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Abstract

Different treatments including tempering and deep-cryogenically treating (DCT) were designed
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for the quenched EM35 alloy, focusing on investigating the effect of the sequence of tempering step
and DCT step on the microstructure and performance. Scanning electronic microscopy, X-ray dif-
fraction, HRC indentation, and dry sliding of the pin-on disk were used to characterize the micro-
structure, hardness, friction coefficient, and wear resistance. It is found that the complex treat-
ment A2 of 550°C x 1 h tempering for three times followed by DCT of -180°C x 6 h can lead to a
good performance combination of hardness and wear resistance. After tempering, DCT is benefi-
cial to maintain the solid-solution strengthening of heavy elements of the matrix and to enhance
the dispersion strengthening of carbide refinement. The treatment with tempering after DCT
promotes the formation of heavy-element-rich MC carbide. After A2 treatment, over-tempering at
elevated temperature induces overaging and degrades the wear resistance of EM35 alloy.
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SREARER 7% 2 A K FE 560°C AR 1 h, FEV/AETE =R KA AL HEAE LA 5°C/min (4 H1# %74 % -180°C,
{53 6 h, SRJFHELL 5°C/min [ R TF 2 =i .

KH SFT-2M ZY 45 5 AR B BE RIS ML (H B 78 = . KBS, AR 40% RH I 2F X M35
AN J LR TR Z AT T U B HURE . AF AL EM35 [ B FE& AR, SR ¢4 mm 1 SigNg BR
DR EER], MEINEAT 40 N, BERE AR 3 mm,  BEEFHEE Dy 300 r/min,  EEFERTR] 60 min. IR G ER IR
>k H RTEC UP DUAL Model 3D S5 4B A,  FHER T Gwyddion R HIUES B I 1 5 B iR A

b3R5 BB FE 43 A 180~1500 H RPARIT BE A 3R, A &R RIIC = 8im . H 4%0
T4 (4 ml HNO; + 96 ml JG7K Z ) J& Tube o SR G A RETEAX (1 Sigma 300 2437 & S i L1 S A
(PR . BRI %

K H Future-tech 7175 FORE R 1 (H A) I FE 5 )74 QA FE (HRC), B 2 4m7 150 kgf; 7EAE MR HME 7
ANAFN B A, B A S RN R R BB ME G TR R EE . R X pert
Powder % X S ZRATHHN (far 22 )X FE S AT HIA 04T, S Cu $E Ka SF28, SH2RMu K 1.54056 A;
I Z 0 0.02°/s, TG E N 30°~90°,

Table 1. Chemical composition of EM35 high-speed steel (wt.%)
= 1. EM35 SR (L2 AR 53 (Wt. %)

C Mn Si Cr Mo W V Co Fe

0.92 0.3 0.35 4.1 5.0 6.3 1.9 4.8 Bal.

Table 2. Different treatment groups after quenching of EM35 high-speed steel
2. EM35 A EF N EHIIESE

Al A2 (J5 BIRE) A3 (HTEIRE) A4 G K )

KR/NEIPN 3K+ RA WA +3 KK MK + A + 1 IRIEK

3. MREGRS R
3.1. FEIEXARLT RN

B 1L B2 23 BN AS R AR B S B AOW 4123 SEM TE SR ISR X S 2 i . 5 32 T B ARG F e i
FAAA[16] [24] [26], AS[FIALEEJE ) EM35 A 4 I B A A4 R R SHAR BT 23 K T 2 pm RIS BN B Ak 47
HL(LCs)\ /M F 0.2~2 um HIFETFERRAL YR (MSCs)- /N 200 nm [{I4H/ B 4HRR AL 1) Bk (FCs) 25 = Fh 2l
5 B R A 2 A g [ K B A S, FLAE Ji oy S A AT 1 A b B (] 1)) o B AR 1) S ZEAH 4584 9 MeC
K MC #H, FI&NE Few W, Cr i, J5& NE V. W IHAH[27] [28]. MC M E LR S &R, £ K
B A B AAFRE, ] 1(c). 454 XRD FE (A 2), A EM35 &E&4 i AEAHEE, JUFHE
DAKE PR A BLRAAR[29], IX AT g2 Tk i K Ab B A 3, RS BRI, T RE SV K G RAE 24 /NI SE
Ji# 2 FonAb B, O RIS Bk A LI et

# 3 HIH T PURRAS [F] AL BRI AL LR R S AR AE o VR VA Ab R R DA BH 55 a0 ZH 2 AR I L AN RN £
WA PIE(LCs), X5 URA AL JC0G . kI [al K 1 Ab B (A4 ) H S BRI RS KR, PR %
HHL B AL . RV I X AL S m 58 AR BLAE : 1) J5 BIRAA) AR T A B 2 E T EILRN
MC ZUBrAbY): 2) AfLIal K 5 IRIARRR 5% 3) Jo BIRA(A2) AT BeA FI T =M HAK L MsC; [20] [28]:
FRT B ERe 71, ASCAIRRbRH o IR K AL (A4) T BUX LB AN B AL A K K
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Figure 1. The SEM images of microstructures of EM35 alloys with different treatments
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Figure 2. The XRD patterns A1~A4 specimens.
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Table 3. Microstructural features of specimens with different treatments
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Figure 3. The HRC hardness of A1~A4 specimens
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Figure 4. Friction curves (a) and wear volume (b) of specimens A1~A4 under 40 N load
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Figure 5. Worn surface morphologies of A1~A4 specimens treated by different tempering and
cryogenic treatments under 40 N load
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