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Abstract: This paper investigates the self-tempering of laser-hardened carbon tool stecls
by means of TEM. It has been found that there are a great deal of precipitation of boundaries
in the maximun hardened region of TI10A treated with laser hardening. The precipitated
carbides, ranged from Inm to 10nm,have the Bhagaryatsku’s orientation relation with a matrix
of martensite. Based on the results, thermodynamio and dynamic conditions of the precipitation
have also been analysed, Many observations show that the characteristic difference in micro-
structures between T10A steels treated with laser hardening and those with traditional hardening
indicates the existence of precipitation of carbides is a result of the self-tempering.
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Table 1 Chemical composition of TL0A (wt%)

Elements a Mn Si b P
TI0A [.i 0.32 0,350 0.03 0.035
Table 2 Preceessing parameters nsed in laser hardening of TI10A steel range
e . Power density Energy Optimum eucrgy
Mateial states I.' (W /em?) (J,/mm?) dengity (J/mim?)
| A : S S .
TI0A i Bpheroidized 544w 107 T.66~16.27 11.00
anrealing
TIOA Quenching -+ low te- 5.44 % 108 6.93~-8.80 8.39
mperature tempering

WOk AP R e HI-3 BT B %4 CO: YO 1T, R MR, 3R R
4.4x4.6mm? EPEIRIEREHAEN 5.44<10° W/em® MEHT, ik ER%ERE (D, =P/
ve)fE 4.90~16.27)/mm? Z i 10 A58, 3f T10A 7 #

ce of sample
S PR 40 HIRVRE R REREAT BOGTE X, L BORLBETE, i
B AR (3 2) AT AT BE, 0TI B B 58 B
A HTH , —
37 S0 L PR AN BRI E A RO E R erosion face  round flake.

mAEALYEFEMTESR 0.bmm ML, HBPEKESELERE Fig. 1 Schematic illusteation
2% 30~40 wm, BB 45 1 40 X8 i e v X 3 —— e W0 1k X, for making TIM samples
SRJE T I 10 FAAS FDRLEE R 40K OB TET o ¥ B S0 wm 22 5, 76 W6 H i X 4R W
$3.0mm H)y, HHBEE GL-60X HE TRl LA HBBEF &R, BE
FEmE L PR, |

=, RBERGIHE
{5 BT H 32 H-800 203% A7 i GE, X T10A FATH BLE AR SHOL K A3 WM



114 BITEBOER KR B [E X IS AT 867

B, SREBL, WORMREEELIR M D KPS AR I AT R, TOAE WAL R T IR
FIEEE X — R AT H AR, E 2% TI0A WAROLTERIE, 6K P I D RARDT
By TEM R, B 2(c) 2 H 2(a)fy SAD T HHEHE, dy L TFRTAIE RS 2 M G2 R- A,
RN YR B A S FoO, HIUMNAJLA nm 2 10nm £E4, HHHFRIERY, Ef]
55 1y [ Btk ] R Bhagaryatski BUE X5, B

(100) F&G/ (Oil)m [010] Fe;czf’ [111]
B, XN B BT H, RADRETH AL E,

Fig. 2 The precipitated carbides on the martensite
in the MHLH (maximum hardness laser hardened)
areas of T10A steel with a primarily

spheroidized matrix Fig. 3 The morphology of martensite in
(a) bright field; (b) drak field; (¢) diffraction the MHLH areas of T10A steel with a
pattern; (d) indexing of diffraction parttern matrix of spheoidized microstructure
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Fig. 4 The precipitation of carbides along oo s d

dislocation lines ingide the MHLH zone of Fig. 5 The precipitation of carbides along twin
T10A steel with a primarily spheroidized boundaries in the MHLH areas of T10A steel
matrix with a primarily spheroidized matrix
(a) bright field; (b) drak fleld; (¢) diffraction (a) bright field; (b) drak field; (¢) diffraction
pattern; (d) indexing of diffraction pattern pattern; (d) indexing of diffraction pattern
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Table 3 Diffusion rule of carbon of T10A steel under
the laser heating conditions

Diffusion time (g) 0.01C 0.025 0.050 0.075 0.100 0.150
Diffuai?n distance 0.0536 0.0848 0.1199 0.1468 0.1695 0.2076
um)
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