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The effect of nickel and aluminium on the microstructure and mechanical properties in SG iron weld metal have been investigated. 

It is found that both nickel and aluminium influence the microstructure Nickel increases nodule count and pearlite content. Aluminium decreases 
nodule count and promotes ferrite formation. Addition of nickel in SG iron weld metal upto 3.95 percent, results in an increase in tensile strength 
and decrease in ductility Further inprovement in tensile strength and marginal drop in ductility have been observed with the addition of aluminium 
in SG iron metal containing nickel. 

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

Appl icat ion of SG Iron has increased 
to a great extent due to the develop-
ment of new varit ies of high strength 
SG Iron. These include SG Iron al-
loyed w i t h n icke l w h i c h has h igh 
toughness even at low temperature, 
high strength bainit ic iron and iron 
al loyed wi th si l icon for high tempera-
ture appl icat ions (1-5). A t tempts have 
also been made (6.7) to improve the 
propert ies of SG Iron by adding suit-
able amount of nickel and a lumin ium 
which are responsib le for precipitat ion 
hardening effect. 

It is. however , probable that the new 
SG Iron wil l be used on an increasing 
scale in the field of genera l and con-
struct ional engineer ing and its useful-
ness for fabr icat ion purposes wil l be 
further enhanced if component parts 
can be jo ined by a weld ing process. 
The at ta inment of this object ive may 
call for the deve lopment of new weld-
ing techn iques and weld ing materials; 
since the unique propert ies of the SG 
Iron will not be fully real ised unless the 
strength and ducti l i ty of the we lded 
joint approach those of the parent ma-
terial. 

Iron-nickel weld ing consumables (E 
Ni Fe type) find extensive use in the 
weld ing of SG Iron (8.9). Manganese, 
copper and carbon have been used 
as al loying subst i tute to reduce the 
nickel content in the weld ing consu-
mables used in the jo in ing of SG Iron 
(10,11). It was found (12.13) that Fe-
20 Mn-20 Ni were very sat isfactory in 
weld ing S G Iron. However , it is appar-

ent that these consumables are not 
necessari ly appropriate for recently 
developed alloy S G Iron particularly 
the precipitation type. This study ex-
amines the addit ion of nickel and alu-
m in ium on the microst ructure and 
propert ies of weld metal in S G Iron. 

Exper imenta l P rocedure 

A series of submerged arc bead-on-
plate we lds were produced on 25 m m 
thick pearlit ic spheroidal graphite cast 
Iron plates. The weld metal composi-
t ions were systematical ly varried by 
powdered metal addit ions such as 
nickel and a lumin ium to the flux using 
a mild steel weld ing wire (ER 70-S3). 
The chemical composi t ions of those 
weld metals are shown in table 1. 
Heat input was held constant at ap-
proximately 3.25 KJ/mm. 

The welds were then sect ioned to pro-
vide t ransverse metalographic study 
and hardness testing. All weld tensi le 
test ing were conducted using speci-
mens extracted in the longitudinal di-
rection. The effect of post weld heat 
t reatment (P W H T) on microstructure 
and hardness was also examined. 
The P W H T condit ions were 950°C 
x 0.5 h fol lowed by water quenching 
and temper ing at 500°C for varying 

Weld Element Wt% 
No. c Mn Si 
W1 3.25 0 6 0 3.0 
W2 3.20 0.62 3.1 
W3 3.18 0.57 3.0 
W4 3.26 0.56 3.1 

periods e.g. 30 mts, 60 mts. 120 mts 
and 180 mts. The percentage of weld 
me ta l m i c r o s t r u c t u r a l cons t i t uen ts 
e.g. percentage of pearl i te, ferrite, 
graphite and carbide were per formed 
by point count ing method at a magni-
f icat ion of 200X. Hardness values 
were measured by a Brinel hardness 
tester under a load of 187.5 Kgs. us-
ing 2.5 m m d i a m e t e r b a l l . Tens i le test -

. ing was made in an universal Tensi le 
test ing machine of capaci ty 10T.Frac-
tured sur faces of tensi le test ing speci-
mens were examined in a Scanning 
Electrode microscope. 

Resul ts A n d D i s c u s s i o n 

M i c r o s t r u c t u r e o f w e l d m e t a l 

A compar ison of the proport ion of mi-
crostructural const i tuents for dif ferent 
weld metals is shown in Table 2. This 
compar ison shows that the al loying 
e lemen ts such as n icke l and alu-
minium. exert s igni f icant inf luence on 
nodule count and matr ix microstruc-
ture. Nickel addi t ion results in an in-
c r e a s e in t h e n o d u l e c o u n t a n d 
pearl i te content in the as-welded mi-
crostructure. Wi th about 4.0 percent 
nickel (al loy W3) nodule count in-
creases by 25 percent over unal loyed 
weld metal. Some martensi te forma-

S P Ni Al 
0.02 0 02 - -

0.02 0 02 1 95 -

0.018 0.02 3 95 
0.02 0 02 2.0 0.41 

Table 1 : Chemical Composition of Submerged Arc Weld Metals 
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Table 2: Percentage of Weld-Metal Microconstituents for different Weld Metals 
Wteld 
No. 

Ferrite % Pearlite % Graphite % Nodule 
Count (mm ) 

W1 40 40 20 408 
W2 34 50 16 476 
W3 22 60 18 515 
W4 29 55 16 424 

Table 3 : Hardness and Tensile Properties of different Weld Metals 
Weld 
No. 

Hardness 
(BHN) 

Ultimate 
Strength 
Kg/mm 

Elongation % 

W1 212 51 8.2 
W2 245 62 5.1 
W3 334 70 3.5 
W4 238 66 3.2 

tion w a s o b s e r v e d in the a reas o f t h e 
original austeni te dendr i tes in alloy 
W 3 (containing 4 .0 . percent nickel). 
A lumin ium addit ion on the other hand, 
d e c r e a s e d the nodule count and in-
c r e a s e d f e r r i t e c o n t e n t . S e v e r a l 
authors h a v e reported that d e n o d u -
larization sets in a n d amount of f ree 
ferrite increases with increasing alu-
minium content ( 1 4 , 1 5 ) d u e to ferritis-
ing action of a luminium. 

Results of Tensile test 
A s s h o w n in T a b l e 3, by adding nickel 
content in the w e l d meta l the tensile 
strength increases a n d ductility d e -
creases. Wi th s a m e amount of nickel, 
a lumin ium addit ion increases tensile 
strength a n d marginal ly d e c r e a s e s 

ductility. T h e dif ference in weld metal 
tensile strength as a function of these 
two alloying e lements is attributed to 
their intrinsic effect on as-weld micro-
structure. 

T h e increase in tensile strength for the 
addition of nickel (sample N o . W 3 ) , as 
compared to the sample N o . W 1 , is 
related to the presence of more pear-
lite and less ferrite, this being the most 
obvious distinction be tween the two, 
otherwise similar microstructures. In 
addition, nickel also contributes to-
wards solid solution. Improvement in 
tensile strength and marginal drop in 
ductility with the addition of a luminium 
at the s a m e amount of nickel content 
could be due to the formation of s o m e 
martensi te in the areas of original 

austen i te dendr i tes . M o r e o v e r alu-
min ium addition m a y give rise to the 
formation of Al N which refine the 
structure by providing a s nuclei. 

Effect of PWHT 

Applying P W H T of 9 5 0 C X 0 .5 h 
fol lowed by w a t e r q u e n c h i n g and tem-
pering at 5 0 0 C for varying periods to 
all the S G iron we ld meta l samples 
c h a n g e d hardness shown in Fig (1) 
the hardness versus temper ing t ime 
plot. After heating to 9 3 0 ° C fol lowed 
by quench ing in w a t e r , mar tens i te 
w a s formed (Fig. 2) . T e m p e r i n g proc-
ess exerts a softening effect on the 
matrix. Meta l lographic examinat ion of 
the t e m p e r e d s a m p l e s indicates the 
decomposi t ion of carbide to ferrite 
and graphite (Fig.3) . It is observed 
f rom Fig.1 Tha t we ld no. 

W 4 mildly retards the temper ing proc-
ess as c o m p a r e d to other samples . 

This m a y be attr ibuted d u e to the 
p r e s e n c e of a l lumin ium wh ich de-
creases activity of carbon in ferrite 
a n d i n c r e a s e s in c e m e n t i t e . Both 
these effects act to retard cement i te 
precipitation f rom martensi te matrix 
(16). 

Fractographic Study 
D u e to the structure's complexity and 
heterogenety , also the morphology of 
the fracture sur face at room tempera -
ture is quite complex . 

F r o m the e x a m i n a t i o n of the frac-
tographies obta ined at S E M, it is 
possible to drive s o m e indications as 
to the initiations p h e n o m e n o l o g y and 
on the crack's propagat ion. 

It s e e m s certain that t h e fracture be-
gins at the graphite matr ix interface 
as shown in Fig. 4 . T h e crack spreads 
f rom graphite into the meta l ic matrix 
which, around the graphi te particles, 
is general ly m a d e of ferrite. T h e frac-
ture surface has mainly a ductile mor-
phology. Z o n e s of brittle fracture by/ 
t r a n s g r a n u l a r c l e a v a g e a n d inter-
granular decohes ion are also visible 
(Fig. 5) . 
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Fig 2 : Microstructure of weld No. W3, austenitised at 930oC and 
then quenched in water, 150X 

Fig 3 : Microstructure of weld No. W3, tempered for 60 mts, at 
500°C, 300X 

Fig 4 : SEM fractographs for weld No. W2 showing the presence of 
hollow graphite shells which indicates decohesion at the graphite 

matrix interphase. 

Fig 5 :SEM fractographs for weld No. W 4 showing mixed mode of 
intergranular and transgranular fracture. 

CONCLUSIONS 
1. Both nickel and a luminium influ-

e n c e the microstructure o f S G iron 
weld metal . Nickel increases nod-
ule count and pearl i te content. Alu-
minium d e c r e a s e s nodule count 
and promotes ferrite formation. 

2. Addition of nicies in S G iron weld 
metal upto 3 .95 percent, results in 
an increase of tensile strength and 
decrease in ductility. At a given 
amount of nickel content, improve-
ment in tensile strength and mar-
g inal d rop in ducti l i ty wi th the 
addition of aluminium has been 
observed. 

3. All the S G iron we ld metals re-
spond the P W H T . T h e temper ing 
process exerts a softening effect 
on the matr ix . Add i t ion of alu-
min ium in S G iron we ld metal 
mildly retards the temper ing proc-
ess. 
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A REQUEST FROM THE EDITORIAL BOARD 

Dear Readers, 

We are inviting you to send articles on Welding and Allied Technology for publication in 
the for thcoming issues of the Indian Welding journal as per guidelines given below : 

Papers should be neatly typed on electronic typewriter in double space in A4 size paper. 
All photographs shall be of 140 x 85 mm. Sketches & graphs to be neatly drawn on 
tracing papers with 25mm margine on all sides. Sketches, graphs, photographs shall 
be serially numbered with appropriate reference in the body of the paper. 

Your prompt response on this matter will be appreciated by the Editorial Board - IWJ 
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— Asst. Editor 
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