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Abgtrect - Currently, exhaust gas emitted from thermal power plants and various combustion facilities that
consume large amounts of fossil fuels such as cod, oil, and naturd gas contains high concentrations of
CO, and is a mgjor cause of globa warming. Conventiondly, as a countermeasure againgt this problem,
research and development are being carried out from various fields, and it is considered to be one of the
most promising methods for separating and recovering CO; in the exhaust gas. One of the reasons for
the low use of carbon dioxide is oxidized among the carbon compounds and is present in the most stable
gate. From the viewpoint of CO, emissons, CO, immobilization technology, which converts CO, into
chemicaly useful compounds, is considered to be more important.

Key wards : Single site photocatalyst, Titanium oxide sputtering, Magnetron sputtering method, Chlorocobat
porphyrin, Aluminumflorinol complex
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oX,
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£nEt: - H:0 ZnCOs
ZnEt: - ANH Zn{OAC):
ZnEt: - CsHOH): (o-. m-, p-} Zn0 - CeHACOOH): (m-)
e Zn(OH): - CeH{COOH)2 (m-)
ZnO - HOOC({CH:).COOH
7L Rl =2 EA
AlEt; - H:0 - PPh
ZnEt: - poly{o-OH-styreng) AIEL: - H:0 - 2.2'-bipyridyl
Fol 2 &g 27
ColQAc) ¥ (benzoate)s - ZnEt: - glycerol Y(CCLCOO)s - ZnEt: - glycerol
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H=dol= p-Tloluuol=
Za2-H Al A=z
. : P
™ T = X .
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OJES 7| SIAE Fulrt Basic 23ci(Fig. 11).
uebs, 2 A5RE ettt SuE sk = 1990ty o]%, ZpA|slsta} £A5}eke) XK o
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A AR Q. /EPoR © Azl Zujyk v 2vh el AskgRo] o whge] ZujE olgHg]
oot} =9 & Wh3el o=y AL th 2ERHEY eSS, AE WL AEE, HE

ZlordsietEdt 24 EAeanitEe] 25 1 v Y4 §0liL, RiEs FuPt 2 ARE e
fr7lordekelE iAol FrlordstgtEelu #71dF  wEdolE, B-HoluvlolE, xZEud, AE Al
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Fg7140] WElo] Zgfo] AFEIGiTh olAbstels-
ofEAtol= Mok EEAI ShbRA, U o HAfo]
So] gt Fgol golshi, FAZMe A o
28 el F44 ok B gl ol4lst
- LR AAS A =(PO) WHTFIAE U

2 3] SlIAE B4 AEol Basi

o132, §EHol&w(Tg=0F 35C)7} 7] upe]
o5l Ao] WA Lol fotsha, YA A %
Fh}), E3F vz e &5(Td=220~240C) 2 =]
Ayt AtE) gie] Adavkgel ARkt
A FFBAD o ). olislers felel WS E
e7brulo| =] The shtel #2l olAbteka-Al2E

y.3Ke)
&40
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o

51A]

3t 184

Sl Zi71& 39

-

221 ¥RFE Ales 7HIE 3¢ TELAY
e

LA fElel 2 (TS Auishe 22 Al
HEMHTES], 2 71| @9liEd) o) 5/dolt) w2t
A CO-PO Wtha5Ao] TgE FdAI712H AL
HEE TR} F2]o]7] ofgfE 3, = o1 7] uf
zoll, e F29 BemE I 2o EYAIZIH F
TRl A2l n) whehA CO-PO wthg-3kA 71H4|¢1
W7 | Hoy Baj7y 231, 57|10 ST 7]
a5 Q= HE7IE 7HE 2EEEA|E(SO)
531l COp PO-S09| 4H wtg53hs =343t
of dojzl FEFem ] dEAS vt ojuf sk
Exendzsighls [(TPP)CoCl]-twdopn|euj2]d
(DMAP)A| 15 ARE5HaL CO-PO-SO 4H wt5-5
LS S5t & AAH o7 "8 =A% Ayl PO
o} S09| HhgH[Eo] £& FolE UEhti(Fig. 13).

ojnf HofXl FFUA o Eelz=gdrIE Yo
E(PPC) ©@9jet EZ|AERIZHE O] E(PSC) @19
H| L2 ojE AJHo| A% ¢k 50 : 500|¢tHTable 1).

%E3h PO SO9| =QH|&o] th& CO-PO-SO 4t
A WFSEeREEE nAHA o R FejytEy|o]
E7} dojFth of7]olA PO} SO9| Hg-&o] £7]

o)

SAE A =(CHO) Wt 5atiles 2 freldole
(Tg <F 1201)9} AEF /A E(Td=260~2707) cl
= UehfAul FHoksly] wjiel] ohE Zejujele] & o :
Ae- E@Kblend- dloy)[13]1} 7hze] =e)[14] N
ol efstel 1 sk Aoyt Wee iAste
3 sHe Alglo] FAHE L Qlrt. (TPPiCod
Fig. 13. S22 Ex 299 2313HE{(TPP)CoCl]
Table 1. o]Abgletasl Z2dA Ao =0} AEjdl S0 =] 39 wjFEghe] AAWs
2L09] 3-8 (%) A&
o Unit H]-& o FH 22 HalerR g
wHg- A1 ZHh) PO SO PPC : PSC Mn Mw/Mn
6 16 15 50 : 50 3,500 121
12 29 27 49 : 51 5,400 114
24 44 46 48 : 52 8,400 124
36 66 66 47 . 53 12,400 1.17
438 8l 80 48 . 52 14,100 121
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Table 2. ZtF Hlow m=QJu[EoA ojibslehaol Z=d LAl =9t AERISALO|=0] 39 w35t
2o A Zay
EYgHE HE-8-&(%) e Hl & Bt wAgT 22 | fEdolR & | AR THARE
PO : SO PO SO PPC : PSC Mn[Mw/Mn] () (©)
100 : O 95 - 100 : O 15,000[1.18] 34 240
75: 25 79 78 73: 27 14,800[1.21] 44 268
50 : 50 83 80 51 : 49 14,000[1.17] 64 283
25:75 82 75 27 . 73 11,100[1.16] 73 256
0: 100 - 78 0 : 100 12,300[1.11] 83 on
00 222, o3t f ETrtRY|o|E-EE|oAH|
80 ) i 2 ESTSEA 8
70 a oilERARR Y fHEe WS EejrhEyo]E
Tg &€ 60 o Lol wa Fe REold GRshele] sk
i - She FhRYlo|EZF "k FFAIKL §, A0 Wi
g =2 YRE TFIAE F5H FEEAC) Pk OH
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2=(Td)7} F4E Zlo= ofsial 2714 v A
Tzl dofxli= & o PPC T9j9E PSC & ggicy,
H«l I8 POQ} S09| =¢ l:%Oﬂ ?:_lilf&EHTable WA (TPP)CoCI-DMAPAIS Zujz ANg3la, &

/\}‘3}7] Hoﬂ/\‘] 'H 2 ®c NMR/\J“E
PPC, PSC, PPC2} PSCo] Safa3te, 1
/3%t PPC-PSC E£531& 2|1 0] AUERS u]us},
olET= thE Ald &, PC-PSCO| dAZE Fxof
7]Q18k= Alde] HSE I

olge] Aak= o] Fol PO-SO-CO; 3 5%
S 2KE] PPC 919} PSC Tel7t E-f2lskA v
SEHE YERh o]} Zo] gHdE CO-PO-SO
39 FTEEAY 94 EAS 2ARE A 7|didi=
PSC ©@91¢] Hl&o] Sthoh= Ao wepa] FEe]u
o] Fexo]2%(Tg)7t okt Table 2 =), Aot
7F 243 Tg= A9 AduACl AtKFig. 14).
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Fig. 15. Z2)7}HYo|E Wrto g

T

o2 3lHH-3(back biting)

Mn=32000Mw/Mn=1.1]
Tg=99%C, Td=255%

Mn-2200[Mw/Mn-1.1]
Tg=64C +Td=262C

Mn=2700[Mw/Mn=1.1]

41

1
Tg-627 . Td-272C

Fig. 16. Weto] T}2 oAksieta-AlZ2ajiAle|E WehgEeAle 224

M | Me
Ve | |
A
o, + C—C — g7 e e
0 ' I
0|
T2 EHLA0|C(PO) b
Me
i c—C Me
c Q e 8 - e
ol o il o B ey ¢
,—l L 0 %) o
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E|HLHE Ze|720|E

Fig. 17. [olAkahehas 2 H a8 Afo] ][ g Ak TR B S Afo] =]

=5ESEA

S de st dofx= F35FA(Mn = 23,000
[Mw/Mn = 1.40], PC : PEs = 91 : 9) E&3]| /A&
Z(Td)= 268T o|tHFig. 17).

223. olAtBteast Hlac|EAlo|=9] vty mr
23 3 AT HY Bejulel By

W ol BAf| ERRE ot olAtEEiA-o|HAL
o= ThFEEAL WETSIF 27HH ] vl Yera
£ AT o) el 18] YAITFENE Aofsh
e Ful7k ek et ofelwAl fefel oty
IS S AIRSIIES 0§l COt 4
ofEAOl=e] FETS A, ofolaety Helst
wuolEe] gl diaixl AlFHTHFig. 18)

Al-Bzes2ER 2 3R] SolFg 198 A

830, COR AZZIRILAIE(CHO)S] Hleh
W E=SH60T. 50atm, 72h)o] HaYsle] 67%eel)
olele. HElg(Being sletalste] dojlt o
20| HPERyE Brhow EelrhiyolE(Mn =
25,600)7} Aol Ak

Heh 2o AEAS s|dsta ALdld BETS
S57] SAE Al-Rol2ibg AgsA Erk W
A e SE(B0T)oIN FS st o] 34EA
Sulof) Ofgk FEIL A& Qstol(Lol kS
ARGBHA) QR 75-0] S 40ue] Fhso] Abe) AlehA
& AshA7IA ki BEUAZ WATATHEOYee, Mn
= 26,600). o] 7}&ETS o] gl HT} A(25T,
0C)e] FEEelAE 7|dle 12 Whe-ews A
SHAIZIE Aol wrebAl HehE AEge] gate] B
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PR A Bu | ‘Bu
Ph— o Me | | A
r AN A e :
i e S
/. i A 1 | J T =
% ML, O™ VN pPh . | = £ —
i = H BPh Bu = ‘Bu '‘Bu i ‘Bu
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2 BAMET U oluskedol A
§oto] 83 AR WAL 5 Gk, vz 7
3 A0 R FEFH Slo] TRsaAT HAR 4
O oluBtEaAS ABEO A} AROR WEHAA

A A1) A EEE FAAZIAL Stk oliteetae

ojZle & ol

Ol4X|=st M26W M3z 2017

R} Alo| 24k

=21

ul$- wh o] We stERA] o] AL olgsly] 9
SAe e - gte] Wasith weba B o

231, opisleraol ojZAol=e] wgo] ot 591
3 FhuEyolERe] 34

ojatsterse} o|EAl|ES] B efslo] 5Ish
FARUo|ETL AR AL Qe ARE el A

gk @38 o] HgAlE EFIEYo|ES A7] Qi
o g 733 Hhar QIitt. Inoue Fofl &gk ofd
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Fig. 21 ofulelzo] olgt 7leiaiel olasiekae] =3
ofol gl
EE
= .
Me
- A B ks
o LiO R J
LiB €25 rrol il qioe e |
. & - e
CO- T
' R oe _ ‘ |
L o i Me |
3. O o - I NN |
5 o™ o %
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2 ol gato], Eeldletmgdol=e] A4at A of

Ealo| 277} B4 Thadlo| E7]2 wgE: A2
ol YFHYH20]. T, olisEae] AdH
2w R Al A SaET glon], A
o ofrlEsl Heod mg £ olisiciict 9
2 PAsta, % ol hashY, olaksteiast
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Z5= Aoz " FtKFig. 21)[21~22].
7}21011 oMHEAE 7= ALRAE BERTER] 9
A= UehH, BEYHAE olileigtas g2
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Teble 4. 22154 59T 7huuo|E9} tolule] FRbS

ZJI‘I(:)!Z

|

Las

o4 @Fe Aan

=E A7 ghate H&? Mn(Mw/Mn)” 14 GAL2% F2L?
none 84 19,800(1.9) 30/70
2 LiCl 98 36,700(1.8) 40/60
3 LiBr 9% 16,900(1.8) 48/62
4 NaCl 95 17,000(1.7) 25/75
5 Bu4NCl 95 22,200(2.2) 36/64
6 Bu2Sn(OAc)2 95 14,600(1.7) 37/63
a) By 'H-NMR, b) Estimated by SEC (DMF containing 10mM LiBr, polystyrene standards)
Table 5. & 9 o] WA Fo|A ] FHIIHS
mE g =9/ Mn(Mw/Mn)?
19 Water >99 4,200(1.9)
2 lonic liquid 95 11,200(2.1)

a) Water-insoluble parts. b) Estimated by SEC (DMF containing
was used in place of 1,12-dodecandiamine.

Additive

solvent, 70C

10mM LiBr, polystyrene standards). ¢) Hexamethylenediamine

- (CHa)i1a=NHz

Primary OH Secondary OH

0

HO,

/n

Fig. 26. 2¥H57 5% 7HHY[o|EQ} ol FRIkS-

ok o7]o] 4% S59e A7IRE 23k of| A%l
= e anph SAE%en, 5] deteEs

AR A9l SHFEAT] 30
Ze|9egio] ok
cheel $5R3E Agolt 4
22 7S sk A
oleAA[33 S FTHE ARSI
SickTable 5). 3ol F27F
s 5% TS 98] 24
g9 dsto] dojzic. w, dolal

115

Ol4X|=st M26W M3z 2017

L 4,000 AEO|TL, T EHAIGI0] ThRal7h
sk Ao Az,

580 Follq FRIUSS ST ATk, 22 A
53 Thao| =t ¢hs] Adst, gheshs B
Seeto] ok W, lofxl Hele Eaje
4000 HERA FH ThEvo|Ee] Zi4Ha} W
shan glekar AZREIT AAIR B} S 1458 S

2o deE Ry GEE 23y 598
olEg AMgT Aol shRuolEo] Figtal)
Wk A T, olLoAlRA AT W uke

Wi



Fig. 27. 2155 o]axAJopdlo]Eo] 9Jjt 7HA] 4b7]

of AHHI e onuEEdS 8UlE AMSSHL

Ti/hkes At A, Rl 10,000%
Zifohe ZEledgo] dofxle Ao Sl
=

FRAG FR Aol Al Eeinie} o] 2o)
A YA AL BakAeh 4uo] o] LolR|E
sejgich o] BRA| FoME Eeino] 441719} of
2RO AEALgo] ZASHE AOE IRAHEe
ofsfe] SHaligiet. o Lo SANA] FRRE st
W, Eeledeu on|chERazie] ATarge] Ag
wo] Eelgdgto] AEHh wteby o5l ofutstu
SE) B BUSHUES BelE 4 Ak B9, o
ol oleoel B2 A Aelst dofip]
uhiel, ol2hR|e] B4 - Aol go] 7Hsahel34-35].

2.3.4. 7FX9] $£41719] 3lskA]

ol/follAl gt 2354 5 7HE |0 ES} o}
o) SRR oR 2| HEe] dARAT, o4
ARl EE AMgEE Eeleddat 34 e
SHSAT] AT SAloll 4 7R Yo E0 JHgt
HhEo 2 A7) 7F AR Aol wehA HAE
TR WA EE g o R ARgo] hssital A
ZElch

AAR 7HAE] 41719} oaxAloh|o] E L]
2 7 7HA¢] "gto] 7hssiet ol 2A, Fdo]
opfje| Eote] HEg-0 2 A/ FRo] 7hssi,

Z o
a1y

[e)
Cly s
AA]
5
2t

i

47

A
=

ofe}

S

o s
wletmgdols T2E AL olilohio]ELt A
4} RS 7P oldAlohllolEeke] Nl olst
of 7hy Eeledere WA 4 cHFig. 27).
£ Qo] glojA, ojikshetao] Bk 17]9fel 4
Akt e=g kA g 4@l ol2zom)
oNUXE Auls g Sy sholE FAel 7h
B3k 5, olBtAS ARIo® Al £-8%
AEES AARITHE olalel 245] st gk
Sofl Azl & A2, TolABtekAS o8 TE,
ofch fAAEA B/l Fol 0.04%(1970WcH
003%) £AlsH: olitsletas gsHs AL ofy
ERBHAL, o]=A Tl Heut 2] HelHe
" olibshekio] WY, 02 sk, 1o uj
78 ol EAjol=ote] vhgARlN o8 4 gk,
ollEfek A WiESHE WA ARRORNE o]2E
olgste] TN ARG HEFHE Ao B
AgE Aloleka Yz
s, QlojAl Eejeeete] AFAREAY S84
e 2ol Al BAlRA, GO §e ot

o mo
ox
lo
ox

i

o)
%
it
S~
O:L‘;:
ol
_@i
P,L
K
:@:
X
lo
Am
X

9 gart Sl 53], 7o 4717t
AOR A=A o] golut mlolL - HY
2249 S-8= iEch olikaieka Aoyt
9k ZEA|A o3k AfE/R o R AMY
A4 Wdo] WiEA] Fesh, HEZL 7|dEch

Nlr

Oﬂ.::zr
N

e 30

4

1o rlet

Journal of Energy Engineering, Vol. 26, No. 3 (2017)



3.2 E

eI FZuof o7t ERFE A2 of
AFePA(CO,) 9l Eof o3 & A3 3l
A, FEs FUAE S5t FeluAE sketol
AR MEA7lE 88 71ed ARtk e
ARG DG RR=A s ol8=aL
VA, o 2= HiYRFOUAIE s HEke 52
spstouAz HMEA7]= oUAHEYER o]go]
AA=R|2tal 7| =l Qlok. o] Atolld ATt vt
oF gol, 8252 TR SHR Y AlRtEEA S
7F o, B - T S slolA E=AE
T gukgol Eof o3t CO9| ohd YIRS
o] 7Fs3HAl = At

ERL HZole et CORAE wehds
© @5 Z2A|IA7F FEELL QAL PS5
Aol oste] ERFE BAdE sE &2
S3he AeR ts CO9 ARt 7didt) t%ol,
7 Fae Y 50 BAPE "ok AT, ols
o] IAE S5, F=Fu7E CO, ARte] dals
2 g9 olgHe AL 7t

OJAISIEA(CO,) e} ofFA|IERRY 2 EA}
o] Mol oA, ol AY 'R ANESH
AFAA =] wiZo] di7] o] oliteleta A
Fofl frefsirtal AzpeA|ul, epA] ZFaskA] btk
EZL olibeletad ER|ME MAHAAE A= o
€ EHAES} nRIZHAR ojitslEar HekE7]
w2 ot glvks A= Sl

a2y orbeiekAas iR F7|A7)A] Al -8
ok ZEHEA o3k A2 okl tiy] FollA

1

Ir

o r

it

shilere 7 R4S e, T e
AUAIE AFg3te] A3t} vlek ol 7] - AAFH

ARtz A=2jo|n] aaAjoletal AYziEh
OJAISIEA(CO,) e} o FEAO|E2RE SURE FpH
Hlo|E9 g} E=| gz Aol flojA, o
AleheAd] RES2 7oA At 255 716k
oL FYstrof oj2lon, oUAE An|sHA] ¢l
S THEYO|E §o] Thedith &, olieleaE
Ao R ARGt 787 ARE ARt ool
2Hds] Hokal gl vl AZsior & A2, "ol
ARt aE oA 7k otk A HA 371§
o] 0.04%(1970d = 0.03%) EAshe= oiteletas
gohe A2 obA TESHA, =AM FRe] B

RS T

24

Ol4X|=st M26W M3z 2017

Pt 2] Hege TEEE olushee) B,
o Hstw, 1 WIS olBAe|=ole] WA
ol§8 4= Qlrh, oliislebag HjESie BAle] 4
Forue o|g olgstel LRI AnE FE
She Aze Az Ak Zoleln Az,

a, Qojzl Belete] AAREAe] $4H
S Mot BARA, GO S Pas
HEUAZ A 2ARET, AR AL B4
B Bt ek 53, 7ol 4]
AOR SEAARAS] o)golLt vo]2 - 1]
BAREAY S 7|, oltsteid Atgtolut
AHTY ZRALG R AR GO A1
A4 ] WEA Baste, FEZL 7|dE

N

i

i
L
—
3

o

lo ot &

7t
=]

At

o] =22 v A |EUET IS
BA7|GEAAoR saalshrla R ato] 43

SH RESEAT Z2ago] o2 44ei9ia]

Iy

References

R. Asahi, T. Morikawa, T. Ohwaki, A. Aoki,
Y. Taga, 2001, “Visble-Light Photocatalysis in
Nitrogen-Doped Titanium Oxides’, Science, 293,
pp.269-271

R. Nishiro, H. Kato, A. Kudo, 2005, “Nickel and
either tantalum or niobium-codoped TiO2 and
SITiO3 photocatalysts with visible-light response
for H2 or O2 evolution from aqueous solutions’,
Phys. Chem. Chem. Phys., 7, pp.2241-2245

M. Matsuoka, M. Kitano, M. Takeuchi, K. Tsuji-
maru, M. Anpo, 2007, “Photocatalysis for new
energy production: Recent advances in photo-
catalytic water splitting reactions for hydrogen
production”, Catal. Today, 122, pp.54-61

M. Anpo, M. Takeuchi, 2003, “The design and
development of highly reactive titanium oxide
photocatalysts operating under visible light irradi-
aion”, J. Catal., 216, pp.505-516

M. Kitano, K. lyatani, K. Tsujimaru, M. Matsuo-
ka, M. Ueshima, JM. Thomas, M. Anpo, 2008,
“The Effect of Chemical Etching by HF Solution



10.

11

12.

13.

14.

sjje} CO, Y

ok

S
o

=]
=

on the Photocatalytic Activity of Visible Light-re-
sponsive TiO2 Thin Films for Solar Water Spli-
tting”, Top. Cata., 49, pp.24-31

M. Anpo, H. Yamashita, Y. Ichihashi, S. Ehara,
1995, “Photocatalytic reduction of CO2 with
H20 on various titanium oxide’, cataysts J
Electroana. Chem., 396, pp.21-26

. K. lkeue, H. Yamashita, M. Anpo, T. Takewaki,

2001, “Photocatalytic Reduction of CO2 with
H20 on Ti— [ Zedlite Photocatdysts.  Effect of the
Hydrophobic and Hydrophilic Properties’, J. Phys.
Chem. B. Vol. 105, No. 35, pp. 8350-8355

. W. Lin, H. Han, H. Frei, 2004, “CO2 Splitting

by H20 to CO and O2 under UV Light in
TiMCM-41 Silicate Sieve’, J. Phys. Chem. B,
Vol. 108, No. 47, pp.18269-18273

. W. Lin, H. Frei, 2006, “Bimetallic redox sites for

photochemical CO2 splitting in mesoporous sili-
cate sieve’, C. R. Chimie, 9, pp.207-213

M. Anpo, 2004, “Preparation, characterization,
and resctivities of highly functional titanium ox-
ide-based photocatalysts able to operate under
UV-visible light irradiation”. Bull. Chem. Soc.
Jon., 77, pp.1427-1442 and references therein.

T.-H. Kim, M. Saito, M. Matsuoka, S. Tsukada,
K. Wada, M. Anpo, 2009, “Photocatalytic oxi-
dation of ethanethiol on a photoelectrochemical
circuit system consisting of a rod-type TiO2
electrode and a slicon solar cedl”Res. Chem.
Intermed., Vol. 35, No. 5, pp.633-642

S. Inoue, H. Koinuma, T. Tsuruta, 1969,
“Copolymerization of carbon dioxide and epox-
ide”, J. Polym. Sci. Part B: Polym. Lett., 7,
pp.287-292, 1969. : S. Inoue, H. Koinuma, T.
Tsuruta, “Copolymerization of carbon dioxide
and epoxide with organometallic compounds’
Makromol. Chem., 130, pp.210-220

Y. Li, H. Shimizu, 2009, “Compatibilization by
Homopolymer: Significant Improvements in the
Modulus and Tensile Strength of PPC/PMMA
Blends by the Addition of a Small Amount of
PVAC", Appl. Mater. Intreface, 1, pp.1650-1655
Y. Tao, X. Wang, X. Zhao, J. Li, F. Wang,

[e]
fi=

%

s

15.

16.

17.

18.

19.

20.

21.

22.

23.

ngpy 2

i 71e 49

Iy

2006, “Crosslinkable poly(propylene carbonate):
High-yield synthesis and performance improve-
ment”J. Polym. Sci.: Part A: Polym. Chem., 44,
pp.5329-5336

S. Inoue, H. Koinuma, T. Tsuruta, 1969, “Copo-
lymerization of carbon dioxide and epoxide’, J.
Polym. Sci., Part B: Polym. Lett., 7, pp.287-292
B. Ochiai, T. Endo, 2005, “Carbon dioxide and
carbon disulfide as resources for functional pol-
ymers’, Prog. Polym. Sci., 30, pp.183-215

N. Kihara, T. Endo, 1993, “Cataytic activity of
various salts in the reaction of 2,3-epoxypropyl
phenyl ether and carbon dioxide under atmos-
pheric pressure’, J. Org. Chem., Vol. 58, No.
23, pp.6198-6202

B. Ochiai, T. Endo, 2007, “Polymer-supported
pyridinium catalysts for synthesis of cyclic car-
bonate by reaction of carbon dioxide and oxir-
ane’, J. Phys. Sci., Part A: Polym. Chem., 45,
pp.5673-5678

B. Ochiai, T, lwamoto, T. Endo, 2006, “Selecti-
ve gas - solid phase fixation of carbon dioxide
into oxirane-containing polymers. synthesis of
polymer bearing cyclic carbonate group”, Green
Chem., 8, pp.138-140

B. Ochiai, Y, Hatano, T. Endo, 2008, “Fixing
Carbon Dioxide Concurrently with Radical Poly-
merization for Utilizing Carbon Dioxide by
Low-Energy Cost”Macromolecules, Vol. 41, No.
24, pp.9937-9938

T. Endo, D. Nagai, T. Monma, H. Yamaguchi,
B. Ochiai, 2004, “A Novel Construction of a
Reversible Fixation—Release System of Carbon
Dioxide by Amidines and Their Polymers’,
Macromolecules, Vol. 37, No. 6, pp.2007-2009
B. Ochiai, K. Yokota, A. Fujii, D. Nagai, T.
Endo, 2008, Reversible trap-release of CO2 by
polymers bearing DBU and DBN moieties’,
Macromolecules, Vol. 41, No. 4, pp.1229-1239
B. Barkakaty, K. Morino, A. Sudo, T. Endo,
2010, “Amidine-mediated delivery of CO2 from
gas phase to reaction system for highly efficient
synthesis of cyclic carbonates from epoxides’,

Journal of Energy Engineering, Vol. 26, No. 3 (2017)



50

24,

25,

26.

27.

28.

29.

30.

31.

32.

Green Chem., 12, pp.42-44

T. Iwasaki, N. Kihara, T. Endo, 2000, “Reaction
of Various Oxiranes and Carbon Dioxide.
Synthesis and Aminolysis of Five-Membered
Cyclic Carbonates’, Bull. Chem. Soc. Jpn., 73,
pp.713-719

H. Tomita, F. Sanda, T. Endo, 2001, “Model re-
action for the synthesis of polyhydroxyurethanes
from cyclic carbonates with amines; Substituent
effect on the reactivity and selectivity of ring-
opening direction in the reaction of five-mem-
bered cyclic carbonates with amine’, Polym.
Sci. Part A: Polym. Chem., 39, pp.3678-3685,
N. Kihara, T. Endo, 1993, “Synthesis and prop-
erties of poly(hydroxyurethane)s’, J. Polym.
Sci., Part A: Polym. Sci., 31, pp.2765-2773
H. Tomita, F. Sanda, T. Endo, 2001, “Structura
analysis of polyhydroxyurethane obtained by
polyaddition of bifunctional five-membered cy-
clic carbonate and diamine based on the model
reaction, 1996, “J. Polym. Sci., Part A: Polym.
Chem., 39, pp.851-859

N. Kihara, Y. Kushida, T. Endo, “Opticaly ac-
tive poly(hydroxyurethane)s derived from cyclic
carbonate and L-lysine derivatives’, J. Polym.
Sci., Part A: Polym. Chem., 34, pp.2173-2179
B. Ochiai, JI. Nukayama, M. Mashiko, Y.
Kaneko, T. Endo, 2005, “Synthesis and cross-
linking reaction of poly(hydroxyurethane) bear-
ing a secondary amine structure in the main
chain”, J. Polym. Sci., Part A: Polym. Chem.,
43, pp. 5899-5905

B. Ochiai, S. Inoue, T. Endo, 2005, “One-pot
non-isocyanate synthesis of polyurethanes from
bisepoxide, carbon dioxide, and diamine’, J.
Polym. Sci.,, Part A: Polym. Chem., 43, pp.
6613-6618

B. Ochiai, S. Inoue, T. Endo, 2005, “Sdlt effect
on polyaddition of bifunctiona cyclic carbonate
and diamine’, J. Polym. Sci., Part A: Polym.
Chem., 43, pp.6282-6286,

B. Ochia, Y. Satoh, T. Endo, 2005, “Nucleo-
philic polyaddition in water based on che

Ol4X|=st M26W M3z 2017

33.

35.

mo-selective reaction of cyclic carbonate with
amine’, Green Chem., 7, pp.765-767

B. Ochiai, Y. Satoh, T. Endo, 2009, “Polyaddi-
tion of bifunctional cyclic carbonate with dia-
mine in ionic liquids: In situ ion composite for-
mation and simple separation of ionic liquid”, J.
Polym. Sci., Pat A: Polym. Chem., 47,
pp.4629-4635

B. Ochiai, S.I. Satoh, T. Endo, 2007, “Cross-
linkable polyurethane bearing a methacrylate
structure in the side chain”, J. Polym. Sci., Part
A: Polym. Chem., 45, pp.3400-3407,

B. Ochiai, S.I. Satoh, T. Endo, 2007, “Synthesis
and properties of polyurethanes bearing urethane
moieties in the side chain”, J. Polym. Sci., Part
A: Polym. Chem., 45, pp.3408-3414



