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Abstract

The microstructure, mechanical properties, wear resistance and X-ray diffraction of
17CrNiMo6 steel with different cryogenic treatment were investigated. The results revealed
that, when the samples experienced cryogenic treatment before tempering, the residual aus-
tenite content decreased significantly, more carbides precipitation formed in the steel and the
microstructure was more uniform, thus the effective hardened layer depth increased. As a re-
sult, hardness and wear resistance improved obviously with a slight decrease of impact
toughness. However, when the samples experienced cryogenic treatment after tempering, the
lumpish carbides emerged, the content of retained austenite increased and the microstructure
was less uniform than that of common heat treatment, which could not improve the perfor-
mance of the steel well. In conclusion, the microstructure and combination properties of
17CrNiMo6 steel when it experienced cryogenic treatment at -150°C for 10 h before temper-
ing at 200°C for 4 h achieved best.
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Table 1. The chemical component of 17CrNiMo6 steel (wt, %)
= 1. 17CrNiMo6 fREILZE R 7 (REDH, %)

JLHE C Si Mn S P Cr Mo Ni Fe

L 0.186 0.235 0.518 0.0081 0.0087 1.59 0.266 154 R

fen

22. MW

TR KH K T2 2 fiox. T2 1 RE@iie e, B 840°Cy-k 2 h J5iE4T 200C. 4 h 1
[ R AbFE; T2 20 356 840°C &K 2 h, FRNIR 43 71 2H—100°C Fi—150C HPRA 48 R iR 10 h f5HUH,
BT PATRERER, M7 200C. 4h EAEE, T2 4. 5 Pl 2R K 255 200°C.
4 h [A] K AR, P43 33547 —100°C F1-150°C FIERA Ab HE .

2.3. #MrE

4R GB/T9450—2005 (4K 142 fik v K A AL, 25 R B2 (%) U o R R 5w Bl B2 000 58 73 ) R
FMARS-9000 4= [ 5} 5 /A B & R 40, 7EIR56 /18 9.8N [k XA IRZ BEAT I EAS I,  LAIRIFATH
PR TR T 2R RS 2 2 T i R FE . SR ZEISS Axiovert 200MAT 74 4 i e 3k AT S e 40 22
F HR-150A B3 (A B TR R T B . 7E ZBC2302-B AU il i I AL b gk AT s 901
S, MEFREEN V BB RE, RSFN 10 mm x 10 mm x 55 mm, 7SI T E R s di T (A, B
A1 3). PEBRESTAIAE MM200 5oL ERE1T, XFEERPRL N Cri2 MR [AFR, A 60-62HRC, BE AT
RS 19 mm x 11 mm x 8 mm, i 5 14 DLBS 45353 4 2k 28 (%) o o {8 XRD-6100 24 X S 2177 5 A
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18 HV ey 705 BLAEBE R 10T 0.5, 0.4, 0.4, 0.6, 0.6 mm 4b, ¥{E4r %)~ 677.1. 690.4. 713.5. 678.8.
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Table 2. Deep cryogenic treatment combined with the traditional heat treatment
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3 K (840°C x 2 h) + TRIA(~150°C x 10 h) + [1]K(200°C x 4 h) [E] K B 204 Kb 5
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Table 3. Effective hardened layer depth treated by different heat treatment processes (mm)
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Figure 1. Hardness in carburized layer for 17CrNiMo6 steel

treated by different heat treatment processes
1. 17CrNiMo6 RE T EIALIBT ZA B EREHREREE

Figure 2. Microstructure of 17CrNiMo6 steel treated
by common heat treatment
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Figure 3. Microstructure of 17CrNiMo6 steel treated by different cryogenic
treatment processes
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Table 4. Hardness and impact energy of 17CrNiMo6 steel treated by different heat treatment processes
F 4. 17CrNiMo6 fRE A E T Z IR fERIRE E AR T)

LZ4s 1 2 3 4 5
1% KB (HRC) 58.4 60.6 615 58.9 57.7
bk ER%ITN 100.45 87.06 91.42 83.13 75.64
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Figure 4. Wear ratio of 17CrNiMo6 steel treated by different heat
treatment processes
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Figure 5. XRD patterns of 17CrNiMo6 steel after (a) common heat treatment, (b) cryogenic treatment before tempering at
—100°C and (c) cryogenic treatment before tempering at —150°C, (d) cryogenic treatment after tempering at —100°C and (e)
cryogenic treatment after tempering at —150°C

[& 5. 17CrNiMo6 $H£Z (a)LEBMALIE, (b)[E A BT-100°C RS AR FN(c) BN F-150°CIR /A AIE, (d)EIANF-100°CIHRA
RLIBH () BN fF-150°CIRS IR IR X STE TS EIE

HI TR 55 50 FEAPIE RO B o A 22 A [14], FRAR B IR AR 5 22 B 8N M) T B A -4 A i
F R IR . ATRL, U S R AR B A AT RES B (0 Pk BE A R BT 2 IS, DAL AE R R
BRI, Drsedz il o KA v+ e Z . JEeb i, b [l KRRV AL BRI 8], DAE 2
RARBKERE, AR MM RISR R, W LA 25 4 12

4, &Eig

1) ARG, KRG OB E IR R, ISR 2 BRI AR A

2) [IKETERA LB, M RHIASE TR B, BT RAR B IR KR A B IR S, ik A
Y/INERACIDTE i A TR BT Y, 3X & 17CrNiIMOG6 4 Fo A 5 RN TR B8 1 B2 g 0 2 B R IR o 17 (] 2K VR v Ak
FRRAE THRA B IRARA, HA KRB B, A SURAR I SR, (AR . 7
PR

3) FEHEERAL A X FRATHIRI SRR, BKATRA G, MRV AR B IR & B2 PR,
iy B P B S B o TEVRVATRLEE J9—150°C B B 4% BRL IR Ak B 0 37 e AR A B P il 81.8%, X Jo H 451 2K P
2 65.4%, XHIR SR F

4) GAEZEJLFITLZ, “¥EK, 840C x2h+ FALEE, —150C x10h+ [k, 200°C x4h” (1]
A T2 AR, Ml s, HAR0AMZRERIN 0.3 mm, S 3.1 HRC, B3]
B, AAZANRRE Tl AR S S IR M EE R R

SE3#Ek (References)

[1] Z5HE, ZFwE, =T, PRV LB = AN = R 7 2= M R R R A AT 7R [0]. HR ol oK 22224k, 2001, 27(3): 80-
81.

[2] %, HIE, BB, BREDRA. RVA A ERXH RS L B VS [J]. #vE AR, 2010, 30(2): 107-111.

[38]1 HEwkE, PEEE), 2k, SRy e R At R [J]. FEARE L2, 2008(3): 14-18.

[4] BEX, EBkE, SEE, XIXE, Baos. mALREXT W6Mo5CraV2 EHE M4t ], 48 #uak 2,
2015, 40(10): 91-94.



B %

(5]

(6]
(7]
8]

[°]
[10]
[11]

[12]
[13]
[14]

MR, BRiste, R4 FR . R AR B AT Tk R ], FeRd s kiRl 5 TR, 2003, 26(3): 68-
72.

BRAL, MR, . IRV AL ERY FRIERRI[I]. 48 AL, 2011, 36(9): 67-69.

IR, BT, XFZ, FLE SEMRRAREIURE]. HR Tk K224, 2003, 29(1): 32-35.

XN, TIOF, k&R, HRL. IRAAIEXT TSA MR J12AMERE RIS [J]. R 2447, 2010, 31(10):
48-52.

EILLUE, BRI, R LB WAMO3CraVSi &Skt B ML m[d]. b7 Tl K2%2%4k, 2009, 21(1): 63-66.
TREETN, BR, Wil RERER. RS ALBEXT 80CroMo2 MRS AL [J]. L4 8, 2014, 36(5): 13-18.

Bensely, A., Venkatesh, S., Mohan Lal, D., et al. (2008) Effect of Cryogenic Treatment on Distribution of Residual
Stress Incase Carburized En353 Steel. Materials Science and Engineering A, 479, 229-235.
https://doi.org/10.1016/j.msea.2007.07.035

Jker, ERA, 3. TRAALEE 3Cri3 XHHLIM 1t RE RS2 m[J]. #vin 112, 2008, 37(22): 64 -66.
PHEESE. iR B KA X 40CT 9% 5 RE FRAT AR []]. 48 A0 FE, 1990(11): 12-19.

Liu, H.-H., Wang, J., Yang, H.-S., et al. (2006) Effect of Cryogenic Treatment on Property of 14Cr2Mn2V High
Chromium Cast Iron Subjected to Subcritical Treatment. Journal of Iron and Steel Research International, 13, 43-48.
https://doi.org/10.1016/S1006-706X(06)60108-8

Hans X

BT R E R =20 T RS

BRAATEWARSS (QQ. fifE . MBAE B A)
VL RC iR A 3d

24 /INIRF DL Y AR S5 FR) P A o 1]

FUF AR L 5ERm S

Tl 1 R 4T 1 e

FIpAE R

4z ) 2 7 o A I BT AT

Nook~whpRE

WhaiE A http://www.hanspub.org/Submission.aspx
WIFIHEAE : ms@hanspub.org



https://doi.org/10.1016/j.msea.2007.07.035
https://doi.org/10.1016/S1006-706X(06)60108-8
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	Effect of Cryogenic Treatment on Microstructure and Hardness in Carburized Layer of 17CrNiMo6 Steel
	Abstract
	Keywords
	深冷处理对17CrNiMo6钢渗碳层组织和硬度的影响
	摘  要
	关键词
	1. 引言
	2. 试验材料和方法
	2.1. 试验材料 
	2.2. 试验方法
	2.3. 检测方法

	3. 试验结果与讨论
	3.1. 渗碳层的显微硬度测试
	3.2. 深冷处理对渗碳层组织的影响
	3.3. 硬度和冲击韧性
	3.4. 摩擦磨损试验
	3.5. 测定残余奥氏体含量

	4. 结论
	参考文献 (References)

