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Influence of Aging Treatment on the Microstructure and Properties of
17-4PH Alloy by Laser Rapid Forming
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Abstract Influence of heat treatment on microstructures and properties of 17-PH alloy by laser solid forming (LSF)
process is investigated. Results of optic microscope (OM) and scanning electron microscope (SEM) show that main
microstructure of LSF 17-4PH includes quenched martensite, tempered martensite and second precipitated phase. As
aging temperature increases, martensite becomes smaller and more uniform. Rate of transformation from quenched
martensite to tempered martensite is accelerated. Precipitated phases begin to coarsen, grain boundary becomes
distinct. After heat-treatment, alloy plasticity is highly improved, and the strength and hardness reach maximum
when aging temperature is 480 C. With the aging temperature increasing, strength property and hardness get
worse, while plastic property gets better. Analysis on fractography shows fracture of all tensile samples results from
ductile fracture. In addition, fiber area and shear lip of fracture become bigger, and size and depth of dimples
increase gradually with the aging temperature increasing.
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Table 1 Chemical compositions of 17-4PH stainless steel powder (mass fraction, %)

Cr Cu Mn Nb Ni

Si C S P Fe

16.75 2.66 0.224 0. 260 3. 64

0.303 0.048 0.030

0.033 Balance
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Table 2 Heat treating routines of LSF 17-4PH samples

Sample .
Processing parameter
number

a as-deposited
b 1040 'C X1 h,air colling;480 C X4 h,air colling
1040 'C X1 h,air colling;550 C X4 h,air colling

d 1040 C X1 h,air colling;580 C X4 h,air colling

e 1040 C X1 h,air colling;620 C X4 h,air colling

I Duramin-A300 %4 3% [C A 5 A6 i AE 17
B B2 & AT 100 g B AHECAE G EE S 4 ¢
BRER M : 20 mL e Eh MR . 20 mL /K i JE foht ) 3k 17 5
mh, R A OLYMPUS GX71 62 5 i 8 COM) il
TESCAN VEGAII LMH # 49 # i 7 B % 5%
(SEM) M M A L., Pifh il R~FaniE 1 s,
£ INSTRON-3382 Jy 2 PR fig il 4 ML b ik 47 % iR L
fir e BB W 3K, e K B A 100 kNG iz Bl R 1~
2 mm/min, [AF%HF TESCAN VEGAII LMH #!
SEM WL KT B .

o

3 AR HiE
3.1 ERAR

BOEST AR B 17-APH /Y T FR 25 SO0 28 23 4n
2 i %A SRS A EEHRHRAR DK
R R, B IR B AR 1 R & [RI AT 1R T — 22 41 /N Jt
R AEAE D

BL. BRI 17T-4PH 4 4 A4

%/

1O 003 [A[B]
=
AL R2 -Cg_ 2-05% 45°
\ /04
s =L Y+
&Y ! I
® | ®
8 20 8
40 unit: mm

K1 R s B
Fig. 1 Schematic of tensile sample
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(c) 1040 C X1 h+550 C X4 h; (d) 1040 C X1 h+580 C X4 h; (e) 1040 C X1 h+620 CX4 h
Fig. 2 OM microstructure of as-deposited and tempered LSF of 17-4PH. (a) As-deposited; (b) 1040 C X1 h+480 C X
4 h; (c) 1040 C X1 h+550 C X4 h; (d) 1040 CX1 h+580 CX4 h; (e) 1040 CX1 h+620 CX4 h
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Fig. 3 Microstructure of tempered LSF of 17-4PH alloy at high magnification in different heat treatment systems. (a)
1040 'C X1 h+480 'C X4 h; (b) 1040 'C X1 h+550 C X4 h; (¢) 1040 CX1 h+580 CX4 h; (d) 1040 CX1 h+
620 CX4 h
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Table 3 Tensile properties of as-deposited and tempered LSF of 17-4PH versus that of national standard

Heat treatment o,/ MPa 0.2/ MPa /%
condition GB1220-2007 Test result  GB1220-2007 Test result GB1220-2007 Test result
As-deposited 1329 1060 37.5
1040 'C X1 h+480 C X4 h 1310 1358 1180 1250 40 46.5
1040 C X1 h+550 CX4 h 1060 1139 1000 1055 45 55.6
1040 'C X1 h+580 CX4 h 1000 1111 865 1010 45 55.5
1040 C X1 h+620 CX4 h 930 1045 725 990 50 54
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Fig. 4 Microhardness of as-deposited and tempered

LSF of 17-4PH
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Fig. 5 Macro fracture graph of as-deposited and tempered LSF of 17-4PH. (a) As-deposited; (b) 1040 C X1 h+
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Fig. 6 Micro fracture graph of as-deposited and tempered LSF of 17-4PH. (a) As-deposited; (b) 1040 C X1 h+
480 'C X4 h; (¢) 1040 C X1 h+550 CX4 h; (d) 1040 C X1 h+580 C X4 h; (e) 1040 C X1 h+620 CX4 h
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