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Abstract: In order to improve the surface properties of GH202 nickel based superalloy, intense pulsed ion beams (IPIBs),
composited by C* and H', accelerated by 250 kV voltage, were used to irradiate the alloy. The surface morphology and
properties of the alloys were detected by optical microscopy, XRD, SEM and microhardness tester. The results show that the
craters appear on the sample surface after IPIBs irradiation. The size of craters increases with the improvement of the energy
density, up to 70 um. The formation of craters is due to the eruption of low melt point components. The y' phase on the surface
layer is disappeared, the carbide with M23Cs structure formed and the residual stress existed. In depth of about 100 um, the
microhardness after irradiation increases in varying degrees. In the high temperature oxidation testing, the continuous
oxidation layer consisting of Cr203 and Al203 is easier to be formed, which can prevent the diffusion of oxygen into the
substrate. There-fore, high temperature oxidation resistance of the treated alloy has been improved.

Keywords: intense pulsed ion beams(IPIBs); nickel based superalloy; craters; microhardness; high temperature oxidation

resistance

iR HHA: 2017-08-04; 1EEIHH: 2018-01-04

P4 AR B H#A: 2018-01-05 15:52; MG AL : http:/kns.cnki.net/kems/detail/11.3905.TG.20180105.1551.040.html

BREE: K/hza (1963—), & X)), #dz, Wil #KAR: KB TR ; E-mail: xyle@buaa.edu.cn

EEWAR: ERARPEIES (11175012); EEEARHE LTI (20132X04001071-004)

Fund: Supported by National Natural Science Foundation of China (11175012) and National Science and Technology Major Project

(2013ZX04001071-004)

BIScRR: #hRE BRE, BU/NT, SRkl TR IR GH202 BRI IR & SR M hED)]. P IR TR, 2018, 31(1): 7-14.
ZHONG H W, LIANG J C, ZHAO X Y, et al. Surface modification of GH202 nickel based superalloy by intense pulsed ion beam
irradiation[J]. China Surface Engineering, 2018, 31(1): 7-14.


http://dx.doi.org/10.11933/j.issn.1007-9289.20170804001
http://dx.doi.org/10.11933/j.issn.1007-9289.20170804001

8 hoE %k EH LR 2018 4
0 3 5 %£1 GH22 &&KZERS
R Tablel C ition of GH202 1%
5 ik # 5 F 3 (Intense pulsed ion beams, or omermre (%)
‘f'ﬂf ‘(l:|:l¢“ﬁ?/]\:‘|: { &*?AEEZ’—‘ 10 Element Cr Fe Mo C
i 2 ~
IPIBs) ﬂ&‘*a RIS us, A HeE Content 17.0-20.0 <4.0 4.0-5.0 <0.08
1000 keV Z[H], HFHEELE 10~1 000 A/cm? {5 [ , )
S e, IPIBs 45 BHEH N 16 b5 S et % A4 > N
I‘j\]mﬁﬁh%’ ° S A i‘ o Content 22-28  1.0~15 <0.01 Bal.
[E] (~100 ns) PPKF REBER (1~10 J/em?) JUEUEFT
RLT, 1T LA AR 2 K A R AR A R s [R]— PR e 2 B4 i AR 1, 3 F1 S Wbk

10~10" K/s AYRIZUTHR AN E3 82, IiFER Rt
KRB, BEMGMERSEY, [, Pk
AR SRR IZ P AR T, Beih A5 B8
TR B IS A ST RE PR P A S RN, T3 o 3X
BB HPRE S B M 22 1 21850 K A= AR Ak T -
SR T Y EE SRR RE . TR B MERE . A
SEVERE KA AL, SEBUMERIY R Ok

BEERG S DR, 7E 650~1 000 C
1 1B P LA e B B R R A B R LR
JEMEE MRS &Y, WHAES, SRR TR
WIZEATERE, BRI IR A & BN H T A
MR A MRS ITRAEA Y, GH202 &4 02
— PP PCTE R AL B AR T B RS A, B TS A
23U R S A ZE R, R B R R
=, LSS,

h T AR RS S n PR, S b
IPIBs X834 e bR B e E o, SO R
IPIBs $ AR Xt GH202 #5735 = i A 4 1A 7 3 i e B
LhPE, 454 SEM. XRD FMEREMERHratd, 3K
BT RFER S EL 1PIBs 5l /G GH202 B Mk
BEERZHONEER WA B R R A A
ARk
1 MRRFGE

IPIBs % MR 50 7E A 2 B FE A 7 v B T K 2%
) TEMP-4M RUa8 ik vh g 7 B s 5 b #Ei70el,
TEMP-4M JiN 3 #$ i TPIBs o3 B T i M 70%
C B M 30% H &+, I EIEE N 250 kV,
FMKTE N 80 ns, AT HRALMY R AR % N 0~
3.5 J/em?,

GH202 &4 g 1 iR, gLb#E R
P10 mmx10 mmx3 mm AYRAE, {6 R
3000 %5 SiC RPAUME, 2 7S I v Ve AN RS #24K
JE AT R RS . MERTR U RE R R 1. 1.5 AN
2 J/em® 1 IPIBs 43 548 BN ] GH202 & 421k,

627 B8 A ISM6010 148 i, 7 B
(SEM) Maim I ar 5 il FE M R mE 5, H
Thermal BEIHY (EDS) #H4TiAFE R TR /0. F
JH Rigaku Ultimal V %! X SHEATHHMY (XRD) HEFT
TR 2 AR 285 K8 A0 A o X 0 B i 2 RS 9 )5 a0
T &AWL, 7 FH M 8 4 . 10 mL AR
(HNO3), 30 mL #:/#& (HCI) #1200 mL 545, #]
F HV-1000(Z) 75 k8 A B 310 300 Y 2 18 i fi
WEEE, FTFHEMT N 0.098 N, ANZRmtE N 15 s, 4
AR REALIE I 5 AT, O SAEAE N e 4
S IRPE L ZS R HB-5258 X4 UG BORE i ik
ot A AL PRI, KA S B A R
R, #E 1000 C B2 <4k 100 h, 2R
H Mettler XP 205 HL TR (F5 M 0.01 mg) K15
Hprae k.,

2 HBREWR

2.1 REFHREERS

&1 Ay BRI RS [) S 0 BE B2 %5 T2 TPIBs 4@
BT NPk b G GH202 A 4 2 1 1Y 624 B0 54 .
IR GH202 & & U&7 B RIS —2L,
HHRILE)E B TR A/NIR, - HAFfE— L
AN IERE (B 1) ZFTIREREEN 1 Jem?
[ IPIBs 48 H8 1 Fk s, GH202 &4l
R, BRAT R AN IR PR AR ) 3 s i AR A5
[, R, FElieaRin ™A R RS 5~10 pm
MRS (B 1(b)). 4K IPIBs S AE & % N
1.5 Jem? J5, M 1(c) AT LIFE S, R
FEYURGTHE 2 10~20 um, 2 4k2E88 K TPIBs i
AEI 2 2 Jom?® W), UREZRTH ARG 5T RT3 n
% 50~70 pm. [AIEF, Bl AR B E WS,
GH202 A 4 IR A Ak 2 TR B LA A (] 353 T
TRE R TE O 2SS B I IR AIRGE (B 1(d))-

2 RIEGGRES . 1 J/em?® A IPIBs 8 HR 1 ¥k
S Bkl GH202 &40 SEM JES, %2



S BhREC, 4. SRk T AR I GH202 BRIk IR A 4 e m kot 9

Sl 2 R A B EDS 455 st & 2(b) Al FREGT RO IR BT REEZ R 1 um (/NRTE
I, IPIBs $E M85 GH202 & 4 ik =4 fLi, EDS %553 i n X Lo L JE [l B T Mg,

100 um 5 2 v_ 2 100 m

(a) Original (b) 1 J/em?, 1 shot

100 pim <2100 um

(c) 1.5 J/em?, 1 shot (d) 2 J/em?, 1 shot

1 GRS GH202 &4 MR IEIES
Fig.1 Surface morphologies of original and irradiated GH202 alloy
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Fig.2 Surface morphologies of samples irradiated by different shots
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Table2 Composition of points in Fig. 2 (al%)
Point Ni Cr Al Ti C Mo S Mg (0] w
A 34.34 18.55 3.87 32.60 10.64
B 3.16 1.86 39.36 44.53 6.85 4.24
C 11.65 4.82 3.10 22.24 6.66 20.85 30.67
D 67.45 18.03 1.85 2.33 6.28 2.14 1.91
E 64.86 18.04 1.85 2.82 8.04 1.59 0.61 2.20
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Fig.4 XRD patterns of GH202 alloy irradiated by IPIB at different
energy density with 1 shot
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Fig.6 Surface microhardness of GH202 alloy after IPIB irradiation
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