CRDS-FY2014-SP-05

RiE7 0t X E$

~AZ Y EEFOHEIC L B PEREDEFHFIEZERIG~

—
CRDS

STRATEGIC PROPOSAL

Innovation of Reaction Process

- Innovative chemical reaction in a low to intermediate
temperature range through ionic and electronic control-

\7 N VV”’
S AN )
N A
\ /".
Ny

rrRE AR ERITREEE HRRREEE 5 —

$”  Center for Research and Development Strategy, Japan Science and Technology Agency
ISTE—

K

~¢ N



WFZEBA R ERMG & > Z — (CRDS) 1, EOREHEMA / X—v 3 VERICET 5
TR, O, BRE PRI > THT YRS v 7 X 7 D—DT, SCEREE
A B EHE LT DMSATBOE AR AR IRBLERE (JST) ICE LTV ET,

CRDS (%, B FEN S B2LGOEE () . tLf8ifFo a8, EWNSt o)
FRAECEBER 2 E 2 T, SESERNHOEMESCBORNLRE & OXFE% 18
CC, Mg mR—Vr) 2ERLET,

ERRE 7 0 AR —H L) 1%, A% E S U CHEAMICED fTe~ & HFFERR%E O BEIE <,
B A 2 _—=va VEOR EOBEEREICOWTOREEL T OO L LT,
BRSNS RZFH OB SR E ~EAT L, RS AR LET,

N RVEEAI AT, E & ORI ORI T T, RO OMAICE -
THEWRIIFITNZ D 2 ENEETY, K 2R R—¥1] BEOBRSLEIC
TEH S, BHEREA ) RXR—v a2 VORI R ORI TS5 L &
B LTV ET,

SIHIZFEIE, TRt =7V A FE2 BT,
http://www.jst.go.jp/crds/about/




R 7OR—YI
RISZTOEZAEH ~AF > EBFOFIEIC KD PEREDEMHAZRIE~

I9€I9T7F17TH9<2)—

AW 7' 0 R — YL Tl =R X =L B Rk 7 & OWEAED T L 72 D1k
OG0 A DTG T HU AR A 2R3 5, BARMIE, i ess, BRI
¥ BEA A= RAEFMAETH LT, ALFERISIZEB T 5 A 4 L E OB X ZIMSLITH]
B D EM O EZ G L 95, 2Tk, 150 ~ 600°C D H{KIRIKIZ VTG
W L OSBRI ICm B35 Z E R FRE L 22 0 . B - EROPH O EBHML TS %
FHTE5, 20X REHFOGEFERIS T a0 2 CHEHT 5 2 & T, &iiDKiE722 6
FLEIKax M, £ L TEDRIENATREL 70D, ABFZEBRRMEIL - N E THEDZEH
IRRE L 72 o TS, T4, i 70 2 PKIRIEEh O AR A 4= 27 AR RO FTREME DS 7L 2
W= LoD WFSERHGE A E A HEE T R EIFIC B B, ARHRES 2 HEE L, RISk
BRI CHEFHIME RN X DWEAFEDEBRZ HIET Z L2k TP EDFEEFS /178
b, IRFHESOFEBITET L Z ERWIRFTE 5,

WA, BRE LWBERD B3> TW 2D REHERIL, BIRA 4 =27 26k 2 HWicER b
FRIGIZE D, BREtObF= 3 L F—2EHEER E LTRY ML X —Z2 8 Th
Do —H. ALTFRMERK IR L WEAPEIZEIRA A =7 AR E W2 BRSO % 3
T AWML TR DI OWZIEZ D TH 5, (LFELARRICB T DL 06 T,
FUSHREE D72 53, BEYE T BB ~DEWEISBIRER RO b s, F7-. HEW
WCHEFE WIS OFET D2 & L, BEFEI D X 9 2 AR KE) HEKZ Y HFHil
CNT R DHENFET D, ARG 7 0 R —Y LT B D 5RO, SR A
F =7 AR W EBRAEFROST W T IR & BALC X D SHIE % & e+ 5 2
& T, DONEEE & OSBRI ICm ESE 5 2 E2IHWE LT, F£2, iEkEiR
DSZETE  TALZEEOSZ B WO C b PRI £ CRUGTRE 2 T, fiirER 2 migie b+ 2
ZET, HLWMEFRISDAREIZ AR D Z & B2 b b, MA T, HIKIREE KIS D=3
NEX—JELTHHTHZET. 2R NOFEWERELER/MNEEIZMA D L HTE S,
ZDOXEIRE - EKOPHOEFME RS EZEH LT LS 7 2B A 2845 2 &
T, FEOKREHEL - K2 A MESLZNE TIZARWVEIRIEBTREIC /R D, 2t &
B/NEO BARICE T HIEFEEZ T LD & LEZEEORS N BICET DR 5, &
HITiE., 2oz = r VX —FIH - 50 7 o AR5 2 & T BEEEIY
WL DN X—FIHOBEOENRILE L7206 L, (KREFEAESOFEBZIET D & R
b,

HOHA SRS OB % 2 HEHE 3+ 5 72 D121, PRI CHEE 9~ 2 [EiA A 4 =27 24F
BIDBBE L 22 B3, ZHE TRUWIMEID 72 < AR ITIThbN T 2o T,
L LB, Tz o CHIRIEI CIEBI - D [EiR A 4 =27 AR L UTEM & 72 D8
BE GBrEipf et LTFH MY U ATFZ 32— bR, &2 WITHEFOT HRNROF M7 &)
MDRHINTEY, ZHUOMEIOBFZERTE b & 1o AR 72 2EB 38 & B 46 T & 2RI
H5b,

RZEBRFR 1L, PAKIRIREEY O EIRA A =27 AR ELORFIER T, BRI O W EERFRSC
BERETRIL., S BIZIT 2O OWFSERTE 2 SR T 5 1o O O AT, FHERFRIC X D RIGH
MR 72 & BB OB N ERICKLETH D, -, BRI 7 |

CRDS-FY2014-SP-05 WMIATBORAR AR RIS MEMERR T 2 —



R 7OR—YI
RISZAEZAEH ~AF > EBFOFIEIC KD PERBDEMHAFRIE~

TRZEAT AT DDOISHMENIEFICEETHY ., ZbDZ Loy, Bk
T EERA A= 20K G, LT, LT LY. i AT, FOREEIN A
2 DTN BHERN R R R X AT RGO R AR D H D KT m R —
PADOERMIZEY | FEMICHZ < OB OMAI X 2 EBIERBHGF SN D,

EAR) 2P BR S IR E 2 LA P ISR 5
@ 7 b P RUS DREEE - b asax s & D WFEBR %
> SALTFHIRNZ 33T 2 fc it 70 FE ARl I D 5%
> KR COER) 2 AlRE & T 2 [ERA 4 =7 2B O WFEBH 7S
SUF RSB 1T D AEREREIZ DWW T, BALEAE & & o 7o e il 18 O 78
>R B D7 4 — RNy 712 X DFPBHESR - BRI I L OB 2S5 1E DO WF LR 58
@ £ - Rl B T DAL ENSERFEE DA 4 LB DOBENIR D B & iatEst (5
EAFIE)
> AT HIAN & FHRANRIC K D B iR L BRI
@ )i 7 v RO I w7 AFgEE S O HAFSE)
>IG7 v ACBITFEHTAT7HA 7 VTEAA b (LCA) bESE 2o xL¥F—
NHTe EOFHMIZEET 29T & OFHMMIEIC L Dbl « 7 e A OEIR
> 71k ARG T 7o BROSERR TR & O JS HFZE

(I BF O B=kS  ABEICLBRIETAURER
m&’ﬁ)iﬂﬂﬁﬂffﬂ o / '

// : =5 =4 _'““\\

Iﬁl..J:é RGERE “ !#I-J:&E.Eﬁltr
- WA 1 -

ﬁL‘Eﬁfﬁﬁﬁ(ﬁLb\tmﬁl'f’&ﬁé
RIGMREVLEEDEVDEHTHLED

o 2B E
- = ; b S
M :".\ fl '?": /’ = o by I
W om iR S e \\ /
Ll a Sestemams |
] = Jmpees \ A |

WART AR

HEme

BRI '
’ 3 ___)" i
i b i —_— '
=3 ; 3 ol 5 p
- . o BT
_“ﬂ' : Bz \
o \ A4 | * : b\ )
A x| 5 | marme | \ ;o micw
J "I |” 5| & |PEnEw |\ /ol mmes
Al n ] :
R - o - e
100°C  “=—-- 600°C

K KREZ7OCAEHOIAETH

CRDS-FY2014-SP-05 WMIATBORAR AR RIS MEMERR T 2 —



STRATEGIC PROPOSAL
Innovation of Reaction Process -Innovative chemical reaction in a low to intermediate temperature range through ionic and electronic control-

Executive Summary

This report is a strategic proposal related to the research and development (R&D)
involved in innovation of reaction processes that form the bases of processes such as
energy conversion, chemicals synthesis, etc. Specifically, it focuses on a technology
that enables independent control of ions and electrons in a chemical reaction by a
combination of catalysis, electrochemistry, and solid-state ionics. This technology can
improve both reaction rate and selectivity in a low to intermediate temperature range,
namely 150 to 600°C to realize an innovative chemical reaction through the combined
use of heat and electricity. Utilization of these technologies to industrial processes
1s expected to simplify the process, to reduce production cost and to improve energy
efficiency. This research topic has now entered into a stage of active R&D thanks to
novel solid-state ionics materials working in a low to intermediate temperature range.
These R&Ds can contribute to the reinforcement of industrial competitiveness and the

realization of a low-carbon society.

Fuel cells are a good example of energy conversion technologies, in which chemical
energy from the fuel is directly converted to electricity by electrochemical reactions
using solid-state ionics materials. Application of solid-state ionics materials to
chemical production have just started. Chemical synthesis requires not only high
reaction rate, but also high selectivity for a targeted product. The innovative chemical
reaction proposed in the report aims at simultaneous improvement of both reaction
rate and selectivity by enhancing reaction control through thermal and electric
potential using solid state ionics materials. The new procedures will enhance catalytic
activities in a low to intermediate temperature range for selective chemical reaction.
In addition, the use of thermal energy can reduce the use of costly electricity as low
as possible. Moreover, the combined use of heat and electricity in industrial sectors
enables simplification of large-scale facilities and cost reduction. This can enhance
competitiveness in various industries including the chemical industry. Furthermore,
the widespread use of such technology in energy utilization and conversion may be
expected to recover waste heat and to achieve higher efficiency, leading to accelerated
realization of a low-carbon society.

For facilitating the R&D of innovative chemical reactions, it is necessary to employ
materials that function in a low to intermediate temperature range. Recently,
candidates such as sodium titanate oxide have been proposed. Also, lattice-strain
effects are known to enhance ionic conductivity.

Collaborative research on this technology is very important involving not only
catalyst chemistry, electrochemistry, and solid-state ionics, but also mechanical
engineering, chemical engineering, process engineering, analytical science, and

computational science. Implementation of the present proposal will expand these
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areas by merging various interdisciplinary research areas.

The R&Ds in the present strategic proposal are summarized as follows:
@® R&D focused on constructing/designing reactors for novel chemical reactions
>Search of optimal electrode catalysts in electrochemical reactions
>R&D of solid-state ionics materials working in a low to intermediate temperature

range.
>R&D of optimal control on catalysis functions in chemical reactions including

electric potential control.
>R&D for material search/development and method of chemical reactions through
feedback from the basic research.
@® Theoretical and experimental investigations on ion and electron transfer
phenomena on surfaces and interfaces
@® R&D toward the application for reaction processes
>Study on the evaluation of energy efficiency, etc., based on Life Cycle Assessment
(LCA) in reaction processes as well, and selection of chemical reactions/processes
based on the results of such evaluation
> Applied research of the designing of reactors toward process designing
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72DIZIFA GO ERDMENRHD, AG=0 7251 E T ZHEIEE LS, 2
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*3/—)l |CH30H + H,0 — CO; + 3H; 5
I4/—JL |C2Hs0H + 3H,0 — 2CO; + 6H; 194
AR CH; + 2H, 0 — CO; +4H, 589
IR CoHg + 4H, 0 — 2CO, + 7H, 421
IFLY> |CsHs+4H,O0 — 2CO,; + 6H; 247

FC2-1 TR T L DIT, BEHIRENIEAUER NS DT A X ) — L Th, AX L, T
DX HIRERT AT HHIT CHESOZRLX—NEWNT & SR R XS,

[=7 2 255 3CK]

1) BHE., =RV HIRONRTG HA LT~ WA= RN =7 2L
X—PAE~ LT 2013, F 175, H3 5

2) L. V. Gurvich et al., ‘Thermodynamic Properties as a function of Temperature’

http://www.galeon.com/raymond210/PDF/prop_termo_temp.pdf
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T ) — RIS
C;Hs + H,O — CH;COCH,; + 2H* + 2e- (C3-1)
C;Hs + H,O — CH, = CHCHO + 4H" + 4e- (C3-2)
C;Hq; + 2H,0 — CH, = CHCOOH + 6H"* + 6e- (C3-3)
C;Hs + 6H,O0 — 3CO, + 18H" + 18e- (C3-4)
CHY— RIS
O, + 4H* + 4e- —» H,0 (C3-5)
/ QEFEEMDIBE mzun \
4®_

CH,=CH-COOH

CH,=C:|-CH3 CHz"CH CH, —\ /_> H,0
H,0 '
cHcocH, «—— CH,COCH,«— |
QZ=CH‘CH0 (—//. 0 c%h:cu-cuo 3(,/ 0
CHy=CH-COOH «,——--'_’/ ¢ :

o, «— co,

Q

N

KC3-1 45EBH 5 DEARFIEIC KD RISER D HIHHH]

AREISITFEASOETH Y . BREZWY HI Z L TRISHED, T, KC3-1 DD
LM G LEEZETSEL L, g (C3-2) BEALLEZRY T 7 v LA 73
BRI T D (27 VLlR{E), —77, KC3-1Q@D XK S ICEERMEITS & K
J& (C3-1) NENZIZZ2 D 78 b o NRIRAICAERT 2 (Vv I —fb), Zhid, =
T UL TIZ PA 23, U v I —RRAETIE Pd> NEMER & 720 | EALE b f%) LT
Pd’ — Pd* 2MEE SN DT DICURRIRENZE DD LEZX DD, TOXDIZ, S
D DFENERIEIC i@ﬁﬁﬁ?ﬁfﬁ%ﬂzé\_kﬂf%éo

[=7 2 35% k]
1) KB, [if—BL. FifE. 1994, Vol.32, No.2, 66
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DRWELWABTEES R L RTH GO Z & Th o, NEMCA (Non-Faradaic
Electrochemical Modification of Catalytic Activity) . & % /& EPOC (Electrochemical
Promotion of Catalysis) & & FEN S, B OESILFEIST. X (C41) D7 7 T 57—
ANZHEV, RN E,. 372 bbEMICHA L2 b IC#ITT 5, 777
T —EBRAL TS E T, KC41 DL S ITWEICL Y G2 ERE LS &
NBIE S L, B ORDO SN DRUNEE D 102 ~ 10° (5O E L 2 5B N B SN
TWn Y, Zofily - EXLT - BRA =27 20 =i —KIZ X DR RBIZIL, S
FIFERMGFR, BERA A AR L OEBAEOM A DY THBlE I TV S,
Z OERBEREIZ OWTIE, T B ORI X D o R EREEH M E b Wbt T
DM, FEHIZH OISR TR,

EEE N
e i AG AG: ¥ T XHBIRLE—
‘%%{tﬁiﬂui’d”—b77 77_"_ﬁ” E=- oF F 7S5 —8 (C4-1)
n: 74 Ah#
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T
b=
0> 0> 0> O 5
BEA A4 AT E K =
g T T ww
: f: ON OFF F e
; for tox Tox1 |
275 T —Bl(BEEnES It
0,(g) [C&YKRHOND RIGERE

KC4-1 77 o7 —ERCERIBMEEN

[= 7 245 3CH]
1) M.Stoukides, C.G.Vanenas. Journal of Catalysis. 1981, 70,137
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— 5. BBFEA A AREAERE L TIX, T MY AT X 32— F R (NaosBiosTiOs
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[=7 45 5E K]

1) CRDS.2014. PTHUXIRMAEE) O FH I SUS EME DY — 27 v a v 7@ #E  (CRDS-
FY2014-WR-11)
http://www.jst.go.jp/crds/pdf/2014/WR/CRDS-FY2014-WR-11.pdf

2) WMRFEF LR U —R. 2018, FHlEEESEA 4 18K [NagsBiosTiOs (NBT) |
D3 AL
http://www.kyushu-u.ac.jp/pressrelease/2013/2013_11_08.pdf
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