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I N T R O D U C T I O N 

The benef ic ia l e f fec ts of n i t rogen 
addi t ion to wrought s ta in less steel 
have been known for some t ime 
(1). Cast g rades of n i t rogenated 
sta in less steels are compara t i ve l y 
of more recent or ig in (2). In In-
dia, part ia l subst i tu t ion of n ickel 
by m a n g a n e s e in cast s ta in less 
steels has b e c o m e an a t t rac t ive 
p r o p o s i t i o n f o r r e a s o n s of 
economy . In v iew of the known 
bene f i c ia l e f fec t of n i t rogen on 
weldab i l i ty of conven t iona l stain-
less s tee ls (3.5). it wou ld be of 
interest to assess the benef i t of 
n i t rogen addi t ion to such Fe-Cr-
N i -Mn t y p e s t a i n l e s s s tee ls as 
wel l . T h e p resen t ' s f udy , wh ich is 
a part of a broad p rogram, was 
there fore under taken to c o m p a r e 
the we ldab i l i t y of a n i t rogenated 
CF8 grade steel w i th that of stain-
less s tee ls a l loyed wi th manga-
nese. W e l d a b i l i t y has been as-
sessed in t e r m s of the microst ruc-
tural charac ter is t ics and cor ros ion 
suscept ib i l i ty of the we ldmen ts . 

Fig 1 : Design of weldment Q. 

Experimental Procedure 

The spec imens which were used 
for the invest igat ion were mel ted 
in an induct ion furnace and then 
chi l lcast in the fo rm of 40 m m dia 
rods. The al loy compos i t ions are 

Table 1 : Chemical Analysis 

g i ven in Tab le 1. In al loy 1 to 3, 
n i t rogen was added as n i t r ided 
manganese (5 -6%N) @ 4wt. % of 
the melt at 0,28 Kg /cm 2 (4 psi) 
pressure. The c i rcu lar spec imens 
were cut into two equa l ha lves 

Chemical 
analysis 

Al loy Welding 
Electrode 

% 1 2 3 4 

c 0.05 0.03 0.03 0.06 0.03 
Mn 3.5 3 5 4 6 1.2 5.3 
Cr 19.8 20.4 21.7 20.1 19.8 
Ni 3.16 14.8 6.0 8.4 15.5 
Mo 2.1 0.76 0.04 2.7 
SI 0.32 0.72 10 1 15 0.48 
Yl 0.1 0.026 0.007 0.0087 
Cu 0 3 0.07 0.03 0.028 

S Maximum 0.02 for all the cases 
P Maximum 0.05 for all cases 
N Not analysed 

Table 2 Microhardness (VPN) 

Alloy Parent Interface Weld 
No. metal Deposit 

1. 222 265 245 
225 270 240 
231 254 232 

2 244 269 238 
234 262 239 
253 257 228 

3 221 212 201 
237 217 215 
226 220 201 

4 2C7 221 209 
209 221 212 
212 214 210 

Due to unavoidable circumstances 
reprinted. Inconvenience is regretted. 

the complete article could not be published in the previous issue. Now being 
- Editor . 
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Fig 2 : Photomicrographs of the world deposit, HAZ and parent metal; 
(a) alloy 1, (b) alloy 2, (c) alloy 3, and (d) alloy 4. 

and a V -no tch was made on each 
half ( f igure 1). T h e V-no tch w a s 
we lded wi th semibas ic f lux coated 
s ta in less s tee l e lec t rodes of ap-
p rox imate ly 316 L g rade in two 
passes at 28 vo l ts and 110 a m p s 
a l ternat ing cur rent . The compos i -
t ion of the e lec t rode is g i ven in 
T a b l e 1. T h e m i c r o h a r d n e s s 
(VPN) of t he we ld Zone . , H A Z 
and parent meta l of each we lded 
s p e c i m e n w a s m e a s u r e d a f t e r 
m e t a l l o g r a p h i c p o l i s h i n g a n d 
etch ing. Represen ta t i ve pho tomi -
c rographs of the w e l d m e n t s were 
a lso t a k e n . T h e w e l d e d spec i -
m e n s w e r e cut in to two e q u a l 
p ieces th rough the m idd le of the 
w e l d e d z o n e . E a c h w e l d e d 
sample w a s then sub jec ted to cor-
rosion test in 6 5 % boi l l ing ni tr ic 
ac id and the we igh t loss was de-

te rm ined after every ten minu tes 
on an e lec t ron i c ba l ance . T h e 
paren t me ta l was t hen cut o f f 
f r om the we ldment leav ing a w ide 
marg in to avo id the heat a f fec ted 
zone. Af te r gr ind ing and pol ish-
ing, the sect ion f rom the base al-
loy was again subjected to corro-
s ion tes t in 6 5 % bo i l i ng n i t r i c 
acid. We igh t loss was recorded at 
ten minutes interval as before. On 
conc lus ion of the corros ion test, 
the samp les were fur ther exam-
ined under SEM. Th in fo i ls pre-
pared f rom a few samp les were 
also examined in T E M . 

Results 

The resul ts of the present invest i -
ga t i on r evea l s o m e in te res t i ng 

fea tu res . M ic ros t ruc tu res of the 
we lded s p e c i m e n s are presented 
in F igure 2 (a-d) to h igh l ight the 
e f fec t of compos i t i on on the H A Z 
width. The da rkened layer at the 
we ld -depos i t parent me ta l inter-
f a c e m a r k s t h e hea t a f f e c t e d 
zone. The H A Z was fa i r ly wide in 
al loy two th ree , but it w a s quite 
n a r r o w in a l l l o y 4. T h e 
m i c r o h a r d n e s s d a t a g i v e n in 
Tab le 2 suggest harden ing of the 
H A Z re la t ive to that o f t h e mar t ix 
in a l loys 1,2 and 3. T h e resul ts of 
the cor ros ion test are repor ted in 
the f o rm of mass loss (gm/mm 2 ) 
versus t ime plot in F igures 3 and 
4. The w e l d m e n t of a l loy 1 was 
consp icuous ly lower than that of 
the w e l d m e n t ( f igure 4). T h e S E M 
photographs in F igures 5 and 6 
compare the cor ros ion pat tern in 

INDIAN WELDING JOURNAL, JULY, 1994 
62 



0 10 20 30 * 0 SO 

Tim* of bo i l ing in f f L NHOj , "< 'nut« 

Fig 3 : Mass loss from weldments Vs Time in alloys 1 to 4 
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Fig A Mass loss from weldment and parent metal 

F/g 5 . Stepped structure of the HAZ in alloy 1 after corrosion test 

_ S T " ^assa 

B a a a a a a i s z a r 

Fig 6 : Intergranular corrosion in the HAZ in alloy 2 

the heat a f fec ted zones in a l loys 
1 and 2 respec t ive ly . The corro.-
sion in al loy 3 was ident ical to that 
in al loy 2. A l loy 4 su f fe red very 
l i t t le cor ros ion d a m a g e (F igure 7). 
The we ld depos i t on al loy 1 suf-
fered ex tens i ve in terdendr i t ic cor-
rosion (F igure 8), wh i le the de-
posi ts on the other a l loys su f fe red 
m u c h less cor ros ion (F igure 9). 
The we ld depos i t in al loy 1 had 
also su f fe red hot c rack ing (F igure 
10) . 

Discussion 

A l i m i t e d c o m p a r i s o n o f t h e 
w e l d a b i l i t y of t h e n i t r o g e n a t e d 
CF8 grade steel (al loy 4) wi th that 
of the n i t rogenated Fe-Cr -N i -Mn 
t y p e s t a i n l e s s s t e e l s m a y be 
made f r o m the resul ts of th is in-
ves t i ga t i on . T h e co r ros ion sus-
cept ib i l i t y of the w e l d m e n t was 
highest in case of a l loy 1, wh ich 
had the lowest Ni content . It was 
near ly equa l for the other three 
a l loys. The cor ros ion res is tance 
o f s e n s i t i s e d A I S I 2 0 0 s e r i e s 
s t a i n l e s s s t e e l s ( m a n g a n e s e 
bear ing) was prev ious ly repor ted 
to be h igher than that of the 300-
ser ies s teels in boi l ing 6 5 % H N 0 3 

or boi l ing ( H 2 S 0 4 + C u S 0 4 ) solu-
t ion (4). But the data in F igure 4 
suggest that the large increase in 
the cor ros ion d a m a g e in al loy 1 
o c c u r e d o n l y a f t e r w e l d i n g . 
There fo re a c o m b i n e d scrut iny of 
the we igh t loss data and the S E M 
photographs is necessary to iden-
t i fy the reasons for cor ros ion, Fig-
u re 8 i n d i c a t e s t h a t t h e 
in terdendr i t ic reg ions in the we ld 
deposi t in a l loy 1 was preferen-
t ia l ly co r roded in 6 5 % boi l ing ni-
t r ic ac id. O n t h e o t h e r h a n d , 
t h e s t e p p e d s t r u c t u r e in F i g u r e 
5 is an e v i d e n c e t h a t t h e H A Z 

INDIAN WELDING JOURNAL, JULY, 1994 
63 



Fig 9 . Localised corrosion at the weld deposit/base Fig 10 . Hot cracking in the weld deposit in alloy 1 

Fig 1 : Photomicrograph of the weldment of alloy 4 
after corrosion test. 

Fig 8 : Interdendritic corrosion in the weld deposit 
in allov 1 

Localised corrosion at the weld 
metal interface in alloy 3. 

in a l l o y 1 had su f fe red genera l 
corros ion only. H A Z in al loy 2 and 
3 h a d s u f f e r e d i n t e r g r a n u l a r 
coros ion (F igure 6), but the we ld 
depos i ts we re co r roded to a much 
lesser ex tent (F igure 9). The we ld 
depos i t in a l loy 4 had pract ica l ly 
resisted cor ros ion (F igure 7). The 
heat a f fec ted zone in th is al loy 
was very nar row (F igure 2d) and 
d id not su f fe r e i ther in tergranu lar 
cor ros ion or genera l cor ros ion to 
any apprec iab le ex ten t . These re-
sults may be in terpre ted to sug-
gest that the we ldab i l i t y of a l loy 4 
was a m o n g all the expe r imen ta l 
al loys. A l t hough the genera l cor-
rosion res is tance of a l loy 1 was 
reasonab ly good , suscept ib i l i ty of 
i ts w e l d m e n t to c o r r o s i o n w a s 
h igher that of o ther al loys. But al-
l o y i n g w i t h n i t r o g e n h a d p re -
ven ted in te rgranu lar cor ros ion in 

deposit/base 

this al loy, ni trogen increases solu-
b i l i t y o f c a r b o n in a u s t e n i t e . 
There fo re in tergranular precipi ta-
t ion of Cr23 C6 carbide is pre-
v e n t e d . A l l o y i n g w i t h n i t r o g e n 
thus p r e v e n t e d sens i t i sa t i on in 
th is al loy (6). It is however not 
c lear why sensi t isat ion could not 
be prevented in a l loys two and 
three. It could not be prevented 
in a l loys two and three. It could 
be due to a var ia t ion in heat input 
dur ing manua l meta l arc we ld ing. 

Rise in hardness in sta in less steel 
we ldmen ts was not observed in 
any of the prev ious exper iments 
of the present authors (7). Fi l ler 
rods of exact ly ident i f ica l compo-
si t ion were used in those exper i -
ments, the rise in HAZ hardness 
in a l loys 1,2 and 3 therefore ap-
pears to be a consequence df the 

subst i tu t ion of n icke l by manga-
n e s e . B a v a d e k a r (8) had ob-
se rved cons iderab le d i f fus ion of 
manganese f rom the base meta l 
to the parent me ta l /we ld deposi t 
in ter face when a M a n g a n e s e r ich 
s ta in less steel was we lded wi th a 
s imi la r f i l ler meta l . Such bui ld up 
of manganese m a y lead to some 
degree of work harden ing of the 
m a n g a n e s e r ich aus ten i te in al-
loys 1,2 and 3 under we ld ing ther-
ma l stress. M a n g a n e s e r ich aus-
ten i te is known to be prone to 
work harden ing (1). T E M photog-
raphy (F igure 11) of the HAZ in 
al loy 2 also sugges ts a h igh dis-
locat ion densi ty in the region. The 
rise in H A Z hardness may be a 
consequence of such work hard-
ening. It is fu r ther l ikely that the 
ex tens ive in te rdendr i t i c cor ros ion 
and hot c rack ing of the we ld de-
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posit in alloy 1 also occured due 
to segregation of manganese the 
mechanisms involved may how-
ever be conclusively established 
only through extensive TEM and 
EPMA studies. 

CONCLUSION 

irfl: :! 

. if A " • 

Fig 11 : TEM photograph of 
HAZ in alloy 2 5000 X 

p - i Weldability of a nitrogenated CF8 
grade stainless steel in superior 
to that of the grades in which 
manganese and ni trogen are 
added. 

Nitrogen addition to a lean nickel 
Fe-Cr-Mn-stainless steel prevents 
intergranular corrosion in the HAZ 
of its weldment in 65% boiling 
HN03, but does not retard its gen-
eral corrosion. 
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