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Improvement of Mechanical Properties of Sintered Composite
Stainless Steel by Means of Rolling

Akira AzusHiMA, Akihiko UENO and Matsuo MIYAGAWA

Synopsis:

An experimental study has been conducted to improve the mechanical properties of sintered St(:lil'llCSS
steels of SUS304L and SUS430L powders by means of such treatments as cold-rolling—and-annealing or

hot rolling. The results obtained are as follows.

(1) Through 60% cold-rolling and 2-hour annealing at 1 200°C, the relative density of both sintered
steels has reached about 96%, and their tensile strength and elongation have closely approached the usual

values of the corresponding cast steels.

(2) In the sintered steels from mixed powder, the martensite produced in the interface between SUS

304L and SUS430L has a great effect on the mechanical properties.

The martensite is most produced

in the sinter of the 50% volume fraction of SUS304L, thus the tensile strength is the highest and the elonga-
tion is the lowest. In the tensile test above 700°C, the effect of martensite disappears. ‘
(3) A treatment of 60% hot rolling at 1 100°C improves tensile strength and elongation compared with

the above cold-rolling—and—annealing treatment.
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Table 1. Chemical compositions of SUS304L and
SUS430L stainless steel powders. (wt %)

C Si Mn P S Ni Cr

304 L 0.02 0.9 0.1 0.01 0,01 10.5 19.0

430 L 0.02 0.9 0,05 0.01 0.01 0.1 16.5

Table 2. Size distributions of powders. (%)

Mesh
100/150 | 150/200 | 200/250 | 250/350 | —350
Powder
304 L 14 20 11 21 34
430 L 15 22 12 19 32
*[ sus 304L
Powder { SUS 430L
( compacting pressure
Compacting - Ttorticm?
dimensions
L 14x65x10mm
~”
] . 500°C x30min
Sintering -1 de-wax
g 1200°Cx 1h
Cold Rolling Hot Rolling
[Totu! Reduction Temperature
60% 700°C
900°C
) 1100°C
Annealing Reduction
60%
1200°Cx 2h

X Volume fraction of 304L : 0, 25, 50, 75, 100%
Fig. 1. Diagram showing the experimental
procedure.
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O SUS304L sintered stainless steel.
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Fig. 2. Effect of total cold-rolling reduction
on relative density.
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Photo. 1. Optical micrographs of sintered stainless
steel.
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Fig. 3. Effect of total rolling reduction on tensile
strength after annealing at 1200°C for 2h.
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Fig. 4. Effect of total rolling reduction on
elongation after annealing at 1200°C for 2 h.
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Table 3. Effect of various treatment on relative
density of sintered stainless steels.

No. 1 2 3 4 5
Volume fraction of 304 L (%) | 100 75 50 25 0
Sintered 84,7 1855 |86.2 |87.0 |87.7
Cold rolled 94,7 |95.0 [95.0 {96.5 | 96.6
Cold rolled and annealed 95.6 |96.5 [96.4 | 96.8 | 96.7
Hot rolled (700°C) : 95.9 — 196.6 |97.3 197.6
Hot rolled (900°C) 97.4 |97.6 | 97.0 [ 97.0 | 97.1
Hot rolled (1 100°C) 97.3 |97.7 (97.1 | 97.2 ;97.8
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Fig. 5. Effect of volume fraction ¥V, of SUS304L
on tensile strength of sintered stainless steel after

treatment of 609 cold rolling and annealing at
1200°C for 2 h.
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Fig. 6. Effect of volume fraction of SUS304L

on elongation.
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Photo. 2. Scanning electron micrograph of the
fracture surface of a sintered stainless steel with
volume fraction of 509, SUS304L after treatment
of 609 cold rolling and annealing at 1200°C.
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Fig. 7. Variation of tensile strength of cold-
rolled~and-annealed sintered stainless steels
with test temperature.
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Fig. 8. Variation of elongation of cold-rolled
and-annealed sintered stainless steels with test
temperature.
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Fig. 9. Influence of test temperature on tensile
strength at various volume fractions of SUS304L.
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Fig. 10. Influence of test temperature on

elongation.
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Fig. 11. Influence of rolling temperature on
tensile strength at various volume fractions of
SUS304L.
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Fig. 12. Influence of rolling temperature on
elongation.

Table 4. Tensile strength and elongation of
various martensitic stainless steels in JIS.

Stainless steels Tensile strength (kgf/mm?) Elongation (%)
SUS 403 >60 >25
SUS 410 >55 >25
SUS 416 >55 >25
SUS 420 F >75 >12
SUS 431 >80 >15

DEEM DO HERTEREOFEM I L 0 % Table 4
o3, 1100°C CEAREE LA 304 L50% #Tix
BEMZ 5b b EBROMENE SR Tl b, 304L
752 # Tk, 90kgf/mm? DF\FEEM S L HEREL, F
U'Hs 35% & Table 4 OB\ Eh RS
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304L RO 4301 My REEA LIcBEH % &R ciRs
BOBERE L2175 EERTOWENR v, Fig. 13
7~F ScHAEFFER ORI Hh, REC AT V44
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Fig. 13. Phase diagram of stainless steel at room
temperature by SCHAEFFER.
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Fig. 14. Relationship between volume fraction of
SUS304L. and volume fraction of Austenite in
sintered stainless steels after treatment of 609,
cold rolling and annealing at 1200°C for 2h.

Fzb 304L oo Ni ME G 11.15%, Cr Ui
19.02%, R < 430L ¥ Ni 3%E3 0.73%, Cr 4
Blx 16.52% ThHoHrob, BAEMIA—AFF A b+
=T VA b +7 2514 (A+M+F) oR&H2,
CATVHFL L+ 7 254+ M+F) oB&HEOW ¥
NT i B & LAY SCHAEFFER DR LB S EMR T
5.

Ni Bt Cr oii#uc X v, 304L L 430L o#kA
HTELL= LT V414 MEEREXEEITE kD 5
TE, RATFVUHRALET =54 ORFERHIED
LTCWBIcbR¥EETHD. zoled, BFERORKS
A—AT7F A+ OBEBEREXFISOTHET S &I

5

O Cr
(8

5 Ferrite Martensite Austenite
-

g Ni
[+]

£

<

50pm
Distance

Fig. 15. Distribution of Ni and Cr near the in-
terface between SUS304L and SUS430L powders
in a sintered stainless steel.
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Fig. 16. Relationship between volume fraction of
SUS304L and volume fraction of Austenite in sin-
tered stainless steels after treatment of 60% rolling
at 1100°C.
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