2T &ﬁ*ﬁ%-
P: Equilibrium Pressure mm. for van der Waals’ Adsorption (2) 360°C.ic BTEEED
Expt, |Chemisorption of P BRI % FRERASIITE Bl
l\’fp ° |Carbon Dioxide cc. Q P /Q Y . "
% lat N T P, ' (mm.fec.)  BUPIKGE E AL L THITESR
0.05 0.1 2,00 ey s o
0.2 6.1 29.04 BEREITH LT BHA00°C
0.27 19.9 73.70 1) e -5 .
1 0 0.31 25.8 83.23 DRITAFIER ,
0.37 70.1 189.45 Tixp. 17 o 0°C; CF HEZs
0.38 108.1 284.47 p ‘Dé:( IR
0.40 124.8 312,00 ¥ESRRICTI 2 TH, 360°C.
0.43 1782 | 41442 - 9
0.11 1.0 8.57 [ et 11[!,..:@.‘ anc rﬁi{ﬁ‘{’ |Clj]4
0.30 22.1 66.97 - HE 1T~ — oA SR
i 0 0.35 58 | 1pas  SSOMBICTIRGRROLS
0.37 045 265.41 MW ke 4T % v SFL 1
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Dioxide by Reduced Iron at 0°C. graphed accord-
ing to the Langmuir equation.

Fig. 7.—Data for the Adsorption of Carbon
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ing to the Langmuir cquation.
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