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A New Process for Producing 1, 4-Butanediol from Allyl Alcohol (Part II)

Shoji ARAI

Toshihiro SAITO
Hideaki MATSUNAGA
Makoto SUMIDA
Yukihiro TSUTSUMI

In the preceding paper of this series, we have reported some basic aspects of a new procedure for the
production of 1, 4-butanediol from allyl alcohol. Further investigation of this route proved our process to
be highly promising from industrial point of view.

Separation of the hydroformylation products from the reaction mixture followed by recovery of rhodium
catalyst was carried out continuously using “direct hydrogenation” and “‘solvent extraction” methods, The
results were similar to those obtained from the semi-batch process and the selectivity for r-hydroxy
butyraldehyde was as high as 82% at 99% conversion.

Availability of allyl alcohol at low cost and efficient recycling of rhodium catalyst are the important
factors that determine the prospects of this new process, In this connection, the hydrolysis of allyl
acetate, easily obtainable from the acetoxylation of propylene, has been studied using as reaction vessel a
distillation column packed with ion-exchange resin, Pure ester as well as a crude mixture containing

acetic acid was readily converted into allyl alcohol under the conditions used.
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Table 1 Azeotropic data on the hydrolysis products of AA

h]

azeotropic data

d W, hp (°
compoun m.w bp(°C) ' system bp(°C) wt?
AOH 58.1 97.0 AA : H,0 83.0 83.3:16.7
H.O 18.0 100.0 AOH : H,0 88.9 72.3:27.7
AA 100.1 104.0 | AA: AOH 95.1 37.0:63.0
AcOH 60.1 117.8 [ AA: AOH: H,0 82.6 78.6:5.1:16.3
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Fig. 1 Experimental apparatus for the hydrolysis of
AA
column; 25mm¢x1.5m in height, packed
with 100 m¢ ion-exchange resin and 490 m¢/
single turn helix, bottom; 300 m¢ flask
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A7 ARE 160~170°C, 4°C/min. HiE

Detector 200°C, Injection 200°C

Carrier He 40 m¢/min., Current 90 mA
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Table 2 Effect of reflux on the AA conversion in the continuous hydrolysis

HO Aplieed temperature (°C) reflux AA conv.
2
(g/h) H,0/AA preheater top bottom (m¢/h) (%)
40 40 1 83 83 97.4 200 99.0
40 40 1 83 82 96.0 70 98.7
24 40 0.6 &3 82 97.0 150 97.1

ion-exchange resin; Dowex 50 W ( H type, 100 m¢)
AA conv. (%)=AcOH;/(AcOH+AA) %100

¢5)




74 REWEP RS 4255 825 (1981)

HICT7 2 bV, 77 R v YD S RN ¢

e o,
(3) H:0/AA EBItDOHE

AADHEY—FL Lichts H,O B %2, AA
LRSS T HO Dgs@s skt (Fig. 2),

AARKT S HyO EREEAKEVE, AAIRSEL
ReLienh, HoO/AA 0. 5EBILTHI6% DA Afiql
BBbhic, ok, FHEHY»OHEIhLEHA
ABR(ERIT, 0.5EELD & X58.1%CTH 5,

100~

90

o R S L
0.4 0.6 0.8 1.0 1.2
H.0/AA (by weight)

AA conv. (mol %)

Fig. 2 Effect of H,O/AA weight ratio on the
hydrolysis of AA
ion-exchange resin; Amberlite 200C (MR
type) 100 m¢, AA feed; 4 mol/é resin-h
AA conv. (%) =AcOH/(AcOH+AA) x
100
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Fig. 3 Effect of AA feed on the AA conversion
ion-exchange resin; Amberlite 200 C (MR
type) 100 m¢, H,O/AA; 0.7 by weight
AA conv. (%) =AcOH/(AcOH+ AA) x100
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Table 3 Hydrolysis of crude AA

AcOH conv.*(%) crude AA (g/h) temperature (°C) AA conv,
in acetoxylation AA H,0 | AcOH* preheater  top  bottom %)
40 21 11.7 19.2 83 80 100.0 92.4
60 21 11.8 9.0 83 80 97.8 95.0
80 21 12.5 3.4 83 80 97.3 96.0
100 21 11.5 0 83 81 96.5 96.9

AA feed; 2.1 mol// resin-h, H,O/AA; 0,55 hy weight, ion-exchange resin; Amberlite 200 C 100 m¢
* AcOH in the crude AA is calculated on the AcOH conversion in the acetoxylation of propylene.
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hydroxyaldehydes

gas separator
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Fig. 4 Flow diagram of the continuous hydroformylation of AOH

Apparatus

First and second reactors; 500 and 300 m ¢stainless outclaves
respectively, mixer 250 m¢, separator 300 m¢

Extraction

The reaction mixture was extracted with twice as much
water as hydroxyaldehydes at room temperature in an atmos-

phere of synthesis gas.

residence time, mixer 0,6 h, separator organic layer 0.8h,

water layer 2.2h

7))




76 REWEIERE  H25% 25 (1981)

NTY ST 2T H7, BEOWENEL L 2t
HHEEZ LN,
H:O/HBA+MHP 22 f5@ERB LB 51, Hbm
CoatEIhic HoO T Feha s MUK IEHEY s
HICHRE U, R X RS L KB B LT,
DRI o K D RS T GATEEE V91 7 1
L7eh TR A BRI 3R B inss » 1,

one pass Hfc b KEBICHIHE Sh 5 4EBHDEI AT
FrA I ERIGIRIC S TR DR L, V¥ A
I ESRIIERICE TN D BOXE Yk, KEIHH
ShicE s Lic, RO IR 5E41HB A9l
%, MHP91%, Pald 32%, PrOH 71%Ch »1:, =
M &0 Pald w3t S huc <V EHEA D SR B A, il
DEFYIBEZ B IR D Z LR LT3,
CHETERYIC, MHPORBIREXE» 5 - &% H
WELT, BUSERE Hy/CO WnZrx CRIGY £
Lico & Fadn s MURIEE—BE L, MNREEs
%% T Rh EHEXHIE LI (Table 4),
—BRIGCTH AR 2B 7o, A O HE{EZRi1 87
BCAET Lico M Faor 745 FCHLMHP
BHRERIIHBTHCHEM L1228, CheBeESnhs e Ll
WEETH 570, & DE&MTF Tk, Pald & PrOH D45
B ER R B, vV rEr T AT e VEDAEHER
RiL, 12IFRY DIEFICEMERTR Lz,
KEFCEHTS Rh B Fig. 5 oM Fo
F&EAEETRL 0.03ppm T, 121, ZhidEmE

SFEEDRER & G L TIHL/100EE R Ty B — K
Table 4 D& FT Rh JEEE 0.20~0,28 ppm &
Bmlico & OFEFEILKEOHERERIA#K0 & Lo

&y MHPBEVSMLI-CZ &, KRIGA OHENRE

CERIUHBREOHE,NE: Hbhas,
(2) BEiEkFELE

HFTE F e S M ERIGR L O WA R L L
7o B RIC L % KFIERIED &R % Table 5 12531
o b FEbA S DB RISEOHE L v, HB
AR AINEC I L Th it BV E 7s - T
B DFEMEDRERN B FR IR T 5,

COKFRIETE Rh gEr B E @i RBETIZ,
b M e S BRI R K B il S h e s e i
MCBLINDbDE#E L bhd, £RLIMPD, B
DORINZ LA LD PrOH 11 KEBIBEIT 2 DT,
SICERDD IR EER TV 1 7 VSR B B &
HIDTPE,

Rh ghtkiz —CH,OH #X » § — CHOXA 4 o1k
BWCHERLCT Ve BEHEKELLTRT AT e FES
BT B7 va - VBRI b BT, KE~DOEH Rh &
AR TE DY, & O KRR CI BRI T e
b2 BFKEHRA~D Rh #HE 0.02~0, 05 ppm
Thols LLITENC, ZoHi4tko Rh f
PR ED % In D RENET S,

() RELERNDILE LB
RERh MY, HBKFEEE BT, & Naskar i aqg

H./COl<2.50>te—2.55~>}«—2.80—s}c—2.96—>ke—— 297 —— .

c
y rg o o L 2 lm '9
100 —< — 7 Y e g
i 195 Sz
8
o o0 O OO0
HBA S
» 60 —0.06 ;
z 2
s L 0.0t = %5
2 —O0——O0—F—0—0—0—1 Ef;
9 4ol i 0027 § 5
I o 83
e L <
B @z
20_%
i Pald )
ol————Fron e —
Yo 30 35 40 15 50 55

Reaction tim

Fig. 5 Continuous hydroformylation of

e(h)

AOH (“solvent extraction” method)

Reaction conditions; reaction press. 1.0 kg/cm? atm, reaction temp.
72°C, AOH feed 30.5m¢/h, residence time 2.3 h, catalyst solution
toluene 1900 m¢, Rh complex 2g/1,000 m¢, PPhy/Rh; 75 mol/mol
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Table 4 Continuous hydroformylation of AOH (“solvent extraction” method)

reaction time moler ratio AOIH conversion

selectivity (%)

HBA/MHP Rh (ppm)

(h) (H,/CO) %) HBA MHP Pald PrOH

20 1.04 86.0 60.1  36.8 2.2 0.9 1.6 0.25
35 1.02 86.3 60.4  37.5 1.3 0.8 1.6 0.20
61 1.03 87.3 61.3  36.8 1.2 0.7 1.7 0.28

Reaction conditions; reaction press. 8.0 kg/cm? atm, AOH feed 60 m¢/h, residence time 1.5h, Other reaction

conditions are the same as Fig. 5,
Extraction; used water H,O/hydroxyaldehydes;
synthetic gas mixture.

2.7by weight, at room temperature and in an atmosphere of

residence time, mixer 0.5h, separator orgamic layer 0.8 h, water layer 1.3 h

Table 5 Continuous hydroformylation of AOH (“direct hydrogenation” method)

hydroformylation

hydrogenation

recycle AOH selectivity (%) vield (mol%) Rh
H,/CO conversion HBA/MHP
nurnber (0/0) HBA MHP Pald PI‘OH MPD BDO (ppm>
1 1.26 99.2 78.6 13.1 6.9 1.4 6.0 99.9 100 0.05
2 1.28 99.3 78.0 11.6 7.5 2.7 6.7 100 99.8 0.03
3 1.25 98.9 73.6 17.3 6.3 .6 4.3 100 99.9 0.05
4 1.28 99.0 76.7 10.4 9.6 3.2 7.4 100 100 0.02

Hydroformylation; AOH feed 30.5m¢/h, catalyst solution feed 200 m¢/h, reaction press. 5.3kg/cm? atm,
reaction temp, 67°C, catalyst solution DOP 1,000 m#, Rh complex 2g/1,000 m¢, PRs/Rh; 60 mol/mol

Hydrogenation; hydroformylated reaction solution 940 m¢, addition of water H,O/hydroxyaldehydes; 2 by
weight, Raney-Ni 20 wet weight % against hydroxyaldehydes, reaction press. 20 kg/cm?®G, reaction temp.,

and time; 1h at 60°C and 1h 80°C

Separation; Aquous diol layer was separated from DOP layer at room temp. in a hydrogen atmosphere.
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Wil , 7= A (PhYEEES7E=L7 - AWETH -
1o HiIC Table 6 WRTILHEIMNED LMIETH S
Rh v VU FggfkE iR+ %5: Rh SBEN W2,
Ph 228 1/2 B, B CO VL& TCH S =
LD BN LTS T,

Z DR £ 5 RRY L cHEE, Rh
SRR D SRR, Tk RhCHCO)(Phy), %5870

9

L RhH(CO)(Phs)s &3% & ECONENTRT B &5
EHEB L CTETHLAWTH D EXFER LT, L
B o T, & ORE MR MED O, ik, &
LTCOFZFHRTICHAE TS O itk - THIEI R,
—He ¥ rh I fLRIEFEE, CONEE %
PCEF O PhoP 035+ 570, T LTy A
CEERDHED O 235 - Th, LIEREERY LB
FoVCFEAE Lz b N2 2 i Bd b ieds o To, L
L PhP 1% O, 1wk v PhP=0 *4&mT2590T,

Table 6 Elemental analysis of the interfacial

compound
compound Rh & H ash(P)
interfacial compound 22.0 36.8 3.5 39
RhH (Co} (PPhy),* 11.2 71.9 5.0 11.9

* calculated value
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Table 7 Hydroformylation products from aquous AOH and their hydrogenation

AOH conversion 94%

hydroformylation
products Pald  PrOH HBA MHP A* B*
mmol 24 0 8.6 166. 9 19.6 (11.6) (45.6)
selectivity (%) 8.7 3.1 60. 4 7.1 (4.2 (16.5)
hydrogenation
products PrOH HBA MHP BDO MPO A B
mmol 50,2 0.8 0.2 211.7 31.0 0 0
conversion (%) - (99.6)* (99.4)* —_ — 100 100

* in parentheses; calculated value regarding A and B as MHP and HBA respectively

Hydroformylation; Rh complex 0.2 mmol, Phg/Rh; 80 mol/mol, solvent toluene 100 m/, reaction press, 2.0
kg/cm? atm., reaction temp, 70°C, AOH feed 16 m//h, H;O feed 32 m¢/h, H,/CO; 2.0

Hydrogenation; Hydroformylation products were separated from the catalyst solution as water layer, and then,
the water layer was hydrogenated. H; pressure 20 kg/cm®G, Raney-Ni 5 wt % against hydroxyaldehydes,
reaction temp. and time; 1h at 60°C 1h at 80°C

~
propylene AA H,0 ~/ ‘
2 R
AcOH H Pr OH
(H:0) !
BDO
acetoxylation  hydrolysis hydroformylation hydrogenation distillation

AcOH separation extraction

Fig. 6 Schematic process flow of BDO from propylene (“solvent extraction” method)
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