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ABSTRACT 

The manufacture of cast stainless steel 316 (SS 316) requires one essential raw material element, pure nickel. The 
demand for pure nickel is quite high, its price is the highest among other raw materials and it is still being imported. This 
study aims to utilise local ferronickel (FeNi) as a raw material for stainless steel and determine the effect of the percentage 
of FeNi usage on the mechanical properties of austenitic SS 316, which is a metal biomaterial widely used as a bone 
implant. This material is a potential replacement for nickel for stainless steel production. In this study, local FeNi at 
percentages of 0%, 23%, 45%, or 70% was added to other casting raw materials. The foundry process was carried out, and 
the samples were subjected to composition, tensile, hardness, and toughness tests. Results showed that all the samples had 
a chemical composition that met the SS 316 standard, indicating that the FeNi raw material can be used as raw material 
for SS 316, although impurities were still found at each percentage addition of FeNi. The tensile strength and hardness 
were still below the SS 316 standard but ductility was higher than the SS 316 standard at all percentages of FeNi. 
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1. INTRODUCTION 

Stainless steel is a steel alloy containing at least 
10% chromium, which confers corrosion resistance. The 
annual consumption of stainless steel has increased at a 
compound growth rate of 5% over the last 20 years, 
surpassing the growth rate of other materials. Stainless 
steel is the most widely known metallic material, and the 
demand for stainless steel has increased dramatically in 
recent years [1–2]. Stainless steel alloys have significant 
uses in many industrial applications, such as aerospace, 
pipeline, automotive, and die and tool industries, in the 
form of austenitic, martensitic, ferritic, or austenoferritic 
(duplex); they are also used in medical devices, such as 
cardiovascular stents or valves, orthopedic prostheses and 
devices and implants used in biomedicine because of the 
material’s malleability, resistance to corrosion and fatigue, 
adequate mechanical properties and excellent 
biocompatibility [3-7]. Thus, stainless steel has a high 
market potential worldwide. In Indonesia, despite the 
abundant nickel resources for stainless steel production, 
the country is still importing stainless steel from other 
countries. 

Stainless steel categories are based on 
microstructures determined by chemical composition and 
manufacturing process [8-9]. The addition of elements, 
such as chromium, nickel, carbon, molybdenum, copper, 
nitrogen, aluminum, sulphur, and selenium, can modify 
the corrosion resistance, strength, ductility, machinability, 
and phase stability of stainless steel alloys [10-11]. 
Different classes of stainless steel, such as precipitation-
hardening stainless steel, tool steel austenitic stainless 
steel [12], and maraging steels [13], are frequently used in 
additive manufacturing. Stainless steel can also be utilised 
for high-hardness and strength purposes [14] because of its 

relatively high strength, low density, and outstanding 
corrosion performance [15]. 

The corrosion resistance of stainless steel is 
primarily attributed to the formation of a protective Cr2O3 
passive film on the alloy surface, known as passive (16-
18). The film has a duplex structure and consists of an 
inner region rich in chromium and an outer region rich in 
iron. The dominant composition of passive films changes 
from Fe and Cr to Ni and Fe [16]. The formation of a thin 
protective layer on the surface and the presence of 
molybdenum improve performance in resisting general 
and localised corrosion attacks relative to other grades of 
austenitic stainless steel, such as 304L and 304L [17-18]. 
In addition, the low carbon content of stainless steel 
facilitates welding by decreasing carbide precipitation at 
grain boundaries [19]. Stainless steel 316L (SS 316L) is 
one of the few options for the marine, medical, and food 
industries, where excellent anti-corrosion properties are 
needed [19]. In particular, the formation of a continuous 
Cr2O3 layer in a 3 nm-thick native film after the addition 
of excessive amounts of Cr (>10.8 wt%) ensures long-term 
protection [10,11,20], enabling the alloy to withstand 
harsh conditions. However, the fundamental mechanism of 
this protection remains unclear. In other words, the critical 
factor in localised corrosion (such as pitting, one of the 
most common and severe forms of corrosion), that is, film 
breakdown or pitting growth stability, has been debated 
for decades. Frankel et al. [19] proposed that the 
protection conferred by a passive film plays an essential 
role under less aggressive conditions [19], and this role 
has been thought to be related to the impermeability of the 
film [21-23]. On the one hand, this idea is based on the 
efficient blocking of aggressive ions (e.g. chloride ions) by 
the compact Cr2O3 layer with few defects [21, 24]. On the 
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other hand, pitting only occurs after the protective film 
undergoes a breakdown event [13, 22, 25]. However, the 
outstanding protection might be due to the recovery 
(passivation) of the oxide film after film breakdown [26-
27]. 

Stainless steel is an iron compound containing at 
least 10.5% chromium to prevent corrosion. This 
composition forms a protective layer (anti-corrosion 
protective layer), which is the result of spontaneous 
chromium oxidation. The ability to resist rust is obtained 
from the formation of a chromium oxide film, where the 
oxide layer inhibits iron oxidation. Stainless steel is a 
metal widely applied in medical midwife clinics. It is a Fe 
alloy with at least 10.5% Cr content, which is a widely 
used material in metallurgy because of its excellent 
corrosion resistance and outstanding mechanical 
properties. The AISI 300-series austenitic stainless steel 
alloys are particularly important because they show 
corrosion resistance superior to that of other stainless steel 
alloys. Moreover, some of them can be employed for 
biological and medical applications because of their 
sufficient biocompatibility [28]. 

SS 316L is the low-carbon version of type SS 
316. The low carbon content of SS 316L (% C 0.03) 
minimises the deposition of damaging carbide as a result 
of welding. Thus, it is used when welding and maximum 
corrosion resistance are required. Metallic biomaterials 
widely used as bone implants include SS 316L. The 
advantages of this metal are corrosion resistance, strong 
mechanical properties, toughness, ductility, and cleanable 

surface. However, SS 316 and metal implants have 
drawbacks. SS 316 cannot be integrated into bones. 
Therefore, the surface of SS 316L must be modified by 
coating it with osteoconductive materials, such as 
hydroxyapatite (HA), which is a calcium phosphate-
containing hydroxide and belongs to a mineral group. 
Polyvinyl alcohol, which is biocompatible and 
biodegradable, is used to glue HA on the surface of SS 
316L [29]. Stainless steel implants used in operating 
rooms undergo a comprehensive product development 
process that closely assesses the various physical and 
chemical properties of the implants. Apart from ensuring 
the inherent stability of implants, developers must 
establish their compatibility with the anatomical 
environment [30].  

This study was carried out by fabricating SS 316 
from ferronickel (FeNi) raw material, which is a local 
product from the Ferronica Factory in Sulawesi. The 
results will be compared with the standard SS 316 material 
in terms of composition and mechanical properties. Thus, 
the local foundry industry can compare the advantages and 
disadvantages of utilizing FeNi as a raw material based on 
natural resources in the context of local industry 
independence. Smelting uses an induction furnace through 
the addition of other elements. Based on the standard 
handbook material, the composition and percentage of SS 
316 are shown in Table-1 [30]. From the elemental 
composition in austenitic SS 316, data on the mechanical 
and physical properties of austenitic SS 316 are shown in 
Tables 2 and 3 [30]. 

 
Table-1. Chemical composition of austenitic SS 316. 

 

Grade  C Si Mn P S Ni Cr Mo N Fe 

SS316 
Min - - - - - 10.0 16.0 2.0 - 

balance
Max 0.08 0.75 2.00 0.045 0.030 14.0 18.0 3.0 0.10 

 
Table-2. Mechanical properties of annealed SS 316. 

 

Grade 
Ultimate Tensile 

Strength 2% offset (MPa) 
Yield Tensile Strength 

2% offset             (MPa) 
Elongation at 

Break (%) 
Modulus of 

Elasticity (GPa) 

SS316 550 240 60 193 

 
Table-3. Physical properties of annealed SS 316. 

 

Grade 
Density 
(g/cm3) 

Modulus Elasticity 
(GPa) 

Electrical 
Conductivity 
(× 10‐6m) 

Thermal 
Conductivity 

(W/m.K) 

Thermal 
Expansion 
(× 10-6/K) 

SS316  8.00  193.0  0.74  16.3  15.9 
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2. MATERIALS AND METHODS 
The raw material used was a FeNi alloy from a 

Sulawesi factory owned by PT. Aneka Tambang. The 
FeNi product is shown in Figure-1, and the composition is 
shown in Table-4. Given that SS 316 would be prepared, 
steel scrap was still needed to reduce Ni content. FeCr 
alloy was added to increase the Cr content. Then, other 
alloys, such as Mo, were added. Smelting is carried out at 
the stainless steel foundry factory of PT. Trieka Aimex-
Cibinong. 
  

 

Figure-1. FeNi from Southeast Sulawesi. 
 

Table-4. Chemical composition of FeNi alloy. 
 

C Ni Mo Mn Cr Si P S Cu Fe 

0.01 20.24 0.0 0.03 0.72 0.11 0.0 0.008 0.011 balance 

 
The casting method was used, and the material 

balance of the input material to be entered was calculated. 
The results were used in obtaining the ideal stainless steel 
composition. The first step was to determine the weight of 
stainless steel, and the amount of input material was 
calculated and controlled until the final composition 
approached the composition of the SS 316 standard. When 

the content of an element was insufficient, other alloying 
elements were added. To determine the effects of changes 
in the addition of FeNi alloys on the mechanical properties 
of the product, three varieties of the material with weight 
percentages of 23%, 45%, and 70% of the total weight 
were prepared (Table 5-7). 

 
Table-5. Chemical composition of 70% FeNi alloy. 

 

Weight 
(kg) 

Target ≤ 0.08 ≤ 2 ≤ 2 ≤ 0.04 ≤ 0.04 10-14 16-18 2-3 

Material C Si Mn P S Ni Cr Mo 

70 FeNi 0.01 0.077 0.021 0.0 0.0 14.168 0.502 0.0 

0 Scrap Steel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

4 Fe - Mo 0.0004 0.0 0.0 0.0 0.0 0.0 0.0 2.46 

24 Fe - Cr 0.0202 0.1296 0.0 0,005 0.0 0.0 16.2526  

0 Fe - Mn 0.0 0.0 0.0      

0 Fe - Si 0.0 0.0       

1 Ca - Si 0.0042 0.607  0.035     

100 Total 0.0527 0.946 0.9172 0.0227 0.0 10.8070 16.6596 2.62 

 
Table-6. Chemical composition of 45% FeNi alloy. 

 

Weight 
(kg) 

Target ≤ 0,08 ≤ 2 ≤ 2 ≤ 0,04 ≤ 0,04 10-14 16-18 2-3 

Material C Si Mn P S Ni Cr Mo 

45 FeNi 0.00 0.496 0.0135 0.0 0.0 9.106 0.567 0.0 

23 
Scrap 

SUS 304 
0.0173 0.1 0.325 0.0075 0.0013 2.125 4.425 0.0 

14 
Scrap 

SUS430
0.0104 0.0016 0.106 0.0 0.0 0.045 2.499 0.0 

4 Fe-Mo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.45 

14 Fe - Cr 0.0116 0.0756 0.0 0.0 0.0 0.0 9.4808 0.0 

1 Ca - Si 0.0042 0.607 0.0 0.0 0.0 0.0 0.0 0.0 

100 Total 0.053 0.868 0.4488 0.0075 0.0015 11.272 16.7483 2.45 
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Table-7. Chemical composition of 23% FeNi alloy. 
 

Weight 
(kg) 

Target ≤ 0,08 ≤ 2 ≤ 2 ≤ 0,04 ≤ 0,04 10-14 16-18 2-3 

Material C Si Mn P S Ni Cr Mo 

23 FeNi 0.0 0.0264 0.0072 0.0 0.0 4.5576 0.2064 0.0 

70. 68 Scrap SUS304 0.0468 0.28 0.91 0.021 0.003 6.96 12.39 0.161

4 Fe-Mo 0.004 0.0  0.02 0.005   2.46 

6. 5 Fe - Cr (Ic) 0.005 0.0324 0.0 0.0016 0.0 0.0 4.0532 0.0 

1 Ca - Si 0.004 0.507 0.0 0.0 0.0 0.0 0.0 0.0 

105 Total 0.0527 0.946 0.9172 0.0227 0.0 10.8076 16.659 2.52 

 
Smelting using an induction furnace by inserting 

scrap first after the scrap melts is added. Then, FeNi and 
other alloyed metals were added. Flux is added to prevent 
the entry of gases from the atmosphere and attract slag or 
impurities. The composition test was carried out by taking 
samples from the induction furnace before being tapped. 
The test was carried out with a metal analysis 
spectrometer. A tensile test was carried out using a 
universal testing machine (Servopulser Skhimadzu) with a 
capacity of 30 tons. A toughness test was carried out with 
an impact testing machine (Charpy method) with a 
capacity of 30 joules. Observations were made using 
an optical microscope and a scanning electron 
microscope to characterize the microstructures and phases 
formed in SS 316 with local FeNi raw materials and 
compare the microstructures and composition. 
 
 
 
 

3. RESULT AND DISCUSSIONS 
 
3.1 Chemical Composition Test Results 

The results of the test of composition after 
melting and alloying are shown in Table-8. The 
composition of the product after melting met the 
standard limits of SS 316. High carbon content promotes 
the formation of nickel carbide at grain boundaries. C and 
Mo are important alloying elements from a corrosion point 
of view. The formation of carbides and their precipitation 
at grain boundaries cause intergranular corrosion. Hence, 
the amount of this element should be kept low (~0.03 
wt%) [31, 32]. The presence of Mo in the alloy 
composition is essential for the formation of a passive film 
and improves pitting resistance [33]. Mo forms some 
oxyanions, such as molybdate, in the passive film, and 
these anions act as corrosion inhibitors [34]. Moreover, an 
intermetallic layer of MoNi forms beneath the top passive 
layer, increasing the level of protection and blocking the 
inward diffusion of aggressive ions, such as Cl [35]. 

 
Table-8. Composition test results after melting. 

 

 C Si Mn P S Ni Cr Al Co Cu Nb Mo 

Standard 
SS316 

≤ 0,08 ≤ 2 ≤ 2 ≤ 0.04 ≤ 0.04 10-14 16-18 0.0023 0.2784 0.0438 0.0418 2-3 

23% FeNi 0.065 0.34 0.755 0.007 0,003 11.79 16.67 0.0033 0.2477 0.1016 0.0394 2.261 

45% FeNi 0.08 0.776 0.296 0.005 0,003 12.77 16.91 0.0031 0.2364 0.1596 0.0396 2.087 

70% FeNi 0.08 0.499 0.517 0.004 0,006 14.45 16.90 0.0035 0.1863 0.1696 0.0395 2.090 

 
Brittleness in the grain boundaries is prevented 

by maintaining low content of phosphorus and sulphur. 
High phosphorus content is detrimental mainly because of 
the segregation of phosphorus to grain boundaries after 
phosphorus is fully rejected from the retained austenite; 
this process may lead to embrittlement and decreases 
corrosion resistance [29, 30, and 36]. The Ni content in the 
product for the three composition varieties reaches the 
standard value. As an alloying element, nickel enhances 
important properties, such as formability, weldability, and 
ductility, while increasing corrosion resistance in some 
applications [37, 38]. Nickel enhances weld filler, and the 
optimum heat input increases the amount of absorbed 

energy by improving ductility attributed to austenite 
enrichment in the duplex stainless steel weld [39, 40].  

Cr, Mo, and N are important alloying elements 
for passive film formation and repassivation, but their 
roles in the passive film have not been fully explored. 
Resistance to localised corrosion may be attributed to the 
repassivation of the passive film and its stability [40]. (E). 
The Cr content for the three composition varieties reaches 
the standard value. Cr (10.5%) must be present in passive 
layer formation. Austenitic SS 316 contains 16%-18% Cr 
and has a thick passive layer that confers high resistance to 
corrosion. In general, Cr content is the primary factor 
determining the corrosion resistance of stainless steel [26-
29].  
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Molybdenum plays an active role in corrosive 
resistance, especially pitting and crevice corrosion, and 
enhanced performance in pitting resistance and 
repassivation potential [41-43]. Alloying Mo enhances the 
pitting corrosion resistance of alloys by increasing the 
level of protection conferred by the passive film and 
lowering the pit growth rate. Molybdate ions can inhibit 
pitting corrosion in chloride-containing solutions by 
elevating the pitting and showing enhanced performance 
in pitting resistance and repassivation potential [30-33, 41, 
44-45]. Mo can enhance pitting resistance, and pitting can 
be eliminated with the addition of Mo between 4 at. % to 8 
at. %, coherent interfaces and their composition transition 
explain the excellent wear and corrosion improvement of 
the coatings [43]. SS 316L has good corrosion resistance 
and mechanical qualities owing to the inclusion of 
elements, including Mo, Ni, and Cr [46]. Table-8 shows 
the amount of Mo content in the three variations of the 
product composition that reach the standard value for SS 
316 composition.  

Mn is required, but the maximum content is 
limited to 2% (Table-8). It has almost the same function as 
Ni. One of the benefits of Mn is that it confers abrasion 
resistance on stainless steel. However, Mn easily interacts 
with the environment containing S and forms manganese 
sulphide compounds [29]. 
 
3.2 Tensile Test Results 

Table-9 shows the results of tensile tests on 
stainless steel with local FeNi raw materials for each 
percentage of FeNi. As shown in Table-9, the tensile 
strength tends to increase with increasing local FeNi 
content although it remains below the standard SS 316 
tensile strength and 0% FeNi. Likewise, the yield strength 
appears to have a tendency that is almost the same as the 
tensile strength, where the yield strength of products made 
from local FeNi tends to increase with FeNi content. Thus, 
the addition of FeNi increases the tensile strength and 
yield strength of the product. The extension is only 45% 
FeNi, which is above the standard              SS 316 steel.  
 
 
 
 
 
 
 
 

Table-9. Tensile test results on each percentage of 
local FeNi. 

 

% Ni 
uts 

 (kg/mm2) 
yield 

 (kg/mm2) 
e (%) 

SS 316 59.0 29.5 50.0 

0 % Fe-Ni 53.8 28.4 40.9 

23 % Fe-Ni 49.0 21.0 47.1 

45 % Fe - Ni 49.0 21.0 54.3 

70 % Fe - Ni 52.0 23.0 44.2 

 
Table-9 shows the highest tensile strength of 70% 

local FeNi, namely, 52 kg/mm2 (below the minimum 
standard of 59 kg/mm2), whereas the elongation is lower 
than that of 23% FeNi and 45% FeNi. The possible reason 
is that the 70% FeNi content of C is quite larger than 23% 
FeNi. Tensile strength and elongation are largely 
dependent on porosity rather than on grain size because 
the fracture is mainly induced by microvoid growth as 
porosity decreases and tensile strength and elongation 
increase [46]. Porosity occurs because of gas diffusion and 
turbulent flow when the material is poured into the mold 
because of gating system errors. Porosity results in stress 
concentration at the edges, and thus the material will fail 
before reaching its theoretical stress. Porosity reduces 
ductility. This effect can be observed at the local FeNi 
composition of 23% and 45%. In general, the yield 
strength, tensile strength, and elongation of sintered 
materials should increase with decreasing porosity [47]. 
The reduced porosity in the as-sintered conditions results 
in 15% and 5% improvement in tensile yield and ultimate 
tensile strengths, respectively [48].  
 
3.3 Hardness Test Results 

The test results of stainless cast steel made for 
each local FeNi percentage (Table 10 and Figure-2). Table 
10 and Figure-2 show that the hardness of the composition 
fails to meet the standard SS 316 hardness standard, 
namely, 170 BHN. This value tends to decrease with 
increasing local FeNi percentage. The hardness values 
for 23% FeNi, 45% FeNi, and 70% FeNi are 144.00, 
135.00 and 142 BHN, respectively. The material with 45% 
FeNi has the lowest hardness (135 BHN) despite having a 
high carbon content (0.08% C) because of numerous 
ferrite phases, and the number of inclusions affects the 
hardness of metals. 
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Table-10. Hardness test results for stainless steel. 
 

% FeNi Tracking d (average) BHN BHN (average) 

SS316 standard   170.00 170.00 

0% FeNi  1.2563 140.65 140.65 

23% FeNi 

1  144.00 

144.00 

2 1.2615 143.00 

3 1.2560 144.00 

4 1.2559 144.00 

5 1.2517 145.00 

45 % Fe Ni 

1 1.2970 135.00 

135.00 

2 1.3005 134.00 

3 1.2973 135.00 

4 1.3000 134.00 

5 1.2971 135.00 

70 % FeNi 

1 1.2655 142.00 

142.00 

2 1.2600 143.00 

3 1.2564 144.00 

4 1.2645 142.00 

5 1.2650 142.00 

 

 
 

Figure-2. Hardness test results. 
 
3.4 Impact Test Results 

Impact testing carried out by the Charpy 
method produces impact energy prices and impact prices 
as shown in Table-11. The results of the impact test show 
that the highest impact value occurs in steel with a 
composition of 45% FeNi, which is 280 Joules or 3,110 
Joules/mm2. This means that the cast steel is more ductile 
than the others. All samples have a higher impact value 
than standard SS 316 steel (94.7 Joules), this means that 
the resulting material is also more ductile than standard SS 
316 steel. In general, it can be said that the lower the FeNi 
content, the higher the impact price. In the composition of 
23% FeNi, the lowest impact value is 140 Joules. This is 
presumably due to the large number of inclusions 

contained in 23% FeNi. Inclusions generally have hard 
and brittle properties. 
 

Table-11. Impact test results. 
 

Sample A (mm2)
Impact 
Energy 
(Joule) 

Impact 
Strength 

(Joule/mm2) 
SS316 

Standard 
- 94.7 - 

0 % Fe-Ni  287.2  

23 % Fe-Ni 85 140.0 1.647 

45 % Fe-Ni 90 280.0 3.110 

70 % fe-Ni 87 268.0 3.080 

 
3.5 Microstructure Observation 

The results of structural observations for each 
percentage of FeNi are shown in Figures 3 and 4. The 
sample contains impurities (indicated by small black dots), 
affect the properties of the resulting material. In the 
microstructure photographs, impurities or impurity 
elements on the austenite matrix are indicated by the 
presence of black spots. Stainless steel made with 70% 
FeNi has few impurities, which are scattered in the matrix. 
In the 23% and 45% FeNi samples, the impurities 
increase. In the 0% FeNi sample, impurities are slightly 
visible and scattered. The amount of impurities 
increases with decreasing level or percentage of FeNi. 
Such an increase affects the properties of materials [49]. 
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(a) 

 
(b) 

 
(c) 

 

 

Figure-3a. The results of structural observations for each percentage of FeNi; (a) microstructure 
23% local FeNi alloy (100×), (b) microstructure 45% local FeNi alloy (100×), and  

(c) microstructure 70 % local FeNi Alloy (100×). 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure-4. Optical Microscope image magnification 500×: (a). 0% local FeNi alloy (b). 23% local  
FeNi alloy (c). 45% local FeNi alloy (d). 70% local FeNi alloy 
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4. CONCLUSIONS 
The results showed that all the samples had a 

chemical composition meeting the SS 316 standard, 
indicating that the FeNi raw material can be used as raw 
material for SS 316 stainless steel, although impurities 
were still found in each percentage addition of FeNi. At all 
percentages of FeNi, the tensile strength and hardness 
obtained were still below the SS 316 standard, but the 
ductility exceeded the SS 316 standard. The 
microstructure showed black spots and thick grain 
boundaries. These black spots were CaO and MgO, 
whereas the thick grain boundaries were chromium carbide 
and nickel carbide. 
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