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   ON THE ADSORPTION OF HYDROGEN ON POISONED 

                 NICKEL, [II). 

                           By Suuu-tcuuco It)mtn. 

    7n his preceding repor[,'t the author investigated at ]ow temperatures [Itc 

adsorption of hydrogen on the reduced nickel poisoned with cyanogen. I-Ic made 

clear the felatlnn5171p between Chc degree of poisoning :utd [he adsorbed amount 

and that between the degree of poisoning and the adsorption velocity- consGint, 

and found that the poisoning of reduced nicl:e] had tendency to start at and spread 

gradually from the part of the larger adsorption velocity. 

    1'hc present research has been done with respect to both the adsorbed 

amount and the adsorption velocity of hydrogen on the reduced nickel poisoned 

with cyanogen, carbon monoxide, or mercury at zo°C. 

                             Experimental. • 

    The apparatus used and the procahtrc were the same ns those mentioncvl in the prr 

ceding report.°t 

    Materials. 

    (a) Reduecel nickel and hydrogen. The method of prepm•i~i~ these hro were reported 
in another paper:'t 

    (h) I1Icrcnry. Ittercury swan fully svasLeJ by the ordinary method and purified by 
vacuum distillation. 

    (c) C}'ano~en and carbon monoxide. cyanogen u:~s prepared by the methal mentioned 
in ltepor[ (I),'~ and aldnn moiurxide h~om oxalic acid am.l coneentratnl sulphuric acid by 

Moser's• mcthod'~ 

                        Experimental Results. 

             (I) Influence of the Poisoning with cyanogen. 
   1n order to poison reduced niche] with cyanogen, hydrogen adsorbed on it 

ss•as desorbed at ?3o°C. and over it a known small quantity of cyanogen ssas 

passed. 

    Pressure•Time Curve. 

   The adsorption velocity of hydrogen on a new reduced nickel at ao°C . o•as 

     i) lijtma, Rr~. Phpt. Chem. f:fnn, 12, rqS (r933} 
    2) lijima, rfirb, 12, r (rg3S). 

     3) lfrser, " /fi< R<indmst<llarr,{r vnu Gnreu."
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1•.xlMrinMnt
Nn.

QuaMily, x, of
cyan0gcn

(cc.)
~- C f e (mn.) 7t1o6 kt

0 0 o.o35a 0.695 I3.3 L094

0.09 0.0747 0.677 I3.71 IA6l

z odI oa6,;q 0.fi56 I7,fiS Loo3

3 0.35 0.0639 o.Szq I9.3 t 0.345

4 1.7z oo93a tam zi.o7 o.5;z

5 z.3z 0.0397 1.377 21.16 0.359

6 4•z7

Adsorbed Amount-Time Cur~•e. 

The relation between the adsorbed 

4) As fo the quantities, sec Relrorl (I) (Thu

amount and the time 

Journal, 12, tq3 (rq;8)}

was obtained from
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that beriveen the pressure and [he e 
                                                                                           n~ 

time sho)vu in Fig, t by the method ~ ' 
a V 

already mentioned=~ The relation ° 

obtained is shown in Pig. z. The ~~ ~ ' 
                                                                              ~ r

."i 6 total ads'orbcd amount after t9 boors .~F, ' 
                                             `-z 

is decreased with increasing poison- rte- a 

ing. n x • 

5 

                         a ,     Th
e Rate of Adsorptimt. 

     It has been already reported'[, ° n ,o .n an m w cn nr-i N4 ,o sn 
hy- the author that in [he case of 't'ime i° n,(nme (h..ur} 
adsorption of hydrogen on reduced Pig. 

nickel the (ollotving relation holds: 

           P-P. 
where t is the time elapsing from the start, p the pressure at time t, and K and 

C are constants, being 

       h= ~'~flr x--- 1 

and 

          c-log n., ...................................................... (3)                  r
o-nr' 

where /re is the equilibrium pressure, ~o the pressure ir-hen t=O, and k, the 
velocity constant of adsorption, and /,•' and ~~r the constants concerning the space 

and the temperature in the vessel 

    \\'hether this relation held or not in the case of the adsorption of hydrogen 
on reduced nickel at 20°C. was e~amincd by the method already mentioned, i.e. 
the presence of p~ to satisfy the linear relatiat bMween log 9 and t was es-

                                             P-F. 
amined. In fact the value of pr satisfying the required linear relation was 
obtained regardless of the amount of cyanosen ('T'able I, the 5th column). The 

linear relation thus obtained is shown in Pig. 3 This fact proves the applica-

bility- of equation (() in the present case." 

    The Velocity Constant of Adsorption. 

   From the values of K and C obtained from the diagrams showing the linear 

     $) The applicability of equalimr (I) war cxnmined by the adsorption w9,ich lasted for 7-g minuses 
after the scan. The t~docity of the adsngaion lasting further (s so small that i[ a inappropriate In 
mgard the dtcreau in prcssurc at xo'C. m adsorption only. '1'herc/ore, it has been omitted to examine 
the appuc..biriy to ore adsorption laming further after ~-g minutes.
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Fig. 4. In c. 

straight line.

where rs and 

the adsory~tiol 

temperatures.

n

  -'u 5 10 U 5 10 O 5 IUU a lU n ~ IU. u 5 10 
                       'l'ime in minnlc. 

                           Fib,. 3. 

een lo} ~ and t, [he velocity constant of adsorption k, was cal-
     P-P. 

dint to equations (?) and (3), which is given in Table I. 

the values of log k, (ordinate) and the quantities, s, of cyanogen 

 nickel (abscissa), a graphical relation was obtained as shown in 

nse of a small quantity of cyanogen, each ],oint is nearly on a 

In other n•ords, the following relation holds between s and ~•, ; 

}9 arc. constants. As already mentioned," the same relation held in 

1 of hydrogen on reduced nickel poisoned .vith cyanogeu at low
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    The Adsorbed Amount and thellegree. of Poisoning. 
    The above-mentioned measurement was made }vith respect to an adsorption 

velocity favourable to the nlcasuremcnt. It is evident from Fig. z, however, that 

there is any instantaneous adsorption (activated adsorption)e~ which has much 

lamer adsoryltion velocity. "Phe adsorbed amount, 2, of this instantaneous adsoty-

tion }vcre calculated as in report (I), }vhich are given in the sis[h column of 
Table II. 

    The sums of the amount of [he inskuttaneous adsorption and the amount, r, 

of cyanogen are given in the last column of Table II. 

                             Table II. 
                     ILednad nickel ..... Prepnred lrom S3gggg. of nickel oxide. 

                       d+=[.SSox[o-~. kn=s.[39x to-~.

(1939)

Experimeol Quanlity, x, r rsa er_rr
Nn. of cyanogen P (cm.) rs„ (cc.) rso (~) (cc.) ~ ats (a-)(cc)

n a 23.53 n.o3 tS.Go q.52 q.5z

t ooy z;.7o u.t5 t&55 440 449

z oqt zz.6g to.5f~ xq-63 q.tz 45 .3

3 o.3S zz.7z co.53 tq.z8 3.7o q.SS

4 i.72 zz{f to.go t3.t7 z-77 449

   G I qz.8' 2zo9 to.zz rzr; i oboe 4~7 
       ~ 06taincd di rccny (mm 1'ig. z 

   The relation behveen poisoning and the total adsorbed amount after tg hours 

is given in Table III. 

                                   '1'
aLle III.

           Experiment Q"=ntity, s, of --"~"" 
             A'n. cynnogen AeLcorbed                      (ca] 

A ( 

            0 0 7. 

               r o.09 7. 
                  _ o.qr 7. 

              :. o.SS 4 

             q t.7z 5. 

               5 z.Sz 3. 
             4 q.z7 z. 

   The total adsorbed amount after 

    L) A greaser part of this in5lantaneons adsorp 
adsorption is included io it.

'P
utal adxod~ed amomrt aftnr

I9 hours.

AcLcorbed mm~uut Prusmre
A (cc.J (tm.)

7.40 tS.39

7•.i5 rS.Fio

7•07 t7~4o

fi.59 t 7.5!

5•'•-g 17.93

3.SS t&63

z.zq I9J5

19 

lion

hours 

is an

s' Atx 
  Presmrc (cc.) 
   (tm.) 

   tS.39 7.40 
   rSGo 7.44 

   t7.go 7.q8 

   17.56 7.47 

   17.93 7.00 
   x3.63 G.7o 

   t9J5 6.¢ 

 decreased as tLc amount of 

activated adsorption, but van der \Ymla'
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cyanogen was increased. Fach sum of the adsorbed amount and the amount of 

cyanogen wars nearly equal to one another so long as the amount of cyanogen 

was small. This {act and the fact shown in the last column of Table II show 

that dzcrease in the adsorbed amowrt of hydrogen due to poisoning is limited 

only to the amount of the instantaneous adsorption in that case. 

          (II) Influence of the Poisoning with Carbon Monoxide. 

   The poisoning of reduced nickel with carbon monoxide was made thus:

reduced nickel, being desorbed at 

28o°C., was cooled and over it 

was a knoum small amount of 

carbon monoxide introduced. 

    Yressnre-Time Carve. 

    The relation between the pres-

sure and the time is shown in 

hig. j. In the figure, o indicates 

the curve for a new reduced nickel 

and the figure i and upwards in-

dicate the curves obtained with 

increasing amounts of carbon 

monoxide. The total quantities of 

carbon monoxide which has poi-

soned nickel are given in the 

second column of Table dV. It 

must he considered, however, that 

                     Reduced uickel......P 
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          'l'ime in minute (Iwur). 
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 I V. 

from [go_9r g• n( nickel oxide.

19 ±n

Expcrimenl
No.

Quanli[v, s, of
carlxln monoxide /." C P, (cm.J 7 tlog ~'i

~a•)

0 0 o.O9to 0.388 14.z9 1.645

1 no7 0.0905 0.390 14•z7 1.5.;9

o.3z a.o8G8 o4oz 14.50 1.503

0.79 0.0881 o46z 1551 1.415

4 1J7 0.0858 0.5z1 16a 5 t.3z7

5 345 0.«]03 0.595 [ 7.00 Li9q

6 6.97 o.uo9 o.78t 18.5z 1.097

7 13.13 0.1070 1.09] 19.45 o.7z8
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the amount of carbon monoxide which has poisoned nickel is in practice smaller 

than these, because carbon monoxide is gradually desorbcd by degassing at z8o°C. 

prior to the experiment, as will be mentioned later. 'I'hc nickel used was lirc-

pared from to.o?9t g. of nickel oxide and pressure was about zo.g cm. t minute 

after the start. 
                                             Iz 

    Adsorbed Amount-T[me Curve. 
u 

    From the relncion shown in liar. " 
                                                 l0 1 

5. the relation behveen the adsorbed 5 
                                                                                      •-. 'J 4 

amount and the time was obtained, r: 5 
                                ~a 

which is shown in Fig. 6. z -

                    u r a 
    The Rate of Adsorption and the                                                 C G 

Velocity Constant of Adsorption. _ . 
                        ~ t 
    To the adsorption velocity of `o                                                ~

.1 
hydrogen on the reduced nickel poi- ~ 

T Boned tvith carbon monoxide equation '~' 

n (1} is applicable. The relation be- ~72 
twcen log P ,~, and t is shown in            P - /'4 
Fig. y. The velocity constant of ad- "o l0 20 ao 40 5o so ro--ls ), xo 
sorption d•, calculated as before, using 'rime hl mimlle (boar} 

the values of If and C of equation I~Ig' ~' 

(1) obtained from Fig. y is tabulated in Table IV. As seen in the tible, d, be-
comes smaller with increasing poisoning. 
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    The~lleaorptionof Carbon hlonoside. 

    Carbon monoxide. poisoning reduced nid.el is slowly desorbed by degassing 

at a3o°C. This (act is proved from the comparison of the adsorption velocity of 

hydrogen measured after the degassing' of the poisoned nickel and that be(orc 

                               poisoning. In Fig. S, [ is the curve of the 

u 

                     [ adsorption velocity measured before poisoning, 
  io 

r and 2 and others are the curves of the 

• ' c adsorption velocity measured every time each n
: + 

i~ a of the under-mentioned degassing was done 
z 

                      a in order, after tl[e reduced nicl:cl was left 
.__ ~ alone at room temperature for one night with 

~ ~ z addition of a pretty large amount of carbon 
`c 

. 

  .~ monoxide. 

r a _, o., hr. at 20°C. 

  ., 3, [ hr. at 23o°C. 
N~ 

    o to zn ao ao co rm m »0 6, t.5 h[s. at 3So°C. and, after one 
           Time ii, minute. 

           Fig. s. night of standing still, for 6.5 hrs. 
                                         at 'So°C. 

    As seen in Fig. S, according as [Le ddsorption of carbon monoxide proceeds 

and the amount. remaining on nickel gradually decreases, tl[e values of both the 

adsorbed amount and the adsorption velocity become considerably approximate to 

those of pure reduced nickel through a process reverse to the case of gradual 

increase in carbon monoxide. 

             (III) Influence of the Poisoning with Mercury. 

    The poisoning with mercury was done thus: the particles of mercury were 

put in the space near the reduced nickel in hydrogen. This space and the vessel 
holding the nickel were heated to z3o°C. to let mercury evaporate and Ict the 

vapour of mercury come in contact with the nickel. Part of the vapour of 

mercury condensed in the capillary tubes in room temperature of the vessel, so 

that the amount of mercury which had practically combined with nicl.el could 

not be measured. 

     Pressure-Time Curve. 

    The relation between the pressure and the time is shown in Fig. 9. Lt the 

figure, the curve indicated by o is that of nets reduced nickel, and the curves

~i~i~

6

A

a

z -

. 13n (1939)
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 indicated by t and others are those iii the._case of gradual incre:uc in mercury. 

 Nickel used was prepared from [ t.86g3_g. of nicl:eF ocide and the pressure was 

 about 2t cnt. t minute after [Ite start. 

     Adsorbed Amount-Time Curve. 

     Prom the relation behveen the pressure and the time shown in Fig. 9 the 

 relation between the adsorbed amount and the time was obtained by the method 

 already mentioned and is shown in Fig. to. 
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     The hate of Adsorption and the Velocity Constant of Adsorption. 

     To the adsorption velocity 
tJ                                                                                  t .r 

 of hydrogen on nickel poisoned o o t x s 
                                          La 1 s 

 with ntcrcun• equatiat (t) is 

 also applicable. 'fhe relation t'z I is Is ° 

0 

 behveen log 9 and d is 1'i I ''' i^ is 
                 P-P~ t.o to 

19 t r  shown in hig. I t. The velocity { 
                                                                                        1? 1.8  constant of adsorption k, cal- FIS°'s t.z 

  eulatcd as before, using the ~ °'s t•t t.l Is 
  values oC A' and C of equation or t.o ,.o ,,J 

  (1) obtained from hig. t t are o.s os os i.a 
  tabulated in Table V. As in os os o,A t? 
  the previous case, k, becomes o.J oa 

                                                11 g 10 0 6 10 O't0 s IO 1'10 M1 to 
  smaller with increasing poison- 7inic'in:minutc. 
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                Ta61e V, 

Rnluavl nickel......1'repnred from u.8(iq; g. of nickel oxide. 

•C~=~.SSGXio-s. M~~z.I89x m-~.

L•'xperiment
Nn.

J,' C P'(cm.J 7tlag k,

0

I

s

oAS3o

OA~O4

oA7r9

oAg86

n•495

o•v~r

o.Soz

~.~ss

r 5.5=

~&,7

s:,

~;~

r•i33

o.~

oS~6

oS94

                          Considerations. 

    1'he experimental facts above mentioned and the results't obtained concerning 

the relation behveen the adsorption of hydrogen at low temperatures and the 

poisoning of nickel by cyanogen are summarised as follows: 

   (t) Poisons combine first with the part on the surface of nickel whose 
hydrogen adsorption velocity is largest and then gradually with the parts on 

which the velocity is smaller. 

   (2) In case a poison is small in amount, the amount of the instantaneous 
adsorption decreases by the amount of the poison, so that the total adsorbed 
amount decreases ucarly by the amount of the poison. 

   (3) R'hen a poison combines wiffi the lklrts of large adsorption velocity, 
the adsorption velocity constant of the other parts becomes smaller due to this 

combination, but the adsorbed amount seldom varies. 

    (q) • 1'hc equation of the velocity of hydrogen adsorption on pure reduced 
nickel which the author had proposed in his preceding paper" is applicable to the 

velocity of hydrogen adsorption on poisoned nickel. 

                        Summary. 

   (t) The adsorption velocity and the adsorbed amount of hydrogen on 
reduced nickel poisoned with cyanogen, carbon monoxide or mercury at zo°C. 

have been studied. 

   (3) The equation of the velocity r,f hydrogen adsorption on reduced niclml 
which the author had proposed in Lis preceding paper has been found to be ap-

plicable in the present case. 
    (;) The adsorption velocity constant becomes smaller according as the in-

crease in poison. There holds a linear relation behveen the logarithm of the 

velocity constant of adsorption and the quantity of poison. 

    (4) A poison has tendency to Combine first with the parts where instan-

13n (1939)
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taneous adsorption takes place and then with the parts on tichich the velocity is 

smaller. ' 

   (5) 14/hen a lwison is small in amount, the amount of instantaneous adsorp-
tion decreases 6y that of the poison and so does the total adsorhed amount. 

    (h) The adsorption velocity curve changes its form as a poison increases. 
\Vhen the poison is gradually removed, the curve approaches that of the new 

nickel by changing in a reverse order. 

    The author wishes to take . Cliis opportunity in expressing his deep gratitude 

to PFof. S. Horiba of the Kyoto Lnperial University for his kind guidance and 

valuable advices. 
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