F49E  FE1W
2020 4

BAEEREMBSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.1l

11 A November 2020

BT Z M AT BN 2 46 15 25 74 FE 1R FR 25 2R BHAR R

ik &', mARL & ', x4, K ', % B!
(1. BLMITYE K2 MU A TR, StM 52BH 550025)
Q. PEEEERDH =B FIOS A RTEAR, SN 5t 550018)

O DR R A A A AR B AR BT L 0 AR R M T S AR e B 2 MRLORL S Y 3D
FIOR A A 5% HL A0 25 000 1 [l A4 B P 2 2 B AR R . R 7 BRARBRAT BN 4% 25, 400 T RRHEC b . B, 2R,
FIOP S50 B A R s i . 25 R, MM . Ridhn PVA CRZMGED FARDK (BCLLh 7.5:1:5) BCHIpIs R
EFTENERE N 3 mm/s, oA 765 kPa, FTENEFFLANAE 0.84 mm, JZ[FPE 0.5 mm (44, WRIBEAI BT FTEISR R}
BCE . BUBESATED SIiAN URED BB, RERMLRSE T2, Hil%& H0 A S B e R, 355, L
W45 RAE 9.7%~14.5%2 1], ST (K EL 8 (CV)IEE 53200 pF-Vig, MILLFRIZE T 15.6%, HEAES Tk b
FoR o ZHEARINAE I THR R AR A AN, Skl T 262 B R A % AL A A SR BRI R B R A 3 R R

REEIA: [AREH A RSR, BREE R 2R 3D 4TEL; B AMBERGSH; TEHSH

hEEH S TMS3; TG146.4716

XHFRIRAD: A

NEHS: 1002-185X(2020)11-3909-05

[ A PR A S A O Bl 1 o A, L DR E
P AT EENE B K PR I e AR AL N AR
R MU ARSI . BEARHBOKE 4
[P (A BH FL A A AN RTRIE SR . AR, RS
TT 1) XA St [ A R A A T SR B T
L4 7 90 A A T NV R ARG S 5% NP - B G e T
R S T A (1 [ A PR A BH AR B i AR
FUHIEE Rl 5 HE R

3D FTEHEASE SR 3 I Dk R R R AR 1,
I JUAE LA L oG A PH I B Y A e HOBT H 5+ 3D
FTE B R P AU =i T sh Ir K
(ELLE P AR P A 45 5P LA o A ST 1A R FH AR B ) 1
e 20 R L R 735 5 W07 VR A 3 A A2 TR 3 20 A AN
By, R I b FE FURRAS fr) L. T JROBH LS
T 3D $TENECARAME I 73 JZ 3, 328 ) B im0 2 5 2%
RE 5 S LIS 3 (135 53 43 A, SER] SEHL 2 MORHT BT 46
AR BE SR TR SR B, G 25 DL I8 4 vy FL A i AT A
BN FE L, PRSI . 3D T ETHL AR fL 7 ds
BH AR P BARAT BB SR BIIIAT 757 HR B B, A2t ke ] A 4H
P RITA RRE FAOME i, Ok [ AL P 8 P S A A
BIFTORE 3D FT B A N £ 7] A8 Fbt 2 8 BH B B 1) 1 o5
R EHT HAT R IR R, I TED BB B
MRS T 2R SR T 2% A S A AE F fiff E 2 2 FH B

= HER: 2019-11-15

He sl AR A T ATV
1 X I§

MR 2 B DL Ta S FEC RN & E SN, iy
>99.99%, TOKZERTEARY L2 5351 50 000 uF-V/g
170 000 pF-V/g, TEARTTHENEBARATR; RO
WSWE (PVA) , BEMRFE: 92.0%~94.0%(5 17340, %b
J%: 23.0~30.0 mPa-s, L¥GBTH T AR O PR
A RETK, SERE A

W 9% : DHG-9030A L #uE i 35 K T 45 46
DZF-6021 B B4 FH46 s 5t MR 2 M B AR BT
BT 5 B MBS 2% = e 4T BB R 5 N TR 700
S )4 g I T RORL B H SR s sk 3D 4T Bk 4%
%57 Bvol8 Bl EE (SEM) 43 KT,

FREL 2 FILE M S 2 i R CImIE &1, ks
ROIBEF TR 7.5:1. BT 2 48 M
SMEINE] 2 N LB TR, LBk EER
IGBE R Ly 5210 2 AN AR B I 1, O
FERLTERAA T, 5 95 CRIEEIAEE T, 14 120 min,
WO Bedt, Bezasibh, M mshfidtasmidt. Bkt
T, AR IR, FRRER A NN S, ST R 2 he
O PEM RN B B3 A b, AT HE AR B, 5
ZAFBER 4 OIS T ELRRL

EEWE: MR H GRS T 6 AA2019]5649): BtHARHL HHRIT H (B RS LH 54[2016]7221 )

fE&REN: 5Kk & U,

1993 A4z, WAz, STNIBYE R =S AR TR, 52 SifH 550025, E-mail: 564013384@qq.com



* 3910 -

Wit Elm A RS TR

49 %

2 HREWR

2.1 BB L5 [E 4B B A PRAR ST ED

SIS Bt PN R T 8 R 52 R 5 B 5 B M Ui
0 K2 = YT BB R 5 N TR AT rp O S R 4 1
TR A U5 Sk 3D 1B B A AT ] A H
BT N &, & W 1. Kl LF L
20 70 000 AT 50 000 pF-V/g BIEHH T BB i 25
BN 2 ANTERRIME , #E — B, M HE AR AL
B, OB TR AT BRI A O . A AT ERRL
A RGBT A, KT AR TR ) B B B AR 7R
P 155 45 K0 2 R Y e A 380 P o B 607 2, R E AT
JERH I F R, RMEE S mMER 1
mm, JZ25)22 00 z BRI 0.5 mm. B ST
FHAR e i BE R an ] 2 frow, B 2 iR B R o 2
LLZE 4 70 000 WF-V/g FALRY 3 RFT BN ), 40 2 L
50 50 000 uF-V/g By JERHT B RR T, P BH AR e 5
AN AR B AR R EE A 106 RS2 1T, 28T EHL
HAb S5, $TEVEE W E N 3 mm/s, LK 765 kPa,
FTEEFILNAR 0.84 mm, AMER 1.27 mm. SHKE
SERE, TRARATEN, TR i 3. FTED A 5 1
BHAS P JIR A 2 BE A /N, R THTRCRELRE ,  ub s o BH Bl B e
PN IR L, B 22 PO L =R 5 150 RE 1) LB
BN, RJE TR RS BRIk X, Y. Z3 A4
T EAT 2218 F MO T AL 2, AT s 81 [ 44 H 2%
BRI ESR, HIE)EwE 4.

HHT B4 21 1) B Hh 2 2 B Bl ke A 0550 TR kL
W IHEAT SEM 4381, Wik S fis. MWK 5a v LG H,
FIONE T, AR ORLAY 56 o] 3B, Rl 2

K1 WUk 3D FTEN B A%

Fig.1 Dual-nozzle 3D printing equipment
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Fig.2 Gradient structure anode block model
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Fig.3 Gradient anode block formed by printing
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Fig.4 Orthopedic gradient anode block
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Fig.5 3D printing SEM images of anode block: (a) printing

finished and (b) after orthopedic
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Table 1 Characteristic and function of printing paste

Characteristics of slurry Effect

It can be extruded from the
printing cylinder onto the
printing substrate

The printing paste has certain
fluidity

After printing, a certain shape
can be maintained, so that the
block structure can be printed

The printing paste must have a
certain degree of plasticity

For the gradient structure, no
reaction can occur between
the two slurries
For the anode block of
tantalum capacitor, other
additives should be easily
removed and cleaned

Avoid reactions to produce new
substances

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 Tantalum Polyvinyl
experimental groups powder/g  alcohol/g Water/g

1 30 3 20

2 30 3.5 20

3 30 3.8 20

4 30 4 20

5 30 42 20

6 30 4.4 20
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Table 3 Size specification of anode block prepared by 3D
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Table 4 Shrinkage of anode block after sintering
Parameter First group Second group Third group Fourth group
sgliz(r)irrfg After sintering si]iii(r)ir:g After sintering sgliz(r)irrfg After sintering si]iii(r)ir:g 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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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
o
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Fabrication of Gradient Electrolytic Capacitors Anode Block Based on
Multi-material Printing

Zhang Lei', Tian Dongbin®, Wu Quan', Zeng Yuru', Zheng Yue',Tang Geng'
(1. School of Mechanical and Electrical Engineering, Guizhou Normal University, Guiyang 550025, China)
(2. China Zhenhua (Group) Xinyun Electronic Components and Devices Co., Ltd, Guiyang 550018, China)

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 pF-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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