
WELDING OF CHROMIUM STEEL 

WELDING OF 17% CHROMIUM 
SEMI-FERRITIC HEAT A N D 

CORROSION RESISTANT STEEL 

INTRODUCTION 
C h r o m i u m has been one o f t h e impor-
tant a l loy ing e l emen ts in s tee ls mean t 
for eng ineer ing app l ica t ions . Its ef fect 
as a s t re ig then ing e lemen t both at the 
amb ien t and h igh t empe ra tu re has 
been ut i l ized in des ign ing low al loy 
s tee ls m e a n t for g e n e r a l s t ructura l 
and p ressure vesse l /p ip ing appl ica-
t ions. Wi th the addi t ion of Mo lybde-
n u m a n u m b e r of popu lar c h r o m i u m -
m o l y b d e n u m ferr i t ic s tee ls have been 
in use in power and pe t ro l ium Indus-
tr ies. Relat ive ly Less Fami l iar A l loys 
of c h r o m i u m and Iron are the ones 
w i th c h r o m i u m present in excess of 
13% that p rov ides the s ta in less char-
acter and spec i f i c cor ros ion resistant 
c h a r a c t e r t o s t e e l . T h o u g h t h e 
aus ten i t i c v a r i e t i e s o f c h r o m i u m -
Nickle Stee ls are very fami l iar for use 
in cor ros ion res is t ing and heat resist-
ing app l ica t ions; They are suscept ib le 
to s t ress cor ros ion c rack ing due to 
chlor ine and su lphur . For such appl i -
ca t ions the recent t rend is to use fer-
ritic and s e m i ferr i t ic s ta in less s tee ls 
wh ich are s t ra ight c h r o m e types . 

Genera l l y , s t ra ight C h r o m i u m Stee ls 
are less used for fabr icat ion as they 
are cons ide red compara t i ve ly more 
dif f icult to hand le . T h e s e steels de-
m a n d spec ia l unders tand ing to so lve 
asoc ia ted p rob lems. Th is art ic le dis-
cusses a few aspec ts of we ld ing met-
al lurgy and safe pract ices assoc ia ted 
w i th s t ra ight c h r o m i u m semi- fer r i t ic 
s teels. 

General Metallurgy 
Stra ight C h r o m i u m Stee l can exist 
e i ther as ful ly ferr i t ic s teel or as semi -
ferr i t ic steel and as mar tens i t i c s teel 
depend ing upon the chemica l c o m p o -
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sit ion and heat t reatment condi t ion. 
These can be genera l ly te rmed as 
sta in less and heat resist ing steels be-
cause of their areas of appl icat ions. 

relate the carbon con ten t to a mini-
m u m propor t ion of c h r o m i u m content , 
th is propor t ion be ing h igher as the 
carbon content increases. 
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Vertical section at 17% chromium ofthe phase diagram of an industry Fe-Cr-C alloy ( Ni < 
0 .13%N < 0.13% Si - 0.4% Mn - 0.5% ) 

Sta in less and Heat-resist ing semi- fer -
ritic s tee ls are Iron c h r o m i u m based 
al loys wi th a compos i t ion wh ich on 
cool ing passes th rough a tempera tu re 
range w h e r e their microst ructure is 
c o m p o s e d of a mixture of Delta-ferr i te 
and Aus ten i te . The Austen i te sub-
sequent ly wou ld t rans form to Marten-
s i t e o n r a p i d c o o l i n g w h i l e t h e 
Del ta- ferr i te wou ld remain untrans-
formed. This mixed structure cou ld b e 
obta ined wi th var ious combina t ions of 
ch rom ium and carbon contents tak ing 
into account the usua l p resence of 
minor A l loy ing e lements . To obta in a 
Semi- ferr i t ic steel it is necessary to 

1 

The most c o m m o n o f t h e semi- ferr i t ic 
s teels in pract ice are the 17% chro-
m i u m g rades con ta in ing 16% to 18% 
of c h r o m i u m and 0 .05 to 0 .12% carb-
on c o m p a r e d to the conven t iona l 13% 
c h r o m i u m mar tens i t i c s tee ls . They 
have better cor ros ion r e s i s t a n c e s are 
o n l y m o d e r a t e l y h a r d e n i n g o n 
quench ing . A s a result of thei r struc-
ture and lower ca rbon con ten t they 
are qu i te amenab le to d e e p d raw ing 
and cold fo rming. To th is category 
13% c h r o m i u m steel wi th carbon con-
tent restr ic ted to 0 . 0 7 % m a x i m u m can 
also be inc luded. 

I lould 

L + Y + C ; 
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Fig. 1 shows the vert ical sect ion o f t h e 
equi l ibr ium d iag ram for the commer -
cial qual i ty 17% ch rom ium alloy steel" 
containing the common ly used minor 
a l loy ing e lemen ts w i th the carbon 
contents normal ly used. The alloy so-
lidifies as Delta-ferr i te, then enters the 
t e m p e r a t u r e r a n g e o v e r w h i c h 
Austeni te starts appear ing and sub-
sequent ly enters temperature range 
over wh ich ch rom ium and iron car-
bides are formed. W h e n the cool ing 
rate is suff icient ly s low the austeni te 
changes info alpha-ferr i te so that be-
low 850 - 900°C the alloy is composed 
of delta and alpha ferrite and car-
b ides. But w i th rapid coo l ing , the 
austenite is t rans formed to martensi te 
and therefore the alloy wou ld consist 
of A lpha ferrite, martensi te and car-
bides. 

When the steels are heated to a suffi-
ciently high temperature where the 
microstructure wou ld be turned to a 
fully ferrit ic phase (i.e. above 1350°C 
approxmate ly) they suffer rapid grain 
g rowth . Aus ten i te w o u l d no doub t 
form in increasing amounts on cool ing 
down to approx imate ly 1100°C but it 
wou ld be fo rmed f rom del ta-ferr i te 
and it wil l turn into alpha ferrite and 
d isappear . This mechan is im wou ld 
modify the grain boundar ies of the 
ferrite structure as a whole. 

Therefore the structure formed at very 
h igh t e m p e r a t u r e s , espec ia l l y the 
coarse g ra in s izes , cannot be re-
moved by a grain ref ining heat treat-
ment as is normal ly possible by the 
alpha- g a m m a t ransformat ion in low 
alloy steel. 

Difficulties in fabrication 
In relation to the fabr icat ion of semi-
ferritic s ta in less steels the fol lowing 
can be cited as the main problems :-

n The we ld metal and heat affected 
zones are prone to cracking 

a E m b r i t t l e m e n t of hea t a f f ec ted 
zones make it dif f icult to obtain 
stat isfactory bend per formance. 

It has been observed that we lds in 
17% ch romium steel may suffer f rom 

cracking as a result of the format ion 
of martensite. A numbero f techn iques 

"*fiave been der ived to minimize or 
avoid this problem. One o f t h e meth-
ods is to add certain quanti ty of ferrite 
formers to the base material so that it 
will remain as ferrite at all tempera-
tures ; thus avoiding the format ion of 
austeni te wh ich could t ransform to 
martensite during cooling. One exam-
ple is to add t i tanium (About 0.7%) or 
n iob ium (about 1.2%) to the initial 
composi t ion. But unfortunately these 
steels have an excessive tendency for 
grain growth to occur in the HAZ im-
mediately adjacent to the we ld bead 
and the cracking tendency persists as 
a result of concentrat ion of inpurit ies 
at the decreased grain boundary sur-
face areas. 

It is now bel ieved that the above men-
t ioned problem could be tackled by 
Assoc ia t ing smal l amount of other 
e lements with the addit ion of t i tanium 
or Niobuim, so that the dispersion of 
phases would be effected to oppose 
to grain coarsening tendency. In the 
case of t i tanium addit ions, a lumin ium 
could be s imultaneously added caus-
ing the format ion of Ti02, Tin, AL203, 
AL N etc. 17% Cr- Nb-TI-AI combina-
tion has been successful ly employed 
for weld ing consuambles for S A W & 
S M A W processes . T h o u g h s o u n d 
welds can be produced through this 
Route, one must still recognize that it 
will still be liable to hot cracking and 
delayed cracking due to the effect of 
defusible hydrogen. 

Another method to avoid the prob-
lems due to the format ion of marten-
site is to modify the composi t ion o f t he 
17% chromium steel in such a way 
that the austenetic formed at the ele-
vated temperatures in these semi-fer-
r e t i c s t a i n l e s s s t e e l s w o u l d be 
suff iciently stable to resist convers ion 
to martensite when cooled to ambient 
t e m p e r a t u r e s . Such a s tab i l i t y of 
austenite can be achieved, for exam-
ple, by adding about 5% manganese 
and about 1% sil icon alongwith vari-
ous other minor addit ions. Such a 
steel, after welding, will exhibit a HAZ 
and weld-bead microstructure which 

is a mixture of austeni te and ferrite 
and thus wou ld not get embri t t led. 

In addit ion, under condi t ions which 
can introduce hydrogen dur ing weld-
ing, like f rom the residual moisture in 
the f luxes or presence of organic com-
pound at the we ld zone etc, atomic 
hydrogen can enter into the we ld met-
al and cause cracking at the HAZ. For 
this reason, it is cons idered neces-
sary to reduce the di f fusible hydrogen 
by preheat ing or pre-dry ing the elec-
trodes. If such a pick of hydrogen by 
the we ld a suspected it is advisible to 
carry out post we ld temper ing treat-
ment to dr ive the di f fusible hydrogen 
out and s imul taneously improving the 
ducti l i ty of the metal . The temperature 
and durat ion of the temper ing treat-
ment should be dec ided based upon 
the f inal p roper t ies des i red of the 
component . Cons iderat ions are to be 
g iven to the fact that 17% chromium 
steel has a very low rate of hydrogen 
di f fusion and liable to suf fer de layed 
caracking with a long incubat ion pe-
riod, as compared to other structural 
steels. 

In the heat a f fec ted zone fai lures 
could often be not iced in bend tests 
wh ich may be carr ied out as a part of 
qual i ty assurance procedures. These 
have been t raced to the presence of 
coarse ferrite grain and perhaps also 
to some amount of martensi te in a 
region lying c lose to the fusion zone. 
The most remarkable embr i t t lement 
w a s found whe re the tempera tu re 
was in the viscinity of 1350° C with 
the percentage e longat ion dropping 
f rom 33% to about 4 to 5 % in S A W 
welds and to about 7 to 8% in S M A W 
welds. The Lost ducti l i ty can be recov-
ered substant ia l ly (Greater than 18%) 
by giving a post we ld heat t reatment. 
The parameters of wh ich wou ld de-
pend upon the heat t reatment o f t h e 
w e l d i n g p r o c e s s invo lved . A post 
heat ing at 350°C for S M A W and at 
625°C for S A W for one hour are con-
s idered reasonable start ing point for 
conduct ing procedure qual i f icat ion tri-
als to obtain sat isfactory results. Post 
heat ing at Lower temperatures are 
not to be used for S M A W welds as 
danger to loss of ducti l i ty exists. 
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Use of austeni t ic s ta in less steel we ld-
meta l is a lso a s t a n d a r d pract ice 
wh ich avoids the prob lems associ-
ated with the we ld metal . But the H A Z 
wou ld still retain its notch sensit iv i ty. 
However the propert ies o f t h e joint as 
a whole wou ld be improved because 
the low toughness is restr icted to a 
narrow region and the high capaci ty 
for plastic de format ion of the weld-
metal reduces the effect of this narrow 
region substant ia l ly. 

Welding Processes 
A s a l ready men t i oned the we ld ing 
processes emp loyed for fabr icat ion 
wou ld have a bear ing on the mechani -
cal propert ies ach ieved in 17% chro-
m i u m s ta i n l ess s tee l w e l d m e n t r s , 
because the we ld ing process deter-
mines the w id th of the base metal 
region heated to the fully austeni t ic 
region where rapid grain growth takes 
place. It a lso inf luences the cool ing 
rate and hence affects the t ime per iod 
dur ing wh ich gra in coarsen ing can oc-

cur and the extent of austenite formed 
in the HAZ and the weld. 

Based upon the above criteria S M A W 
process should be considered prefer-
ably to spray MIG or S A W process 
because S M A W permits the use of 
lower heat input f o r t he same amount 
of weld deposit . On the s.^me logic 
sho r t c i r cu i t i ng M I G . Pu l sed and 
Synergic MIG and to a lesser extent 
pulsed G T A W with filler metal addit ion 
are also advantageous. 

W h e n gas sh ie lded we ld ing proc-
esses are employed, it is advisible to 
use pure argon for G T A W and argon 
- 1 % Oxygen mixture for MIG welding. 
The presence of Nitrogen in the weld-
ing are atmosphere either f rom the 
gas mixture or through ingress of Air 
f rom ambient a tmosphere must be 
avoided because of its ability to in-
crease the amount of martensite in 
the weld. Somet imes peening o f t h e 
beads in mult ipass welds is done in 
order to introduce cold work in the 
metal and induce fine recrystal isat ion 

dur ing the deposi t ion of subsequent 
runs. But this technique has met wi th 
only l imited success and is not per-
sued as a s tandard pract ice. 

CONCLUSIONS 
Thus we f ind that even though fabri-
cat ion of semi-ferr i t ic 17% chromium 
sta in less steels do pose prob lems 
wi th regard to the achievabi l i ty of me-
chanical propert ies and cracking, it is 
possible to surmount these problems 
by employ ing proper p rocedures and 
heat t reatments as descr ibed in this 
paper. Sound we lds of 17% chromium 
s tee l s can be o b t a i n e d w i t h high 
enough toughness at room tempera-
ture for most pract ical purposes. How-
ever their notch sensit iv i ty must be 
recognised and careful ly tack led in 
order to employ t h e m in these crit ical 
areas where notch toughness is im-
portant criteria. However in non-im-
pact loading areas 17% ch romium 
s ta in less s tee l can be conf ident ly 
used in we lded form. 

CALENDER OF BRANCH EVENTS FOR THE YEAR 1993-94 

BOMBAY BRANCH 

1. T E C H N I C A L M E E T S 
i) "Quality Assurance & ISO 9000" with Video Film by Mr. 

Vincent A.D'Souza, Technical Consultant to Messrs Davy 
Power Gas - September 1993 

"Microstructure & Mechanical Properties" by Dr. Sivaramk-
rishnan of Elca Laboratories. October 1993. 

iii) "Failure Analysis-Sone case Studies" by Dr. Balasubrama-
nian of Inter Tech Consultants - November 1993. 

2. R E F R E S H E R C O U R S E S 
i) Pressure Vessel Design at Baroda during October '93 

(2 days) 

ii) Bombay in December 1993 and Pune in March 1994. 

3. W O R K S H O P S 
i) One day Workshop on "Maintenance Welding" in Bombay 

Jan. 1994 

ii) "Inspection & Testing (Destructive & NDT) Bombay in Nov. 
1993 

iii) Workshop on Welding of Austenitic Stainless Steel In Pune 
in December 1993. 

4. A N N U A L W E L D I N G S E M I N A R - ' A W S 94 ' . 

On 12. 2. 1994 at Bombay. Theme "WELDING FOR T O D A Y S 
TOMORROW'. 

COCHIN BRANCH 

8th & 9th 
October '93 

12th Nov '93 

7th Jan '94 

11th March '94 

26th March '94 

Refresher Course for Weld ing 
Engineers & Superv isors. 

Techn ica l meet ing 

-do-

do 

Industr ial Visit. 
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