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ABSTRACT : Objective To obtain a strengthened layer with high hardness on the surface of 1.2344 steel. Methods 1. 2344 steel
was irradiated with uniform accelerating voltage and different pulses using high-current pulsed eletron beam. The variation rules of
surface microstructure and performance of the sample before and after modification were studied. Results It turned out that the sur-
face of the samples formed some crater-like defects which had different shapes, sizes and nonuniform distruction after irradiation by
HCPEB. The number of crater-like defects was decreased and the diameter was increased with the increasing irradiating pulse.
Austenite appeared on the surface of the irradiated samples, and the surface microhardness was increased by nearly 14.5% when

the pulse frequency exceeded 50. Conclusion After processing with high-current pulsed electron beam, the size of the grain was re-
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duced in the surface layer of the sample. The microhardness of the specimen was increased due to the grain refinement and the gen-

eration of macroscopic residual stress.
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Fig. 1 Metallographic image of initial structure of 1.2344 steel
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Fig. 2 Surface microstructure of 1.2344 steel after HCPEB treat-

ment
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Fig.5 Surface microhardness of 1. 2344 steel before and after
HCPEB treatment

3 it

1) SRR e FAALHE 1. 2344 49, Al i H 3 1
FEANRT, B BB BN e e s I b
HEEK,

2) 1.2344 LRI MK vp L AR AL B S | B T AR
PRA AV HAE T, 26 T 50 )2 19 R R AN
K, R SRR LA

3) SRR L TR ER 1. 2344 4K T AT K
FEFRIE R M, Bk bR BOR T 50 ki kSR
T FF 46 7= A2 B PR, 5 FLBRL EQ R R Bt 25 Jok o ok 5 11 36
T EAN

4) SREFTIK L T AAL B 1. 2344 0] R R
T AR A S

£ Sk

(1] FAZA, B, T R iR B AR YIS SN [T ]
HUMAS BT & ,2010,25(5) :104—105.
ZHOU Yong-quan, ZHAO Yang, WANG Pu. Research and

(2]

(3]

[4]

(5]

[6]

(7]

(8]

[9]

[10]

(11]

Application of Surface Strengthening Technology [ J]. Me-
chanical Management and Development, 2010, 25 (5):
104—105.

BB thE AL A 2 BRAIROR [T ], b B
2004,19(3) .1—11.

FAN Dong-li. China’s Heat Treatment in the Past, at the
Present and in the Future[ J]. Heat Treatment, 2004, 19
(3):1—11.

A B TR SO, A, TR E Hhb B Y BOIR B SR
I ], g R RLE 5 T, 1999,22(2) :48—55.

LI Mao-shan,ZHAO Bao-rong, WU Guang-ying, et al. Heat-
treatment Situation and Development of China [ J]. Ord-
nance Material Science and Engineering, 1999, 22 (2):
48—55.

TS RTA: ak AR, A5, BRI K ol SRR T Ak 3
[J]. 4@ #b 3 2008,33 (1) :77—81.

HAO Sheng-zhi, WU Ping-sheng, ZHANG Xiang-dong, et
al. Surface Modification by High Current Pulsed Electron
Beam([ J |. Heat Treatment of Metals,2008 ,33(1) ;77—38]1.
RN, LA AR AR AZ31 B B UK o L R
SPERTFE[J]. FPEHR S, 2009 ,42(2) :49—51.

LI Gang, KUANG Jun, XIANG Jun, et al. Surface Modifica-
tion of AZ31 Magnesium Alloy by High Current Pulsed Elec-
tron Beam|[ J]. Material Protection,2009,42(2) :49—51.
PROSKUROVSKY D I, ROTSHTEIN V P,0ZUR G E, et
al. Pulsed Electron-beam Technology for Surface Modifica-
tion of Metallic Materials[ J]. Journal of Vacuum Science &
Technology A,1998,16(4) :2480—24388.

STIPPICH F,VERA E,WOLF G K, et al. Enhanced Corro-
sion Protection of Magnesium Oxide Coatings on Magnesium
Deposited by Ton Beam-assisted Evaporation [ J]. Surface
and Coatings Technology,1998,103:29—35.
PROSKUROVSKY D I,ROTSHTEIN V P,0ZUR G E,et al.
Physical Foundations for Surface Treatment of Materials with
Low Energy, High Current Electron Beams|[ J]. Surface and
Coatings Technology,2000,125(1) :49—56.

R /I, R I8, A5 HRL T R T Ak B Y AT 5 3
[J]. PHEFT4R,2009,23(5) :89—91.

ZHAO Tie-jun, TIAN Xiao-mei, GAO Bo, et al. Research
Development of Electron Beam Surface Treatment[ J]. Ma-
terials Review,2009,23(5) :89—91.

OZUR G E,PROSKUROVSKY D I, ROTSHTEIN V P, et
al. Production and Application of Low-energy, High-current
Electron Beams [ J |. Laser and Particle Beams, 2003, 21
(2):157—174.

Moo o5, B A 45, Vr ok, . SO Bk b i AL BER
40Cr WY EE $8 P BEOF 52 [ ). AFORE = 41, 2009, 23
(24) .60—62.

(T#%83 )



543 5

%o

KESTH 6063 FAA 4RI Ce-Mn/Mo E G ALY il 2 S Mg

- 83 .

(3]

[4]

(5]

(6]

(7]

(8]

(9]

mospheric Corrosion of Aerospace Aluminum Alloys[J]. E-
quipment Environmental Engineering,2013,10(3) :26—30.
YU H,CHEN B,WU H,et al. Improved Electrochemical Per-
formance of Trivalent-chrome Coating on Al 6063 Alloy Via
Urea and Thiourea Addition[ J]. Electrochimica Acta,2008,
54(2) :720—726.

[ SRS G i i e B SR e I R T e L (A N
KHRA,2012,45(6) :39—42.

ZHANG Jun-jun, LI Wen-fang, DU Jun. Preparation of Ce-
Mn Composite Conversion Coatings on Aluminum Alloy[ J].
Materials Protection,2012,45(6) :39—42.

ZRLTIS  NNURL. 4 i 3R 1H JC % B AL B R 1 BF 52 3
B[], FmHEAR 2013 ,42(2) . 112—115.

LI Hong-ling, LIU Shuang-zhi. Research Progress of Non-
chrome Alternative Technology on Metal Surface Treatment
[J]. Surface Technology,2013,42(2) :112—115.

FAKS, . S50 A 5T BH R R 2R 9% 1 R 1 1 o)
[J]. Bk 5T 1,2002,24(6) :22—26.

WANG Qiu-jing, TANG Yao-sheng. Development of Molyb-
date System Corrosion Inhibitor in Weak Alkaline Medium
[J]. Plating and Finishing,2002,24(6) ;22—26.

Gyl % RSP XN 45, b BEXH b= e A b PR AR
BRI T]. RIAHA 2013 ,42(1) :42—45.
YI Jun-lan, WU Song-lin, LIU Ming-hui, et al. Influence of
Pretreatment on Corrosion Resistance of Chromate Conver-
sion Coated Aluminum-Lithium Alloy[ J]. Surface Technolo-
gy,2013,42(1) .42—45.

FEARER A SO 3A21 LR G 4 iR AU B AR T AL B
T ZHFELT]. REHA ,2014,43 (1) :109—113.

YAN Wei-qiang, YANG Wen-zhong. Study of Efficient Com-
pound Surface Pretreatment on 3A21 Aluminum Alloy[ J].
Surface Technology,2014,43(1) :109—113.

P CI AR e HE AR 48 5 4 Ce-Mn Fe AL IR 75 T

[10]

(1]

(12]

[13]

[14]

[15]

ZRMERERTSE[ D] M AR LT R 2 2012,

HOU Jian-ming. Preparation and Characterization of Ce-Mn
Conversion Coating on Aluminum Alloy with CI” as Promo-
ting Agents [ D ]. Guangzhou: South China University of
Technology,2012.

SRZEAE AR S0F AL RIS B INGRIXS Ce-Mn $ AL N5 Y
SEm[T]. AR BT E A (A AR L2010, 38
(4):76—381.

ZHANG Jun-jun, LI Wen-fang, DU Jun. Influence of Addi-
tives on Ce-Mn Conversion Coating at Room Temperature
[J]. Journal of South China University of Technology ( Natu-
ral Science Edition) ,2010,38(4) :76—38]1.

PEAC T, SHIRER M B T HLEL [ ) . MR 31,1996, 29
(10) :21—23.

LU Chang-qing. Inhibition Mechanism of Molyhdate [ J ].
Materials Protection,1996,29(10) :21—23.

FR, VLU, R LY12 8 1 < 5 R R 5% AL AT 52
(1] WA 2 Jm AP LS T/, 2003,32(2) :130—133.
WANG Cheng, JIANG Feng, LIN Hai-chao. Research of Mo-
lybdate Composite Conversion Coatings on LY12 Aluminum
Alloy[ J]. Rare Metal Materials and Engineering,2003,32
(2):130—133.

HUGHES A E. XPS and SEM Characterization of Hydrated
Cerium Oxide Conversion Coating[ J]. Surface and Interface
Analysis, 1995,23(7/8) :540—550.

HUGHES A E,GORMAN J D,MILLER P R, et al. Develop-
ment of Cerium-based Conversion Coatings on 2024-T3 Al
Alloy after Rare Earth Desmutting[ J]. Surface and Interface
Analysis, 2004 ,36(4) :290—303.

NORDLIEN J H, WALMSLEY J C,dSTERBERG H, et al.
Formation of a Zirconium-Titanium Based Conversion Layer
on AA 6060 Aluminum[ J]. Surface and Coatings Technolo-
gy,2002,153(1) :72—78.

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

(LBF T8 W)

(12]

[13]

CHEN Yuan-fang, HU Jian-jun, XU Hong-bin, et al. Fric-
tion and Wear Properties of 40Cr with HCPEB Surface
Treatment[ J ]. Materials Review,2009,23(24) :60—62.
KRPRF: AR ZR500, 4. AL Ik b o SR D 5 R 1Y
O [ 1] PIBE#41% 2005 ,54(8) :3927—3933.
GUAN Qing-feng, AN Chun-xiang, QIN Ying, et al. Micro-
structure Induced by Stress Generated by High-current
Pulsed Electron Beam [ J]. Acta Physica Sinica, 2005, 54
(8):3927—3933.

SHULOV V A ,NOCHOVNAYA N A ,REMNEV G E, et al.
High-power lon Beam Treatment Application for Properties
Modification of Refractory Alloys[J]. Surface and Coatings
Technology, 1998 ,99(1) .74—381.

[14]

[15]

M2 75, SRS A, 55 B, AF. BRI Dk b B T R R R
WOMoSCra V2 fry 3 Y 2 il e PEF 52 [ 1], & )& “# 4R,
2003,39(9) :926—931.

MEI Xian-xiu, MA Teng-cai, WANG Xiu-min, et al. Surface
Modification of W6Mo5Cr4 V2 High-speed Steel by High-in-
tensity Pulsed lTon Beam [ J]. Acta Metallurgica Sinica,
2003,39(9) :926—931.

PR R VIS R U M2 BRIk R R
T[], FmHiA ,2009,38(6) :24—26,59.

LI Sheng-zhi, LI Yu-hai,XU Ting-ting. Surface Modification
of High-speed Steel M2 by HCPEB[ J ]. Surface Technolo-
gy,2009,38(6) :24—26,59.



