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Tig. t. The x~¢ curves of reactions with various amounts of added oxygen.
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Table I. Reactions with various amounts of added oxygen.

{nitin] press. | Initial press. X:::f’ga;: grl::'::-u‘-ilscp
Exp. No. of l;[, ( !:L ?{27) v % 10% autzlc:lr?sl-}'ms " lqg Ay X
(mm 1ig) 8 (mm/sec) (n-im 11g)

1 178.4 0 — 0 0.645 5.870 2.14%10-7
2 176.9 9.7 2.33 12.3 0.651 5.925 2.75 % 10~7
3 175.6- 180 | 333 35.8 0.665 5,949 3.18x10°7
4 171.8 26.6 3.66 60.7 0.671 o041 438x10°7
5 173.9 29.0 4.00 102.1 0.661 1076 4.93%10°7
6 173.7 541 .51 1639 " . 0.675 4278 4.91x10°7
7 164.1 61.9 291 105.1* — = =
8 170.2 32.8 2.87 == == — —
9 - 174.7 97.0 .71 - - o —
10 148.4 100.8 2.52 — - i -

* HoRFICTARNMERIEL LI NEDPTENTH .

REEO FRIBOERY FiIcA Y 22 AEkosic k2 BIREOEBLAk T L &
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BOTHADTERVWHES I IR REEIN . E 2T E~S LKV CBA L
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© RSO X b RO & % 2 WsE0Bsi & k3. - -
5 180°C IcRACRASR R + (8B 1 THRS IO KR i 8t LC {log So—log (a
—2)} & logx & OBIRE LRI S, X D UIbic OMIRIZIEA L SREROM
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Fié. 2. The {log %— —log (a —.r)] ~log .I-' clrves Fig. 3. The {ing -;;E.—log a3t frz—.r)}r-t-" curves

of aulocatalytic stages of the reactions
No. 1~No. 6.

of aulocatalytic stages of the reactions
No. 1~No. 6.

EORBR L VRGO RBEALICOS L 2 BILKETS 5 & 54 BASARELW O

Td Y, O TRAE DAL TN THWIM ACTIHFRIC A TRIG LML, HmRORMET % :
Brc B icBERffELTAVWEE~ b S, EIBTERELRILE Lic i k¥ e
e s OREHHETT L TH 25 & EA B, ILOTER T A 2/K# LB & DR o ;
Ed—EHbLHEAREcE 2L 23 MFoRTREL LTHOBPITOWTEET ZH
. &35,

2. XE¥EoESW

10°Cic TREFEOVR LRt —FHE L, 2o T3 kFEDREH AL 2 TIiokis Y
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The 11. Effect of hydrogen with constant oxygen pressure.
3 Press. de-
Initial press.| Initial press. l‘:e!ufﬂs}; OL crease When
Exp. No. of 1L of Oa nea m:'\_‘[: autocatalysis " Iog X, %
(mmHg) | (mmig) (;’fﬂ’:',m) starts

. ) (mm Tg)
11 111.0 18.3 4.00 527 0.6687 4.927 5.83 %107
12 1334 17.0 - 4.00 36.8 0.667 d.041 5.00% 107
.13 156.2 17.6 4.00 20,7 0.663 5.4386 4.00% 107
14 174.1 18.2 3.94 28.9 0.859 B.o43 3.33% 107
15 189.2 10.5 3.91 28.3 0.645 5.009 2.86 x 107
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Fig. 5. Relation between the velocity
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Fig. 6. Effect of reaction temperature.
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No. B 161
Table I11. Effect of reaclion temperature,
Initial press.| Initial press, ”

Exp. No.| Treatment of H, of O, 15:“’['(22.) BRIV Wy % 102 log 7,

(mm Hg) (mm Hg) P- L r c

16 169.6 79.3 180 2.208 1.09 2.0370

17 Heated at 163.5 86.6 200 2113 2.00 2.3010

I| 797°C for N 2

18 5 hours. 173.4 81.8 240 1.949 6.95 38418

19 177.0 82.8 280 1.808 13.00 T.1139

20 . 170.2 84.8 180 2,208 292 34654

21 }1 No 171.8 84.0 200 2113 552 B.74%7

Treatment.

a8 172.0 812.0 240 1.949 13.64 1.1351

AHRUHE=RCcHD. WAF I RARGELEE 847°C T hiFfiln#aLiciocd b, 3R

i3RI 2 5ic 797°C It TORHIEB LA b OTHOT, FIRICRTHicn{, 250
FHEWIC REEEOBO B 1CEA TS § 0 & L3 5. MILOKEIC AT b I BRRSHLF,
RN R UEHABON X DIRD.  SEOEHBL LSO AN LR TE L ETMER T
FIRBOMERSIIZ T T 1~2 FTb 24 oMM VRITHTRED L5 & HicE L LA
Lz 2. HERORMGEE & JBRIE L Oicitg-Lidon { Arhenius ®RYEA08 D, 2
O EHHO R Lo e L LcRE [ k@ LC 184 keal, 08T Ic# LT 13.6 keal 23
B, ZERIREHC L &2 IS OIS IO AR R SEIE T b, FuclilEo
HOMIEE 2 A A 2415,
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Fig, 7. Relation between logarithm

Fig. 8. Reactions al various initial total
pressures of constant ratio of

hyd and s
of the velocily of linear EUTUERAE SHIRRE

stage and 1/T.
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Table IV. Effect of total initial pressure.

Initial press.| Initial press. l‘ir::f:_ig of cm.;l:en
Exp. No. of H, of 0. proph wige autocatalysis m Ing A, xft
(mm 1g) {mm Hg) (n?mf:cc) (r:::rlt?g)
o3 218.8 22.6 .04 ar.9 0.651 5.821L 2.14x 107
b | 174.1 18.2 3.72 28.9 0.659 b.u56 3.33 %107
25 104.56 10.7 3.14 28.6 0.663 4.179 5.00 x 10~7

MR LU O R vk #: & L ORF LI X V&L IR D oL ThiX, Ut
OLHAUBHORENE R T RTR—-L 223 %Td 2%, HEERA CF, MeoRoAk s/
KEBDTHS. iR EH %ﬂﬁi&r{%-ﬁéi:ﬁéﬂ 230X b b EMEdkCR D,
CHEHEA BT e W, todiGoREROBN I HERE A L k28T D, It
O BB 7ei i L X (=B L TH 2. FTRIcH L Tizitod o b R (D) 2 00(Q2)
g 24 5.

5. REERBHROEE .

Kt X BEHERORITCOES, —EREETT O/ ¥ HUORML T2 A L, HBck 3
LRy e LA e L MR &, R FERic iR hL 2745, HLo T
R oMcitEiifcedoT, WPRTRRHL TR, (1) R0 Q) @HIN3HLR
7e. HEEOBREMECHNTY, T_T—HBRTHCRB L HEL LTREYBEL20Ccd 3
B K EEAIE IO O T AT il 3 ISR 230 2 5 L5 200 Zkodn { ¥iEa
1107 MHHEE 2T TR0 IR E 180°C CEEE T 180 mm KR &2
RERL®, 300°C 1o THEL, MLT 33k (B 180°C IcRTRERTREKDIRA
FMcTfioiboT, WicHE 28 IEER 2T 051§V CRERDEMKCIT 27 8 OTH
5. TOMEEHLMATHEARCRT. WOBEOMEESBIZIFHC L XL e &
BL MDA B, HEPHATT R O MBS MBI EIE I KM I~2 5T o BA, b

DWESIR AL RO X L 7cHE X ) lEhicE L. HicRidnl, BILER LD

Table V. Effect of reaction product. .
Exi» Initial press.|Initial press.| Velocity of
; . Exp. condition ©oof Hy of O, linear stage n log &, 1
o (mm Hg) {mm Iig) Ypx 105 |»
2 | Oxidized before experi- | 754 18.0 333 | 0.671 |5_949 3.18x10°7
a7 |t mesidined befort | 1806 gy | o loear | The velocity fanmmlae (1)

and (2) cannot be applied,

; Lut tlhe velocity of Fxp. 28

- noxidized and performed . is greater than 27,

28 immediately alter Fxp. 176.0 17.7 n
No. 27.

. {
experiment, siage
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Fig. 9. Effect of reaclion” product. on the way of reduction by hydrogen,

6. AFAUMEZHAICKEETFICEATIHS - .

O T~ COKER OB L RBIA L1 b O REEL B0 TH B, K2
D5 T T2 2 B 2 (€ LHEAFRITA L7e BT 5 28015 5 hE T~ TR

4 180°C itﬁ&'t!ifﬁ"ﬁ‘ﬁ'l iC 17.6 min OFEEFHA L1251 10084 31 mm o
TN R L C R Mk L e, 197 ¢ LC#4 30 SMiE Le % Bezic ST 176.7 mm sk
EFEALTCRIES LY. HEQEH» KRERVHBHORERAMEEA Liclhd LA
AT 20 R, ILOBATIDIFRIRE b FL < R\t TG E BRI, IzRY 5
h ML zofBRIEARBENUOASESLARTHS. Kickic 180°C T 176.2 mm
OREEAND L, KEREH X b FIRAICIETT 5. 513 8k /AT 33.9 mm DMEHFRD )
YA Uresl 118un ORSKEMAT 2L, FIERE S0 BINCIERCA LI 55, W
BAL b, DEBRBICEOMERRIT 5. WEEHREBELEOm 7D, kOB
A LABEEOWTR 2 4L5 3% 50 M) 0k 4 & 0 B RA i A5 R L D b F,

i BABREGE WEREESE XD, (1D, @) F#NTF3FHRINREW. *
Table VI. Reactions with introduction of oxygen on the way of reduction by hydragen.
Exp. N Initial press. of H, | Time when O, is |Press. décrease of H, Press. of O,
RRTYO, (mm Ig} introduced (sec) _|when Oais introduced| iniraduced (mm Ig)
29 145.4 542 26.9 26.9
30 176.2 513 33.9 11.8
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PHYSICO-CHEMICAL STUDIES ON COPPER
CATALYST. (III)

The Reaction between Hydrogen and Oxygen on the Surface
of Copper Oxide.

By Sicro Hasmcawa.

(Abstract)

A statical measurement of the velocity of the reduction of copper oxide by hydrogen has
been already reported (This Jowrnal, 17, 49, 153 (1943)). The present experiment is a case
with a mixture of hydrogen and oxygen. The experimental method is the same witlt that in
the preceding experiment.

A scries of experiments were carried out with varying amounts of oxygen under a constant
initial pressure of hydrogen at 180°C. The relation between the pressure decrease z and time
{ thus obrained is shown in Fig."1. Generally speaking, the pressure falls fairly rapidly within
several ninates after the introduction of the reacting gas (the initial stage), and then the a~t
curve becomes él:aight {the linear stage). This stage is followed by an autocatalytic process
similar to the reduction by pure hydrogen (the autocatalytic stage). The larger the amount of
oxygen i5; the longer the duration of the linear stage is, and when the watio of oxygen to
hydrogen is larger than 2 : 1, the zutocatalytic slage is not observed. The effect of the amounts
of oxygen is given in Table I. To the first half and the latter half of the autocatalytic stage
can be applied the velocity formulae, (1) and 2) respectively (Figs 2 and 3). This stage is
regarded as that where the reduction is made by pure hydrogen, and it is, therefore, inferred
that during the linear stage oxygen is exhausted by the reaction with part of hydrogen.

The experimental results obtained with varying amounts of hydrogen under a constant
initial pressure of oxygen at 180°C. are tabulated in Table 1[ and shown in Fig. 4. ‘The
reaction velocity at the linear stage is intlepeﬁdenl of the initial pressure of hydrogen. Fig. 5
shows (he relation between the reaction velocity of the linear stage and the added amount of
oxygen.

Using a misture of hydrogen and oxygen al the mtio of 2:1, some experiments were
carried out at 180°, 200°, 240° and 280°C. {Fig. 6 and Table III). The relation in the
linear stage between the reaction velocity and temperature thus obtained (Fig. 7) gives the
apparent heat of activation, 13.5 keal, for this stage.

When the initial pressure is different under the same composition (Fig. 8 and Table IV),
the reaction velocity of the linear stage is dependent only upon the oxygen pressure and
independent of that of hydrogen. When, however, the copper oxide is continuously allowad
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to use without being reoxidized (Fig. 9 and Table V), the linear stage can not be observed and
the initial stage is followed directly by the auiocatalytic one. The larger (he amount of the
reaction product™is, the faster the reaction velocity is. When oxygen is first introduced and
then hydrogen is-added, the reaction proceeds in the same way as in the case of using a
mixture ‘of hydrogen and oxygen. On the contrary, when the reduction has been started by
the introduction of hydrogen and oxygen is then added (Fig. 10), the course of reaction be-
comes very complex and the formulae (1) and (2) can not be applied to it.

As the autocatalytic slage is. a3 already mentioned, shpposed to be the stage where the
copper oxide is reduced by hydrogen, only the linear stage of reaction is considered. ‘The
velocities of adsorption and diffusion as the rate determining processes are out of question.
As the mechanism of this reaction the following points can be noted:

(1} The reduction and oxidation of copper oxide are repeated.
(2) The reaction between oxygen and hydrogen takes place with copper oxide acting as
a catalyst.

The former, however, can not hold good, for, if so, the mechanism should not be of the zero
order-as experimentally found. The fact that the reaction is of the zero order. suggests that
the reaction of oxygen and hydrogen does not proceed in the adsorption layer on the catalyst
and it also denies the idea that one of the gases is adsorbeﬂ, while the other reacts «irectly
from the gasecous phase. In the long rom it i§ suggested that the adsorption of oxygen hy
copper oxide is very strong and the surface is saturated by the CuO—O. adsorption layer and
hydrogen is adsorbed strongly by this CuO—0, layer. Such an idea explains the zero order
of the reaction velocity. The mechanism here proposed is confirmed by the following facts:
namely, the presence of the initial stage in this reaction, the effect of the amounts of oxygen
and hydrogen on the velocity of the linear stage, the influence of the reaction products, and
finally the difference of the progress of reaction when the reaction tube ig’ [illed with hydrogen

and oxygen separately.

The Department of Applied Chemistry,
Bleidi College of Technology. (April 1, 1944)
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