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Abstract

Propylene of C.P. Grade dissolved in ¢-butanol was catalytically oxidized to propylene epoxide using
cumene hydroperoxiide, which was prepared by contacting cumene with oxygen. The catalysts used were
molybdenum, manganese, cobalt, and copper compounds.

The work of searching the optimal reaction conditions, reaction mechanisms, and its kinetics were attempted
by conducting several series of experiments.

It was confirmed in this work that, among catalysts used, the molybdenum catalyst was the only effective
one for the selective formation of propylene oxide, and the effective concentration of the catalyst was limited
to only a small value; the higher the concentration of molybdenum in reacting solution, the less the portion
of cumene hydroperoxide was used for converting propylene into propylene oxide, or the lower the selectivity
for forming propylene oxide.

The selectivity attained in this work was more than 98% at reaction temperatures ranging from 80°C to
105°C when the initial relative concentrations of cumene hydroperoxide, ¢-butanol, and propylene in liquid
phase were 1, 4, and 16 moles per liter and the molybdenyl naphthenate, less than 1.3x 107 mole per mole
of cumene hydroperoxide, was mixed into reactants.

The rate of formation of propylene oxide is

4% _ K (ROOH) (CH.CH=CH) (Mo)* (1<a<c2)

The rate increased about twice by the raise of 10°C in reaction temperature.

The activation energy calculated from the Arrhenius plot is 18.8 Kcal/mole.
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YERE 81196 E propylene € EEZ B
BLE A% RESEA #HadAe HEILe ¥
o]},

X A E FHCl 270 mlQl BEKMEZ A A
B2 EBHEANA EE 353 cumene hydr-
operoxide()F CHP 2 BZE2%), Hi= 4] ¢-butanol,
iz A Mo {b&ipe v Rt —BRISz WRIEE
feel] A-g5 =z glivkz #4202 Co, Mn, ¥ Cu%9
1L&tpe AFE3tx Air Product ftol A #&A3E C.P.
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I. B{ERESE
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MR Hald A ol 7A] o= Iz HEe
ub glovh of 2 AR Ll B = UERE T R
o REEEZE §8 o453 22 RKEES 44 +
7b Atk

—pye s E¥SES hydroperoxide 7} FEE 7
< BERESBY B Bxd k3t BEAES £RT
e #i M2, e, 2780 ozt Mo 7l CHP
S FpEstS whgt o]l RO RO. & 4% Ao
2 Az gt

(1) ROOH+Mo(V)—>RO+Mo(V])+OH"
(2) ROOH+Mo(W1)—RO,+Mo(V)+H*

%3 Morse % *%,%3,30,300] K&} s-butyl hydrop-
eroxide 7} 95~100°C ol A fEste] EEMLZ O, %
t-butanol g £ ohe ol whel KE (DA 4
g%l RO: CHP & ¥ X#ES HH(abstraction)s}
o KHE (33 o] dimethyl phenyl carbinol (LI'F
DMPCE #4528)3 RO, & 4K T Aoz Eo

(3) ROOH+RO—>ROH+RO,
(DMPC)

= Brill g o8] A9 #E Ve kel EEE
2 olefin & HHMILE A $ olefin o] —F = alkyl-
peroxy fElistol KFESIY olefin oxide 7} 4= oh
Fol =2k KE (D9 A 45" cumyl-peroxy

EEEs, RO, = SMETAAE —#= propylene 3}
st o33 2] POE 4B + & Aoz
£}

CH,—CH=CH,+R0O,—>CH,CH—CH,+RO
\O/

v BEEILE € CHP 7} d"lxes PO 4
Kol 44 fdE A-e RO, 7 propylene # Kt
LiEY RES £2 Yot AL 9 =z Mo
I A2 e ERY KES A8doz dode
EfE #oF g}

o]# Mo o] propylene =} [Ffdted RO, & o AAA
PO & &p3A e BfEe oS 2o 44T +
et BN

Mo(V)
CHSCH:—:@H2 +ROZ——>CH3-—§3H—CH2+M0( \'D]
Mo(V) 0
5
R

CHs——CH——(llHZ——>CH3——CH—CH2—>
. ]

0 - 0
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O 0
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CH,—CH—CH,-+RO
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LFEE PO 4BCERE MAsHE Moo ELitike
H3rh glos g (D= 45 sl

(4) CH,—CH=CH,+RO,+Mo(V)—
CH,—CH—CH,+RO+Mo(V)
N4

i

0]

olFAl de £®A ROE FHEQH Izt
DMPC ¢ RO, & stz o] RO, 7 ohAl KE@)
#ate] PO & 43} MEIEH%ZIME(Chain Propaga-
tion Reaction) @ 927w A #fF CHP & propylene
o] KfEste PO DMPC & #®at: BES A
Aok, 23y RO () 2 Kl 2R}A &
A RO, 7F (9} 2 KES 34 G 3% o5
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R = 24K % (Fragmentation Reaction)8 317
Sl £v Pryor & %) {Rele] gyl SHARES
T A% U Stssion) & 9 RET HEKSH &
REE AHELz Kol #7d0E R =z ROE
SELEA k3t REGE)S 7ol
CH, & % Aoz 29 o RES oz Azs
HeBTel AR Tl FHAwh

acetophenone

g 1
i
~ |H,C—C—CH, C—CH,
(3) RO= | — | .
|/\I {/\1 +CH,
NS NS

=3 Emanuel % 24.%Vo] &3} (6)oh 2t fEC

7H58ke

; (1)—0- \ 0
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. ’ H,C—C—CH, C—CH.
(6) RO,= | — .
|/\I /\| +CH,0
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RO, 7t REE(D 2ol ROS 0, % £mele 5%
Fiig Ss glo o
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REG)S @04 £x= CH, ¢ CHO: #%
ROOH 2 %8 Kk#E& #hste CH, s CH,OH & 4
B &,

® ROOH +CH,—>CH,+RO,

) ROOH +CH,0—>CH,0H +RO,

4" O, 9 propylene o] th&
&t acrolein o] AR YL 9z @

(10) CH,—CH=CH,+0,—>CH,—CH=CH,
CH,—CH=CH,+0,—>00CH,—CH=CH,
CH,=CH—CH,00+CH,~CH=CH,—>

CH,=CH—CH,00H+CH,—CH=CH,
CH,=CH—CH,00H—>CH,=CH—-CH,0+0OH

CH,=CHCHO+H-
(acrolein)
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E& EAMEINRMES k3t phenol B acetone o] 4
4 gl

H
(0]
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|<>| He.a’t_>\/I

it 7183 8 KEE o4 CHP 7 =5 PO
£ s @ik e v KES 3 (Dol ket
HEHEEERE Y RE O3 (D& KE D% %7
A dojd gl AAuLozA POE £RA
%x CHP & HMAS & Kol EkInd o= fEE
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dol| £& F{ESE EHEMLE RO, Gz 4248 £ 9
=},
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A GFE ol FE ZHKEKME(Second Order
Termination Reaction)o] SEHE Ayl A=k EHAN £2
HAEste HEE] RO, & A2 whvd K (Dl &k
o] ROE 4psle —HBe HHEEFERES oz
BRELY R B RIS — kKA A o
FolAA Aok, EREHLF —RBRES e B2
A KFESR 8o Ao HEELrT HREAE wal
termination reaction o]} F@ERS] inhibitor &} KFE
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(12) RO,—>Molecular Products (@§{#2 8 KIE)
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CHP o fiEe o5} 2ok,

—d (ROOH)
dt
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+%,(ROOH) (Mo(¥)}
+k,(ROOH) (RO] +£,(ROOH) (CH,).
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+4,(ROOH) (CH,0) +#,,(ROOH)

B kh=%RERANA S KEEEEERK
(i=1, 2, seenosascsscens ,12)

o E EEEES REHC = AA e FHM
5 Avid 2 EEEEY EREES WHEEEST 2etA
£ ER iR EE(Stationary Concentration State)ef |
Fote Aoz A7 =Hu o= £ EEEKES Rl
w2 s FEHdE A Ao webA ol g Rkl

Ax 4RO g5} 9oz

(i) i’%?i=k2 (ROOH]) (Mo(W)) +4;(ROOH)
(RO) —£,(R"H} (RO;) (Mo( V)
—ks(RO,) —2E,(RO,) 2+ £, (ROOH)
(CH,) +k, (ROOH) (CH,0)

—h (RO, =0
ot (A (R'H)=(CH,CH=CH,)
OERS 3: D
k,(ROOH) (Mo( )} + £, (ROOH) (RO)
+ &, [ROOH) (CH,) 4, (ROOH) (CH,0)

=k, (R’H) (RO,) (Mo( V)] +2%,[RO,)?
+£(RO,) + £, (RO,)

7t "o LEXL DR KA g3 22 RKE
d&F A=

iy B2, (ROOH) (Mo( V)
+4s(RO,) +2k, (RO,)?
+4,, (ROOH) +£,,(RO,)

+R,(R'H) (RO,) (Mo(V))
RO, 9| BEE THRESE ™m0 ko] Rebw

av) (RO,) =k, (ROOH)
' (B, Mo( V)] +&, (Mo(VD]}

o] A}t (V)R 2 RO, 9 FEt HEBKERE]
HE g, oY Mod ERLREBIT Bete HES
RIE (D2 (@ols] & BMLE Mo 9 Fx7 EERRB
of FjEehs & MMLE Mos FE& FRd BIfRA
o] —E&A =z

dMo(V)]  dMo(WM)} _
dt - dt -

0 7} "k

K (D % D= 4

d (M
LMo (ROOH) (&, (Mo V) — ks (Mo (W)} =0

|22 k(Mo(V))=£(:(Mo(WD]o] S olzg (iv)
Kol fRAzte] (VIR d&F Aok

) (RO;)=2k,2; (ROOH) (Mo(V))

Mo 89 SbA HFTHEE A Moe HAl
= 5 ELRENC 94 F=z EERdA Mo
(V)e 243 Mo)oz FRE 4 dod (MXE
Gkl $el A gmeld thest 2o] Ak,

i) —d [I;?OH]

= {k, (ROOH) (Mo) +

&y, (ROOH) + 2k, ksk,,~* (ROOH] (Mo)
+ 8,2k, 2 (ROOH)? (Mo)?

+2k, (ROOH] (Mo) }

+ (2k;k ki~ (ROOH] (Mo)

(R'H]} (Mo)]

=g (vidRol #xe CHP o HEEFAA (]
7ge] CHP 4ffEsto] PO Sl 4AREEE vrehie
{ /el CHP &@igsE PO Liste] ot #MEES
RS el { } RS CHP SfgiEsr (IR
o] CHP SifiEEel ot BRE FA=S F& 3
& % CHP &) SfufiEEs PO 4pEEs A8 2
Y3 ¥4 QQemz PO ApEEE bt 2ol
FRE ¢ A

diP0) _ —dBOOH) _», \ 4o rrsy

(Vil) dt =
{(ROOH) (Mo)*

2kkk, =Kt 2 (viDRg F4 (viidRe] drh

4 K(Py—2)(Com) (Mo)?

(viii) l,%’%=K(P,—C,) (Mo)%=K’t
K'=K(P,~C,)[(Mo)*
z=P09 %
C,=CHP 9] i =
P,=Propylene &] FHIEE
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z2# =z 5#Ed CHP 9 A9 =57 PO 4R
HES 2 Y RERHEIT Seobd (viiDskie 28
& L ¢, o #oe plot SR &H ol Hoiok &
5 o] E#S J1€r12 F¥ CHP S propyleneo] X
Este PO & £RA = REAEEY, K & RT +
Ak

V. ® 5
A B%el /Y i< copper

cobalt naphthenate, manganese naphthenate, molyb-

phthalocyanine,

denum trioxide, Climax fit¢] molybdenum naphthe-
nate, Shepherd 7it2} molybdenyl naphthenate 3 %
ol A EEREET Mo (L&Y Sl EBizde K
W RS B—Ho 2 qbEel 4 gl t-butanol
& A% 9w CHP & cumene & HETFolA BEE
L ohs BREs FBS%te AR S

1. R& KB

A e #FHY BKREEY #wEe Fiei s 2
o EERESRT B Xitetd BEEST d=F K
®Y 2wl s EE T3 HEEA 2 BEBERES
B Hiliy S 91%le] magnet stirring method &
ARE3H g

RHEZE SbBEd] = 200 Watt o] 244 6 8 3y ¥
72 s 300°CLLE AT F UAEF 9=z K
JER b ZEkX] o) Fig. 104 nE vlo} 7o wmis
REL HE stk

1. Reactor 9. liquid Sample Condenser
2. Motor for Agi‘alion 10. Lliquid Product Sempler
3. Permanent Magne! 11. Dewar Flask

4. Magnetic Stirrer 12. Gas Sampling Port 1

5. Thermocouple Well 13. Gas Sampling. Port 2

6. Pressure Gauge 14. Gas Collecting Bottle

7. Reflux Condenser 15. Bottle Supporter
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8. Liquid Propylene Sampler 16: Slidac

Fig. 1. Experimental Set-up for Propylene Oxidation

2. WE AE

PO 9 Mrdto] B2 FHIGHE 27 Adkod o33
A2 HEoz WHSEk CHP, rbutanol 4 fFLLF
—E & RSt 270ml o} f=) Aold Yz oS K
PRl dol WA},

RFEGR1 e} propylene o} E%Y &% WREA #A
37 93kt propylene sampler & A TH =z HEFA
dAg &g o] sampler
§ ice bath o4 %#13ld propylene o] sampler 7ol
Wifb=l =& 3o} sampler o} #1k% propylene & FF
BT thE sampler & SERH Hifhste] propylene &
AT, KESAS $tAS R 23 propylene 8 RS
Fig. 19 gas collecting bottle o] oA EiHd o 24
RiES |ARS HASY. 8os BTl KERYE
7tA] pnE oh3 BERS AN EEL 23%¥oz24
RIEBES —EstA #re Aok KERREel Ava
RIEZRE ice bath o] Yo} &mdld RIES HKiEA7)
I ERBEE A D

olgt ol Holll RKFEH#EelA REHES REsh
7l 913k kERE Ao Z t-butanol, propylene, o
BEE RER #A% o Bed KEREZA M
#3tel, CHP 9] sampler & R A4 3= KHER
Rel B ¥MotE EEEe] A2 Wojx CHP & FRE
gro] BAIS, o] KIS KIE BRI 3t o
ol ERsfElel Betel e HEY EES ¥ozd K
TEHEEE K S}

3. o

RIE #eftth RIEHHEA B3 PO HEe F71
HEoR HEZ 7 ok oA HEL #Emm
propylene & PO ol ¥3F W& E FHikoly & gt
A @ CHP ol A PO 4ol MR BS 129
£ Holtt AEEAA = CHP Y PO 4ol #is-
FEEEA KESL GE A

CHP = 80°C LITFall A& 719 0] o & @z 2
LlES] Bl AME #7828t gas chromatography
2458 Fot it 23=2 CHP 9 4#fe BE
®E B, CHP 4ol @astdz <A BE
HBogw BLE-SHENSOR mEED x5}
2l 21} end point 7+ Ay FHikol L KEE
€ #3ld CHP & 447 stdo,

CHP Lifte] REHE £RHEL ZF gas chro-

7] 3. propylene cylinder of
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matography 2 73#7 3tH et RAE4A ROl & propylene
9 B{tipE=t t-butanol & T3l EHE HHEHES
CHP o #idl kA 4£RE SHl HEER KT
4 91}, gas chromatography & BfEfEfFS WKkl
Table 1 o1 2. ulo}zto] EHEL EE-L carbowax
400 € column material 2 3l 47 9 = EHEY
HEL SE-30 ¢ column material 2 3l 4347 515 o

Table 1. Operational Conditions of
Gas Chromatography

RHEC) #4453 # KESRS LE HESL WHESR
el sl dlems & #Hd FESE £ R
RIEYS EHESA HSiistd POY W&k REHEES
B stgl ek

4. Mo Bl S8

RESFH KE 12)7HA 404 Kol ffsts K
e (D, @, % WRE2EA [XHEH Mool B
ks el ert e Mldle AL KEEHE
#Fgsted W9 #BE}o

Column 1 Column 2 KER=E REH#S Mo e HEo = Ada&
Column 4mm¢ X 1. 5m, st.st. | 4mm¢é X 3m, st. st. SHE HEYE 5E&3) FHHiEky ErZdl o EERR B
c . rube uube PETSl Mo g BREBER™OoD MEA B #R
olumn Material Carbowax 400 SE-30 e 4 X =
Support Material 60—80 mesh 60—80 mesh &Wgﬂlji}‘ i M(TQ] Refeifeor < 5l 2
Firebrick Chromosorb o] R =it ol=d HREE Hof WiNid RERE
COlimpeiare | 80°C 100°C de weol 9ee A4 + Ad
?e.%eec“t.“("’r"’gtv“?‘l’ e e V. BR U ER
njection Port 110°C 110°C
 Temperaare 28 W% sERO) A BARDT 2SS Table 20]
etector Current 120mA 120mA
o . _ et STk REmoz ¥ 4 e BES Mo Ly
Rate He, 30mi/min. He, 30ml/min. WEL BE AR RS W] = SRS} Sout o
Chart Speed 10—40mm/min. 10mm/min. £ SEHSS BEe AL SAS dol: REES B
Table 2.
Run |Propylene | CHP [¢-BuOH Catalyst Temp. Press, Time CCHF‘ Selectivity
onv.
No. | (er.) (gr.) | (gr.) {(&) No. gr. °C psig hr % %

9 32 10 10 1 20(mg) 110 580 6 97 below 10
50 75 10 10 2 0.4 90 530 1 81 73.7
35 50 10 20 2 0.38 92 450 1 84 76.5
57 52 10 20 3 0.78 90 450 1 80 98.3
61 0 10 10 2 0.3 90 - 1 96 —
62 52 10 20 3 0.78 90 450 1 81 98.5
68 51 10 20 —_ —_ 90 450 1 56 33
69 52 10 20 4 0.3 92 480 1 98 below 2
72 54 10 20 5 0.5 90 480 1 93 below 10
86 52 10 20 3 0.78 76 380 2 65 98<C
92 52 10 20 3 0.78 105 550 1 93 98<C
99 52 10 20 6 0.6 94 500 1 75 97

113 52 10 20 7 — 110 580 6 85 98
114 52 10 20 none —_ 115 600 7 53 47
115 52 10 20 8 0.05 ; 25—100 — 7 - —
116 52 10 20 3 0.78 90 450 1 — —

(Z5); Catalyst No. 1; Copper phthalocyanine

Catalyst No. 2 5% 9 =e2d&Ee 8% Climax it $05 molybdenum naphthenate

setZst B10R Al18 19729 28
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Catalyst No. 3; 1% 9] 2= B9&ES 44 Shepherd it 8% molybdenyl naphthenate
Catalyst No. 4; 6% ©] 29 EE 448 Cobalt naphthenate

Catalyst No.

5 8% ] %714 44HT Manganese naphthenate

Catalyst No. 6 EHRENA HEHE st9en 1.5% 9 Mo-g #&%H3 Molybdenyl naphthenate

Catalyst No. 7; z-Butanol ol £3]35 MoO;
FE3A ke BRI,

a) Co, Mn, Cu MK B

Run 9,69, ¥ 729 &% %3S u= CHP Y #an
& 90% LlEelt CHP.J PO grol sk stpmpr
107 *ﬁ 224 o & FE (e B
CHP 7} ©& Eonﬂ faks}oi AR 28 5 9

Moo n@%

x64
t-Butanol

WPropylene Oxide 1
J x8 Acrolein

Fig. 2. Gas Chromatogram of Run 72 Products

Mn & f@te A28 Run 729 gas chromatogram,

Fig.2 9 Fig. 3¢ 2% EHE £RWEEE VEY
PO Li#}o]l = acetone 3} acrolein o] ol EhutEE &
B 2E DMPC 5 u) 38l acetophenone 3} phenol
£ & U olE £RHE Bt 24 oo 2
< REREE 348 4 k. 8 POS AR 4R
3. DMPC 8} acetophenone o] 2 4= Ao} 32 £
E Doz £RH RO, 7 KE (W6 —# 2Hsiz
—He KE (D 939 RO 0, & £ 35t 7]
A 4R ROS —#e K& (5)o] 98k acetophe
none©] Hz 2 —fE G4 RKE @4 Fd 3}
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Cumene [
|

NENIEQ _

Fig. 3. Gas Chromatogram of Run 72 Products

DMPC & 4R = Aoz A 4 9lch

£ (DA £RA O, 9} propylene | FfiEste] K

& (103} o] acrolein & 43 How Baolt}
lﬂ‘l“ﬂ of ot L Bigo] olE #MiEs)t FiE (WD %
R7b el QA ohiw BiEel Basty KERE
b Egoz A KEdE 7} Hel A QA & seEeky] 9
3kl Run 1150] 4= Run72 9 2o KEHES @K
oltt Mn el &g 1/10 2 o)z KERES &
ez ¥ Agsld 100°C AR #&ks =7 479
A FHREAA REE RIS S 2 &R CHP
31 TREEE M) HQLAE Risa PO AR

= A9 A& ¢9krh =3k acetophenone o] g0}
KIE (Bl T AR =& (6)d 93 AAAE =
487 flgte] Run 1159 SMEA%E molecular
sieve 5A & column material 2 3}¢] gas chromato
graphy® 5478l 2 A 5} CH,7} 5]} acetophenone
of FHE (Ol 93t £p AL T el

b) Propylene %9 °3*3"
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Table 3e]A di ule} o] 2 E REKY
&+#4 ¥ 3 propylened ¥z uls uiAgsw Fig. 44
e BfRE dEch Propylene 8 F=7F Fr7189
(DR HiEAA ( JRY (R'H) 7 ez &
nsted POS Ak Eel F7HE Y (vDRY Az 28
ol (ROOH)| 48l Ml s CHPY 4AEHE~;
#5lch, Run 36 2k o] propylene o] F=71 #&
7% CHP £ A#B%r°l phenol, DMPC, @ acetophe-
none © 2 3= & Aoz dHol KiE ()7 #HTEA

Bz K (3),(5),(6), (M. (8, (9, & AD] #
ez A4F £ ok

afo
|
it

_?.
£

¢) Mo o] R

4:16°] 2 Mo 8 6.8x 10 *mole/! = EA 3 Run
629 #FEE 3+ CHP 9 PO Aol %8 BEE}-
98% LI kol sint oA & 747§ Fig.59 Fig 64k
2= uls} o] acetone I phenol o] A9 A£pHA
@ propylene 8 LIy o5y CHP £ 99%.
Ll kol DMPC 2 ##:5] 9o, °]iﬂ Fto g mol CHP
9 GEe KEGH (O EHMEREAN K £=2
doltn XHE (5)off {%43tod acetophenone ol & 4
BE g ol

d) RigEEe] 9%

EE FEFEHS Run 629 24 otn REMENS
76°C 9} 105°C 2 4# % Run 857 Run 929 RS

CHP, t-butanol, ¥ propylene & WHEEHL) 1: B CHP 2] PO 4ol 43 BEEdE glxR- g
Table 3.

Run Propylene CHP t BuOH Catalyst Temp. Press. | Time CHP Selectivity

! Conv.
i

No. (gr.) (gr.) (gr.) No. ' gr. °C psig | hr. % %
36 12 10 10 2 0.34 98 340 1 97 1.2
57 5 10 10 2 0. 34 91 380 1 88 24
46 26 10 10 2 0.34 92 380 1 88 21.5
47 35 10 10 2 0. 34 90 420 1 82 46.2
48 51 10 10 2 0.35 91 500 1 76 66.5
49 52 10 10 2 0.35 91 525 1 73 68. 2
o4 75 10 10 2 0.34 90 530 1 69 76.2
100 100 | x64

t-8tano!

fO1r “90
801 80
70 I~ 70

~b0F

IS 603

X ¥ e

250} s08 Propylens Oxide

F ¢

3 5
401 40 v
301 30 \
201 20 K
104 10

A .
)] - L P 4 3 Acetone k
6 20 2 % % & % \_ oz b\

Propylene Charge (gr.®
Fig. 4. CHP Conversion and CHP Selectivity to P.O.
vs Propylene Charge

I

Fig. 5. Gas Chromatogram of Run 62 Products
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Fig. 6. Gas Chromatogram of Run 62 Products
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Run 99+ fEZE]A EH SLEF molybdenyl
naphthenate & it s AF8-3 Eigo]t}. Table 2] 4
B v} o] o WES FUEE Run 629 f53
KE)/ MRSl Shepherd i8] molybdenyl naphthenate
A Kbl Feaol 98¢ 9 et '

£ MoO, ¢ it %t

Run 113 2 t-butanol of % 283 MoO, & &
2 AS HE oz REWHEY MRS Run 62 9 724
8tz 110°C oA 6B RiEA 7 #&E 85% o CHP 7+
SRS 2 2 %9) 98% ko] PO & &masy s
HAch o] B FEZ Rol 6{E Moo KIE()SH
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Fig.7. Gas Chromatogram of Run 114 Products
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Run 114 & Run 62 ¢} 2 RO 2 EEH TN
115°C 2 785/ o KEAR HWhel+h o &
SRYES S Fig. 73 Fig.8¢ 27 E¥E &£
e PO 7} K40l 1} acetone 3} acroleino] Q13
BBl = DMPC Listel = #% 89| acetophenone
o] = Agel HO 7 £1A o] Fel st ol
HERYER Hol R REANA = cheot 2 RIE
BHE A4E & Sl

8) CHP 7} #># 3t B (13)5 o] RO
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(13) ROOH _Heat poyon

RO KAE (3), (), (), 2 (Ml MEstz OH
+ ROOH 23¥ %% HEstd H.0 & 4RsteR
oz 44 & ek

(14) ROOH+0OH—H,0+RO,

=28y H,09 4pEe] DMPC nds Fe Aos

B2 B8 REMHES Run 62 ¢ 24 8tz KrEMES

5722 3o Bt BARTHS #bA 7 HEo)
o o] HERS] BES ikl BEAS®Moe] CHP o 4
R, CHP 9 PO 4ol $3l B[R 9 KIEmiE
o G AE dFe 247 4% Aotk Fig 9o 4
BE vkeh o] Mo 8 ¥E7F F51 o] we} CHP 9
HMEHEES Ao e &AM st #ikz 9wt
Al &t PO ol e BEEE %3 R

Bol byt kit Fe Aoz B 4 gl TE & o 2dlE DRE 29 Mod $EF
Table 4.
Run Propylene CHP t-BuOH Catalyst Temp. Press. Time CHP Selectivity
Conv.

No. (gr.) (gr.) (gr.) No. ' gr. °C psig hr. % %
102 52 10 20 3 0.274 92 0.5 16.6 99<<
103 52 10 20 none none 92 0.5 neg
104 52 10 20 3 2.34 92 0.5 70.1 81.3
105 52 10 20 3 0.78 92 0.5 55.7 98
106 52 10 20 3 0.545 92 0.5 42.7 98
107 52 10 20 3 1.17 92 0.5 62.4 95
108 52 10 20 3 1.56 92 0.5 65.3 89
109 52 10 20 3 0. 156 92 0.5 5.72 99<C
111 52 10 20 3 0.39 92 G.5 29.2 99<C
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Heyo 2 WA & ou|ghch 2 04x107! mole/l9] Mo
< B E ®AZ Run 104 9] FBEFER) ksl CHP
2] DMPC o] $#3 R#2EE 96% 24 POo] #g B
R 8l.3%nct 84 & A¢ ¢F Utk DMPCdl
e BEES 2o A KE DA 4£%™ RO,
b 25 RE (O 2438 n —#rt KE (Dol
Fojste] ROE Amsts o) ROZ ohal JifE (3)o]
#3A DMPC & 4@l che 28 90 stz Mo9 5
b Zbekel vhel KEE (7o) KIE (4) 2ohe HIEH
o wepAlvhe AL ou| g (vihtoﬂx i—? A
vhelgbol fME (7o WE = EEBRGKIEHES] 2 %
o Hplsted K3ld KiE (D9 BEEE: E@ﬁsﬁﬁ‘aﬁ
FEEES] 18R]t Bohe HEEFE Mol FE
7b F7t bl WERBRIEEEE o st RE @O
o A} propylene 3} Mo 8] KfES Mo 9] FEF7} 24
2ol HEsA BEE 4F Ak oA 2AA K
@9 EEE Mo)l HpishA &z (Mo]*(a2) ot
Hfste Aoz Az &< gl

Run 102, 105, 106, 109, = 1119 ERERIA X
= ulg} o] Moo =%} 6.84%x 107 mole/l LIFl

shar@3 M 103 X123 1972 230
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Table 5.
. , . K27 jez.17
Temp. °C K’(min1) | (mwn"{;] e
80 | 1.01x1072 673
[ ; 1. 89X 1072 12,4
105 ! 5.62X1072 37.5
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