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Tahle I. Analysis of peroxide (Reactions at 182°C).

bap. o, | il P | Toelebe | gy | esocsan, | Tyl e

(erm..1eg) (sec.) (em- 21g) (=) {cm. Hg)
&8 1041 60 0.64 2.10 0.791
59 8.69 60 0.45 , 1.47 0.552
56 10.82 120 1.98 4.33 1.03
57 fLis 120 L42 3.54 1.33
61 1467 - 180 2.67 6.36 2.8
62 17.47 180 3.32 8.08 .98
63 17.12 210 3.11 737 -2,
64 16.14 360 . 2.4 5.89 221
65 15.82 480 ' Lot - 3.23 1.25
49 10.89 600 Lag 1.33 0.500
a0 10.98 660 1.04 0.58 0.%37

# dp AUEMUTTOI BME L 2BEEH L, T oML 2 2aiaik{kshic 213 %2 Na.S,0,
O co BEPBAFHOR L. BATRz 0BRIkOe~ B X b, 182°C, 372cc. ORKEAF
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hAIMRSER LSS, HBIc k. REEEHTD 2. ERAELEH EKBMITICRTTN,
ke Offiiz—iz L, B=FoRTIN A—ORECORBTIE, dpun. UIHBRILHOZRIC
BURICIE Y F—D ke Ofi 155, e RERIC W TR IO S5 iBRRL #ho 3WIL
B HiFT B boLH~3. I dp #BELHORICHET 2T L OERYTHIHLE b1
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Table II. Calculation of refe constant ke (Exp. 34, 192°C).

t (sec.) (mm_ﬁgx 10) log—‘}%:%——g: k(2.3
260 1008 — —_
270 988 0.033 0.00330
280 929 0.066 0.00330
200 805 0.099 0.00330
300 861 0.133 0.00320
310 832 0.165 0.00330
320 804 0.198 0,00330
330 e 0.230 0.00329
340 751 0.268 0,00335
360 727 0.305 s 0.00339
360 704 0.324 0.00312
370 681 ‘ 0.383 0.00348
380 ' 662 0.421 0.00351
300 646 0.455 0.00350
400 © B30 0.492 0.00351
410 817 0.525 0.00350
420 607 0.551 0.00344

. 430 . 598 0.583 0.00343
" - 450 Menn ky==0.00815

18) E. J. Marris, Proc. Roy. Soc, A 168, 1 (1838).
19) E. J. Blat and M. B. Neumann, Acta physicockimica U.R.S.5, 10, 273 (1939).
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Table 11L Table IV.
A

- Exp. No. Temp. (°C) ks ks mean Temp. (°C) ke '

35 192 0.01285 204 0.01966
2 ! 012 % : :
. , g-g;;g;]w 28 1 ootse ,
: 182 0.00836
36 182 0.008148 174 0.00338
37 & 0.00833 1 0.00836 162 0.00373
31 g4 0.00861 1

ke Offi iR L OMFEEMEECRT. B=RED, ik
log ke & —~1— REHANMMEO BB £ L AR A0, BHEAL '
BYMRD R O b= 2 A ¥ — 13 182Kal 24 3. L ;
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log k
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BRRH I RED VIR ARG L F~, X108
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dX 5
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de
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BBREMD. I 13 Xt (R~OWRE LTRBM. R ke BRI L b0 b5
i,

X okx
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00 oBF L, (TE42X] R X6 LBRICER L7 3 B8, W LBk
FilAHRIC THR LABST LHWFLAS. k ORI ZOHBOMEM Y bRD I 5. ’
# (19 REWSTIIL, |

VX =g (e (15)

2. (@2kX¥) & (I- ) LofEd LREE DT L5, Exp. 36, 182°C. Fpt
9.5 (cm. Hpg) 0f2 e 2 MR L PRLRRCHEERICTT. REOTHICATRESRR
IeFRRT T LhliRA.  BHEARILIERORET £ O RESHITCH LBXHETS
b, H:pktnic 5B LM OBIE T HMIC L L TR 2h, XREO—RICHM L THRT 2
BHBETH AT LIRS N, MAEOREBEOTTIC (16) X &k b Exp. 36 KW TaRL
%3 X Offie, WML EHB L3I, EABLRALO 10% BRME—B LR E
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Table V. Calculalion of k.
i a4 %,V X Exp. 36, 182°C.  Initial press. 9.43 (cm. Hg)
LR § ) k,=0.00815
X
t sec, %V X 1—ec-kat k,
cale. obs.
10 00242 - 0.079 0.306 2.86 2.2
20 0.0488 0.151 0.323 10.6 9
20 0.0784 0.217 0.361 21.8 23
40 0.1008 0.278 0.352 an.6 38
50 01200 0.335 0.358 52.0 54
60 0.1354 0.387 0.350 68.7 69
70 0.1504 0.435 0.346 87.7 86
80 0.1600 0.480 0.334 106.2 96
90 0.1690 0.520 0.326 125.2 108 -
100 0.1702 0.558 0.316 143.7 117
110 0.1822 0.592 0.308 162.1 125
190 D.1866 0.624 0.300 179.7 131
130 0.1882 0.654 0.288 197.0 134
14D 0.1894 0.681 0.278 216 135
150 0.1894 0.705 0.269 an 135
4 FEOEF

Pressure decrease X

RIS ¥ 182°C Ic—Eicfit D, MR TR A8 283k Lic 238 0¥ Rk X AR 7.

100

\
Il
k

H

B0 120 180 240 300 360 420 480
Time t (sec.)
Fig. 6. Effcet of initial pressure
(Reactions at 182°C)
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LR
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03

0.4
(-

0.6
e—kat)

Fig. 7. v-g—=.__j;'= (1—c—kat)
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Exp. 52.
Exp. 54.

- 1779 cm HEg

1447
T34
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HEPMDAREZER dp 24 TdY, L2 dpan. OBRAZTEIIRO/) ES5EELD.
(15) Ric2TRFTHEFLRIOM &k by, 2THEBRICESEHEL LS. BITHWTEH
oMY D ENENOEBAD k, Offif:RES. ZEHARICRT. FINABEDOmM{ log Kk

0.0 r
Table VI. The influence of initial pressure on k; is
-3 F a
. (Reactions at 182°C).
& . .
’ Tnitial I8
; nitial press. i
Exp. No. {cm Tg) k, --:a
< 14
51 17.79 0.640
’ 12
53 14.47 0.537 -
59 s 0.330 sol.
' 06 08 10 12 14
a4 4.52 0.183 1
' . o i

Fig. 8. Relation between
log k; and log p
VIR p OB log pi L ATEHBRARLLERONM XL b, k, RVEDIE ©—RICLHH
T2 M 8. O
A k,=Cp ' (18)

- -

L C gHHEfTCHS. (15) A CHFBMO KL BICHD dpanx. DAITEBZTEEXRLT

7R3,
1.0
18l
. L6t
A
k o
A
. 14}
& D)
3 o
iz
1
Txlﬂ‘
0.2 04 0.6 0.5 Fig. 10. Relation between
(1—e—kat) 1
d —.
! Fio 0, SV X _, oy Ao
B- < {l—e-kﬂ)—. 1

(Reactions at various temperature).
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Vol, X VIH T b 7AaFsd FoRREREE

5 REZE0EE
204°, 192°, 182°, 174°, 162°C OIBAOHBLNEFILEN TR, TAELOPED kK,
iz EROBNTFIcRT. Rac 16) RICk b k iR TRO—Ric AT 2, (16)

Table VII. The influence of temperature on k.

Exp. No. ' I“&'::: fig) temp. (°C) ky cortectc:'by (16)
4 910 204 0.638 0709
35 9.95 T 0.437 0.466 g‘
37 9,52 182 0.347 (0.347)
55 15.47 174 0.352 0.217
40 833 : 162 0.166 0.189

ROBIRICTHIE L7 3 ky OREREATICRT. log k & —1- ORIFRIHRIOM TR
iR b i, T olBRoMEH b BRIt ERoRE Lot = #4¥ — 12 141 Kal &
kAl 5. 2T k, RROMIKZ LIS,
k; =Kpe 1/PT (17)
e K giElicb 5. i ¢ -
Neumani® ik 2o RBEOHHEL = F 4 ¥ — ¥ 156 Kcal, Steacie™ Sk ' v A=Y 27
A Fod YORMEREIz# LT 164 Keal offix I LTH 3.

0 Moz B

HLRE L 1 7e Bi8Re A tds 2 DIRIEIC W TR L T —SRRICEBTT 2 T b B LA
3. Hic, HEEORIC R CIRIRES £ iR Tt Lie Bk, g KOH oL
Fe. TORREPAKCRT. FRTXPMICELZS KOH © ce. HTHB. S22 1M
CHAT 5 DL LTHIE 10 (cm. Hy) OBPACRIL, 47K LARERO =1 BE BRI
ALie. HETRRAKE LT 4P X b HRA Lk 2B8RtHmOoRECdH 3. MTHLET 3R
o AN, BRILHOTNE D ORICEL S BASHANDT L85, APy OB
Ao REXBICER LT B, BBOTRBEAL, REOH#) CRWTERE X4 L {81
LCHBHHESh vidh 3.

Steacie™ (17" r B'F =Y 2 T A F g FizihnT, 130~150°C CREA RO LR RO
Il 1 LTh 3.

1. GI,CHO40.98 0,=011 CO,+0.05 CO+0.18 H,0+0.28 Acid+0.56 peroxide.

20) B. V. Aivazov, N. I’. Keyer and M. B. Neumann, gji.
21} E. W. R. Steacic, W. II. Hatcher and S. Resenberg, [¥jiH.
22) E. W. R, Steacie ele., HilH.
* BORISGT Fxp. 55 oIz Fxp. 37 LML ERTIHMLTH S %
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Table VIII. Analysis of acetic acid (Reactions at 182°C).

_ . e Peroxide
. | Initinl press. | Time bLefore 4P 1 Acid
Exp.. No. (cm lig) quenching APmar. x 100 00 KoH (mol x 105) c}';o{r:']%,f?
69 14.53 60 30.6 1.60 1.10 0.734
88 12.03 120 \ X | 1.59
62. 1.52
75 16.62 120 J 6 { 2,87 { 1.84 15
| - 87 12.18 180 85 3.15 n.58 .31
. : 70 10.39 240 3.08 2,06
%6 t{ ; 25
7 18.43 240 } {622 { 3.37 50
71 12,54 360 ¢ 514 { 3.97 i
v 15.01 300 1 em 422
° 11.04 430 (465 402 i
8 1416 480 1 570 { 402 '
73 11.58 00 { 55.91 { 3.38 184
79 12.30 Q00 - 345 2,80 "
V¥ =
T b TAFA4 FLERHE OREOMTHRSE (13) X
-%fzmxﬂ—zhx - (13)

Tk { ik L%, QbikthERoMEEREENT B LRI TS ), LKW
BIEOFHRICILH L TARMITRAL, BotRMize DREITHAT k, o 2MERHE
PoT—ktcHRT 2 —20@EREL LTRLES.

M2 EERLoRIORIEcHT 28 EER 51z, Pace®™ RK Neumann® 805 HIT
teh i, O, OSWMT A F 4 FOZRICH LTI 3R O O BEHE TS
%#i, O./aldehyde s 05 BlEickiiE. 0. OBRACEBRITET L5~ 1 FORNHO
BICHPTS. ROTEEOHRLD, k, OUAEKELFOSMO—RICIHT 3T L1,
WA 111 & BHIC, BADHEICTHBIFTT 25~ 4 FORMO—RICHIAT 5 40
rE~bhS.

mLTTtFwaA¢FoﬁmEEOWME%uﬁﬁmm%ﬁmﬁm&ﬂﬁéh& #
~, RESNCy s 2 eRfiT oo iickh RERELRL, X8k KC Ciiiz L
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Bowen, Tietz™ 7 b7 AF 4 FORACBUGEALREIC A CREAL O S5 & k2
ARl TH L. ' = i
—d%’ﬂ»: k ' Tows.-(CH,CHO) J

UEHS I Taon R IEHERIC I D THRIKE MAKDOTT BB, HORRKADI S KIEWHL Dk
W2 hTH S i -
CHyCHO+hy —> CH,CHO*
CH;CHO*+ O, - CH;COO0H*
CH,COOQH* -+ CH,CHO — CH,COO0H +CI1,CHO*
' 2CH,COOOH* — Chain rupture

AGEORKEMIC T CHCHO X b SesfRic ko Thillivic CH,CO™ % 3l .
WE&L, ZHUMEEOHMBMEE~N, |

k r
CH,CO+ 0. — CH,CO00 @’

k. '
CH.CO00+CH,CHO —+ CH,COO0H +CH,CO 2)

BIRMIETT EF g Frted %94 FibFs, M LT L b ARERET
&Y, Lo%mthic 28Rt —RNICHRT 3ikic, £R L7 CH,CO00H § X
O N GBI R T b O BT,

’

CH,COO0H — CH,CO+ R ik i BR 32 NG (3’
AoMORERKOMS LTS

’

2CI1,C000 - CH,LCO-00-0CCH, + 0.
PlEomZEESErRETLE,

27) CJf. Marck and Iahn, Catalytic a-.ﬂ'd'dim of Orgianic Compounds in Vipour phase,

28) pilll. - :
29) B. Lewis and G. von Elbe, Combustion flames & Explosions of Gases, Cambridge (1938), p 54
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=k,’(CH,CO00) (CH,CHO) —k,"(CH,CO00H)

=k J —;:- (CH,COOQ0H] (C11,CHO} —k, (CH,CO00H)  (7)’

Exh, (7 oRiE (13) RE—BLic B rR~3.
o (13) XEisrLied (15) RicRT,

2 O—REFEE D Xonx, OREFNIE t=cc @B D T, (16) 4L X O T 3 4Lt

VX =8k
X =g, -

R LAAEw. X

O T
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~

(15)
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i
Table IX. Calculation of x, y and a—x.
Exp. 36. 182C°,  a=d472. k,=0.347. +=0.00815.
Ti 4P
ime \_X.,b._ x 1001 x a—x o Xeate, y
(sec.) [mm.Hgx 10) “Pml;-/ [mm._Hg x 10f{mm.Tlg x 10) a—x (mm.Ilgx 10)(mm.Hgx 10)
10 2.2 1.5 2.3 469 90.4 2.3 0
20 9 6.7 110 461 97.6 105 0.5
.. 30 23 17.0 240 448 95.0 218 2.2
i 40 38 28.2 44.0° 428 90.8 36.6 8.4
' 50 b4 40.6 67 405 85.8 520 15.0
60 89 51.8 94 - 378 80.0 68.7 25.3
70 85 62.9 124 348 73,7 87.7 36.3
80 96 71.0 158 314 68.5 106.2 51.8
80 108 0.0 198 274 58.0 125.2 728
100 117 86.6 234 o34 48.6 143.1 949
110 125 92.6 233 188 40.1 1627 120.3
120 131 97.1 - 399 143 30.3 179.0 150.0
Y 130 134 99.3 375 97 20.5 197.0 178.0
140 133 100 439 a3 7.0 215.0 9940
150 133 100. 453 19 43 229.0 224.0
l L b 2 “
A(CHCO00)._y /(¢H,CHO) (0. —k (CH,C000) (CT1:CHO)
—k,/{CH,COOO0)* @'
d
~HEHCO)__ e (c1,C000) (CHLCHO) +ky' (CHLCOO0H)
~k,"(CH,CO) {Os) {5)’
ks
(CH,CO00) — ~/ =3 (CH,COO0H) ©’
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B0 ) B IE O RIAAIO IR R BT tvmax, 1,

In2 -
WYmax. = k, (18) i
% BWRRICTR LS. SAEERLE, 182°C OEEICIAT taw. ORI AN L, S
k. OHEES—ER LTI DRI RVERERLTHS. SRS, Fap. 36 .
KT k=000815 % (18) RICfLATILE, . |
l‘fnug,'——'sﬁw 500‘ *
L3, ERENCRI~4OBHoMizdzm L2
3. ZEREOR—FIE, X OLERIEY k KB Wr .. .
M TtC I LFKITH: | THIELI S b5, # . s
2Tk, BEED DR DM L7 28348 2 It L, E f
=l 'y ‘
EEMBEOBRCIET 2mH~bn 5. I ;
z X
dy o0 = 100}
—3r=2kX ®) .
BRI S 3l (15) REMRALT ' . 1
Q &0 100 150
_f:%=_}"_ (1—e ¥yt (19) Time ¢ (sec.)
Fig. 11
13, thﬁf}"'ﬂi’fs 1, X observed
I, X calculated
t+( ){4‘:-&" efﬂkal 3} (70) 111, a—x calculated
2 k-4 il . IV, 2y calculated
R ERES, E'lt,' @®, aldehyde partial pressure
x=X+y : observed
ki,
x= {3, (- e} by =gz2(g) (e .

X, 0T ky KO ke OiESIE, ARACRT S 5 KTy OfiEAELAS. 4
Exp. 86 (£BE\T, %, y R a ¥ TAF~1 FOMBIEE LT a—x WL/ 58515 55
JLas ke —hicaid. 2—4 dinivo phenyl hydrazine FHOATT A Fn{ FORBFREE
U RS R IR o T, _ :

ZHSTET 182°C DilIE CEER Uik, WRMME X 2+, EHEROIEIECE 30 s
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. Table X. The analysis of acetaldehyde (Reactions at 182°C)

j Tnitial Time 4P Initial Ald. o
G| e | e w00 e (iisdmne| Apage | ale fom | pvSac
| (em. Hg) q (see.) E 25 - HB, 8- B (gr2) "{ changed
86 15.12 0 0 0 0.0224 0.00444 0.00436 -
87 15.09 60 30.4 1.32 6.0175 0.00347 0.00435 79.8
83 17.70‘ 120 2.04 0.0133 0.00264 0.00512 6l.9
89 12.85 120 } 62.6 165 0.0087 0.00172 0.00372 { 46.3
94 17.02 120 264 0.0124 0.00246 0.00492 50.0
88 15.59 180 8 3.87 0.0075 0.00149 0.00451 33.0
20 15.58 240 96 315 0.0059 0.00117 0.00451 25.9
91 13.55. 300 100 3.00 trace 0 0.00302 0

# Y T THRA LI DOHRTITOV, dPuu. DETE ﬁ%nm&mﬂbek.ﬁor%x&
f@ﬁﬁ%&uﬁfan»m,m@ﬁﬁo&&&dp X100 |CTHIE L. #Hi—Eo
@HR T~ F 1 FORFROFUHT, a—x OffiX 9 YT H DA, KRFTRECRLS
ha.

* B dPmar. DHITHIBEICE L CRECS B35, WBST 2 74 FIRFEA AR ENTHD
TEERBT EBIES.

Vi B # ,
LD TeRTAFEAL FLE#E ORBRRILRIEY 162°C~204°C DR THEB L.
2) KEEOZMNE RIS L, S#EORIA ¥ %7 5 BT THA LitA EWBICET 2. T
O & & ORI AT TR C IR R e D B O RIC— B § 2 ln & R YL X 137
3) RSk DARILMORY X L EKERERE LT

El—kx—dk\

it
VX = % (1—e—ka

¥ite. TORIEREORINEMCE L TIREIMR L —F & 2.

1) JLOREIC BT B RO WK BT 13- B 1T, BEELHICH s FIREEN BB EL
T, WG & DA & A5 —BKIC T8 & O & FET UL, & < HERS UL RI)
L35, -

b) MGkt BiaRE LY, RS KRBT 27~ 4 FORRZERIICIHTL, HoHE
frHELTEENe -T2z 2 ¥ B

-
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OXIDATION. OF ACETALDEHYDE.
(I) A kinetic study of slow oxidations. :

By Sasuro Yacl

(Abstract)

Many studies have appearéd on the oxidation of aldehyde in connection with the oxida-
tion of hydrocarbons. The present auther intends to make a kinetic investigation of the slow
oxidation of acetaldehyde in the temperature {160~200°C) lower than that of its explosive
reaction.

When a mixture of acetaldehyde and oxygen is introduced into a heated reaction vessel,
the pressure begins to decrease at first and the total pressure reaches to a minimum, and then
it rises again nearly to the initial pressure until it reaches to an equilibriun.

The analysis of the reaction products indicates the formation of peroxide. TIts partial
pressure almost corresponds to. the pressure decrease of the reacting gas, and the pressure in-
crease observed after the minimum total pressure can be kinetically represented as a reaction
of the first orler. These facts suggest that the oxidation of aldehyde is a consecutive reaction,
i.e. the formation and accumulation of peroxide from oxygen and aldehyde causes the fall of
pressure, and the formation of more stable oxides by decomposition of the peroxide causes the
rise of pressure.

Let the amount of the peroxide formed by represented by X, then the velocity of its

formation can be expressed by

dX vy
’_d'r-'thu

This is an autocatalytic reaction accelerated by the peroxide which is one of the products of
this reaction.
The velocity of decomposidon is expressed hy

= ‘(l}:‘=kax

As a whole, this consecutive reaction can be expressed as follows :

By integrating it, we obtain

——_ k
AN =L — kA
he k, (l—e %)

2
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For the initial stage of lhe reaction the equation agrees wellawith the experimental results. v
The apparent activ: ation energy of the formation of peroxide is found to be 14. chal from
 the influence of-temperature upon k,, and that of the decomposition 182Kcal pl'hese vilus
are m fairly good agreement with the rebults of Otht‘.l investigations.
Flmlly, from tHe above results—some’ simple COI‘lSldel“aLlOn‘i have been made upon, -the

o~ reacnon mechanism of the {bnnauon of pelcmde .K / P
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