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Studies on the Oxo Synthesis (II)

— The Influences of the Reaction Temperature and the
Amount of the Catalyst in the Oxonation of Octenes
with Cobalt Naphthenate Catalyst —
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Abstract

The influences of the reaction temperature and the amount of the catalyst on the
conversion rate and the product compositions in the oxonation of octenes with cobalt
naphthenate catalyst were observed and discussed.

The sample octene was prepared by the same procedure as shown in the previous
report.

The reaction apparatus was a rotary autoclave of 2 liters capacity.

The experiments were conducted under the following reaction conditions.

Sample octenes used: 145 g for each run.

Pressure of synthesis gas at the reaction temperature: 200 atm gauge.

Synthesis gas composition: H,: CO=50:50.

Reaction time: The reaction mixture was maintained at the reaction temperature

for one hour.

Reaction temperature: 120~220°C (the catalyst amount: 2 wt.% to the sample as
cobalt metal).
Catalyst amount:
ture : 160°C).
The oxonation products were hydrogenated at 300°C and under a hydrogen pressure

of 200 atm in the presence of the cobalt catalyst.

0.1~2wt.% to the sample as cobalt metal (the reaction tempera-
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The experimental results were summarized as follows :

1. In the oxonation reaction, the overall conversion rate of octenes was about 90%
below the reaction temperature of 160°C, 97~98% between 160~190°C and about 75%
over 190°C. While the conversion rate to alcohol was around 35%, 60%, and 40%
respectively.

2. The overall conversion rate was about 85% with 0.1 wt.% of catalyst, about 92%
with 0.5 wt.% of catalyst and about 97% with 2wt.% of catalyst. While the conversion
rate to alcohol was almost negligible with 0.1 wt.% of catalyst, and it increased with the
increase of the catalyst amount up to 50% and over.

The oxonation products always contained an appreciable amount of aldehydes
(25~30%).

It was found that, when cobalt naphthenate was used as the catalyst for the
oxonation, the cobalt catalyst derived from the naphthenate was quite inactive to the

hydrogenation of the oxonation products.
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VEEIC DL TR 035wt %, 7T vEEZ oL FIOWLTIE 01 wt.% TH -1,
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S, A — P27 V- TH, 150~160°C, &R A A 200 atm OME T CRIE Xk, RIS
> TENDED LB 4t —LRE LG, 250atm —E L7 b L 51 Lic, RIGKTH#H
35°C ML E THHL, WEWAHEMCE VL, RRIEME T vF — v a VI X - THHEE,
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Wz, RIGHHZ% 60545 & Lic,

2) KEFMRE  AF VY REKRTH, FISH A%k A—2 L, KEE 20atm, RIGHEE
120°C, RIS 2 MM KIS Ta S b hrE=rdpffLic, FTOHILIKA~ 7
U FPRKETERL, RIGRE 300°C, IGHE 200 atm € 1 IRREKREIG 1778 - 72,
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160 PRI » LSRR - R E . RRIR - ORIE 1 4
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3. RRERFLUEE
31 EEBEEnaeE
MO SOSSEET T, #77 viiga o r &R 7 7 vtk L, @E=aSr e LT
2wt % v, 4% v KN A 120~220°C ORI R L X g, 0L & OKRKIGED L
W DA Table 1I-1 12554, it,:@%&#bmHT/T/@Q7”j“” Co 7

AT e BB & U Gy fIFRILK FEA~ORERR (mol%) RHI SR 5,

Table 1I-1. Composition of the products after oxonation
and hydrogenation

Reaction ‘ Composition of the products (wt.%)

temperature \* Aleol 1~ Aldehod Carboxylic ) Ester and

e | coho ;, dehyd ? acid Paraffin Olefin others
120 35.0 287 26 0 6.4 273
140 38.6 30.8 27 0 2.6 25.3
160 65.1 30.2 2.2 0 1.0 1.5
170 64.8 27.0 3.8 24 0.6 1.4
180 63.9 24.4 2.5 3.1 1.2 4.9
190 | 66.8 25.4 1.2 4.0 1.3 1.3
220 }' 45.6 20.6 2.2 11.1 12.8 7.7

BER 160~190°C o @i THE A 7 7 v 7 b 2 — L ~OEHR L K E , $65% T
HhH, TAa—LFTHERILINCGT AT F20~25% %Mz b E#8~90% 0+ 277 v
FFEVAINR TS, Fho, G 1200C ek (L 74 3 — A B X7 A F e FADEER
PR 60% ThH o, ZORECHCTLAF Y RIENS HBIEHETL T B0, FHER
BREL 18D THA 5 EEAERE = 0 Mo s L A= fbixiEzho B2 1 55
WESEREER 0> = or M L MO L BRI C LM T A e EE b b, £, 190°C LE
TET 2=/, TAT e FADOEBRRIND L, REIEA 7T vk L OA 725 VO IKBEIG
CEDAERLICEEZ NS AT 7 4 VERBRSNL T4, JhL, CoRIBREE To
FRME CAF v FIEAHEIT L, 190°C Ll Eo JOSig Cixbiich b = S o b =
{LEMPRFECAFEL 29, KICHME S, el e KR B
Wbl tEL BN D,

KIERIETRKEDOBININE LA ERD BRI ol &, B L OKIEREIS B LR
20~30% DT AT e FREEATBH I Ehb, ERT Lz — LR AF YV IR0
THEERLICEDEELZ BN D, Wender 59910 2 & 4% YV RIBOMBICHB L2 0 b o
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FRANFE=ABHDHIE 2 b Ve dAR =T AT e FORITMBEE UTLiERER
TEbh T 5,
32 MEBRORE
A A A 20 atm (SOUGEJEC U7t 200 atm L9 3), ISR 160°C &4 23
ik, 2:2Q0) TR NI RIS & L U, BERSE 2 5 s U A B b X e A 0
YoM E Mg & OB R%E Table II-2 734, o Ciafiias, B2 7 vETs

Table I1-2. Composition of the products after oxonation
and hydrogenation

Amount of Composition of the products (wt.%)
Catalyst Alcohol Aldehvd Carboxylic Paraff Olefi Ester and
(wt.%) coho dehyde acid araffin efin others
0.1 0 37.5 5.8 3.8 14.1 38.8
0.2 9.9 30.5 44 4.9 75 42.8
0.2 6.8 345 3.2 1.2 3.2 51.1
0.3 23.0 23.3 4.0 4.5 5.3 39.9
0.5 43.3 294 24 3.3 2.8 18.8
0.7 44.7 26.1 4.2 4.4 4.2 16,4
0.7 46.7 21.2 2.8 55 1.8 22.0
1.0 | 39.2 24.9 3.9 1.9 2.0 28.1
2.0 41.9 20.1 7.3 1.7 0.7 28.3

fil 4 A% 0.1~05 wt.% OHFH TiL, 74 2 —a~OfEiERE i o fm e &b
TAHEEARL TS, Lal, 05wt.% DL EOMEE iR IuEE—ETh s, Lin
5T, 05 wt.% LLUF o il f: Tk = o> 92858 oo FUSKF R CRISIRSERE Licuw Ay, 05 wt.% LA o
SR TSI IEPINCET 2 L B2 bh b, 3 1 O5E LS, - oRIGERphic
b7 T e R R <, 20~35% BHELCV-5
3.3 CanibF I ALK MEBECRKEZFFVREERUT FF o IAMECES
KARRIG
1) 7EEFUREBEICKBKERIE  KERIGEOERYC T 07 e PO 20~
35% (FAE L, FIKIRIG CRKFEOWRANE LA EASLRICZ Enb, KERIGHEET L
TufeEEz bbb, Ly 40% TIEREE > F ) 7 A B T L 7ot DRI
A2 b, IOBRBMT AT FIXERMETHY, 27 voOr e Ll o TRKL
TS ThbEEL NS, Fhdz, a0 bW AF= L OFBICE » THEBR LB = A
AR L, REIR T N AR A RN L COKIRBOS A Fi e, BB LT,
4y B A 2 5 v 145 g, Ml 2.0 wt. %, ROSHE 160°C, SOGE ) 200 atm T 60

L

BT o Fe. ERKEBEIGO&EE 2 ERT, KEWEETNCL00atm TH L,
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£ 3 RIGRE 300°C, [UGHETT 200 atm

R 21 RUNEE 180°C, RIGHJ) 160 atm

FEB 8 KRG Ao, 4% v KIEHE, LA S PT LI,

HEA 16 LS 180°C, FIGIFE YT 160 atm, 7 F v AR/ 73 g (BB A 7 7
VL 5wt %) A F Y RISEAERMC I, KRG R T8 - 12,

EEE 22 KEWIE 100 atm, [KIEEEE 180°C Ta- v b E=n kBB L, 7 F¥ v
AR 73 g Iz CTKEBRIGE T/ -t RIG&ETERIS LR LCTHD,

Lh_F o> ks A Table 1I-3 12734,

Table 1I-3. Composition of the oxo-products after hydrogenation
with Adkins catalyst

Composition of the products (wt.%)

Experiment | -
) No. Alcohol Aldehyde Cara}ici)sl(ilic Paraffin Olefin Esotfge?snd
3 65.1 30.2 2.2 0 1.0 1.5
21 44.7 21.2 4.5 1.7 1.8 26.1
8 52,7 27.6 2.0 15.1 1.8 0.8
16 48.6 243 4.8 0.7 2.3 19.3
22 71.9 20.3 4.3 0.3 1.5 1.7

EE16, 22 10, KIERIGTT Fxrv ARz e~ + REAHFEHALCL, a v a0
FRaL LI G EA EMIBEIRALRET, FL0BLTLT7AT e FOT A2 — 4
DBTGITHTHIEL DB T, KGO 7A47 e MBI & ik, CoBHs LT, A+ VK
RO 2 A b I A B = AR A AR = VRIS TRECS BT, KIREE VT,
BoThBa bt AR Ofic L b, —BILREPEREAT S0, HH LT 7
F g MEEPCHEBEET A AV LEMCT X VIKIBRIEAHE XL B ed & E 2B
na, cozZ ik, 74V v+&BHETZER = < PBRC X 24 % Y KICOBEELFL
SR B,

COBHEWASCT LI, DEFDLSIC YIS b A2 Z2ALAE =L Cop(CO) &l
Bl LT AWADLEMETRIEH T e L,

2) SANLPFIIANRZIVBMBICKEAFY, KRRIE G4 Table 11-4
R, RS HETRE 300 mé OERE TR A~ 2 v—TH ML, B+ s 7 i
4T 80 g Ao,

FEER 30 I D F 7 T v s MR M, A RIBRE G T o, B 23
e a ANttty g AR = fifhd s U, S5 24 (13 B RS G Lo v
FUBAERML TAHX Y S%E TV, & LIS, KET 20atm, EE 100~120°C ¢
TN MIAR=ABSRL, KERIG A >0, EB29 134+ VRIS, KEFILELIC
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Hy/CO=05 D&M H A% v, WHE—KIRRIGERRI, COLEDa L thrs=n
DHIEHRIBRRIEDO O BT otc, FEBRM I+ Y ESHEa v b dLE= e SML, >
7T VB ERRINUICE, KIREIGE T 7o, FEER35 A4 Y EIGK, 75 via L

Table 1I-4. Reaction conditions of oxonation

|

Experiment No. i 30% 23 24 29 34 35k
Cobalt _
Catalyst naphthe-  Co3(CO)s  Co2(CO)s  Co2(CO)s  Co2(COJg  Coz (COJg
nate
Amount of Catalyst
Co (wt.%) 0.5 1.5 1.5 0.75 1.0 1.0
- _ » naphthenic __ naphthenic Cobalt 12.6g
Additive and e:xtsount acid 126 g acid 15g  naphthenate
Oxonation
Initial pressure {atm) 138 150 146 220 150 150
Gas composition
H,/CO 1.1 1.1 1.1 0.5 11 1.1
Reaction . . .
temperature (°C) 175 165 140 160 125 155
Reaction pressure . . . .
(atm) 200 200 200 200 200 200
Reaction time (min) 60 60 75 80 125 100
Hydrogenation
Initial pressure (atm) 132 125 188 140 123
Gas composition H, H, HZZ/OCSO H, H,
Reaction temperat(uri 200 200 200 200 200
o < 4 £ 4
Reaction pressure o . . .
(atm) 205 210 250 190 200
Raection time (min) 100 100 120 70 70

* This experiment is the oxonation only.
#*  After the decarbonylation of Coz(COl, 15 g of naphthenic acid was added.
##%  Before the decarbonylation of Co,{CO)s, 12.6 g of cobalt naphthenate was added.

Table 1I-5. Composition of the oxo-products under various
reaction conditions

Experiment Composition of' the products (wt.%)
No. Alcohol Aldehyde Car;)c?gyhc Paraffin Olefin Eitfgegld
30 51.7 22.7 2.8 15.8 2.1 4.9
23 80.0 2.2 0.1 16.3 14 —_
24 41.8 13.2 4.0 9.3 6.7 25.0
29 67.4 5.3 0.8 154 1.2 9.9
34 (1) 2.8 33.8 26.6 2.0 5.4 29.4
2) 28.7 2.2 9.0 8.0 3.1 49.0
35(1) 0 33.0 26.1 1.0 49 35.0
2) 31.0 22.8 59 1.6 2.1 36.6
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Az, 34 bR = AGBE e, KERIEX e -, LEORIEHBB/L R
B O #U A Table 1I-5 12571, 7ok, Frho %R 34, 35 o ()14 F v KIGHEO 4549,

FEEB0RRBE LE L XS F 7T vilfa S rallte U, S HE 05wt.% T
Y NIEORFT e otehs, SOLEDEBYFOT AT e FEFRL227% THYH, FioTr
2= ERT T 4 L FRENSLTR, 158% TH -1, Tihbb, % v IEHEOHEY L
KRG BEDEEH O, BERCTH L, Lichi-> T, IGRE LS ot F v KN
ST, BT D7 AT e FATRINCE—KERME 500 702 —n bie D EFRBRCA 2
FTYOKIRRIG gl Z E BB S, EBR23 0 a0 v s Z R = v kgL L
e, A Y UG 120~125°C fHE CRAMCET L, =t b A = A G IRER O KIEK
BB TEREOBRESFED BN, HEHFOT L2 - L EFHEILK 80%, TA7 e Fik
2% THote, Tho, FOEHORS EKRIS SEFRILKHE TS - 12,

FTF VR EENRD 03 Wwt% OA A T DHF Y, KRKIGICE DI TS HET S
T2 0 R 24 A (77r 5 e DK BUS A 7 A F e F231832% B odc, i, ik ki
DI ERE BATIRT L S A VG, B R = A RS, 777 vEERIRINL CORER
WH AT » Tz, ZOFER, KIRIGERY RO 747 e FEFRIIH 2% THoTe, Lich -
T, F7FVEBFOMEBEOA A YIE CeT AT e FOLEB a0 MIT X B — R BRI
KEIHEL B o ELZ bR, FR3B L4y RIGHE, BWraf= A KIS, 48
2 A ELTEEA 2 7 VI L 10wt % WM T 5777 vBa S PEEML, B
F =k LOKRIRRIE A T o7c, ZOHBEWFROT7T AT e FEFERIIH 23% Th -1z, L
LEOER® L, 777 VBERENAFVRIGE Dz L b I AR DG BEIET B
¥, KERIEPE ELEEZGRDPRPE TR,

Fio, ERHFO = AT AEOMORS OEFRPEYLRKE VD, 40 BIRIGARY
HETTHD I D—IEM LI F 7 T VBN Co- T a — AL, HoHEksrsE=
AMZE > ThiLicgBa L P ERELERT 2By r VAL EELHLRD, IO =
AN by Y OE FRRIRRIS ST A &R 2 S P EOTRER LR L b T EEZS
b,

4. # &

FTF VR RS LA 2 F oy, KRR L, SUGIRIE &
EHEOEEZ D THELT,

iR 2.0 wt.% CRIGHE % 120~220°C O #il T L X o & &, 160~190°C o> fipH
TT7 2 = ANOERKIIRE <, f60mol% Tah i, 73— F TERILSNT AR
HZEATAT & PNz b e, 7% Y IGIC X HEBRILOmolB 1T 52 L3 sH LR
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foo 120°C s\ T Y UEPEFTT 52 B 77T VEa A D a8 = A {LRIE
IR B W T e D EBENGETT 2 £ 2 b, MUlSEo k& v o Lo bk,

RIGIRE 160°C Thl 4 01~20 wt.% ORI CHb X wic b &, 01~05wt.% ¥ T
7w a = A ~OERRG AR O E & LT, 05 wt.% DL ETiERRi g —E
TH D, IGHRH 60 45 DN TP 5 & 52 b s,

Pl ~<7c P ho S 20T, Blheiic 7 a5 e P 20~30 wt.% 5 - C
WABIZ ERED LN, KBEIGCTRKBROBIL P L, 7o =t Y S ERL
b THDB, COBBEERHTHLDVACSEDOEETRIEYX 1T - e SRS E s
nich i,

& E X #
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