240

[Regular Paper]

Development of Acetic Acid Production Process Catalyzed by
Rhodium Complex Immobilized to Pyridine Polymer Support

Noriyuki YoNEDA ™ ™), Takeshi Minam1 ™", Yoshimi SuRoTo ™ ™), Makoto Yasur ™2,
Tadashi MaTsumoTo 2, and Yasuo Hosono '2*

™ Chiyoda Corp., 1-1 Minamiwatadacho, Kawasaki-ku, Kawasaki 210-0855, JAPAN
2 Chiyoda Corp., 2-12-1 Tsurumichuo, Tsurumi-ku, Yokohama 230-8601, JAPAN
e Banyu Pharmaceutical Co., Ltd., 3-9-1 Kamimutsuna, Okazaki, Aichi 444-0858, JAPAN
™ U-Tec. Consulting Co., Ltd., 3-2-1 Tsurumichuo, Tsurumi-ku, Yokohama 230-0051, JAPAN

(Received October 18, 2002)

In the field of industrial production of acetic acid via methanol carbonylation, the higher yield and efficiency
are still pursued by employing the low water reaction system. Rhodium complex catalyst bound to pyridine
resin exhibited high carbonylation activity and excellent immobilization characteristics under low water condi-
tions, while strong durability is required for industrial use. In this connection, robust pyridine resin is essential
under elevated reaction conditions. The relationship between durability and crosslinkage, and pore structure of
resin was studied, as a result, novel pyridine resin resistant to industrial use has developed. Decomposition rate
was evaluated based on the amount of pyridine group leached out from the resin and attrition rate was measured
by the amount of powder generated by collision of resin beads each others in stirring liquid. The constant activi-
ty of rhodium complex catalyst bound to the novel pyridine resin during more than 7000 h was demonstrated
using a continuous flow reactor unit. In addition, using an integrated pilot plant, byproducts could be recycled
by equilibrium control and process performance including yields associated with catalyst activity, selectivity and
stability in long term was demonstrated.
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Physical Properties of the Resin and Test Results

Crosslinkage Diameter Pore volume  Surface area APD STY Attrition rate Leaching rate
[%] [mm] [ml/dry-g] [m?/dry-g] [nm] [mol/l-h] [x 1073 wt%/h]  [x 107 wt%/h]
Kex316 11 0.55 0.219 5.1 172 45 2.0 27
Kex212 23 0.65 0.143 13 44 2.9 0.96 3.1
CRCO1 30 0.10 0.212 18 47 3.9 0.82 0.62
Reillex425 33 0.50 0.710 33 86 3.9 4.4 5.6
CRCO02 39 0.53 0.317 15 81 43 0.041 0.71
CRCO3 50 0.52 0.325 24 54 33 0.025 0.34
CRC04 60 0.63 0.267 32 33 33 0.027 0.071
CRCO5 68 0.65 0.215 35 24 1.6 0.017 0.033
APD: Average Pore Diameter. STY: Space Time Yield.
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Table 2 Product Analysis of Methanol Carbonylation Using
Continuous Stirred Tank Reactor

Recycle Pump

Compositions Feedstock Product
CHsl [wt%] 8.0 6.4
CH30CHj3 [wt%] 0.0 0.2
CH;0H [wt%] 41.0 1.8
CH3;COOCH;  [wt%] 0.0 21.2
CH3;COOH [wt%] 51.0 65.4
H,O [wt%] 0.0 53
CH3;CHO [wtppm] 0.0 250
C,HsCOOH  [wtppm] 70.0 75.0
Rh [wtppm] — 0.3
HI [wtppm] — 28
CH30CH;3 [mol %] 0.0 0.3
CH3;0H [mol%] 60.1 32
CH3COOCH; [mol%] 0.0 16.5
CH3;COOH [mol %] 39.9 62.9
H,O [mol%] 0.0 17.0
Ca [mol/mol] 0.40 0.80
Cw [mol/mol] 0.00 0.00

Catalyst : 0.8 wt% Rh/Rellex425, 190C, 4.0 MPa.

7z, ¥ Y U8R CRCO2 % F v ILlsRER L 72,

2.7. N0y M 752 MILBEES LT O+w Z5HA

2.6. fii & kR MBU//%%Gmm%mwTU/ﬁA
AL & 8 L 7239, RS O 7 0 ARERFRR I
B, RERLE, @W%ﬁﬁi%nfwaﬂ4nvbfayhui
0, BREYERE, 7O AVERE R RN L 72,

Fig. 212340y b 7S5y b 70— — M ER L7, EE
ELTILEABDOAY ) = & —TRILREL ML, BE %
Wi T L b, 7Ty vy —BLUOBEYEEICT, 3
TAEX TR KLY, BIEWEER L, WMREgES, S5

(ZBER 55 % EE A © IUUEBR § % i#lin 2 17> 720 /84 B v b
7oy e 75 HMER L, KAFEREE 7D 2D X8 /=)
FEHENER & — [ b R 2 o 70 AMRE A FERET 5

J. Jpn. Petrol. Inst.,

X

Flash Vessel Product Vessel

Flow Type Continuous Stirred Tank Reactor Test Unit for Methanol Carbonylation

eI, LM O LRI BRI e ML
Too AY = VEMEIEE S X Ol R MR DL T o,
MHHEM L7z,

A5 ) — )V HAEN R = GRFEIKE A & OFERE i i)
(RPEE~D X & ) — Vfikih &)
— WAL R = GRS IRE 2 & O E =)/

(BB~ O—RAL ik ARG =)
T8, ToxA4uy N7 ORI ED ) R
HAZ @ B AL LHFFERE (22250 L3N L 72,
2.8. o
Y) 2 VIR OMIFLAR I AR AE, FKIEfE L BET 48

FWAE L YMEL, FMILEEZ D ToX b8 L7,
SEHHFLEE (nm) =4 X MIFLZAE (em?/g) / FlfiFE (m¥g) X 10°

FEHIITN X ERE L7z SUSIED
2DV TIL TCD-GC (thermal conductivi-
4512 D v T FID-GC
(hydrogen-flame ionization detector-gas chromatography) (2 X 1)
To7e HADHBAHTIEL, COy Hp 22\ TIE TCD-GC,
CH, |22V Tl FID-GC & Hl\v 27z, BRIt Lz o oy
LOEBIIFAKIC L BRI TRERILS L OMmL, 7L
— LEFWIEIC L o T T2 720 TIUHRA T VIR OEE
EECE YR Lz, B Y UBIRhoERIE T Vy— i
IhEmELi,

3. BRBLUVEE

3.1 BEUDURIEEEOEEE L

Table 1 1ZEY) ¥ VBRI DO ZUGE L Y% G TR L
720 Fig. 3ITR L2 K91, ZUEHoBmME & b2, K&
sﬁgﬁgxm@hﬁmtto~ﬁ,ﬂﬂﬁ%iRwMMS
D 0.71 ZBE\T 0.14~0.35 cm™g OHFEFAICH V), SEIHFLERIX
FHEEOEINZ X > T 175 0mm 75 24 nm (298§ A EIN DS
5720 MHIRIZZERE OB E Wb B L ZILE & & o 7272
O, MILETHA L, REBEIENMLLZLEEZOND,
Reillex425 (&, [F—ZLA5 B O M IR 12 L~HFLA AR E { %

R D BRI iTL
FREATIE, EER S

ty detector-gas chromatography) s

Vol. 46, No.4, 2003



243

HE-06 >
Waste Gas
TW-02 Y yy
Absorbing
T
OWE— | — HE-02
7 FCV-
VE-01 PU-01
VE-02
Methanol HP Separator
Feed VE-0
Flasher
LCV-01
o EH-04
REO1 Column
; Reboil
Reactor eg B 3 1€
= PU-05
A PU-03 § | &
VE-06
Recycle Drum
CO Feed
ee PU-02 VE-04
Acetic Acid
Product

Fig. 2 Integrated Pilot Plant for Acetic Acid Production Process by Methanol Carbonylation
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Table 3 Acetic Acid Properties Produced by Pilot Plant

acetic acid content 99.87 wt%
water 0.04-0.3 wt%
propionic acid <350 wtppm

The propionic acid level can be adjusted to the desired specifi-
cations by fractionation in the finishing column.
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Thhbo KXA Ty N TT v NTIEZOEBIBEIIELIT W,
PR RHET S 2 L 2R L 72
Do L0, WAHRED S FERE BV TRERL, %
B SN X ¥ ) — b & —ALIRFE D SBER A T 5
FICORDHEZ BEFIRREL 2 5 2 L 2 HEiE L7z, $72, Ko
PAME T, Egs. (1), (2) 12X DAER L7 CO, 7% ORI
W ADERN X o TRILEHA DO —BALRFEFIE%E 20 MPa £ 1)
ﬁ?t&wiéﬁmﬁﬁﬁmﬂﬁiéﬂ—tho?&b%
K70 AT Fig. 2070 —I12b R X )12, HHIZIHER
T B HEAMIITEER L 22w, xy/—w%@W$t*&mmi%
HEHR Sl OB O RIRVE T E 205, A%/ — VB LUk
(LT & B THER DM ER(L S LB Rl AW I CO, % & D
BIEHFAB IO TOEL VBTHY, 1% LT TR TL%H
5720 LHL, THEIERL 27O -0z, —iRIbRE
ul%mﬁﬁDXL#&wﬁ,ﬁh%mmtbmﬂ—vuxﬁ
9% FEELETH > 720
G, AR 3.6, Fiod & B Y 7000 BEFI DL RSEEE ST
WA, XA uy 7T MIBIFA T O AEFREIRIC B W
THEMBEERE L LR, #IEO RIIZEEI R S
776
DL okER 2 sl & LT, v ¥y AKREE/LE) Vv
filil: % W 72K 2D A % ) — LD A1 VR Z WAL & 5 FERE S
&7 0t A (Acetica Process) 2SBISS S, ¥ 1 5HO I A
t 2 A DTEFR SN0, KT O ZADWEES A XD

J. Jpn. Petrol. Inst.,

Acetic Acid Yield of Methanol Carbonylation Reaction in Pilot Plant Demonstration Operation

TIEHEM e A EABN R 525 2 8, R RRERE
#<iA% 57012, EREMOKEE? PHvwens,
72, BIERICIEENEEE 2B S N, RBOCEE & # 5 o R
B LN, KA 548 X U Finishing Column %33 1
ENBEBUFEES SO TW D, 518, MEo It
5 wippb AT IS BRI 2 Bl Sl §ECTh 5,

4. i B

WAKZD ALY ) =D HNEZ WAL K BB EDL B W
T, LEMBRICIA D A0 Y Y AEEELE ) ¥ > itz
DWTHEIL, DTORHmESEL.

(1) €)Y UBIEORIEREE 40~60% & 55212k -T,
WHET 52 L%, ot mEEEICELz e
BiR 2155 2 LD TE T,

(2) I ARERIF BN EEZ WA Z EIZE T, M
BNDOEREDO N VR WAL X 0.8 IC%ET 52 & T, &fF
2L TE, Yy APARRIRE % 0.3 wippm F THGE T &
726

(3) WAGRTIE, EBEFOKIEEZH 5% [AKHT 2 LI

D, KMEAATT7 FRIEEIZ CO, Hy, CHy 72 EOREIEN
A DR & IHIT & 72,

(4) HigmRE a5 m = BB 12 B\ T, TR ST e
W%GDVWA%mxé & ;of R OR Y LD
T FEE MR % SREELEND 2 L FHER L 72,
G)W%ﬂme@ﬁﬁfﬁﬁ WCEoT, HrHlicHE L ey
7 LEEILE Y Y R (CRCI10) il % vy, FREHCE 2
AERIMz B &R, 7000 B il E LS —ETH D I L%
MR L, Ao Fr % F5E L 72,

(6) 34Ty NTT v ORI L o CHREEE 7 0 & A D MERE%
FIE L 720 FUBERZeHE, * & ) — VIR, —mRibp%
FHEIFIZZ N2 1L mol/i-h, 99%, 90% TH b Z & &Eil
L7

(Ee 3
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Appendix

HNVRZWVALEII TR CER SN, 2¥ /—)V% 00, B
10 & LTAFVERBIFLANVKRZMMEENTWE AT
WEOE G ZERAL L ETH 523,

Ca = SCiYi/£CiXi
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i Xi Yi Zi
CHal 0 0 0
CH30CH3 2 0 -1
CH;0H 1 0 0
CH3COOCH;3 2 1 -1
CH3;COOH 1 1 0
H0 0 0 1
i: compositions
Xi: feed factor (number of methyl group) [—1
Yi: carbonylation factor (number of carbonyl group) [—]
Zi: water factor (number of water generation) [—1]
Ci: concentration of component [mol/I]
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