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Studies on Oxo Synthesis

I The effect of the synthesis gas composition in
the Oxonation of Octene.

Mutsuya MATSUBARA, Masayuki OGawa, Kazuo AOMURA,
and Hiroshi OHTSUKA

Abstract

The Oxonation of Octene was studied. The aim of this work was to observe the
influence of H,: CO ratio in the oxonation gas on the conversion rate of olefins and on
the composition of the reaction products.

Octene was prepared from commercial 2-ethylhexanol-1 by catalytic dehydration using
pelleted bentonite as the catalyst.

The reaction apparatus was an autoclave of 500 cc capacity with a rocking apparatus.

The experiments were conducted under the following reaction conditions.

Reaction temperature: 160°C, 200°C

Initial pressure of synthesis gas at room temperature: 130 atm gauge

Duration of each run: The reaction mixture was maintained at reaction temperatures

of 160°C or 200°C, until the pressure drop of the synthesis gas was no longer
observed.

The amount of sample olefin used for each run: 50 g

The amount of the catalyst used for each run: 2 wt% cobalt metal of the sample

amount

Synthesis gas composition: H,:CO = 0.28~1.84 (H,+CO = 95%)

The experimental results were summarized as follows:

1. At the reaction temperature of 160°C, the conversion rate of octene and the com-
position of the reaction products were practically independent of the H,: CO ratio (0.29
~1.80) synthesis gas. The reaction products consisted of ca. 60% of C,aldehydes and
ca. 10% each of alcohols, fatty acids and esters.

2. However, at the reaction temperature of 200°C, the H,: CO ratio showed ap-
preciable effects. The conversion maximum was observed in the neighborhood of H,: CO
ratio of 0.47. ,

The total amount of oxygenated compounds in the reaction products showed its
maximum value (90.4%) in the neighborhood of H,: CO ratio of 0.47 and its minimum
value (39.8%) in the neighborhood of the H,: CO ratio of 1.84.
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X EFITMBFREC R T, BT XA —BERE L KFEFERE T 2@l T = —
AOEBICET BB R TRV, FOIVCHYEDOA VT 4 VARRIEEIh A Z ERB oY,
AR INLDA VT 4 VA IBICAF Y RIER LOKEEMIGC X » TERT A= —
CHEBRTH LR AME LT 5,

T Bk fik k% 8 F 37 % Fischer-Tropsch #12 X » THERT A4 L 7 « v EO P AEHILE
ELTHY )V VRS TH AL, APFEEE TR E T FHERE L TRIERGOBRN BRI E
LTubied, BEA VT 4 vELT2=FaA~Fy s — Al ORI L - THEL R AE L
RBHEET R4 277 vRFEHRLL,

2. RBR AP E

2.1 FEH, alARELUEEDRS

1) BEHFIOBE PR 80 mm OMEF IR AL, 1000~1100°C iz L
22, 100~150 4/hr OWHIC X ) IO REES AOBTL ATV, LKL H—FLREE
30% WitE» VKB T L, RBILOREE S A% RFE L THc—BLRFCHR O BMAKER
HITEDEIFICRETH I LW L » TERT ALTML 12,

(2) MEOHER WEEa S b 30% KB & REE Y — £ 10% KEBWR % Th i 60~70°C
T 5, W= L PRBRCER = v b0 2EFBICHMT R 4 v v+ hiEEtH
PR ) 2z, THICREEY — FKBEREFHTL CTERTHHEEY 1V v LicffF s
Too COBAERT DILBMIREE = L R I OUKE b= S FDRAWTH D, Tk, KEEY
— KBTI BERRE LD 10% BRIz iz, TOX5 L TER LB & 5Hic 60~70°C
T2EEMMRL 728, PRIL, pH=68~70 L7 n F THRBK THIE S L i, HEE,
100~110°C THSEEREE, 100~200 £ v > = THH LT, flEdo =30 P EHRILERE
Cho THELI, Tibb, BEERKAETAI LI a v rufba v rEL,
CMAERBCENLL, 7Y Ee=7 THMBIBL, FREBRT vE= T L TER (G
2volt, 0.5amp.) L, T H =2 rELLEERL RO, ko1 b &BOEH
Rt 269% THo fo,

B BERALT A vORE THEO 2=FA~F+/ —L1OBKCL> TEBRE A 7
FYRFRA LT A vE LR, 2EF s — -l ORI A Y b4 R liEs L
TR 86 mm, ST EUE S X 1100 mm, AIEFIIER 4.0 £ OABSKRRISHE T X b, il
JEIRIE 250°C, Rt 7 v = — v O ZERTEE 0.25 4/hr- 4 cat D&M TITin > 7o, BAKAERY
K ESHEL 7o, 116~123°C i D\ TR AV EL, ERARRY G, Rt
77 v ORFMPEC L DML 99.1% Th- 2,
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Fig. 1. Infrared absorption spectra of octene.

820 cm~ CR,R, = CHR, CH ifi V45 f3RT)
960~970 cm™* R,CH = CHR, (trans) CH /28 AiIRE)
690 cm ™’ R,CH = CHR, (cis)  CH i/ faiRs)
1670~1680 cm~! CR,R, = CHR, C = C MRS
905~915 cm™  RCH = CH, CH /5 1 IRE)
885~895 cm~!  CR,R, = CH, CH i st iR m)
1785 cm CR,R, = CH, EofE

7 EDEERIL AN 7 A DBRIGRE L D 25 EFEA 2T vihD 22 F o~k vl GHER
A, KRESEARA V7 4 YORGMEHEEINRD, HEP LA 22Fr~Frvl
OIRER L EHLOBEB & Licd 2 7 v OREE & & KT RT,

2T Fu~F kvl OYIER SO

l}
W s °C BrE o I H o®m 4y 4 F i b ]
;
120 1.4207 | 0.7274 112 226
BUBlA 7 7 v o YBUER GEENE)
WK C| EFE AF | W WA 5 ¥ R
115~123 ‘ 1.4160 | 0.7276 1124 217

2.2 E£BF &
&V FEOERC, AR 500 cc Ol 584 — b2z v — TR FHL,
1) 0BT FERA 77 Ve L CHEB= v AL T20wt% & 76D X 5 I filii
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ZERILL, 400°C C 4 WK &R (i 70 ¢/hr) CTREIEL 7o, R, kA 7 7 v o
Wicahe L Cliy 2, (OHATORIEA B 72,

2) %, FL7T v, ERAAORE ZoFERTE, FEA 77 viniiidhhiEo iz
SCHG T A R T, AEFB0 g ML o, BRI AR —RILIR IR L KF L R i E RN
BLEH 500 ce A — kL — T (ZERIATRE 0476 0 \CIEAT B Z Lk 0 OMEIZ A X
bR L, A= L= FEEFAERIEASE, —ERRBEL, FASICL M
BORRE LT, (F AGHTHE T R T A~ v S ic ko 72)

B FEVEL FEHEA VT4 v, BT bl X OB A2 E R,
A= b v =T HRBEKPRCIRE 5 LB L, FTEOREICHE L0, F AR D L
T B ET, AR ARHSBEY, SRR L, ok, JOREBRTHE 2 of i (H/CO=
0.28~1.84) O HFHH A% 128 atm & L, BUSREL 160°C, 200°C @ 2 & & b, &G
RIEICET 5 E COMMEELEERLB U T—E LD X 5L, BULKTHILER
AL, RIBBON AGHafiicw, &7 ARG OWMEE Rkbic, KER X O—mBILRE
WL S o F Y N B % 2 Z i o s B WU BT R 2 EER O W E O 14 5
THHI LI,

4) FAFVERBOSHHEICHRBEZHORAE v 741 vOTEIRELY ) o vikic &
HIRFMOWE, 7r 2 -V OERTERERY ) o vl b e FeF o aMolE, B
B L O = AF LG F R FREB O, =AF Aoz X bfry, MEMEE BaE s
DN ZRD OEGHERYEH Ui, 7A7F e Pk, e Ve 17 3 VECL>T, &
AR = AHOMELDERT HHENHHH, REhclrb s L #EeedUs, Biolis
Lo, ZTOERTIEERLILTAT e FAFMOBE S & LIFBIRICET S 2R
FodC, RBthoAvza v, Tara—n, BEIT=AFTAOGNEO AR 100 L hEL
Fhceflizr b > C7 AT e FOGFERLE LI, LALEMETA 774 vOEREXT/c> T
VWD T, COELTATE FELTERIRHEO LM TEETN TS,

d VRIS SEIRIND IO, Taa—iA, TAFe F, =274, B
EDGMBAEH B IOCRRIEA VT 4 v, BIEST 74 vie EREHORS & LRAW T
BhH, TD3H, LEMBT AT e Fit, Ni, Co 7c OIS 5 \ L EBRIBEOEET
T, TRAOEMICERL TABCERBbshs, Thdz, #— 227 Vv—-7IhIh s
A ER SRR OR & & b TEEPE LT 5, B 1ER B) X (A) X v 12AK, © i
(A) Tv 15, B) Iy k3 IEoR—F B> TOBREOMEHETH L, L (€)X
HIRTHEE LIRS 5 L, B e RESSLEBNELLHETH B,

PLEDOERERLBLML e L 5, EEMFOT LT e FO—HrMEHRE e ), [FE
CHEETHT A~ 2 AT ARERTERIENEA T E25DLELbNMD, LT
F % ALEB DI A — b 2 v — T X DD MLt EHICias SEMREELL, &
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BB B W g | b B BB W B
No. (A} (wt %) (B €)

1 15.1 174 4.23 49.9 81.4

2 34.7 187 9.77 72.2 96.1

3 29.8 218 8.40 130.0 139.0

4 25.3 187 7.13 124.0 185.0

5 37.6 165 10.60 56.1 53.1

6 46.5 196 13.10 73.6 76.7

7 14.0 143 3.94 215 24.2
2.5 138 0.71 48.6 55.1

w0 S E%P%?é zAF | =T
No. (A) (wt %) (B) (@)

1 ! 21.8 174 11.1 - 38.2

2 214 187 10.9 - 30.0

3 29.1 218 14.8 — 34.1

4 30.4 187 154 — 53.8

5 19.2 165 9.7 - 33.8

6 226 196 115 — 24.3

7 11.7 143 59 — 18.2

8 8.8 138 4.5 — 10.6

T, = AT AMiOME S EHITITi> T { &, HHOMB OB FEREIMEST 2 =

ENTED, Tichb, BlioMMmLs L= {lioEd L LT, Fio=ATF it e
FeFsaflis nrB=nrliodLico ThHbbhbnb ThdH,
®2k
E Lo 1 2 ‘ 3 i 4 5 6 7 8
[ S S S L )] 160 " " " 200 " " ”
5 it b £ (atm) 128 ” ” 1" " ” ” 1
O A (g) 50 ! " ” " ” ” " ”
B W B (wt%) GE2 L ELTCEBAZFyRFLTZ20
R A AR (Hy/CO) 0.29 0.51 1.02 1.80 0.28 | 047 1.07 1.84
CO B X 4t (NTP) (¢) 8.8 6.1 8.1 41 249 | 104 89 12.6
Hp g 4w & " 9.3 132 16.5 215 137 | 138 17.1 217
CH, # & it (NTP) (¢) 05 0.8 0.5 0.4 0 2.7 5.5 6.4
CO, #: R fit " 0 0.1 0.1 0 8.7 1.7 2.8 1.2
A & v BUGBERA X P Gt . 96 L aa
(NTP) (0) CO: 96 H,: 96
H, & K (%) | 968 137 172 215 137 144 178 226
CO W i ® (%) | 97 63.6 84.2 427 | 259 108 88 131
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}\ffﬁ’mﬁizgﬁf‘L’C BV & % 4 7 ARy DBREAL, W £ &5 2 3R £ o JUSA K

Pt & UL BTAS R, AR U o ) BHB RN E S 2 25 3 RSN L7,
B3®
i i H i { 1
= B % & 0y 2 3 . 4 5 1 6 7 8

w4t (@ | 568 | 577 | 602 | 608 | 608 | 564 | 541 | 516

& & VR Y Y E R

! #r (0% 1.4319 | 14349 | 14370 | 1.4372 | 1.4287 | 14308 | 1.4265 | 1.4210
fue | 0.8328 | 0.8453 | 0.8758 | 0.8647 | 0.8333 | 0.8369 | 0.7984 | 0.7583

A R S 174 187 218 187 165 196 143 138
A& VR YR (wt%)

A 524 | 5051 976| 1012| 4330 | 2560 | 1006 21.35
g i T 423 977 | 840| 713| 1060] 13101 394| 071
P 2 7 v | 1540 | 1086 | 14.80 | 1540 | 975| 1148 | 594 | 446

TR K, B3 74w | 6142 | 6647 | 64.80 | 6518 | 1558 4017 | 4596 1330
R T 1370 | 7.87| 224 2171 2080] 9.65| 3410 5940
ArT4 VRS (wt%) | 841 | 908 | 973 | 974 | 760 | 888 | 622 | 375

ok, TOERIRTA LT 4 VRIGRITKRKIC Lo TRDT,

N g _ az><d2>
AU 74 VRIEER = (1 @ xd, X 100

i, a = FRbor v T 4 v wti

a, = I &V ERYPOF VT 4V W%
= BEA VT 4 vOE
= A F VAERMOLE

4 RERCHIZER

4.1 RIEOHETCEDRESHRERDEIL
BUBDHETIC & b7 5 7 AERT ORBEACAE 2FRIRLIH, RIGHTAFD 4 2D
BHERAYHMT 5 & Fig. 2REN S L 514 % Y FIGIRE 160°C DA, £ & VARSI
HEREE Y AEBROFHEIR DO NI, UL, RIGEE 200°C o HE L FE 7 Ao
KEGIEP T Ui T, AZVOEEENHEML TW5, —F, KET7ADEMLED
biddz, RUSRED LR 3 2 Lok,
CO+3H, — CH,+H,0
CO+H,0 — CO,+H,
2C0O+2H, — CO,+CH,
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Fig. 2. Relation between CH, content in the unreacted
gas after oxonation and the synthesis gas com-
position (H,/CO).
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Fig. 3. Relation between the octene conversion and the
synthesis gas composition (H./COj.
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R EDBRIE R L T AL D EELBND, T, ;hwaMwm;t>:§w%&m%
B URENHHE S o0, BUBEIE 200°C 8 &4 v 7 1 VEIRERIDE S L b D
T, BEAT AOHPEIKE oo T b,

4.2 BRAXEHREFLT v RIGELDOBRKZ

Fa ORI OB 7 A% FHL B A0, v 7 VEIBES Fig 3 2md,  IGEE
160°C Tl v 7 4 VUSRI BR 7 A O ARSI OB Lic s> Tl Cu g, L
L. 200°C o8 &1 HyY/CO = 047 O A DT CA v 7 4 VISR ke e b, Th
IO KFBED RN B Lz o TRICEREWA T 2 AL T b, Jiukd s v Sk
TOHLR D £ & vl EORIBIEOMETTIZ L > THET ADIENAMET L, A% v (Lo 4k
L LT, 200°C o RIS E T, B oz b 2 g B = (Co, (CON B DL =
bk Fe o= (HCo (COY) BRIEITAFAET D 7o s B e~ AL FIELIN £ 70 D,
SR D BB EFET A LN TET, ZOkdAF Y ULOMETAMEH D L ERZD
N5, iz, 230 F A FE= LD L > TERT 8B 0 MC X BEBA 27 v ok
FRINIE L, Wender® & 2MEHT % X 51— LB DOIHF O o AHHE SR 5,

4.3 EMAXEEROFF MEERBERBEUOAIBREECRETHE

SUBIRE 160°C 4 X T8 200°C 4T ks b 5 o % ¥ GO FE 7 A #URAV: U #L B0 Bug T
BRI O T, B2RB L UEIEORIN D ERGEEAD M TH D

(1) RIGEE 160°C OBE % v RICERYE O SRER GO BiX FOR o A #Lpn
ZAEL ThREeBbiLis v, BRORENLEEMHIL DI T, TAde F (Ei45 7
4 VhREL) & oA F BT T 2®RMTAER L e 7 A3 — v & OFIL 66.7~75.3% TR &
B AL (H/CO) o Bine & LT L T b, IEIHIRIL 5~10%, = A7 A1k 10~15%
Tl m = Atk 5~10% THRE A AR OEEL Yoy, SR RIGIRE 160°C (W11 128 atm)
TlE, Ay AR (H,/CO)=029~1.80 0l cliz 4 bhAFE= A iEs L TLEE
FETDIHEELZLND,

B ADTINLE T 0BG LI 150~155°C o ChithE L, &Ba v ro s
F 2 LI DD TCH 2 7 v O A F VIEPEITT 5, o85S, BREAKIEO LD RIGOHETTIT
LAME R RSB, $, A%V RISOEEERKEFECILGIL, —BE LR ES
Ol 28 HRO0H 2 - &8 BRI,

FOGIRIE 160°C ot AR OERT X7 A5 e FTH 0, ST AOHEM H,/
CO)=0.29~1.80 OHFPHM TILIRIFE—E T, $960% (@lHE<R7 74 vEEGlL) THo7, Lic
Do T, ZOFF VLD L E TR, 250 P AAR AT LB T AT e FOE—KTE
UGG E A EHEFT LI EE 2 bl b,

(2) RIGRE 200°C OBE 4+ VRIS &> THLI 5 GBBLAWL, - ORIGHE
TIHEGEF ADBEEOENC L ) RERENRZS D, ERYFOEHENEDO i, H
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JCO=0.47 (3T 0> 97 AR O 5 & 23k T 90.4%, H,JCO=1.84 O3 & 935800 -C 39.8%0 T8 -
7o MO EZR R, B AR OB L RE T LD, TATF e F AT 7 g
VGl T A a—~ATHY, TOFEBOFMAN T, H/CO=107 DT 7T L F e ¥l

Mo Z 7 R ETe) IR R 46.095 A, T T L 3 — LM 10195 AL 2. L,

O T LT e ¥V 7 o v Eide) & 2N L Ao T e o — L & O, Hy/
CO=047 DRI TR TH > 72, Lichio T, (T AR OEAL 22328 0 Db, K
EREOE WSS, 42757 vod v AibioE& bl i e 3 TE o ke E ~Bid 5,

ESPE 1 3SR AN N i} (Hl/C() =028~0.47) TT7 L a — AL Tu5A 2 &,

0°C LV HEITL 25 P A AR = AL, A% Y RIEHNEF L, Bt 27
AT e KO 7ok a = OB R MOKIREIE S 2000 2 5 e b B2 b, Zomiik

Wender &% OWFEAGH L 3% L T3,

=7, H/CO=1 X bk i ok, WIENE , —BIbREEN pha vy, =23
FAAE = ANRREL D, FIEOWEILa S A E 2 Al X B A F VAR ES T B
MEAT & & b —TE LR B/ N R i), AF VGG EA RIS e s, v, B
PR L fe 7 A T e Fida S b v = 0 OFRET 5 RIGHINC, IKFEFHED K E L,
FUOEIRIE L E O MME S 7o a — At &b,

PLEOERBREEE AL, 2T ~Fa s — a1l OIS L - TSI + 7 5 vk
BYOBUEE= A4 PN X D4 % v B4 E LT, UGHEE 160°C, U&7 A4l
Wik Hy/CO=1 (g T 5

5. & &

QmFA~Fg s — -l ORI L THfeAd 2 7 vERGRAWD v 4 v v Lake
FTAHBELIE = S0 AT X D4 % VRIS DL T, RS AREY A 7 5 VRIGE R L O
BISE R ORI 3 ZIET BT oV T L e, £ ORR,

1) BUEIRIE 160°C Tk 4 % Y IS £ 5 G0 ARG RKFED OB E &b
B 5%, BUSA A o MR FOR A B A ook E, —MB LR 2 L I K E T B
i temote, Lichio T, ZOH AMHROTM Cia S FHaE =4 F Y KGO
ELTHREBECHAETHLDEE 2T,

(2)  JIGHLE 200°C Tl FORH A B AMLRO HENE L L, 4 77 VIRIGERE 7 ALK
H,/CO=0.47 DA Tl K TH 5 A, KESFEORE CHIBE Tl =2 S0+ K = 435 T
BicshA % Y RIGHEILET B L0 EE 2o, Fio, RIGRE 200°C CliA4F vz X v R L
o7 AT e K a S b R = o il X BRSNS X, SR T e -
CRILE N5 Z ENRD B I,
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