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The aim of this article is to investigate the properties for joints of welded martensitic stainless
steel (MSS) by ER 309 L filler wire, using tungsten arc welding (Tig). The regions of the base and
welded materials were investigated by means of SEM, EDS, OP and HV were conducted to calcu-
late the properties of the welded specimens. The influence of heat and cryogenic treatments also
investigated, The best results from microstructure side occurrence epitaxial grains growth which
was observed along the interface of weld-metal region, the maximum hardness was (414 HV) in
conventional heat treated samples that tempered at 200°C, precipitation of small carbides were
observed that this is responsible for the improvement in the mechanical properties of the materi-
al. Hardness at the HAZ region in state of DCT in all weldments was reduced as compared to

(PWHT) hardness of HAZ region of CHT. The microhardness was at the highest value in the fusion zone.

© 2014 Published by Anbar University Press. All rights reserved.

1. Introduction

MSS used in applications where mechanical prop-
erties and corrosions resistance are required, such
as in steam turbine blade, it is the only type of stain-
less steels that can be changed their properties
when exposed to heat treatment [1].

Cryogenic treatments have been employed in the
development of the most recent three decades in
both high-alloy and tools steel to increase wear re-
sistance [2]. They are progressively used for steels
and another groups of alloys for enhancing their
tribological performance [3]. After annealing MSS
have having spheroidized carbides in a ferritic ma-
trix. It is nessesary to control the procedure of
treatment to get a fully martensitic structure, re-
duce retained austenite. MSS consists of marten-
site,undissolved carbides and ferrite. Therefore, for
the given composition of the steel, the characteristic
is influenced by the amount of carbon and other
alloying elements in the austenite. MCMSS contain-

ing more than 0.2 wt.%, carbon totally dissolves in
the matrix [4].

Welding is a process of joining two metal com-
ponents through localized coalescence by intense
heating. This is done by melting the work along the
edge or surface and adding a filler material to form a
pool of molten metal that cools to become a strong
joint. [5]. GTAW is a common name, also known as
the TIG (Tungsten Inert gas) that produces the elec-
tric arc maintained between non consumable tung-
sten electrode and the work piece. All parts includ-
ing the molten metal, the heat affected zone and
tungsten electrode shielded from atmospheric con-
tamination by a blanket of inert gas (argon, helium,
nitrogen, etc.) fed through the GTAW torch [6]
German Prieto studied influence of a cryogenic
treatment on the fracture toughness of an AISI 420
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M.S.S, for both tool and high-alloy steels to develop
their wear resistance, mainly within the transfor-
mation of retained austenite and the precipitation of
fine carbides[3]. Johnpaul C. Ezechidelu, studied, the
microstructures and mechanical properties of a
welded AISI 410 MSS following different heat treat-
ments, with purposes to restore the hardness and
improve grain refinement of the materials. The out-
comes reveal that the structures of the steel behind
austenitizing treatment at 1020°C are of lath mar-
tensite mixed with a small amount of retained aus-
tenite. The result indicates also that the tempering
regimens (500, 600 and 700°C) are improving the
hardness and grain refinement leading to the exist-
ence of finely distributed carbide [7]. D.S.Nadig et al.
debate the effects of cryogenic treatment on the
wear behavior of MSS (S5410), it was found enrich-
ment of wear properties and hardness after cryo-
genic treatment [8]. The main aims of this work are,
studying the effect of heat and cryogenic treatment
on welded MSS type AISI 420. A comparison of ob-
tained microstructure and mechanical properties
with that obtained after conventional heat treat-
ment accomplished at different tempering tempera-
tures. Hopping to minimize the retained austenite to
lower values and increase carbides volume fraction
percentage by adjusting many variables of the cryo-
genic treatments like; cryogenic temperature and
soaking time .

2. Materials and Methods

2.1 Materials

In this investigation the used material is AISI 420
MSS which is provided from China. Table 1 displays
the elements of AISI 420 alloys after analyses by
spectroscopy.

2.2 Schaeffler and DeLong diagram

Schaeffler and DeLong summarised, the influence of
the alloying elements on the microstructure of stain-
less steels, by an empirical diagram, as shown in
Figure 1The diagram is constructed on the reality,
that there were two types of alloying elements, first,
ferrite-stabilisers and second, austenite-stabilisers.
When austenite is form, this is related to the influ-
ence of Ni, means it is austenite-stabilisers, if the
ferrite is form that is related to Cr, that has ability to
promote ferrite-stabilisers, so, it probable to esti-
mate the aggregate ferrite and austenite stabilizing
effect of these elements in the steel.

So, it is probable to take the mutual influence of the-
se elements into regard. The Schaeffler DeLong dia-
gram was initially established for weld metal, i.e. it
defines the structure after melting and fast cooling,
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however, it has also been found, to give a beneficial
preview of the influence of the alloying elements, for
wrought and annealed material [9, 10].

Based on Schaeffler diagram figure, martensitic
class of stainless steels is characterized by limited
percentage of Crusually (11.5 % - 18 %) and C per-
centage usually (0.1 % - 1 %), Cr regarded a greatly
ferriting element, while carbon is an austenitizing
element. The structure of steel at high temprature
was an austenitic while at ambient temperatures the
structure will be martensitic, after tempering. It is
important to mention that the percentage of carbon
content in martensitic confirms a good level of
hardness, also tends to assist the production of
chromium carbides, that have different crystal
structures with formulae (M23C6) and (M7C3)
where: M signifies the (Fe) and (Cr). Among all
types, martensitic stainless steel is the smallest re-
sistance to corrosion, so that its application is finite
to only slightly harsh environments [11, 12].

2.3 Welding Method

TIG is traditionally welding method, in fabrication of
(MSS) structure, of size (400* 400* 3 mm), were
used to prepare two weldment specimens, square
butt joint was achieved using alternately sequenced
weld pass.

2.4 Specimens preparation

The material was cut by water jet machine to get the
final shape of samples, samples prepeared according
to ASTM E8 specifications.

2.5 Heat treatment

In this research heat treatments were carried out
by using laboratory furnace in Department of mate-
rials Engineering, university of technology. The heat
treatment steps include the following:

1. Annealing.
2. Hardening in air.
3. Tempering.

While deep cryogenic treatments include:
1. Annealing.

2. Hardening in air.
3. Cryogenic treatments

4. Tempering.



All specimens were annealed by heating to austenit-
ic temperature are (850°C), soaking for 15 min and
then cooling in furnace. After that the samples were
hardened by heating to austenitic temperature of
1000°C for 15 min cooling in air, and then either
tempered at 200 °C or 500°C they are called CHT
treatments, or before tempering , they are subject to
cryogenic treatment with three sequence step tem-
perature (-20,-70,-169°C) at three soaking times
(4,5,24 hr) respectively, then are tempered at 200°C
or 500°C in this case that are called DCT treatments

3. Results and Discussion

3.1 Effect heat and cryogenic treatment on the
microstructure of Specimen welded by ER 309L
filler wire (AISI 420 MSS/ ER 309L):

After welding, heat treatment was done, in order to
achieve the matching properties in the weld metal
and base metal, with enhanced mechanical proper-
ties and to obtain more homogenous structure along
the cross section of specimen. After annealing, the
microstructure of welded specimens (FZ) consisted
of two phases: ferrite in the (dark etching) and aus-
tenite matrix (light etching), as shown in figure (2).
Base, have a microstructure includes ferrite and
M23C6 (where M=Fe or Cr) spherodized carbides,
as shown in figure (3) as expected [4, 13]. After aus-
tenitizing because of a high fraction of carbides,
chromium and other alloying elements are dissolved
in the austenite solid solution, thereby making the
steel hard and brittle as reported by [14], tempering
treatment was carried out to obtain a more appro-
priate combination of strength and toughness and to
change phase composition under the influence of
tempering treatment. ER 309 weld-metal zone was
found consisted of 5-ferrite fragmentation morphol-
ogy (dark etching) and austenite matrix (light etch-
ing), as shown in figure (3). When compared with
weld-metal zone in state of annealing treatment it
was noted that 8-ferrite begins to disappear and loss
vermicular morphology, due to at this heat treat-
ment, O&-ferrite phase was transformed to y-
austenite, this was agreed with Ola[15].

While base metal consist from retained austenite,
martensite and the disperased fine carbides for tem-
pering at 200°C and coarse carbides at tempering in
500-C, this agree with[14] 500°C, this agree
with[14] Finally cryogenic treatment done on
welded met-al at three different medium ( refrigera-
tor ,dry ice liquid nitrogen ) when tempering at
200°C more carbides precipitate within austenite
and at grain boundary as shown in figure (5a), while
the micro-structural in FZ at 500 °C consist from
fine carbides precipitates at grain boundaries as
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shown in figure ( 5b) with equaxied grains and aus-
tenite phase ,. As compared these structures with
those of CHT, it is revealed that cryogenic treatment
refines carbides particles, and produce more homo-
geneous structure. Prieto et .al [2] obtained the
same results.

Finally cryogenic treatment done on welded
metal at three different medium ( refrigerator ,dry
ice liquid nitrogen ) when tempering at 200°C more
carbides precipitate within austenite and at grain
boundary as shown in figure (5a), while the micro-
structural in FZ at 500 °C consist from fine carbides
precipitates at grain boundaries as shown in figure
( 5b) with equaxied grains and austenite phase ,. As
compared these structures with those of CHT, it is
revealed that cryogenic treatment refines carbides
particles, and produce more homogeneous struc-
ture. Prieto et .al [2] obtained the same results.

3.2Micro EDS and SEM examination of welded
specimens

Micro EDS results showed the chemical composition
of weld zone, as can be noted from figures (6a,b)
results were appeared (Fe,Cr and Ni) in the weld-
metal zone center, (Cr) content was in percentage
(18.6%) and, (Ni) was (5.6%). This supports the
existence of austenite phase in all weld-metal re-
gions. In addition, elements (C, Ni and Mn) are stabi-
lized austenite phase, and due to the existence of C
and Mo the boundary of the y range is shift towards
higher temperatures. The carbon contents are not
observed because they are very low percentage
(0.02%).

Figure (6b) illustrates the (EDS) analysis along
the (HAZ) region after austenitizing at
(1000°C/15min) and tempering (200 °C). This anal-
ysis shows the presence of (Fe, Cr, and Ni) along the
(HAZ) region.

Carbide particle also, in the matrix. From this figure,
it is clear that more carbon in the carbides than in
traditional heat treatment.

3.3 Micro hardness evaluations

Typical micro-hardness profiles for (420 MSS/ ER
309L) weldment after PWHT (annealing, hardein-
ing, tempering at 200 and 500°C/15min and Cryo-
genic treatments) are shown in figure (7). Results



showed variation in micro hardness profile with
treatment, the average hardness of the base region
is increased from (HV 222.6) after annealing to HV
(414) after hardening and tempering at 200 °C. The
average hardness of (HAZ) increased from (319HV)
after annealing to (389 HV) after hardening and
tempering at 500 °C. Micro hardness test was also
done on fusion zone, the maximum hardness was
achieved after annealing treatment as a result of
ferrite and carbide phases ,but after hardening tem-
pering at 500°C and 200 °C, the hardness value is
decrease to 484 HV and 502HV respectively due to
the increase of retained austenite and decrease fer-
rite .After that the hardness reaches minimum val-
ues with hardening and cryogenic treatment.

Hardness increase for samples of AISI420 that
treated cryogenically can be associated to the pre-
cipitation and distribution of finer small secondary
carbides, within the Bulk of the material and the
bigger strain state in the martensite, as reported by
refrence [2]. The hardness increasing at tempering
temperature of 500°C which is known as secondary
hardening effect was reported by researchers [4]. It
is believed that the precipitation of some new car-
bides was the main cause of this phenomenon asso-
ciated with the formation of M7C3 carbides within
the martensite lath.

In CHT after hardening and tempering temperature
at 200°C, the amount of retained austenite was de-
creased. Reduction in the retained austenite could
be attributed to the decomposition of austenite to
ferrite and fine carbides. This resulted in a incre-
ment of hardness, At tempering temperature about
of 500°C, the hardness profile was noticeably de-
creased. Decreasing in the hardness profile could be
attributed to the martensite recovery as well as car-
bide coarsening and also spheroidization of the car-
bides. This Softening occurred when the M7C3 car-
bides started to coarsen and partially transform to
M23C6 carbides [1].

High hardness value obtained can also be attributed
to the fine martensitic matrix and low levels of re-
tained austenite as well as the presence of a higher
amount of carbide, which hardens the matrix when
it dissolves. This increase in hardness is attributed
to an increase in the carbon content of the marten-
site phase due to the partial dissolution of carbides.
The martensite becomes harder due to its higher
carbon content, but the amount of carbon and alloy-
ing elements in solid solution was not high enough
to depress the martensite transformation range
much be-low room temperature.
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3.4 The Treatments on Tensile Test Proper-
ties (AISI 420 MSS/ ER 309L): The tensile proper-
ties of treated specimens are set in Table 2 Yield
strength (YS), Ultimate tensile strength (UTS) and
Elongation (% EL) values were determined. The
maximum tensile strength was acquired for the
specimen treated at 1000 °C and tempered at 200-C
is 997 MPa. The maximum value of yield strength
800 MPa, while the elongation is 12%. Elongation
has maximum value in annealed condition that
reaches 40 %, then it is decreased gradually with
hardening and tempering at 200°C or 500°C be as
21% and 20 % respectively. After cryogenic treat-
ment, and tempering at 200°C or 500°C recording
values of elongation are 27% and 20 % respectively.
To give it another way, tensile strength has mini-
mum values in annealing treatment after that it is
increased so reach highest amount at hardening and
tempering at 200°C, decreasing in small amount in
hardening and tempering at 500°C. Finally it is re-
duced in small amount at cryogenic and tempering
with 500°C and 200°C, the behavior of yield
strength is similar to tensile strength.

4. Conclusions

The effect of cryogenic and conventional heat
treatments on the characteristic of AISI 420 MSS
was studied and the following conclusions can be
drawn:

1- DCT has enhanced the tensile and hardness prop-
erties, by the way of increasing precipitation of
small size carbides

2- Micro EDS analyses showed that there is a deple-
tion of elements (C and Cr) from base metal to car-
bide particle, in all heat treatment conditions.

3- Hardness of HAZ region in state of DCT in all
weldments (by ER 309) was reduced as compared
to that of HAZ region in the state of CHT.

4- Hardness of ER 309 weld-metal zone in case of
welding by ER309L condition is higher than that in
the state of CHT and DCT.

Abbreviations and Acronyms

DCT: Deep Cryogenic Treatments, CHT: Convention-
al Heat Treatments, Post weld heat treatment
(PWHT), specimen symbol like Ehct (E=Welded met-
al, h= hardening, c=cryogenic, t=tempering).



Elements AISI 420 data sheet Actual chemical compostion of used steel

C >0.15 0.347

Si <1.00 0.422
Mn <1.00 0.332

S <0.03 0.03

P <0.03 0.0156

Cr 12-14 1411

Fe Balance Balance
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Figure 1. Schaeffler-Delong diagram, predicting the phase
structure for different alloys and chemical compstion in ss [7].
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Figure 3. base- metal zone for AISI 420 MSS after annealing at
850°C/15 min.
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Figure4. A) Liquid-solid interface with HAZ, for AISI 420 MSS/
ER 309L after austenizing and tempering (a) at 200°C, (b) at
500°C.



Figure 5a,b. Weld zone and HAZ for AISI 420 MSS/ER 309L after
cryogenic treatment and tempering at (a) 200°C,(b) at 500°C

17

Figure 6. EDS analysis for FZ of specimens welded
by ER309L (a) Refers to optimum CHT, tempered at
200 °C (b) Refers to optimum DCT, tempered at

500 °C.

Microhardness (HV)

CHE200/ 00 iy | 115000

Ehct 200 —

1500

Distance from the weld to base (mm)

Figure 7. The micro-hardness variation across

weldement of 420 MSS/ ER 309L after different

PWT.

Table 2. Tensile properties of AISI 420 MSS/ER

309L after different post welding treatments

Material | Tensile Yield strengths (MPa | Elongation
strengths (MPa) ) %

En 557 300 40

Eht200 997 800 12

Eht500 860 580 21

Ehct200 | 696 445 20

Ehct500 | 677 470 27
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