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HIGH AMOUNT OF 

ALLOYING ELEMENTS 
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ïPress and sinter  
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Å Characterized by their high corrosion resistance. 

Å Corrosion resistance due to their high Cr content. 

Å Cr responsible for a passivating superficial layer of chromium 

oxide. 

Å At least 12 wt. % Cr needed. 

Å Wide range of service temperature: from cryogenics to 700 ºC. 

Å Wide range of mechanical properties. 

Å Wide range of applications. 
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Firsts developed SS were: 

Å One martensitic grade (12Cr-0.1C wt. %) in Sheffield, UK 

Å One austenitic grade 18Cr-8 Ni wt. % en Germany 

 
GRADES 

Å   AUSTENITIC. Austenite is stable in the whole temperature range.  

Å 100 Series. Austenitic chromium-nickel-manganese alloys  

Å 200 Series. Austenitic chromium-nickel-manganese alloys 

Å 300 Series. Austenitic chromium-nickel alloys 

C: < 0.1 wt.% 

Cr: 16-26 wt.% 

Ni: 6-22 wt.% 

Å   FERRITIC. Ferrite is stable in the entire temperature range. 

Å 400 Series. 405, 408, 409 

C: < 0.1 wt.% 

Cr: 16-30 wt.% 

Å DUPLEX. A combination of ferrite and austenite.  Cr/Ni balanced to obtain both 

austenite and ferrite. 2205: excellent corrosion resistance and high strength. 

(20-24Cr-3-7Ni) + Mo, Cu, N additions. 

Å MARTENSITIC. Also 400 series but with higher C content than ferritic. Grades: 

410, 420,  440: 

     %C: 0.1-0.5 

%Cr: 11-18% 
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Designation Description Characteristics 

303L 
Free machining 

austenitic grade 

Designed for parts that require extensive secondary machining operations. It has high 

strength and hardness. This alloy has marginal corrosion resistance. Sulphur added 

for machinability 

303LSC and 

Ultra 303L 

Enhanced 

corrosion 

resistance version 

of 303L 

These are copper and tin-modified versions of 303L alloy having all the characteristics 

of 303L, except for improved corrosion resistance. Hence, they combine machinability 

and moderate corrosion resistance. 

 

304L 
Basic austenitic 

grade 

Most economical of austenitic grades. Used where material cost is large percentage 

of the total manufacturing cost. It has better corrosion resistance than 303L. 

Machinability is good. Copper and tin modified versions of 304L alloy (304LSC and 

Ultra 304L) are available for improved corrosion resistance. 

316L 

 

Standard 

austenitic grade 

 

This alloy offers better corrosion resistance and machinability than 304L. With careful 

processing it can meet the corrosion resistance requirements of the more demanding 

applications. Copper and tin modified versions of 316L alloy offer even greater 

corrosion resistance than 316L alloy. 

317L 
Premium 

austenitic grade 

It is a higher molybdenum content austenitic grade possessing excellent resistance to 

corrosion, especially to crevice corrosion (superior to 316LSC and Ultra 316L). 

SS-100 
Super premium 

austenitic grade 

A highly alloyed austenitic grade superior to all other grades of P/M stainless steel in 

corrosion resistance. Its corrosion resistance equals to that of wrought 316L. In non 

optimised sintering atmospheres it suffers a smaller loss of corrosion resistance, 

compared to other grades of P/M stainless steel. 

AUSTENITIC 
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FERRITIC 

Designation Description Characteristics 

409L 
Weldable ferritic 

grade 

A weldable grade of stainless steel containing niobium, which prevents 

sensitization. It is not recommended to make carbon additions to this grade. 

It is a magnetic alloy with good ductility and fair corrosion resistance. 

410L 

 

Standard 

ferritic/martensitic 

grade 

This ferritic grade can be readily converted to a martensitic alloy by addition 

of small amounts of carbon prior to processing, which will also make it 

responsive to heat treatment. In the ferritic form the alloy is ductile and 

machinable, whereas in the martensitic form it is hard with reduced ductility. 

In the martensitic form it is used in wear resistant applications. Both forms of 

the alloy are magnetic. The martensitic form has the lowest corrosion 

resistance of all P/M stainless steel grades. 

430L/434L 
Premium ferritic 

grades 

Used for applications requiring some corrosion resistance but where 

economics (or magnetic requirement) preclude use of austenitic grade. 

Within the specified levels of carbon and nitrogen of standard compositions, 

these grades cannot usually be converted to a martensitic alloy. Color is 

compatible with chrome plate. Corrosion resistance is better than that of 

410L. Machinability is slightly better than that of 410L. 
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Element Characteristics Exerted influence 

Cr 

Essential to impart ñstainlessnessò. Minimum required > 11wt. 

% for protection in ñbenignò environments. Higher levels if 

protection against pitting and rusting in more hostile 

environments.  

Develops self healing and highly adherent oxide 

layer. Provides passivation against further 

oxidation or corrosion. 

Ni 
Stabilises austenite, hence non-magnetic grades. Cr+Ni in 

high concentrations confer higher corrosion resistance at high 

temperatures 

Austenite stabiliser. Effective in promoting 

passivation in reducing environments. 

Mo Enhances resistance against pitting 

Incorporated in the passive film aids increasing its 

thickness. It may also form bonds (thus stabilising 

the oxide film) that prevent attack by Cl-..  

N 

Increases strength and pitting corrosion resistance. 

Apparently accelerates passivation in particularly in presence 

of chlorine. In excess it may induce formation of Chromium 

nitride thus reducing corrosion resistance. Similar effect as 

excess carbon causing sensitisation. 

Synergetic effects with Mo to further increase 

corrosion resistance are widely recognised. 

Retards formation of Cr-Mo s-phase.  

Cu and 

Sn 

 

Increase corrosion resistance particularly in dilutes sulphuric 

acid 

Sn apparently covers Fe-based particles 

preventing re-oxidation and nitrogen absorption 

during cooling. Hence more forgiving towards non-

optimised sintering conditions (e.g. slow cooling 

rate, high nitrogen atmosphere, high dew point) 

Nb Reduces susceptibility to intergranular corrosion 
In austenitic steels reacts with carbon to form NbC 

hindering precipitation of Cr-rich M23C6. 

V Increases sinterability of ferritic  410 grade 
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Compositions 

Wt. % 

C Cr Ni Mo Mn Si N 

Austenitic 304L 0,03 18-20 8-12 2 1 

Austenitic 316L 0,03 16-18 10-14 2-3 2 1 

Ferritic 410L 0,02 12 0,5 0,8 

Ferritic 430L 0,03 16-18 1 1 

Martensitic 420 0,15 12-14 1 1 

Duplex 32205 0,03 22,5 6 3,2 1 0,5 0,17 



SS powders usually produced in pre-alloyed form by 

gas or water atomisation 

Influence of alloying elements in solution on Oxygen content 

and Compressibility of atomised powders 

11 



Cold die pressed stainless steels powders 

are rarely used to reach green densities 

beyond ~6.8 g/cm3 
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Sintering 

Reduce surface oxides but also remove impurity oxides in order to 

achieve neck development but also improved corrosion resistance 

 

Typical sintering atmospheres:  

Nitrogen, DA: Relatively cheap (particularly nitrogen). 

Hydrogen: Expensive but adequate reducing atmosphere  

Vacuum: Alternative reducing atmosphere. Nitrogen back-fill of furnace if 

nitrogen wanted. Some researchers have also tried C-additions aiding oxygen 

removal (limited residual amounts ïe.g. <0.03% in 304 otherwise Cr-carbide 

precipitation reducing corrosion resistance). Care must be taken as surface 

Cr-depletion may occur during sintering.  

13 



Exhaust Gas Recirculation system (EGR) 

Reducing contaminant gas emissions from internal combustion engines. 

Gas recirculation decreases T for emissions thus lower NOx 

 

Sintered components convert circular rotation of the motor into 

linear (up and down) movement of the valve. Pieces are laser 

welded. 180º rotation goes from fully open to fully closed 

positions for the exhaust system.  

Guide 

Valve and flange 

Electric motor and EGR assembly 

Courtesy of AMES 14 
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Weight gains indicate oxidation after exposure. PM exhibits lower 

high temperature oxidation resistance than wrought products. 

P. K. Samal, ñFactors affecting corrosion resistance of powder metal 

(PM) stainless steelò, Key Eng. Mats., 2001, vol 189-191, pp. 328-339.  
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ÅExtrusion 

ÅHIP 

ÅMIM 

ÅSLM 

Mechanical properties and corrosion resistance of components 

produced in those ways are close to wrought product counterparts 

PM High Density products may also be 

produced by: 

BUT is it possible to get high density SS 

by press and sinter? 
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LPS as a means of increasing density 

Aiming at high densities by using boron, hence LPS 

Work done with 316L + 0.25B, sintered at 1260 ºC in Hydrogen reaches nearly 

full density 

Excessive shrinkage during sintering leads to loss of dimensional tolerance and 

probably also distortion 

PM steel with B shows better corrosion resistance than 316L+Cu+Sn 

C. T. Schade and J. Scaberl, ñDevelopment of stainless steel and high alloy powdersò, PM2TEC2004. 

Without B With B 

As-polished surfaces of sintered specimens  
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For Boron-containing PM steels properties and behaviour during processing 

not only dependent on Boron content but also on way in which boron is 

added. 

Elemental 

Prealloyed 

Master Alloy 

Steel Cr Ni Mo Si Mn Cu Sn B N Nb Fe 

316LHC 17 13 2.2 0.8 0.2 0.14-0.18 Bal. 

304L 
Future 

18.09 10.45 0.65 0.05 1.12 1.31 0.18 ς 0.22 Bal. 

S100 21.7 5.6 3.4 0.85 0.027 Bal. 

Master Alloy Ni Mn B Fe Si C 

Elemental Boron  < 1 mm 
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Densification behaviour of austenitic stainless 

steels with a fixed amount of MA additions and 

pressed at 700 MPa. 

Mo contained in 316L grade aids densification 

In the quaternary Fe-Cr-Mo-B system the combined action of Mo-borides and Cr-borides 

leads to a liquid at lower temperatures than in the ternary Fe-Cr-B system.  

 

Hence 316 sinters at lower T than 304 19 
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Microstructural development 

Å B is incorporated into the Fe lattice by solid state diffusion from the source of B.  

Å Borides are created by the reaction between B and elements in the base 

material. Main type M2B. 

Å Liquid appears as a result of an eutectic reaction between borides and the Fe 

solid solution. 

316LHC + 0.18 wt.% B, 1220 ºC 

Borides 

Liquid 

20 



Source of B in 316LHC 

After sintering at  1250 ºC, 1h 

Prealloyed 21 



Examples of tensile properties 

Temperature 

(ºC) 

Density 

(g/cm3) 

E% UTS * 

(MPa) 

1280 7.76 64.28 914 

1240 7.51 33.13 658 

1280 7.69 38.92 665 

304L and 316L values at equal levels of MA. 

* In this case it represents stress to fracture sf 

22 



Duplex S100. Sintered density achieved 

after 1 hr sintering in hydrogen. 

Boron concentration in S100+B is the same as for S100+3%HE 

Density mainly 

depends on: 

Temperature 

Amount of boron 

 

But also Time and 

type of boron 

source 
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Duplex S100 with additions of B-master 

alloy sintered at 1250 ºC  for 1hr 

Vacuum Hydrogen 

g: Fe-Cr-Ni 

a: Fe-Cr 

24 



Detail of ternary eutectic 

intergranular phase with Cr and 

Mo-borides in an austenitic 

matrix  

Hence a continuous boride-

network is not formed 

25 



Tensile properties  

After, L. Lozada and F. Castro,  

ñSinterability, microstructure and properties of a 

Boron-containing duplex stainless steelò, World 

Congress, 2008, Washington, USA. 

26 

S100+HE 


