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Hierarchical addition of niobium: 
Microstructure, mechanical and wear 
behaviour of grey cast iron
In the present research work, the effect of niobium 
(Nb) addition to grey cast iron (GCI) and the 
solidification microstructure has been investigated. 
The experimental result shows that the addition 
of Nb content is beneficial for refining the 
graphite flakes and reduces the pearlite lamellar 

spacing. The microstructure of the developed 
GCI is studied by scanning electron microscopy 
(SEM) with energy dispersive X-ray spectroscopy 
(EDS). The result presents hard NbC phase in the 
microstructure attributing higher hardness with 
improved wear resistance
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Figure1: SEM microstructure of sample (a) S2 and (b) S5

WITH the growing demand for 
industrial applications of grey 
cast iron (GCI) due to its ad-

vantageous properties and high reliabil-
ity, researchers are working on the im-
provement of properties of GCI by alloy 
addition. GCI is used for several automo-
tive components such as cylinder sleeve, 
brake disc, flywheel etc[1-4] owing to its 
excellent castability, corrosion resistance, 
machinability, in addition to its low melt-
ing point, high damping capacity, and 
relatively low cost.[5, 6] Researchers[5-7] re-
ported that the graphite morphology and 
volume fraction are the major determin-
ing factors for GCI’s properties. Previ-
ously, few researchers noticed that small 
additions of niobium (<0.5%) could im-
prove the abrasion resistance and tensile 
strength of cast iron.[7–12] Based on this 
idea, grey cast iron has been developed 
indigenously in the National Institute of 
Foundry and Forge Technology (NIFFT), 
India with hierarchical addition of ni-
obium to understand the effect on mi-
crostructure, mechanical properties and 
wear phenomenon. 

Steel scrap, pig iron, petroleum coke 
and ferro-silicon charges were used in 
production of cast iron. After melting 
FeNb (65% niobium content) is added 
in the furnace and agitation is done for 
proper mixing. The melt was tapped at a 
temperature 1480ºC. The molten metal 
was tapped into the experimental ladle 
(20 kg capacity) along with post inocu-
lants Fe-Si to produce the experimental 
alloys of specified chemical composition. 
The metal was cast into standard 220 mm 
x 35 mm test bar in green sand mould. 
The samples were removed from sand 
mould at room temperature. Chemical 
composition is analysed by spectral and 
chemical methods. Chemical compo-
sition of six different developed GCI is 
shown in Table1.

Macro-hardness of the samples is 
measured with FIE-3000(H) Brinell 
hardness tester using 3000 kgf static load 
and 15 sec dwell time. The tensile spec-
imens are machined as per ASTM E8 
standard. The wear tests are conducted 
on a Ducom (TR-20LE-M5) pin on disc 
wear testing machine by keeping the 
load (3 kg), speed (700 rpm) and sliding 
time (300 seconds), constant for different 
composition of the samples.

To understand the effect of Nb on the 
microstructure, two samples of chemical 
composition (S2 and S5) were considered 
for the SEM and EDS study. SEM micro-
graphs of sample S2 and S5 are shown 
in Figure1 (a) and (b) respectively. For 

both the cases, microstructure consists 
of lamellar graphite and type A graphite 
morphology. With increment in the Nb 
addition from 0.207 wt% to 0.83 wt% 
attributing refinement of graphite and 
reduction in pearlite spacing. 

SEM with EDS analysis corroborated 
the formation of blocky niobium carbide 
(NbC) as exhibited in Figure2 (a) and 
(b) (highlighted by the black arrows). 
The probable reasons behind the refine-
ment mechanism of graphite owing to 
NbC are as follows: (a) Fine NbC parti-
cles merged with each other enhancing 
the formation of blocky chunk of X and 
Y shaped. Remaining fine NbC particles 
acted as a heterogeneous nucleation site 

Table1: Chemical composition of developed grey cast iron (Wt%)

Sample no. C Si Mn P S Nb

S1 2.81 1.82 0.209 0.08 0.044 0.209

S2 2.89 1.83 0.207 0.08 0.036 0.207

S3 2.99 1.95 0.208 0.079 0.040 0.208

S4 3.29 2.0 0.80 0.09 0.043 0.80

S5 3.33 2.12 0.83 0.07 0.045 0.83

S6 3.63 2.3 0.82 0.08 0.038 0.82
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Figure2: SEM with EDS analysis for (a) S2 and (b) S5for the graphite during eutectic reaction 
resulting refined graphite morphology 
by augmenting the nucleation rate; (b) 
niobium hindered carbon movement 
during solidification resulting in re-
stricted growth of graphite and enhance 
the formation of refined graphite [12].

Figure3(a) exhibits that hardness in-
creased linearly with increment of both 
carbon equivalent and niobium. Effect 
of niobium on hardness and wear resist-
ance for different samples are shown in 
Figure4. It should be noted that wear rate 
measured by the mass loss percentage 
and the decrease in the wear rate specify 
the better wear resistance. It is noticed 
that as the niobium content increased, 
both the hardness and wear resistance 
improved. As the wear progress of grey 
cast iron, the hard phase acted as the first 
friction surface and contact lining mate-
rial. That’s why the wear resistance great-
ly depends on the nature, distribution, 
and size of the niobium rich hard phase. 

Figure3: Comparison of (a) Brinell hardness measurement values of different samples and 
(b) Tensile strength
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Size of NbC precipitation and refinement 
of graphite and lamellar structure justi-
fying the higher strength, hardness and 
better wear resistance property in case of 
S5 (0.83 wt% Nb) compared to S2 (0.207 
wt% Nb).

Concluding remarks
Hierarchical addition of niobium in GCI 
from 0.209 wt% to 0.83 wt% enhance 
mechanical performance and wear resist-
ance property by reducing cell size leads 
to shorter and finer graphite flakes with 
refined pearlite and NbC formation.

References
1. L Collini, G Nicoletto, and R. Konečná, 
(2008). ‘Microstructure and mechani-
cal properties of pearlitic gray cast iron,’ 
Mat. Sci. and Eng. A, 488(1-2), p.529-39 
2. A Akdemir, R Kuş, and M Şimsir, 
(2011). ‘Investigation of the tensile prop-
erties of continuous steel wire-reinforced 
gray cast iron composite,’ Mat. Sci. and 

Engg. A, 528 (10-11), p.3897-904 
3. K Aslantaş, S Talaş, and S Taşgetiren, 
(2004). ‘Fracture of a compressor rotor 
made from grey cast iron,’ Engg Fail. 
Analy., 11(3), p.369-73 
4. W Wang, T Jing, Y Gao, G Qiao and X 
Zhao, (2007). ‘Properties of a gray cast 
iron with oriented graphite flakes,’ Jour. 
of Mat. Proc. Tech., 182(1-3), p.593-7 
5. CF Walton and TJ Opar, (1981). Iron 
Casting Handbook, Iron Casting Society 
Inc., New York, p.57
6. S Izgiz, (2006). Cylinder Sleeve Mate-
rials
7. TS Skoblo, NI Sandler, VK Parfenyuk, 
and BS Gilman (1967). ‘Influence of Nb 
additions on properties of cast iron,’ Rus-
sian Casting Production, vol.6, p.306-7
8. KA Valsov (1960). Vestnik Akademii 
Nauk SSSR, 1
9. E Pivovarsky (1961). Hochwert Gusse-
sien, Berlin, Germany
10. Chaleur et industry, 3, 1935
11. MA Tylkin (1965), ‘Strength and Wear 

Resistance of Components for Metallur-
gical Equipments,’ Metallurgizdat, Mos-
cow, Russia.
12. Z Wenbin, Z Hongbo, Z Dengke, Z 
Hongxing, H Qin and Z Qijie (2011). 
‘Niobium alloying effect in high carbon 
equivalent grey cast iron,’ China Foundry 
1 (8) p.36-40

The authors AK Pramanick, A Kumar, 
and P Talukdar are with the National 
Institute of Foundry and Forge Tech-
nology, Hatia, Ranchi; H Das is with the 
Metallurgical and Material Engineer-
ing Department, Jadavpur University, 
Kolkata. 
Corresponding author: ajitpramanick@
gmail.com

This article was published in the Indian 
Foundry Journal, vol.66, issue11, Nov 
2020. It is reprinted here with the per-
mission of the publishers

% of Nb

Figure4: Comparison of hardness and wear rate with varying Nb content
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