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ABSTRACT The influences of the component proportion of collagen on the total porosity, open poros-
ity, shape of the pore and mechanical capacity of engineer scaffold materials PLA/TCP/Collagen(PTC),
prepared with supercritical carbon dioxide (SC–CO2) fiber bonding technique, were investigated. The open
porosity of the PLA/TCP/Collagen scaffolds can achieve 82.81% which was 25% higher than that of the
PLA/TCP scaffolds; The diameter of the pores was 200–500 μm and there were many tunnels among the
pores. Collagen fiber can maintain the network shape after SC–CO2 processing and can be evenly com-
pounded into the scaffolds. The compressure modulus and compressure strength of the scaffolds decline
to 1.17 MPa and 0.17 MPa respectively when containing 6% collagen.
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12��60+�/ CO2 (SC–CO2) !"?�$�
%��������� [12,13]. /1��$7%�4
!78����, 9!*,��@�#3�>:, �

A��27�8##+, /B425!,���+2
9:. /�, �6�������27�7"-C8
;?���� [13], @*,� ,4$-�##+
�/:D;E<-F9A9�<!GBH+���
�� �� [12]. 1+�A�� ���6735�
����43�, !C,�;0��:�D=�;
I�EF [14].

=G9!>3�5HG4�(3#<4�!78
4, @�.=I�;�67!>?�#@5/ [15], =

G <0�A4>%BJ0 SC–CO2 C"�8K"
�J. 41, 6;.=G�$%L?, / SC–CO2 <-

F9A9��$6735����, ��=G$%D
0�����K�A�� ���@0MN.*��A
�4-�25, .*=G$%0���� ��=.

1  !"#
B10#� 8:2 � DL–PLA(Mn=1×105, E?

80 �) F@��� TCP F@ (E?, 150 �, �O>)

��@10�A� 2%�4%� 6%�=G?@$% (I

"=G, 300kD) G., /�A�B, (IKA HC) +

D�BCÆ. BG.DL�F@M, NPM<O
E , PB<OEIJ, 0.5 L �+�/ CO2 "Q

K<OL FM. /�)G$B CO2 )HAE�.

?, /RB'-ACA 20 MPa, D2�$Q 36 EF

G 30 min[13]. *N<-F9A9 3 ,, F,F9�

H7- – $- – 7-I, IOJ� CO2 7EP��

(LNPRSG2<OL .F,7-�$-�QR

4Q� 1–2 min. 3 ,F9N, MTG"H, K O@

SI, 2 min JJ<!"+, 9J���� [12].

B����KKLLN0LMMM (N6NM

JC60X ") ?TNOOPMN�HUPINU. B�
�/9DQS�O, RS, V.G TUN0V�GVM
(QC Carl Zeiss Axioshkop 40)?TN=G0���
� ��=VP. /W"TF��RJ�����K
�A�� �S��.B����R , X3Q�
+ (n=3), /W"TF�W (RYST8UZTF�
�OW ACCUPYC1330) RJ�A� [16,17] (��K
�A�� ���S��), .W"�U1"+4 [18]

/HT�<"-IRJ�. WX��F�3. TCP F

�� 3.14 g/cm3[19], PLA F�� 1.26 g/cm3[20] [X

UJ ("[#��-10). K�A� Ptotal� ��

Popen �S�� Pclosed ���

Ptotal = (1 − ρapparent/ρmaterial) × 100%
Pclosed = (1 − ρreal/ρmaterial) × 100%

Popen = Ptotal − Pclosed

Y 
ρapparent = Mmaterial geometric/Vgeometric

ρmaterials = Mmaterial/V

ρreal VW"TF�W (ACCUPYC1330, US) R

U, 10 M V�OYZVU, +\ V VWWVXR
0N[XUJ.

B-."BD0=G PLA/TCP/Collagen ��
���R] , <Z�Q�+ (10 mm × 5 mm ×
4 mm, n=5),YXY^WY GB/T 1041–1992��'

/[-WA, (N6ZX SHIMADZU AG–I ")  
R+-\[0�-\��. R+2�� 12 E, \�

Z 70%, +]D�� 5 mm/min. ]��0[MZ,
25% [�^_, 14��`�-\��\]��0[
M 25% a<!^_, 3[M 25% 4���`�-\

��.

2 $%&'(
2.1 PLA/TCP/Collagen )*+,-./0,1
2

<!^b=G PLA/TCP ����9!NM"
�, ��<Z� 200–500 μm, D/>�"��S.

� (_ 1a). PLA/TCP/Collagen ��������
200–500 μm, 1/_\=GD0�Eb, �0A0E
� (_ 1b–1g),] :@cTMYTNNd#`../

��0M^]"DL�"X3^N, 0 PTC ���

0[QJa�!�HUPINU (_ 1b�1d�1f  Z
b), 276G6!-MS��0. HUPI�M !
[, SC–CO29:?<-�F9K"@O", �0$
-@O-E5 PLA �<-�J�J" [12]. B4,

=G$%0 SC–CO2  "�8K"�J, 9!L?�
��5/, !C,HUPI�M . ].HUPIcO
!C,H+_������e74, H+ ��, 4
1!1,�;�$=�;I�`d31�\f*^e
_3�JJ. /�, =G�3,f��������
+ ��736�����-\[0���.

0gT�,D 2%=G���##�F (_ 2). _

\���� =GD0�Eb, ���0Eb, �0

�7h4Eb, D 6% =G���9!`G�gaN
U. ].[;�V PTC �a-.�� � PLA $
N5/�TCP E�5/*=G�$%L?5/hB
]J�. 0+�/ CO2  , PLA -i`��J, B6

��=DL� TCP �=G^F�$N0 b, a"

+JJNUA�F���NU. /�, V,=G?@
D!<0�>%A4BJ, 0 SC–CO2  C"�8K
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3 1 _bj`bic PLA/TCP/Collagen =6��c SEM cc
Fig.1 SEM photos of the PLA/TCP/Collagen scaffolds with different contents of collagen (arrow heads

indicate the tunnels structure) (a)0% collagen, (b) (c)2%c ollagen, (d) (e)4% collagen, (f) (g)6%

collagen

"�J, 0 PTC ��� =GbA �$%L?5
/. <._\=GD0�Eb, L?$%E�, TCP

@ PLA #Oa�, ' PTC ����0���`G

�7h.

2.2 )*d456789e
���� 1U�d��=G$%, =G$%�
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3 2 _bj`bic PLA/TCP/Collagen =6ckljk
Fig.2 PLA/TCP/Collagen scaffolds with different percentage of collagen. (a)2%, (b)4%, (c)6%

=0����dP�, =G�l�@@e���0,

mbfQS<n` (_ 3). =G$%bE SC–CO2 L

LNeFG\$%L?MN,0 PLA/TCP/Collagen

�� �=#�DL. ]O`/ SC–CO2 �J�$�
�Gf��!#?�-.cd. V,G2<OL[
�c/�B,�G.3Go�d�R]�CÆ, TCP

� PLA F@DLg�d0=G$%�L? , !1
,�� MNm6�0���� �DL�=@�
00���� �DL�=, '�����A�4-
DL�=. PLA0 SC–CO2  �J, Bfd�=G$
%H$*Ib�, KB TCP IJ0�%�� , h1

2 6*,$%$*�<p�!,��,/"nJa

\�-.4Ja�ij�Jeaq.

2.3 PLA/TCP/Collagen )*d48:;</=
>?@

O 1 �_ 4 oJ6D 0%, 2%, 4%, 6%

=G� PLA/TCP/Collagen ����� �S�
�. .=G�L?, TCP E�, PLA $*1M 
PLA/TCP/Collagen����. =GL?�b2!C
,�0Q�e7, H+6K�A�� ��. b2 2%

=G,K�A�� ��D<!`G�H+; /� 4%

.��=G4, K�A�� ��8!#<�H+,

1S��!<?7. b2 6% =G4, K�A�CA
6 88.38%, O  ��+C 82.81%, #<b=G�

3 3 PLA/TCP/Collagen(j 6% _b) =6cgchirc
Fig.3 Photos of dyed slice of the PLA/TCP/Collagen scaffold containing 6% collagen. (a) ×50, (b) ×500

g 1 bi_bj`c PLA/TCP/Collagen =6��cfg (hfsgklfgphfg)

Table 1 Porosity of the PLA/TCP/Collagen scaffold containing different percentage of collagen

Percentage of collagen/% Ptotal/% Pclosed/% Popen/%

0% 70.50%±2.31% 13.00%±3.33% 57.50%±5.34%

2% 73.30%±1.98% 11.18%±3.65% 62.12%±5.08%

4% 82.43%±2.17% 9.51%±4.13% 72.92%±4.79%

6% 88.38%±2.26% 5.57%±4.23% 82.81%±4.87%
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PLA/TCP �� ��+i 25%. OG4�=G$
%0 SC–CO2  "�8K"�J, _\=GD0�
Eb,"�$% �E�,5�L?�B6H��IE
�,15�$* �� PLA#Oa�, '�0 �E
�, h1H+6�A�@ ��.

/<-F9A9��$^b!=G$%�
PLA/TCP/Collagen ����, !!cH+���
K�A�� ��. /�, _\=GD0�Eb, ��

��-\[0�-\��`G73 (O 2, _ 5). m

=GD0� 6% �4, -\��?7A 0.17 MPa. O

I�G4!: =G�A�4-#n [21]; _\=G$
%D0�E�, �����K�A�� ��!#<
�H+, '_������OA:<0a�, o�-
\��73. B4, =G$%�b2��A��H+,

3 4 bi_bj`c PLA/TCP/Collagen =6��
cfg

Fig.4 Porosity of the PLA/TCP/Collagen scaffold

containing different percentage of collagen

g 2 bi_bj`q PLA/TCP/Collagen =6ctuj`ptukrciv
Table 2 Influence of the proportion of collagen to the compressure modulus and compressure strength

of the PLA/TCP/Collagen scaffolds

Percentage of collagen/% 2% 4% 6%

Compressure modulua/MPa 38.17±1.65 7.53±0.92 1.17±0.61

Compressure strength/MPa 3.59±0.25 0.96±0.09 0.17±0.08

3 5 _bj`q PLA/TCP/Collagen =6��ctuj`stukrciv
Fig.5 Influence of the proportion of collagen to the compressure modulus and compressure strength

of the PLA/TCP/Collagen scaffolds. (a) compressure modulus of scaffolds, (b) compressure

strength of scaffolds

'���l4H+j�?7, 41-\��_[7
3.

3 $ (

/ SC–CO2 �$.=G$%�L?� PTC �
���, �0[Q�HUPINU!C,�;�$=
@;I.*`d31�\f�^e_3�JJ. m=

G$%�^b0� 6% 4, ����� ��#"b

=G4<Z+ 25%. ^b=G$%' PTC ����
�-\[0�-\��GB?7. DL�=, PTC

���� �=G$%L?GBgH+6����
� ��.
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