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Fig.1.8  Energy of the water formation reaction (25 °C)
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(a) Synthesized from bone powder (b) Synthesized from CaCOs reagent
Fig.1.10  Appearance of crystallized calcium phosphate hydrogel

WHFFER Tld, —RFEEY O 7 ot 205 HEH S5 BEEITRIK O FE R
BIZDOWTHRE AT > CT& T2, £ 2C, BARIKOFERLTmEAD 1 5
LT, BREIEMOEERE LTRHIND U VBRIV T bng Ra b
OFERET vt 2D PP a1 ThoT& e, BEDOMIZEICE Y, Frod
7B AZERTHI L DITLY ., BEHRIKA LA LY AT A
A R TV OfEEEEORPED A BIZRE L, BREFE O R E R EZ W RS
ZEMTEL, LinL, —RBEEDND Y VBN T LA Ra T u~OfF
%ﬁ%imﬁz%%@@%ﬁé%%@%éo

152 ARWEOHT
PEROBFEFEL T 1t 2L, Figldl IR X O, BEHTav R, T AE
W7o 2, FLAEKRTe®AD3IONLRYSL>TWah, £9, BEH7nt®
AT, —MEEMEBREAI L, BEARIKZED, O, —EFIRE THAIS
oku\ﬁ7X%XW%7mﬁxfi\@Wéﬂth%UV@&ﬁéé
v&um@fﬁ%@%b\%@ﬁmmibﬁ§XMéﬁé mAE., B A
T, VAN LT AMREFERT 5, KEBIZ, TAERT v' R
ﬁwf\%@%Xﬂgvyﬁwwv?AA4Pm&w@éménéoLWL\
ZOTuatEATIE, AT avRETT AMRER T o 2AOM T, FEEIFRIK
M=, MEAISNDREHN T ZAMKRNER T o ZRESHLEL 7 0 2 TH D &
WOMER®H D, FoT, ZNOOMEEMIRT 22 LT, V@ v h
A R A LOFERL T 2t ZOMBANTED LEZ T,

26



—HXREEY)

pu7Oex | num ‘& HE

BH] | BEHIFRIR | ceereeenenenn SEIC K BEEK

(

N7 ABKER [ UVBALIILATR || e 1534032

Z7atX
Wﬂ‘
\ J

DOBAIVD D LA ZAMK

LERTOER ‘e X

YYEEAILDLIIN ROT I
Fig.1.11 #63k0BERILT ek X7 1 —K

J

2T, FiglA2 ISR T X RBMON 7 AMKIER T o 2 2|E LT, =
D7 aAX, BEAT vt 2AOBVLELTHW G EEE T A RIER T 1
BRHIHT 22 LT, EHEOICY VBRI T LT A REERS LT e
TATHD, ZHUTEY ., ERIEICB T O T AMER T o A0 TR &
LB TRENREL L 720 | T e & O/ MEDRIIFRFCE 2, LE XD |
BRI 7 o v 2R L HHEIC LD ) VAN T W T ARERER T ok
ANEHLRRETH D 0MRETT 5 2 E 2RO B E LT,

27



—iREZEY

4 N

<~ HARK

BEENFRIR
BREH70tR
+
HSZpkiem | FULE — YV
70X

- J
DUBEAILDDLEZAMEK

YYBEAILODLIIN KOS
Fig.1.12 OB EFRIL e R 71—

153 wFseHieE

U ANT T BT ARKEERGHNAERT 27 e 22BR L, EBRIC
VAN T BT T AMKNMERCTCED0RE Lz, £/, ERsn=07
AEKENS Y VI N T T bAoA RaFvEER L, (ERIETEREIRD Y v
BRINT T BT T ARENSERIND Y VAN T LA Ra L L [R5
DOFEREERT 2L OEERATRETH 20 Mat Lz, %io, FEEIC, BREFEH
DEGRE L THWT, BERMEMOI 21T 72,

28



1.6
Y

2)

3)
4)

5)

6)

7

8)

9)

10)

11)

References
BRIGAREEREERED - ) YA 7 VRERE BRI IR, < A RO BEIEY)
JLBE (SRR 20 £EFERR) 7,
http://www .env.go.jp/recycle/waste_tech/ippan/h20/index.html
BRIGAREEREERED - ) YA 7 VRERE BRI IR, < A RO BEIEY)
JLBE (SRR 10 EFERR) 7,
http://www .env.go.jp/recycle/waste_tech/ippan/h10/index.html
H s, FAR LM, « A BTy 77, ALE(2008)
VT, HH S, Ashok V. Shekdar, “HtJi O BEFEW 58 L B DHEE &Pk
TRNCBE D HE5E”, 5 15 RIFEFEY) F R FE I R 28R SR,
pp38-40(2004)
BREEE REEEEIEY « U WA 7 xRS, Rk 21 SFEF3E PERREEY
HEH - ALBRARPURR AT s & PRk 19 4R RE S5,
http://www.env.go.jp/recycle/waste/sangyo.html
BREEE REEEEEIEY « U WA 7 VxRS, “E 3B FEY AR R E il B2
DOFREMRDBL”,  http://www .env.go jp/recycle/waste/sai-nin/jokyo_1.html
Ministry of the Environment Government of Japan, “Annual Report on the
Environment and the Sound Material-Cycle Society in Japan 2010 (General
summary of "Sound Material-Cycle Society" section)”,
http://www.env.go.jp/en/recycle/
Central Environment Council of Japan, Results of the Second Progress Evaluation
of the Second Fundamental Plan for Establishing a Sound Material-Cycle Society”,
http://www.env.go.jp/en/recycle/
P PE A BT R /L X — T = F — AR B =, “ H RO T R F—
20107,

http://www .enecho.meti.go.jp/index_pamph.htm
P PERB EIRT RV — T = 3L T — i Am =, Pk 1 9 F LT L
T2 LA E (=1L F—HF 2008) 7,
http://www .enecho.meti.go.jp/topics/hakusho/2008/index.htm
Intergovernmental Panel on Climate Change, “Climate Change 2007:Synthesis
Report (Summary for Policymakers)”,

http://www .ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf

29



12)

13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)

24)

25)

26)

27)

28)

B BE A HUERBR 55 J5) HU BRI R AL okf SRR, <2008 4R (AR 20 421) DI =R
T AYEHE (HEEE) 2oV T,
http://www .nies.go.jp/whatsnew/2010/20100415/201004 15 .html
BRI S HIERIE ML (AR 2 [EIBRAZ U Dt
http://www .env.go.jp/earth/ondanka/shiryo.html#02
BREZAE XU BN B % [E s S Mk 40K O e i 5,
http://www .env.go.jp/earth/ondanka/shiryo.html#02
mZEOTHE, SR, AFECHR, “RBHER O fET A, (E5EIR A (2005)
Hazvs b=z [1EA] R, <O AR, H ikt BP ££(2007)
VOIS, <PRBHE M D B Afr [ S 53 7T O RS & 5 3R, B SR
(2010)
Matthew M. Mench, “Fuel cell engines”, Hoboken, N.J. Wiley(2008)

BT AR R 2 B, “FEMERE MR, FLE(1995)
PAELEEMIEE L A T ARIEL B, “REHEMEE L AT 47, A — Lt
(1993)

H AL S, I B EAEARAR, <PREHEE ML, ALE(2005)

=PEERRAE, c X < oo @, B AL M RH(2006)

H A7 Sy A, “BABHE R BEATEY, B P 38R +£(2007)

Ken-ichiro Ota, “Principle of Fuel Cells for Application”, GS Yuasa Technical
Report, Vol.2 No.1 June 24, 2005

K.D. Kreuer, M. Schuster, B. Obliers, O. Diat, U. Traub, A. Fuchs, U. Klock, S.J.J.
Paddison, Maier, “Short-side-chain proton conducting perfluorosulfonic acid
ionomers: Why they perform better in PEM fuel cells”, Journal of Power Sources,
178, pp499-509 (2008)

S.Kubo, H.Nakajima, S Kasahara, S .Higashi, T.Masaki, H.Abe, K.Onuki, “A
demonstration study on a closed—cycle hydrogen production by the
thermochemical water—splitting Iodine—Sulfur process”, Nuclear Engineering and
Design, Des. 233, pp347-354 (2004)

JIEFS -, AR B, “IS IEIZ KD KFIE T T o b, IRE KPS 71
T A TAEREH2008)

B IR EE SR EE, <7 4 MY A = U 2B, BT R S
(2004)

30



29)

30)

31)

32)

33)

34)

35)

36)

AHER, Ak, sgMsk, B, < U DY Vo7 s L VRS
FAFFTABIREONR, (LT 5 42 BIF R EEE, ppl075(2010)
MR, Yok, A B, H, “mIE ) DY Vo SRR LT
b DRREEZAL”, AL L 3 42 KRS E T, pl076(2010)

Saori Kikuchi, Takashi Saeki, Kazuaki Tabata, and Kohzo Ohta, “Study on the Gel
Aging of Nano Silica Sol Produced by a Y-shaped Reactor”, Journal of Surface
Science and Nanotechnology, 7, pp737-734 (2009)

R, AR R, BRUESERN(2006)

Horoyuki wakai, Takuya Momoi, Takeshi Yamauchi, Norio Tsubokawa, “A
Simple Preparation of C60-Poly (ethylene glycol) Gel and its Properties”, Polymer
Journal, Vol .41, pp. 40-45(2009)

ARF AR, “BEEATRIKD Y BT NV T DA R 7 e ~DOFEIRE & Bk
R~ DISH, JK E R FHE 17 3(2008)

B ], “BEHITRIKD U VER TNV T hnAg R 7 )L ~OBERILICE X
2 ATALERIE DS, IR IR R4 265 3L (2008)

AUHIER, “Ca M P B H T DM O DE T 1 b o BEVEM B ORISR,
JS BB R 25 55 3L(2007)

31



F2E HEHS

21 L—W—ET - BELEURL R S I E S
211 FEEOAFR, A—H—, HES
HEEDHFR  LA-920

A —7 — : HORIBA

RIGEHE © 1998 4F

212 EEOBREFEH, 7F— 2 UL

— R RIE, B RESORIFNET > THRENTEBY, “FokE
EPDORIANENL BUWVEEN TV D NNRZ OIRORME & BEREICTELS b
S>TK D, WERRRIFDORE & (BELL) DoyAh & ki % /54 (particle size distribution)
EREOR, Z DORIEIZIZBAMERTE DOTLRE RIRE P72 B2 R FER & D, AR
Tl L= —EHT - BELOR B 3 A Il E 28 (HORIBA  LA-920) &/ L 7=,
FIFICHBAST SN D EMHEERORR, JLoWRI, FHi#, K&, #ELdH 5
WIXET B R Z 5 8 23, Z ORIFTESCBELE O TR O M BRI, kLT
DREZOBEETHY, ZORMEEIEN L TR H-BOfMERDD, 22 TL—
V—loW Rz A, Bz D, L35, L L= =D ROBRIC K
S THANLT 2 BERMN 20 | ZAUTLLFIZ T8 Y 72,

A>D, --- Rayleight FELEE R

A=D, - Lorenz-Mie HCELBE G

ALD, -+ Fraunhofer [FI{/T ¥
[ Rayleight B ELEE 7 ]

Rayleight #ELERGR X, TSR 2% 005 um 72 O E L LR TIHEFIT/IE
WRLf-D & EIC#Em SN D, £7o, BTtk 35 Lorenz-Mie HUELEERR & & 1
W BEHERE L TEZ, v~ v 7 AU o VOBEBEHGE S LIRS, &5
22 DDFRMERE L TWD, B 1 RIFT LR E LY b5/ ST,
IFE R BUGH I INDH T ETH D, H 2 KL R TONEOSOA
FIFANS DG EIFE A EEDR N EThDH, 2D L EORELE DR 2 (2.1)
(2R,

32



8RN (mP+1
2. R=HGELRLF 26 DOIERE, m=JEHT, [ ASCRE TH 5, MEITRED
6 FIZHBIL . WRD 4 RITWIGIT D, RIGEHIT cos’0 TZEL L., 6=90 °ITF
WTCREBITRIET 5,
[ Lorenz-Mie #% L3 55 ]

FFORESIVL—P—JOWRELFRBRE LR D &, BELSF — TR0
LD JEITERIZKAT L, Lorenz-Mie HUELEEGRIC K DT DM E L 72D, YT
U UREIE TR TR AT IS I TR TR ITER ORI R E W, Lhb,
VBEETDEITRIT, ORINEEZ ZDHEFRTRENTZLDOTH D, BEH
ThHOHERBAERD D Z LITIFEFICHETH Y | L —F —BEIEO R E ik
HETpo TN A,

BRI i AT S 2 0EBELX. FEDOBE BRI KL 712 X 2 i
OEELTHh D, ZOBGIT%T 5B 701X Lorenz & Mie (2 X VW SZITE N
Too FRBIZITBMAFICBRO b THND 2 Ebd 0| BFOITHE < ITITIER
(ZHELWEEFR S B %, Lorenz-Mie BUELEE R O BGELEIRE 2 Q2 .2)ITR T,
1A% (i, +1,)

87°R*

BB, i FEESTNO I —GRENRT A —F =GO —RENRT A —H T
o5,

10)= """ 5 (m _1)(1+00520) @.1)

1(0) = (2.2)

[ Fraunhofer [B]37# 54 ]

K- DRE SN L —F ORI TH3IT K E WEEK T, Fraunhofer
[EPTERER AN RN T D, P TS U2 BRIZ L 2 BELIREE 0 iE, a> 1, o |
m-1 | >1 230 LA, Bl ORMAICB N TIE, R EEOMED 50
JEBH B2 & % Fraunhofer R BEGa DR AL 7341 K 5 Q23) Tkl a5,

VL [ZJl(asinH) ’

10)=—=—a'l (23)

161°R
B, a=aD/A. =58 1 Ny B VEBOBE-HTHDH, ZOEPAN L —F—
[E7 « BRELACRIE A EEE O LML 7o T D Y,

osinf

33



[+ aofmoRrE] Y

SN DR FIRE N E < < ZEEGELHRSNEH T 528548, BllISh 5
ELNE — %, x DR OEGEL N — OBEREDE TEHRTE, KQ24HD X
T2 D,

16) [ i(e,0)n,(D,)dD, (2.4)

Z I, (e, ONTRITER D, ORI X DA 6 OBGELTRE T, n i3hFEE T
b5, WEROEFERZ V &L, R HIARERE ¢ &L, WEEEOR TR0 q,
WA ERXQRSHER D,

6Ve p=i(a,0)q,(D))
- 3V p 2.
1(0) fo ; de (2.5)

B m EHOSZNHEZFRH Y BELA 0.0 0, FTONEZTHHEIFBD
FLOHELRIE E13XQ2.6) L 72 D,

E=["10)d0 (=12, m) (2.6)

B BRAR OVE IR 2 I FIERH DB, T2 TIEZED 1| 25BN T 5, kL
FEED RN L e/ MEZRE L. £ O#iHEZ FEOME L F CRMICHET 5
Z LT, MIENL TR RIS A MR U CRL TR0 & 3R 6D 2 7 1EN 8 5, (Q2.7)IThE
FHE D, 7O D, ETORBIEEDHESI T EZ gt T DL, ROL D BB L
PN RS SRS,

E, ki, k, - k., || q e,
E, ky ky - ko || g, e,

Slal el 2.7)

E| | ko kp - kol q.] |e.
T IT, Bk H ORA B ICADR A L » THELS v, i % H
DFEFTEZAENTHDO RN XY T D, o (THEPHER L2 £ DFRFET
b%o FE LW/ N TR ZRS 51213, BT OR A E R &, DIED D
REL< 72D K5I, SOLHEFORLE Z &0 THELA XSy, KBS 2R 5
VENDHD, LinL, BRENRNRYREWD, BIT—EHTIER, —&

34



DFESLEEENE g, NRAIZR DI EDRE R BEDMBRELZENDDH, €2
T, 2O LN TIHADHSLEERBRENSEOND L ) itz o1 T, i
RKDDZEMARFREIR D, FEFMETRLS T2 L RERMBPE LD M, KL
RGO OB E LN 72D, TIROEBEDIZEALITZZOFiEL
BHLTWDR, EEBRSOMIT Y 7 b U = 73— STy, i
ORLFE AR RIE ORI X 0 HEEEFER ORE/BROENRKREVEROOE D L
EBEZHNTND,

22 XM E IS

221

HEOAHR, A——, WIEFE

B DA FR : ESCALAB 220i - XL

A — 77— : Thermo Fisher Scientific

REAE © 1998 4F
X BRI - AlIKo (b)), 1486.6 eV

ST = U 7 1 250 x 1000 pm

222

EZ2RE : 50 x 10° mbar (EBRFLMAIC LV FIHRT D)

WEOHW L JFHE, 7 — 2Tk

X BRSEE 43 e EIE 1960 H212 Siegbahn 52 X » TRWZE &7z, i cHE D
e tE 21 B L, ESCA(Electron Spectroscopy for Chemical Analysis) & 44 5 L 7=,
ZD¥FEIT LV Siegbahn 1% 1981 £/ —~UVE AL L=, 2B, X HOLE
T EEEE I3 b F R TIL ESCA, WFELR Tk XPS EMEIEN A HMICH D, ESCA
SHTO BIE X ORHBUILL T3 B0 72,

KD SE nm ORI GEME, EEBDHT)

Li LAEDEITLR NI F L 72 %

REDOBERELEMEDOAEII PO L THETE D

TFINNTT FEROTERDOFIREZ R TE 5

I, T ATy F T wATH T L TREN BERA~DIEHRE DR
SOMPRETE %

35



Fig21l X@BAETIHEE

Fig.2.1 (T X #OLE -0 A E OBl Z 7=, AR T IR B R E SR AT
n%#%ﬁ?éXﬁt%%%%%ﬁ%ﬁ%bto

[eEHR]
HEOSE 2 WEICRE 32 LB RNICIVEF PSS, 2oL EITHk
A4 %%E %%t %kﬁéo;@ﬁ%@IXW% B RO 2 RET D

D SHIETHD, 7a—TI X BERNHVwWLND L&, 20N tELY
ﬁ%% tmkﬁéo;@ﬁ%iﬁ@&fﬁéMéo
E;, = —-¢ (2.8)

E&i%ébtt“ F-53 W DIEE) = R L — hy [F A LT X FRO = FLF—,
E, 3 LB ORBHHIZB T 2866 OR) =31 — ¢ iEaBtofH

B CH D, BFOEHTILF—ET 2V I LA BHET S & HEMO

S LT < ZOHEIERQY) 0L 9HIic/ b, F7- Fig22 12 ESCA (28

D NEFBHOME AT,

E, =hv-E, (2.9)

36



@rEFEKS

GRRET A @ rrm O B8F | =4
Fig.2.2 ESCAICBITIAETHHOME

OREEREBOF T2 X #ra ST 2 &

@b DMERT, NkETZ RN hk L. Vﬂ*&“ii%%ﬁi@é

QW ZE LA R DRI = RV X —FICARLZER T SR E T DN E
B1 2,

D% DOER, EBETORE L BBEZOIRIED = 3L F—Z2ITHY T 2 E K
HEh b,

Fo. & ﬁﬁﬁ%ﬁ?lﬁ\ HE T DY — 7 580 2 IEfEICIRE LT e 6
RN, EDEDITIFIANy 7 7T R LK 2ERRETH DL, RER
HoE LT ilEf@Yf\ Shirley%, TougaardiE73 21T H L5, AMFSE TidShirley
BIZEONRNy 2 70 REefREL, 612, 7 ABRFOREMIEITE
HThHD, Cls ([ZXDHEMETIL DN TEY, Cls fHiT13284.5 ~ 2850
eVIHWNWOLIND Z EMNENY, RJIETIX, EFHPmeEic L HEELFRL,
ClsfEZ2845eVE LTE— 7 =RV X—fHAMIE L7,

37



23 PR X fRETEEE
23.1 HEEOAFR, A——, HEF
HEE DL F : RINT 2000

A —77— : Rigaku

RITEHE 1996 4F

232 IEEOHMERE, 7 — XU TTA
WA X /@lﬁlﬁz\zﬁ(XRD : X-ray diffractmeter)i%, XHERZM KD D W ILEAFE
(CHRST L, HEL L T 2 XHROMEZHIE L, WETORA - 43 FBlE O & 5
PECBT 21ERETD O DEBETH D, ZORMEEEN L. LTOSH, #l
ENFHETH D,

HIE B E DS E T 5 0 EEE Th 2 0B

H—ENEE DX

it e PR B D[R] E <R e M O I E

i i D B (A M D Il E

M DI IS THE

[X B FEAERE]

X UL RA Y OWEREE LY R ICE D L 1895 FICH RSN 1. XA

FWAETHHMEAITIUTO X ST 5,

. BT AT URDT7 4T A MOBEL CTEVEFE2RESED

2. FAELTZEE % 20~50kV OFEELE T LT, Bl Giat) (o
=¥ 5

3. &V DTN F— TG BVGE T DGR OREHIEZE L, X BB ET D
BRMEIC YD L&, BAEO7 —a VI X > TEDOBEFHEN

ﬁ%ﬂ\XﬁﬁW%éﬂéo:@Xﬁi@ﬁ&ﬁ”ﬁ%%%\@MXﬁk@

N5, iz, 001, EEZ2 EOR O AZIFM < Tl S - NakE

TRHLN, OB EEREER ZI2L 050 mmbfm R OWIEIZZE

ED &L X VAMIOIED D Z OZEFHGEICE TR EH TE T, MElEDO T

FINF—EICE LT RV —2 O X BRI SN 5, a2 RrE X #i &g

S —HRBIIC, BEERROMT CHERA S D X# E—KE) 138 X BRI S

T, TNITTICRTEEBY Th o,

38



(a) HGEL X #R--XRD Hric Vs 5

(b) HE X AR TR H N B ILD

(c) Tl X A EEERR IO TW A
Fio, FREX BT, BAERLE D HE LB R CTRLIND, 228 ICFRHLEZX
RO 74 Y EERE 121X AlKa B ABFFE Tl L72B R X RRIEPTEEE 12 1 CuKa
#r (8.048 keV) MMEH ST 5,

[Bragg @ X & 414 ]
XRD THW D X H(CuKa #f, R A=15418A)%, ZDOHENFEF0A 4
DRESELFRRETHLT-O, fEaulc L > TEPrT 5, Fig.2.3 |2 Bragg O
SR ER U, mENE d OFSBREEIC L O X B E O & A 0 %72
LTAHEND & &, HELABARAIZE LTIUX, S8ELE ONFEIZZE A -
TEBY., WIFTHLEWIHEDA Y, Fig23 OBFET & U225 O X #Ro
MARDSZ A D DIX, 2dsind DL EDOFEHLE (0 fF) T2 LETHY, vz
Bragg DR HTSAEE WV, Q2. 10)TEREND,
nA=2dsinf (2.10)
X BIFESIC Z D ERED T AICEI T SN D720, LU X0 I d fEZ K
HHIENTE, MEREEDHERESEDL Z LN TE D,
ASX#R

BFE1

BFm2 ;
dsine/’/ \9

& X%

BFHEER d

Fig.2.3 Bragg ® 554

[ Scherrer ® =)

FEEPNEOAREE R LI L D . X BIEPTOREE X 0 155 5 BIFTHHT LS 23
AT D, &2 TRQANICRT Scherrer D& VT, BIFFFROIEN 0 &1
DBBLEORETIEORERD D,

KA

= 2.
° PBcosO @11

39



ZZTAdIFMMmTORE S KIFRIRKTTh 0 EKIRLFO%5E13 0.9 24 H7
Lo MEIXBOWE, BlIEkmTORE STESBEHHROILA Y | 0 1XFEHT 4
Y, B OEFRIXEFTRRORE A HHFIZ BN T, MENRERBED 12128
TOMEEZL S TERT DD THY FHIEE VD, ZOFHEEE X FREHTORE
R oRDT, AR FOfEmOKRE S ZFHET 5,

[JCPDS]

BT PRI D m O RE s LS. B KRBT 2 RS S OREITE 32 2 & 1%
LV, Zhud, HESEIORE S E S EHEC 2 EITRAE 2, B—2 0
BHEDEALRBE L 720 | I OEEDT EREORIENHELL 22015 ThH
%o DO, BREWTOERMERTEL, AEREHIE 2B omE
FDTFAEZ TN D T2 O DFa ks & 72 5, & Off H J711%. ICPDSJoint Committee for
Powder Diffraction Standard) 7 7 A /L DAFAEIZ L > THA[RE L 72 5, JCPDS 7 7 A
L, EFRNCER SN DM REITRIEZ A 72 U TH Y | Y 13 UL L,
GREW 2 T EOBMEK X BRETT — 2 B A->TWD, Eio, mFEEEYD 1500
. A 1000 PRIZ EBIMEND, ZNHDOT —HX LT 4+ A2 %> CD-ROM %
WLCT 7 EATE, WET—¥Eara—H— ETHIETES, £z, &
VDT — A X—=ABIHHET D,

24 T IHINALE—H U ARA—H
241 HEEOAFR, A——, HEF
LEE DL : 3532-80
A —J7— : HIOKI
HIEAE 2005 4F

242 EEOBREEH, F— 2 0L

1826 42 KA Y OWELFF Georg Ohm |2 L » CHEREIEEIZI 1T 5 BT
Ryew BIEV, B IOV TRQIIRT RGBT Iz,

V=R, (2.12)
RQIDIFEXREIE O IIZE T 5 EAMETH Y . Ohm OIEHI LIS, —
J. B OYLA ., &5 TR & & HIC2 b7 5 IE%IE B 2 [FKIC 5
Z B, IEEERORZMEIENH D Shb, Zo%s, X(Q2.12)TlE, &/37 2

40



— X OB E L TERBT L2 ERTERVOT, RIREIKIZI T 8T
BARIT DL ENTERY, £ TR R, 1T, KIREELEHRAV | 230
BIRAT A 2 AT, RRI2)EFRESHL-XQINOL IR TEIH L2 TN
X722 5720,
AV
AT
ZDAV EANDIBRZFTBILTHY . — KNI A v E—F A LFHIND, 7
SHINAVE—H LV AA=ZE, ZOA U E—FX U AEZREST HEETH S,

Fig2.4 |2 A > E— ?/Rﬂ*“@%m%r# FIRER B AW H 2 F L,

B CRBE T wEita CalElER 2 HET 5,

(2.13)

AC =

@%

O)

TS .
BJiba
; @ :

A

Fig2d4 AV E—X 2 AHIERDER

[ i 4 55 F1k]
BEREIRE D/ V7 | RISk, B ERERERmOA B AL
A& C# 9 LFig25D X 512725,

41



g.b electrode
Rbulk I | ' I
—NMN—
A~ L
Rg,b Rclcctrodc
Fig.2.5  Z{fiE %

I EEIETHIET S &, Fig26D X 5 IR HE A E—F U ANRKEX TN
L0, BWEEECHET S & TREA v E—F 2 A% %Ltﬂm#f%
%o T2 L, PIERRIZITY — RBROBBIAE Fiv, o, oW EMEIC
Brh bz 5L H D, —FH. 4 HEOLEA, BRANGE - & &1 WE%
T BT D70 AERRICHREA v E—F U ARFTENT . mEE R
ENAREIC R D,

imag‘

Y

N

Rbulk Rg.b. Relectvode real

Fig.2.6  cole-cole” &7 v h

25.1 %E@%ﬁ A= —, BIEFE
LB DAFR © 3710A
A —J1— : Array
RIEHE 2005 4

252 HEEOHMERE, 7 —ZAF L

M T L ERERORELZIHMET 2 & &, BFROHICILE
m%mﬁtw@ﬁm%ﬁmﬁé_kwugk@éoﬁ%@@@ﬁ&iﬂ%ﬁﬁ
PP HIE . WAEGUSR CIXAMER L BHICRE, AR T2 LI1ET

42



TV, ZoXonbE, WA TIEARLFET REDEFT A A&l 7-E
TAMIEENMEDN D, B AR E (Array 3710A)E, Afi & HE8RE 7107
HZET, TOMPRAMKREEZIELZENTEXLEETHY, LTOLH 7
HiCEMA SN 5,

IR O E 7B ) A far ek

FEIR DL A 7R

B> E B BB

FERBRATOY 2 2 L—3 3 ViR
AAFFE T, PREVEMOFEEREZ T T 5 & S ICEFAMEE L LT,

26 a—2 7 L— NUF UK VR
261 HEEOHFR, A——, HEF
LEE D4 F - HBDV-II ProCP

A — 77— : Brookfield

HRIYEAE 2010 4F

262 EEOBRBEFEH, F— 2 0L
:—/7v—hﬁrv&wﬁ§ﬁ$mwmm HBDV-II ProCP)/Z. {EE DO A
W B2 d 1T D AR AWTIS D2 e LU, Wil 2 sk 2 HESR TH 5,
a—27L— FHFROMEFHIITL TOL 2 REFHNH 5,
a—r b7 L— M ORIFREIC RE T 5B D 'E TR
ARELD EDOEICB VLT H B AWHEE (AW BMELND D
T, AHE (M) ZEZTERENBIE= 22— b RO P B iR 2 H
PoRODHZEMWTED
Flo, a—r T L — R EDMBER/NI WD, SECR DR T BE DK
XXX THEH L L CHEATE 2 WEA2H D, HBDV-II ProCP 135 &
M 1B3um LT THLILERD S,

43



[EABEE., WE. ¥R HDOBEK] Y

\/

. R
|
I Q

Fig2.7 =a—r 7L — MEUKEFHOREK

Fig2.7 |Za— 7 L— MUK OFEX 2R Ui, M#EE oM 0 1%
Fig2.7 TIIRE L oo TWD A, EEIOITIEFITNE L, QALY Lo,
L7ehi» T, MHiEE FROMRBICEEINLHEBORE DR 2D,

0 =sinf =tanf <1 (2.13)

—a— b UREEZANTHERZ —EOMHE Q THERIE 5 & &, HikoF
DD r OFEBECH 2 FBIRD 1 SIZ3 1T 2803 E v X v=rQ, FEHEREDE S
1IXQ21H LV XQR1HD X H T B,

rtanf = rf (2.14)

X o CHEARIIXQ.15TEZ BN D,

Q. Q

=_-_ 2.15
re 6 ( )

WICHABAIRD F A% @ ETHUT r & ridr BE Do & p+dp DRNZIHEN S
WONREBEZICERT 2 2132160 TEHE 2 b b,

dM = ynridrdg = %nrzdrd(p (2.16)

L7=RoT, 27 MiE(2.16)% riZ oW CTr =025 r =R (H#E, Hiko
F£2) FT. @OV TUIp=01be=2a FTHELTDHZLTRDLN, £
I QAITYD X H 1272 B,

(2.17)

44



L7213 o TREFOREE n 13RQ.18)D X H 1272 D,

_ 30M
"2%m3

F72. BAMI 1T TRO BN D,

(2.18)

Teny = S (2.19)

L EOBIRIE 0 DD+ SWAETHDHIRD, FE=a— b RIRIZR LTS
RS D Z ENMBN TN D, L7z T, BEREF-ChlEz M &k E R R
T2 L5, FE=a— FRICKT DRI MIEZ LB E LR, ZORN =
— T L— MIEFHOREREFERTOLH D, 0 BKREL D L EBHEOEED
7eDIT, HAWNS B — T <725,

2.7 JF-FIE )
271 FEEOXFR, A—A—, HEF
HEE DA TR : Nanoscope 111
A —77— : Digital Instruments
BELE © R

272 IEEOHMERE, 7 — XS

JF - 7188 (AFM : Atomic Force Microscope) (%, A& 7 1 — 7 BA{KSE
(SPM : Scanning Probe Microscope) D —FE Td % 'V, Fig2.8 (2779 L 912, /)
SWT adelhn D8k (PR & RUBkER I < R 70 2 E 9 5 BAiER ©
b5, T 5 ZOOWERMEIIZLT HBMERT 2720, ARM (ZIZEEHZ 7
2RI DB AL L 72\,

45



Cantilever

S-56200 20.0kV x5.00k

Fig.2.8 A tip attached to the cantilever

28 At a—H—
28.1 HEEBOAHFR, A—T—, BEE

LEOL : 7+ PLY A MAE LT — K-359S1

A —Jp— . FFNERAF
BTSSR

282 HEEBOHBEFE, 7F—X 05k

AV a— bk EFEREM A mER S S5 2 ST KV O THERE A
T DHE Th D, BRIV ORIE TR CEERT 2 AL A L THEEL %
M DIENZNITHENE T D, EIRAZERESBMT L hEL LTMmH, &
BHEEHG LITE T L, EMEZREESE5 2 & CHEEEKT 5, HEHTHE
IE. HUDES &SNS DR 2 PR BAMEIPAN & T2 0N H D, kA b
I T U, EEE e R 258 LR S, R M TOEKIE S 2 HIE L
770

46



29 7=V BB
291 HEEOLFF, A—N—, BLEFE
TEE DA FR ¢ Nicolet is5
A — 77— : Thermo scientific £k
RIEF A

292 MEOHRREFHE, T — LTk

7 — U =B WAIRIN 3 S EEFHFT-IR : Fourier Transform Infrared Spectroscopy)
ElE. FROMRRIN AR 7 MV EZRIET DEETH D, o F a2k
FREAERB RN LFICIRE L T\ 5, 45 FIREN DO = R /L F— TR D = 3
LR —FEIEICAE Y LTV D72, o IR RS S D LRSI E
%o WA ST F 2T 2RO EIREE, D F W EREEOFIA
DOPFICBNTEERFERTHY ., ZhalllET 22 L3 T 5 ETEET
b7, HEERE Fig9 (o7,

1
- Al

Fig29 FT-IR O % & X

[RAFBRBIUL R R T b AVHIE O A 7]

7 — U BB E R, THEL L MEEN A RONEFTH D, T
FHZRE B L7 RAMVRZ B A L, TWRIOREEEN x O L EOTY
DIBZ)ERET D, HDOREEO TWIHORI T, ZNEIHEEIZ L > TE
IbT 570, HOLRHAOKEZET ()ZREL, Zhnb 77— ZEHIZL > T
AR MVERET 5, FT-IR I3 MREER L O E DN @W— 5 TARY h L
BBDHDICKEDHENMBETH > 27 OH0E STV, EZE#vE DB
LA Ba—F—OERIZE Y R TFEE o7,
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Fig.3.1  Particle size distribution of raw material powder

JECEHMAIC 1, SERREE T b B IRER L o 7 Wik GRIEHG %, ST 99.5 wt%)
ETROFE T2 AT, Figldd ([CRIENATZRT, REEA VST AFRFED
AL 7.5 um, FEE B OHPNRIL 74 um THoT=, £, KEI LT T L
PRI AR PN DK L. R EIEOMITIEN DD Z LD D,

Table 3.1

Composition of raw material powder

Content (at %)

Metallic element CaCO, reagent Bone powder
Ca 18.5 215
P - 17.7
Mg - 30
S - 2.3
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Na - 22
C 35.6 79
O 459 443
Others - 1.1

JECBHES R DA B S5 HT Df 54 Table 3.1 (23, REEA LS w7 AFREKIZ1T Ca,
C. OD3IEADHNEHLTND ZENnbind, —J, FEEWIT, KRRV
VU LRI E TR Y | Ca, C. O D3 RGUMIBEL DGR ERLTND

LMD,

25000
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15000
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Fig3.2

[ B CaCOs

2 Ny Ny .
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‘ |AJAA|AM
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Diffraction angle 20 [degree]

(a) CaCO, reagent

A Cai1o(PO4)s(OH)2

Diffraction angle 20 [degree]

(b) Bone powder

XRD peak chart of raw material powder
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E7o. FEEMAD XRD ©—727 F v — ~ & Fig3d2 (TR T, REEI LV T LR
TP A b (CaCO;, JCPDS#5-586) V. F&EEMIZE Fud o 7 %% 4 K
(Ca,,(PO,){(OH),, JCPDS#74-0566) DftEiEa A4 5 Z LR INT-,

32 PERDY LERANT T DA Fu S L ORI E

IREE T V7 NFREE 200 g 12 85 wt% U U EERRIE 272 mL 23RN 5, “ha
1200 °COYRFN T 30 s FRIERR PG S, £ D%, SHUCEBIR 2 EE, tho$kik
TEHNOMIZDTHERTRBIEDLZ L THMAERD THL Y VBTV
VAT A LT, B, FEEHN RTG53, FEEH 200 ¢
(2 U REEK 204 mL ZWNT %, ENENDIREHIB T 5 U ERESNEIL, BE
TEDOWFE The b BEXFHEDRm L R OIWMBEBTH S 2, £, U VBRIRINEE R
RGO LI ITER LT,
_ Volume of phosphoric acid reagent added raw material

272 mL

R

(3.1)

RG.DEY RN T AN GIER SNV VBN T LT T ADY >~
FRRINEIZ R=1.0. FEFHHOIERINZT T A0 ) UREINLIZR=0.75 &
705, Fio, Fig33 [T L2, o 7RI ELLLE|AENTH-
77,

(a) Synthesized from CaCO3 reagent (b) Synthesized from bone powder

Fig.3.3  Appearance of calcium phosphate glass

Table 3.2  Composition of calcium phosphate glass synthesized from various
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materials

Content (at %)
Metallic element CaCO, reagent Bone powder

Ca 6.8 6.5

P 29.0 255

Si 4.8 10

C 6.4 18.6

O 52.6 48.1

Others 0.3 0.3
P/Ca 4.25 391

33 U VERIINY T LT T ADORERED KT
33.1 FEBRGE

IREE S V7 NGREE 200 g 12 85 wt% U VEERREE 272 mL ZIRINL, ZhE
1200 °COIFNT 30 AR S S/ 5, 0%, SRICERIR 2 1E S

A) O T BB S 221525 2 KoM %4 )

B) LD T EEM B E 2 o3 2y (1 B DR D Z % )
D2 HFETEHISELZETHHEBRM THL Y AN T NTT T R EHIHE
Lz, 6NV VBBINT T NTTAENST 4 T VATTHEL, BV
T L > TR 8% 0.125-2.38 mm [ZFRFE L7 & D & ERE AR — /L I VT L .
RLERIE DRy R DO PR AT L7z, 7ods, WEER—/L I L OEAESAIE 250 rpm
TI1HEE & LT,

3.1.2 FEERAER LB

Fig.3.10 [ZZNENDO G ITIETER LTe 7 A K ORLE 7547 % 1<, Type
A THERLL 720 7 2RO FALAEE 11 um | Type B TYERL L 724 7 2By R
AEAEIE 35 um TH Y | Type A D575 Type B TIERL L 7= 7 A RO PALAR LD
INEL o TNDZ ENbING, ZhuL, Type A TIEELL7- U L EEH LY & A
BT ADTPRIEENLT N E 2R LTRY . ZHUXHEEEICRNA D 5
EZEZOND AT DT T XKD PRI ERDN NI D | AWFFETIE Type
AZwEA Lz,
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Fig9.10  Particle size distribution of calcium phosphate glass powder

synthesized from CaCQO, reagent(Type A and Type B)
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41 EHHEHRELOSHER
411 EPUHIE R Lk B o

U AN T IANA R Z )V OEERZ EMICNET 27202 ~( F
a7V NRIEIRE R R CHORBEAEDLENH D, L L, HEROEHIHIEH
BT BEEAMESNEWZS, 100 °C LLEOIREE TiI A Ka ZF ok sy 037k
. WL, ERERBIEMTIZTW bt EZ 6N, =2 TEHEEDOR
WIRFHIE BV 258G L, BERIZED L 5 REEN K SO MEF LT,

412 H\|HEHRELOHE

Fig. 4.1 ([ZHPTHIE AL OIS 27~ 5, B/UICIEEE DA S Y U8
TN T BoNA R a7 VSR B OIRE NI E TX 5, F7= Fig. 4.2 [ZEkD
BV L BTITERE Lic oy (W) 2R3, 1RO & /LT P21(NE 20.8
mm)D O U 7% 1 DML TV, Flzmi2 200 U 72 L
72 1200 V> 737 NVFHEE(NE 10 mm) % BH 5 X 912 P-11(N£E 10.8 mm)
DOV TERYAMT, SHICEDOEY ZB 9 &L 51T P-22(NEE 21.8 mm)D O
Vo7 R0ftidic, £720 V7V OMBE A 70 72 HHEEE 50 O 6 OICAER
L. BH#EL S HI2EmDT,

# Thermocouple insertion site
5

Measurement site of temperature

[ LI 3
',i.‘fa_ﬂ
‘ [Electrode plate

euny

p—— ——

Fig.4.1  Schematic diagram of impedance measurement cell
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(a) Conventional cell (b) Revised cell

Fig. 42  The comparison between conventional cell and revised cell

42 HUEM BV OE AN EERIC KT T
42.1 FEBIFE

ek (321 GiazRanicw) TRBLZY VAN T Long RR
v (R kR L w7 iREK) & Fig. 4.2 (OIZR LI 3EHUHIE B v Feil
L7z, Z40% 140 °CITRRE LI EIRARICRE L T, N FrFZ L OiREE LA
SERBRBOA L E—F U AZME LT, A E—F 2 AR 4 B X -
TrInAg re—2o2A—=2THEL, RE.DEZHWTEEEp [Sem]%
HH LT,

P=7a

4.1)
728, L [em|ITE LR, Z [QUIA v E—F 0 A EH, A [em® |1 XFEHET I

BECH D, Flo, RZRUtJEHHBIE 100 Hz, HUNEEIZ 10V OFEHETHE Lz, £
7o, TERDOIEHMEM /L TH RO FER 21TV, EEREZ I L7,
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422 FEEERRAESRMFORM

WH., A = A TERBEEZ THE L, EBE T2 EE LT
vy L7277 7 EERT S Z L CEBRNTOKSE TS 52 —1ra—1r
2y b (FAFRMRKD) BEHEND D, Lol KR TIEEEDO =S, 22
FERE A 100Hz IZEE L CTA v E—X U 2EZHE LTz,

Fio, HNMEEZ 10V ELTWAHDIE, 13280 Fig. 1.7 12bRL72L I 12
PREVERMODEENNELE 123 VTHLINDTHS, L, b o4 LIKWA]
IMEEFCOREZRFHINTND, LL, BEHFEOHIEIZE Y, ANELEZ
1OV 225 0.1V, 001V IZAH L TEERELZHE L ThRE RN R)hoTzZ
ENHER SN TEY , A TIZ 10V OEHNEE FTA v E—X U 2% HIE L,
EERLE N LT,

423 EERFER LB

Fig. 43 12RO LB L2 A WEa 0 EER L IREOBGRE R
7
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0.1

@® CaCO;reagent (Conventional cell)
| | O CaCO;reagent (Revised cell) 1

0.01

Electrical conductivity [S/cm]

0001 oot 1
0 50 100 150

Temperature [*C]
Fig. 4.3  Electrical conductivity of crystallized calcium phosphate hydrogel
synthesized from CaCQ, reagent as a function of temperature

for various cell

PERDENLTRET S & 100 °C F TIHIRE IR U CEESRIIEEICENT 5
23, 100 °C LLETITD2m2d LTS, ZHUIF VORI INFERET D
EBRFRTHDLEEZOND, L, HIL{EFLEEeLrEHOTHET
Hl, WEZ LR IEDHTLIEN o TEERTDL0MNITHEML, D%, 120
~140 °C TR L TWDH Z &b nbd, £7-. Fig. 4.4 |[ZEERREFIR
CIRT-ICRE L=V THIE) 4 LD XRD B — 27 F v — h&Rd, BEEORF
ZeTlX, VUVEBEHILY T AN RaFuik, BERAER., VB ILY T A
KF#)(Ca(H,PO,), - HLO)DFEEMMEITIK S 705 & STz, LarL, 140 °C T
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BIHBEREPE LIZBEONA R Lo’ — 78, BEERHIEHTOZ
NEVmEm<RoTWe, 62, FAVOIRBIZERICE) > T2REN B ~— R
MRIZEM L T, 205 OBIRITBEHEONISE P TR STV R 7Bl
BThD,

— 1 11 17

O Ca(H2PO4)2 + H20

© CaHPO4

Intensity [a.u.]

After aging to 140 °C

10 20 30 40 50 60 70

Diffraction angle 20 [deg.]
Fig.44  XRD peak charts of crystallized calcium phosphate hydrogel

synthesized from CaCQ, reagent

424 FEdmtE & EEROBER

XRD B'—7 F v — MIEBWT, FEdbTRE I LIESLE (Amorphous) & #& il (Crystal)
OEGZR L, £ Fig. 45 DX 512725, 232 HilZs L7z Scherrer DR %
AWnsd Z T, X BEPTE—27 OFIEN DRGSO KR E S EZFHETE, BRIESHE
WEERERNRENT & &2RT, RBFRIZET 5 XRD HIEOFE FIEE, f#fE
DD, FIBICE DO TIT R, =27 D0EmITRALTWD, LER-T,
E—7 O IRETE (R Thiid) N KE 0V EFHET 5,
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Crystal

Amorphous

Fig.4.5  Amorphous and crystal on XRD peak chart

Fig. 4.6(a) |2 Amorphous, (b) (Z Crystal IREED VU R HH % 7K 7", Amorphous
TRV USRS REETH D, —F7. Crystal TILY EREHIIHIHIN
IZWATWNWD EZEZBND,

(a) Amorphous (b) Crystal

Fig.4.6  Structure of phosphate chain

U VR EHN DN A TN D Crystal Z2REETIZ, IV U L—D K 9
IZAR Yy 7L TRBEIT 2720, BXIFHERELS R B2 b5, T O
XX % FigdT (27, 72k, & v B2 7id, Nafion 7 EOEERIZKIT 5T
v hED B Z T THY, VBT T Ao RaFVERE OB
LTI,
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Fig.4.7  Bucket brigade of H*

43 SRR & BRERFO EE R O FKE O L
43.1 FEEBGE

ZHETOMIETIZ, FIRFEO U SN T LA RaF L OEEROIR
FEARAFEZHE L CE o, 43 Tl IRE FEREO Y VBV T g R
FNOEEREZPE L, WE ERREOBEROZEE) & g LT,

EHHEH BT 140 °CIZERE LI EIRAICRE L T, FVOREE LA
RN A o E—F 2R E Llc, IREED 140 "CAHTIZE L1212, B L HE
AN BE H L, BRI TN LIEE FRBEOEPIZNIE L, B,
BEBBHIRB AN T LBENSRR L2 VIV T LA Rr s s
EH L7,

432 HERAER L EL
Fig. 4.5 ([CHIRIE, TRERED Y VBRIV T g RaF L OBERO S %
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b TRT, BENEATHCLER > TEERIDLIONZEAL, 20
#%. 120~140 °C TAMIZHEIML TWA Z Enbhd, EHIT, 140°C £ TEHA
SHETFNVDOREZ FTRSERNLZOEERZNET DL E. ANFRTEIIC
FREE TR BEROICED LTS Z ENbD, £io. BRROBEER
X, FROBERIVE EL TSI E LR TEX 5, 423 Hiky, HiEEE
D EERPERL OFERMEX, BEERUEROBD LV M ELTWD Z & D3R
ENTWD, LEER-> T, BIEFFOBRIIFHEN FIRFOBKAFEL 0 Mk
LTV, ffttEomECERL TS EEX LN,
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Fig.4.5  Electrical conductivity of calcium phosphate hydrogel
synthesized from CaCQ, reagent

as a function of rising and falling temperature

S DICHE, i, BERFOBEEROZEHZHIE LTz, £ ORRK% Fig. 4.5 Ok
R LB TFig. 4.6 (29, 1[0 HOIRE FRFRHCH L= EER T, 20 H
DIRE FHEFOHIEIZB W THHFEIN TV Z ENbnd, £7-. 2B HDIE
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ETFREEEORETH TH, 1[0 H OIERE FRFRFCE ELU-EERN/HERF SN T
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O First rising temperature

Electrical conductivity [S/cm]

A First falling temperature
B Second rising temperature

V Second falling temperature

0000 b——1 .
0 50 100 150

Temperature [°C]

Fig.4.6  Electrical conductivity of calcium phosphate hydrogel
synthesized from CaCQ, reagent as a function of

second rising and second falling temperature

433 FrElOBEINBE D FTEEME
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RI=N DT T, ZRE TRLH L T 0 okELN, EEH v
DA R ZVEHEENICHE T2 L2 ik eB2bnbd, ZDOKERD
FIRARIEN 2T A Ra ZFVREHSNOENN LR LB 265, FE,
EWEHERNHE TX25E, BWIREOREIZH 5810 bEER &5 Xk
<L, BOBRIKELKPRE M 720, JENN EFR LTS AMREMEILE W & HE
BEND, BENEWITEASIETEL 20 G228 THELLI®ERD) 72,
BWENDR DR TV ETREIND, LTen- T, EINsLrRIZEND
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M5 BN S AR S R R R U7 R 1

5.1 BINALER OAEEE
5.1.1 BInAPRLEE

Fig. 5.1 |Z1BINALEEAE & O RS % | Fig. 5.2 (ZBINALER I 32 [ 1 R4 O
WX Z7rd, TAVIFTHR—ATEEFLEZT 7e Y ROz y—L & A
Ny OV —VICHEROBRYETAIRL L= VBNV D oA R v (R
Bt DR BAER Lo T 2K 4 g 168 L CARK 4 mL Z2300) %
FHELIZ, TREAT VAT Yy hOHIZAI, AT L FEEZHNT
oD, B b=T a s ry =2 W TERE M LIE 20T T,
ZOEN B E~y e —Z—FHWTIEAL, FrEDRE £ TLER &S
% (PID #ilfH) 12 1 REREBVLEE L7z, 2Dk, E— X —OENEFEIO HL
THIRIZ/2 D F THRBE S W72,

Pressure gauge

Thermocouple

Pressure vessel {—

Mantle heater

PV:--.--
g
(eXeNeNoXe)
OO OO0 O

»

— @ Air compressor

Cor?tygller

Fig.5.1  Apparatus of additional crystallization treatment
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Thermocouple
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Teflon PTFE melting pots
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Fig.5.2  Schematic diagram of pressure vessel
512 BIMLED/T A =X
Fig. 5.3 [TEMEE O 2 <3, BN D /R T A —Z [ JALBRREE AL
JEJ1. ZELTHTNVDKBETH D, ZHODREMICHEL H-> THlidmtE, &
KEFFERA BT 26D LFEZ HIL, 52, 53, 54 HTERLDEEIZHONT
LI 5,

—

N ._‘.___)
Q

Fig.5.3  Conceptual diagram of additional treatment
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52 B O Y) 72 K57 B DR TE
52.1 @YK E

BINERAZAT S & U VBBV T AonAg Ra Z VR OKRGNEDEFE L, F
tu b LT LES Z B D, £ I T, BINREZIT S EICANA FrFL
(38 727K 5 %mxézgwkéF%LﬁmA%J?i@<\L§ﬁm%gJ
E LD, Bk BEERET D2 OIIRBIAEREOE S, BEICE T
CEMPNIN 2 % K5y B fihs < JE - &ﬁb@fﬂiﬁ%&wﬁ%f%é
AR TIXESHNEINT 2K BEEZRE L, ZOMREEICICFEREZED H Z
LE L,

522 )RR EDTH

BINT 2 e Ky EEHHEZFHETTR Lz, ~a Ra s ahnbKss
ARTHERIIENEROEBIZE Db EEZ X bND, ENEZOEMEIX
mL THY, TAVI TR ML D& LIfEEZET 5 &2 W#iSO%&V?
b5,

50 mL -volume x0.5 =25 mL —volume
(5.1
F7o. HDHIRE t["ClTIIT D Bz K& E(t) [hPa]ld Tetens DFE VD B L7z,

7.5t

E(f) = 6.11x 1012373

(52)
995 °C IZH T 2 AL D FEHIM "X 1.0X10°hPa TH Y, (G2 L v EHT
% &, 100403 hPa TH D, Lo TAMENSIF403hPa THD, ZORENSIL
IR DS ER IO THINT 28 M2 & 553, 151.7 °C TORHMED S 1% 138 hPa
Thbd, REBRIT 150 °C £ TOREIRTERZITO OT, TR EORHENE
272 % L13B 2TV, Ko TARERIZEHIT 2 fafizZ&[ED AN S IERE S
TH 140hPa FRETH D,
Z 2 CRIRORE IR L R~T,

PV = nRT = 2 RT
M

(5.3)
7k, P [PaliFES), V [m'] 13KFE, n [mollIXE/L &, w[gllXEE. M [g/mol]
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T8, TIKNZIEE., RITRMEESR T R=8.31452J/(mol + K) TH 5, KRR
IR EZERT 5 ERG4HD L Ok 5,

w_rm 3

v wr &)
(5.4)
XG4 % HO (233 uE, AREEcHEE 2 (Volumetric humidity) 7235 HiC X
HZ NS, Lo T, R(53). 54XV . BIEEHHEE TF LI-ffnzX
SEVHEHNUTOLHIICEHTX S,

g

E(t) [hPa]- M [->—

W (t) [hPa] [mol]

VH == -

R
mol- K

|- T[K]

100E(t) [Pa]- M [ -5
_ mol
J

mol-K

R I TIK]

100E (1) [ﬁz]- M5
_ m mol
J

‘T[K
mol‘K] K]

R

100E(r) [ - ™ M-8 ]
_ m-_m mol
J

mol -

R Klﬂm

100E() [-51 M -5
_ m mol
J

‘T[K
mol-K] K]

_100E()M
RT

R

[g/m’]

(5.5)
R(5HITKDSG 7% 18.015 g/m* & L, R=8.31452 J/(mol-K) = X AT % & K(5.6)
DE I D,

E()  217E()

= Im’
T " e273.15 &M

vH =Y 2217
%
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130 °C IR AL EE XGOL VEETH LRETND L H 1T/ D,
VH =% =217 E0)
14 T
217 E(130)

" (140 +273.15)

_ 217-2757.70

= T T 148436 g/m’
(140 +273.15)

(5.7)
KRG TEME L2 B AT 5 LGP X H e b,

1946.81g-H,0 1 m’® —volume 1 L-volume 1 mL-H,0O
1 m* —volume 1000 L-volume 1000 mL-volume 1 g—H,O

_148x107ml- H,0ml
1 ml —-volume

(5.8)
KGD)THEE LB LI ARRINTEE 5 EE2D &

-3
148107 mL - H,0 x 25 mL —volume =0.04 mL x 1000 pum _
1 mL —volume 1 mL

40 uL

(5.9)

L, ZZTITHASIKRE LTHEL TWAD T, EERETH D Z & 0B
TIFHIEEEZEB LT SHE L0 < OKEBEINENRENZHEE L TS H0
EtEZ6N5,

523 FFEMSTHEE O RMED S OHETE & RHED S 2 &8 5 71k
522 HiDR(5.6) TH T 5 B HIRSE (" CUT BT 5 BREMHTE VH O RHED>
SAVHYZHEET H EXG10)D XK H 2B,

( 217E(t) )
AVH = (QKEJAE04 AP TER RYA Yy K——EEL—JAEU)
JE(1) JE(1) 1+273.15

(5.10)
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A(5.10) L V| 99.5 °CITI T D AFEMTHLEE D RHED & AVHy, 5 1IZHG11)D X 9
2725,

217 ;
AVH, .= || —=——|AE99.5)| = 25 g/
7 ‘(99.5+273.15) ( )‘ s
(5.11)
F72151.7 *CIZIIT 2 BRHERHEE DAFEN S AVH 5,13 (5.12)D K 91272 5,
217 3
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Fig.6.6  The comparison between revised cell (1) and revised cell (2)
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Fig. 6.7  Electrical conductivity of crystallized calcium phosphate hydrogel
synthesized from CaCQ, reagent as a function of temperature

for various cell
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Fig.6.7 |ZHEK D& /L & Revised cell(1). Revised cell(2) & AW 7255 DEER L
IRE DR ERT, 1RO/ THIET S L 100 °C F TITREIZH L TEESR
FFEEHE NG 5 23, 100 °C BL ETiXd 2002 LT b, — 75, Revised
cell(1), Revised cellQ)Z HWTHIET S &, IRELZ R SEDI2 LR -> TEE
ITPLHL0ITHIM L, Z Dk, 120~140 °C TR L TWD Z &Aoo
%, LU, Revised cell(2)Z HIVTHIE L 7-8EERIL, Revised cell(1) THIE L
TEER L) 2EAIERVVEZ R L TWD Z ERbhd, £7-. PIEER (=
IRRFDBIER) 2T 5 &, kDL L Revised cell(D)DEIZIFFRE TH 5
DIZKE L, Revised cell2) THIE L7ZEIZEN D L VKW Z En3bnd, ZOJF
RIZ DWW TRk 2 B EE1TV, B2 OUGELRA TN RRZ AT 212138 L
o T, REHIZEERT 5 & Revised cellQ)D /A K 7 /L FEHEENIE Revised
cell DRPER DB/ DT LD EEDNRKEZ W, O LB A Ra s LoriE
KROVNVOERE, A FuFZ Lol (RESM) ITHEE2 52, Th
NBEROERIGEN T2 B2 010 (BERIZNENOELOELE, &
EEFHIL, K@DEZAVNTRERELTREY, #EMENCEZ O TIERWY),

L7eRo T, BT, BEFEOMEOEER L T 5 & ST EE T
NS5,
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D7 ARG OO —FERERBERTHDL EEZ L, £,
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g ICARKZ 35ml IR LI b OZENFMICRE LT, 2% Fig.68 [T~ T
£ 91T 140 °CIZRRE L7 fHIRARICERE L, 6~31 BEFINEVLEE L 7=, Z OB
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Fig.6.8 Apparatus of heat treatment Fig.6.9 Apparatus of vacuum drying
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Fig.6.9  XRD peak charts of crystallized calcium phosphate hydrogel

synthesized from bone powder
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Fig.6.10  Peak intensity of (12-1) for Ca(H,PO,), * H,O
as a function of treatment time
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W45, LavL., 24 FERLIRE E— 7 5REED D LT b, E£72, Fig69 & A

92



B &, 24 BEEILSNCRBRZ T o 7oA R uicid, BWAER TH L ) Uk
TV KK D FE A ELIMZE R Z A & (CaHPO4, JCPDS#71-1759 X°
JCPDS#70-0360 7% &) OfESFHMNAR L TW5D, —J7, 24 FEE CTUEL L 7z~ A
Ra 7 ix ) CEET VYT DOKFI LIS DG AR DAL STV TOD RN Z &3
D, LAbX 0 AUEEEER T 24 BRI EY) CTH D LB S D,

Table 6.1  Composition of total treatment time

Conventional method Revised method
Melting process 1200 °C,0.5h 1200 °C,0.5h
Pulverizing process 1h 1h
Still standing process 48 h -
Crystallization process 90 °C,6h 140 °C,24 h
Vacuum drying process 025h
Total treatment time 57h 26 h

Table 6.1 (ZHENIE L RUEVED Y BRIV T bong Ra 7 VOR|BIZE L
TR 2R T, AL TS Fa Lzl 5 2 &, AR A2 76k
EORSLUTICEMT 22 ENTE e, 2, ERIETIThATWe T 7 A
MAROKFIE (B : 48 h) EAEEEO TRE(90 °C, 6h)%, ARLBLE CTIHH
DOFERALALER(140 °C,24 h)D THE 1 DTITH Z N TE LMD T,

[EZEROREKRFE]
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Fig. 6.11  Electrical conductivity of crystallized calcium phosphate hydrogel
synthesized from bone powder as a function of temperature

for various method
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(a) Conventional method (b) Revised method

Fig.6.12 Appearance of crystallized calcium phosphate hydrogel from bone powder

12000 T T T T T T T T T T T T T

8000

Shear stress [N/m?]

4000

O From bone powder, revised method
A From CaCOsreagent, conventional method |
K @ From bone powder, conventional method i

0 L L L L | L L L L | L L L L | L L L L | L L L L
0 50 100 150 200 250

Shear velocity [1/sec]

Fig.6.13  Relationship between shear velocity and shear stress
for various calcium phosphate hydrogel
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WAl ELTWD Z ERbNnd, 51T, MR TH L KEE L T LakFK)
SAR LB XD bEWEMEEZAE LTS Z ERNbs, 20K 9 kto
HIRIX MEA OIEBLCERIE 2D LB ZbND, ZOXHIT, A KaF Lol
RENARESAE LRI, FTECTHELLBRDZ LTS,

633 filid
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wEEPET L 632 HiD Fig.6.9(e)D L 572 XRD B¥'—7 F v — b 3G 55,
L2aL, LB, 1 HRE S E T B HIET 5 & Fig.6.14(a)D L O 725 s 2
AU, VB y v AKMYOFERBEELY HEXRZ A (CaHPO4,
JCPDS#71-1759 72 &) OFEEEMHBRE L TWD Z &R0 5D,

1T, [ UREHY 7 ARBHRIZANA ReZ Va8 i L b O)E FHE, Bx
JERIET 5 & Fig.6.14(b). Fig.6.14(c)D L 5 7effiiiitiz2 r L, EbbbET x4
A FNOFERBAPRE L TS ZEnbnd, £z, FH—EZHEL WD
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ZDOJFRKRITEAT HICE SR h o T,

AREMEDR & D & THUE, BT AR EZEF KON TH 5, HERIETIE,
T AR KB K=1:1 TEBREZIT> TV, ORI TIZH T 28
KAAEK=2:1.75 Th Y fEKiE & LAREKBEKPRORD D Th D, ZZEKOUEN
A L2 E R, ARLEEIC S D KA ORM 2B 5720, BID
FEEDM EDTeO Th 5, AEKOBEEGEZMKLS LI2Z & T, HT7 AMK LAY
IKOFIGRMET . H D WIEEINZIZB W T, KW E kK TE 272100k
DFDFAELIR Do ToZ EINE 2 bILD, ERIE L RRRIC T 7 2R 2K
=1:1 DEE THHROFEMCLE TS R F 2883 E R DRSS
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HIIROFEFACLEEZAT 9 & ERIETHH L TR 2 SR 23 97
L. KERE T8N, Fu VO RBRRRES LT L L2 6 T
RLIR L7z, 25 7 BETIE, e HLRZRREERL 3R LT D" “7pd ) v igh
T DA RaF IV DOFENRE SBLLIZDN Zhkx 2T EEZ W TH
fri. BT 5,

7.1 HLRZRASE AL D oA

711 FEBRIGE

ZEBMERELE LTRILIZY VBRI T bng R F st i
L7 HLR 72 i D A 2 B0 H Ue, RICE B s 281 U COHR 208
fRL AT Lioad R L aBRE Uiz, Wilieiklix 30 & L (BRHE O
Peld 24T 5 LMKl sbb 23R L CLE D), ik, Figo8 IR THET
BIEB KL Z 5 34T\, RhdbhL 2 i S 7o, Figd.1 e, iz oM
K7pif ki DB 2o~

11T

A R

Fig.7.1  Appearance of coarse crystal particle

99



BITFEAR N LHB L TEY, MFERII1I~3mm < bW THLHZ ENbh
Bo TNEANRF 27 =TI X0 THIL, BRIRIZ L?’:o iﬁj’o LR 72
FEERL FITR  S XD DRRED N1 &N 2 5720+ B “holo, F
7o, RRROBEREG 21T LIHALTLE D kﬁgﬁxﬁwﬁ%@@ﬁ
FE< 2N b D EHESND, ZOBMROMMEINT. B IONEREDO ST
ESCA. i fntiiE O HTIZ XRD 2 L7z,

712 FEBRFER LB

[#ER% 53 47 ]

Table 71 \ICEFZ BN OAIRLI L2 VBRI LY 7 bAoA R 7Lz L
TR 72k AR T DR AT OFER 2R T, £, REBHINL VU L EZEED
MORAB LY VBN T LT T AOMR b EDLETRT, i, &0
NHH CROVmHINT, Ll ABZEOLDIZHEENTNS CROLLE
22 ZIx—va i b CR0OBRHEINTW D ATREMERE < #Eim DXt
Ll el L,

BETE OAFZE TITHLR 72 fE b 713X P <0 Ca AN DSy (Rflid) NEEICE E
NTnsEFHRLTWE, LML, P/Ca ﬁ§%$ﬁﬁ*4ﬁ>%f/?%§ﬂf:ﬁix*ﬁjg
ERXRERNDDL DD, MRED S DIIREFMNOIERI NI T A0
RKEIFEAEERD DN ENDOND, L?Z?%O“C MR 22 fE bl 1%, ASHE
MOEER T2V 2 LR SN,

Table 7.1  Composition of glass powder from various materials and coarse
crystal particle

from bone powder

Content (at %)
Element
Glass powder Crystal particle
Raw material CaCO; reagent Bone powder Bone powder
Ca 6.8 6.5 7.6
P 29.0 25.5 25.1
Si 4.8 1.0 09
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C 6.4 18.6 190
0 526 48.1 472
Others 0.3 0.3 0.3
P/Ca 425 391 331

[P DEFIRE]

Fig72 (CEEEMMP LA LY VBNV T oA RaZ i Lz
MR AR T B X ORIV T LRI AER L2 VAN T LT T
A, ZLTESEROOER LY VBINVT T LT T AD P OEFIREEZTR
To WTHOREBFRELCL O REFIREBTHLZ ENDND, LL, BE—7
DONEH ERVICERNG D Z LRI, IRBBINL VT LARIEIL P 25FH
LTWRWED, UV UREZIIM L, 77 2AZ2ERT 5, —FH, ZEEFMILP
ZEALTEBY ., MERENTHT 22T VEERIED P LFEEH O P BNRLAE
LTWBZ EIZhD, ZOZENE—27ONEH ERY OERITERE L0 TIX

WinE AL,
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------ Glass powder from CaCQOs reagent
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Fig.7.2  Electronic state of phosphorus
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Fig.7.3  Electronic state of phosphorus
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Fig.74  XRD peak chart of coarse crystal particle

Fig.7.4 (ML K725 ki -0 XRD B'— 27 F ¥ — &7, 20=14.9°, 304, 46.2
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XRD B'—7 F ¥ — MIxST 2WEITFE LR D272, XRD ITEBWT, —fiki
(2. Fig74 OXIICHHERE—I7 RRNATNDIZHD 0D LT, £OWE % [F
ETERNENI T EEFBEZIT W, &2 T, ESCA TIIMH SN o i &
RO DGR AR IE AR L TV D FREME D E 2. AL Si (ERERUGRRIZEER L7
ZFE T Si0, R ALO, THIAK SAL TV D) | Fe(WERSUIGHKE TIREZ T 7 A 2B AT
DIZOIZAT o L AMERAT 2) MR+ & LT JCPDS 7 7 A MITHiR &
PTTeDs, BET DWHEITRE S 2o T,

Z 2T, BAMMEC X DR AR SRR O REME 2 B 2 7o, FTHLOR AL
HETARLEIND ) VBRI LY D Aong RaZFud, U by o Ak
(Ca(H,PO,), * H,0, JCPDS#09-0347) & &% A bk (CaHPO4, JCPDS#71-1759 <X°
JCPDS#70-0360 72 L) OfidafH TR IN D, ZNHOHT, VU @ghryy
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Fig.7.5  Specific crystal plane and relative intensity of Ca(H,PO,), * H,O
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Fig.7.6  Specific crystal plane and relative intensity of coarse crystal particle
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Fig.7.7  Specific crystal plane
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Fig.7.8  Schematic illustration of the experimentation

used for measurement of the force curves
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Fig.7.10  Approaching force curves between glass particle and mica

surface in water
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(a) Synthesized from CaCQO; reagent
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(b) Synthesized bone powder

Fig.7.11  SEM images of calcium phosphate hydrogel synthesized from conventional method

Fig.7.12  SEM image of calcium phosphate hydrogel synthesized

from bone powder

109



(revised method)
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Fig.7.13  Schematic illustration of classical nucleation theory
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(a) Conventional method
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(b) Revised method
Fig.7.14  Crystal growth and gel network of calcium phosphate hydrogel

synthesized from bone powder
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Fig.8.1  Structure of fuel cell
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Fig.8.2  Structure of MEA
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Fig.8.3  View showing a frame format of MEA
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Fig.84  Structure of MEA
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-
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Hydrogen cylinder Humidifier volume

Fig.8.7  Schematic diagram of fuel cell performance measurement set up
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Fig.8.8  Cell voltage and power density as a function

of current density at 20 °C
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Fig.8.9  Structure of pressure atomizer(full cone flat sheet spray)
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Fig.8.10  Structure of pressure swirl atomizer (hollow-cone spray),
internal swirl generator (left panel), tangential inflow (right panel)
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Fig.8.11  Structure of twin-fluid (pneumatic) atomizer,

with internal mixing (left panel), with external mixing (right panel)
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Fig.8.12  Structure of rotary (spinning disc) atomizer
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Fig.8.13  Structure of ultrasonic atomizer USWA

121



A I E GO O L LT Fig8.140 X 5 RdEENETF 65, 2,
EE LTV 2 BER A8 O IRICEIRIC R LT, B8 2 RERDEZ T2
STRLT Do SN D, Z OEEEIT/N S RKRFEIZBNTE L <Rk
WM EER S5, MEOBENERERAT DEORT 7 A P —ITBEWK
EFEOFRENEH I LTV D,

Liquid

® o 0 9 ¢ 0 0 0 0

I US-vibration

Fig.8.14  Structure of ultrasonic capillary wave atomization
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Fig.8.15  Structure of electrostatic atomization
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Fig.8.16  Cell voltage and power density as a function

of current density at 60 °C
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Fig.8.19 Maximum powder density of fuel cell having various types of MEAs
as a function of temperature
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Fig.8.20  Current density at maximum powder density of fuel cell having

various types of MEAs as a function of temperature
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Table 9.1 Composition of incineration ash

Metallicelement Ca P Mg S Na CI C O  Others
Content [Wwt%] 172 1.8 29 48 1.6 306 150 173 89
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Fig.9.1 Cumulative undersize distribution of incineration ash
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Fig.9.2 XRD peak chart of incineration ash
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Fig.9.3 Cumulative undersize distribution of calcium phosphate glass powder

synthesized with incineration ash
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Fig.9.5 Experimental apparatus
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F v — Famrd, WEREIZ, VOBV T ADE = RBIHESNTEY,

131



HT72EENTWARNWZ EXb5D, £7-. Figd.7 [TREHE DR 54 & R
T, AEH RO AL, 99 um TH D,

3000

O Ca®P03):

(]

S

S

=
T

1000 |

Intensity [cps]

0\\\\\\\\\\\\\\\\\\\\\\\
10 20 30 40 50 60 70

Diffaction angle 20 [degree]

Fig.9.6 XRD peak chart of raw material
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Fig.9.7 Cumulative undersize of raw material
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Lz, [EUR U 72 AR ik it 2 XRD, ki F£8% L —Y —[al4r - BEL ke
AR E SR, KPRk Z SEM IC L » THIE, BlE LTz,

92 ZFEBRFER

9.2.1 [BIUR L 7= Ak ik Sl PTG

Fig.9.8 |Z 8 HiE®Db) THEIUL L7724 D XRD B — 7 F ¥ — b &7, (iK% (a)
TR L2 VBN T LT T AMKOT =5 bEbE Trd, 1ERIETHE
LTV BN T LT T AMRIT, 2T T A TlBh, =7 M
RoNT, TELT 7 AMETH D, FHllETEIL L72HhR b IEkE & RRIZ
= NRLNT, TEALT 7 AEETHDL Z ERbND, 2O ENLHTH
ETHY VBN T LT T AMKEERAEETH D Z & DR TE T,

(a) Conventional method
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(b) Reivised method

M )

\|\\\\|\\\\v|\\\\|\\\\?\\\\

10 20 30 40 50 60 70
Diffaction angle 20 [degree]

Fig.9.8 XRD peak charts of calcium phosphate glass powder synthesized with

various methods
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Fig.9.9 Cumulative undersize distribution of calcium phosphate glass powder

Cumulative undersize [ %]

synthesized with various methods
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(a) Conventional method

¢

(b) Revised method
Fig.9.10 SEM images of calcium phosphate glass powder synthesized with

various methods
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Fig10.1 ([CZNENDHIETERLEZY VAN Y T L0 T 2B RN S AR
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(a) Conventional method
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(b) Revised method

Fig.10.1 XRD peak charts of calcium phosphate hydrogel synthesized from

incineration ash
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Fig.10.2 Relationship between shear velocity and shear stress for

various calcium phosphate hydrogel
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Fig.10.3 Relationship between shear velocity and viscosity for

various calcium phosphate hydrogel
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YT LKOF MY T LEAF oAbl REL<S . KICEL<E TS, 2ok
0 BEATRKICRTLERE L TKEZIT) ZLICKY, ZhbZxRrETED L
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Regulator

o
Bubbler O

Vacuum pump

— -
CO2 tank Stirrer Suction filtation

Fig.11.1 Experimental apparatus

1022 SEBRAE R L &%
KRR 21T - 72— 7 B DOFE b %2 XRD % AW THIE L7255 5 % Fig..2
(2T,

? 1200 - UL T T D ]
21000 o O Ca(OH), 4
= 800 | ¢ CaCO3 |1
2 600 | E
& 400 | -
S 200 E
E oL T

10 20 30 40 50 60 70
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a) water-washed ash
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b) hot water-washed ash
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Diffraction angle 26 [deg.]
¢) CO2-washed ash
Fig. 11.2 XRD peak charts of Cakes of water-washed ash,
hot water-washed ash and CO2-washed ash
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a) Powder from filtrate of water-washed ash
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b) Powder from filtrate of CO2-washed ash
Fig. 11.3 XRD peak charts of powder from filtrate of

Intensity [c.p.s]

water-washed ash and CO2-washed ash
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Diffraction angle 26 [deg.]
b) CO2-washed ash
Fig. 11.4 XRD peak charts of hydrogel of

water-washed ash and CO2-washed ash

Figll4 KV, bITHA_RT a0 BN BWAERM TH L U VBTV T LK
DE—=I7PMEFLTWLZ &b, ZOHHE LT, ZBERFLKREIA
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c) Original fly ash
Fig. 11.5 XRD peak charts of hydrogel of water-washed
ash and CO2-washed ash (R=0.75)
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Fig. 11.6 Relationship between XRD peak intensity

and phosphoric acid additional ratio
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Fig.12.1 Relationship between distance and the height of hydrogel
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Fig.12.2 Relationship between distance and the height of hydrogel
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Fig. 13.3 Approaching force curves between glass particle

and mica surface in water
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(a) Revised method (Without stirring)
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Fig.14.1 XRD peak charts of calcium phosphate hydrogel synthesized from

incineration fly ash
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— Conventional glass (without milling)
— Revised glass (without milling)

— Revised glass (with milling)
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Fig.14.2 Cumulative undersize distribution of calcium phosphate glass powder

synthesized with various methods
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(a) Conventional method (without milling)

L
L

o
» Q)

(b) Revised method (without milling)
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(c) Revised method (with milling)
Fig. 14.3 SEM images of calcium phosphate glass powder synthesized with

various methods
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Fig.144 XRD peak charts of calcium phosphate hydrogel synthesized from

incineration ash
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Fig.14.5 Approaching force curves between glass
particle and mica surface in water
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Fig.14.6 Approaching force curves between dried-
hydrogel particle and mica surface in water
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Fig.14.7 FT-IR spectrums of various Calcium phosphate hydrogel
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Fig.14.8 Relationship between time and moisture content

for various calcium phosphate hydrogel
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Fig.14.9 Relationship between moisture content and absorbance

at 3300 cm™ for various calcium phosphate hydrogel
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(d) Revised method (t =48 h)

Fig.14.10 XRD peak charts of calcium phosphate hydrogel synthesized from

incineration ash
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(a) Revised method( T =140 °C)
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Fig.14.11 XRD peak charts of calcium phosphate hydrogel synthesized from

incineration ash
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O @ Conventional glass (without stirring)
A A Revised glass (without stirring)

[0 m Revised glass (with stirring)

< & Revised glass (with stirring)
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Fig.15.1  Cell voltage and power density as a function of current density at 25 °C
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O @ Conventional glass (without stirring)
A A Revised glass (without stirring)
[0 m Revised glass (with stirring)
< @ Revised glass (with stirring)
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Fig.15.2  Cell voltage and power density as a function of current density at 40 °C
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O @ Conventional glass (without stirring)
A A Revised glass (without stirring)
[0 m Revised glass (with stirring)

<& & Revised glass (with stirring)
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Fig.15.3  Cell voltage and power density as a function of current density at 80 °C
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O @ Conventional glass (without stirring)
A A Revised glass (without stirring)
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Fig.15.4 Cell voltage and power density as a function of current density at 120 °C
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® Conventional glass (without stirring)
A Revised glass (without stirring)
B Revised glass (with stirring)
¢ Revised glass (with milling )
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Fig.15.5 Maximum powder density of fuel cell having various types of MEAs

as a function of temperature
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%16 B film
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