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Abstract
To improve the mechanical properties of hydroxyapatite (HA)/waterborne polyurethane (WBPU) composites, the
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hydroxyl group of HA was modified by urethane reactions: the hydroxyl groups of HA were reacted with aliphatic or cyclic
diisocyanate, and then the modified HAs were extended by adding polyol and/or €-caprolactone. Composites were prepared
by the prepolymer process method: the modified HA was directly pured into the urethane reaction of isocyanate and polyol.
The properties of modified HA/WBPU composites were investigated by thermogravimetric analysis, tensile strength, and
water resistance. The results showed that the reactivity of aliphatic diisocyanate to the hydroxy group of HA was faster than
that of cyclic one. Comparing to those of pure HA/WBPU composite films, the thermal stability, water resistance, and
mechanical properties of the modified composite films increased with a degree of modification of HA.
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A7) 25| A8 =37 It De Groot, 1986). 1 5
NN &= HA/ALEAES A= 82 FHold 7k
W Eg 2ol golsto] T At7F AL glont
23 24 ¥7] flote] #A7t EAMIg R Fa
3t sjAzAe] shfolth. H27bA HA/polyamide
(Wang 5, 2007), HA/poly(methyl methacrylate)(Liu
=, 2004; Walsh 5, 2004), HA/poly lactide(Shikinami
2} Okuno, 1999; Wei2} Ma, 2004), HA/polyethylene
(Fang 5, 2006; Zhang 5, 2007) 5 HA7} =% 11
A E g Eo] T theFe 977} Aol ShAut
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A& A 23R 21, Lee 5(2007)-2 e-caprolactone
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of| 5l HA 9] 4Hd ol ?HAI7} ik

EA AR F E2-H S polyurethane, PU)-2
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= B clay YA F oL SHA] AR of) what kA
o &3, 7IAA B4l FE= Aer UEHT
(Son3} Hwang, 2008). HA/PU £ A|Z0] §lofA]
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4 4'-diphenylmethane diisocyanate (MDI, TCI) 2}
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Aol A3t e-Caprolactone (CL, 99%)-2
AldrichA}l, HA$} triethyl amine (TEA)-2 JunseiAlS]
Aok ARSI Polyol-2 poly(tetramethyl adiphate)
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glycol (PTAD, Mw=2,000, Aldrich), polycaprolactonediol
(PCL, Mw=1,000, Dow chemical)Z AME-5}911, =
oA 24 dibutyltin dilaurate (DBTDL, Aldrich)2}
stannous 2-ethyl-hexanoate (sn-hex, Sigma)E AN-
3}4ct 8| 2= dimethyl formamide (DMF, Junsei)
S AN AT EE ] A7) Hols
23l dimethylol propionic acid (DMPA, Aldrich)<2}
n-methyl-pyrrolidone (NMP, Junsei)& AR-3}$ch
Sdet AREARA|ZE ethylene diamine (EDA,
Junsei)& ARE-SHRIT:

2.2, HA 7{&
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2}A=0] Table 1] UERH $1eF S & HA, isocyanate,
DMF 9} DBTDLS g1 70 Cof|A 3A|7F 9F-3-A1 %
t}. o710 PCLE F41kaL 70 CoflA| 3AIF & BE-
AA SeE ASg b -OH wekel Ajam
HAHA-2, 3, 4, 5)= 3MJ5}AtkScheme 1). o] <]
2 ¥-3-% 53 HA 7j82 Eeki=o] HA9 CL,
DMF, sn-hexE 21 150 Cof|A 641752t HFS-&
Z3Ystiet. vk &, ol AR ez 2447
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£ dAEe7|2 FE53inh 7 E 2HE-S DMF,
THF, oM[EC= 423] A|H5te] Zh5 o]axAlop|o]
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Table 1. Recipes for modifications of hydroxyapatites

Sample Composition (molar ratio)

code HA CL 1IpDI MDI HDI PCL DMF
HA-1 004 - - - - -
HA-2 004 012 - - - - 410
HA-3 004 - 012 - - 004 410
HA-4 004 - - 012 - 004 410
HA-5 004 - 0.12 0.04 4.10
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Scheme 1. Modifications of HA.

it o] e HAAS] #4ibd& glstr] 915t -NH, C=0 %], PCL ¢] CH,, CH u|59] A4 =
energy dispersive x-ray spectrometers ©]-85}o] Ca AEF HE Ast 4= 9ick HDIQ PCLE HH-A| 71
mapping ©|u|X]& =45}k HA/WBPU 252 7| HAX= 2925 2 2860 cm™ HLoj| 4] C-H A1&A% 1

A2 EJ-& universal test machine (UTM Shimadzu 37} Yel=t) o= HDI®} PCLof| 22314 CH, 2
SES-1000)2 0]83}0] ASTM D4129f 2]73}e] 50 o] i v AlS e 2R E 7|Q1H Aol
mm/min®] Q1AL E T 2A3lgon 2|4 53] o|A} T3} 1570 cm™ ©] NH 3.9} 1735 em™ 2] C=0 7] 3.
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3, Znt o o A olaAloplo] 29| A7} HAS] QJAH Ao

o] o3 PCL} ¥-g5H4] %3k 2+ NCOR whetict.

HA| 7} of35 Slelsy] S8tol FI-IRS 24 HAS] o] nh2 44k QPA A4S SRlshy] Slto]
5101 Fig. 1ol LEpigick ¥ ol FI-R 2215 HAWBPU B3HISS FUobl SRHlms: aue
ol ol4Alobllo| 20| NCORFCH W, $aste] 3, 3% et WAjsto] AaRTE Bashc A2
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SHA] b2 HA-12 347 2] Aol HA ] xde] o
OofEAIRL 7HAHE HA-2, 3, 4, 5= 3ol Aue A
@/gol o] ghket. wekA isocyanate, e-CLY}
PCLZE 7} % HA-2, 3, 4, 5= HA-19] H|3}o] A
o2 WBPU Aol 24k /o] ==
o2 UePdth(Fig. 2). 5, 71&Rksof ofsf HA
2 f7l=e] 81 Ee PUANOof| A5 21-8-20]
e otk

HA-HDI-PCL
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Fig. 1. FT-IR spectra of hydroxyapatites modified by
different chemicals.

L.

Fig. 2. Optical images after 3 days of well mixed
HA/WBPU solutions.

WA HAS| §7]1% SE B4517) 9istel TGA
£ Z4eloa AU Fig. 3o etk w4t
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3+ HA-3-2 2k 5 %, MDIZ 7§&3F HA-4= 9F 6 %,
18] 31 HDIo|| 9J3)] 7§18 HA-5%= oF 14 %= 714
W2 frlEo] et Ao = eyl oegt A4
= 18y F2E Ad IPDIY MDI Ht} A+t
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Fig. 3. TGA thermograms of modified hydroxyapatites.

HA 2] 7l o] o3t H3kA] WollAl HA S| #AFEA
< I flell SEMZ o]g5to] mihH 4l Ca
mapping A3}= Fig. 40| Uelfiglch HA-1/WBPU
EA) EQI ALY 5~15 imA = F7] 2 HAZ}
HEH O R SHE ] 95 HolH Ca mapping ©]
n|2]Q1 BoflA] Tg&ks] gHateth v ZiEE HA-2,
3,4, 5/ WBPU E3}HA| 521 C~F2] Z¢-, HAV} &
A A7)0t &3 4= A9t BlwEkGlS w HAZE
iAo FN 2 FUsHA EEE O] Sl As
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Fig. 4. SEM images of HA/WBPU composite films:
(A) HA-1 4wt%, (B) Ca mapping of A, (C) HA-2 4wt%,
(D) HA-3 4wt%, (E) HA-4 4wt%, (F) HA-5 4wt%.

HAZF ¥ste] w2 HA-1/WBPU =349t 712
HA/WBPU 534 BE2] gy HalE 45|
913l TGAEAS Y519 o A= Fig. 50 Ueh
otk HAGRFO] 0~5 wt%Ql I& M= 270~290 C
Hel oA 5 Fa7F AREIQAL 50 % A5 A
ew= HA geFda 217 0 wt% (383 C), 1 wt%
(389 C), 2 wt% (397 C), 3 wit% (402 C), 4 wt%
(404 C), 5 wt% (410 'C)= HAS}EFo] 27|85 1)
Ao w yagol 5716kl WBPU Kt} HAZ}
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T FE ZeR Yehgth HAX7b| gt
HA/WBPU E3HA|9] a4 2 =2 HEdS
7 HAZF WBPU Wof] g5 =] QA o g
= BAbEo] Q7] mhEel Ao ® whahEch A Aof uf
£ HA/WBPU E3HA| 52| W4 HstE v|ast

7] 918 HA &tefo] 5 w% <l HA-1, 2, 3, 4, 5/WBPU
Bol) W20| TGAEA ATKFig. 5B)= | HA &
2F 5 wt%<1 HA-1, 2, 3, 4, 5/WBPU E3Hy| 9= me=
315~325 C WlolA Ao Hdart A= AL 50
% BT Id 2= HA FHEE 22 HA-1 5
Wi% (410 C), HA-2 5 wt% (413 C), HA-3 5 wt%
(420 C), HA-4 5 wt% (418 ), HA-5 5 wt% (423
)= Ll 712 3lepo] 7M Bhe HA-S7E 7}
) By BE| haiol 7P w2 HoR etk
th 4 HAS Z716HS off Hot 7HaE HAE 3
71k A9 o] At oz Zrtsigl=dl ol
3t Av= 7§ %E HAZF WBPU WjollA] FLsHA &
AbElo] Q17 wfiZoltt &, #AMY &2 7iEE HA
o] f71=2F WBPUZHE] A3 2Hg-2lo] 9155 2fn]
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Fig. 5. TGA thermograms of HA-1/WBPU composite films

with different HA-1 contents (A) and 5 wt%
HA/WBPU composite (B) films.
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oko HA7L #71E HA-1/WBPU E349] Q47w
7 7V W) Lelstet. M) HA/WBPU S37)

AFES HARS 4 wi%S 7102 S7}stch sk
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Fig. 6. Tensile strengths (A) and elongation behaviors (B)
of modified HA/WBPU composite films.
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Fig. 7. Water absorptions of various HA/WBPU composite
films.
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