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Abstract: Functional ultrafine fibers of polycarbonate (PC)/TiO2 were prepared by electrospinning of

PC solutions mixed with butyl titanate for possible anti-bacterial applications. Three different mixture

ratios, i.e. 9:1, 8:2, and 7:3 by mass between PC and butyl titanate were applied. These fibers were then

characterized by scanning electron microscope (SEM), transmission electron microscope (TEM), Fourier

transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). Furthermore, anti-bacterial per-

formance of the nonwoven fiber mats on escherichia coli was also measured. Experimental results show

that when the ratio of PC and butyl titanate is 9:1, the resulting fibers are most uniform with least beads

on the fiber surfaces. When this ratio is increased to 7:3, however, as high as 87% of the escherichia

coli bacteria are killed. The present work demonstrates that an attachment of titania into PC ultrafine

fibers leads to a significant improvement in their anti-bacterial ability.
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408 5 4 = : x � 22 �=R��{�uM�.$w���`� [3], �Q�>t���t�=T�7w*Z
${�4by��������>t	�7�:���E�2j>8v���r[t4%���8'���?<

Gibson � [4,5] ��8�C��L?<�4Q�C_.���^nIqQ�; vE�4�	���#.
X(f�Cl?<��CL,�^tb�(-T9z�/!tj��Q7*[����>� H4e4���{�uM#.
1:bQ� TiO2 �.�^):%b��ryhm>�	�o fj��Cv"�\�9 /TiO2L,Qo E [6] �uY'DU [7] �)ÆE [8] ����tj=T4�z'.�P [9−11].`Æ.Æ�kCC[�����;{QbQ#�e�� - hhm�VEL,�{�VEL,/bQr�v"=T [12−19], QCl=T'.��70
#[Æ�d#FQ8 Polycabonate (PC,�)/Polyurathane (PU,h)L,�v"�2`9}��QCl=T'. [18]. $d#��k*7sv PC>,p�1�*Æ���B.z�CfC[v"8
PC/TiO2 VEL,�2�f8��Ætjt TiO2�47Æ�L!
(��v"�I�4fj?<�hI�4
	0ztj�fjPÆVEL,_�"82
���.:uo ?<��Æ����VN{�?A

2 j�BA
2.1 9^�|p1 (PC,KP30) n�-�tNm<4Tj

Z N,N- 3L2L.� (DMF, F;h��4
≥99.5%, -�`j d�S) �i�%& (THF, F;h��4 ≥90%,-�%e zVE4Tj
) *Æ�#(�E (�9(�4/6). ,p�1 (Ti(OC4H9)4, zh��4 ≥95%)n�-�%e zVE4Tj

��ss=7 HÆ a)PC ��ÆZ 14wt%PC�.� DMF/THF(�9(�4:6) ��Q�1�>Y
110◦C 
UHJ� 8h, ^ 0.5h �7=Ji`��H�_F�i� b)PC/TiO2 ��Æ�,p�1> PC�y�7Æy4( (6:4, 7:3, 8:2, 9:1) �J,p�1p PC �� (�}v"�L, PC > TiO2 �y4(F/N 6:0.9, 7:0.7, 8:0.5, 9:0.2), Qi`�	{`�
0.5h, nY#%�3"���".

2.2 �3�Cu�N 19G 
5^ (g~Æ 0.65mm, �

~Æ 1.1mm), B. BGGn��|4;	 (�sS6���I) N;\|n�z��WZ-50C2 l#4
5% (℄[zz�z�	4Tj
)h��ufB�(�q�v
�CD℄F/(Æ�| 23kV, dY}'uf��' 12∼14cm,�l 3.0mL/h. �C�["{1)�vQ 25◦C �7�X.>)( 40%∼60%.

2.3 �e8�L,�{v-Tule*�B. PHILIPS XL

30 l"{(U�| (ESEM) qJ�-TnL�Jl�|( 20kV. '. PHOENIX j�F;� (Oy�
EDAX) F;�{�DkYF
�CB�.-T�4|_�� X;24�CL,�. JEOL JEM-

1230l�5��N#| (TEM ) qG}bL,�}
TiO2 hm�Jl�|( 80kV.'.��u� (FTIR,

Bruker EQUINOX55 l) "tF;L,��F�o�9�"VEL,{ TiO2 �qQ
Q 6.10kHz (Ul)H	� 500∼4000cm−1 ���=X��
B. Rigaku D/max2550VB3l X5V�5�GV?<� XRDu��� CuKα5V ( λ=0.15405nm)(5VH�d#�|( 40kV, d#��( 100mA,(U`)( 5◦ ∼70◦.'.zRWÆ (8099, ℄%R"t) GV�C_��Æe|
Z�CL,_;Y φ2.5cm �Gn�DZ AATCC100 =7�Z�{s:�>�VÆ�q�W2Q��Æ (PHILIPS TUV 30W,235.7nm)H 60cm eVÆ 12h �".
wRÆ�o)(
(5.0∼10.0) ×105cfu/mL�?Q�#(V�.Æ��F/� 0.2mL �JQ�{-�s:VÆ|W{�Q
(37±1)◦C �X.>) RH>90% 
UHq� 24h. N_�{ 3 k|q�F/D# 100mL ��{�_F�M�����d�:)��hq�2{�Q
(37±1)◦C Hq� 24h �� GB 4789.2≪C{.;#;9zQ�ÆJ�℄G"�=7 ≫ G"��{�,Æ℄
�ÆEFqjI(Æ

R(%)=(A–B)/A×100I{Æ R— �EÆE (%), A— }C PC _|�'XÆ℄ (cfu/ x), B— �C PC/TiO2 L,_|�'XÆ℄ (cfu/ x).

3 RJLp`
3.1 �bq�E{F��[{�TOV7Æ TiO2 m^>7Æ PC�E�C PC/TiO2 L,
B.3BL�#�EB�
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3 � �^W����{o0 /TiO2 UDJ*�u!<,b 409

� 1 6
x3' PC <+o�0���Bu!
PC/TiO2 SEM Yw
Fig. 1 SEM images of electrospun PC/TiO2

fibers with different mass rates of PC and butyl

titanate

(a) 9:1; (b) 8:2; (c) 7:3; (d) 6:4; (e) 10:0

� 2 PC/TiO2 J*� TEM Yw
Fig. 2 TEM image of a PC/TiO2 fiber|A PC(15wt%) ��t 
I)m}mC	K�	Tra��~�+ 15wt% . 12wt% 
 PC(2AK�) ��;5� TiO2 l℄.*n�/)���	d�`+�A�

� 3 PC/(TiO2, (9:1) J*�i��
Fig. 3 EDS view of PC/TiO2 fiber coated with

carbon�2R�� [21]: PC �+ DMF/THF(4:6, �7&) )��D�n' 14wt% ���A
za���
7�`�v�v+5� TiO2 l℄;�)��rAd
	�r
C'a��~ad2�`��Ad���'td���|�+�I*n�/;5�A PC/TiO2 I)�
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410 5 4 = : x � 22 �� 1 L01~E9O5�n'r&�t 
�AI)
 SEM �v��R�|A�� PC I),aOax�
7 (� 1(e)). O�A~Zz���
U'x`;�
7
M92�xpA [20], ���U'a����
7
aOACax�02*n�/I"����U'O�SI��
7
m
�VlFm)&Agm�m�-�	��+Ss�
I) [22]. v�Ow2& 9:1 ��I)mKa|A PC 2�xS* (� 1(a)), 0#M2�
7�|&*n�/5hmo�A�v�s*n�/I"2SI���
�Ar�V\��vt 
I)mK�Vl�02�
7 (� 1(b)) ��a/�
7
(� 1(c)) ~*��w2&& 6:4(PC/ *n�/) �+O&�t (Electrospray), -mXI) (� 1(d)).

TEM(� 2) XvMJ�0w<9
flK O
TEMXvz�RXMEHO℄�08L)A�5h�e TiO2	KE8OI)zi.g:��z*X6
TiO2 
m}& 69nm�5��m}E805	K�aXOg:pO~*~Z�� 3L PC(TiO2,9:1)I)
h���j�
	y�+6tzd(�TiBj
pOeXt a6��2 Ti ��7
 PC/TiO2TCI)�
3.2 MusfCz� 4 & PC <5��2 PC/TiO2 I)℄
�����E.O 1770cm−1(C=O), 1506cm−1(C –C)
 1164∼1238cm−1 (–C–O–) aO6 PC 
�a<WH�2965.06cm−1(2975∼2950cm−1)
<WHL08
–CH3 5,W C–H6u_##�
��,W6u_#�q 2868cm−1(2885 ∼2860cm−1) <WH� TiO2q�
+S Ti–OS6u_#
)__#M9
�

� 4 aU
�����
Fig. 4 FT-IR spectra of various PC and PC/TiO2

fiber samples

aHO 473∼659cm−1 9$f�l� 4 ��a�`
PC/TiO2 	yO 663cm−1 Qp	aO PC ; TiO2
N�H�~|A PC <9zM2aO�aX5��2
 PC/TiO2 I)z�2 TiO2 �-�
3.3 XRD Cz� 5 L PC <�A PC/TiO2 ℄
 XRD ���&a�g� PC ��℄M2fqrh��A�O
2θ=22.8◦ daO� �'
�3H�aX�A℄�2� fq' [12,23,24]. �w2&& 9:1,8:2 ���3H
IM$�08 TiO2 -u+.�&4 kfl�aXO2�I43 TiO2, PC<9; TiO2 iOpO�Z!+��Z6�A℄
fq'��n'u� 7:3 �� 2θ=22.8◦ d�3Ha 8:2 �2vF\�aX~2
 TiO2 ~!6�O!+/�Gfq'a
8:2 �2v\��

� 5 U
 PC ��B PC ^= PC/TiO2 � XRD��
Fig. 5 XRD patterns of PC, electrospun PC

membrane and PC/TiO2 composite nanofibers

� 6 PC/TiO2 =�P6
0(G)/ 2h ��
XRD ��
Fig. 6 XRD patterns of PC/TiO2 fibers calcined

at different temperatures for 2h
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3 � �^W����{o0 /TiO2 UDJ*�u!<,b 4116 1 Hl	?=w
O�℄
Table 1 Unit weights of the electrospun fiber membrane samples

14wt% PC 14wt% PC 14wt% PC
Concentration 14wt% PC

PC(TiO2, 9:1) PC(TiO2, 8:2) PC(TiO2, 7:3)

Gram weight 23.04 25.22 33.41 38.72

/g·m−2 (1.63)∗ (2.89) (4.01) (5.03)

*: Standard deviation� 6 & PC(TiO2,7:3) I)O5�/'F+.
2h �
 XRD ����XM�a TiO2 �-0$*�\j�?W
�)~Z�O 400◦C +.��<9z:E$*�aO�~�'a&�O 600◦C aO$*�<j�?0pO℄��$*�V��Æ:E�O 900 � 1000 < 1200◦C ��pOx2j�?W�Hk
IM$��'
x�fqrha��
3.4 XVCz+8��ET
 PC<5�n' PC/TiO2I)℄rhC\=8+ 1. � 7LY 0.2mL>P�
��
(5.0∼10.0)×105 cfu/mL �I� PC < PC(TiO2,7:3)I)℄,�RG0p� 24h�Y��>P�
�HmK�����C=8+ 2. ��a�s*n�/�I2SI��s
X3	TF� PC/TiO2 I)℄��C�VSI�O 7:3 ��u� 87.47%. \L08��At 
TCI)m}u}"P?�h

� 7 PC(A) = PC(TiO2, 7:3)(B), 
z
I-'
Fig. 7 Comparison for anti-bacterial perfor-

mances of (A) PC and (B) PC (TiO2, 7:3)6 2 Hl	?YW_
Table 2 Antibacterial efficiency of various

electrospun fiber samples

Antibacterial efficiency/%
Sample

(Incubating in sunlight for about 24h)

14wt% PC
48.95

PC(TiO2, 9:1)

14wt% PC
59.18

PC(TiO2, 8:2)

14wt% PC
87.47

PC(TiO2, 7:3)

a�>o TiO2 aP�-
��O℄� TiO2 aP-�Os:�!+F�hM9�{
����{�G_������G�#E [10,23,24]. O_
�
�Az�aP TiO2 sn�M9
�{
mX8+S
�&�+Sxh;C�C�.C�f
�XXEmo9�!+�GC���|B<+1qC�g��a�DO6sX%��D TiO2 
eh�e�
4 R`++*n�/!& TiO2 ���%+x�Ad5DO6 PC/TiO2 I)
t �� PC ;*n�/w2&& 9:1 ��AI)\ra	K��
7�0�7:3�I)℄,xPU�
��Cu� 87%�5�MJ6�O>$S��>�J�;S
%+�h��� Xf,�$!u (IVISTA) Ajyu(J:2Sib�g�	�:Zx�
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