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Studies on the Preparation of Propylene Oxide by the Co-Oxidation of

Propylene and Acetaldehyde (1V]

Liquid Phase Oxidation of Cyclohexene in the Presence of Benzaldehyde

Minoru Muto
Tadahisa Yanagihara

The results of kinetical study at room temperature and the nature of the products at 70°C and 110°C by
the oxidation of cyclohexene in the presence of benzaldehyde indicate that the attack of benzoyl peroxy
radical on the double bond of cyclohexene causes the retardation in the absorption rate of oxygen and also
epoxidation of cyclohexene. The epoxidation of cyclohexene with peroxybenzoic acid produced by aldehyde

seems to proceed with the epoxidation by peroxy radicals during the course of the non cobalt catalysed

oxidation in the presence of benzaldehyde.

. EXAME

TVTE FOFEETTCA V74 v abd 2L, v
DDOFALTAVAFLRDDD DT VDB s pl 1
HIEDHBNT WS, TOHE, AL 74 VR TIVTF
v PO L iiFE LTER+T 22 3T 58,
FELG, H2HD T, PEOFEILIA v S
Y9, IZET VTV Y, ZAVOENE, <V YT VT
b FOWHZESBGCIIRIF E UCERL, + Ok
Walling) DILFR(CHERE TR CE 5 = & A HEL 2,
TR LY C, T MNTHAFL PR/ nE Ly oz,
Btic, RUGIRHER & LTl THRCERL, 71
FT VT R OB EOERNCIEL T, Sl
SENTu LUt F Y FINRR N 25k T a2
TR LTz,

AT, AL74 VDT IVF FRMEA O )R
BLOTVTFE FEETCOA LT 4 YOS ALk

(

1

WaBbhwed s, VYTV FL RKEFEFTL
PAF Y Y OWARESE L E T, R L i RA Ry
35,

e BRI AR FEH195F 4 ¢36F L, Canadian
Journal of Chemistry 44, 1817 (1966) W ¥fEL 13D
EA—TH 5.

2. R BR FH &
C11 & #

VI BAF AR R U TEIRL 2, ER
KU TZEE L, bp 83°C (760mmHg) @ & DA L
2o NV TNT R FRME 1 AR EHRE P TH&
8L, bp 99.8~100.3°C (60mmllg) 7 f A il B £LEL
LTHERAL, RyE/3HRI e PR B2
Bifg, 5% NaOH K&K, KTgkiL, &8 rU v
LTHRUTHA L7, BRI KOS #1999 4D
A A Lic, @EEERT, Kolthoff 59k

b



2 WS 1l 15 (1967)

o TR &Nfz Braun O GEL, ~ /4=~

AFUFR LY BRLI, HAZRT T F7 4~ 5 5
T, FEHEE LTHEALE Y 7 anF ey F U ER ii
WEERG, TRA2 0% £6HL . 0

RED L 7a~FHy—1.2 =Vt — L 7and al 3 GHo:
T 2 BRME KN HAKLIY, mp 102°C © 0% o ElS o0 o W A
FRLI, Y7 r—1.2—-F—ve/ R s °f d g j\
T— kit Owens © FEED @ L, L r7untgy ; ; . ; ; , ;
—1.2— v — L L REEEEL DAL, mp 86°C D L
DEMR Lty L7 BAFLY—3—F LB LG rentien time, i
BAFEY -3 —F LT u~Er O EBEMbC & Fig. 1 Gas chromatogram of products -“
DABL fos FEIET/SL DT < 2 THHEL column : PEG 1000 (3m)
CHE Lo temperature : 110°C

carrier-gas : Hy, 50cc/min

(2) S2ERI(E f
1) (ERE CTOMLEERE

HECOMEFRRIGEE ORE Tk, 628D LM

ThHbo
(2) ERETOM bt

FRNEOWMBEE LY LEFETHD, 7 anF
2 20cc, AUYTINTFE K 6~20cc ERE LT
YR, &8% 100cc & Ui, & DRIGHK B
FENLLARA — 7L =T (200ce, SUS 27 H4) 1@
FeHE L, EH A Skg/em? FIEL, RUGHEE £ THEL
120 GEEPIA800pmTH A L 7e0v b, BRFEAEA
L, MRS HE Skg/em?2 TRISKBIAT 5. BEROWE
e, IRRMERL WL 1o, KIGEEREZ <L b
DIFEICh A BT, ) 15kg/em? & Lz,

X ARGERBORBRAA I v V7 T7 4 ~IC
LORDIz, WHREFHDH AT 02 N T7 4~ & FELUTRMBAATEDCLBHAIZ O NI T7 4~
oMo —fAr Fig. 1, 2 @RLTz, BB T Va2 — Lk CEVFED LN, Y Zu~FYry—1.2—DF— )Ly
KOHKISHC & % FhFE THRodteo A RRE B RV T~ MIKRWERDEETH D,

Response
|~—Range 2

L=

10 20 30 40 50 60
Retention time, min

Fig. 2 Gas chromatogram of products

column : PEG 20M (2m)

temperature : 200°C

carrier-gas : Hy, 50cc/min

Table 1 Reaction conditions and results
Temperature Initial Concen- Initial Concen- Absorption rate Kk
Run No P tration of tration of 3o 5
' °C Benzaldehyde Cyclohexene 0 xygen ¢/mol
mole/{ mole// mole/{. sec mole. sec
1 19 3.57 0 6.61x10°5
2 19 3.57 0.000395 5.28 2.51x108
3 19 3.57 0.00158 3.67 1.63
4 19 3.57 0.00395 2.1 1.46
5 19 3.57 0.00790 1. 1.50
6 19 3.57 0.0158 0.77 1.08
7 19 3.57 0.0790 0.108 1.57
8 19 3.57 0.197 0.0285 2.39
mean=1.79 x 103

c2)




TREL VYT ENT VT FEORMbC LD T r UL A L KOARICET B0 G4 3

(@) MEEBRBC LD 7u~FrryozHE il
ou o~ F & 20ce, Eifg a0k 0.165g A
100cc Oy ¥/ CEL, BIGHSEMA 3 YA 7 52
2 (250cc) AR, 03 BA LIdiHT0° Ciefgo, T
DFRE L IoBL BEMERE 0.345mole/l D~V ¥ VBT
%2, @MfE Yy LT 0.05mole/hr © HEEE T BESHidT
ZuAFXUBERPICHET L, RIGETo 1. A
SMRARITI0T VT 7 4~ LD FT5 P,
3. B B & B

(1) BRBBGEE T
NUVTNTEC FFETTO L 7 a~dv O HE
ERIEA, V¥ IEE CRIGRE 19°C T - 72,
RV TIVT e FEHEE 3.57mole/l —ET, L7~
F¥ UEEEA 0~0.197mole/l 1w hs % CHE R RIOEEE
ZREL, TORERAY Table 1 iRk Lo BEERIGE
FEREPGEFZTINELVNI VDT, v ra~Fry,
NYITNVTEe FRER —EL &7 dNb, Likois
T U 7B 0 R IR B B8 A 35 ST X 7o
e

— g k(1)
ey oo K, (2)
a0+ U —— GBon+ G° K, (3)
@Cfgo. + @C:?)o
g%o + 0

M~ERA L D EFRBEC L0, BEFRRIEE R K
RTEbLIND,

_ 4002} _

very fast
+0, oty last

Inert product k, (4)

Inert product k; (5)

RISRATrL, MERIEE R —EE 557, FOME
BNGEED —fln Fig. 3 WCRL e, MEEDRINIER 2
ot had, ROSEERBCEL, BRI &5
RERL 02D T, EROAM & O EEEBIGERE A R 5
7o
DTuANFLIEA VYT AT e FORLR G LT
WREELXLNRDDT, B 2ERL kO
B UTce 10/l BESEXTHIRENDDE L1z,

700 "
‘EC)' -
=g
e
600(- &
|
3]
z
[®] 4
O. 400f o
7 %
: Vi
5 3001
o
S
a 200F
=4
3
E
<
100+ 6
pon N
1 1 i L
0 10 20 30 40 50
Time, min

Fig. 3 Oxidation of binary system
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Table 2 Reaction conditions and results
Run |Temp, Time Agg- ICGIIJ‘IS:EI Conversion N Selectlwz_ﬂ—.i I
No. | sc | 1 | rbed (MOC&hg%HﬂMO%HmQ&C%hﬁT%HwHG 8 CeHs C COy
cc | mole % % % o % | 9 IOOH % %
) ) o

9%k 70 3.0 670 0.100 | 21.6 35.6 45.7 11.2 17.7 15.5 35.0 2.32

10% 70 6.5 230 0.060 7.3 9.0 40.8 14.7 26.8 23.9 60.3 3.98

1% 70 8.0 250, O 11.7 ~0 0 50.6 28.9 0 ~0

12% 110 | 1.0 360l 0 13.0 8.6 0 49.2 24.2 0 ~Q

13* 110 { 1.5 | 1400 0.100 | 38.3 47 .4 33.3 10.3 18.3 20.9 47.9 7.81

14% 11p | 0.5 830 0.100 | 22.9 31.1 38.1 10.8 18.0 29.5 46.0 6.37

15 110 | 0.5 190, 0.100 4.9 6.0 74.0 11.8 ~0 ~0 72.2 6.78

1e#t4 110 | 1.0 500, 0.100 | 12.7 13.4 48.0 8.0 12.0 40.3 6.06

17 110 | 2.0 470 0.100 | 11.7 10.0 60.9 9.7 20.0 21.3 74.3 7.60

18 110 [ 3.0 | 1000 0.100 | 26.0 24.9 62.0 12.6 19.0 61.0 4.90

19 110 | 6.7 | 2000, 0.100 | 43.9 45.7 59.0 10.6 14.6 14.0 57.5 6.68

20 110 | 2.2 580 0O 24.1 | 29.5 43.2 34.1 0 ~0

21 110 2.0 500 0.060 | 24.2 21.7 36.7 7.1 20.4 23.0 60.2 2.60
= 22 110 | 1.6 500, 0.150 | 17.2 17.0 70.7 10.3 19.1 17.3 56.1 4.94

23 110 | 1.5 500, 0.200 | 21.6 18.9 62.0 18.3 13.6 11.8 43.7 3.19

*#0.165g of cobalt acetate added.

**Selectivity to benzaldehyde consumed, others to cyclohexene consumed.

*%kPartial pressure of oxygen : Skg/cm?

0.197 mole of cyclohexene used.

% 10% mole/f.sec
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