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On the Sorption of Hydrogen by Reduced Nickel, IV.
Velocity of the Sorption of Hydrogen by Reducéd Nickel.
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Abstract

The velocily of the sorption of hydrogen by reduced nickel was observed for 9o minultes
except the first 15 seconds after hydrogen was introduced, amd curves for its velocities were then
obtained. These curves are perceived lo consist of three parts, (1) (2) and (3); that is, these
curves bemd their courses at two points, {a) and (b), as shown in the accompanying diagram
(Fig. 3}

(1) The results from the observation of the sorption velocity at 21% under various pressures
are shown as follows : (i) the necessary time to reach the point {a) is about 1 minute in every
case, and the inlluence of pressure was not clemly perceived ¢ (ii) 1_'I'|e relalion between the
pressure and the quantity of the sorption at (a) is fully in accord with the adsorption-formula
given by Langmuir; (i) the time required for the sorptiun to reach the point (b) is hardly
observable when the pressure is lower than 10 cm. or so; and (iv) if the tempemture is constant,
the velocity of the sorption, —"4—'!,. in the region between (a) and (b} can be expressed by (he

dt
following formula ; '

where p is pressure, and both A and n are contants, .

"I'he present author considers that the first kind of the adsorption described in the report 1V
corresponds fo the sorption in the early stage up to the point (a). and the .second Kind of the
adsorption deseribed in the same report corresponds to the sorption after crossing the point (a).

(II) The vclocity of the sorption was observed also at various temperatures between 02 and
100 with about 25 em. of pressure, and results show that the necessary dime to reach the point
{b) is halved when the temperature increases by 16° or so, but the point (b) at 70° and 100°
was not clearly observed.

(I1I) All the above cxperimental results may bz explained by the way of consideralion that
the sorption in the early stage up to the point (a) comesponds to’van der Waals adsorption
and that the sorption after crossing the point (2} corresponds to activated] adsorption. As to the
intemal diffusion which continues for a long periokd, it was already explained in the previous
report.
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Table 1.
Sample,sse-Reduced Ni from 9.68%0, Nickel Oxide
Sorption Temp,eee.es 21°, Roum Temp..eses 21°40.5°
Expt. No. | I ¥ Y
o~ 10.84 14.46 10.44
fime. press. (cm.) mrbc(‘: :5:0““‘ press, (cm:}) ’Scrb‘:z::';w""r press, (cm.) 'm"maz_';wun'

min. 15sec.| 2026 497 2).59 4.88 12.84 4.3

31 28 08 5.15 R4 5.00 B} 3.07
1 70 33 19.89 27 24 25
1 30 a3 45 71 3% 06 34
2 35 56 57 46 11.94 40
2 30 17 67 45 53 80 46
3 03 Y 31 ()] (13 a3
3 0 27.91 84 — — 58 a7
4 50 0l 11 71 46 62
5 39 6.05 13.1 82 28 70
6 a7 ' 19 71 93 08 g
T 17 Ul i 6.05 10.92 88
8 10 36 41 09 80 - 94
0 03 41 32 14 66 6.00
10 26,96 45 26 18 22 07
12 a1 48 12 25 28 17
14 86 5l 06 27 18 23
16 8a H3 17.97 34 07 28
18 &0 ah 93 56 10.00 31
20 78 a6 H 37 9.94 34
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25 73 g | 85 40 84 38

30 a9 62 78 44 77 42

10 - 63 65 71 47 70 45

1) B . 58 68 67 50 66 47 ‘
60 - — 64 | 51 60 49

0 52 72 61 3

50 - — " o58 54

20 47 75 85 56

* The sorbed amount is the volume redunced to N,T.1%, and so forth throughout this paper.
Table 1. (continued)

Expt. No. ) | i | K
11, adinitted, = s

2 (cc.) 7.18 5.64 , 3.85 .

. . fsorbed amount . [sorbed amount] sorbed amount

time. press. (cm.) (<) press. {cm.) (cc.) p:ess. (cm.) (ec.)
min., 15 sec. 6.12 4.77 2.56 4.68 0.00 3.55

30 5.57 5.00 21 81

1 22 14 1.96 a1

1 30 00 24 80 97

2 4.48 29 2 5.00

2 30 76 RE - —_ — :

3 68 37 68 06 I

3 30 60 40 — - '

4 54 3 30 09

b 43 47 40 12 |

] 25 5D 32 15

7 13 a9 —_ —

8 03 63 20 20

9 3.96 66 — —
10 83 71 10 24
12 71 7 ) 2 20

14 36 . 82 0.04 30

16 41 91 88 a2

18 27 04 82 3

* 20 18 98 76 36 J
25 = 0 6.04 68 39
30 287 10 60 42
40 72 16 18 47
50 61 a0 40 50
60 56 22 — A==
70 1 23 34 92
80 . 47 25 _ —_
90 44 a7 41 a3
— W —
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(BRG) Bit= 2 rkBERF-RTERR) 51
Table 4.
Temp. 0°
11, admitted. i : ;
2, 20.67 (1 17.15 (2
(cc.) 1) 5 (2
tiine. press. (em.)  sorbed amount(cc.)) press. (cm.) jsorbed amount{cc.)
min. 15 sec. 99.09 6.55 24.41 .24
30 62 75 01 57
1 24 5 93,72 a3
20 16 7.08 - —
2 09 10 50 s
3 30 00 | 14 41 90
3 28.94 19 35 93
8 20 90 ) 31 95
4 84 25 27 98.
b 74 31 19 7.02
K 68 o 13 - 05
7 62 9 05 10
8 a4 42 23008 14
9 32 . 45 o6 15
10 18 49 93 17
12 C 36 55 77 25
14 a2 62 63 30
1% R 68 59 35
18 2 7, ' 53 38
20 27.93 80 46 42
95 70 92 7 52 .
30 47 808 06 63 :
40 12 28 1 21.72 82
50 88 43 48 9%
70 72 he 17 8.11
a0 67 55 d 09 17
Table 4 (conlinued.)
Temp. ' 60°
T, admitted, E :
- | 19.67 (1) 1643 (2)
time. press. (em.)  |sorbed amoumt(ce.) press. (cm.) fsurl:ved amount(ce.)
win. 15 sec. 29.50 B8R sl 5.85
50 28.86 27 25,03 ;5,20
1 35 A6 22,98 42
10 41 55 85 49
a 35 58 76 a4
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2 30 83, 60 72 T
3 23 ling 68 5
300m | 85 A4 1.
4 20 - 67 60 63
5 16 5 52 67
t ) 54 2 18 70
7 Y 75 42 73
8 02 78 36 76
a 00 79 32 78
10 ‘27.98 81 30 T
12 a5 83 24 83
14 a0 85 15 86
16 85 88 14 88
18 81 90 12 89
20 81 90 10 20
) 70 97 03 94
50 64 7.01 21.85 08
10 5 H 87 7.04
50 40 09 77 08
70 38 18 66 4
a0 29 2r ad E1)
Table 4. (continued.)
Temp. 100°
TL admitted. = Z
e 1867 (1) | 16.77 (2)
time. press. (cm.) Isorbed amount(cc.]| press, (cm.) Forhed amounl cc.)

min. 15 see, 98.08 | 53 24.69 - 5.80
30 97.80 84 30 97
1 55 6.04 11 6,13
1 30- 37 15 23.03 23
2 a7 21 73 H
2 30 15 28 68 37
3 06 33 62 10
3 30 26.97 39 54 44
4 93 41 15 50
5 83 47 35 53
6 7 53 22 2
7 a3 58 11 68
8 57 (2 22,08 75
a 51 (1] HlH 7
10 45 G9 02 79
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12 36 74 73 88
14 34 7 69 - 91
16 28 80 60 68 -
18 20 84 54 929
20 12 88 48 7.03
25 25.98 7 M 10
30 90 7.02 17 19
40 68 14 00 29
50 52 22 21,87 36
70 02 M 64 48
90 14 45 45 a8
[ig. 8.
- 4 25cm. ITIEWEETT, 10°, 30°,
" — 40°,50°, 70> i A a MO E L B
I L7k dg e Table s @ <
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) | e L Table + O¥ffi ¥ P RHUT, B
E P il OWEAH 25 em. B3I 0°,
= 10°, 21°, 30°, 40° 50° 69°,
% - 0% 100° S0 S B iR
7 i Fig. 9 o td3.
e
) s+ (1) Fig. 9 %R3ICa(20°, 10° 21°
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2 o]
iy =) BOBCLHCEEV. La LI
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? BT aiTET3ICEY 2R 5
J {THRCERT 2 LM TER v
TeBiT, TORHEEESOREN
W0 B W0 6 W @ 10 8 80 10 BlRkilac 2 TERMDR.

Time in minutes.
Wbt —T s & B ORB R 7 k8t + Kic b 2 70° kT 100°0 koS-
& B L I W EIR D X DB LHTCES.
' A biciETacET oL HIE
LDBIEERBL Table6 D2 HEEHBEIE. L b CET2ICET IEMITEKS 10° F
BRICAMNLREERERS.
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Table, 3.
Temp. 10° l 200 400
a itde 1 - g i
=i 17.87 16.78 16.48
3 rbexd amount| sorbed amount sorbed amount
time. . | press, (cm.) rﬂ (cc.) press. (em.) (<) press, (cm.) ()
min. 19 sec. 25.92 341 V24,57 5.66 24.31 5.74
a0 58 - 61 B 86 9:3.89 97
1 34 75 R 6.07 23 6.34
2 09 i 21 4] 2 .54 71
3 24.91 6.02 22.80 66 ag 85
1 5 11 " 50 82 14 02
H] 63 18 31 92 11 95
6 53 27 18 99 08 26
7 45 29 14 7.01 3 99
8 31 36 T2 03 . 00 7.01
9 22 42 09 04 21.96 03
10 13 - 47 07 9 3 04
i2 22,93 . 5B .03 08 91 05
.14 : 72 71 21.99 10 88 07
16 65 75 03 13 85 00
20 42 89 89 15 70 12
95 22 7.01 84 18 78 15
30 13 05 82 19 70 I7
40 06 11 T 24 65 20
50 29297 15 68 31 55 24
5 0 . 19 62 3 50 o7
90 88 20 56 & 44 54
"lable s. (continued.)
Temp. 50° 70°
H, admitted. 18.53 16.65 *
(ce.) e )
time. press. (cm.) Isorbed amount (cc.)]  press. (cm.) ‘surhed ainuunt (cc.)
min. 15sec. - 28.08 5,86 24,81 6.32
30 27.42 6.25 43 52
1 26.74 62 25 62
9 93 i %] 73
3 18 81 23.92 79
4 35 36 87 82
5 ‘33 - 87 82 84
6 31 £9 i 87
- 30 §9 T3 89
8 " o6 a1 69 02
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Quantities of 1lydrogen Sorbed in cc.
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Time in minutes,
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0 23 03 67 92
10 20 95 63 94
12 18 4TH 8 0 ki
14 15 08 55 ay
16 12 99. 49 7.02
20 05 7.03 37 08
25 00 0n 35 00
20 25,98 .07 29 13
40 88 13 16 19
50 82 18 07 23
70 72 22 22.94 3
a0 66 26 85 35
Fig. 9. Table 6.
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