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

Bap. No | Tl Prew | UC SR |y | NSOrsa | R i

. (sec.) - Hg) (ce) (¢m. Hg)
88 10.41 60 0.64 2.10 0.791
59 8.69 60 045 147 0.552
56 10.82 120 1.38 433 1.63
57 1Lle 120 , 142 3.54 1.33
61 1467 - 180 2.67 6.36 2.38
62 17.47 180 3.32 8.08 2,98
63 17.12 240 s.11 7.37 -2.78
64 16.14 360 2.46 589 2.1
65 15.82 480 191" - 3.33 1.8
49 10.89 600 138 1.33 0.500
60 10.98 660 1.04 0.88 0.737
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[ Table II. Calculation of rafe constant k, (Exp. 36, 192°C).

t (sec.) (mm.‘ﬁ’gx 10) log% kef2.3
260 1008 — —
270 968 0.033 0.00330
280 929 0.066 0.00330
290 895 0.099 0.00330
300 861 0.133 0.00320
310 832 0.165 0.00330
320 804 0.198 0.00330
330 79 0.230 0.00329
340 751 0.268 0.00335
360 727 0.305 . 0.00339
360 704 0.324 0.00342
370 v 681 . 0.383 0.00348
380 662 0.421 0.00351
390 646 0.455 0.00350
400 ’ 630 - 0.492 0.00351
410 617 0.525 0.00350
420 607 0.551 0.00344
430 596 0.583 0.00343

oo ‘ 450 Mean ko=0.00815
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- Exp. No. Temp. (°C) kq ks mean Temp. (°C) ks
35 192 0.01285 204 0.01968
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31 s 0.00861
Cky O LR OMBRESEKCRT. BRI, a4-}

log ky & —1— RTHIKIEOS B T L4241, iBHRIL
RO R o b= 2 A ¥~ 1% 182Kal &5 5.
3 BhXAo o

TEPTAFAL FORBRRILEBICH L TH OB — 45}
HEINTH . TANHREREDM 2R L HO3N

BRTH W4 BE—B LR TS 2o, KIGUER [ - .\
RAREESE2ESORMEATHEW. 21 22 23
. 1

4£R» I ROV 3 2 B~ X110
VR ekt - ®) Fig. 3. Relation between
AR TRITT, MBI k RHEARETH 3.
i v X ¥, BRI X0 CRRTRE, SIUBEOM ¢ REOTINIESML, Ty
IREICERTME LTRIZLIGS. 62T ) RXkMaL,

log k. and —-——: .

3~ X% dX—kadt : (10)
dX 51wk
X ok ‘ (11)

BREM(D. FEOMUITRWTIE y BABALRIELL, B2TA 711 FaigkP L
R BRthE ERT 20T,

X=x—yZ==x
LHE~S. HKOT

dX
dt

dx
e

=klxx'=.

12)

ERIT LS. MBI k REFETHD. X




R L

T - s A it D . - IS, T
WIEILEOES Vol. 18 No. 384 (1944) -

84 ) N & = m No. 3, 4
30}
00008
12 } 25} A
~~ 4
10 % 20} 0.20
.2“ .oooo
s | & o »
4 T 15 015\
> NS Y . {010 &
4 ‘ ,
2l 05 } {005
20 40 60 80 0 01 02 03 04 05 06 0.7
' Time t (sec.) : (1—e—kzt)
. 2 4 6 8 10 12 14
Fig. 4. /' X =kt X
Exp. 41. 204°C  Exp. 37. 182°C ix Yig. 5. Txp. 36. 182°C
Exp. 35. 192,  Exp. 40. 162 » ] 3 TkeX VX
1. X% =k, 1L _I—:Tc_—k;.=kl
dy
—ar =2keX ®
(12), (8) DM FIIZ,
Todx— d
_(Tt&.=_}§_=klxx_2kzx (13)

BBREMB. S it Xt IR~OTHRE LTROM. X k, REECHIUEL Db
i,

-—df +2k,X ,
t F
—m—=ki e

dX

(14 OBRE D, (SE+2kX) REMNC XY L BOICHR LD B, B L7 B

LHBEMIC THIZ LB BT LHMELAS. ki O ZOUHROMBL VKRB 5.
#® (13) REMH T, |

VX = ;“;2 (1—es) as)

BB, 2kXN & (1—e ™) 2OBFL R EBTisie x5, Exp. 36. 182°C. FIR
9.35 (cm. Hg) 0P B2 WAL M ARREFRAKICRT. REOTMPICHWTRESRE
LRRETT Lol DB MR OHIE L € OV REHITICH LEARECS
D, kMl 2 BRILMOBIEOEFRICIH L TR, XEO—RICHHLTHRT
HBREETH 2 T EATRANIe. MAEOBREOTIC (15) RE b Exp. 36 kKiWwTaHIL
7es X Offie, WL BB LA Bic, BABILHANO T0% ERAH—8 LIcki



MIEBILFEDES Vol. 18 No. 384 (19

K
. J
Vol. XVIIT FE T AFAE FORILRE 85
B, -
Table V. Calculation of k,.
o PV X Exp. 36. 182°C.  Tnitial press, 9.43 (cm. Hg)
LG ko=0.00815
" -
t sec. 2k X 1—e-kst ky
calc. obs.
10 ] o022 0.079 0.306 2.88 2
20 0.0488 0.151 0.323 10.5 9 .
30 0.0784 0.217 0.361 21.8 23 C
40 0.1008 0.278 i 0.352 35.6 38
50 0.1200 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 85
80 0.1600 0.480 0.334 106.2 96
90 0.1696 0.520 0.326 125.2 108 -
100 0.1762 0.558 0.316 143.7 117 Lo
110 0.1822 0.592 0.308 162.1 125 ’ ’
120 0.1866 0.624 0.300 179.7 131 ‘
130 0.1882 0.654 0.288 197.0 134
140 0.1894 0.681 0.278 216 135
150 0.1894 0.705 0.269 29 135
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Table VI. The influence of initial pressure on k,

(Reactions at 182°C).

; Initial press.

Exp. No. (cm Hg) ky
51 17.79 0.640
53 14.47 0.537 -
52 L 0.330
54 4.32 0.183

0.0 r
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\
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Fig.. 8. Relation between
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5) REREONE
204°, 192°, 182°, 174°, 162°C 0B & OEBME X HIBEMORT. R EhoRPRDO K,
O CRKOPNMTTFITRT. Raic (16) Rk b k, OB FIO—Ric BT B, (16)

Table VII. The influence of temperature on k,.

Initial press. k
Exp. No. . (cm Hg) temp. (°C) ky conectedlby (16)
41 910 204 0.683 0.709
35 9.95 192 0.487 0.466
37 9.52 182 0.347 (0.347)
55 15.47 174 0.352 0.217
40 8.33 - 162 0.166 0.189

ROMIRICTHITE L7 3 & OREBBATCRT. log k & - ORIEREEHRIOM ¢ T8
PR B N, TOUROMRIL D ﬂﬁﬁft%@&@ﬂiﬂi@ﬁﬁﬂmi FA¥~13 141Kal i1
BitiEfds. 2Tk RKOML KX LB,
k, =Kpe 141/RT an
Belic K BEWTh . : _ -
Neumann® &2 2 o LHEDIGHEL = 5 % — % 15.6 Kcal, Steacie™ 21 7w €4 =Y 27
vF4 YORMEILHEICSE LT 1564 Keal ofix i LThH 3.
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R IR 7 2 8RE L tdt & DRIEICHRWTHE L T —HAHR 81T f7C&ﬁﬁ@Lﬁ
5-&m.ﬁﬁoﬁmm%hfﬁﬁﬁﬁ%%m§%fﬁébk6%&,wo KOH C#ElL
o. ZORBREFARITRT. BATRDMCE LA KOH © co. HTHB. S22 500
B+ 540 x LTHIME 10 (cm. Hg) 0BAIIB/IEL, s LBt D = J X BRI
FRLie. WETREFI LT 4P X W HR L 28R HOoRTH 5. BHEHEBT 2 ICRR
OEAYIL, BREHOTHE YV ORIKE S BREHINDT LS5, 4Pun. OH%BE
Ao R AT YT 24, BEBORBEEAL, REOM ) KRWTRRR L L {81
LTHIHUEN I YIRS,

Steacig”’ 7o 3= 2TAF 1 FiLEnT, 1830~150°C CRAAEEDO LRI XD
Wl FELTH 3.

1. C,I1,CHO+0.98 0,=0.11 CO,+0.05 CO+0.16 H,0+0.28 Acid+0.56 peroxide.

20) B. V. Aivazov, N. P. Keyer and M. B. Neumann, j#jHi.

21) E. W. R. Steacie, W. I, Hatcher and S. Rosenberg, jHi.

22) E. W. R, Steacie ete., §ijlfi.

* OB ORITRNT Fxp. 55 @i Exp. 87 LWMA LB IMMLTS 5.
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Table VIII. Analysis of acetic acid (Reactions at 182°C).

e . . Peroxide
. Initial press. | Time before 4P 1 1 H Acid )
Exp. No. (cm Ig) quenching APrax. x 100 100 KO (mol x 10%) c“(lsl‘o:’:?’;:)s‘)ﬂ)
69 14.53 60 30.6 1.60 1.10 0.734
6 3. X K;
8 13.93 120 1 626 { 1 { 1.59 152
75 16.62 120 J 2.87 1.84
| . 67 12.18 180 85 3.15 2,58 231
70 10.39 240 : 3.08 2.96
} 96 { ' { 2.50
76 18.43 240 6.22 3.37
71 12,94 360 ¢ 514 { 3.97 Lo4
77 15.01 360 1 e 422
72 11.64 480 ( 465 4.02
{ 1.84
78 14.16 480 1 570 1.02
73 11.58 900 { 3.91 { 3.38 L34
7 12.30 900 - 3.45 2.80 "
V¥ R

T b TAFAA ¥ LEEHE OREOTNHME (13) X ~
—(]a}ti=k,X"—2ng - (13)

KTk HRLAS. NHARICHEROTEREIREMA M LFXREWCH D, £RHO
BECFHRICILA L CABMITHAL, BoSRMiEE OREICHWT k, I 2MEHKE
BT —AMICHMRT 2 —00HigREE LTRLE .

R 3 Ic KEIIRO R ORIE i+ 5%2&5 iz, Peace™ RU Neumann® & Dg5HLic
i, 0. OFMRT A F 4 FOZRILE LT 2MIZ O O KREHE Ic BT
%45, Oyfaldehyde DltAs 05 B kL, O OBEAICEBRICIET 25~ 4 FORAO
RICHMTE. ROTEXOHEMLD, k, ORSREESOZMO—RICHAT 2T 1T,
RAHA 1:1 5 51T, BREDSHRIC L EBBICT A5~ 1 FORMO—RITHAT 5 b0
LHE~bOB.

mLT7fF7wa4FOﬁWﬁE@ﬁﬁ@Eﬁﬁﬁmﬁaﬁ&EM&ﬂ&én& )
~E, BESFMITT 5 AR e RT3 C o RERE Y L™, Xk KCl CigshTt
D TRIED INZG AN I TE Y, HOXF 5 A THEF L REFITRWT
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APer) gy T (CHLCHO)

HEEIT Tas R KHERICHK D TRIKE N2 DRTH S, HORIZROME KEBNEL bR

WENTHS. .
CH,CHO+hy — CH,CHO*
CH,CHO*+0, - CH,COO0H*
CH;COOOH*+CH,CHO — CH,COO0H +CH CHO*
" 9CH,COO0H* — Chaip rupture
SEEOMEEI AT CH,CHO X b 388 fiH ic ko CREINMIC. CH,CO™ % 5308
R, ZHHMBEEOHBHMEE~NE,

k r
CH,CO+ 0; - CH,CO00 '

ky/ :
CH,C000 +CH,CHO — CH;COOOH + CH,CO @)’

RBRMICTT € Fand Futmd %94 FEtts, M UTHBRELE ) ARERET
&Y, HoERMic 28Rty —RINICSHRT 2T, 4K L7 CH,COO0H b X%
OfEHCESASH LTS O LBET AL,

’

CH,COO0OH N cn@0+[ﬁ&%£ﬁﬁ%m BYIR 3T C3)
Aofifilowirkom LTH#ES.

’

2CH,C000 SCH sC0-00-0CCIH;3+ 0,
LAk odnE B BE T hig,
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Table IX. Calculation of x, y and a—x.
Exp. 36. 182C°. a=472,  k,=0.347. ko =0.00815.

Time \_X,,m_ 4P X 100 x a—x % Xcate. y
(sec.) [mm.Hgx10) APF“:-, (mm.Hg x 10){mm.I1g x 10} a—x (mm.Ilg x 10)(mm.Hg x 10)
se .
10 2.2 1.6 23 ' 469 99.4 2.8 0
20 9 6.7 11.0 461 97.6 10.5 0.5
30 23 17.0 240 48 95.0 218 2.2
40 |[. 38 28.2 4407 | 428 90.8 35.6 8.4
50 54 40.6 67 405 85.8 52.0 15.0
60 69 51.2 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
90 108 80.0 198 274 58.0 25.2 72.8
100 117 86.6 233 234 18.6 143.1 94.9
110 125 92.6 283 189 40.1 162.7 120.3
120 131 97.1 -329 143 30.3 179.0 150.0
130 134 99.3 375 97 20.5 197.0 178.0
140 135 100. 439 33 7.0 215.0 294.0
150 135 100. 453 19 43 229.0 224.0
%‘m=k,'(CH,C}IO) (0.)— ke (CH,CO00) (CH,CHO)
—k, (CH,CO00)* 4’
1 .
EHLO)__,(CH,C000) (CHCHO) +ky'(CH,COO0H)
—k,"(CH,CO) (O:) (5)°
ERIREIL AT, ‘
kg’ i ?
(CH,CO00) = 5a (CH,COOOH) (6)
4

R 2 1B kS CH,COO0H o k&L,

ﬂgﬂi%¥£¥9=m{KthOOOHCHJHKn—k{K&hCOOOH)

=h'§%mmammﬂmumm—ummammn %
o

Lab, () Ok (13) R&—8 L 2R ER~3.
(13) REHS L s (15) Ricir T,

vX =2Lk’, (1—e*a) : (15)

ZD—KBARBL D Koar. OHFFIE t=co B DT, (16) Rik X OkdT 5 5L
i LBrw. ¥

.
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ZWMRRICTRELSS. BARER D, 182°C OEBITRWT tvemas. DR AN~ L, N
ke BDLEES—RR LEPRICIEE )P RVRSIRERLTHS. SRy, Fxp. 36 .
(cHhT ke=000815 % (18) RICARAT AL, ~ N
tanax.=85 ” 500 *
Lhn. EERENCIE30~5Hollicd am i
ZERHEDOT~Bi2, X OHRFEIEY k, & K oo, .
EEMITICHE LR RIIEE LTHIL 2 M5 5. ft = " . |
DTk, BREDOH I DT L DHIBB 2 gL,  F o
—|2 ‘
EHEMAOHIRCHRT 2m{B~bh 3. | * :
dy 2k.X ) B 100}
d e .l 7
 hBBRicd 3lic 15 RERALT ‘ : . . ‘
0 50 100 150
%:.‘ﬁ_ (1—e¥a2 19) Time {(s:_:c.)
Fig. 11.
19, Z.’i’fﬁ'ﬁ"”'nﬁ, . 1, X observed
k,? _ ks I, X calculated
y =_‘2k—,t+ ( 2L.) [4(: et et~ 3} (20) III, a—x calculated
Parapn - a 1V, 2y calculated
BIXNERS. ilCr @, aldehyde partial pressure
x=X+y . observed
hhikie,
{21‘11 (l_e—:'k:l)} +y 2k 3 '__‘) ( Qk.) (1 —e Qkat) -(21) -
2 KOT K KO ke OIEHILE, BHAICRT S x KTy ONikHELNS. 4
Exp. 36 ITEEWT, x, y BT a ¥TALF~1 FOUBEEL LT a—x ¥ HH L 55055
SR O —kica . 2—4 dinitto phenyl hydrazine X AT T A Fn 4 YOI RYE
Ll 28 R - EicnT.
ZAEIX48T 182°C RIS TEER Ly, 1&%%!%&&3% EHEROEIE T 30 ST
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92 (Bs) Ak = @ No. 3, 4
) Table X. The analysis of acetaldehyde (Reactions at 182°C).
s Time 1 Initial Ald.
Exp. ll?:;:l befor? APAP x 100, 4P Hydrazone | Aldehyde | cale. fram Al dﬁy de )
No. | (cm. Hg) qu?::‘t;.l)ng ml% (cm. Hg) (gr) left (gr.) Imtu(:;rsress. changed -
86 | 15.12 0 0 0 0.0224 | 0.00444 | 0.00436 -
87 15.09A 60 30.6 1.32 0.0175 0.00347 0.00435 79.8
- 83 17.70 120 2.04 0.0133 0.00264 0.00512 61.5
'vi". 89 12.85 120 - 62.6 1.65 0.0087 0.00172 0.00372 { 46.3
- 94 17.02 |- 120 2.64 0.0124 0.00246 0.00492 50.0
88 15.59 180 85 3.27 0.0075 0.00149 0.00451 33.0
90 15.58 240 96 3.15 0.0059 0.00117 0.00451 25.9
91 13.55 300 100 3.00 trace 0 0.00392 0

£ T THE Uk D DHTITO%K, dPua. OETZ ﬁ@mﬂmmwfbok.%or%ﬁﬁ
TQ#ﬁﬁ&mMT%kbm,E@ﬁﬁOE&EAP x100 THKix L. Ht—lEo
@RI T A Fr 1 YORGERDOFHHT, a—x Offik D LT B DA, AMPFTHEIRS
nz.

" BX 4P ORRTIEICE L TRETS B35, WEET 2 Fnd FRFEA EARENTHS
TEERBTEBIKS.

Vi B ¥
1) TeRrTAFAL FEERE ORBBILKEE 162°C~204°C Ol CER L.
2) KEEOZRENEZRIRD L, BIEOBA L&A DB TRA LR A EVBICETS. T
D & OREHEHERATRIC N TR R M7 5 BREAL O MR IT — BT 5 In 2 5L 137
3) kMt 2 BRAHMORY X LEHKERERL LT
-%§=mx¥—zmx
- i3,

oo

~  ¥e. TORIEFEOWNIBSICE LTREMNRE —FK LB

4)  JEOREICHT 3480 B BT 3. 3 1T, A L Hic 5 AR BB L
T, SHEAMEE L BRI DA & 41 — B THED O LET L, & { EBEN LR
L 5. ‘ '

B) ILHKHEIRinte %iBRE (Lt RENE, ROST v 5o 4 VORI EERMICITL, LOKE
REHELTEEMNIC-E T2 kR
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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 conmection 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 a2 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. Its 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 order. 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

ac TN

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

_dX _
de

k-_-X

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

dX
dt

=k, Xy —2k:X

By integiating it, we obtain
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For the initial stage of the Teaction the equation agrees wellawith the experimental results. v
The apparent activation ener gy of the formation of peroxide is found to be 14.1 Kcal from
. the influence ofstemperature upon k,, and that of the decomposition 182Kcal pl'hese vﬂues
are in fairly good agreement with the reaults*kof other investigations.
~ Finally, from th® above results—sorme ' simple considerations have been made upon lthe

-~ reacnon mechanism of the formatlon of peronde .x y, o
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