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Sumitomo Chemical Co., Ltd.
Basic Chemicals Research Laboratory
Koichi Nacal
Toshiaki Ui

MMA production is one of the core businesses of the Basic Chemicals Sector of Sumitomo Chemical, and its
demand and capacity is continuously going to be expanded, mainly in Asia. Now five technologies for monomer-
MMA production coexist in the world, and none of them is the predominant process. Among those technologies,
the C4 methods are going to be adopted in many production plants. Sumitomo Chemical also selected this tech-
nology for its MMA production. In this paper, the current processes, mainly for C4 methods, and the next genera-

tion of potential technologies will be reviewed.
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11N Histroy of MMA in Sumitomo Chemical.

1962 Start to research on C4 direct oxidation

1964  Introduction of SOHIO acrylonitrile (Nithama)

1967  Introduction of MMA polymer (Sumipex) from ICI

1967 Start production of monomer-MMA (ACH process)

1982 Semicommercial C4 Direct Oxidation by Nippon Shokubai (Himeji)
1982  Foundation of Japan Methacryl Monomer (J/V with Nippon Shokubai)
1984 Start JMM Niihama plant

1889 Start JMM Himeji plant

1993 Start LGMMA (Korea)

1998 Start SMM plant (Singapore)

2002  Business exchange Acrylic acid and MMA with Nippon Shokubai
2003 Start LGMMA 2nd plant

2005  Scheduled start SMM 2nd plant
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11578 Japanese MMA makers.

Capacity Remarks

Company, Group Technology 108ty
Mitsubishi Rayon ACH 107
C4DO* 110
Thai MMA (MRC45%) C4DO 70 2004 +15 debottleneck
China C4DO (90) 2006 start
Sumitomo Chemical (Nippon Shokubai)  C4 DO 90 (NS18)
Korea, LGMMA (SC25%, NS25%) C4DO 100
Singapore, SMM (SC100%) C4DO 53 2005 +80 increase
Asahi Kasei C4DOE** 100
Kuraray ACH 65
20
Mitsui Chemical C4DO 2 Kyodo Momomer
Korea, Honam Petrochemical (licence) C4 DO 40
Mitsubishi Gas Chemical New ACH 51

*C4DO: Isobutylene Direct Oxidation
**C4DOE: Isobutylene Direct Oxidative Esterification
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[ 1C1 | [DuPont| [Rohm & Haas(DE)|"***[Rohm & Haas(US)| [ Orkem
business exchange
Rohm & Haas(US) Atochem

[ct ]

monomer|polymer

polymerlmonomer

Degussa

purchase merger of polymer
El@ Lo |Cytex| | Ato:{aas |
name change R & H withdrawal
v 50% :
| Lucite | | Roehm | | R&H | Atofina
560kt/y S0 | 360kt/y M 10?/[% 250kt/y
| Cyro | |Atoglas (polymer)l
375kt/y

PEEEN  Relations between Western MMA makers.

118 MMA production technologies.
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Raw materials

Process Feature, Issue Important catalytic reaction Maker Industrialized
(without methanol)
ACH Acetone Supply of HCN 1937—
HCN, H2S04 Waste treatment
. Lo Lo . Mitsubishi Rayon
CaDirect  Isobutylene 2 step oxidation and 1st oxidation; Mo-Bi . .
. . . S Sumitomo/Nippon
Oxidation  (TBA) esterification 2nd oxidation; Mo-P . 1982-
Mitsui/Kuraray
Isobutyl Vi thacrylonitril
MAN sobutylene 1a methacrylonitriie Ammoxidation; Mo-Bi Asahi Kasei 1984-1999
NH3, H2SO4 Waste treatment
Isobutylene Oxidative esterification of 1st oxidation; Mo-Bi . .
C4DOE* . . . . Asahi Kasei 1999-
(TBA) methacrolein Oxidative esterification; Pd-Pb
Acetone HCN recycle Amidation; MnOz2
New ACH (HCN) Not use H2SO4 Esterification; NaOMe Mitsubishi Gas Chemical 1997-
HCOOCHs Too many steps Dehydration; Zeolite
Ethylene Use two C1 compound Condensation; Amine
Cz2 BASF . i . BASF 1989-
CO, Hz, HCHO Via propionaldehide Oxidation; Mo-P
Alpha Ethylene Use two C1 compound Carbonylation; Pd complex .
! . K . Lucite Plan (2008)
Process CO, HCHO Via methylpropionate Condensation; Cs/SiO2
Yield 99%
Propyne Propyne, CO 0 Carbonylation; Pd complex Shell (Lucite) Not yet
Lack of resource
Isobutane  Isobutane 1 step oxidation Oxidation; Mo-P Not yet
*DOE: Direct Oxidative Esterification
6 gooo 2004-1
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BEEE  Typical reaction performance. (M) produc-
tivity of MAL+MAA, (O) conversion of iso-
butane, and (/) selectivity to MAL+MAA.
Feed composition: [isobutane]=25 vol.%,
[02]=25 vol.%, [H20]=15 vol.%, [Nz]=bal-
ance. Operating conditions: SV=1000
mlg-1h-1, P=150 kPa, Contact time=5.4 s.
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Scheme of isobutane selective oxidation
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11158 Kinetic parameters of isobutane oxidation
reaction on Mo-P-V-As-Cu-Cs heteropolya-
cid catalyst.

Eax/k] mol-l  kx/s-1 ked/s?1 ke/(kx+ kx)
(at573K) (at 573K)
iCs4 (x=1) 84.3 0.0084 0.0015 0.85
iCs (x=2) 57.0 4.10 1.03 0.8
MAL (x=3) 60.5 1.16 0.06 0.95
MAA (x=4) 135 0.0185

d[iC4]/dt = —(k1+k1) [iC4]

dliCs]/dt = k1[iC4] — (k2 + k2) [iCs']
d[MAL]/dt = k2[iCs’] — (k3 + k3) [MAL]
d[MAA]/dt = ks/MAL] — ka/ MAA]

3.0 1200
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151 4100
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iC4 partial pressure /kPa
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0.0

‘ ‘ ‘ ‘ ‘ 0
0 50 100 150 200 250 300
Total pressure /kPa

BGEEEEN  Influence of the total pressure, at constant
P/SV ratio=0.1, on ( W) productivity of
MAL+MAA, and ( A ) isobutane partial
pressure. Feed composition: [isobu-
tane]=37 vol.%, [02]=37 vol.%, [H20]=15
vol.%, [Nz2]=balance. Operating conditions:
SV=1000-2700 mlg-1h-1, P=100-270 kPa,
T=623 K, Contact time=3.5 s.
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1150 Comparison of isobutane process with isobutylene direct oxidation process.

Isobutylene direct oxidation process

Isobutane direct oxidation process

Reaction performance

Reaction performance

iC4’ conv. 100% iC4 conv. 10%
(Recicle conv.) 96%
MAA yield 65% MAA select. 50%
MAL select. 5%
(Recicle MAA yield) 52%
Ui on s Urieomsmon s
iCs 0.86 t 0.991 310 iC4 1.124 t 1.12 270
Power 500 kWh 0.10 40 Power 650 kWh 0.13 52
Steam -1t -0.06 -12 Steam -4.5t -0.28 -54
93%02 1160 Nm3 0.09 34
Sum 1.03 338 Sum 1.06 302
Supposed unit price per 1ton fuel
C4LPG 200 $/t Power 0.08 $/kWh Power 5000 kWh
Isobutylene 360 S/t Steam 128/t Steam 16t
Isobutane 240 S/t 93%02 0.37 kWh/Nm3 (Heat 46 GJ)
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BGEEEEM Supposed isobutane direct oxidation
process.
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