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�JiRrl47�feh��	|;f"�
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4 � T�&�g
(b$*eÆ�W��(k�le!�P� 849�=B0N0Y�%^|=[6.l&_4+"�p$KDo"=?l�{
%�,fQu [5]. 	<pp��Ylq��{C2fE,B�4�,f+"r(Il;yu	��=�;h60N.aAA
V�^��X��uL�^s���)d�5g"=I)
�,�{�%+f�Yq�l�m�l;&�It0oPf*7�M�%R�I&_3Y~l�m0L�,ff6	
2 ��
2.1 �$`),l�mf"=VF(� 1 hH	Q(h Pro/ENGINEER *u5g�mf,�dq�%~dq(5g:A)
f
��, �)
�,BHX\HX�u��Nu5gI>tz9
�)
�NuA
HX� 16×12×25, (� 2(a) hH	h Æz|ZM(�"�
VR�hR"f60N.aAAY SPS600 "�KdquA (0L�e: DPSS )℄::f60NX�), (� 2(b). ^ ÆX�<::f 2130 ���X�j) 10wt% �>?Z=�0NdB

� 1 k�l!<UD
Fig. 1 Process steps of fabricating phenolic

resin porous C-template

15wt% s�=��)d{��z�0)uA(�;�'0N 2h I�)F4(�E7z0N�JG�z� 60◦C, d 10hw�z�j 20◦C, �a 200◦C �I�� 5h, FX���0N%9LxeA�(� 2(c). w0NIfNu�)℄�X(!��<�az�
120◦C/h, <� 800◦C D�� 1h, �IdX6��"Afl�m(� 2(d) hH	

� 2 MV!<,,
Fig. 2 Sample photos in different steps

2.2 E�he: TA)℄f TGA2950A!+��℄��IhhX�Bs�f!�E�	h D/max-

2400(Cu Kα) A X 30U3℄B Nexus 870 H�6���℄��I!�lf�29A	^
S-3000N .lq5+�ÆR�I!�lf�4�,	h Archimedes �6uI!�lf+
)\Bhz	
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3.1 �'^KRJ|fQ�!�fNWj,*�$9A�,AqA�CB)
f60NX��xIuA,Al�m��tf��X�B=��)dfs�	� 3 �Q,*�$�$~ N2 
�'f TGA �0	j�%��s�f!��z:k	~ko 100◦C Df$GfA�Jb�s�(Z�f��	~ 290◦C Ds��G���:: H2 � CH4 B CO

[6]
2 , d4�zf<���az�Z�~

� 3 W�Ar�e TGA �/
Fig. 3 TGA curves of resins and starch powders

330◦C D$GfAa\:Z�a 360◦C D��az-y�400◦CD�eV�{��!��eV��:~ 290∼360◦C �n	60NX�f!��z�s�`�	~ko 250◦C D��+GfAw� 11%, /X�X�(fZ���^-���D:�5faK 	~== 350◦C D!��e.vjÆ	Zw~ 400◦CD$GfAa\:Z�L�KZGf CO2 
tBk�5G�z(
CH4 � C2H6 � C3H8 i�Pl2Gfk�i�5:�5ND�	�eGJa 430◦C,�I�o{��~ 350∼430◦Cf�z�
x60NX�f!��e:Æ	2~�S���X�f!��z:�	S�(%��~!�=F(��z~ 300◦C D$GfA� 10%;m�/X�Z�B�zC:�5faK	}Zf$GfAZwGo 450◦C ;m��e�	,Ng��e�L�K H2 �CO �CH4 B CO2 i:�5�$�~ 530◦CD$GfAa\:Z� 650◦C .vyk� 800◦C I$GfAV�{�	�eV��:~ 450∼650◦C�n	~Æ!NWf!��e=F(� 290◦C D�s�:(�G���::fR��~��G��f��X�(*y[;2-aK�-�Z�a[uNAIaK	~ 350◦C D�60NX��G���::fR��aK�b60NX�!�4p�E2��l!��$Gf 4%,.�#9A%~NWt(CAs5f)
	a 450◦C D���X��G���R��::fNA~NWt(CA:f
)�B�kCAf)
D|�R��T)
aK�jos�f!�4T\���X�:d���Og\����X�Z�bQ~hM� CAHXf
)	��X�!�:A&Bl�4l\w� 65wt%, S�CAI�)fl�m	E+��~!�=F(�h5gf)
�aIE�f`|=h�F��X�Bs���::fZG
ty-[;2-aK��j�%TCAfNAFl�m::O�i�-���I��;fC2�,BY=Gy	

3.2 |f�J XRD � FTIR Q�� 4 �NW~*~�z'lNIf XRD ���~d!�0(xK,IE!�_5^oCsf (002) B (100) � [7]. j�%q� (002) �/��Q�\oCAflfCs�	8��8zEk�}M�_	 (100) �E+�#H:AfCs�	�8��E: �CsNFzEk	!3Csf X 30U3��(�*l 9 !�ÆzfCsNp
U3��CsNFz}k
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4 � T�&�g
(b$*eÆ�W��(k�le!�P� 851fm0L[�*S~DK,	<p
U3��~Q�K,E!	h^%^�����X�!�lJCsNEkf�uC_8�	�,�_&Bjl�, [8].S� 4 P%^�K�d4�zf<�� (002) �B (100) �x.v�Æ� ��\o�	8�f}MlIz^�8��d�z<���Z�CsNFzr� [9].

� 4 )}kM�yÆ�W� �ke XRD �/
Fig. 4 XRD patterns of C-template carbonized at

different temperatures

� 5 Æ�W� 800◦C  �keG�5����
Fig. 5 FT-IR spectrum of carbon derived from

phenolic resin pyrolyzed at 800◦C� 5� 800◦C��X�!�lfH�6��	��2\o{$t_2	3440 B 1634cm−1Mf}/fp
!O��!�Zf!O��%yJ!�lB KBr !OI'
(fZ�h�	 2919� 2850cm−1 f!O��kV –CH3 BOkV –CH2– f*~?B~?6��w����E+�\o~!�l(Pl\�Gf C–H sW~	^0�<#o���X�!�l�mJ
�	G�$�C_8Cs�,���8zk�}M�_�So�uCl(f&Bjl	�(?l\�Gf H t_	d4lN�zf<��Cs�	8f���Z�}MlIzr�	

� 6 r� ?℄ ���le*���
Fig. 6 Optical-microscope photographs of corn starch (a) and template before pyrolyzing (b)

3.3 �$`�
dUQ�s�B60NX�
��,Jh4::)B)
f�� 6(a) �+�Æ's�!�f���%^�K�C2�vCB�vC���~ 10∼50µm �n	� 6(b) �NW!��f|k+���� A M�60NX�
�f~k� B �wjfs�!��if�+~0Nf��
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� 7 r�vi�<)}�0&eÆ�W� �k�le SEM ��
Fig. 7 SEM micrographs of C-template derived from phenolic resin with different contents of corn starch

(b),(h) and (c): 0wt%; (a),(d) and (e): 3wt%; (f) and (g): 15wt%��X�l�m�l�)�,�[l%+")
	S� 7 %^�K�l�m(f)l,*�)
��)BZ)		<)f:AY8"*2~�h^�l*~fZ:BC2	



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

4 � T�&�g
(b$*eÆ�W��(k�le!�P� 853� 7(a)hH�)
�60NX�
��,!�Z-�:AI:�5R�
t�
taKI~�mtx:AI2KD|f)
��C2BHXB5g2��~kHX%j 100µm∼1mm,)
|8�mt��l;os�B��X���::fR��faK�S�%^�jl�mbx-eA�j�::|OTO�	� 7(h) �~WZ:BC2�^x-
l)
fNW!�D::fO�	)
fS[!=hJ~88Dl;o'&fZjT
j8$`�)l�mtx�Fl$I�nB8�e:A SiC[10].� 7(b,c) hH���X�!�l�m(f�)�,�Jv)�)�� 1∼3µm, 2-���� 30∼50µm f)���X�0NDzC�e::f
)	jo
lwjs��h^
ls�::fZ)	��X�?lZGf�O�,��!��g��e�:A:�5
tf~D	3O+>�D�9AW|C�	l�,�jo:�5
tfNA�~l�mx::
)	�)�eq!�<�azA���<�azx.��ex�P�\�Dnx::f
tfGxZ�CAf)�x��)�YxZ	S� 7(d,e) (%^�as�CAf
)�)�� 10∼50µm, C2BHXqhwjfs�!�[�	)(f!�2�fA��y�6u�lt_�Js�!�f4Tl	jos�f4l\���X�kd����w 10%, .�Og\���X�Z�bQs�!�I~l�mt(CA
)	
)\qj)s�fGA��	(� 7(f,g) hH�_j)s�G� 15wt%D�
)o+���Z-�2KD|	
3.4 �xmr[uL# 1 �#� Archimedes u8�h}Z�6uf*~s�?Gf��X�!�lf�
)\�tZhzBl;hz	jo)
fW~�
wjs�Df�
)\Y}Z�d4s��=f�j�
)\�Z	Sl;hzf N4��_s�wjG� 3wt% D����
wjDp:�_s�wjG� 15wt% D����
wjD�Z�\owjs�fG}2Ds�h�f�,
)}�	�wj�=}ZD�s�h�f)���,
)�%�r�I*wjs�Df)f#kD|G�h^�l;hz�Z	C 1 Ny�%{e�\W�p
�

Table 1 Macro-properties of carbons prepared from phenolic resin

Starch contents/wt% Open porosity/% Bulk density/g·cm−3 Effective density/g·cm−3

0 36.3 0.874 1.386

3 38.9 0.827 1.299

15 54.2 0.751 1.633

4 
s
1. 60NX��s�B��X�!�a\:ZDf�z�$� 400 � 330 B 530◦C. iff4l\�$� 4 � 11 B 65wt%.

2. 60NX��:�,~��X�!�:A&Blf=F(�Z-����R��aK�%^~!�l�m(,�KHXf%+f)
�,	)
l;o!�
tfaK��j"ubeA�j::f�OB�e���"uC2�,f�Æ	
3. eh60N.aAA
V�%^5g"�C2BHX�DFhX�f)
#�	"
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5. ;h60N.aAA
V�*�%^,��{foP"uf�C���%^|=)
f5g�,��x-f�:9��,�S�~0Lf9��E%+G5g	DjÆ�
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Peparation of Porous Carbon Template with Controllable Channels by

Phenolic Resin Pyrolyzing

CUI Zhi-Zhong1,3, LI Di-Chen1, QIAO Guan-Jun2, LI Ji-Shun3

(1. The State Key Lab for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049,

China; 2. The State Key Lab for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an

710049, China; 3. School of Mechatronics Engineering, Henan University of Science and Technology,

Luoyang 471003, China)

Abstract: Porous carbon templates were prepared by pyrolysis of samples. The samples were

fabricated by filling mixture of phenolic resin and corn starch into negative molds with network

structure manufactured by stereolithography. The network structure generated the channels in

pyrolysis process. Thermo-gravimetric analysis (TGA) was applied to reveal the pyrolysis be-

haviors of photo-curable resin, phenolic resin and corn starch. X-ray diffraction (XRD), Fourier

transform infrared spectroscope (FTIR) and scanning electron microscope (SEM) were employed

to characterize and analyze the phase identification and microstructures of the carbon templates.

Open porosity and density of the carbon templates were measured by Archimedes principle. The

results show that the carbon template is noncrystalline materials. It is in partly graphitized

amorphous state, and has a turbostratic structure, and contains minim C–H bonds. With increas-

ing carbonization temperature, the graphitization advances. The pore phase includes channels,

macro-pores(d=10∼50µm) and micro-pores(d=1∼3µm). The channels could prevent the carbon

templates from breaking and cracking.

Key words rapid prototyping; porous ceramic; carbonization; carbon template; mold


