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Wear Resistance of Ni—-Co Electrodeposited Coatings on Copperplate of Crystallizer
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Abstract: Ni-Co electrodeposited coatings containing different amounts of Co were investigated. Their microstruc-
ture and hardness were characterized by scanning electron microscope (SEM), X-ray diffraction (XRD) and micro-
hardness tester. The wear behavior of Ni—Co coatings rubbing with 35CrMo steel pins or Siz N, ceramic balls was e-
valuated by a pin—on—disk tribometer at room temperature and 280 C. The results show that the coating hardness in-
creases from 2. 03 GPa to 3. 96 GPa and the wear resistance against hard particles plowing is enhanced because of the
change of crystal orientation, grain refinement and solid solution strengthening when the Co content increases. The
wear volumes of coatings are several times higher at 280 ‘C than that at 25 C. After rubbing with a steel pin, the
worn track of 1. 5% Co coating is adhered by the pin material, resulting in the wear volume abnormally lower than
27% Co coating with higher hardness. After rubbing with a ceramic ball, 27 % Co content can promote the generation
of cobalt oxides and the formation of tribofilm during the frictional process, making the volume loss of coating de-
crease by 65. 4% compared with 1. 5% Co coating. As the working conditions of crystallizer are considered, 27% Co

content is beneficial for improving the wear resistance of Ni—Co coatings.
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Fig. 1 SEM morphologies of Ni—Co coatings with different Co content
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Fig. 2 XRD patterns of Ni-Co coatings
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Table 1 Microhardness of the Ni-Co coatings

Coating Ni-1.5Co Ni—-3Co Ni-9Co Ni-27Co

Microhardness/GPa 2. 03 2. 64 3. 14 3.96
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Fig. 3 Wear volume of Ni—Co coatings and 35CrMo steels at room temperature and 280 C
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Table 2 Composition of the dark film on the worn surface of coatings and pins in Fig. 4(a/%)

Chemical composition

Sample (rubbing pair)

O Fe Co Ni
Ni-1. 5Co coating 38.76 18. 26 1.01 41.97
35CrMo pin (Ni—1. 5Co) 50.09 38. 87 10. 61
Ni-27Co coating 33.99 21. 54 11.77 32.43

35CrMo pin (Ni-27Co) 46. 29 27. 80 7.31 18.29




%64

BRHT 45 45 fhas f AR Ni-Co HLUBE 2 1Y it J5 14 97

Ni—-27Co #5825 Ni—1. 5Co 8 24 It , BIE
R WA 2 H A AR B N R TR 6
DX A /N L 4 Ced ) U WD R 8 4 v 1) 0 )2 3 T e
Tﬁd”/\@ﬁ%mﬁ*ﬁfg%v}:ﬂﬂ@ Rl B9 B 1 AL
7T S 08 A T 5 O 0 8 1) B B s /N . EDX 3 7
FRU 98 2 R R R X3 B — 2 & 1 Co, Hl
Wi A7 1E Co Y48 AW 5 5 49 5 I 35 T R €2 DX 3 1Y)
Ni,Co & B3 2, R Y2 MR 2 b 0] B0 55 %
TH1 7 7 % B TE UBE 45 S g J22 (L 4 (D) S BE DR3P 4
B TR AL H B8 )2 o DR DG EE A B I )22 AR RN ot T X
X B 2 P S v 7 AR S

200 pm

AL W RN EE 452 S g )2 % Ni—Co B8 2 it 5
PERFZ I AT AL 5 Sia Ny R g Bk EE A g i —
AR, 280 Cilgn Ja iy AR Co & & 58 )2 1Y 5
JETESL A B AT an Bl 5 M3k 3 . B 5(a) BIR
1. 526 Col )24 1) B I 458 Wi » 2 THI 174 JB 4% S 1o J22 DA
NIiO Sy 32, FTHT b AORF B o Jo Bl 122 B 488 2 o 2 M A
HEHL P 2 2R W 5T 5 AL, B 5 (b R 27% Co
T2 1 S R R L 3R T TR I R 5 1 JEE 4 IS
J2 EDX F3 41 I W B )2 b &R B £ Co A AL
TRPEEAE SN2 2 T He BT B G B W ) AL

REASHCH TR 5T AR B DA T 2 e 9 V2 A i B

200 pm

(a) Ni-1.5Co coating (b) Ni-27Co coating
I 5 Ni—Co 8 )2 280 CHf Y Sis N, BRXFE J5 7Y B IR I 51
Fig. 5 Morphologies of worn surfaces of Ni-Co coating after rubbing with Si; N, balls at 280 C

R 3 Ni-CofERFE 280 C5 SiyN, kM ERHMERANIREHI RS (KR5 5/ %)

Table 3 Compositions of surface inside and outside the worn track of coatings after rubbing with Si;

N, balls at 280 C

(a/%)
Chemical composition
Sample
O Co Ni
Ni-1. 5Co coating surface 1.71 98.29
Ni-1. 5Co worn track 60. 10 39. 90
Ni-27Co coating surface 27.11 72.89
Ni-27Co worn track 62.90 11.52 25.58
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A T B%E S5 1 BE 45 S L= - REHRHT g 88 BR
(9 AL H) o DA T Dk )22 8 4

2.4 CoRESLRBERMEENXER

Co & RHARH 1. 5% Co B8 J2 1 B #4540
B PR A 00 ) ¢ T R 4 S A o AR v N B A R
21 B J2 3R A% o [) o) 52 22 AN A A4 REAE R 4
PRI RN & A Ak O 76 95 2 B R R 1H
T 0 BE 5 B 1% 2 W B 4 Ca) T o JBE 42 2 i 2 fiE
PRI B J2 3R 10 BT 4 1 A B 2 ol O 2 i
FEMER Al 1. 5% Co BER M BB % . 1. 5% Co
PE)JZ S Si N, B % RO EE B 3R A NIO B
DAHCHC A Jo B 2 0k i AL ). B NIO 3 B 1 7T fig
A B R T A 98 2 B ™ . ) AR S PR hL R A
R e 5 b g A B 2 1D S AN 558 2B R B TR A S
SRR B, 1 HoAlL 23 5 SiO, , CaO 45 {3 i
B i, R ARG SC R 1. 5% Co $E 2 5 SN,
e 3 BRI S 451 1k 50 25 S AN e A ok 2 O T
UKL 2 3 J B8 2 B ™ L IR Co & = 88 2 1
S bRl A B

B Co 5 m 38 in . 4% )2 1) i B 5 w30 b sf 28 482
SN J2 M LA B A 5 2 2 T T 458 2 b Rl BT
FT L W 4Ce) (d) o B Y BE 45 N 2 AN BE 5
AR 2 T A I 7 AN A I AL I R T A
ZR, HJES SiyN, B % BROGEE I 25 SR R 8.
Y Co & & A A T 76 95 J2 I R 8 1 P
P2 BN )2 7 3 A A FH O A 4K B A T B0ORE 11 AL
HIL ARG T2 . I gE A R T
F,Co & RL3G 0B w5 B 2 0 R R L LI O R 4R
V7 2 F T B o {68 K BE 809 B A0 A S5 A A AL 11 A RE

S ik T 4R e B P S AR AT S B A
Rt F£ W] Co & B m 9 Ni-Co M= BAT H 4
1 T R 1 RE W R i A S P g A R
—3

L BT R O 45 5 B R 2 0 . Ni -
L. 5Cof 2 1Y do iR o B3 32 A, 76 P 48 45 it
T R IR THT 5 2 8 A9 5 R T 0RY 1) A2 L R
IRIEE AR SN 2 22 e 3 — 5 1 AR 4 A S AR 7E 55 P
o P 2o v 4 A A2 0 e 25 R URE 1) i 47
7B A5 . Ol N Co 5 i, LB R ok 2
o 08 38 B vy o A JEE 450 PR 451 A B R TR TN
5 0B TSR B 1) A BE 0 49 58 5 [ IR R Y Co
A T2 3 T BT PR A B 4 S A
RUZ RS . Rt Co & &l 4h i iy Ni-
Co HLHE S22 FLAT BGE 1O JB 41  A™ BE OR I B 13 119 45
ARG TR

3 & it

(1) Co & &M Ni-Co HLPEJZ ) LHL 454
Mg Co & BG4 2 45 &b ) 2028 B & R
A A ]

(2) JEEHEE 50 )22 W T2 B2 i) B8 )2 1 T s 4Pk
B Co & g 3F B Bl o 72 v 2B i Co 1Y 44k
Y. LA R T8 BB 46 5 0 )22 3 s R b Al o o B
HIl B4 RE 7 AT 44 e 588 )2 ) T 5 12

(3) 2 27% Co &8 Ni-Co R 5
Siy N, B %75 280 C By H A7 fe iy 19 T 8 M w] ]
TH45 dn A 5 AR B Ry 2 T B . B B R

TN
Al 5T .



% 63 BRHT . 45 S d AR Ni-Co W B2 Ml I 1k 99

(22): 7306-13.
%j%Iﬁk [8] Wang L P, Gao Y., Xue QJ, et al. Microstructure and tri-
bological properties of electrodeposited Ni—Co alloy deposits
[J]. Applied Surface Science, 2005, 242(3/4): 326-332.
[9] fRUEE, BKIKME, HXGE, 5. Co-NigaWlZHAL M K
PEREWFSY [T]. APRHALL BEAE 4R, 2007, 28(1): 123-126.
[10] i+, BFE, kM, % @R TR PO, =BIFHH
B AR K A [T, [ R T, 2013, 26(4): 99
-104.
[11] Li Y D, Pang H, Wang D, et al. Effects of saccharin and

L1 =AFA, BrEAGR, M. sk o A s o Ak iy Ni-
Co MRtk [J]. 3E#, 1999, (6): 34-36.

(2] BRZEA, JrvcWl. AR M 55 DL 4G S & 1R A v B SR 4
[Cl. B EHEART 2. Trr . 2003: 35-42.

[3] Hibbard G D, Aust K T, Erb U. Thermal stability of elec-
trodeposited nanocrystalline Ni— Co alloys [ J]. Materials
Science and Engineering A, 2006, 433(1/2): 195-202.

[4] Lekka M, Lanzutti A, Casagrande A, et al. Room and
high temperature wear behaviour of Ni matrix micro— and cobalt concentration in electrolytic solution on microhard-
ness of nanocrystalline Ni—Co alloys [J]. Surface & Coat-
ings Technology, 2008, 202(20): 4952-6.

[12] ¥rfhite, dahsm. FOREZR. & & o e DUBLGN K S B 4 &
SR ¥R (. hEA AR %M. 2010,
20(1): 92-99.

nano—SiC composite electrodeposits [ J]. Surface & Coat-
ings Technology. 2012, 206(17): 3658-65.

[5] R, LTRME. WM. o555 B 45 1 i £ A i
A 0)]. AEEm TR, 2012, 25(4); 31-35.

(6] =207, Mg, s, B AISE Co-Ni-Fe & G BE#
AR P b g ()], A R TR, 2011, 24(2): 83

fEE Mk : T4 W BT L X SC e 72 %5 110016

-87.
2% 2 A [ TS T
[7] Graca S, Colaco R, Kulik A J, et al. A displacement sens- H Rk 2 B 4 S T 5 T
ing nanoindentation study of tribo—mechanical properties of Tel: (024) 2397 1775
the Ni—Co system [J]. Applied Surface Science, 2008, 254 E-mail: zgeng@imr. ac. cn

L e LT & S e & e B S L X e & e S e e 3 e S L A X e & e e 3 e 3 e e 2 X e & e L e & 2 & e 2

* FAREE .
FLtEFEEREZEFSI(7th CIST) H@E M

B E AL TR A o BE 2% oy 2 0 R E 0 KRN 55 7 Jm v ] 4 2 [ B 23 W (CIST
2014) ¥ T 2014 4F 4 J] 28~30 H AR EARINZAT . 2 F 00 “ 1 ) il $725 k e BE 322 . VRN h
JEE 452 ROV E PR AR 2180 R 24 37 [ P MR 3822 G 2 - B A R R S 4, ok |45 iy
JEE 452 AR SRS i A0 s 17 6 SR IRl A 0 45 0 B 452 27 5 HORWE 2 04 S5 i i R ok &k e Iy )
AR 2 BT e KA ot e L B A v R 2 (G0 5K A 2082 L BB 2 B 22 0 Ak 2= 1 BELBE 55 T 1
HEILBE LT 22 R R G FE L o Bl R 2 A B T 8 4 L v [ B 2 B =2 JH Ak 2 ) BRAE 5 T X 4
ARG R 2 R E R L E R KW BRI EH R SA ER . S EE R Y EEY 5105
A IR Z RN B R (23 () BE 2 U T A S R RORE R 05 5 B R R T A TR VAR E R
PR RS Tl B 2 S BRI AL Sl B 55 10 DSB8, TR 1H 2 ) 23 108 8 ) 3ty -
http://cist7. cumt. edu. cn

SE RO Bk, B B 0516-83591916, E-mail: cist7@cumt. edu. cn

il A b i TR U 2 B MR AR L 2 D



