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INFLUENCE OF THE PROCESS PARAMETERS ON THE MICROSTRUCTURE OF A HARDFACING COATING ELABORATED 
BY HOT ISOSTATIC PRESSING

Hot Isostatic Pressing elaboration of Norem02, an austenitic-ferritic hypereutectoid stainless steel, leads to the formation of 
an austenitic matrix with a mixture of acicular M7C3 and globular M23C6 carbides. The sintering tests, carried out by using an AISI 
304L container, showed that the final microstructure and the carbides’ distribution of the HIPed Norem02 are strongly influenced 
by the process parameters (heating and cooling rate, sintering time, holding temperature and pressure) and by the particles’ size, 
microstructure and phase distribution of the initial powder. The morphological, crystallographic and chemical analysis of the sintered 
samples were completed by comprehension of the diffusion phenomena at the Norem02/304L interface, enabling the establishment 
of a correlation between elaboration process and final microstructure.
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1. Introduction 

The shutters of the globe valves used in the primary coolant 
circuits of PWR nuclear power plants have to exhibit resistance 
against high closing pressures (103 MPa) and temperatures 
(633 K maximum). For these reasons, a hardfacing coating with 
good mechanical, wear and corrosion properties is required to 
protect the valve seat and lid. Several cobalt-free alloys were 
developed and tested to replace StellitesTM. NoremTM, iron-based 
alloys (25 wt % Cr, 4 wt % Ni, 4 wt % Mn, 3 wt % Si, 2 wt % 
Mo, 1.2 wt % C for Norem02), seem to be the best candidates 
to replace StellitesTM, former alloys used as hardcoatings, which 
were responsible for high gamma-ray emissivity [1,2], as they 
present similar corrosion and mechanical properties, and good 
galling resistance. PTAW (Plasma Transferred Arc Welding) 
technique is generally used to deposit Norem02 coatings, leading 
to a complex and heterogeneous microstructure with insufficient 
tribological properties [3,4].

It is well known that the microstructure is one of the major 
parameters controlling the tribological response of materials [5]. 
Generally, a fine microstructure with strain hardening capability 
and small carbides, homogeneously distributed in the matrix, 
leads to high resistance against galling wear [5,6] The Hot Iso-
static Pressing (HIP) process represents a very attractive sintering 
technique to obtain dense materials, with a fine-grained micro-
structure and better durability properties [7] and could represent 
an attractive alternative to the conventional coating techniques.

In the present study, the Norem02 coating deposition 
was elaborated by HIP using two sintering conditions with 

different process parameters and by using two powders with 
similar chemical compositions but different particles’ size and 
morphology. In the first part, we focus on the microstructure, 
chemical composition and phase distribution of the initial pow-
ders and sintered samples. Then, the diffusion phenomena at the 
Noem02/304L container interface were investigated. The aim of 
these studies was to evaluate the influence of the initial powder 
and process parameters on the final microstructure of the sintered 
samples.

2. Experimental procedure

Compositions of the Norem02 powders used for the sin-
tering tests are given in Table 1. Powder 1 was supplied by 
Höganäs and powder 2 by Ducal. Both powders were obtained 
by atomisation process.

TABLE 1

Powder 1 and powder 2 chemical compositions

Element (wt%) Powder 1 Powder 2
Cr 24.2 24.8
Mo 2.1 2.2
Ni 3.8 4.2
Si 3.1 3.3

Mn 4.1 4.1
C 1.14 1.30
O 0.025 0.027
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