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Trends and Future of Monomer- MMA

Technologies

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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BGEE World MMA capacity and technologies
(2004).
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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

MMAOOOOO
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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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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

1.0 F

iC4 partial pressure /kPa

0.5 F

Productivity/mmol h-! gcat-!

0.0

‘ ‘ ‘ ‘ ‘ 0
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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)
12 gooo 2004-1
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Plastic Product Design using CAO
(Computer Aided Optimization) Technique

Sumitomo Chemical Co., Ltd.
Petrochemicals Research Laboratory
Yoshiaki Tocawa
Tomoo HiroTA

Shinichi Nacaoka

Plastic CAE (Computer Aided Engineering) is used as indispensable technology in the plastic prod-
uct design today. However, by integrating CAE technology and the CAO (Computer Aided Optimization)
technology in which utilization has started, the automatic optimal design of a plastic product is attained
and much more shortening the period of a product design, reducing development cost, and improving
the quality and the performance of a product can be expected. Moreover, it becomes the powerful sup-
port technology of material development. In this paper, the outline of the integrated technology of the
plastics CAE and CAO that we have developed, some application examples, and the integrated design

optimization system for the plastic products of our company are described.
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115 Classification of Optimization
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Materials A B C
Young's Modulus [MPa] 863 2420 863
Specific Gravity [-] 0.90 1.08 0.90
Poison Ratio [-] 0.40 0.40 0.40
Static Yield Stress [MPa] 19.6 23.9 19.6
Failure Plastic Strain [%] 40.0 8.0 8.0
Cowper-Symonds Parameter
C [1/s] 2.80 170 2.80
P [-] 9.87 4.56 9.87
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X : Gate Position

X H
20 P 20 L5 Weld
J:\ﬂ D Control
Saeaet enad Area
, (10, 20)
LC. Weld Line 0.C.

(I.C.: Initial Condition, O.C.: Optimized Condition)

IEEEIEE  Comparison of the Result Before and After
Optimization

118 Comparison of the Result Before and After
Optimization

I.C. 0.C.
SX [mm] 400 471
SW [mm] 5.0 7.5
st [mm] 1.0 1.7
sd [mm] 8.0 11.0
cd [mm] 8.0 8.1
clamp [ton] 1532 857
weld [-] 10008 4
obj. [-] 11540 861

clamp : Value of Clamping Force
weld : Value of Weld Evaluation
obj. :Value of Objective Function
I.C. :Initial Condition

0.C. :Optimized Condition
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Mold Dimension

Hee | .....). HEs
Hi2) N (Hi3)
(Huy)
Total Warpage :D=Hr+HL
Gate Side : Hr = Hr1 + max (Hrz, Hrs)

Opposite Side of Gate: HrL = HL1 + max (H12, Hi3)

BEEEEN  Definition of Total Warpage
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Deflection
[mn]
1.3

: |1.u7
0.808
0.547
» 0.285
0.0244
-1.237
¥ -0.498
LC. 0.C. o

102

Deflection Magnification Factor : 10

(I.C. : Initial Condition, O.C.: Optimized Condition)

IEEFI  Comparison of the Result Before and After
Optimization

1) Comparison of the Result Before and After

Optimization

1.C. 0.C.
Mt [°C] 220 210
Wr1 [°C] 40 21
Wr2 [°C] 40 49
Pr [sec] 6.0 7.8
D [mm] 2.9 1.8
T [sec] 48.1 40.7
obj. [ 4.0 2.7

obj. : Value of Objective Function
1.C. :Initial Condition
0.C. : Optimized Condition
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150 Comparison of the Result Before and After

Optimization

I.C. 0.C.
R1 [mm)] 10.0 14.2
R2 [mm)] 50.0 29.7
H [-] 956 737
D [mm] 1.59 1.25
C [ton] 28.4 28.2
obj. [-] 2.06 1.72

obj. : Value of Objective Function
1.C. : Initial Condition
0.C.: Optimized Condition
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Key Issues and Perspectives for Drug

Metabolism and Pharmacokinetics in Drug
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Recently pharmacokinetics is increasingly gaining weight in the development of new drugs. At every stage of

the development process (from discovery to sales and even after the launch of a product), it is becoming essential

to generate appropriate pharmacokinetics information in a timely manner. The information is quite useful and,

therefore, enables us to make a go/no-go decision on a sound scientific basis. This report presents an overall

picture of pharmacokinetics study conducted at our laboratory including some methods employed for this pur-

pose. In addition, one of the new technologies that are expected to empower the pharmacokinetics study as well

as clinical trials is described.
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11N Guidelines related to pharmacokinetics
study

Title Primary Content

“Guidance for Non-clinical Pharmacoki-  Preferable package of animal phar-
netic Studies” (Ministry of Health and macokinetics studies is documented.
Welfare Japan, 1998) Investigation to the difference in me-
tabolism between animals and hu-
man is encouraged to contribute to
more precise safety evaluation of the

drug candidates.

“Non-clinical Safety Studies for the Con-  Exposure data in animals should be
duct of Human Clinical Trials for Pharma- ~ evaluated prior to human clinical tri-
ceuticals” (ICH Harmonised Tripartite als. Further information on absorp-
Guideline, 1997) tion, distribution, metabolism and ex-
cretion in animals should be made
available to compare human and ani-
mal metabolic pathways. Appropriate
information should usually be avail-
able by the time the Phase I (Human
Pharmacology) studies have been

completed.

“Methods of Drug Interaction Studies” Investigation to in vitro drug-drug in-
(Ministry of Health, Labour and Welfare  teraction studies (e.g., metabolic en-
Japan, 2001) zyme inhibition study) prior to clini-
“Guidance for Industry; Drug Metabol- cal trials with multi-drug therapy is
ism/Drug Interaction Studies in the Drug  recommended.

Development Process: Studies In Vitro”
(Center for Drug Evaluation and
Research, USFDA, 1997)

“Note for Guidance on the Investigation of

Drug Interactions” (Committee for Propri-
ety Medicinal Products, European Medi-
cines Agency, 1998)
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New Challenge of Nuclear Medicine in Oncology

—The dawn of functional imaging—

Nihon Medi-Physics Co., Ltd.
Corporate Planning and Coordination Office
Strategic Marketing Hideshi HATTORI
Research and Development Division
Research Center Jun ToYOHARA

Today, imaging diagnosis in oncology is based on the regional anatomical information. However, anatomy-
based imaging provides limited functional information and can only differentiate tumors from normal tissue
based on shape, density, vascularity, fat and water. Imaging of regional tumor biology by nuclear medicine pro-
vides quantitative estimates of regional biochemistry and receptor status and can overcome the sampling error
and difficulty in performing serial studies inherent with biopsy. In this review, current status of the functional

imaging of tumor by nuclear medicine will be described.
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1N Role of image diagnosis on patient management of cancer

Phase Examination/Treatment

Image diagnosis

Role of image diagnosis

Medical checkup
Outpatient

Physical examination

X-ray

(by interview)

Detection of abnormal sites

X-ray, US, CT, MRI

Identification of anatomy of abnormal sites

Precise examination Image diagnosis NM Detection of distant metastasis
MRI, NM Differentiation diagnosis
Physical examination L . .
; — Determination diagnosis
(Biopsy, etc.)
Under treatment Physical examination —
Image diagnosis CT, MRI Assessment of therapy response (Anatomy-based)
NM Assessment of therapy response (Tumor viability)
Follow-up Physical examination — —
Image diagnosis X-ray, CT, NM Detection of metastasis and/or recurrence

Abbreviations: US; ultrasound echo, CT; X-ray computed tomography, MRI; magnetic resonance imaging, NM; nuclear medicine.
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Hypoxia 18F-fluoromisonidazole, $2Cu-ATSM
Apoptosis 99mTe-AnnexinV

Receptor expression I8F-FES, 123-MIBG, 11 In-DTPA-octreotide
P-glycoprotein 99nTe-MIBI, 9mTe-tetrofosmine

See text for definition of abbreviations

1L.0000000Do0ooo
goooboogoooobobuoobbooooboo
gboooobbobooobobooobuoobooo
oooobboooooooboobbooboobo
goooooobooobbbooooooboobo
joooboboooooooooooooboo
0000 o0000000OoOooOoooooon
Jooooboooboobooboooboooooboo
doobooooboooooobboooogooo
0400000000 0000000-6-000000
gdoooooooobooo-e-o0booboonoo
o004 0000000ooob-00000Oo2000
000 ¥FO0 000 2-deoxy-2-[*8F]fluoro-D-glucose
OBF-FDGMIFig20 00 0000000000000
godooooooobooobbooooooooa
gooboboooboooboooooobooood
gofdobooooooooboouboouooooooboo
ogoooodo40l1oo0bogoooooooa
ODOOY¥FFDGOODOOOOOOOOOOOOON
goooooobooooooboboooooooon
O0000000000000000000®FFDG
godobooooooooooboboboooooda
O000000000000000000 S8k
FODGOOOOODODOODOODODOOOODOOOOOOO
0000000000000 00OWiederoOOod
ogoooooboo400noouooooboooboood
00000000 3800cT30cNO/OOcMOOOO
0000000000000 00000 ¥FFDG-O
O00000O00000O®FFDG-PETOOODOODO
gooooooooboooooooooooooo
O0000o0D0o®OOoo0OoolrFDGOOOODO
ogooooobooooooooboboooooooda
70+ 110000000000 00O0ObL1+ 21000
O0000000140000 ¥F-FDG-PETODODO
ogoodoboooooboooooooooooooao
goo300ooos8gsnunoooooooonoonoo

38

goooooboobolooooooooooooo
goboboobOoooOoooocoooOooOooodpd
0.0110Fig.30 ¥ F-FDG-PETOOOOODOOO 1
goooooocooOoOooODOOoOAOODOOCOOO
goooooobOoooooobOOooboOoOoDbOosdO
goobOooooobooboooboocoobocobooon
0014000%¥FFDGOO0O0OO0DOODOOOODOD
O000000¥FFDGOOO000ODOO0ODODO0OOD
goobOooboooooooOoooboobOoOoooo
O0¥FFDGUOOOOOOODODOODOO S

-y

=

Bedore RCTx ARer 14 Days

=¥y s
8

Bafors RCTx Adted 14 Days.

000 suv ™

BEEEN Example of 8F-FDG-PET studies (coronal
slices) in (A) histophathologically re-
sponding and (B) nonresponding tumors.
RCTX, chemotherapy; SUV, standardized
uptake value. (Data from reference?).
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18F-FDG PET 18F-FDG PET 18F-FDG PET

11C-acetate PET 11C-acetate PET 11C-acetate PET

BEEEE  PET images of prostate, lymph node, and
bone metastases obtained using 18F-FDG
(upper row) and 11C-acetate (bottom row)
from 73-y-old man with poorly differenti-
ated (Gleason sum 7) adenocarcinoma of
prostate. bn=bone; ly=lymph node;
pr=prostate. (Data from referencel®).
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PEEE  8F-FLT images of patient with non-small
cell lung cancer. Left: coronal image.
Right: sagital image. Center: transverse
image. (Data from referencel®).
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Ki-67 labeling index (%)

FLT-SUV

Linear regression analysis demonstrated
a significant correlation between prolifera-
tive fraction and 8F-FLT uptake in solitary
pulmonary nodule. (Data from refer-
ence??).
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ies in responding (B and C) and nonres-
ponding (A) tumors. A and B: Case of
non-small cell lung cancers. C: A case of
non-Hodgkin’s lymphoma. (Data form ref-
erence?d).
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State of the Art and the Future Technologies of

Electron Microscope

Sumitomo Chemical Co., Ltd.
Tsukuba Research Laboratory
Yoshiaki Honba

Development of nanotechnology necessitates the structural, physical and chemical characterization of

constituent advanced materials at the nanometer level. For example, compound semiconductors used to

optical and electronic devices are composed of many thin layers in nanometer level. Electron microscopy

is one of the most effective methods for these kinds of analysis, which gives direct information of the

structure and the elements distribution with high spatial resolution. Recently, new imaging techniques in

electron microscope have been developed. This review describes state of the art and future technologies of

electron microscope.
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Evaluation and Prevention of Electrostatic
Hazards in Chemical Plants

Sumitomo Chemical Co., Ltd.
Process & Production Technology Center
Kiyoshi Ota

Nowadays, electrostatic theories are usefully applied to various industries. On the other hand static electricity

cause ESD (electrostatic discharge) problem in high technology industries or fire and explosion in chemical

industries. In order to prevent incidents caused by electrostatic discharge, it is important that operators or staffs

working in chemical plants find electrostatic potential hazards and have consultations with safety experts. Elec-

trostatic charge and discharge phenomena, countermeasures against static electricity and some methods for eval-

uating electrostatic hazards are described in this paper.
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-5 Classifications of electrostatic discharge

Types of discharge ~ Characteristics

Hazards of ignition

Condition for discharge

Corona discharge It can occur when an electrode with radius
of curvature less than 5mm experiences a

strong electric field.

not sufficiently energetic to ignite
almost materials except sevral materials
which has very small minimum ignition
energy such as Hz, CSz.

potential : more than several
kilovolt

Brush discharge It can occur between a conductor with
radius of curvature in the range 5 to 50mm
and either another conductor or a charged

insulating surface.

sufficiently energetic to ignite gases and
vapors and some dust cloud which has
low minimum ignition energy (less than
several mJ)

potential : more than dozens of
kilovolt

average of electric filed : more
than 1X10° V/m

Cone discharge It can occur along the conical surface of
the powder heap during filling of a large

silo with powder which has low

sufficiently energetic to ignite gases and
vapors and some dust cloud which has
low minimum ignition energy (less than

diameter of powder : around
1~10mm

conductivity. around 10 m])
Lightning-like It can occur in a large container and along  sufficiently energetic to ignite gases and  average of electric field : more
discharge spark jumps from the cloud to the vapors and dust cloud than 2.7X105V/m
grounded container wall.
Spark discharge transitional discharge phenomenon which sufficiently energetic to ignite gases and  electric field : more than
lead to arc or glow discharge. vapors and dust cloud 3X106V/m
Surface discharge It can occur along the surface of thin sufficiently energetic to ignite gases and  thickness of insulator : less

insulating layer backed by a conductor.

vapors and dust cloud

than 8mm
surface charge : more than
250uC/m?
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Poisson’s equation
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ox?2 ay? 072 €
Energy calculation
1
U= ) Je-E2dV )]
o : Potential [V] p : Space charge density [C/m?]

€ : Dielectric constant [F/m] U : Energy [J]
E : Electric field strength [V/m]

BEEEEN  Basic formula of electric fields
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Faraday Cup
(aspiration type) S et
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Thick paper

Coaxial cable Purge

Wire mesh \4_
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Electric field
Probe
Insulator 2
— Pump
GBI Measurement of charged density of dust
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@“_-:

Filter paper

Wire mesh  oaxial cable

IEEEEN Details of faraday cup (aspiration type)

Shape of paddle

G  Simulation results of electric field strength
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