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De-ashing and Upgrading Low-Grade Coal
to Reduce the Environmental Load

FUIN KRR Toeifsehe S il

Kyushu University Tsuyoshi Hirajima

Increasing world demand for energy has led to the exploitation of low-rank coal (LRC) as well as high-ash
and high-sulfur coals. As a result, new technologies and economically viable methods aimed at reducing the
environment load have been developed to process such coals. For now, advanced coal cleaning technologies such
as enhanced gravity technology and biobeneficiation, which can potentially be used to separate fine pyrite and
specific minerals from coal, are considered as the most promising processes to exploit high-ash and high-sulfur
coals. LRC still remains a local source of energy because of its high moisture content, low heat value, and high
propensity toward spontaneous combustion. However, its prospective use can be enhanced considerably through
hydrothermal treatment, a promising technology for upgrading LRC. This paper briefly describes these

technologies.
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7 1) —5940 kcal/kg DFGR A AR Y 37%, AIBRS3[E]
IR 57% TR T & 7=,

77138 011 Agglomeration (0A) JEDEE/ZRELH D
MAEDZEZFIH L& 7 ot A Tik, fIROFEL
3T % AV TS B 2 BRARI 72 0 BIEL 2 1S 2 DI B
LW Z ERH D, BAMERENS HFENIT, F& L
TAHIR EGElE % & ATV D A (Middling) ki1
ROWERILD L 5 TR G \ZHUKIE & 7 DR 2 K D
BDIMEEFIA L7 mE 2 TiEBRELICCNW &I
b5, IO TIL, SwthLA FO AR EZ & T H
Bir CEZBRTEININTLE D 2 ENMEIN
T D, MGS I, VIR0 0A LR R E DO NED
FERFIH LI2RR 7 1 R Tl R K4y,
(ZERBRIED L O e m LB & B TR OBREITHR D
THRTH D, HEHTITIIMEESBEL G LN
TWAEANZNZ LD REHEREDEIREDL
GBI MGS D X 9 72 ok: - ] L EER R BE 2N 4 1%
WA EELRSTDHDEZZ LD MS DER
FEIE. R 2 RS BEST 2 72D O a2 1T 9
TERLIT, ERRRAREKELHNDZ 2L
ICRWSHENER S LD Z & Th D,

FFE DIXNGS OISHBIIE & U CHRBRBEIR D> D D
HZEERIERL T DB > 29 TGRS D Y B
B 22D a2y U — MM O RRY Y1 7 P
DEDOEWRY A 7 BT DI E4T O BAF DAL
REHFTND,

3-2 WEMCIZEMOERESRE & F DRE~D
i

ST VT OBNEFEEOERITAEOTE A
FIEH LW D BE A RITIAREE 20 | 3F
UVRER, RS+ mii s oy IR BRALEE IR 72 & oD
R R A RERE I IS 45 2 L B EIT 22 5 TS
b T2, ART AMEEORMLEE E L Chave, ek



e EORFEID DOBRENEREIC/R > T D EEZ
bivd,

FRIIKHIZ BT D AR I E OKIAICRT T 5
MAENOZEEZRM L THBET 280 TH 2, MED
TR NG S, SR AR 1 O YU A HilE L
TR EET 287 (Bio—flotation) 1%, &= X b
BRIDHIFRF SN D0, & A T = X LMAEY D
7R Lo T, AARABZ W, EELIL,
WALERSY B CIT EIZHFTE S AT 2 FHOMAE
W4 R SR MR, BAEY & SR OFE B
15 A J1 = X ks L OEM OFE B A3 BELC DU TR
L7239 FWTZ i AEMNX, Escheichia coli 12, %F
EAE A3 A pET B SIP (Silica induced protein) & 37 &
Za— R LR T E2MIRZ T E coli®™ (LI,
SIP-E.coli & W5 & SEEREL T A FL R HiAr 70> & e Ut B
Bt SN7- Ferroplasma acidiphilum®" *9C, ZEQ%%
FINCAERT L2 LN TE, \EILH OgRORLIC
STZRNLX—%2MHHE L, —WbRFEE ﬁﬂ?& L

THEBFT D, 2O OMAEY OBUKMEFANRE Tk
SIP-E.coli 1ZBE/KVE, F acidiphilum \ZEKMETH -
foZ Einb | FIRIZBWT SIP-E.coli DRFULALL
F. acidiphilum OHIFI & U TOFIH ATREMEIZ D0
TR ZIT > 72,

412 SIP-E.coli WM X DA%, REFL, H#HE
DOFFEFE R % . ) 512 F. acidiphilum {INZ K 5 558k
PLOVEERE R AT, D DI~ DEW DS
FZEE) LB RSOV CIE, BE8R DLVO B & B
TR U 7oA R OO AU PE DV MT &0 BRI
B &7z, fKR DLVO Biag i inﬁ\wEW&
I Rl DR WFLVFH%IZ\/I/%** (G™t) %, FHEM
FHAEEHz L X — (GEY) | — M AEEH =
FVF¥— (GAB), Lifshitz-van der Waals = % /L

¥F— (GW) ofMmThHZbND, GELIZTE— X8
ALHIERER., GABITEALARIER R, G WITfHE
@ Lifshitz-van der Waals H FH = R /L ¥ —/» 53R D72
N —=N—ERE S LA EZ T2, ZhHD
FERDN D THBERME R TIX, $L5E DLVO s T
SR &7 SIP-E.coli DELMF i ~D 35 Al HE 72
pH B T RiEME % | F acidiphilum O 3585817
H~DFEATREZe pH SEI TRV RIEEZ R L
SIP-E.coli & F. acidiphilum D8589~ D {75258
MOEFIEEZ TR TE L2 DB bholo, B,
F. acidiphilum {73 1% O EERGLR EITHAME L 72 5

e, AROBMEFIRICOWTHREF L, F
acidiphilum 73 $EERFEOINHIF & LRI ATRE T H
L2 ENRHLMTR-TETWD, BIE, OB
LI ~DiEH % gt Th 5,

70
—e— Quartz
60 | —— Corundum
—O— Hematite
50
® 2.2x108 cells/ml
> 40
$
S 30
o
14 20 |
10
O~ O—p_oO—o0—o0—0
o L L L n n

0 2 4 6 8 10 12

4 BEMOFREER (Sip—F. coli TN

100
90
80
70 t
60
50 r
40 | —e— Untreated pyrite
30| —Oo— Biotreated pyrite

20|
10-/\/0\0\13

0
2 3 4 5 6 7 8 9 10 M
pH

Recovery %

X5 BSILOFRRER (£ acidiphilum¥IN)

4 NAF<R - ARBALRIE S BE AT
4.1 AEEANLIR DK

A IRITIES WA 72 & OKHIZHEY B e & 03 HERS,
JeRAb U7 KB CHERE I RWIRIC o7 0 #lEE L |
MAEEN S BIZBRENEDIERIC K> TEE L,
LEWICRFZEGRDEMT 5 Z & TR IS
DThHD, ZO—HOWMEEFARIMERE NS, A
PRACOFRE I THE, HIBRE S JORROR S X
DEY | ARAEDETIZONIRKR., Bk, HIEE
PRLIEH IR, R~ L TV, ZOHF T,
FRIEH R, 18RS DR A RAL B R AME S AL Rk (Low
Rank Coal) EIEEN TV A,

62— Ny RERT, Zhid, #fhic 0/C
ﬁ?%{tté« Mt H/C R Et 2 | Ak
EORRLARET 1y FLIZbDTH D, KIZ
AT XD, BIRLO - #HDOARIZT DDA K E
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WICRDZERDOHY ZNEa— LN REMES,

DFEYD . KM BIRR, BRASEBAKRIGIZ LY
HEITL, ZTO%, BUREEIG, BLA X v G % #%
T, R TEMERA~ZELTHL ™, KB R IE
KN, BEAENMES, BRFBALOT WV
HILTEEE THERA SN ICIEE>TW0D, Ll
RND, KAy, WRED N DI E WD BTEfE o
TFARNDELIFAET D ¥, Lo T, KSR
DOUEITEAL TIE, Koaxbr< LRRFIZHREH
95 L5 eMREEZEZT Z ENERIND,

-'-'Dehydration
[ — = = Demethanation

Atomic H/C ratio

X 0.4 . 0.8 1.0
Atomic O/C ratio

a: Wood, b: Cellulose, c: Lignin, d: Peat,
e: Lignite, f: Sub—bituminous, g: Bituminous,
h: Anthracite

M6 a—ANrR7ay b

4.2 NAF<R - ARMALRIB G SE BT

WA F~ A=y IR ARG CERE 14 48 12 H
27T HEGRIE) Ik D & N A A~ A LITEMEIR
(bio) & (mass) ZRIBE T, HAEFTREREY
HROFEHEMEER LA BEREZRW b DL ERS
IWTWD, NA A~ AZREET D & IR LIRFE DL
HMEND2, ZiUxb &b EARRIZ LD KRR H
LEESNTZHDTHY , RKHFD C0, NT A%
&SN EnI h—Rr=a— b Tt a2H L
TWD, 2Ok, {bABREIO—HZ /A 4~ AT
RETDHZLICE by, MEKRE(LE S &2 JiR=
BWRIT A D—>Td % bR F DY 2T 5
ZEDBRHRD, NA A AL R DU TTIEIC
ERBI U CARIEIE & IFEIEDN B D FEFRFEIEITAK

FEEIT AR BN E R R X =D 720 v )
Rl 5 2, AT, BAEREE, EDMRODY,
KKOFEEED T2 F X —HERKE VD, B
A REHRT S BAR 2 D T X 72 UBC e R %, &
FIETH DN, MRS E 7 vk 2 2 BH% L 2006 4
FEX D 600t/d DRKBIFERET T > N OFEEEHLEL .
2010 FELLBE oM ENLEZBEHEL WD Y
UBC (Upgraded Brown Coal) 7’ v& &A%, #&miki{b.d
ATLER AT T D A T U —Bil/KEAF I B3k 3 2 Bl
T, AREMP ORI - ZE L, BN B RE
KPERIHIZh R A2 BB S D Z LN TEH,UBC I ek
ZIHMER CTOLE D720, BRPOMFEZRET D
F O RYEIFIT A A2, FEARFIED 5 HKEMLIR L
TIE, SCERER CTA KRR O BUK R BRI iR L
TREPBAET D E L BT, WEBRTER L
Z— VIR E DA IR ZEBR A~ G LPAZET 2 72 DI
KEFRGIZ U, UGB %OKOFWAE 2 RET
LEVbNTEY, ARG NAA I~ ADYE
W L TWAHEBxbD, BT, MRS
IROUBEF LT CWM (Coal Water Mixture){LiZBIT 2
BFFE) 2B\ T, IR 300 °C. JE77 120 bar OEWK
IC RV IRARACER ZWE T 2B L, 2D
ARMEZZRRER, Moy b7 T MR & ERE
RERAZELTHLMILE O D) FE 51, K5
NLIR DA R & ARE SR/ A A~ ZAFER OREHEFS
L OEARREL D CO, P BB OB RN G, ZHET
DEBGKAVERC X 5 3o A~ A KAWL ER O Bk
BERBLOZNO DRAKE O EIT2o CEIZ
~47)

BAWERRIL, REIKELTT 7 ADE
Beluga f& (C;61.2, 0;32.8 wt%) ZARER A 4~
AL LTH (C:48.5, 0;45.6 wt%h) ZHAVTIT78-o
Too WRERE &R &2 Wk LTz, FEDIRA
TRAL 10 wthOPRETAT Y —{bL7z, # 1L
F— 27 L—7% M 300°C, 12 MPa D4tk Tikbi
AT o7, X6 IZWEFEY O H/C & 0/C & DRfR
T, 7B, PICITRR BEMIZ DWW T O LB R
RHLRLTWD, WEHEMOMEILZZ—L N R EIC
ey b & Fu, R B, PRSI Z D |
LIRALDHEIT LEmb U — OB ED N OND 2
EBROND, ZOZ LD, WEEEEHIET S Z
EICEVFIHEMICH > T HE RS DWINA A~
A LRGSR DIRGWEEY (N Fa—)L) %4



HTENBHRETHDZ LRSI FT-IR A7 |
JVAERE R CIX, BERIOIZIZEL B — R ITRHK
72 1064 em O E— 7 DR D 0, SUEZIXIHI
L. 20ROV IC, FEBRICHKT HE—7 235 <
7Rz, IRGUEEY T b FER2EM 23780 biviz,
Fio, PCNRMPERBEDD B HEEMEDRE O B
AMEM ET 2 Z ERNbinoT,

WIZ, 1 kg/hr DIEREES ) & FF DX F A7 — /LD
B A E 2 AV CRANERBR 217272 *, X
TICEEOBAXKZ R T ETHREAT ) =2 71
BESNVTRROKEMZ, BIBELAT U —R
FE 10 wt%lZFHHE L7z, I, KEABISEROE) % 12
MPa, {REE% 300°CIZFEE%L, 7 4 — FAR I TXZ
U — % BUKSOREHIMG LTz, ks, 27 U —fikia
T EE 300°CHOIREXTH 2T U —HERRE 25 30
BERD X OFELT,

Accumulator
Feed Slurry Tank
Let-Down Valve
>
Hydrothermal Reactor
Feed Pump
U Slurry Tank

K7 RFRAr—LEERERE O

30 77, 300 CTRBULEE I NI= AT Y —IFTZED
BB SIL, 2 DOT Fa AL —F— L EEfREH
STIERBE L, WEAZ Y —% 2 7IZEI LTz,

KOREG I E T 2 1256 O WK K L HED TTH 5y
&Rz 812, FEMORIBEEAEAK 9 IT/RT, W
THORAHIZE N THBESHREIL 206REE T
IR S, RFEHEIT T0%LA &2 0 | fgEL
% 7200kcal /kg LA EZ/R L, PFEMIOMKMES M EL
oo Flo, HELEEHETIXI N T 7 VICREDND Z &
7 < ERESCE R E DMEALIR & ARE RN A
ADREWEIZAENTHD Z LN BN T,

Content /%

0 0.2 0.4 0.6 0.8 1

Mixing ratio of the biomass /-

X 8 EFEMOTREIIFERICKIETHEBERLD
R (KK L)

8000
&
-
S 7500 |
£
P O—O— o —0—
£ 7000
Q
&
S
8 6500 -
g
S

6000

0 02 0.4 0.6 0.8 |

Mixing ratio of the biomass /-

B9 BEEREHORFEARIIKIEITHIESLOZE
(AR IR 2 )

5. BbbhiC

FIRTEE O 99%LL EAMEIMARIET DN EIC &
ST, B R = L X — &I D2 8 SR e
FEERRETH Y | BREAM AR L > o%kk e
FIROFN % ATREIC T 2 HARBAF A E ENL TV 5,
FRIZAH R O ETHIRIKR, C0,, SOx, NOx, Hid:
B ICHEEDBRBEIGYWEOKBNLEEN TS, &
%, a7V —VIRARSNDELENGEDL EEZS
AL LB MGS D X 5 7o LMK - H B8 1 o
BRSSO, A EOEE L, K= X MEDOWFE I
trrEZOND, o, KARICEROBIAK - LK
Beifi, mpids - @Koy OISR R &K = A N THiRT -
BIR 3 2 H4f, #ofidh - S e & ComAGRRE;
RS T BT 22— U — =2 VD
BAR BRI TN D THA D, A5tk TRV
FOWEEOwINZL Y . 2 BIZET 24583
NHERT D 2 RN D,

NOVEL CARBON RESOURCE SCIENCES NEWSLETTER

12



13

MAFE RFFROIRIF—FIA]

1)

2)
3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

ZEICR
E. ARIMORI: Jcoal Journal, Vol. 11, pp. 5-11,
2008.
BP: Statistical Review of World Energy 2008.
IEA (International Coal
Information 2008.
H. FURUKAWA: Jcoal Journal, Vol. 12, pp. 4-7,
2009.
Y. OTAKA: Jcoal Journal,
2008.
W. WILOPO, K. SASAKI, T. HIRAJIMA:
Vol. 49, No. 10, pp.

Energy Agency):

Vol. 11, pp. 27-28,

Materials Transactions,
2275-2282, 2008.

W. WILOPO, K. SASAKI, T. HIRAJIMA, T.
YAMANAKA: Materials Transactions, Vol. 49,
No. 10, pp. 2265-2274, 2008.

K. SASAKI, S. NUKINA, W. WILOPO, T.
HIRAJIMA: Materials Transactions, Vol. 49(4),
pp. 835-844, 2008.

K. SASAKI, M. MATSUDA, T. HIRAJIMA, K.
TAKANO, H. KONNO: Mater. Trans., Vol.
47(10), pp. 2457-2461, 2006.

K. SASAKI, M. MATSUDA, T. URATA, T.
HIRAJIMA, H. KONNO: Advanced Materials
Research, Vol. 20-21, pp. 607-610, 2007.

K. SASAKI, Y. NAKAMUTA, T. HIRAJIMA, O.

H. TUOVINEN: Hydrometallurgy,
153-158, 2009.

K. SASAKI, M. MATSUDA, T. URATA, T.
HIRAJIMA, H. KONNO: Materials Transactions,
Vol. 49(3), pp. 605-611, 2008.

T. HIRAJIMA, W. NON, M. TSUNEKAWA:
of MMIJ (Mining
Processing Institute of Japan), Vol. 110, pp.
461-466, 1994.

Vol. 95, pp.

Journal and Materials

G.H. LUTTRELL, P.VENKATRAMAN and R.H.

YOON: Coal Preparation, Vol. 19, pp. 243-255,
1998.

R. BURT: Miner. Eng., Vol. 12, pp. 1291-1300,
1999.

M. TSUNEKAWA, B. NAOI, S. OGAWA, K.
HORI, N. HIROYOSHI, M. ITO and T
HIRAJIMA: Int. J. Miner. Process. Vol. 76, pp.
67-74, 2005.

T. HIRAJIMA, K. SASAKI, A. BISSOMBOLO,
H. HIRAI, M. HAMADA and M.

18)

19)
20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

TSUNEKAWA: Separation and Purification
Technology, Vol. 44, pp. 197-204, 2005.

T. HIRAJIMA, A. BISSOMBOLO, K. SASAKI,
K. NAKAYAMA, H. HIRAI and M.
TSUNEKAWA: Int. J. Miner. Process, Vol. 77,
pp. 187-198, 2005.

M. ITO: J. MM1J, Vol. 124, pp. 865-870, 2008.
R. Q. HONAKER, D. WANG. and K. HO: Miner.
Eng., Vol. 9, pp. 1143-1156, 1996.

A. R. LAPLANTE, Y. SHU and J. MAROIS:
Can. Metall. Quart., Vol. 35, pp. 23-29, 1996.

K. U. BHASKAR, B. GOVINDARAIJAN, J. P.
BARNWAL, R. VENUGOPAL, M. R. JAKHU,
and T. C. RAO: Int. J. Miner. Process., Vol. 67,
pp- 59-70, 2002.

T. HIRAJIMA, Y. KUBO, K. SUZUKI: J. MM1J,
Vol. 121, pp. 456-460, 2005.

T. HIRAJIMA, Y. OOSAKO, M. NONAKA, H.
T. B. M. PETRUS, K. SASAKI, T. ANDO:
Journal of MMIJ, Vol. 124, No. 12, pp. 878-884,
2008.

T. ANDO, T. HIRAJIMA, M. NONAKA, Y.
OOSAKO: International
PCT/JP2008/058386, International
No. WO 2008/136506 Al.

T. HAGINO and T. HIRAJIMA: Resources
Processing, Vol. 52, pp. 172-182, 2005.

T. HAGINO and T. HIRAJIMA: Japan, Tokugan
2002-328336, 2002/ Koukai 2004-160340, 2004.
T. HIRAJIMA, F. HOSAKA, S. HONDA, M.
TSUNEKAWA, M. ITO, T. SAGAWA: J. MM1J,
Vol. 119, pp. 553-558, 2003.

T. MATUMURA, T. SAGAWA, T. HIRAJIMA,
O. KATSURA: Proceedings
Concrete Institute Vol. 27, No. 1, pp. 1315-1320,
2005.

M. FARAHAT, T. HIRAJIMA, K. SASAKI, Y.
AIBA and K. DOI: Minerals Engineering, 21, pp.
389-395, 2008.

M. FARAHAT, T. HIRAJIMA and K. SASAKI:
Proc. International Symposium on Earth Science
and Technology, pp. 389-396, 2008.

M. FARAHAT: Doctor thesis (Kyushu Univ.
2009).

Y. FUJINO et al.: J Applied Microbiology, Vol.
104, pp. 70-78, 2007.

Application  No.
Publication

of the Japan



34)

35)

36)

37)

38)

39)

40)

F. INAGAKI et al.: Microbes and Environments,
Vol. 16, pp. 125-139, 2001.

V. G. OLGA et al: Int. J. Systematic and
Evolutionary  Microbiology, Vol. 50, pp.
997-1006, 2000.

V. G. OLGA and K. N. TIMMIS: Environmental
Microbiology, Vol. 7, pp. 1277-1288, 2005.

C. J. van OSS, R. J. GOOD, M. K.
CHAUDHURY: J of Colloid Interface Science,
Vol. 111, pp. 378-390, 1986.

H. KIMURA et al.: Sekitan-Kagaku-to-Kogyo,

Sankyo, Tokyo, 1979.

M. TSURUI et al.: Technical paper for 14th
Annual International Pittsburgh Coal Conference
and Workshop, 1997.

S. TOKUDA et al.: Sangyo-to-Denki, p. 6,
December, 2001.

41)

42)

43)

44)

45)

46)

47)

K. OSAKABE et al. Sangyo Kikai, No. 7, p. 49,
2002.

K. YUKAWA, T. HIRAJIMA, M. TSUNEKAWA,
C. SUYAMA, T. OKI: J. MMIJ, Vol. 118, pp.
695-700, 2002.

T. HIRAJIMA et al.: J. MMIJ, Vol. 119, pp.
118-124, 2003.

H. KOBAYASHI, T. HIRAJIMA et al.: J. MMIJ,
Vol. 119, pp. 416-422, 2003.

M. NONAKA, T. HIRAJIMA, R. KAKIZOE, K.
SASAKI, F. TSUCHIYA and M. TSURUI: J.
MMIJ, Vol. 122, pp. 522-527, 2006.

M. NONAKA, T. HIRAJIMA, A. HIROSE, K.
SASAKI: MMIJ, Vol. 123, pp. 532-536, 2007.

M. NONAKA, T. HIRAJIMA, J. YABUKI and K.
SASAKI: Proc. Intnl. Conference on Oil Palm
and Environment, P5, pp. 1-9, Nov., 2007.

2009/03/27

- Sorption of Co* lons on the Biogenic B;In Oxide Pmc_!uced by
a Mn-Oxidizing Fungus, Paraconiothyrium sp. WL-2
(Materials Trarsactions, Vol. 48, No. 3 (2008), pp. 605-611]

& TN !
d”

(BIR - RHFRVK 21 FERFRAR T 0T T L)

WK LN

WAE T

WARA ANLELTRIFERR AER

2E =
WASR DOWAIQLAFLFERARGN

I HER =&

MEE L
AMAEXFRITHRR ATRE

Bls
BEARRA AMATATRIFARE BE

ST EM
ERHEXTATRISAER A
EmKIE TN D

NOVEL CARBON RESOURCE SCIENCES NEWSLETTER

14



15

MAFERRFEROIRINF—FIA]

T2 I MIFFEREN

0,/C0, AN AL RIGHEIBEDRREA & 7 O 7 thigd
ZIRIE B RN DE

SN R es g e sesr B

1. =

AR B D 2 < LA CERAE Y T RE A A IR A
MW a R AT A EFEIT, AR RV F —IZ X
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Micro Review

RFBRT/ HEOBERE - BERERIZE DL
IRILF—TINA R - BIERE~DIGH

Structural Recognition and Selective Synthesis of Carbon Nanofibers and
Their Applications in Energy and Environmental Fields

UK e B 5
Kyushu University Seong-Ho Yoon

Carbon nanofibers (CNFs) have various fibrous structures and surface properties together with higher
crystallinity and surface area than conventional carbon blacks, and thus are anticipated to realize high
performance and new functionalities in various application fields. Herein, we first introduce our new concept
of CNF structure elucidated through AFM and STM observations, and then some results of CNFs designed
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and optimized based on our structural model of CNFs as energy and environment conservation devices.
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Iron is the second most abundant metal, after aluminum, and the fourth most abundant
element in the earth’s crust. The core of the earth is believed to consist mainly of iron and
nickel, and the occurrence of many iron meteorites suggests that it is abundant
throughout the solar system.

Cotton and Wilkinson, Adv. Inorg. Chem.
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LIMITS
Metal residue levels must be low
in drug products

CONMCENTRATION (PP
METAL ORAL __ PARENTERAL
P, Pd, Ir, Rh,
Ru, 0s 5 0.5
Mo, V, Ni, Cr 10 1
Cu, Mn 15 15
Zn, Fe 20 2

MOTE: Calculated b L n daryen-
REMOVING IMPURITIES e, W gperdey drug dese, sod - igbody
Metal scavengers and immaobilized catalyos
may make for cleaner pharmaceutical products

~~~~~~~~~

"Asymmetric catalysis is a great boon but carries with
it the problem of having to deal with residual metals.”

Chem. Eng. News, Sep. 5, 2005.
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Development of Environmentally Friendly,

NIVES REKARE DB

and Reusable Iron Catalyst for

Atom Transfer Radical Polymerization

Kyushu University

UMK e s ATAT Tl
Mitsunobu Kawamura

Catalysts play an important role to save the energy and resources. Easily available, low-price, low-toxic,
catalyst is highly desirable for the age to come. We have recently reported ionic iron complex
[(Mestacn),FeCl;][(Mestacn)FeCl;] (1) as powerful and environmentally friendly catalyst for well-controlled
atom transfer radial polymerization (ATRP) of styrene and MMA. The catalyst 1 is readily soluble in methanol
and its solubility and robustness allows us to recover the catalyst from the resulting polymers. Furthermore, the
recovered catalyst was reusable for ATRP without the loss of efficiency.
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Effect of TMEDA on Iron-Catalyzed Coupling Reactions of ArylGrignard

Reagents with Alkyl Halides.

JUN KRk & B LA TTE L2

BPH RO

Kyushu University Daisuke Noda

A new reaction mechanism for the iron-catalyzed cross-coupling reaction of arylGrignard reagents with
alkyl halides using (TMEDA)FeAr, and (TMEDA)Fe(Ar)Br is proposed on the basis of the isolation and

reaction of these organoiron intermediates.
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Development of High-Performance Materials for Eco-Friendly
Energy Conversion Processes
- Visible Light Responding Photocatalyst for Water Splitting -

MR e Bl K
Kyushu University Hui Liu

Nowadays, the world is facing serious environmental problems such as global warming, acid rain,
photochemical pollution which mainly originate from the production and usage of fossil fuels. Therefore, it is
very urgent to develop a clean and sustainable energy system to solve such problems. One possibility is
photocatalysis for water splitting to produce clear hydrogen energy. In this micro review, I will introduce
fundamentals and up-to-date developments of visible-light-responding photocatalysts for water splitting.

Introduction

Nowadays, the world is facing serious environmental
problem. Many environmental problems, such as green
house effect, acid rain and photochemical pollution
originated from the production and usage of fossil fuels.
So it is very urgent to develop a clean and sustainable
energy system to solve such problems. There are at
least two ways to solve such problems. In one way, we
have to optimize the conventional energy utilization
system.  For example, coal gasification by using
catalysts has been developed for power plant for
reducing the CO, production. In another way, we have
to develop new energy systems, such as solar-hydrogen
system, to substitute the fossil fuels. In both approaches
of eco-friendly energy conversion, development of
high-performance materials processes is very critical,
and my research is concerned with (1) investigation and
development of inorganic materials to facilitate coal
gasification and (2) investigation and development of
novel visible-light-responding photocatalysts for VOC
removal and water splitting.

In this micro review, I will focus on visible-light-

responding photocatalysts for water splitting.

Fundamentals of photocatalytic water splitting

Photocatalytic ~ water  splitting”,  so  called
Honda-Fujishima effect, was discovered more than 30
years ago. In this process, light energy is transformed

to chemical energy as H, energy when H,O is

decomposed to H, and O, by using light energy. So the
reaction of photocatalytic water splitting is called as
artificial photosynthesis.

Water splitting as shown in equation 1 is difficult to
take place because of 237 kJ/mol of Gibbs free energy.

H,0(1) — Hy(g)+1/20,(g) 1)

To achieve splitting water, photon of 1.23 eV, the
theoretical minimum energy requirement corresponding
to light of about 1100 nm, will be absorbed by
photocatalysts to excite an electron from valence band to
conduction  band.  Considering the  hydrogen
overpotential, 1.8 eV of photon was suggested to use for
water splitting?.

Besides, the bottom level of the conduction band has
to be more negative than the redox potential of H'/H, (0
V vs. NHE), while the top level of the valence band has
to be more positive than the redox potential of O,/H,O

(1.23 V) as shown in Fig 1.
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Fig. 1 Relationship between band structure of
semiconductor and redox potentials of
water splitting”.



(iii) Construction of
surface reaction sites
for H, evolution

(i) Charge separation
and migration to surface
reaction sites

-

light

(i) Photon absorption
Generation of e and h*
with sufficient potentials
for water splitting

(iii) Construction of
surface reaction sites
for O, evolution

Fig. 2 Main processes in photocatalytic water
splitting®.

Main processes in a photocatalytic reaction are shown
in Fig. 2. The first step (i) of the photocatalytic reaction
is absorption of photons to form electron-hole pairs in
the photocatalyst. The band gap of a photocatalyst should
be wider than 1.8 eV to meet the requirement of water
splitting as mentioned above. At the same time, for
visible-light-responding photocatalyst, the band gap
should be narrower than 3.0 eV to absorb visible light (A
> 420 nm). Moreover, the conduction and valence band
positions should satisfy the energy requirements set by
the reduction and oxidation potentials for H,O,
respectively. Therefore, it is very difficult to design
photocatalysts for water splitting under visible light.

After absorbing photon, photogenerated carriers

separate and migrate to surface of photocatalysts (step ii).

The crystal structure and the crystallinity strongly affect
these processes. The defects in the crystal work as
trapping and recombination centers  between
photogenerated electrons and holes, resulting in a
decrease in the photocatalytic activity. Therefore, a high
degree of crystallinity with a less amount of the defects,
rather than a high surface area, is required of
photocatalysts, especially for an uphill reaction like
water splitting.

The final step (iii) consists of the surface chemical
reactions. The important points for this step are surface
character (active sites) and quantity (surface area).
Cocatalysts such as Pt, NiO, and RuO, are usually loaded
to introduce active sites for H, evolution because the
conduction band levels of many oxide photocatalysts are
not high enough to reduce H,O to produce H, without

catalytic assistance. Active sites for 4-clectron oxidation

of H,O are required for O, evolution. Although this
reaction is demanding, cocatalysts are unnecessary for
oxide photocatalysts because the valence band is deep

enough to oxidize H,O to form O,.

Short survey of development of visible-light-responding
photocatalysts

Up to date, a lot of photocatalysts were discovered by
researchers, but many of them only work under UV light,
which occupy only 4% of solar energy. In order to take
advantage of much  more solar energy,
visible-light-driven photocatalysts becomes more and
more important. However, a few photocatalysts can
stoichiometrically split water into hydrogen and oxygen
under visible light up to date. Many visible-light-driven
photocatalysts produced either hydrogen or oxygen from
sacrificial reagent solution due to unsuitable conduction
band or valence band. So it is necessary and useful to
discuss development of visible-light- responding
photocatalysts for overall water splitting from a view
point of designing new materials.

1. Synthesis of oxide photocatalysts.

Recently, some new oxide photocatalysts were
synthesized such as InMO, (M=V>", Nb>*, Ta>")*>'D,
AMn,04 (A =Cu, Zn)'* ', AInO, (A =Li, Na)"¥ and so
on. However, those materials only produced H, or O,
from sacrificial reagent solution under visible light
irradiation.

2. Non-metal doping to TiO,

The development of oxide photocatalysts have been
almost exclusively investigated from the combination
and substitution of metal cations. Non-metal doping to
TiO, was firstly proved by R. Asahi et al. to be an
effective way to make photocatalysts responsible to

visible light'?.

After N-doping, TiO, decompose
methylene blue and gaseous acetaldehyde under visible
light (A < 500 nm).

satisfied to realize visible light response.

Three requirements should be
Firstly,
doping should produce states in the band gap of TiO, to
absorb visible light; Secondly, the conduction band,
including subsequent impurity states, should be as high
as that of TiO, or higher than the H,/H,O level to ensure
its photoreduction activity; finally the states in the gap
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should overlap sufficiently with the band states of TiO,
to transfer photoexcited carriers to reactive sites at the

catalyst surface within their lifetime. However, N-doping

TiO, cannot be applied to overall water splitting.

3. Oxynitride photocatalyst

Recently, GaN:ZnO oxynitride solid solution was
discovered as visible-light-responding photocatalyst for
overall water splitting'® 7. This material has
wurtzite-type crystal structure. After loading RuQ,, it can
split H,O into H, and O, under visible light (A < 460 nm).

Quantum efficiency was 0.14% in the range of 300 nm

and 480 nm.

theory showed that the bottom of conduction band
consisted of Ga 4s and 4p orbitals and the top of valence
band came from the N2p and Zn3d orbital, repulsion of
which make the band gap of the oxynitride solid narrow
GaN:ZnO also proved that

formation of solid solution was an effective method to

to absorb visible light.

adjust the band gap of materials.

4. Z-scheme photocatalysis systems

Z-scheme photocatalytic system (Fig. 3) was reported
firstly by Sayama et al.'® to achieve overall water
splitting by using 1057/ redox couple, which responded
to visible light up to 450 nm. In this system, SrTiO;:Cr
and WO; were used as photocatalysts for producing H,
and O, respectively. Besides those photocatalysts, BiVO,
9 Bi,MoO¢ ' and TaON 2? can be used for H,
production and Rh-doped SrTiO; for O, production'?.
The quantum efficiency of Z-scheme photocatalytic

systems is still low (< 0.3%) because of usage of redox

couple.

and O, can be separately produced to avoid possibility of

explosion comparing to normal H,-O,-mixture system.
5. Band engineering

For overall water splitting under visible light, the band

gap of photocatalyst should meet to the redox potential

of water and be smaller than 3 eV to absorb visible light

(A >420nm). In general, the valence band of oxide
photocatalyst was consisted of O2p orbital (ca. +3 eV).
At the same time, conduction band of photocatalysts
should be higher than 0 eV for reducing water. Since

most of oxide photocatalysts for overall water splitting

The calculation of density functional

However this system has one advantage that H,

Visible light
Visible light

(Rh*)
H,0

0, H'

N'VB/ Electronrelay
" Fe*! Fe* couple

O,-Photocatalyst
BiVO, (Eg:2.4eV)

H,-Photocatalyst

Rh-doped SrTiOs (Eg:2.4eV)

Bi;MoOs (2.7¢V)  Pr.TaON (2.5¢V)
WO, (2.8¢V)
Fig.3 Z-scheme photocatalytic system for water

splitting.

hardly absorbed visible light, adjustment of the band
structure of photocatalysts is one of major strategies for
developing new materials. This method was called as
the band engineering. The purpose of band engineering
is to use donor level or new valence band with higher
potential than O2p to narrow the band gap as shown in
Fig. 4.

formation of a solid solution is the most promising way

In three types of band engineering, the

to develop a new photocatalyst because the simultaneous

adjustment of conduction and valence bands is possible.

8 ||| ¢ | W B
.| o
Sy ——
b Soluion |, ——
New VB T LB
VB VB VB

Fig. 4 Three types of band engineering for the
design of visible-light-driven photocatalysts.

Developments of visible-light-responding photocatalysts
for overall water splitting in my research

As mentioned above, many new photocatalysts were
discovered to have the ability of absorbing visible light,
but most of them are active to produce either H, or O,
with sacrificial reagents. In order to split water to H,
and O, under visible light, the conduction band and

valence band of a photocatalyst should meet the potential



requirements of reduction and oxidation of H,O at the
same time. Band engineering by the formation of a
solid solution was reported to be a feasible and effective
method to obtain suitable conduction band and valence
band for splitting water'®*". 1 focused on BiVO, and
Bi, WO, %Y which were reported to be visible-light
responding but inactive for overall water splitting. In
my study, BIlYWOg and Bi,Y,,VO, solid solutions were
synthesized and found that they could split water under

visible light.

Adsorption / arb.units

250 300 350 400 450 500 550

Wavelength /nm

Fig. 5 Diffuse reflection spectra of BiYWOy, Bi,0;,
Y203, W03, Bi2W06 and YzWOG.

BiYWO4 (BYW), a solid solution of Bi,WO4 (BW)
and Y,WO¢ (YW), was found to be a new photocatalyst
for overall water splitting under visible light irradiation.
The band gap of BYW was 2.71 eV and it absorbed
visible light up to 470 nm shown in Fig. 5. The loading
of cocatalysts such as RuO, and Pt-Cr,0; was
indispensable to photocatalytically split water, and the
best performance was observed with 0.5 wt%
RuO,/BYW: under irradiation of visible light (A > 420
nm) to the reaction system of 100 mL H,O and 0.5 g
catalyst, amounts of the produced hydrogen and oxygen
were about 12.3 and 5.6 pmol in each 3 h, respectively.
Since both end materials of BW and YW were inactive
for the photocatalytic water splitting, the formation of the
solid solution was proven to be the feasible method to
obtain visible-light-driven photocatalyst through the
adjustment of position of conduction and valence bands

of the oxide.

Fig. 8
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Fig. 6 Amounts of H, and O; produced on 0.5 wt%

RuO,-BYW under visible light irradiation.
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Fig. 7 Diffuse reflectance spectra of the BYV solid

solutions (0 <x <1).
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Photocatalytic activity of BYV solid solution
(0 <x<1)loaded with 1 wt% Pt-1 wt%
Cr,0; for water splitting under visible light
(A>420nm).

Besides BYW, another novel visible-light-driven

Bi Y, xVO,; (BYV) solid solution in the tetragonal zircon
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type was synthesized by the solid-state reaction. The
crystal structure of BYV was dependent on the x value: it
was a single phase solid solution oxides with tetragonal
zircon type in 0 < x < 0.75; however it was regarded as a
mixture changing from tetragonal structure to monoclinic
one in 0.75 <x < 1. The tetragonal BYV (0 <x <0.75)
solid solution oxides loaded with Rh (1 wt%)-CuO (1
wt%) were discovered to split water to stoichiometric
hydrogen and oxygen under visible light up to 510 nm.
Among these catalysts, Big375Y¢.65VO4 showed the best
photocatalytic activity for overall water splitting in all
the samples under either full arc or visible light
irradiation (Fig. 8), of which the apparent quantum
efficiency reached 0.72% at 420 nm light irradiation.
BYV solid solution was proved to remain high
photocatalytic activity as well as stable crystal structure
and chemical states in the surface in the repeated runs.
For tetragonal BYV (0 < x < 0.75) solid solution, Bi6s
lone pair formed new valence band and increased the
light absorption range to about 520 nm from the 420 nm
of zircon-type BiVO, due to the distortion of Bi(Y)Og
and VO, polyhedrons. The photocatalytic activity of
BYV for overall water splitting might be attributed to the
single zircon-type structure with distorted Bi(Y)Og
dodecahedron and VO, tetrahedron as well as the
cocatalyst providing active site.

In summary, I succeeded to develop visible-
light-responding photocatalysts for overall water splitting
by applying the band engineering technique by the
formation of solid solutions. Although the quantum
efficiency of the photocatalytic overall water splitting is
still low, the steady progress in the material development

will lead the usage of “solar hydrogen” in the future.
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Global Warming Issue and the Environmental Effect of Market-Based Instrument

Ul kikprsee HEP JERK

Kyushu University Michihiro Hino

As measures for controlling global warming issue, the approach paid attention to is international
environmental policies that use the “Market-based instrument”. In today’s international situation where WEO
(world environmental organization) doesn’t exist, the positive effects caused for the environment that excludes
the cost-effectiveness of “Joint implementation” and “Expansion of the environmental industry” that are
practicable and substantial measures against environmental problems are the following two points. One is
effect of the spread of the technology; other is effect of the incentive on technical innovation.
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“Nonlinear Optical Responses in Polymer
Two-Dimensional Photonic Crystals”
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ICSSTO8
Outstanding Paper

Award of ICSSTO8
(2008/10/03)
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“Gas Chromatographic Determination of
Infinite Dilution Activity Coefficients for
Alcohols, Ketones and Aromatic Hydro-
carbons in 4-Methyl-N-Butylpyridinium
Tetrafluoroboronate and 1-Butyl-3-
Methylimidazolium Hexafluorophosphate”
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The 8TH Mini International
Symposium for Energy
Conversion and Storage,
2009

Best Award of
Outstanding Presenters at
poster session

“Electrochemical Performance of Aque-
ous Rechargeable Lithium lon Battery
(ARLB) based on LiFePO. and LiTi(PO.)s"
S.l. Park, T., Saito, T. Doi, Y.P. Wu, S.
Okada and J. Yamaki.

CY g E
"Science Watch"

O=ZE F4ETE

The IUMRS International
Conference in Asia 2008
Certificate of Award for
Encouragement of
Research in Materials
Science

(2008/12/13)

BA X

(EFRMEE RS B, fH 12)

“Microstructure Analysis of High Coercive
PLD-Made NdFeB Thick-Film Improved
by Tb-diffusion-coating Treatment”
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£ URL :http://kcsj.jp/award_y.html

Fast Breaking Papers 2008 (April)

http://sciencewatch.com/dr/fop/2008/08aprfop/08aprfbopMiura/

= i

1 82E1—0E 8 H
KT D#HXN2007F9/~
128ICH I35 HRED
Engineering % (£22%
Z2HHFR)ICEVTNYT
(Thomson Scientifictt®
SAEICLD) (o778,
Recent Advancements in
Surface Plasmon Reso-
nance Immunosensors for
Detection of Small Mol-
ecules of Biomedical,
Food and Environmental
Interest, D. R. Shankaran,
K. V. Gobi, N. Miura, Sen-
sors and Actuators B, 121,
158-177 (2007).

Knowledge Link (BZSDHf
REICLEDFERIEIE
Ea-)
http://www.thomsonscien
tific.jp/knowledgelink/esi--
topics/fbp/

O%E #4EFEH

CINEST International
Symposium on Earth
Science and Technology
2008

Best Paper Award

(DC Award)

In recognition of quality of content and
presentation

Hitoshi Takamori, Keiko Sasaki, Hitoshi
Yoshizaka and Tsuyoshi Hirajima

“Role of Wood-chips in Premeable Reac-
tive Barries for Removal of Borate in
Groundwaters”

Phung Quoc Huy, Kyuro Sasaki and
Yuichi Sugai

“Effects of SO, and pH Concentration on
CO. Adsorption Capacity in Coal Seams”
Ryohei Takahashi, Koichiro Watanabe,
Akira Imai, Hiroharu Matsueda and Victor
M. Okrugin

“Genesis and Formation of ORE Deposits
in Kamchatka Peninsula, Far Eastern
Russia”
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Research Highlights &id. 77
VN»WW%&%8wmm%®ﬂﬁ
(NPG) DEBFMARERESICL>TGREL. NI FILBN T2 20

O:EiEHE
Nature Publishing Group (NPG)
Asia Materials
(Published: 25 November 2008):

Research Highlight
H L R—EB., U +5

Enhancement of two-photon excited fluorescence in two-dimensional

DT RFAERIBICH

nonlinear optical polymer photonic crystal waveguides.
S.-l. Inoue, S. Yokoyama: Appl. Phys. Lett., Vol. 93, pp. 111110, 2008.

1AM AFER T DR

TH5hBNature Publishing Group

Researchers exchanging global perspectives

By Ene Veepn

D Tayfun Babadapli, a Patro leum
Enpineesisg profmso a8 e Uni-
wersiry of Alhers, visiod Tapan in
20006 thrawgh the Tspan Snclery for
the Promotion of Sience (USPS) Post
doctoral Fellwship Program, an idea
sparked 1o provide & nurher of oher
resgarchers an opponuniy 1o be in-
wubvesd im internatioml collabonations.

Dwaris g his witi eo Kyusha Us iversity,
he et with D, Kyuro Sasaki, who
had spent his pas doctomn | period at
the University of Alhenamoee than

10 yeurs ago.

When the bwo professors mel o &
Cal gnry conference in 2007, they

far a period of under 1) monlhs.

The program hes alresdy samed
cnhancing the perspective of 2 young
Japanese ressarcher,

D, Yulcl Sugnd, the first parshel -
pant In the program, amived with in
Edmonton bis family on July 21st,
M amd dayesl 8 the University of
Alberta wntil the end of Seplember
20085, Alread y, he has delved into his
research, and even enjoyed visiing
sonme of Alberta’s natural sights on
the weekends,

Ulnder the spervision of Babadsgli,
Supai is reserching Erhamed
Recovery (FOR) using miemorgan-
iams. He will investigate the behavior

decided to crente n dep

enchange program By casly July
008, papers were signed and the five
year exchange progrm berween the
Universiny of Albero md Kyushu
University becmne ulfical. *The
enchange of lechnology and e are
alwnys good, aot caly for sdents but
also foe professoes.” say s Bahod sgli

The pro gramm is open bo semor grade
ale smdents, post dostordl fellows,
and faculty members o conduct joim
research. Each year two students from
Kyushu and two stdents from Alber-
1 will sty 3t the paner deparments

hof effactive
s that are Injocied i am il res-
ervolr, and the by products thi they
prohece uch s, paly mem, gases mod
sur{actaml, which hep enhanoal o]
ezavery, Oneof his Baien smsens
from Japan, Machiko O, will also
e josining b in his ressarch for @
month this sameer.

“Cal lubarstions Hie this one sre very
impotint for young researchers sspe-
cially. The Japmnese govemment puls
a very hagh imporkance oo educalim
and 50 we know the theory behind
petroleum engineering very well, Bur

being a coundsy
without many
mamral resource
like cil gas,
poldd o copper,
we don’ L always
getthe chonce
o put @i
Lawwledge inlo
e —
2 we would like
. This insreas-
g consurp-
wom of energy
and resourves
presents 5 dhreat
o the human ac-
sivities in Japam
We naed 10 lenm

D, Yuiel Sugain, e, Kywm Sasaki and Akite Mata-
s fvur e wodversity of Alberts Cangus, mevting
with reskdence services amd Imnrt #a il 10 cure

bovw o oblain stay for e Ied

and work with

rpp— petraleim bt also other disciplines
effectively in Decuments

it cariniry, b cplalared, were signed by three deparimen s ax

The Univearsity of Alberts i one of
four inte matioeal universities that
ollaborate with Kyushu Univemsity's
<ngincerimg program.

Bubuibsgrli s plessad with the seope of

[eogram sgreement gnd it pasensinl
for creatin g sodution s both in Kyushu
anil Alberka.

Ohur apreement covers nodonly

Kyushu University: the Department
of Earth Resmrces Engineering, the
Departmest of Crvil and Structurs]
Engincering, and Dieparmen of
Urban and Enviramental Enginer-

irg. At the University of Alterta, the

Departiment Civil and Envirmmenial
Enginecting signed it representing
lof its cight disciplines, 5o, the
coverape is widespread and A moct
Al disciplimes in our depariment

can participaie and benefin from this
spreament.”

QHREH/H

Maolovsllar Imagisg: Evching Monesconce - rescurch bighlight : NPG Asia Materlals

research highlight
Molecular imagin
hed orling 33 Now

xciting fluarescence

Light emission from arganic molecules is promising for applications ranging from

Nusorescence imaging to dala siorage. To owercome intrinsically mesk emissicn 4
aficiencias, Shineichira Tnous ped Sniyos Vokoyams from Kyushy Unhversity in

Japan®, row demonstrate that photonic crystals can be used to significantly

enhance nen-incar ogtEs emissin from fudeesent mekecults.

The advantage of non-Enear optical processes compared 1o o
arvinsian Iechniques i that the inlensity varies strongly sith Uy
anergy, whith praduses higher definitian imbges, The Righ cesalution that
be achieved is not coly relevant for imaging, but can alsa be used in onmnl nJ:
strage where It allows for 2 higher data Integration censity.

Ore cof the most widely sed non-lnear procasses s two-photon excited
Nusrescence [TFEF), whas the comb:ned snegy of two m-energy photans
from & laser beam is used to excite an electron into an higher state, As the
excted electrons rolax back to the ground state, they emit the energy gained
and this Nucrescence & detected.

Unforuritedy, “desgite the important tehnsiogical potential o this methcd, the majorey of knzwn organic
milecules hive very Smal tw-photon . hampering the unse o 1LS

=ays Inoue. To schve the creblem of [on efficienclos, the ressarchers use a shotonic crystal tat is glaced on top 4 3
thin polymer Lever containing the fluorescent molecules (fkg. ).

The prlvctiic crystal ol Bates Hie coupliog bt he cdent laser s e mobecbes. AL crtain lser inckent
Bnghes this can lead t & strong coupling of light ita the Shotanic erystal, This subsequently increases the light
aBsaraton by the Molecules, Iading to 3 Much stronges TREF process,

Indeed, in their experiments Inoue and Yokcyama cbserved a significant erhancement of TPEF at the predicted lases
bewn angles. These ennancements can be 8 tigh as w cades of mugnzyce Therefoee, much lower ard less
darngirg incasent lnser i i A" b used, making this techrague
part:culanfy suitatle for molecules with low TPEF I‘.ﬂiﬂl:rl:iﬁ

Inoue Is very confident that “this dramstic Impravement in performance will stimulate a number of spplications, for
example in optical dats sorage”.

Awthor affilation

Shinecries Inoue® | and Shiyaehi Yakapama

It far sstesials Chemrisdry acxl Progmering. Cyinb (ssversy, fi-] Ko Ko, Krsga,
P 8188390, Jasan.
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e B B%:2008%10A26H

-E&”ﬁ“'”‘i&m& B RIS VRNLTyMNMER (3R)
“ B KN 74 . & X B

§ i CES 5 2)

KBk (EU—F— ANKZE BB 2T
Bl #ik AMNAZHE)
B EA(CHEEE I BERERGES)
Bs AR ANEEELR)

N " FB1E BB VERSIL(XVIFATIVEREIIL)

(G-COE7OJ 5 LIELEN)

XxE 9&5‘%(%5') —4—- AMKFZ T BB LF MR

HE  BE SR -4 — 2T a )4 — AMKFEREIBTFMER)
TE lﬂlJ('t'7/3/U HZ— AMNKZ TZHRTRR)

(GEi®)
F ER(AMKZEENELFHTRR)
“Carbon Materials for Energy and Environmental Devices”

& BR(ENPRARR. TRX TR ZRAR)
“Fossil fuel energy outlook and engineering solutions for climate change in electric power sector”

Yanging Wu (FE- LiB3@ k)
“The Global COE for Novel Carbon Resource Sciences: Geological storage of CO."

Sudarto Notosiswoyo (1> R3x 77 - N R TREAZE)
“Research Activities Related to Conventional Energy (Oil, Gas, and Coal) in Institute Technology Bandung, Indonesia”

Doo-hwan Jung (82 E - Tx)L¥—FF%ERe)
“Current Situation of Energy in Korea”

Chun-Zhu Li (A =57 - EF L2 KF)
“Energy Research in Curtin University of Technology Australia”

Earth Resource Science and Technology

T ——— -2nd International Symposium of Novel Carbon Resource Sciences
T INTERNAT

TICHAL SYPOGILM
m CARBNRESCOLICE SORNCES.

B B§:2009%3A10~11H

B FRAVRRIT-NRVIRKE

#8443 :Sudarto Notosiswojo (ITB) .Budi Sulistiant(ITB) .’ k& k. #H# #KAS.
TS Bl.ik4KX AEB

(EERER)

WH RBAE(WMNKZEIZH%ER)

“Development of Eco-Friendly Coal Mines in Overseas Countries Considering Environmental Issues”

EaR  XER(AMAZEIEM%ER)
“Two Major Problems of Japanese CO. ECBM Test Project at Yubari, Japan”

Yanqmg Wu (FE- EBZAKAT)
“Modeling and Remedation with Permeable Reactive Barries in Groundwater Contaminated by Perchloroethylene”




Chun-Zhu Li(#—Xr51)7 - h—F 1> TRASF)
“Catalytic Effects of Alkali and Alkaline Earth Metallic Species during the Gasification of Brown Coal”

Dwiwahju Sasongko (1> R2S 7 - INR TREKS)
“Coal Gasification and Liquefaction: a Brief Review”

Bukin Daulay (1> R23 7 - TRILX - ERE)
“Low Rank Coal Upgrading”

(H R EE)
EH ZEALH Bz UK E—(ANKREEMELFMER)
“Cathode Active Materials for Post Lithium-lon Battery”

FHF EohE E—(AMNAKEIZMER)
“Application of Carbon Fibers to Thermal Engineering”

ZR BN BAMNKAFEEEIZMER)
“Researches on Improving the Performance of Refrigeration/Air-conditioning System in Our Laboratory Related to the
Energy Saving/Environmental Protection Technology”

B —kE AE. FH BR(AMKEREEIZMER). T A (FREEIFA)
“Development of Catalyst for the Removal of Particulate Matter from Diesel Exhausts”

T BIEE EAEH B2 WUAR E—(AMNKZEEMECEMER) KR RBE AE BERUMNAZREETIZN)

“Preparation of Nano-sized Functional Materials Using Laser Ablation in Liquids”

D] AmseE-#as
R ppscsmenar FMASG-COE[HIRFERS | AMBES SUBBEFICHTHRES

fom) e, o loce B BF:2009%3H25H

% F:7V0OXEE EEFERES (3R)

e ALE HE S JEH HE.BF ER
(AEA%R)

TE B EFHHh MR ANKFIFMER)
“Upgrading of Low Rank Coal and Woody Biomass by Hydrothermal Treatment”
5. 2501
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(42 S — The First KU-SJTU Joint Workshop on
e e Environment and Energy Issues in Relation with
o Novel Carbon Resource Sciences — Hht3F— —
B B$:2008%118128
B A AMAEREF R
Y HE  ER

(BERRT1N—=B)
F—Y [ARERIFHERICKHBIIXILE—E41)53H7?]

T @ HIREFEEBICETSERRES R IL62008

International Symposium ll‘ '

Earth Science and Technology 2008 B B§:2008%F12A1~2H
=t B P AMKEEFRTY
s 96 Wkl S . Fouoka 1520 ?ﬂﬁ% 171}# ﬁaa%s EF-% ﬁu\

Rudy Sayoga Gautama (ITB). Vladimir Kebo (VSB)

(Plenary Lectures)
Rudy Sayoga Gautama (/YR TFIA%)
“On the Issue of Acid Mine Drainage in Indonesian Mines”

Tayfun Babadagli (7 JL/N\—&2 K= - §hILAHRT—IL)
“Evaluation of the Critical Parameters Affecting CO. Sequestration Performance During Enhanced Oil Recovery”

Suseno Kramadibrata (/N>R TRIK%)
“Failure Criteria Development Using Triaxial Test Multistage and Conventional”

(OERRK) 2621
(FR4—%K) 233+

The 1st International Workshop on Energy and
s Environment in Chemical Engineering
e ey B B8%:2008%E12A58
5 P AMKEREF+>/XZXC-Cube303

HLUE RXH H
(;B®)
Sang Done Kim (KAIST, Korea)
“Current Status of Clean Fossil Energy Technology in Korea”

Doo Hwan Jung (KIER, Korea)
“Application of Carbon Materials in Fuel Cell Industry”

Tharapong Vitidsant (Chulalongkorn, Univ., Korea)
“Catalytic Cracking of Waste Plastics and Used Vegetable Oil to Liquid Fuel”




SYMPOSIUM & WORKSHOP

T'he 21st International Symposium
on Chemical Engineering

AEF A EE R RS

w vana12a 180 0 20
« FUMA IR

* IMCE e EEnnay

Yongtaek Lee (Chungnam National Univ., Korea)
“Application of Zeolite Membranes for Preparation of Bioethanol”

The 21st International Workshop on
Chemical Engineering

H B$:2008%E1286~7H

% FrikEBXZF

HYE 5B "o

(OFERK) L1461

(FRE2—5R) 20

AEFZARRAEEZAHATIABH -5 FILF
EB1EEES RO L

B B¥:2008%E12A19~20H

1B P AMKEREX+/YZXC-Cube301,303

HALFEHL 5. %t M kR =2

(BR)

Shiyoshi Yokoyama (Kyushu Univ.)

“Smart Polymers for Optoelectonic Applications”

Larry Dalton (Univ. of Washington)
“Organic Nonlinear Optical Materials, Silicon Photonics, and Plasmonics”

Dong Hoon Choi (Korea Univ.)
“Stability Control of Electro-optic Effect Using New Maleimide Copolymers Containing Photoreactive
Tricyanopyrrolidene-based Chromophores”

Soo Young Park (Seoul National Univ.)
“Highly Fluorescent and Semiconducting Organic Nanostructures: Nanoparticle”

Akira Otomo (Nat. Inst. Info. & Commun. Tech)
“Molecular-scale Photonic Devices for Energy Saving Information Technology”

Hirotsugu Kikuchi (Kyushu Univ.)
“Electro-optics of Nano-structured Liquid Crystals”

Ryo Irie (Kumamoto Univ.)
“Development of Chiral 2,6-trans-1,2,6-Trisubstituted Piperidine and its Metal Complexes for Asymmetric Catalyses”

Toshiyuki Hamura (Kwansei Gakuin Univ.)
“Synthesis, Reactivity, and Structure of Strained Aromatic Compounds”

Kazunobu lgawa (Kyushu Univ.)
“Enantioselective Synthesis of Chiral Silanol: Asymmetric Nucleophilic Substitution Reaction of Achiral Dialkoxysilane”

Young-Ger Suh (Seoul National Univ.)
“Total Syntheses and Synthesis-Based Structure Elucidation and Biological Activity of Macrosphelides”

Masato Ito (Tokyo Institute of Technology)
“Design of Bifunctional Cp*Ru Catalysts for Asymmetric Synthesis”

Masanari Kimura (Nagasaki Univ.)
“Transition Metal Catalyzed C-C Bond Formation and Cleavage Reaction Utilizing Organoborane”

Tatsuya Uchida (Kyushu Univ.)
“Unique Catalysis of Ru(salen) Complexes: Aerobic OH-oxidation under Irradiated and Non-irradiated Conditions”

Yoshihiko Yamamoto (Tokyo Institute Technology)
“Cu-Catalyzed Hydroarylation of Electron-Deficient Alkynes”

Mitsuru Shindo (Kyushu Univ.)
“Stereoselective Olefination of Carbonyl Compounds Controlled by Torquoselectivity”

(FR5—%K) 21604+
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13 Pobruary, 2009
‘Chikushi Campus.

C-Cube_Room30t,
Kyushu University

s L . O, 8 s Lty

|

International Workshop on

“Recent Advances in Science and Technology for
Exhaust Treatments of Mobile Sources”

H B$:2009528138

1 B AMAERESr/X2C-Cube301

B FE ER

(&)

Nitin Labhsetwar (National Environmental Engineering Research Institute, India)
“Non-noble Metal Based Catalysts: Possibilities for Their Applications in Exhaust Treatments of Mobile Sources”

Vito Specchia (Politecnico di Torino, Italy)
“Vehicle Emissions Control via Catalytic Reaction Engineering: State-of-the-art at Politecnico of Turin”

Koji Takasaki and Prof. Hiroshi Tajima (Kyushu University, Japan)
“Marine Exhaust Emission Regulation and Control”

Hideaki Hamada (National Institute of Advanced Industrial Science and Technology, Japan)
“Development of Ir/silica-based Catalysts for the Selective Reduction of NO with CO Applied to Diesel Exhaust”

Hong He (Research Center for Eco-Environmental Sciences, CAS, China)
“Selective Catalytic Reduction of NOx by Ethanol over Precipitable Silver Compound Catalysts and the Application of
AgCI/Al:0s to Diesel Exhaust Treatment”

Norio Miura (Kyushu University, Japan)
“Zirconia-based Gas Sensors Aiming at Monitoring of Automotive Exhaust”

Masato Machida (Kumamoto University, Japan)
“Catalytic Applications of Large-capacity Oxygen Storage Materials”

Fourth International Conference of

i The Yellow Sea Rim International Exchange
Meeting on Building Environment and Energy
(YSRIM 2009)

B B¥:2008%1H29~30H

1B PR XIVINIVIRER

HLE K BXRFE —F

(15 5IE®)

BREE— (RBAKXFE)

“Thermal Fluid-Flow Control in Opened or Closed Indoor with Injection and Suction Ducts by Using
Vertical Partition Plate”

Program at a Glance

(EHHR)
R ZR () (EERIRE T 22FR)
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(OEERK) L1544
(KR2—%K) 2254




SYMPOSIUM & WORKSHOP

ClG-CoEsimmaRsY +3+—

Bf+ t3IF— wEE
Production Optimization for
Developing Thin Oilsands Layers Bae. Wi
o= ae, Wisup
2008/7/17 [ﬁ@b’{',’m (Sejong University, Korea)
M KFFREE X+ /SR HITIR2ERE
EE7OY 7 W2-517
Antimicrobial Polymers Today:
The Chemistry and Applications El-Refaie Kenawy
ALBEL [E91&12F7R] (Tanta University, Arab Republic of Egypt)
AMAFIHEEF v /¥ C-Cube 303
Nanomanufacturing with Colloids of
Nanoparticles and Carbon Nanotubes:
2008/11/17 Fluid and Heat Transfer Physics Dimos Poulikakos
[FEfeEmFR] (Fa—yeI#RKFE)
FMAFRERF v /XX YT ANEEETRE
7325 FE (EIZFA)
s 2 B
W129BKASTECESF (AMAS st & — DR T 26)
AMAZREF v I8 EREHE L 52— SBHEE (WA St 5 — W 70k A BT BRT TR
[EEICHTIAERFE]
~ZEFICHTIMERKELHICLT~ ME H3B
2008/12/1 (B8 7F] (M= IDNA—ILT (T RTN—THAERILE)
AMKFREF v /XX BB LFMEF R 12
I(_)rganometallic Seminar XXJXVI H A (GEAS)
B FIIBEICFEDIF/INTEL L e 2
2008/12/16 L A o)

(FAfESAR]
AMKZERA—IV

Bk 15 (MK -2 TR
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The First International Symposium of
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&10E Cross Straits Symposium on Materials,
Energy and Environmental Sciences (CSS10)

ANASGAETEREE oF]  Ua

Yasutake Teraoka
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#Program for discussion the “Selected Topics” by students
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F#%(Z. The First KU-SJTU Joint Work-
shop on Environment and Energy
Issues in Relation with Novel Carbon
Resource Sciences% &L 7o K BRLA

1. Introductions of students (Name, Major, ...)

2. Discussion the “Selected Topics” by students

We will debate about

the use of coal as energy source instead of oil.

2-1 Introduction of actual situation in general

2-2 Discussion on the use of coal based on three points (price, the amount of

deposit, air pollution)

2-3 Opinion from professor

3. Closing this session
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1st G-COE International Workshop
on Energy and Environment

in Chemical Engineering
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O 7 The 21st International Symposium

on Chemical Engineering
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International Workshop on

“Recent Advances in Science and Technology for
Exhaust Treatments of Mobile Sources”
(NCRS G-COE Symposium/Workshop Series 2008-VIII)
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Dr. Nitin Labhsetwar (National Envi-
ronmental Engineering Research Insti-
tute, India); “Non-noble metal based
catalysts: Possibilities for their appli-
cations in exhaust treatments of
mobile sources”

Prof. Vito Specchia (Politecnico di
Torino, Italy); "Vehicle emissions con-
trol via catalytic reaction engineering:
State-of-the-art at Politecnico of Turin"
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Yasutake Teraoka

140d3d dOHSNIOM
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Prof. Koji Takasaki and Prof. Hiroshi
Tajima (Kyushu University, Japan);
“Marine exhaust emission regulation
and control”

Dr. Hideaki Hamada (National Insti-
tute of Advanced Industrial Science
and Technology, Japan); “Develop-
ment of Ir/silica-based catalysts for
the selective reduction of NO with CO
applied to diesel exhaust”

Prof. Hong He (Research Center for
Eco-Environmental Sciences, CAS,
China); "Selective catalytic reduction
of NOx by ethanol over precipitable
silver compound catalysts and the
application of AgCI/Al.O; to diesel
exhaust treatment”

Prof. Norio Miura (Kyushu University,
Japan): “Zirconia-based gas sensors
aiming at monitoring of automotive
exhaust”

1.Prof. Specchia

2.Prof. Miura

3.Dr. Labhsetwar

4.Prof. Teraoka

5.Dr. Hamada

6.Prof. Machida

7.Mr. Shimokawa

8.Prof. He

9.Prof. Wu (Shanghai Jiao Tong Univ.)

Mr. Hironobu Shimokawa and Prof.
Yasutake Teraoka (Kyushu University,
Japan); “Catalyst development and
catalysis of diesel particulate
removal”

Prof. Masato Machida (Kumamoto
University, Japan); “Catalytic applica-
tions of large-capacity oxygen storage
materials”
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Fourth International Conference of
The Yellow Sea Rim International Exchange Meeting
on Building Environment and Energy (YSRIM 2009)
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“Thermal Fluid-Flow Control in Opened or Closed Indoor with
Injection and Suction Ducts by Using Vertical Partition Plate”
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