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Table 1 Two types of electrodeposited nickel from a company

Name Preparation Process thickness Performance Appearance Quality

Electrolytic nickel Soluble anode diaphragm electrolysis 5-9mm Ni9996 Good metallic luster

Electrowinning nickel Insoluble anode diaphragm electrolysis 3-9mm Ni9996 Poor metallic luster
—_ : ]
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Filter press l Extraction

B exraction soluton

Impurity removal l Filter

ﬁ Electrowinning catholyte

New liquid

E— Ni2+

Electiowinning process of njckel Cathode: Nickel starter piece Anolyte

Anode: Lead alloy plate

1—The diaphragm bag; 2—starting sheet; 3—Nickel sulfide anode anotyte o e I_T:h
4—cathode chamber; S—anode chamber
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Fig. 1(a) Schematic diagram of the electrolysis process of Fig. 1(b) Schematic diagram of electrowinning process
nickel sulfide soluble anode diaphragm for insoluble anode/sulfate system
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Table 2 The main components of two industrial electrolytes of a company

Name Ni* (g/L) Cl(g/L) Na'(g/L) Cu®(g/L) Fe*'(g/L) Co*(g/lL) Zn*(g/L) Pb*(g/L)

Electrolytic nickel 70 70 40 0.003 0.004 0.02 0.00035 0.0003

Electrowinning nickel ~ 60-75 <0.1 20-40 <0.002 <0.004 <0.005 <0.00030  =<0.00035
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Table 3  Statistical table of main chemical composition of two types of electrodeposited nickel

Electrolytic nickel ~Electrowinning nickel

Name

Ni 99.9833 99.9709
As <0.0005 0.00060
Bi <0.00025 0.00025
C 0.0017 0.00211
cd <0.00025 0.00025
Co 0.0037 0.00309
Cu 0.0023 0.00257
Fe 0.0030 0.00940
Mg 0.00055 0.00053
p 0.0001 0.001
Pb 0.00067 0.00716
S 0.00067 0.00059
Sb <0.00014 0.00038
Si 0.0015 0.00151
Sn <0.0001 0.00010
Zn 0.00062 0.00064

0.00025
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Fig.2 XRD patterns of the surface and cross-section of two kinds of electrodeposited nickel
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Table 4 Diffraction intensity and preferred orientation of two types of electodeposited nickel

texture coefficient Tc(%)
Planes

(111) (200) (220) (311)
Ni(PDF#04-0850) - - ; B
Electrolytic surface 11.6 79.5 3.8 5.1
nickel section 31.4 28.7 23.7 16.3
surface 18.3 52.4 12.1 17.2
Electrowinning nickel section 155 311 172 16.23

222 SRR
Pl B AR AR ) SRR S D 31 3t 5 (Scherrer) A T 8L AT 15[ 10]:
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Table 5 The grain size of the two electrodeposited nickel

The grain size Drnx(nm)
Name Planes

(111) (200) (220) (310) Average
Electrolytic nickel surface 42.9 42.5 263 253 34.3
section 40.9 31.5 38.7 26.0 343
Electrowinning nickel surface 71.2 48.4 448 314 49.0
section 70.5 45.1 38.6 30.4 46.2
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Fig. 3 The micro-morphology of the surface of electrolytic nickel deposit (a.upper position;b.centre position;c.lower

position;)
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Fig. 4 The micro-morphology of the surface of electrowinning nickel deposit (a.upper position;b.centre position;c.lower

position;)
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Fig .5 Schematic diagram of the observation position of the cross-section
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Fig. 6 The micro-morphology of the cross-section of electrolytic nickel deposit
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Fig. 7 The micro-morphology of the cross-section of electrolytic nickel deposit
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Table 6 Mechanical parameters of tensile test at room temperature in different positions of two types of electrodeposited

nickel
Project Numberin Cross-sectional area Yield Strength Tensile strength Elongz_ition after
g S(mm?) Rpo2(MPa) Rm(MPa) breaking J (%)

Upper 47.67 538 585 15.2

Electrowinning nickel Centre 51.47 473 515 17.7
Lower 49.7 505 533 17.9
Upper 43.63 426 475 29.8

Electrolytic nickel Centre 48.47 402 463 28
Lower 47.78 418 463 14.1

R"T PR EDIBRAN R T b sl i ) 5 4

Table 7 Mechanical parameters of tensile test at room temperature in different direction of two types of electrodeposited

nickel
Proiect Numberin Cross-sectional area Yield Strength Tensile strength  Elongation after
L & S(mm?) Rpo2(MPa) Rm (MPa) breaking (%)
horizontal 51.26 497 542 15.5
Electrowinning nickel . 513
Vertical 47.96 547 18.4
o horizontal 45.06 404 458 24.8
Electrolytic nickel .
horizontal 48.19 427 475 324
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/ Y
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Fig.8 Stress-strain curves of two kinds of electrodeposited nickel in different directions and positions
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Fig.9 Tensile fracture morphology of two kinds of electrodeposited nickel in the upper position and horizontal direction(a-

electrowinning nickel;b- electrolytic nickel)
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Fig.10 Tensile fracture morphology of two kinds of electrodeposited nickel in the upper position and vertical direction (a-

electrowinning nickel;b- electrolytic nickel)
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Fig.11 Tensile fracture morphology of two kinds of electrodeposited nickel in the central position and horizontal direction

(a- electrowinning nickel;b- electrolytic nickel)
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Fig.12 Tensile fracture morphology of two kinds of electrodeposited nickel in the central position and vertical direction (a-

electrowinning nickel;b- electrolytic nickel)
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Fig.13 Tensile fracture morphology of two kinds of electrodeposited nickel in the lower position and horizontal direction (a-

electrowinning nickel;b- electrolytic nickel)
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Fig.14 Tensile fracture morphology of two kinds of electrodeposited nickel in the lower position and vertical direction (a-

electrowinning nickel;b- electrolytic nickel)
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Table 8 Charpy V-notch impact energy and impact toughness at room temperature of two types of electodeposited nickel in

different directions

. Impact

S Cross-sectional
Name direction N energy
area F(cm?)

Impact toughness ~ Average impact toughness
ak(J/cm?) ak(J/cm?)

AK®J)
horizontal 0.5 126.4 252.8
Electrowinning nickel . 266.0
vertical 0.5 139.6 279.2
L. horizontal 0.5 214.5 423.4
Electrolytic nickel . 416.2
vertical 0.5 201.7 505.0

Hib v Ashdeals . phadl piai B S A AR 02 AN 75 T S AR R ey R SR [20] 0 JE RIS P
M IR IR R VSR T EE T A, FRER A I I (A B 416.2 J/em?, T FEAER A
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3 Zig

PR TR R R RV RS TT AR RO R 2 5, RILINT

1) HLAAAR D et o 2] S A LR Y i o

2) AR AR AR T (200) 1 AR 2 B H B — R AE A, A8 (111) AN (200) Tt #8 2 XUHREAL A o
PR OBV (K iR RS R L E AR, RSP I BRSO 34.3nm, /N T BBV 19 7 3 ok R~
47.6nm, FEAREL ) SR N AH/N .

3) P R IOR AR R A AR AL A P T B R e A i A A B D R ORI 1 2 SR T O A AR
AT TRIAE, AP 2 kIR, #8r XIEBL I RPN T I BARER; W& A F 2 AR T
WO HECRTER, AR By B H R D, 2 DRBIHE BRSSPIk
TR ZAHAJE PRGN, IR A TORUR B SoR o /NSl B, B B B A P O B DUARR Bk
JOF AR B A X

4) PRPEYIRREVERLLT, BONPIENIR . BB R o R v T R AR, (EER R AR R
HUBLER ) 65 A 73 A1 56 1 28 B BAS LIRS 2440 o

REFERENCES

(1 RPHE, EF0, BWUE, ERER R RIVREEAFTII]. I G, 2015(1):5-8.

SONG Danna, WANG Xueting, GUO Yajing, et al. Research on the Development Status and Trends of my country's Nickel Industry[J].
Sichuan Nonferrous Metals, 2015(1):5-8.

[2] Volkov A M, Karyagin D A, Letnikov M N, et al. Specifics of Producing Disk Blanks for Gas-Turbine Engines using Granules of
Super Heat-Resistant Nickel Alloys[J]. Metallurgist, 2020, 64(3): 362-369

[3] V. Stankovi¢ a, M. Gojo b, V . Grekulovic a, et al. Surface quality of the Ni-TiO2 composite coatings produced by electroplating[J].
Journal of Mining and Metallurgy, Section B: Metallurgy, 2017,53 (3) : 341 — 348.

[4]  fede 225707 R EEARE S M), dEE:IR 4 Tolk H AR #E,2000.

HE Huaihua,CAI Qiaofang. China Nickel Cobalt Metallurgy[M].Beijing: Metallurgical Industry Press,2000.

[5] EAEKEREM] Kib:H R K R, 2000.

PENG Ronggiu. Nickel Metallurgy[M]. Changsha: Central South University Press,2000.

[6] ERZR, kBT, @By, % BPTREREL SIS B SV E M RE IR LR [T]. HEE 48 23], 2015, 25(011):3133-3140.
XIA Tiandong, ZHANG Xioayu, XU Yangtao, et al. Comparison of Microstructure and Mechanical Properties of Electrodeposited
Nickel and Rolled Nickel[J]. Chinese Journal of Nonferrous Metals, 2015, 25(011):3133-3140.

[71 American Society for Testing and Materials. ASTM B162— 99 standard specification for nickel plate, sheet, and strip1[S].

8] EFRFrMELEEZE R4, GB/T5235-2007 N L& M AR A S22 o A7 S R IRARES].

Standardization Administration of the People’s Republic of China. GB/T5235-2007 Wrought nickel and nickel alloys-Chemical
composition and forms of wrought products[S].

[9] International Organization for Standardization. ISO6283 1995 Refine Nickel[S].

[10] =&, BB, #4.%5 B EUa Cu BPTRZM XRD BFFL[I]. HAL5,2002,08(03):282-287.
GU Min, YANG Fangzu, Huang Ling, et al. XRD Study of Highly Preferential Orientation Cu Electrodeposited Layer[J].
Electrochemistry, 2002,08(03):282-287.

[11] B =AU L RER 7T [D]. 22N B TR 2%,2018.
LU You. Research on Structure and Performance of Electrolytic Nickel[D]. Lanzhou University of Technology,2018.



35 3x &4 00 ) XXX, % WSS HARELI A S TEREXT L 13

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

TR HEEAE KPR 2R EM]. dbET: B2 R, 2002: 52-54.

WANG Enge. Surface dynamics in thin film growth[M]. Beijing: Science Press, 2002: 52-54.

HAR. &EByR—E 8BS AEAM]. Ll R ER B A, 1987.

ZHOU Shaomin. Metal Electrodeposition-Principles and Research Methods[M].Shanghai: Shanghai Science and Technology
Press,1987.

YA, TRER K, BAERR, L HPURGKZE & Ni B ILEE S T BT [I]. B4R, 2014, 50(03): 305-312.

SHAN Haiquan, ZHANG Yuefei, MAO Shengcheng, et al. Electron Microscopic Analysis of the Fifth Twins in Electrodeposited
Nano-Twinned Ni[J]. Acta Metall Sinica, 2014, 50(03): 305-312.

Derek Hull. bt A3 22 [M].Z=e NI, o055, ARk, 25 bR R 1 R#:,2009:233-237.

Derek Hull. Fracture Topography[M]. LI Xiaogang, DONG Chaofang, DU Cuiwei, et al.Beijing: Science Press,2009:233-237.
May L. Martin, Li-Anne Liew, David T. Read, et al. Dominant factors for fracture at the micro-scale in electrodeposited nickel
alloys[J]. Sens Actuators A Phys, 2020,314:1-22.

Dominic Rathmann, Michael Marx, Christian Motz. Crack propagation and mechanical properties of electrodeposited nickel with
bimodal microstructures in the nanocrystalline and ultrafine grained regime[J]. Journal of Materials Research,32(24),4573-4582.
eI, 2R, HLfRER N FH T H A P A 1) o R ) N SO R ). R B AR A 4, 2012, 40(10): 70-72.

HOU Xiaochuan,PENG Jun. Quality problems and improvement measures in the application of electrolytic nickel to electroplating[J].
2012, 40(10): 70-72.

He Fei Li, Peng Zhang, Rui Tao Qu, et al.The Minimum Energy Density Criterion for theCompetition between Shear and Flat
Fracture[J].Advanced Engineering Materials,2018,20(8),1800150(1 of 9).

S.S.M. Tavaresa, M.B. Silvac, M.C.S. de Macédoc, et al.. Characterization of fracture behavior of a Ti alloyed supermartensitic 12%Cr
stainless steel using Charpy instrumented impact tests. Engineering Failure Analysis,2017, 82, 695-702.

TRERH. — P Al AR A A iE 7 iP]. R E . 201110063725.1,2014.04.30

SHEN Cuishan. Method for manufacturing high-purity nickel belt[P].China: 201110063725.1,2014.04.30

BRAN. P R AL ) i R TR R T2 B8 5 SR B FE[D]. 4R B K 22,2012.

HAN lJie. Research on the Theory and Strategy of Plane Shape Control in Plate Rolling Process[D]. Northeastern University,2012.

Structure and performance comparison of electrolytic nickel and

electrowinning nickel
LU Sujun',WANG Chao?,XU Yangtao'>3,ZHU Ji-nian',ZONG Hongxing',SU Yujuan!,

(1. State Key Laboratory for Comprehensive Utilization of Nickel and Cobalt Resources, Jinchang 737100,China)
(2. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metal, Lanzhou University of
Technology, Lanzhou 730050, China)

(3. Baiyin Novel Materials Research Institute, Lanzhou University of Technology, Baiyin 730900, China)

Abstract: This paper studies the difference between the structure and properties of the two types of electrodeposited nickel produced

by soluble/insoluble anode diaphragm electrolysis process, and XRD, SEM and other analytical methods used to determine and

analyze the preferred orientation, grain size, microstructure and fracture morphology, etc. The results show that the quality of

electrolytic nickel is significantly better than that of electrowinning nickel. The surface (200) of electrowinning nickel and

electrolytic nickel shows a single highly preferred growth, and the cross section (110) and (200) also show double preferred

orientation. The grain size of the two kinds of electrodeposited nickel is tens of nanometers, and the average grain size of electrolytic



14 i E B4R R 202x 4 00 A

nickel is 34.3nm, which is smaller than the average grain size 47.6nm of electrodeposited nickel, and the grain size of elrolytic nickel
is finer.. The growth mechanism of the two kinds of electrodeposited nickel is from spiral dislocation growth to cumulative growth at
the beginning. The surface microstructures of both sides have ridges parallel to the surface, most of which are pyramidal, and some
areas are similar to colony or cellular morphology. In addition, the cross-sectional microstructures of both are "lamellar"
structures,and the grains in the deposition layer near the starting plate are fine equiaxed grains.However, the farther away from the
starting plate, the larger the grain size and the preferred orientation is obvious. The difference between the both sides is that the ridge
steps on the surface of electrolytic nickel are more concentrated and the number is large, while the ridge steps of electrodeposition
nickel are more scattered and less, mostly in the form of scattered colonies or cells. the two types of electrodeposited nickel have
good plasticity, and both are ductile fractures. The tensile strength and hardness of electrolytic nickel are higher than that of
electrolytic nickel, but its plasticity is worse than that of electrolytic nickel. There are more spherical or irregular-shaped inclusions
distributed in the dimples of electrolytic nickel, while electrolytic nickel is the opposite. That will provide a theoretical basis for the
next step of improving the quality of electrowinning nickel.

Key words: electrodeposition; grain size; preferred orientation; plasticity and toughness; fracture morphology
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