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Abstract

A composite material of silk fibroin (SF) and nano-hydroxyapatite (HA) was prepared by
co-precipitation method using mulberry silk and inorganic salt to solve the problem of brittle
fracture and low toughness of single hydroxyapatite. The composite material was characterized by
scanning electron microscopy (SEM), Fourier transform infrared spectrometer (FT-IR) and X-ray
diffraction (XRD). The tensile tests of the composites which were printed via three-dimension
printer were done. The results show that the size of the HA/SF is about 20 - 50 nm. The length of
the nano-particles with long axis orientation is about 80 - 120 nm. The crystalline state of HA was
weakened by the SF in HA/SF. HA/SF scaffolds were printed by three-dimension printer. Via add-
ing nanocellulose disperses solution into the HA/SF composite, the compressive strength of HA/SF
scaffolds can be 52 MPa which can be satisfied with the demand of body bone. The composite scaf-
folds have uniform pores compared to those scaffolds obtained by foaming, freeze-drying, etc. The
size of pores is about 250 - 350 pm. The suitable concentration of nanocellulose disperses solution
to help to form and increase toughness is 3%. The ratio of HA/SF and nanocellulose is 1:2. So
HA/SF composite can be a suitable bone repair material. Three-dimensional printing is an ideal
process to manufacture bone scaffolds efficiently.
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TR —REBKAHIRA B4R BREESFNE, RAXITREARELN TSRS T 2REH
(SF) 59 KRBZRAEBERA (HA)KME AR . RATMHBEE(SEM). HrH-O4MH6IE . XSTLRATH (XRD)W &R
BB G HHITRIE. RASDITER AR EAMERTEIRE, HIT THEBREFER. §RRH:
BB HA/SFE S ER24520~50 nm, KEZ480~120 nm, FEH—ERKMmEEE, 2
FEASEREMKAEABNL TEEBRANES SRS FBEER 8T LS 3DIT BISREH, &
B P ERE R AF]52 MPa, A A EABERREER.
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1. 51§

B ARG ST B i G IR R 20 B ARV 22 R SRR TR B, AR A AT IAS I - R AR 1) 1
BEBAME. 1ER— MR EREEMERERS U IR A AWAA . EWEE. RPN
YERE. AMREMTELL B S E M. B2, BEMEHNMERES AT B S mEEmEL,
e A REAME SEAMELL & FRL, B R AR, (H AN R R R
TRIE . 5 NE R B M RHE B2 K £ (Hydroxyapatite, fEiFR HA), RIHE & B T A B i )
B HFIEEMEL . N AL R AT B R GURE IR S AR 251, W — & (5 8 43 A AE R iR
L, AR IEBE KA 5 N B HLS AL, B RIFIAEYE, Bt AR R B A AR
e AT I HSAGERMBHL] . HIRPREE = F R 18 8 — R SR A 1 B N 8 2
SREEAR. WIVEZE, BRI T MG R R RS R R . It 9 SR AR RS R o AT B A
H, B s B s T — R R B B U R . D TR AR R 1 1 2R R, RS
PERAR N [ A 55 07 T PR RE SRS AP RHIEAT 26 BN B AT E & AR 7 RS [2]-[8]. 23 EH
(silk fibroin, &% SF)BEREE T, EAPUEEKEN, JUEIILULRENTZNE. 2REAUHR
TP AR E . ARt DL RSB R e RIS AR RUBON AR R AR T R B LR SRR, £E4E )
ERZMEL AT RSN AT R, MRS B k. B STREASUEEMEL A5
FEAE[9] [10] [11]. 2REAEREMAAMNEGICE A, (FIHARES RIE . AT EETEH
13, ZEAEAAES R —, LRSS HARIE[12] [13]. Gk 4R 2 20E TAEYR, e
EEMERRR TR, E R SR, TR, ATFAESERR A 7RSS m T RR AR B A MR T S
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WEo DRI, ASZEOKG HAISF MRS 9K 4e R FIRE S, B PIREVIRE

3D FTEN R — PP BB, e —Fh LB AR SO Bkl G2 - AR vTRS S A KL, I iR 2
FTENR 7 AR IE YA AR . i 3D FTENE R 42 Z s, B2 B M ER[14], wT LB S5 M1l
BROC/NHEAT R, 0] DASEILER 24 AR B Y, SR SCERBR A 1 17 80 i 380 iR ik 422 [15] [16] [17] [18].
[FIE R 3D FTENHI M AEYIAE, Reeii R AR AEVTEYE . D1 ERESE R, HmfLBR M
YSRGS S AT ARG E . M AGE SRRCE B E R, BAERMNHNME. TR,
#%H HAISF K E G4 485, RA 3D FTEIHARM S G AT EN A, A Bilid 3D T AR 5 i
A E R BB SR

2. SCIGER4Sy
2.1 AAESMEF

Fa (W EIESE), BREREN. LS. BEERRE AL ZUKGAITAE, TR BIRETR), IKRFHEE.

S-4800 37 & SHAF A (SEM, HILA R, JEHE 0.5~30 KV). D/max-2600PC %4 X 5 254 A A7 4
X (XRD, 2=/ &), JIE HLE 45 KV, 20 39375 : 5~125%) . Nicolet 6700 7 {# FLIH- 25 e 21 A4 (FTIR,
FEFEBR KRR AT, 4000~400 cm™, 3EEER 4cmY). CMT-10 J3 BEARHAIGHL .

22. PR

2.2.1. 43K HAISF &+ RHEI&

F AR R OGS, B TIRE A 1%H) Na,COs KiaW &0 30 2v4h, fiaEn, R
JaH 70°CZAWKIGE T, 50C MEEF, RIFLZRA4. B2 RLBEMAAPERE N 1:2.8 1)
CaCly:C,HsO:H,0 [ =¥ H, 75°C T FRAsEHE 30 /0 h, EN1E3 2 R E RS AWR. BB RRE —8d
H 500 =AW, H, BFRECERR P SEMES I Ca BRI N 6:10, /KR 75°C, LS 30
R, RERIL S MBI 2R E DR, AN ZUKIAT PH B2 10, RN 5EHE R =R
E, EMN 24 AN, SNSRI, M EETKIEERZ NG, WBMUTEMIRELE 50C g, RE
2 REAYPKREIEBE KA E AR HAISF, H gk R mi K A& 8N 70%.

2.2.2. i3 HA/SF B&E 2L 3D #TED

s HAISF By R 59K e R HORIR &, AR 1.2, PUKRGAERIKIEZS 08 1%H 3%,
I SEHL CAD Bt iRy, fRA7 N STL AR, SRJ5- 5 3D FTEINLH, KEAFT ENVE B AAT ENHLEH
BEATHTED, STEDEEAN-20C . STEDRALS, AR+, B CSH4THIR 10 mm x 10 mm x 5 mm, AR4=
RS, BEAT SR SR

2.2.3. PHRIEORIE

FHIL S-4800 37 K S AR BT HAISF MM RTESREFIE . RAI %% D/max-2600PCX 52k A7 51X
(XRD) 734 HAISF AT HA W44 S AR W0 40 45 749 « % ] Nicolet 6700 78 e B IH-25 42 21 S8 384 (FT-IR) 43 47 SF,
HA 1 HA/SF AN ERER], DIRF 22 3 & AN R 3L K A A S5 M 52 . R T REAPRRR IS L4
B0 5 5 A
3. HR5HR
3.1. SRS

1(a) & HA MR R BB IR, BRI R4 HA MR TSP AR 454, Rife 2y 20~100 nm,
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KFEZ) 5 50~150 nm. ] 1(b)/& HAISF S& MR AR B IR, #7465 10 HAVSF Fitks S I R 40K 475
Y, HA—E BRI A, ORI A BN A), Kifg 494 20~50 nm, K JE4)74 80~120 nm. SF
TRRAE CaClLyE W, T Ca BT HIfEH, 2iKEEIM R R AERA, ITCHILR BIEAS N SOTFAT 3T,
XFEHETE 2 1) OH-. COO-% 55 /KB #a ok, EN I SF AWEE S UL 4, HA kS
AT 4E b5 ORISR KPR 45, T DA SF e 4E % A= K [19] [20].

10.0kV 8.8mm x100k SE(M) 500nm

Figure 1. SEM images of HA (a) and HA/SF (b)
& 1. HA (a)F0 HA/SF(b)RIF3EFE S RZ SR

2 4 HA (2)F1 HA/SF (b)fa# Hi e EDS gl &, & 1 24 HA (a)F1 HA/SF (b) I RETE it 73 # . ]
DAE H, PRk At R BB R, a f b & b B BRI AR D B A, b Rk BR T LA
RSN, WEIN T L RE ARG, WE L b BRSBTS LA BT, X R T
REAMMA, Z2FHEAPESA N LR, ATEEED, HAMETRD, FFFEAiridhk, &
B A HARI 4T o

P Ca P Ca
! !
3 ;
z z
2 iz
=
Ca Ca
0 i 2 3 4 s 0 I 2 3 4 s
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Figure 2. EDS of HA (a) and HAJ/SF (b)
2. HA (a)F0 HA/SF (b)) R B REIE 247

3.2. HEMLISMESH

3R FIEN, BRI AL HAISF B &M RHNZL MG . 3650~3100 cm & OH AL %
X, B a. by c LR fe i X A i, i My 3280 em . Bl a4k 1628 cm Al ¢ ik 1630
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cm AL AR C=0 HRERIIRFIEE, Ca®"t5 SF IR HLRIL AN 15 F R BBt i, iy ELIBG 25 2 [ A
TSR, ARSI AL 17 = BeBOT 7 R A T g [21].

Table 1. Composition percentage of HA and HA/SF
F* 1. HA F1 HAISF TR &2 XL

HA HA/SF
T HEF JETE L HEFrH JETH L
5.06 9.17 7.92 13.94
(0] 44.55 60.58 43.84 57.93
P 18.19 12.78 17.33 11.83
Ca 32.21 17.48 30.92 16.31
B 100.00 100.00 100.00 100.00
—:\,_ W
3276
1628 -
1505 1226

Intensity (a.u.)
//ﬂq
/

1630 1425

HA
HA/SF 1022

T

T T T T T T T T T
3000 2500 2000 1500 1000

Wavenumber (cm™)

T T
4000 3500

Figure 3. FT-IR images of SF (a), HA (b) and HA/SF (c)
3. HRREEMLIINEIES T

3.3. X G fTHY

Pl 4 R e IR (AT S G E 0 25.9° (002). 31.9° (211). 40.2° (310). 46.5° (222). 49.2° (213).
52.4° (004)F1 64.4° (304). HA/SF [KT i U6 5 ¥4 Bl A IRFAE I IR AR — 3, (HR T 200 2 U A= o HL
%, JUHSE 25.9°H0 3L.9° ML, X UEH] HA/SF b HA 25545 IRAS . REERMTALREA SRIEHIK
FE AT T BRI IA 4 IR .
3.4. 3D ITEPRREY

5 4 3D TERM HAISF SEMRSCZEHERBRER . &38R N —, RPN
250~350 um, LR, 150~500 pm (LR AT LA S0 TR [22] . SRS R T1iE A 2258
IPIEAH EE 3D T ERHE AR AT DA SCEL PR FT BN Rl 28 , FLIR R mT 4 , 0 70 i) it 45 44 52 4= (1 8 S 28
BB I R AT R
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HA
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Figure 4. XRD images of HA (a) and HA/SF (b)
& 4. HA (a) #1 HA/SF (b)Eg XRD [EiZ

/g

10.0kV 9.1mm x30 SE(M)

Figure 5. 3D printed composite scaffold
[ 5. 3D $TENE & #E ST ZRA IR SR E

3.5. HA/SF E &M ERE

FT5 REAFRHRIR LT 3D 3T BN AR S 3 AT PO SR M. AOKREFERIRIE N 1%0, HUHsREE
39 MPa, ZUKLF4EZRIKEE N 3%KT, HiEIREEH 52 MPa. I T 4K 4T 42 B B & (B 5 2 R v 1)
MR, i AGUKREF 4RI B R, HA/SF SCZR IR S i 2 . 53— 5 iR o SF 11T B
PrEREHEIREE, MBICMLIIN SF A ELF I APERE, ZHEMETER HA 12 PE RS 214, BERS
B RIPUR R [23] [24] RN, PR ST 10 MPa I BT £F & A HTE 0mEE f 75 5K [25] -
I, AR 3D 4T ENEOR S % (¥ HA/SF ARG B2 T-E B k.

4, &5ig

AR IR YT 5 A2 Sy 20~50 nm B9GPK LI HASE SLAFHEL et SE R ELURFAT f
PIRANIEAE, HEAPRAGE TR RS . HAISF T HA 23545 IRE . XEBRETFAREN
SEHE AT TSI T HRIEREACAT 1045 SR - 3D 4T BRI LT ER PR R NN — I S,
FLARLA 250~350 pm,  HLHURHIEITIAE) 52 MPA, FUER/DNBIPHERESIS B FTH R,
U, AWFFUCRH 3D FTENEA % 1) HAISF M RGBT H LS 46 R
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