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Development of Functional materials
using
Natural Biomass from Refuse

1. Synthesis of Bio-ceramics using Animal Feces
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Cabonized flow dropping,
flow dropping ash 100 g

The each flow dropping was placed in a flask
with 500 — 1500 ml distilled water
and added Ca(OH), , NH4H,PO, ,
Stirred for 6h at 90~98°C using magnetic stirrer.

Filtration

I ._T'Filtrate Residue

Washed with distilled water

Dried on the hot plate

Crude Hydroxyl
Calcium Apatite

Reaging on the ceramic

Hydroxyl Calcium Apatite
Cayo(PO4)s(OH),

Fig. 3 Synthesis method of Calcium phosphate derivative
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& Fig. 9 12, IR R % Table 3 IZ/RT

Absorbance

3400 2400 1400 400 3400 2400 1400 400
Wavenumber / cm™! Wavenumber / cm-!
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BikE AR (@) AKiBWE  pH

A wAE¥EIE 150 1000 10
B iL¥BIE 2355 1000 10
C WK 60 200 10
(A)a/c=142
(B)a/c=0.99
]
‘ Bk \ . :
(C)a/c=0.83
ol (" Dt kl wipe ¥ ',.-.' rl.‘- v . J»_.,
10 20 30 40 50 60

20
Fig. 10 (A), (B), (C)® X FREIHT #5455

AL / ks 23.55 /1000 (B) , 60 /200 (C) OIHIZENEH a/c Offild 0.99,0.83 &
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Fig. 11 1- 708 ) =)V OF WO EF P D FT-IR WL Z 7 8L
—:3-1, :11-1 —:1-L—:9-1

Tuble 5 1-711/8 / )V DM BHMD FEIR BILANY 1L 5 DI
BEA PR (em™)  RIE A WK (em™) SRR

1-1 3400, 1600 -OH 3.1 3400, 1600 -OH
3000 P-OH 3000 P-OH
1470 >P=0 1470 >P=0
1150 PO 1150 PO,”
9-1 3400, 1600 -OH 11-1 3400, 1600 -OH
3000 P-OH 3000 P-OH
1470 >P=0 1470 >P=0
1150 PO,> 1150 PO,
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13, O X B AR DM~ R

EMIEL OB 1-1, 3-1, 1- 708 =)V % 20 % RN 2B R 9-1, 11-1 & 800 C
ciE LIESFE IV THER L S5 NBRITHS 1°6,37,9-4, 114 & FT'IR, X ##
: ﬂlﬁ R TSI &L 2 KMRRZTTV, MDD %TT > /2. Fig. 14,
, 15 12 800 C HEREAIHROEHMD FTIR OINARY ML, WL <Y N LORIE
2% Table 6 12, X#EITFARY ML# Fig. 16 12, AEMETFHMETHEE Fig. 17 12
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—:1-1,—:1-6 =313 —137

J"\ 8 a’;

IFI . g . rlliI |

I <= |

\ 5 | &

/[ 1 P' 4 R flﬂ
e PSR \,.} L T _.___,.,Hr/‘ \ J >
3400 2400 1400 400 3400 2400 1400 400

Wavenumber / em! Wavenumber / cm’!
Fig. 15800 C BERRAETR DS KY D FT-IR WA X2 RV

——:9-L :9-4 25 —:11-1r—:11-4




‘qable 6 800 C BERKATERDEMP D FI-IR WA XS BV 5 Ot Ig
Al W () RE A I m™) SR
1-1 3400, 1600 -OH 3-1 3400, 1600 -OH

3000 P-OH 3000 P-OH

1470 >P=0 1470 >P=0

4 1150 PO,> 1150 PO,”
16 1150 PO,> 37 1150 PO,”

W (em™)  RE WaEA Wk (em™)  JRIE

9.1 3400, 1600 -OH 11-1 3400, 1600 -OH
i 3000 P-OH 3000 P-OH
1470 >P=0 1470 >P=0

1150 PO, 1150 PO,

1150 PO,*> 1-4 1150 PO

MR QWA XY BV T, 800 C HERRO AR EHERLATD B R TIZ. IR DM
), -OH HDWINATRL 720 . RALHIEHAD 800 C HERRM TIX, PO DI AL HE
7 hLTHD, BIEKbHD 800 T Mk T, MMz 7 FL Tk,

W ORI, (DR TET Z EANTE I Ol (FL224 T, 2.99792x10")
REEAKRELRD E, BBERICARZ MWE> 7 bL, #iC, RBEIVNE
5L, EREKMICZART PV T R 5,

B (em™ = 1/ Wi = KK / JoH o
LD, —, RTAVNENIEE, REFIIMA, BFIKRE 251 EHkRHIZ<

ZA6NB., COZELD, RACBIAROBERDIIERMEND B <, HWIEK K
GRA) ClI s DS £ o o T LR S N 5,
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S ni) SRS RO YR

1 Anion M GSHILAED)

N7 AHAE Anion K TH BTN AT N—EBOT, BHEEREFO. HK
2 O CHOEHE TR 277 5 T WOREED & W ik % T L 7= 5% Table 7 1R L

=3

NH, OH
NaOj

H;

SO;Na Evans Blue

Table 7 Adsorption behavior of Evans Blue onto the Bio-ceramics

[ —— il.\t.lsorptioris Concen triliion of_;he cluated PH

- capacities (x10” M ) Ca™ (x10°M)
 Activated carbon 9.59 - 6
ynthesized compound 1-1 4.71 10.7 6
nthesized compound 1-6 7.82 114 12
esized compound 9-1 3.34 6.78 6
ynthesized compound 3-1 9.61 3.43 6
i_"H esized compound 3-7 9.46 305 12
synthesized compound 11-1 7.99 1.45 T

(TCP ) LD EWHFMERLZ, 1 - 7O/ =)V ZEMULIZ Synthesized
nd 9-1, 11-1 T E B 5 UG RATHD LzAS, TCP DIE D Ml kDR El &1

ZHDT=800 C HERkE DA Y Synthesized compound 1-6, 3-7 TIEWAF Rt LT
BoTe, THUIIL S LEHIRATEN S S &0 RE ORI S S h K
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5 Cation T HMLA 2Ty
NS % Cation tEAHETH D AF L X TN—EHWT, WA EBREZT W, 29
st WTCHICHERE Z2 1T - foe WEEED S WA it Z T U 72 #5 R % Table 8

© 3)21’4" : : SN#(CH,),Cl~  (CH,) ,N” : : SN(CHs),

{2 T
) Methylene Blue (i)

- Table8 Adsorption behavior of Methylene Blue onto the Bio-ceramics

: ' dsorbests {\t.isorptiorl- g Concen tr;tion of gle eluated
e capacities (x107 M ) Ca™" (x107°M)

~ Activated carbon 10.6 - 6
Synthesized compound 1-1 8.5 9.98 6
ynthesized compound 1-6 0.56 188 9
ynthesized compound 9-1 8.31 6.43 6
ynthesized compound 3-1 107 3.48 6
Synthesized compound 3-7 0.67 353 12
ynthesized compound 11-1 0.61 1.7 7

""'" . RS L TIESIEK fisk 7 /8 ¥ 1 I ( Synthesized compound 3-1) DRED AL, R
#3735 A b (Synthesized compound 1-1) & 1 WA k&R L 1~ A VA
JV% ¥ L 7= Synthesized compound 9-1, 11-1 Tk, E5 5 bR BRI L72AT PICE S
HED AL Hap DIE D MEAAIRIKREL . TCP DIEINAFT L TN EWRETHIEN
720 800 °C #ERR Synthesized compound 1-6,3-7 Tl WA RIZMA L. AT A
R & 3 B M VLR S E o o AF L 2 T I—OBREEA F PR ED B,
BB/ HERAAEE, WRNBRIEHELTSbOEEAEND (Fig 18).
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0.3, FelES > RO (BSA) WRATHW)
fable 9 ICEHAID BSA WA R E KT

1 Table 9 &HR & RRY) DG #E 5
F 1.0X10* mg/200 mL 2.0X10* mg/200 mL 4.0 X 10> mg /200 mL

Adsorbents
3 Adsorbed concentration (mg/ g)
mthesized compound 1-6 -6.3 -11.2 -18.9
ynthesized compound 3-1 -11.1 -10.8 -13.3
: "esized compound 9-4 -5.1 -14.6 -2.0
senthesized compound 11-1 -12.1 -13.8 5.4

athesized compound 11-4 -14.7 -10.3 -11.3

BSA DEAEREIToFER. WEh 53RD/ZEEENS Blank DEZBA TL X WIERZ
BERERSTUEN oz, TOREE LT, 2800m DERICY >/ BESMCT I 28
RIS N TL o O TRIZVHEZZ SN S,

33




IS SV E ()Y F— L) QW)
e 10 ICATAID ) S F— ARHRERERT

Table 10 BHEE YD) S F— LWL AT F

1.0x10° mg /200 mL__2.0x10* mg /200 mL _4.0x10” mg /200 mL

Adsorbents -
Adsorbed concentration (mg/ g )

athesized compound 1-6 43 9.8 10.8
unthesized compound 3-1 4.4 15.1 251

T esized compound 9-4 13 2.2 3.0
athesized compound 11-1 5.0 13.1 18.3
mthesized compound 11-4 1.9 4.0 3.8

)/ F— LADOWAFBETT ook, 31> 111> 16> 9-4> 11-4 DU RWRA IR
Sl SR S HERIZIE Y VT — AOWA RSB T BEAA RSN, O
5RO B TR & W B EAE S A SR 5T, KRRy
RO RAA DAEPIBE R TERNA LB A SN, RERERIEATE £ > T &
g R EABEICA DI < e TRERMMD LD TRAVMEZEZ NS

Fig. 19 SEM image : TCP & 1) V/ F— A D UG with HITACHI TM - 1000
( : 10 pm)
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25, KGHDT EZT HARAERLAL
L E IV TR DT BT HAOWA KB EIT > 2. Table 11, Fig. 20 15
f5 D BRI OBIERTRZ Table 12, Fig, 21 KB OB OMEHERERT .

500 ¢

400

300

ppm

200

100

0 5 10 15 20
Time/h
Fig. 20 BENDT &7 1 A BEE DREIFZL
-o-Blank > HlR7 84 b
-+1-1 -+-1-6 --2-1
-+6-1 9.1 9.4

e 11 BETIHEROERY, HIRT 851 b, FROERIEDT 2T =7 HARGRE
h Blank TifR7/8%4F AC jRICEEHE 1-1 -6 2-1 6-1 9-1 9-4

500 500 500 500 500 500 500 500 500 500
490 410 120 390 100 210 290 370 310 320
420 380 80 370 50 100 180 190 220 240
330 340 3 300 8 19 74 50 40 50
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300
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200

100

0

0 5 10 15 20
Time/h

Fig. 21 AEBADT BT I ABEOREKRZ(L

-»-Blank = HR7 /24 BER
*3-1 -o-3.7 --4.1
+-8-1 -+-11-1 11-4

12 SR EEOERY, HIRT /XY b, BEOSKMEDT > EZT HABRFRE
'--:Blauk W7/ 94 AC  HE¥E 31 37 41 81 111 114

500 500 500 500 500 500 S00 500 500 500
490 410 120 450 200 270 300 240 200 240
420 380 80 400 100 100 100 120 120 190
- 330 340 3 290 7 13 10 60 40 50

F BT HADEEEREIT- R, GRMINThORBITHIRIET 172, 7T
7 IR E D I S N,

BEML, 2-1,3-1, > 1-1, >d-1 > 3-7 >1-6 > 11-1 9-1 > 9-4, 6-1> 8-1 DIRICEH VB ZRL .
M8 %A iz Ly SRRV S AESAA RS ENIT BT AWAKGE,
B2 R LT,

01213 500 ppm # o 727 > =7 AT AMEEASHALEIEHR, HIKdROYTRHRA 7 ppm
CHA L, 141 13 6 h ORISR CABNO T > EZY A ABE 50 ppm 730 B HE
IS s %7 L e

WHEmz s &7 e 7 HARR, WATHES b, MNPEMASAMLDE< S
s FE O EAHEREOSBRY TE SN, COBEME U TR RGN R
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ROTT PEZTHAMADAOBUEN S H-o 70, HRT 5T &0k > THMLD
o 7 BT HABAD AR DR hofefcd E#Z 5N5 (Fig. 22).

Fig. 22 SEM image (A) : 1-1, (B) : 1-6 with HITACHI TM - 1000
( : 10 pm)
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A3, TIKE ISR E LTl AL > ) AREIHA D B R E B4 724D
_':ﬁ‘-m, ISR O pH 252 B8, B EL T 1-708 ) =V ENAIHED
PR AR 103 S ONOY Y Y TR

U & LRI L7281 TCP 2MEAMICH SN, MK £ HRLR & Lissia
;rmméﬂmmuﬁa EMTEE LIz, TORREE L TRICBEIZMROTIZT 3
HEE < OEHRMEGTATBY., TIN5 OFENERD OGN EE S 2 T=D Tl
RSN O pH 27 S EZT7 THBLT 10 WL CARLERME. 7 2ESTA
FMLENWTER LSS DAY % FT-IR THIE L7288, FTIR OfEN 5 1388E
REDHSNETATLUL,

EGROPC 1-7 08 =)V ERINUISEE, BIURr- 6% X RETFTO AR
RV THAD & RAIE IR0 KEITR U TS B REH L 29 AD Y —2 A8,
WK CIAROREITR L TCP OE—2 %, 1-70/8) — LV ERMLER TR, EHf#
ME< HBL S LD, TILO—IVFMIC & B 450 MRS NE X 1. &5
ROMERTICR> 2D EBbN b, (Fig12 ICRICEIE, WK ELTREREL 1-7
V=B TERUIcEY, 1-710/% ) — N Z2FENETICAR LRI O X &t
iR R T)

_ B 1-1 | Bk 3-1
e 3 a/c=048 \ a/c=1.15
A
N C i
..{I ' f ® ||.Aﬁ
) " =
] g . B ! . \ A
g : @ A 2 o®
‘ .”. ‘h. 'I! & i B .; ‘ ) E [
l.‘ il | = - ) L[ ! [
5 J ’4# L d' \u“tmﬂ ri"r1 Mt y 'E’ T LN XTI AN 5 s J.w:ll*‘* ] b4
. AR 9-1 8 AR 11 1
a/c=0.63 A a/c=139

20 20
Fig. 12 1-7'01/X /7 —)ViRhid) SR L o X BREHARZ B
@ : HAD, A : TCP,  : DCPA
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@60 Ohg o
A face Fvo kv PO,

‘Efc. HAp i a, b, c IO &L 3 ITFT X233 FHERAINTH D, a, c R b, c il
PESNS a Ml Ca A% L0 <BH U THIRWEEMNZ, a, bEITESNS c @iz
SR 2% < BN L EICRERE > TW5, BIERdkO 7L I— )L & R/ML 7~
BRMTHEOL TS S a/c KML a EEARD HAp L7225 TVBOE. 7IVI—)LOFFD
OH DB RHER OREIC G Lieh & &5 X 5h5,

BREPOREIEIT DN TIE. AW 800 T DMRFERRETTS 2 & T BiFAMIN< 72
), RO EABRE N, Zhid, BRERICK D EEDS ORISR
Slek s L THiEha,

Y -

E Db - TR
n DOG L 210k 10 um
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Fig. 23 SEM image with HITACHI TM - 1000

( : 10 pm)
BRI OPIEFTZTT S 728170 72 Anion HEEHRTH DTN AT N —ZHWI-BHROK
B Cld, Table 7 OFERMESN,

Table 7 Adsorption behavior of Evans Blue onto the Bio-ceramics

Adsorption Concentration of the eluated
Adborbente capacities pr 10°M) Ca® (x10°M ) v
- Activated carbon 9.59 - 6
Synthesized compound 1-1 4.71 10.7 6
Synthesized compound 1-6 7.82 114 12
thesized compound 9-1 3.34 6.78 6
Synthesized compound 3-1 9.61 3.43 6
Synthesized compound 3-7 9.46 305 12
_,.'_:thesizcd compound 11-1 7.99 1.45 7

"HAp 1 TCP IZ bR TEWIEAFREZ R L. TCP | HAp 1T Ca DY IASRI< TR o7z,
UL, TNV AT N —D Na & Ca DA FPREARZ D, LN AT )— DR ENE A

elg | N_Np,,g o

3 - 3 Na
;Na Evans Blue

LML HAp T Ca WIS < THOMAMEA RO AR H B T a0 5. WATILE
BRO A 23 BRFE & REROBIBRIC & 2 HERASHFMITRI > THD., ZITR
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B IS AT U e & PRI NS,

Table 8 Adsorption behavior of Methylene Blue onto the Bio-ceramics

Adsorption Concentration of the eluated
A RIS capacities prw‘s M) Ca?* (x10°M) pH
Activated carbon 10.6 - 6
mthesized compound 1-1 8.5 9.98 6
synthesized compound 1-6 0.56 188 9
synthesized compound 9-1 831 6.43 6
Cnthesized compound 3-1 10.7 3.48 6
% Syathesized compound 3-7 0.67 353 12
ynthesized compound 11-1 0.61 1 7

=73

fable 8 D#HNES NIz Cnion WK TH B AF L > T —% W RO BT
. Synthesized compound 1-1, 3-1, 9-1 2SE VR R Z/R L. 1-1, 3-1 ZBERR L /= 1-6, 3-7
AELTBEANR SNz, COERERENS AFL > T —OWFETERLE
TIvPAEDAF LD b, T3 v o AR T OB EE A
B L— NRIEDMER T Sl s B X 5N 5,

Bty >R (BSA) WAFEREFT- &2 A, JUEIZK D RDIURBENS Blank %
BATL £ /oD EMRERERE/SNEN oIz, ZOMdI&E L TRIEE R 280 nm T
CIRTBUSNCT 2 RENRE SN ERD TRIEWN EEZ 5NS. FARRICHEY S
—ADWAHEREIToIET A )Y F—L® BSA ERBRICHERRETT S LRATRAD
S ENS KRGS NIz, ¥ 2T HIZHFRBIEFITKE WD BRMZTA LR Z
RMmOBEICA DAL XS BYEEFICE > THRFL THWEHBD EFHREN, TN
Lo TREMMENR E o 2DV F—LADADADREAVNE <720, WA
WAL I-DOTRsWNEZ 5N S,
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o 11 BRACEIUSRO B, TIRT /X1 b, BRSO Y > &= 7 1 AT

me/h Blank TfR7 /854 AC  BIEHE 11 16 21 61 91 94

0 500 500 500 500 500 S00 500 500 500 500
1 490 410 120 390 100 210 290 370 310 320
s 420 380 80 370 50 100 180 190 220 240
24 330 340 330 8 19 7 50 40 50

le 12 SIDHKOERRA), TRT /851 b, FEOEMRIGEOT > BT H AT
w/h Blank FlR7/384F AC  EEIK 31 37 41 81 111 114

500 500 500 500 500 500 500 500 500 500
490 410 120 450 200 270 300 240 200 240
§ 420 380 80 400 100 100 100 120 120 190
4 330 340 3 290 7 13 10 60 40 50

Table 11, Table 12 IR L2 K& QT X BT HADEREELMN S G EREFICEMNY &
1A TRV RATEIE RO G R, TIERK RO GRS i WIS REZE 7 L7z, TCP,
ICHATREANR N E NS T & LD, RMEMICLZ2WAELD S, EROBROLEIC
L TWaEEZ NS,
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3k 0 RALBEIED 513 TCP, WK 51 HAp 2BMT 5 2 ENTE, IWREE &
BRYOFERIEN D 5 Z RO SNz, BRIIENT > EZT HADER
@) 511, VOC H AGDHBEH ADEAITIHEMNT 5 Z &b ullETRAVMELZ SN

%, TCP THE Ca HHIE® Y > O RAHLBMN — B THEZZ TS (2008 4% 3
) ZENS, BRENRENI EASHMN Y, Hap & TCP ## AL, TCP O Ca %
IS THRE RAGFADTUNY =B E L TERCES %2505, 7
=7 T ADWAERTEERDINTNOHRO TNV 1 b &0 bENWRHFERL.
* Synthesized compound 1-1, 3-1 [&7EME R & RSFEDOWE 2R L2, LLEOFNS, Gkl
7 e T AT AWASHED RO 5 KRG DR KICERWAEN TE SO TIERnMN

%, CNSARMOTEHOBEILT57DIz, 7 EZ 7 HARRGELIZAHK

U. BN SWRAE LT BT HADOBMMOAE, T —=Rw 7 ANET
RIBEEN T THETHIERVBELEI TS,

43




DB
REMUTRERI ENaL HBHEBNETREILC T— 20O MBI, L
NBETTY. AUHOBEE LM ah-7/256, ZO—EMERDYS 2 ENT
Sie ! VBB —2DBAENNIENS (20 A 2 N—T—EMFE-> Tohih
BRAD RO B TRNAZEBVET, ZEASBEI— 20MMEEAYIZLTL
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l';e examined new materials which utilized the host-guest interaction such as correlation clay with
mus and mineral based on the circulation system of the natural world.

« j-: the basis of a theory of bio-mimicry, we chose bio-ceramics as a matrix.

:-___- ave investigated synthesis of a functional material using disposal biomas.

example, in current Japan, the domestic animal feces is produced about 9,000,000t by business
as poultry farming, hog raising, and milk cow.

A little of these domestic animals feces is transformed into manure or soil improvement materals, but
wany feces are disposed.

ence, bio-ceramics was synthesized with hydrothermal methods form carbonized fowl droppimg
_ | fowl dropping ash.

ynthesized bio-ceramics is dried at 200°C, followed by burnt at 800°C  in electric furnaces.

tures of B-TCP (Ca;(PO4);)  and hydroxyapatite (HAP) were identificated by FT-IR, XRD,
nd EDX. The surface observations of these crystals were performed with SEM.

carbonated fowl dropping S -TCP was preferentially formed, while using fowl dropping ash it
as led to the preferential synthesis of HAP

AP is one of the most attractive calcium phosphates and used as clinical application such as
sstorative dental and orthopedic implants because of its close resemblance to the natural bones and
its good bio-affinity and enhancement of osseointegration.

we studied absorption of ammonium gas and protein in aqueous solution onto 3 -TCP
yathe ized compound 1-1, 1-6, 9-1, 9-4), and HAP (synthesized compound 3-1, 3-7, 11-1,11-4,
fommercial), respectively.

adsorptive capabilitics were observed for ammonia gas protein (Chlorination lysozyme) on
esized 1-1,. 3-1. In the adsorption reaction of these the adsorption ability increased in following
Synthesized compound 1-1, 3-1 > Synthesized compound 1-6, 3-7 > Synthesized compound
%L11-1 > Synthesized 9-4, 11-4 > commercial HAP.

om these result, we suggested that the appearance of different adorption abilities depend on the
fifference of crystalline completeness for synthesized compound, thus it seems that the synthesized

dmpound (1-1, 3-1) having the coarse crystal characteristics showed high adsorption ability for
u 10N ia and pmlein.
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