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Surface modification of pure copper by Ni ion implantation

BAI Ya-kui, LI Jie-chi, ZHENG Rui-ting, CHENG Guo-an

(Key Laboratory of Beam Technology and Material Modification of National Ministry of Education , Institute of Low
Energy Nuclear Physics, Beijing Normal University, Beijing Radiation Center, Beijing 100875, China)

Abstract: The impact on the surface of pure copper performance with Nickel ion implantation was studied using
MEVVA source ion implantation equipment. The microstructures of modified layer were analyzed by TEM and XRD.
The results show that a series of strengthening process occur on the modified surface of copper with the increase of Ni
ion implantation dose on surface of copper. The testing results of hardness and friction indicate that the surface hardness
is 2 times as that of original copper surface when the ion implanted dose is 7.5 X 10" jon/cm?, and the friction coefficient
is only 47% of that of copper surface. It can be concluded that ion implantation on the surface of pure copper, especially
strong current ion implantation, is an effective method of pure copper surface strengthening technology.
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Table 1 Injection process parameters of Ni element

Implantati

Sample Implantation Accelerating Beam/ mp di‘::; ron
No. ion voltage/kV mA . Y
(ion'cm °)

1 Ni 40 2 0.5x10"

2 Ni 40 2 1.0x10"7

3 Ni 40 2 2.5%10"

4 Ni 40 2 5.0%10"

5 Ni 40 2 7.5%10"
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Fig.1 Secondary electron images of samples surfaces with
different implantation doses: (a) 0.5x10'” ion/ecm?; (b) 2.5%10"

jon/em?; () 7.5%10"7 jon/cm?
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Fig.2 TEM images of modified surface layer of samples with
different implantation doses: (a) 0.5x10'” ion/cm?; (b) 2.5%10"
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Fig.3 Indentation hardness curve of sample with implantation
dose of 5.0X 10" ion/cm®

4.0

35F

3.0+

25+

Hardness of modified layer/GPa

0 1 2 3 4 5 6 7 8
Implantation dose/(10'7ion-cm™2)

4 ANFRENFE I SR AR R A2 1

Fig.4 Hardness change of sample with different implantation

doses
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Fig.5 Sliding friction coefficient change of sample with

implantation dose of 5x10"ion/cm?
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Fig.6  Sliding friction coefficient change of sample with

different implantation doses

10" jon/em® i, FENJZI w EALN 0.036, £0FE4k
PERRIRE 0.076 —2F.

PEREMNAZR I, Ni & AN Cu R W
MIsRAPER, XA S B 1 N2 4 AR A % D) A
Ko Ni BTN Cu K PI5RAAE LA Ak
A AR RN A S A R 2 1 A Y 2 2 AP
[ 45 5

mio R BTN 2 P B S N, AR R RS B
IR, AL R BRI . d At T Iy s
BNIHMERE, PR R RS . KH R B AN
AV ANTE R AN, A4S e AR B A TN B 7
SN, BRALLASL, EMUA S A R
PR B R A F R T SBORRL R TR PE R AR
B, BEERBRK. tilbrl G, AR A



822

PR R AR

2008 4 5 A

FUE ) NI JeEE A2 & i ek i R e AR H W
SRR, n] A Sk v Al 3 Tl SRR A

1) B Ni &7 EAFR AN, & stz

EY/A Iy e R AN SN | S AP E [ Sy ad L
— R,

2) BN, R (KR AP B e AT

WIS, Y AFIERES] 7.5%X10"7 jon/em® I, ¥
N2 WM PEAE A A BRI 2 1, TR B R A A ok ik
R 47%

3) Ni B FVEAXS Cu ZRIM SRR F] IS 40 & o

GANIE I ST YR e s O Sl Pt R AR 2 I B T (SR E i
4k,

REFERENCES

(1

(2]

(3]

(3]

O, KRR WG SBEE RN & TR R
BT K22 244], 1998, 24(6): 710-711.

CHENG Jun, ZHU lJian-hua. Wearablity of siliconized copper
based alloy and process controlling[J]. Journal of East China
University of Science and Technology, 1998, 24(6): 710—711.
WAL A R R T BRI AT D] AR,
1996, 48(1): 75-76.

PAN Qi-han. Study on surface modification of copper and its
alloy[J]. Nonferrous Metals, 1996, 48(1): 75-76.

LR, ASAOKAT, JH 2. HE 7EA TiNi JBRLiZ &4
RIMELT]. A (e 244R, 2006, 16(3): 413-415.
LENG Chong-yan, ASAOKA T, ZHOU Rong. Surface
modification of TiNi shape memory alloy by nitrogen ion
implantation[J]. The Chinese Journal of Nonferrous Metals,
2006, 16(3): 413—415.

Wifhor. BREEA Si IR AR TR R A1 2 (], th 1A
4 @A, 1997, 7(1): 147-149.

CHEN Wei-rong. Aes analyses of Ti based alloy surface by ion
implantation[J]. The Chinese Journal of Nonferrous Metals,
1997, 7(1): 147-149.

PARZR, Bardy, SR, b 6K, PN, MR LA
TAREERE IR IR 0 AID]. T EA ), 2000,
10(ST): 155-158.

YU Wei-dong, XIA Li-fang, MA Xin-xin, SUN Yue, SUN
Ming-ren. Copper profiles in implantation layers prepared by
Cu-plasma based ion implantation into silver substrate[J] . The
Chinese Journal of Nonferrous Metals, 2000, 10(S1): 155—158.
P, SKRERK, Aok, Wkl BOTE, MR . AR RS
TBERE IR EA[T]. P S B4 a4k, 2005, 25(2):
102-103.
YUAN ZHANG  Yue-fei,

Qing-long, SU Yong-an, CHI

(7

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Cheng-zhong, TANG Bin, XU Zhong. Air oxidation at 400—
700 ‘C of titanized pure copper prepared by a double glow
discharge process[J]. Journal of Chinese Society for Corrosion
and Protection, 2005, 25(2): 102—103.

P, Rk, WRERK, R L AU OUZ R RS IR X
BEHTFI]. MORHAAEBE 43R, 2003, 24(3): 70-73.

YUAN Qing-long, SU Yong-an, ZHANG Yue-fei, XU Zhong.
Titanizing on the surface of pure copper with double glow
discharge process[J]. Transactions of Materials and Heat
Treatment, 2003, 24(3): 70-73.

WS, & 0, wohE, W SIS . AL
B, 2001, 28(4): 62—64.

SHEN Bao-luo, YI Yong, GAO Sheng-ji, GAO Jian. Ion
implantation and its application[J]. Machinery, 2001, 28(4):
62—64.

BIL, B 9, SRR, WO, A, TN, .
SRR B T AP RER T S RT TEUE R D]. AR, 2003, 26(2):
119-121.

ZHAO Wei-jiang, YAN Sha, LE Xiao-yun, XIANG Wei, HAN
Bao-xi, WANG Yu-gang, XUE Jian-ming. Studies on surface
modification of materials by intense pulsed ion beams[J].
Nuclear Techniques, 2003, 26(2): 119—121.

PETHICA J B, OLIVER W C. Tip surface interaction in STM
and AFM[J]. Phys Scr, 1987, 19: 61—-66.

OLIVER W C, PHARR G M. An improved technique for
determining hardness and elastic modules using load and
displacement sensing indentation experiments[J]. Mater Res,
1992, 7(6): 1564-1583.

OLIVER W C, HUTCHINGS R,

Microindentation

PETHICA J B.
techniques in materials science and
engineering[C]//BLAU P J, LAWN B R. Philadelphia: ASTM,
1986: 90—108.

BHUSHAN B, LI Xiao-dong. Nanomechanical characterization
of solid surfaces and thin films[J]. International Materials
Reviews, 2003, 48(3): 125—-164.

PHARR G M, OLIVER W C,BROTZEN F R. On the generality
of the relationship among contact stiffness, contact area, and
elastic modules during indentation[J]. Mater Res, 1992, 7(3):
613-617.

R X, FLLEE. ZA2T BRI () PR 4 I E ).
& JEAAETE, 2004, 29(11): 62-65.

SHANG Quan-yi, GAO Hong-xia. Wear loss measurement of
ZA27 alloy in frictional wear test[J]. Heat Treatment of Metals,
2004, 29(11): 62—-65.

B, B4R, akERE, TEREA, O R, R, BAER
R < (K AR iR R (9], B R B TR, 1993,
5(1): 16-21.

HU Zhuang-qi, WANG Hua-ming, ZHANG Jing-hua, YU
ZHENG Zhi, ZHU Yao-xiao.

solidification of single

Xi-hong, Nonequilibrium

nickel-base superalloy[J].

1993, 5(1):

crystal
Corrosion Science and Protection Technology,
16-21.

(4WiE T



