
STUDSVIK/M-94/159

Studsvik Report

FIRST WALL AND SHIELD COMPONENTS
MANUFACTURING BY HOT ISOSTATIC
PRESSING

Anders Lind and Ragnar Tegman

Studsvik Material



STUDSVIK MATERIAL AB STUDSVIK/M-94/159

1994-12-14 /816

Fusion

Anders Lind, Studsvik Material AB
Ragnar Tegman, Swedish Institute of Production Engineering Research

First wall and shield components manufacturing by hot isostatic pressing

Abstract

At a meeting in Garching in June 1994 Hot Isostatic Pressing (HIP) was presented as a possible route
to manufacture ITER first wall and shield components. The main advantages of the HIP concept
include excellent and uniform mechanical properties of the produced materials and joints, high reli-
ability and robustness of the HIP process, double containment of coolant, good flexibility concerning
general design as well as size and location for inner cooling tubes, low cost and short delivery times,
and a good near net shape capability for components in sizes up to 15 tons.

To assess the applicability of HIP for the manufacturing of ITER first wall and shield components, it
was agreed

• to choose possible production parameters based on the present know-how,

• to produce a compound mock-up in one shot from available solid steel/powder steel/powder
copper/steel tubes to demonstrate the joinability of the materials,

• to examine the produced mock-up/materials by multiarray ultrasonic testing, limited mechanical
testing, metallography, scanning electron microscopy and energy dispersive spectroscopy, and

• to compile data on Type 316L steels produced by HIP.

Preliminary results and the mock-up were presented at a meeting in Garching in mid July 1994

This study clearly shows the excellent joinability of a copper alloy (Cu-0.5% Zr) and stainless steels
(Type 304,316L) by HIP at temperatures close to the melting temperature of copper, with only limited
influence on the microstivstures, which makes it possible to HIP the first wall and shield structure in
one step. Excellent mechanical properties of the compound are obtained with the copper alloy and not
the joint being the weakest part.

Material data for Type 316L steel produced by HIP was kindly made available by Powdermet Sweden
AB. The data falls well within the ASTM specifications for the steel.
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1 Introduction

At a meeting in Garching in June 1994 Hot Isostatic Pressing (HIP) was pre-
sented as a possible route to manufacture ITER first wall and shield compo-
nents. The main advantages of the HIP concept include excellent and uni-
form mechanical properties of the produced materials and joints, high reli-
ability and robustness of the HIP process, double containment of coolant,
good flexibility concerning general design as well as size and location for
inner cooling tubes, low cost and short delivery times, and a good near net
shape capability for components in sizes up to 15 tons.

To assess the applicability of HIP for the manufacturing of ITER first wall
and shield components, it was agreed

• to choose possible production parameters based on the present know-
how,

• to produce a compound mock-up in one shot from available solid
steel/powder steel/powder copper/steel tubes to demonstrate the join-
ability of the materials,

• to examine the produced mock-up/materials by multiarray ultrasonic
testing, limited mechanical testing, metallography, scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS),

• to compile data on Type 316L steels produced by HIP.

Preliminary results and the mock-up were presented at a meeting in Garching
in mid July 1994.

Material data for Type 316L steel produced by HIP was kindly made available
by Powdermet Sweden AB.

rapp\94-159\E1i
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2 Experimental

HIP was used for demo-fabrication of a mock-up comprising some ITER first
wall and shield structures. The components were produced by HIP at a
temperature of 1035°C and a pressure of 140 MPa from solid Type 316
stainless steel slabs, stainless steel powder of Type 316, copper alloy (Cu-
0.5% Zr) powder and Type 304 stainless steel tubes. All parts were encapsula-
ted in a low carbon steel can. The MPed components were cut into samples
and analyzed by light microscopy, SEM, EDS. ultrasonic testing and some
mechanical testing.

2.1 The HIP process

Hot isostatic pressing (HIP) is a technique used to manufacture fully dense
components to near net shape starting from powders, densify porous materials
such as castings, and joining powder as well as solid blocks to other sclids. A
thin-walled can, usually made of metal, is used as a container for the powder
and hold the solid parts in the intended initial configuration, but also to
achieve a gas-tight envelope. After filling the can it is closed, evacuated and
sealed gas-tight. The confined materials in the can are then subjected to heat
and a high external gas pressure in a HDP press. Since the applied pressure is
high most materials will be densified to pore-free bodies well below their
melting temperatures.

Generally the HD? temperature is set to 60-80 % of the absolute melting tem-
perature of the processed material, the gas pressure to 50-200 MPa and the
holding time to some hours. Under such conditions powders will be densified
and solid parts diffusion bonded to a homogeneous body with good mechani-
cal properties and a well-defined shape. Different materials can be bonded
together by HIP giving strong composite structures.

2.2 Materials

The demo block was produced from four different components assembled in a
box-shaped HIP can (Figure 1). The materials used were solid Type 316L
stainless steel blocks of a particle size (<355 urn) adjusted mixture of stain-
less steel powders equivalent to Type 316 stainless steel, Type 304 stainless
steel tubing with an outer diameter of 12 mm and a wall thickness of 1 mm, a
copper alloy powder (Cu-0.5% Zr) made from OFHC copper. The can was
made of sheets of grade St 35 with a wall thickness of 2 mm.

The fill density related to 100 % dense material was 0.53 for the copper alloy
powder and 0.72 for the Type 316 steel powder.

rapp\94-159\Eli
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A specification of the used Type 316 steel powder is given in Appendix I.

2 3 Powder encapsulation and degassing

The HIP cans were deep drawn from steel sheets. The cans had slightly
rounded edges and corners, and had a small rim at the top to facilitate an easy
welding operation of the capsules. The lids were made fiat. Each lid had an
evacuation tube with an inner diameter of 7 mm and a length of about 0.5 m to
simplify" the connection of ihe cans to the evacuation line outside the furnace.
Through the length of the HIP can two open ended 304-steel tubes were
placed and welded to the side walls. See Figure 1 for the design of the HIP
can.

Figure 1
The design of the demo block. To the left the shape after HIP, and to the right
the shape of the HIP can before hot evacuation (with a long evacuation pipe
shown).

The HIP cans were filled in two ways. Either a solid rectangular block of Type
316 steel covered with a 5 mm thick Type 316 powder layer, or only Type 316
powder were used. The steel powder was filled and adjusted until it touched
the steel tubes. On top of the steel powder was then a 12 mm thick layer of the
copper alloy powder filled, but on the short sides of the can only Type 316
powder was filled to a width of about 28 mm. After a slight tapping and
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adjustment of the powder levels, the lid was put on and the can was TIG wel-
ded gas tight.

The welds of the can were first visually inspected for defects, especially at the
weld joints and stop points. Then the can was subjected to an internal argon
gas pressure of about 4 bar for leak detection using the soap-bubble method.
Suspicious weld points were cleaned and rewelded. The cans were finally
placed in a furnace for hot degassing through the evacuation pipes. The cans
were separately connected by a 12 nun PVC tubing to an oil diffusion pump
attached to a two-stage rotary vane pump.

The degassing of the powders includes a treatment in three steps. First a slow
heating, 20°C/h at a good vacuum from room temperature to 35O°C to allow a
main degassing of adsorbed water molecules from the powder surfaces. Then
repeated treatments (20 times) with pure hydrogen of 0.1 MPa pressure
alternated by short evacuation steps, and finally heating to 500°C followed by
a 6 h long final evacuation. The ultimate vacuum, as measured at the inlet of
the evacuation line, was about 10 mPa.

After cooling in the furnace to a temperature of about 200°C the cans were
taken out, still under vacuum, and the evacuation pipes were clamped gas tight
at red heat with a hydraulic tong and with the ultimate vacuum preserved, cut
and promptly sealed by welding. The cans were now ready for HIP.

2.4 The HIP cycle

The HIP of the demo blocks was carried out in an ABB QIH-9 HIP unit with a
graphite furnace with a hot zone length of 305 mm and a diameter of 150 mm.
The equipment is capable to run at a temperature of up to 2000°C and at a
maximum gas pressure of 200 MPa.

In the present HIP cycle the temperature was set to 1035°C, the time to 4 h,
the gas pressure was held at 140 MPa during the sustain time.

The HIP cycle started by loading the HIP cans on a ceramic felt and closing
the HIP, followed by a short evacuation step to remove air from the pressure
vessel. Argon gas was then pumped into the cold HIP to a pressure of 50 MPa.
The HIP furnace was switched on and heated at a rate of 10°C/min. Due to
thermal expansion of the gas, the gas pressure increased to 140 MPa when the
HIP temperature increased to 1035°C. The sustain time was 4 h at maximum
parameters. At the end of the holding time the HIP furnace was cooled down
to 375°C at a rate of 16°C/min fol!< wed by a 30 min anneal at 375°C. Due to
cooling of the gas the pressure decreased to about 80 MPa at 375°C. The
furnace was then switched off and a gas reclamation procedure started. When
the HIP furnace had cooled to a temperature of 100°C and the gas pressure
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was equalized the pressure vessel was opened and the HIP cans were taken
out.

After HIP the steel can around two of these demo blocks were machined a-
way. Then each sample was cut in two rectangular blocks with a size of
45x40x25 mm3.

2JS Meduuucal testing

Two samples designated 1A and 3 A, were cut in smaller test pieces for
mechanical testing.

The test samples were cut in about 3 mm thick disks to be twisted and bent
across the joint area.

A 0 5 mm bar containing the joint area was tensile tested.

2.6 Ultrasonic testing

Two samples designated 1B and 3B were sent to the Fraunhofer Institute for
Non-Destructive Testing, Professor W. Arnold, in Saarbrucken, for ultrasonic
testing.

2.7 Mkrostructural observations of the joints

Figure 2 shows the general design of the demo block. Two Type 304 steel
tubes is situated partly in the copper alloy and partly in the Type 316 steel at
the back wall. To facilitate a general first visual examination all surfaces of the
blocks were polished with a 1000 mesh SiC-paper and checked in a stereo
microscope. A careful examination in a microscope of well-polished saimles
at 1000X magnification were also performed.

2.8 SEM and EDS analysis

SEM studies of the microstructure of the materials in a demoblock were per-
formed in a JEOL 6300 WINDSEM. Joints between the different materials as
well as the bulk materials were studied. Backscattered electrons were used to
obtain a good contrast between different parts of the materials. Some parts of
the interface region and parts of the bulk materials were analyzed in a Norman
Tractor Voyager EDS equipment giving the compositions in a spot or along a
line. Element mapping was made of one area at the joint between the stainless
steel tubing and the copper alloy.
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3.1

Results

Mechanical testing

Samples could be twisted raid bent without fracturing in the joints, the sur-
rounding copper alloy or the Type 316 steel or in the Type 304 steel tubes
(Figure 2). The microscopic plastic deformation of the copper alloy and the
Type 316 steel in a polished and deformed joint is shown in Figure 3.

The small 0 5 mm bar was tensile tested and revealed a tensile strength of
about 350 MPa. an elongation of 50 %. and a fracture in the copper alloy.

Figure 2
Demo block and some heavily deformed samples.

rapp\94-I.VM-li
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Figure 3
A polished joint between the copper alloy and the Type 316 steel after heavy
deformation: 200X. bright field. ITie dark part is the copper alloy.

3.2 Ultrasonic testing

Any defect were not found when performing multiarray ultrasonic testing of
HIPed samples, neither in the bulk material nor in the joints. The small inter-
mixing of the copper alloy powder and the Type 316 steel powder was indi-
cated (see Figure 7a). Furthermore, the samples were easy to test at a high
frequency (15 MHz) due to the uniform fine-grained and pore-free structure,
which makes it possible to detect defects as small as 30 um in such materials

m.

3 3 Microstructural observations

An examination of the polished surfaces in a stereo microscope and further
examination of well-polished samples at 1000X magnification in a micro-
scope proved that uV materials are completely free from porosity after HIP.
Figure 4 shows the structure of the HIPed copper alloy. The grain size is in the
range 20-60 um. Figure 5 si ows the structure of HIPed Type 316 powder
material. The grain size is 10-40 (am.

Figures 6a and 6b show a triple-joint between the Type 304 steel tube, the
copper alloy and the Type 316 steel. The micro joining of several Type 316
steel particles is excellent, and partly surrounded by the copper alloy. The
copper alloy is over etched and lays slightly off focus and appear dark.

rapp\94-l59\Rli
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In Figure 7a a slight mixing of the Type 316 steel particles and copper alloy
powder can be observed in the joint area originating from the mechanical
tapping of the two powders on top of each other into the HIP can. A part of the
Type 304 steel tubes can be seen at the upper right comer of Figure 7a. The
copper alloy has "infiltrated" into the space between separate Type 316 steel
particles as the copper alloy powder is density ing taster than the Type 316
steel powder at I IIP (Figure 7b). When HIPing a copper alloy powder on a
solid block of Type 316 steel or the Type 304 steel tube no mixing or penetra-
tion of copper can be seen in the joint (Figures 7a and S).

The joints between the Type 316 steel powder material and the solid Type 316
block, or the Type 304 tube, are not detectable on polished samples without
etching. The border lines between the different steel materials look like nor-
mal grain boundaries (Figure 9).

Figure 4
Microstructure of the copper alloy (Cu-0.5% Zr) powder material after HIP
(140 MPa; 1O35°C; 4 h). Etched in 10% (NH4):SO., solution; 400X; bright
Held.

rapp\94-l59\F.li
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FigareS
Microstructure of the lype 316 steel powder material after HIP (140 MPa:
IO35°C: 4 h). Ftched. 400X. bright field.
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Figure 6a
Microstructure of a triple-joint after HIP with the Type 304 steel tube, the
copper alloy (top legt) and the Type 316 steel (bottom). Magnification 10X.

Figure 6b
Details of the triple-joint in Figure 6a. The Type 304 steel tube (top right), the
copper alloy (dark areas), and Type 316 particles (light area). Magnification
200X. Do observe the excellent joining between several Type 316 particles
(bottom).
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Figure 7a
A slight mixing of Type 316 particles and the copper alloy powder material in
the joint area. Magnification 50X. The tube wall is at top right. The copper
alloy is dark.

Figure 7b
Details of Figure 7a. The Cu alloy has "infiltrated" into the space between
separate Type 316 particles. Magnification 400X.
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Figure 8
Joint between the copper alloy and a solid block of Type 316 steel. No pene-
tration of the copper alloy. Magnitication 200X.

Figure 9
Joint between a solid block of Type 316 steel and the Type 316 powder mate-
rial. Magnification 200X.
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3.4 SEM and EDS observations

SEM studies and EDS analyses of the interfaces and areas adjacent to the
interfaces show zones in the copper alloy and in the steels, together only about
10 mn wide, influenced by elemental diffusion during (e- prior to) the HIP
process. The zone in the steels is not present all over the interface.

Table 1
The results from different EDS-analyses (weight-%).

Location

Tube bulk
Tube zone
Powder 1 bulk*
Powder 2 bulk
?bulk
Powder 2 zone
Area A zone
Cu zone

Si

0.3
0.4
0.6
0.4
0.5
0.7
0.7
-

Mo

0.3
0.3
2.2
1.8
2.0
3.1
8.7
0

Cr

19.2
23.3
16.5
18.1
18.5
21.8
22.2
0.7

Fe

71.4
71.7
67.5
68.4
68.9
69.8
63.0
2.5

Ni

8.2
2.1
7.8
10.5
9.4
3.2
3.3
1.2

Cu

0.6
2.2
5.5*
0.7
0.5
1.4
2.0
95.4

Zr

0.2
0.1

Powder l=Anval. Powder 2= APM
'"Small particle, result influenced by the surrounding copper matrix.

Analysis of the copper bulk material gave 100 % Cu with traces of Zr in par-
ticles.

The variation in composition over the joint between Type 304 steel tube and
the copper alloy is shown in Figures 10 and 11. Figure 10 shows a line scan
over an area without an obvious diffusion zone in the steel tube and Figure 11
an area with a zone. The zone inside the steel is enriched in Cr. Ni is depleted.
A few Cu-rich particles were found at the interface between the zone and the
stainless steel matrix. Oxygen was not analyzed.

The elemental distribution over the joint between the copper alloy and the
steel powder particle with a diffusion zone, see Figure 12, is similar to that
shown in Figure 10. However, the light local areas perpendicular to the inter-
face in the zone is enriched in Mo (area A in Figure 12). The light bars inside
the zone are rich in Cu. The light part at the interface between the zone and the
steel bulk of the steel contains Mo.

The copper alloy bulk material contains small well-dispersed particles rich in
Zr. The particles near the steel also contain Fe and Cr. The zone in the copper

rapp\94-159\Eli
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alloy is mainly depleted in Zr giving fewer precipitates in the zone, but an
enrichment of particles at the interface between the zone and the copper alloy
(Figure 13). Ni, Fe and some Cr were found in the copper alloy, but as can be
read from the line scans (Figures! 1 and 12) Fe and Cr are concentrated to the
particles. The diffusion limits of Ni, Fe and Cr in the copper alloy were not
determined.

The interface between the steel tube or solid block and the stainless steel
powder material (Figure 14) is hardly detectable giving the impression of an
excellent joint.

No cracks or other defects indicating brittleness were found in the studied
samples.

rapp\94-!59\Eli
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Figure 10
Right, micrograph of the interface between the copper alloy (top) and the stainless steel tube (bottom).
Left, line scan results along the line in die micrograph.
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Figure 11
Right, micrograph of the interface between the copper alloy (top) and the stainless steel tube (bottom)
Left, line scan results along the line through a dark zone of the stainless steel in the micrograph.
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Figure 12
Right, micrograph of the interface between the copper alloy (bottom) and the stainless steel powder material (top)
with clear zones. Left, line scan results along the line in the micrograph.
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Figure 13
Mapping of I'c. C'r and Zr at the interface between the copper alloy and the
stainless steel tube.
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Figure 14
SEM micrograph of the interface (indicated by the arrow) between the stain-
less steel tube (left) and the stainless steel powder material (right). 800X

. • J

Figure 15
Steel particles (dark) in a copper matrix. The particles facing the copper
matrix show darker areas (see arrows) probably enriched in oxygen during the
treatment preceeding the HIP. 700X.
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3.5 Material data from Type 316L steel produced HIP

In Appendices 2.1 and 22 the data from HIP production of Type 316L steel
from powder is presented in diagrams. Results from tensile testing at room
temperature show yield strength, tensile strength and elongation well within
the ASTM specifications for Type 316L. Corresponding values at elevated
temperatures are also plotted. However, comparable ASTM standards were
not available. An investigation on creep-rupture resistance of Type 316L
material (originally written in Swedish) is added as Appendix 2.3. All data
falls well within the specification of Type 316L. The steels were produced at
1150+20°C and the holding time was > 2 h.

rapp\94-159\Eli
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4 Discussion

The reasons for choosing the HIP parameters presented above were as follows.
The maximum gas pressure that can presently be used in a production HIP
equipment in Sweden is 140 MPa. This would be well adapted for production
of very large shield components for the ITER project and mat justifies the
selected pressure of 140 MPa. Long experience of HIP of copper alloys, as
well as HIP of different stainless steel has proven that copper alloy powder
can be HIPed to full density at a temperature of only SS0°C but that it can also
be HIPed at 1050°C with only a limited grain growth. Stainless steel powder
need a HIP temperature of at least 950°C to reach full density, but is in the
industry regularly HIPed at about 1100°C, which gives a good process lee way
and short holding times. Pure copper melts at 1083°C and copper containing
small amounts of oxygen gives an eutectic melt at 1062°C. The HIP tempera-
ture was therefore set to 103S°C which produces a fully dense copper
alloy/Type 316L steel compound product While the steel is 100% dense the
mechanical properties should not differ significantly between the steel pro-
duced at 1035°C for 4 h from the data of steels produced at about 1150 °C for
> 2h presented in Appendix 2.

Mechanical testing show that the copper alloy away from the joint being the
weakest part of the component indicating that the limited elementary inter-
action at the interface has a positive effect. The copper alloy shows a very
good strength combined with an excellent elongation compared to other
copper alloys.

In the back-scattered mode in a SEM the dark colour of the zone in the steels
indicates presence of light elements like carbon or oxygen, but those elements
were, however, not analyzed.

During preparation of the cans before HIP the materials were treated in hydro-
gen at 350°C in order to reduce oxygai in the copper alloy powder. The water
vapour formed may partially have oxidized the steel surfaces giving the darker
thin zones in the steels. The dark areas were found at the tubes and at parts of
the powder facing the copper alloy, see Figure 15, giving support to that
theory. This phenomena occurs only if the copper powder has picked up
oxygen during storage for a long time as in this case, or if being oxidized in
another way. During a production process such oxidation is easily avoided. In
spite of the thin zone, probably containing oxide, the strength of the joint
exceeds that of the copper alloy.

As a consequence of the oxidized copper powder, the grains with a zone in the
stainless steels are enriched in Cr and Mo, while Ni is depleted, promoting
nucleation of ferrite during the HIP process. The areas rich in Mo (see A in
Figure 15) were probably transformed to ferrite. The steel powder and the
tubes used contains as delivered no ferrite.

rapp\94-159\Eli
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Materials for different applications have been produced by HIP and compared
to conventional ones. Comparative mechanical and corrosion studies often
alloys produced by HIP. including Type 316L stainless steel, have been made
[2]. It was concluded that HIP/PM materials meet the corrosion and mechani-
cal requirements of their conventional wrought counterparts, and yet can
provide near net shape materials savings similar to castings fully in agreement
with the production data presented in Appendix 2. The standard values used
for the yield strength at elevated temperatures in Appendix 2. is well in
agreement with that used by Ref 3. Ref 4 discusses the possibilities to predict
tolerances for parts produced by HP. For simple configurations there are well
established models that in combination with experience and engineering intui-
tion are able to predict the shrinkage [5,6,7]. The problem to get material
data as a function of temperature and density from each specific alloy and to
apply the model to complex geometries limits the applicability of HIP, under-
lining the need for experimental work with the final design and materials to
get a measurement of the tolerances possible to achieve.
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5 CoBcteskms

This study clearly shows mat

• it is possible to produce fully dense components ofcopper and stainless
steel by HIP at one shot at 1035°C.

• the copper alloy Cu-0.5% Zr has a very good joinability to Type 316
L/304 ?*inig« steels. Study of die interface between the copper alloy and
the stainless steel shows that the materials are closely linked together.

• the copper matrix, and not die joint sted itself, is the weakest part of the
component However, the mechanical properties are good compared to
other copper alloys.

• industrial HIP produced Type 316L steel well meets the ASTM specifica-
tions and standards currently in use.

The experience in Sweden as well as that found in die literature underline the
necessity to make some experiments in a big scale with the final design and
materials to get a measurement of achievable tolerances.
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Steel powder data

Powder l=Anval.
heat 83787

Powder 2= APM
Charge H3510

Mixture; 25£ powder I and 75% powder 2

element C Si Mn P S Cr Ni Mo

Powder 1 0.03 0.49 1.44 0.17 0.004 16.5 10.2 2.05
0

Powder 2 0.04 0.70 1.48 0.021 0.009 16.86 10.89 2.70

element V Cu W Nb Co N 063Powder 1 - - - - - - -

Powder 2 0.07 0.19 0.05 0.03 0.12 0.09 0.011

Powder 1

Powder2

Sieve analyses
Micron
Mesh
%<

Sieve analyses

106
140
99.7

100%

90
170
91.6

<355 urn

63
230
45.3

45
325
5.0
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Tensile strength properties of different heats of Type 316L steels produced bv
HIP. (Information obtained from Powdermet Sweden AB.)

Yield strength (N / mm2)

Maximum observation: 316 N / mm :

Minimum observation: 29() N / mm :

Mean value: 303.4 N / mm :

Standard deviation: 9.0 N / mm :

ASTM standard: min 170 N / mm :

fig. 1 Yield strength observations (Rpo.2)- The line shows the ASTM standard.

Tensile strength (N ' mm2)

Maximum observation: 622 N / mm :

Minimum observation: 599 N / mm :

Mean value: 611.2 N / mm2

Standard deviation: 7.0 N / mm :

ASTM standard: min 485 N / mm :

fig. 2 Tensile strength observations (Rm). The line shows the ASTM standard.

Elongation ("<»)

Maximum observation: 53 9r
Minimum observation: 47 9<
Mean value: 49.7 9<
Standard deviation: 2.5 9r
ASTM standard: min 30 9,

fig. 3 Elongation observations (A5). The line shows the ASTM standard.
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lensile strength properties of Type 316L (HIP) steel at elevated temperature.

400
Yield strength (N/mm2)

too -

— yield sfrength
— standard (SIS)

750

fig. 4 The yield strength (Rpo.2) vs. temp, for the test material compared to SIS standard.

700

600

500

Tensile strength (rWmm2)

300
' Until» strength

fig. 5 The tensile strength (Rm) vs. temp. The only available ASTM standard is min. 485 N/mm2 at 20 C
( marked with a dot).

Elongation (%)

30
' elongaiion

fig. 6 The elongation (As) vs. temp. The only standard is a minimum of 30 % at 20 C.
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Creep-rupture tests of material 235302* (HIP) at 550. 600 and 700°C

Summary
Creep-rupture tests of hot-isostatically produced capsules made out of material 235302*. have been
performed by order of ABB Powdermet, Surahammar, Sweden. The purpose of the tests was to
compare a material made out of powder with conventionally made ones.

The tests at 55O°C have been carried out in our multitest equipment, whereas singletest machines where
used at 600°C and 700°C.

At 550°C and 600°C the examination shows that the creep-rupture resistance of the powder material is
slightly better than that of an average conventional material. At 700°C and long charge-times the study
shows a somewhat falling trend, but the results are within normal variations.

Graphically interpolated and extrapolated mean values of the creep-rupture limits of the tested material
yields:

Rkm 10000/600 = 1 95 MPa (Non-binding standard of SS 235302: 155 MPa)

Rkm 100000/600 = 130-160 MPa (Non-binding standard: 97 MPa)

Rkm 10 000/700 = 5 0 " 5 5 M P a (Non-binding standard: 58 MPa)

Rkm 100 000/700 = 2 5 " 3 5 MPa (Non-binding standard: 30 MPa)

Analysis
The chargenumber is missing on the capsule 177.

Material C Si Mn Cr Ni Mo Ti Nb N

SS 2353-02
min . . . 16.5 11.5 2.5
max 0.03 1.0 2.0 18.5 14.5 3.0

Capsule 0.015 0.48 1.56 17.5 11.6 2.55 < 0.01 0.02 0.0918
177

•SS 2353=316L
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Heat treatment
The material is prepared with solution heat treatment

Tensile properties

Material T(°C) Rpo.2(MPa) Rm(MPa) A(%) Z(%)

SS 2353-02 RT min 200 490-690 min 40

Capsule 177 RT 392 611 45 70
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