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The influence of post weld heat treatment on mechanical
properties of stainless steel weldment
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Abstract

In this paper the influence of postweld heat treatment on mechanical properties of SMAW and
FCAW stainless steel weldments was examined and the obtained results are as follows;
(1) The amount of O-ferrite formed by SMAW and FCAW process decreased with increasing
holding temperature and time in post weld heat treatment (PWHT), and it was found that the
reduced ferrite was transformed into sigma phase after 800C X 50hr PWHT. This sigma phase,
even though it was very small, resulted in brittleness of dissimilar weldment between carbon
steel and stainless steel in bending test, however in similar weldment between stainless steel
and stainless steel was not occured.
(2) The chemical composition of sigma phase was measured to 28-30%Cr, 7-9%Mo, 4-6Ni in
316L. weldment, and also 35-37%Cr, 0.9-1.0%Mo, 6-8%Ni in 309L weldment by EDS
analysis.
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Table 1. Chemical compositions of base metals

ASME Plate Chemical composition (wt%)
Classification | Thickness (mm) C Si Mn P S Ni Cr Mo
Test Coupon 0.14 0.23 0.98 0.017 0. 004 - - -
A516Gr. 60 S
Requirements 0.23 0.13-0.45{0.55-0.98} 0.035 0.04 - - -
A240 Test Coupon 0.028 0. 68 0.91 0.045 0. 005 11. 46 18.19 2.10
TP316L Requirements” | 0.030 0.75 2,00 0.045 | 0.030 | 10-14 | 16-18 |2.0-3.0

1) Maximum, unless range or minimum is indicated.
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Table 2. Mechanical properties of base metals
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Cla[s\ssiﬁl\gziion Direction Y.Pkg/mm?) | T.S(kg/mmd E.L(%) R.A(%)
Longitudinal (L) 30.1 45.8 33.8 62.8
A516Gr. 60 Transverse (T) 29.1 44,4 32.0 67.1
Requirements (T) ” 22,45 42.35-45.91 2 -
Longitudinal (L) 31.7 59.5 53.2 73.8
A240 TP316L Transverse (T) 31.9 59.9 52.2 7.7
Requirements (T) 17.35 49.49 40 -

1) Maximum, unless range or minimum is indicated.

Table 3. Welding conditions with process

Process Current(A) Voltage (V) Speed (cm/min) Heat Input (KJ/cm)
FCAW 130-250 25-33 8-24 10-25
SMAW 100-150 23-27 10-20 10-15

Table 4. Alternative postweld heat treatment requirements for carbon and low alloy steel

Decrease in temperature below Minimum holding time at decreased
minimum specified temperature, *F(T) temperature, hr
50(28) 2
100 (55) 4
150(88) 10
200(111) 20
Table 5. Test conditions of postweld heat treatment
Holding temperature (C) 800 700 620 593 565 538 510
Holding time (hr) 1 1 1 1 2 4 10
Table 6. Mechanical properties of weldments
Process AWS Class. Y. P(kg/mm’) T. S(kg/mm’) E.L(%) R.A(%)
E309LT-1 47.6 60.5 35.3 42,3
FCAW
E316LT-1 44,2 60. 3 35.3 42.5
E309L-16 48.1 59. 2 34.1 58.7
SMAW
E316L-16 52.3 64. 2 31.8 63.6
KIS ERE $14% HIM, 19964 6 176
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Fig. 1 Groove preparation of the test plate
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Pig. 2 Effect of PWHT condition on yield & tensile
strength in 309L and 316L weldment
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Fig. 3 Effect of PWHT condition on elongation in
309L and 316L weldment
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Table 7. Results of bend test on austenitic stainless weldment after PWHT

Holding temperature and time
Process | Weld type Asweld | 50T | 53T | 55T [ 593T [ 60T | 700T | 80T
SWEC | % 10HR | X 4HR | x 2HR | x IHR | x 1HR | x IHR | x IHR
3091 O O O O O O X X
SMAW
316L O O O O O O O O
309LT O O O O O O O X
FCAW
316LT O O O O O O O O
R HRFHEE B4 B3, 19964 68 178
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Table 8. Chemical compositions of deposited weld metals
AWS Wire Chemical composition (wt%)
Process . - .
Class. [Dia. (mm)| € Si Mn P S Ni Cr Mo
FCAW E309LT-1 1.2 0.035 0.87 1.20 0.038 0.013 12. 68 22.43 0.21
E316LT-1 1.2 0.038 0. 80 1.17 0. 046 0. 044 12.07 18.87 2.61
SMAW E309L-161 4.0 0.032 0.75 1.30 0. 030 0. 007 12.90 23. 80 0.32
E316L-16| 4.0 0. 030 0.70 1.10 0. 028 0.010 12.53 18.50 2.41
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Fig. 4 Effect of PWHT condition on ferrite content
in 309L and 316L weldment
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Photo 1. SEM observation of microstructures in 309L weld metal before and after PWHT

(a) As-weld
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Photo 2. Microstructures of 309L and 316L weld
metal before and after PWHT
(a) As-weld in 309L
(b) 800°C x50hr PWHT in 309L
{c) As-weld in 316L
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Fig. 6 X-ray diffraction patterns of 316L weld metal
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Photo 3.

SEM observation of 309L and 316L weld
metal after 800T x 50hr PWHT

(a) 316L weld metal

(b) 309L weld metal
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Fig. 7 EDS position of precipitates similar to sigma
phase in weld metal ( A part of Photo, 3(a))
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Fig. 8 Variation of chemical composition in
precipitate of 316, weld metal after 800C X
50hr PWHT
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A E L EDS MEA AatE Edl2 B3 3091
24359 A$E 35~37%Cr, 0.9~1.0%Mo,
6~8%Ni o]™, 316L & F& A= 28~30%Cr,
7~9%Mo, 4~6%Ni HAE ZE Aoz A
At 309L9] AL 316Le HI3) Crt Ni gafol
AdFH oz Fov Mod A+ vh$ @A Bix
3 9tk E3] 316L £HBEY FEHF A
AP ool 332 Weiss 50] o] Bug
dxe 2 X3tz gk

4. 4 B

Q2EolEA AHAZ2F &HFY 7|AH
AEd PlAE FEAY G e 49 2
ERHOEH 22 B8 48 7T Uk

(1) @273 e2vHYolEA 2HUZ 2%
o] FF &7 83N FIANHAAN HAT 7L
9L L4 MY d-HZolEF 1L dA
ol 93 ooz WEsle AAe HEE Y3t
R7) dEolol,

(2) FCAWS} SMAW &3 Aloll 235U A4
d d-HeelEe FFe FYHE 257 FHE
of we @ASA RSP oH, 58 800TX
50hr FE AT Fo= 25 o/fo] #AEHU.

R EHAF §HTH BAHA d-velolEE
a2l A FAZ GHE gl wet e 2euo]EA
V)= Alzavkid (o) 22 9] FAutgd 93t o4
o2 A Ao FAHAY

(@) F9Hze) Fo 4AE oo PR A}
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2% 835 £HZA g 24 2345
Rom, 309L EFFANA BAHH o4 AR
2 35~37%Cr, 0.9~1.0%Mo, 6~8%Ni o]H,
316l 8459 HSE 28~30%Cr, 7~9%Mo,
4~6%Ni ¥ & zh= Ao g BAEC

(5) ©&7 2 ~HYolEA ¢l 2% ate]
oj|FF& 7t ¥ A ) H g5 olof sl
Aol AFAde S 18dly 620TXhr
ol3le] FdAe WS H&se Aol niFAs
gx gdgc
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