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¨�%“c”d<_`�e¨`[`tP�Pf� 1 

mm�¨[¨tP z gemh� 0.5 mm0³?´µ�
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Î 1  ��� 3DcdJf 

Fig.1  Dual-nozzle 3D printing equipment 

 

 

 

 

 

 

 

Î 2  hBij+GH�b 

Fig.2  Gradient structure anode block model 

 

 

 

 

 

 

 

Î 3  cdabIhBij+GH 

Fig.3  Gradient anode block formed by printing 

 

 

 

 

 

 

Î 4  ¢£ÏhBij+GH 

Fig.4  Orthopedic gradient anode block 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Î 5  3Dcd+GH�Ð SEMÑÒ 

Fig.5  3D printing SEM images of anode block: (a) printing 

finished and (b) after orthopedic 

100 µm 

2 µm 

b 

a 
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Table 1  Characteristic and function of printing paste 

Characteristics of slurry Effect 

The printing paste has certain 

fluidity 

It can be extruded from the 

printing cylinder onto the 

printing substrate 

The printing paste must have a 

certain degree of plasticity 

After printing, a certain shape 

can be maintained, so that the 

block structure can be printed 

For the gradient structure, no 

reaction can occur between 

the two slurries 

Avoid reactions to produce new 

substances 

For the anode block of 

tantalum capacitor, other 

additives should be easily 

removed and cleaned 

The content of impurities has a 

great influence on the electrical 

properties of tantalum 

capacitors 
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Table 2  Contrast experiment on proportion of each component 

of slurry 

Number of 

experimental groups 

Tantalum 

powder/g 

Polyvinyl 

alcohol/g 

Water/g 

1 30 3 20 

2 30 3.5 20 

3 30 3.8 20 

4 30 4 20 

5 30 4.2 20 

6 30 4.4 20 
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�% 3D ij4JHW����^_`�êL£

¤m¯»Û[�ijýW�róý2Eija<âã

ë²fÚ�m¯0ijýWró]ì�K>�̈ Pf�

s�\t�x�íîï�ijÂ?���s�\t[

íîï8ð�Sð�ñ 3 )róï0)ÍÕEâ�

XYE ijró0 

2.3.1  ���������	
 

£¤¥¦a<4J��K>kZ,A�òS7ó

���ôH�0ý2,A�òS��ró� 600�650�

700�765 kPaðýWE�ïñ0ÕB®�õ��x

¢ 700 kPa O�ij£¤å�~¤L��K0��&

700 kPaO�£¤~¤L�ö;<�K�&ijÍÔ�

éK®9¤�®÷0õ��� 765 kPa O�ij£¤

�ö����K�&ij	øÆijâãë��0 

2.3.2  ��������	
 

¨[¨tP�Pfm¯^_`ij�a<âãÄ

E'a<'�Z?0Õ�B®�õ¨Pf� 0.35 mm

O�a<âã8��ijl 2 ¨O��ùöú�Yl

1 ¨��¨[¨tPij�fû]Ú��¢£ij�

üz{�a<âãç0õ¨Pf� 0.6 mmO�ijY

4¨O�ÅK®³ú�®÷�õ¨Pf�Y 0.7 mmO�

	ÄÆ�Å8�a<0õ¨Pf� 0.5 mmO�ijâ

ã���12¨ó�ý«�8þVU��öúT£¤

�ÛÜ³úÆu¨�ij´ã�8Í12¨ó�89

ý«�Z¢¨[¨tP��º�ç�«Æ£¤�f�

�%5��Ia�ù²©�³úÆu¨��!0»|�
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ijÂ?[�K>tP²¿�¿a�ÀU�&�

��K>'�opijÂ?ró�~�ßYE �i

jÂ?0ijÂ?}Í 6 mm/sO�Â?Ú��5yu

¨�R²�����Æyu¨�Åª«Æ¸�Z¢f

��%þVUÎ¶0ijÂ?ý2& 1 mm/sO�ij
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Â?Ú<�m¯ijâ]�¹É&�K>Q�'�i

jÂ?Ú<�þIa£¤�º�m¯a<âã0ÅÍ

�mÕ�&���K>5�ijÂ?� 3 mm/sO�

a<âã�Dä0�

2.4  ����� !" 

ÕÅ 2 Çâ��ÜÝ��[ìíîï�5&â

àI2aij£¤�op�ijýWró��v³?

´µ�������^_`�ij0Z¢�����

E^_`���Ú�_���£¤¥¦a<4J�i

jXY�^_`&��Æ²u��µ¶��Ú;ÎÏ

CDT×��
�0Qs 3 �i�ÕHWKu�^

_`�����s�0 

Zs 3 ���K�ij'ÅÍÎÏXY����

�^_`�Z?& 5.25~6.82 mg/mm

3

tP�	Ä�Y

^_`T×'�Ð´�n��Ú�0ÎÏ�^_`Å

Í�,Ð´�Ð´'��ò]Qs 4 �i�c'��

EâXY^_`��ò]& 9.7%~14.5%tP��vÛ

ÇÈnoUV���ë=aÍÔ�^_`�[�ÏÌ

�H 60ZH 6a���K^_`sy�k�²ð=�

=aÒ$�BUëH 6b~6c^_`sy�k©�«j�

ijHW�^_`��&=a�Næ�Ò$0)Í

ÕB®�HWXY�^_`S��?���¸¹½>

� CV �Y 53 200 µF·V/g�¿â�®V�ý«L

15.6%�	Ä�YLÕb�0�
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Table 3  Size specification of anode block prepared by 3D  

printing 

Anode 

block 

Length/ 

mm 

Width/ 

mm 

Height/ 

mm 

Quality/ 

mg 

Density/ 

mg·mm

-3

 

1 6.7 6.1 3.3 750 5.56 

2 6.7 6.1 3.2 744 5.68 

3 6.7 6.1 3.3 783 5.80 

4 6.7 6.1 3.5 752 5.25 

5 6.7 6.1 3.6 800 5.43 

6 6.7 6.1 3.8 1040 6.69 

7 6.7 6.1 4.1 1085 6.47 

8 6.7 6.1 4.3 1172 6.66 

9 6.7 6.1 4.1 1143 6.82 
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Table 4  Shrinkage of anode block after sintering 

First group 

 

 

Second group 

 

 

Third group  Fourth group 

Parameter 

Before 

sintering 

After sintering  

Before 

sintering 

After sintering  

Before 

sintering 

After sintering  

Before 

sintering 

After sintering

Length/mm 6.8 6.6  6.8 6.6  6.8 6.5  6.8 6.6 

Width/mm 6.2 5.9  6.2 5.9  6.2 5.9  6.2 6.0 

Height/mm 4.7 4.5  4.0 3.7  4.5 4.4  4.3 4.1 

Shrinkage/% 11.6  14.5  9.7  10.4 
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Î 6  ¤iK¥a(lÏ+GHÑÒ�

Fig.6  Photos of anode block after sintering and chemical process: (a) initial stage of formation, (b) reaching the preset voltage, and  

(c) end of formation 

 

3  �  � 

1) 3Dij�����^_�kuÇ>z��0

Õ�Å���ìíîïÑ5&âà�¾I2a�i

j£¤�&ijÂ?� 3 mm/s�A�� 765 kPa�i

js�\t 0.84 mm�[t� 1.27 mm�e¨`[`

tP�Pf� 1 mm�¨[¨tPemh� 0.5 mm 

5�)Í���ijS��HWK±²³?´µ�

a 

b 

c 
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�����^_`0 

2) �§%V±Eija<'^_`T×�AÎ

Ï�ÎÏ'^_`�Z?& 5.25~6.82 mg/mm

3

tP!

8�Ð´'�ò]& 9.7%~14.5%tP�¸¹½>�

CV�Y 53200 µF·V/g�	Ä�Y'�«nÑ���

����Ú�0 

3) )ÍÄde� 3DijnÒ��HWK"¾Ú

��¹É±²³?´µ�������^_`��'

�Õi5#�	
�ë�^_`�UVHW7ó

LuÇz�$%0 
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Abstract: The design, processing and fabrication of high energy density and power density solid tantalum capacitor anode blocks are the 

hotspots and difficulties in current research. In the experiment, the anode block of tantalum capacitor with gradient structure was fabricated 

by the direct writing 3D printing technology of multi-material slurry. The preparation technology of anode block printing was studied, and 

the influences of size ratio, extrusion amount, layer spacing and printing speed on the forming effect were analyzed. The results show that 

the slurry is prepared with tantalum powder, binder PVA (polyvinyl alcohol) and solvent water (ratio: 7.5:1:5). Then under the condition of 

printing speed of 3 mm/s, gas pressure of 765 kPa, and print pinhole inner diameter of 0.84 mm, and layer spacing of 0.5 mm, the anode 

block with gradient structure is prepared from the above slurry, whose shape is regular and uniform, through the model design, print slurry 

configuration, dual nozzle printing, wire insertion (welding), orthopedic, sintering and chemical conversion processes. The shrinkage rate is 

between 9.7% and 14.5%, and the CV per unit mass is 53200 µF·V/g, which is 15.6% higher than that of similar products, which basically 

meets the industrial production demand. This technology is a beneficial supplement to the existing processing and preparation technology, 

and is a useful exploration of the high power density and energy density electrolytic capacitor anode block preparation technology. 

Key words: solid tantalum capacitor anode block; gradient structure; multi-material 3D printing; orthopedic; polyvinyl alcohol 

binder; print parameters 
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