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Fig.14 Schematic diagrams of the growth mechanism of dendritic

silver powder

GIREEIEE— 5 A KR o,
2.4 SRITRAMIERL

Ag T IR BUAE Ag B2 B 4N K S8 IR 1 iR
BIEMERH . BRI R i AT AR b7 R B 7R —
i, ARG IR LR TR Al T R — AN E RS . AR
P RENE R RE, FEBEARFEER, AR T
Ag BT R, i Xial* 2R sunEE gt 8, feo
PR SAR IR EZ B (1000 A1 (111 FHmAdL
AW AE T, I B AT ALE G ROk & Rl s i) is
B A RS

PR BT AN 2 BT B i, 3 R
AR R T B, TP A TG e 30 0 R 1 O B o R SR 5
m AR o RARSRE,  BERCIRER M I TR B A 2 B B
R, ATRLEES N 3P B LB, YRR
W, R RRE R, ERERE T 2
MrEs, BN HLLG R B AR Tl I A6 T AT R R
Y BARRCKRL T, RINTEE R B KT R S F T
VEVD; B3 BNEL, Ik R IS AROK LT IR AR
PRAE, ARAE ARG MR R . AR, BAMHOKRE
THIRAE A EM, BHRE T B R R S #, &
£, —HIE 5 REfl, S7EDS SRR EE I AR T 2 [ 4
G, MBEE RS K, 78 RERSIET, &
KRR ERAE, RETEELLEF A0, HBHER
SRR RO BIRECIREE M e dd, A BRI A R —
bR R A IER], DIRRRI S, HAKRE
Kt 14 Fios

3 & 1

1) SR O g/L T A R, 4R BT 7E 850 A/m?
HLLE L NI R EROIR G K ;. N 0.05 g/L i
AR, ARE T AEAH A RS T R TR IR G A i

WA 0.5 ofL A7 BRIV , 4R 55 T 7E M [ FRL IR 245 B R
JRAR IR G5 o

2) {EHLREEE 850 A/m? 451 T, it IR InAS RV E
AT R IR 4 HUORAR 3~4 um, FARESEE 1.1 glem®, 1R
SEEFPE 0.6 glom®. 25 SR IF IR BCIR AR, A [E) Ik P I
AT TR FELURARARUA 1 FEL IR KR A BEFE I S MR AS K o

3) BAMARAL . FEIR G BRI AR 5,
fE AR AR AR AL FEFE R N, o rELAE 3G, F IR B Ok
No AT TEI AT R VA AR R A R A% R, A
FRECNE T ORI i AR KBl g2, IR T AR
o WHRRAFERT, FHIREE/N, PO A R F IR
B K AE FF S (I B) 9

SE

[1] Liu B, Zhao X, Zhu W et al. Advanced Functional Materials[J],
2008, 18: 3523

[2] Han X X, Schmidt A M, Marten G et al. ACS Nanol[J], 2013, 7:
3212

References

[3] Zhang W, Sun Y, Zhang L et al. Industrial Engineering Chemistry
Research[J], 2015, 54: 6480
[4] Mayousse C, Celle C, Carella A et al. Nano Research[J], 2014, 7:
315
[5] Ding S J, Zhu J. Applied Surface Science[J], 2015, 357: 487
[6] Tang J, Shi Z, Berry R M et al. Industrial & Engineering
Chemistry Research[J], 2011, 54: 3299
[7] He L, Rodda T, Haynes C L et al. Analytical Chemistry[J], 2011,
83, 1510.
[8] Li B, Ye S, Stewart | E et al. Nano Letters[J], 2015, 15: 6722
[9] Shao Q S, Bai R C, Tang Z Y et al. Industrial & Engineering
Chemistry Research[J], 2015, 54: 11 302
[10] Wang Y, Wan D, Xie S et al. ACS Nano[J], 2013, 7: 4586
[11] Zheng Y, Zeng J, Ruditskiy A et al. Chemistry of Materials[J],
2014, 26: 22
[12] Sun Y, Xia Y. Journal of The American Chemical Society[J],
2004, 126: 3892
[13] He X, Zhao X, Li Y J et al. Materials Research Letters[J], 2009,
24: 2200
[14] Oh M H, Yu T, Yu S H etal. Science[J], 2013, 340: 964
[15] Gu C, Zhang T Y. Langmuir[J], 2008, 24: 12 010
[16] Coussine C, Serin J P, C&ac P et al. Aiche Journal[J], 2012, 58,
3832
[17] Avizienis AV, Martin-Olmos C, Sillin H O et al. Crystal Growth
& Design[J], 2013, 13: 465
[18] zhao J, Zhang D, Song X et al. Applied Suurface Science[J],
2012, 258: 7430



* 4192 -

L E A e

52 3%

[19] George S, Gardner H, Seng E K et al. Environmental Science &
Technology[J], 2014, 48: 6374

[20] Yola M L, Eren T, Atar N et al. Chemical Engineering
Journal[J], 2014, 242: 333

[21] Lu Y J, Kim J, Chen H Y et al. Science and Innovation[J], 2012,
337: 450

[22] Chen Y, Zhang Y, Zhang H et al. Chemical Engineering
Journal[J], 2013, 228: 12

[23] Katsuki A, Uechi I, Fujiwara M et al. Chinese Chemical
Letters[J], 2002, 12: 1186

[24] Seifert T, Sowade E, Roscher F et al. Industrial & Engineering
Chemistry Research[J], 2015, 54: 769

[25] Sander L M. Contemporary Physics[J], 2000, 41: 203

[26] Qiu T, Wu X L, Mei Y F et al. Applied Physics A-Materials
Science & Processing[J], 2005, 81: 669

[27] Liu T, Dou X, Xu Y et al. Research[J], 2020 (31): 1

[28] Liu W, Yang T, Liu J et al. Industrial & Engineering Chemistry
Research[J], 2016, 55(30): 8319

[29] Rezaei B, Damiri S. Talanta[J], 2011, 83(1): 197

[30] Zheng X, Zhu L, Yan A et al. Journal of Collooid and Interface
Science[J], 2003, 268 (2): 357

[31] Meng Hanqi(#I&), Li Ting(Z= M), Chen Kunkun(PE )
et al. Rare Metal Materials and Engineering(Fi & 4@kl 5 1L

FE)[J], 2017, 46(7): 2007

[32] Palomar-Pardavé M, Scharifker B R, Arce E M et al
Electrochimica Acta[J], 2005, 50(24): 4736

[33] Borras C, Laredo T, Scharifker B R et al. Electrochimica Acta[J],
2003, 48(19): 2775

[34] Bard A J, Faulkner L R. Surface Technology[J], 1983, 20(1): 91

[35] Pradhan D, Reddy R G. Materials Chemistry and Physics[J],
2014, 143(2): 564

[36] Gunawardena G, Hills G. Journal of Electroanalytical

Chemistry[J], 1982, 138(2): 225

[37] Germain V, Li J, Ingert D et al. Journal of Physical Chemistry
B[J], 2003, 107(34): 8717

[38] Kirkland A I, Jefferson D A, Duff D G et al. Proceedings of the
Royal Society of London. Series A-Mathematical and Physical
Sciences[J], 1993, 440(1910): 589

[39] Liang Chaolun(#£#41¢), Liu Lin(x|l #K), Wang Fuxin(Ef7%%)
et al. China Sciencepaper (1 [E B} 1£ 30)[J], 2014, 9(3): 291

[40] Fukuyo T, Imai H. Crystal Growth & Design[J], 2002, 241: 193

[41] Nittmann J, Stanley H E. Physics Letters A[J], 1987, 20: L1185

[42] Sun 'Y, Mayers B T, Xia Y et al. Nano Letters[J], 2002, 2(5): 481

[43] Sun Y, Mayers B, Herricks T et al. Nano Letters[J], 2003, 3(7):
955

Effect of Tartaric Acid on Electrolysis Preparation of Dendritic
Ultrafine Silver Powder

Du Zefan', Pan Mingxi?, Gu Huaidi*, Gao Chao®, Guo Jun®, Huang Hui*?
(1. School of Metallurgy and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(2. Kunming Hi-Poly Technology Co., Ltd, Kunming 650106, China)

Abstract: Dendritic silver powders were prepared by electrolysis and the effect of tartaric acid on the morphological evolution and growth
mechanism of silver particles during electrochemical deposition was investigated. The effect of tartaric acid on the morphology and structure of the
silver powder during deposition was analyzed by SEM, TEM and XRD. In addition, the effect of tartaric acid on the electrochemical behaviour of
dendritic silver powders were investigated by cathodic polarization (LSV), cyclic voltammetry (CV) and chronoamperometry (CA). The results
show that when 0 g/L tartaric acid is added to the solution, the silver ions form a sphere-like structure at a current density of 850 A/m?, while when
0.05 g/L tartaric acid is added to the solution, the silver ions form a rod-like structure at the same current density, and the cathodic polarization
increases and the overpotential increases as the amount of tartaric acid added increases. When the concentration of the added tartaric acid is
0.5 g/L, dendritic silver powder with 3-4 um in particle size, a loose packing density of 1.1 g/cm® and a vibrational density of 0.6 g/cm® and good
crystallinity is successfully prepared. The chrono-current results show that the solution systems all follow a transient nucleation process, but the
addition of tartaric acid affects the nucleation and growth kinetics of the silver and inhibits cathodic polarization.

Key words: dendritic silver powder; tartaric acid; electrochemical behaviour; deposition mechanism
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