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Fig. 1. The x~¢ curves of reactions with various amounts of added oxygen.
1=178.4 mm H,, 2=176.9 mm Ha—!-‘? 7 mm O, 3=1756.6 mm Ho+4+18.0 mm O,, 4=171.8 mm H,
+26.6 mm O,, 5=173.9 mm H,;+39.0 mm Oy, 6=1737 mm H,+541 mm O, 7=1541mm I,
4619 mm Oy, 9=1747 mm H,;497.0 mm O, 10=1484 mm #,+100.8 mm O,
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Table I. Reactions with various amounts of added oxygen.

[nitial press, | Initial press. l\i,:::fizag’ gf;l:;s.\:}fep
Exp. No. of H, of O, o % 10° autocatalysis m log A% x"
(mm 1g) (mm Hg) (n;’m Jsec) starls, -
(mm Hg)

1 178.4 0 — 0 0.645 5.879 | 214x10~7
2 176.9 9.7 2.38 12.3 0.661 5.925 2.75 %107
3 175.6 - 180 | 333 35.8 0.665 5.949 3.18% 107
4 1718 26.6 3.66 60.7 0.671 4.041 4.38%10°7
5 173.9 39.0 4.00 102.1 .0.661 4.076 4.83x107
6 173.7 54.1 3.51 1639 ° |. 0675 4.7 4.91%10-7
7 154.1 61.9 3.21 195.1% - - _
8 . 170.2 82.8 2.87 — — — —
9 - | 1747 97.0 271 - - = —
10 148.4 100.8 2.52 — - — —

* poORSEIC CAMMNBERIEDL LLIREDTHHITSH .

REED BRSO B BRI 22 KEOH Tk 2 BREREOERLMNE ST & &
b, IO REGC AT &, BEEORAT 5 T4 b+, FIRI-CE kAT & 538 IT LD 3 43
BOTHIOTREVWHEG LR SHITHERIN 2. R OTHH BB LK MTRA L
BREEHRBC AT T AEMRICATR2BHRINS b tE~ETLEA LW, 51
A LIE LR, BERRIC AT 2 BRI 3 fisic i I S 1w < AR §il Pic gt
LT

=K (a—2) (1)
#HRicer LT
%=Koe'("-*"x% (a—2) @ -

A DREREXNSETINSGECD D, ILOREFNKEOHM T & Zaiﬁif:_limi& 3, Ric
T o IIACKROPIR, 2 IZKEROR L, ¢ IR BRI X ) REERE O Rk & 7 5 5EOBE,
Ky x BRI 2 i3lcd s4% oo { KENCBEORASEIFEITATR, ¢ K

RO E DTN AREFROZR. « X ARIOPMEATRIC ¢ I 2HRlEIC 4 LR O,

T RERBONE X b RERIEDO LA & i 2 BEOR & i 3. -

2 180°C ICRATRRKR B 4 I8 1 TR L0 PR Al ic 8 LT {log 52— log (a
—x)} Llogz & ORIFE LM LS 5. WX b s icleOBIRIRIEA & BBEER O
i b FTAL b RTR & 7 2 HATD b D. T LT T OU#OMStm ik f—~RICR T <,



No. 5

Mt otmbBFE (B3H)

MIBILFEDES Vol. 18 No. 5 (1944) =

-

149

-

FIERIcHE = 2B cH LW D, BEYRALIHACNTY, 2oARROMBIzIZ 1)
B 2RI 5. TCHBMIC DN TR {log B —log 2% (a—a)) EHEM, & EHiH
it & DOTHERT 3 =W om < b, WM B 2 ARARBO N RRKTFER, HP
MRS R D () ASEH LB YL ms. '

35}
0} 54
| - 2
S f]
g 3Bof
!
S
w 35|
8 p
10 . : : -~
0 0.5 1.0 1.5 2.0
log x
dx

Fig. 2. The {log

dt

~_—log A% (a—x)

dx
dt

“log
=
-3

L&

g
(=)

—log (a—x)}~lng & curves Fig. 3. The {log

of .autocatalytic stages of the reactions

No.

1~No. 6.

d!

'l—lx—log A3h (a—.v)} ~7£2 curves

of autocatalytic stages of the reactions

No. 1~No. 6.

EORR Y ) REDIRBIIKKICOR X B BILRE TS B & 74 BASAME L\ b0
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e & OIRMEAEAT LT H 285 & B~ BAL, ILOBILIRI 1T Y 2K & R & DR IO

ER—EHbRRAcd2HLE B,
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2. XkEXEOERN 4
180°Cic TREEDOVIRERE : —EE L, 2t T 23K 0B YR 8L 2 Tirokis i ¥
FEPHNRER TR —ROML cH 5. FlL DIEIc RERFIUEE, &8s, MR om3

P Tiz 4L LTHOBMCOWTERT 25

The I1. Effect of hydrogen with constant oxygen pressure.
. Press. de-
Initial press.| Initial press. IY:EO??;“OL crease When
Exp. No. of H, of O, ;“x IOEK autocatalysis » log X, %
(mm Hg) (mm Iig) (nfm/sec starts
. /sec) (mm Hg) )

11 111.0 18.3 4.00 52.7 0.667 4.a27 5.83%x10-7

12 133.4 17.6 « 4.00 36.8 0.667 {oul 5.00x107
.13 156.2 17.6 4.00 29.7 0.663 5.986 4.00x10-7

14 174.1 18.2 3.{)4 28.9 0.659 5.943 3.33%10-7

15 199.2 19.5 3.91 28.3 0.645 5.909 2.86 %107

‘ ~

b 3.0 35
x 109

)

!

A



TR

— e S T T T CTT— T

MIBILFEDES Vol. 18 No. 5 (1944)

150 (FH{) E 4l %% , Vol. XVIII

Ic]
jasd "
£ 200 1 ©
E ] ¥ 40}
i L ” wy
g 160 —" ‘ai
s £E 30}
2100 | o~
< cy 20 F
g »
Z 50¢f g%
g " L
¢ s 10
A 0 ; . R >

0 500 1000 1500 2000 2300 3000 0

Time ¢ (scc) 0 20 40 6 8 100 120
I'ig. 4. Reactions with various hydrogen O,-Pressure (mm Hg)

pressures at constant oxygen pressure.

Fig. 5. ti betwe Y it
11=111.0 mm 1L+183mm O,  12=133.4 ig 5. Relation between the velocity

mm 4176 mm O, 13=1662mm IL+ of linear stage and oxygen
17.6 mm Q., 14=1741mm Hy418.2mm O,, ' pressure introduced.
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Fig. 6. Effect of reaction temperature.
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Table II1. Effect of reaction temperature,

Initial press.| Initial press. Reaction 1

Exp. No.| Treatment of I, of O, temp. (°C) | ~F x 108 7y % 10° log 7,

{(mm Hg) (mm Hg) p- % r :

16 169.6 79.3 180 2.208 1.09 2.0370

7 Heated at 53.5 86. 213 2, .3010
17 1| 7oc for 16 ] 200 11 00 2 1 .

18 5 hours. 173.4 81.8 240 1.949 6.95 2.8418

19 177.0 82.8 280 1.808 13.00 1.1139
2 . 170.2 82.8 180 2,208 2.92 8,4654 .
a1 ] No 171.8 84.0 200 2.113 5.53 B.7427 '

Treatment. -
22 172.0 82.0 240 1.949 13.64 1.1351

AMROHE=RTHH. RE | RAREILEY 847°C 1T HRMMBA LI L OTH b, K}

HEE T 2 Fic 797°C i THBFIEM LA B OTHOT, HIRICATRIcmL, 250

FHL I KR OBO B Ic 2447 3 b D& LI 5. MROKEICHT b [TBRKSRLF,

MERIIE R UTRIBOM X DIk D,  SEOUHIBILRBOM AN LI TE L 2 iR

FIWHEO MBI T~ T 1~2 50d 585, LOMAMIXIRIGRED L5 L3tk LA

i % BETRORMEHIE & R L OMic 38 -tisodn ¢ Archenius DERRARED. 2 -

X b EHBO R L oGS e UCiVE [ kL€ 184 keal, ¥ [ ic#h LT 13.6 keal 25 -
o, ZERREHCIL 5L 3 S O MR RIEOATIC X IMECo b, RicKEgED

H MR D HABMN NS,

1]
1sl ;.3“5.0 5
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Fig. 7. Relation between logarithm
of the velocity of linear
stage and 1/7%

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

hydrogen and oxygen.
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Table IV. Effect of total initial pressure.
- Press. de-
Initial press.| Initial press. l‘i,:clzm"); of crease when
Exp. No. of Ha of O, va; ;&ge autocatalysis m log A5 x"
(mm Hg) (mm Hg) (mom Jsec starts
) (mm Hg)
23 218.8 22.6 3.94 27.2 0.651 5.821 2.14x10-7
[
b7 1741 2 3.72 28.9 0.659 5.956 3.33x10°7
25 104.5 10.7 3.14 28.6 0.663 4179 5.00x 107

BMRITORT . HF LUMRSOREAOK K L B L ORFIC L VERIN D bO L ThE, Ut
OWAERHOREMERX T RTRI—L B2 ETH 2, HBERRLF, MEOROAL 25
KERDTHD. ST O 3REHR I Filsd '&I{ﬁ’!-fé‘élcb’;‘ﬁ 340k b bEESRTH D,
THEHEG 2R N Wt SO G OBER ORI X KEEE AL L 25T D, It
ORI L B eI e X {—BLTH 3. RIHICE LTiRito 8t ic b Rkic (DR U(2)
AN 2 B. ‘

5. RELEEBLROVE

Kl X BIEILMDRBIEOEE, —ERKERT oMM L ORI 23 <, HIic X %
ki Aifet LR B i IO ME T &, BOHEHUE JE5 i R 3 B 45, JLo IR
EXoRciENEce oT, MPATHRCHEHL TR (1) R Q) S@AIN 3R
7o HGEDARBEICNTY, TXTHEBRTECRI L ML L TREYBRLcoTd2
3% K LHEA IR BT O A D FIe AT il 2 RSB L D vk 0% 7 kD in ¥
1707 WHEER2T ZROBRILE 2R 180°C o) Ic T 180 mm KH¥ 278
KESE Lo, 300°C o THAL, Bt 23k MY 180°C e ROKERUREKORA
HicTFAon b 0T, WicHER 28 (THER 2T 105 18y CRE L OBRBICfT o7 b DT
3. OERYFLMERCERIKCTT. hoBEGoOREEBRFRFcRRILEELALBA L
B WBIAS B, IRMEAIAT H O MRS OREIFINEIHE 72 { KM I~2 2T BA:, I

DN ITROBIL L LB X ) PEhcFLY. Hichrem, BRILERLLLD

Table V. Effect of reaction product. .
Exp. Initinl press.| Initial press.| Velocity of
1‘?‘ : Exp. condition of I, of Oy linear stage n log X, x
o (mm Hg) {mm Itg) Yyx10= |

ag | Oxidized before experi- | yp54 18.0 333 | 0.671 | 5.949 |3.18x107
Reduced with 180 mm H., - .

27 | and unoxidized before | 180.6 187 | Nolmear | The ‘(;%ﬁ;‘g#fg‘;‘;gug)
experiment. but the velocity of Exp, 28

- Unoxidized and performed - is greater than 27,

28 immediately after Exp. 176.0 7.7 »
No. 27.
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, Time ¢ (sec) ) Fig. 10. Reactions with introduction of oxygen
Fig. 9. Effect of reaction” product. - on the way of reduction by hydrogen.

8. AFRUMELY4ICREEFICEATIES :

EOREENL T OKER TR LD I LD b DX RIEE LT DO Th B4, Kic 2
ORI T2 B x 1 TBAF A Le A infil i 5 R4 5 b TN T R

%5 180°C ICRTHIES I 17.6 mm OFEEY A LT3 1c 100 Biilic 31 mm DR
IRP TR TR T E L e 7 LT 30 458 L 282t Hic 176.7 mm DK
FER YA LTRIEE L D,  REGERWD SKERVTERORA R EA Liclia &[5
(CHEATT DM e, ILORATIHERRAR D HL { fr\ns, TR H O BT I R
L, i b % OFBREAREE NS LANTHS. Kickic 180°C M T 1762 mm
OKFEAND &, KU L b FIBRWICHETT 5. S13BHICNT 339 mm OMEHD
Rk LR BB 118 mn OREEY AT HE, IEHIE A 30 BRI LR DA, W
CAERD, DERBICEORERRST 5. WHE HRREHAKOmM k3. ko
SN L7 BRSO 3 5 Tk 530 2 W6 Ok b K O BB T AR AR & 8D B,
e BARECHE ALY, (1), @ RENF3HMEE. .

Table VI. Reactions with introduction of oxygen on the way of reduction by hydragen.

Exp. No. Initial press. of Hy | Time when O, is |Press. décrease of H, Press. of O.
BXp- 0. (mm Ig) introduced (sec) _jwhen O, is introduced] introduced (mm Hg)
29 145.4 542 26.9 26.9
30 176.2 513 33.9 118
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EL, BOZOBAREEFL v, 8. BEEOR AT R DL ICBR & i B Hg 3 5
NEV. ZEOTE L b ARG 2 RELBHOKEDORC & 2RLEDOBTTHS &
FE~biLD. Wi{EADEHVOICTRIN BRI B RLS2 2EclHBINT LS
~bi, LA ERBREEFYIRNT2Hc k2 CENB L OTH b, ARk IEOM
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%5, 200°C R TIHBSKOEEATED b, ZIHLOBRE A THRM L 2cBEO—FB LK
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Oie e KO LK T D TER I 2R S, HIOTHRIN L7 R &k & Ai—E i
CTREET 2T & 2B 7D TH 5. ILORIO BB IR Licin ¢, A3ic k 258K
HE & REET & 0TI LWHNIZ S bhunwhs o, BTFIcR Tk LB e
2K LR £ DRINIC D\ CHA~ BB LT B,

IO R Eoiic DOW TR~ 2 2 0BAIBE~BLD. Bb L IHBIcfT 2%
BRI T OISR IERED LR —Cd b, IO MBI R T HRIENEOTH S &
HABN, BOTHOBABILHEOBT RO THEBICITIAND. —FHHF{ LTALRSRTTH
DL b A—OEIC LD THEBICTREN 2 LD THOT, B LHWOHE RS 2979, £o
THLEELERORIT LRITMOBML L SRACHR L TITRN 2 & o4, Zic & bk L
L ORMEAH D BECHD. 2 LomE B RENED Tk ¢ RicRitMx Mg s L
CEMBIC RIS 5

A% IC SLOBMTIL OWHRC § b T & LT b, S RARIRRO fiuh —H LB
AR L TRIG 3, BB I~ OBMICHE L CRIESHETTRECH 5405 Wik
HORERRIEORE LI T 5 L 3B~ b, BRI TETT 230380
FeDTH B, HELREORESHSREE R 5k o, KIERFALER VAEVWETS 3.
FEO TG X T AT IR L TH~ DA B

B R ESE OESHIE ¥ T BTE b B~ b B, F L4 OB AicIboiBEs
HEFPET 2 b0 LT, KEERDEC L OTRERITHNENSETH b, IREERE
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THiD S WP OBRLMBEEE ST\,
Pease and Taylor® (ZiEhkic X DRI LA TRERTEEFRESTLD, ﬂt@lﬁ?—flkl?
CHRERC AR R T 2 H k3w, B RS RN TR+, RIGRTM kick

. MR CSERT R RHICITAC &I YT+ 2 b O& L. Larson and Smith®, Tedeschi®

3 BT E TR L OKER P EEEO K8 L TRMEB AR LRI L TH D, AERITRT
D28 L BRI B~ BN 24, Wi DB T, ZORRILITBITOEE
LIRS I BIC A OEESS WK Do L oTHE AN B AT, BEiTiE~
km<ﬁ%ﬁm¢u—ﬁb&m.:wOTM@%%Anw&Bwauﬁ%@m#mx%&ﬂﬂ
OF|RERITHEIC X 2 BEMORL AR L k2 A TH 3.

Tedeschi® (Z3RICH O R CSRIE X RET 3 O BILMOBTHETHD & Lic
W, SOEEFLAKFIC X BBANBE Y IRET 5 LB~k b, Mo AkFEOHIC X
BRICHIE L 2 < RIBRC RIBDPRMG & ARSIc ARRIEL 2 2 T 2 BEBRALF. —F .
REIC & BIRICORILMIE R 6EiC 4 ¢ OFFKIC E DTR 2 Rt < O, Bk B BELID
FICHAT 2L D0CH20:56, HL2ZMEGHEL k2 k oW, RIEGEEZIRICR S
EHRE 1 bF, REOEFT &R ES IR 2 haFTedb b, ZSFERMRE B
Liw. MOTRILERHEA NS 2 e T2 A s ns. |

KICRIT RGO MIE A A — ORIE TH 2 Beic it BEsoRIERBIEMic iR+ s
SRR V. B LILOBAREOTYICRRILMAOR LATEE L Vi b, ESRc iR
RN RECTH D RIJIGRLEOBIEE RPFER I/hcdOT, hiflickL k30T
55 6, LOBA P  EREOTIICR T RILORE BRI MORIT & A—ORIE TH#ITT
2ETH D BB LI ORI ACHIESED 7 3 AR 45780 BB, RO REC
PTRKELBHELOFAIBILR ORI LR L CGEITT 3 otk viic Biiih 5.

SRICEL B AN 3 hi\» &0, Kic i L 20 R ERICR T 2 EBRECS
3. A LIEDSEIT AT, WCEEIRNIE S & b 139, BRMLMoBFihicis 3 i
OB EERTIE L. ILOBERIERNE D — 20 530K L, bR AEMN & b ZicHige
LTRIET 5 & ThiX, RERETZ OWMRRIBOMMc AL ThRELEVY. BRbicT
OFMERFEXRTS b, REOCEEIIC BMBIETDH 25 b, IFd B AHEME LRI 2 i, KERUR
$RICEER M C THEBT 2 b0 LE~LbMA. ItoBEEHIcE~b 3, KERE
B ORFEN B DR OV IEHEBIC R CTITIEN, + OMWRFER A1 Langmuir OR#ERIc T oTHl
~ENBLOLBELT ZORBORE T HET B L, KERTEBEFOREGED MLk 2T

16) F. J. Wilkins, J. Chem. Soc., 330 (1931).
17} A. F. H. Ward, Froc. Roy. Soc. 4, 133, 506 (1933).
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2 DUUER A BB 55, Jtn%umn L RESMOBICHBIL, Bl bhomes

KR &2k bV ERRE BRI 8T 3K ER O BEORNG A HICEMNIECH b, Lot Ik

IRV & BE LA, ISR E k 38, HENIC KRR UTEDORATILEMRCH

B ERHEABIF, Lipicik~=3mL, ﬁwﬁmﬁfamkmﬁ%%mh&ﬁk«ahkwm
B,Mo&&mmﬁjmauﬂun&m

Pease and Taylor'™ 150°c IR 3KEIT X 3BLEDORBITICHT 2 B LoMRIEN X
b, REERIC#T 2RMEORFHVIERCERL, KEHSREELBILEE ORNICIET I
WiT 3 b0TH S0 200°C (LR TREBEORALC L OTKOERLED, ZiX—HHR
LROEBAENMT YD LOTHDE L. —HASEic L 3RIEBRTEORER B ALORE
BEI b D& LT B A, RERIMOREORIE I 8 L TREOWMS I E T~
RWEBAMEL VE~GTE, AKBRCRTIGLZBESHNIN DL E~BND.
BIS BRI B MIC IR < AL I RIFE B CoO—O0: Wil & 1 b, KEDORALE~OWiT
YRS, BBICKEENT S LT L 7e CaO—0: MR IC it (A2 0D EH~D.
5 < odn S M MR RS TR TR BR300 TRYETCH 5 5 NEURBOM
MT2Pc 2T EH~LN S, BIBRERCEE L ¢ BT AT A LieWia, &

ATHKICHAT DN R D F L RVICE LT, BRAFAM Y FIRIC A T 210901 &

- LTHIEK & R & e B %5, SEOTEE CuO—O; IASHRHT $1 5 i 2 kKO &

BT T 24k Bt 5.

SRALMIT ¥ B EEEOWRGE I (, oA ERcRIIh s L L, B LT4AD
7o CuO—0, W¥FRHT B 2 K EOMWH 58 ¢ TH OB (Fraction) A5 L 1 it Lw &
BET3EbE, SRHRENEIRDcHEEL L ) REXSEARE 53, Wi LTHOBNERIR
CuO—0. BFE AT BT ERT 24, ZHiHETHEKAERREBORDICEET
AR ARRRSBRNS.

&m%mbkw(ﬂﬁﬁ®rﬁﬁ&ﬁ&#0mmf—i®%nJ&%@&Ku%%%m—i
TH D% WOANIKKEORHEH CuO—0. BFAEFOKT I Lk hiEg b, fi & CuO—0, B
BOXZ22RRBREORICIOTERINDIFELRL, LOoBEL —FT3. —hKEOWMEEA
sz B B AREO WD BRI R Y RN+ 3 5B WAL K D, ZIL TR
MINEHOTHEL R T 2HER . MO8 L CREVREOVIBLHTIc#oT
CuO—0, BHHOK 2 X HRBICHT45, WBMUEIT K 5 & 7 OS2 MERO RS
TRick bz h, HIcER Y e CaO—0, TSR c 8 2 BROMAEN, 2 A0k
ORAF YL, BeRESIMEINEOTEL S EH~bNS.

RICTHERAL X TR+ EER L 7o 818, FINHSOBIEAREL (Y, WHHmRIEL bh+it
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RADEE~BILD. LR 2T OBIEHIC S (2 B SR bR HILE 180 mm

KFETHIHE T2 bOTHD. ZICELTHA LR 187 mm 30T, hoRENRT
MERELTY, GHINROBITBIBIAL THZETES. M LRIAMICHTIBEOES
BIERIEE 1CENT D 0 5, ILOBAFWIBICIN 2 BHRVIRICHRICHT 2BHEOMA
CThH5LBRNS. Wil LTRELSTRAND LAKEDHHTED, fi b KM SR BEIL#
BRBFELTHINS, ZOHRKERIRRILEHEEL/230X ) IRLIELTDHS. %
OMEHERMBEORHSEVEATHIMAEHCTMHINS. T bILOROREO T D
BCHY, BEREOHKERATH 2.5, Bk & MR #1722 8~bN 5.
BBRULDBERMROE L 28 A&z L e B A OB i il Mot 2 28 o 6
% OB RSO EOREE A (1) KU () kR EWEHLRUINKS, BOKEO» ]
WA LTRILEETELD, BPc TREL M~ L AETH 0T, JLOBYA Lci#i
Bl WETHONh D, SR L7GBIME KRR T 230L R F, Hok#ErEic K
RECBRICELTHZE, A L4 L oT LB THIR AR, #oTHELAE
EDORMERGKHEC X LB L BFMCHETT 28, — OB L RB OB L2 D
DLERND.
WIS —OBELEThE R b L v, BHEM 4k Lokd T ORMEIETS 5.

EELHROKEOEEEDIM, A4 KB P L DT AT 2 2T L h 2RI

— e mC ul_O -nH.O £ 2 THIZEN, HADRNAECKERAKLORBLNLLY., Hgic

BNL 72z bod \ 2RRICAEGEECTHYTHONAZLDOTE D5, fikc# LTHIEE
DEEANEHALTHZEBZRIND. b Wid 2 KOS RIS ¥ XRT 20
LT b, FRICHAIN & 722 € & A3 50, IEORIT IR RUSUIER R, AKORIC
BRI —EE RDIRETHE00, b\ 2IAFEE L ERIHRS.

B RMGHEIE X S2MET 2 b DIRBILERLIC AT B KL LR L ODRMETH 3 & T FERAIT
#Lict, CuO—0, BEETicZicHT 2 kKORERIMALS bOTH Y, AoHtD
D — g 2 B L TR e R R T 5.

; m . .

1. K#EiC X 2BRILEOR TR MECE: L CRERNOSEL W~e.

2. SUMGC XIS, TR R R A RO SEME D B, IO ERRIRIC IR KD BT
ZERMCADBU R BEHER BN 2 05 T & LD PR R CERBIC R THRM L7RE
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18) {4 Mellor, Comprehensive Treatise on Inorganic Chemistry.
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PHYSICO-CHEMICAL STUDIES ON COPPER
CATALYST. ()

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

By SiGEo HasEGAwA.

(Abstract)

A statical measurement of the velocity of the reduction of copper oxide by hydrogen has
been already reported (This Journal, 17, 49, 153 (1943)). The present experiment is a case
with a mixture of hydrogen and oxygen. The experimental method is the same with 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 obtained is shown in Fig~1. Generally speaking, the pressure falls fairly rapidly within
several minutes after the introduction of the reacting gas (the initial stage), and then the a~t
curve becomes étmight {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 ratio of oxygen to
hydrogen is larger than 2 : 1, the autocatalytic stage 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 1I and shown in Fig. 4. The
reaction velocity at the linear stage is indepeﬁdent of the initial pressure of hydrogen. Fig. 5
shows the relation between the reaction velocity of the linear stage and the added amount of
oxygen.

Using a misture of hydrogen and oxygen at the ratio 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 allowed

1
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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 autocatalytic one. The larger the 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), thé course of reaction be-
comes very complex and the formulae (1} and (2) can not be applied to it.

As the autocatalytic stage is, as already mentioned, supposed to be the stage where the
copper oxide is reduced by bydrogen,'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 betwcen 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 adsbrbeﬂ, while the other reacts directly
from the gaseous phase. In the long run it is suggested that the adsorption of oxygen by
copper oxide is very strong and the surface is saturated by the CuO—O0, adsorption layer and
hydrogen is adsorbed strongly by this CuO—0, layer. Such an idea explains the zero order
of the reaction ve-locit).v. 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 hydrogcn 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 is' filled with hydrogen

and oxygen separately.

The Department of Applied Chemistry,
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