
FrIT COpy

Atomic Energy of Canada Limited

TECHNIQUES FOR HOT-PRESS-BONDING DISSIMILAR

METAL COMBINATIONS

by

R. D. Watson

Chalk River, Ontario

May 1966

AECL-2583



TECHNIQUES FOR HOT-PRESS-BONDING DISSIMILAR
METAL COMBINATIONS

by

R.D. Watson

SYNOPSIS

High strength diffusionless bonds can be produced
in a variety of dissimilar metal combinations by the hot
press bonding technique covered by Canadian Patent applica
tion 904,548 June 6, 1964.

Some of the combinations that can be joined success
fully are Zircaloy-2 and 416 stainless steel, 416 stainless
steel and mild steel, IS aluminum and mild steel, Zircaloy-2
and M257 SAP, and Zircaloy-2 and IS aluminum.

Several other combinations were attempted but suit
able joints could not be produced.

The methods of producing the joints, the joint
strength that can be developed and a discussion of some of
the problems associated with making the joints are included
in the report.

Chalk River, Ontario,
May 1966.

AECL-2583
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Techniques for Hot-Press-Bonding Dissimilar
Metal Combinations

by

R.D. Watson

1. INTRODUCTION

The hot-press-bonding technique was used successfully
prior to March 1963 to produce experimental diffusion1ess transition
pieces for joining Zirca1oy-2 to aluminum, and stainless steel to
aluminum (1). Two hot-press-bonded a1uminum-Zirca1oy-2 joints were
used in construction of an NRX U02 rod which was installed in the
NRX reactor in 1964. One joint of 304 stainless steel and 1S
aluminum was used on an experimental fuel rod which was installed
for 5 months in NRX in March 1963. Aluminum to Zirca1oy-2 joints
were used in the construction of a component irradiation facility
and eight flux detector rods which are presently installed in the
NRU reactor at Chalk River.

Since March 1963 this technique for hot-press-bonding
has been tried with various modifications on a number of different
combinations including Zirca1oy-2 and 416 stainless steel. The
following report describes the work done on hot-press-bonding since
it was first reported (1).

2. EQUIPMENT

The various restraining dies, plugs, and specimens
used to bond with this technique are shown in Figure 1, 2 and 3.
The specimens are heated in an electric furnace and the hot
press-bonding is done in an hydraulic press.

3. SPECIMENS

3.1 General

Two components are used to make a hot-press-bonded
joint, a tubular piece with a tapered end called the pressing
specimen and a thick walled tube or plug into which the
tubular piece is pushed called the pressed specimen.
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A number of different types of pressed specimens
(see a,b,c,d and e of Fig. 2) were used in the experiments.
These were mounted in a restraining die as shown in
Figures 1 and 3 with each different sized and shaped specimen
requiring different adaptors and/or plugs.

3.2 Dimensions

3.2.1 Pressing Specimen

Pressing specimens (see Fig. 2(f) ) as large
as 4.125 in. OD x 0.165 wall have been used. Most of
the specimens were 2 in. or 2 1/8 in. OD x 0.125 i~wall.

The taper angle was always the same. The flat on the
end of the taper (dimension L Fig.2) was varied to suit
the combination of materials.
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FIGURE 1: Specimens in Position for Hot-Press-Bonding
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ARRANGEMENT 2

ARRANGEMENT 3

ARRANGEMENT 4
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WHICH TAPERED TUBE
IS BEING PRESSED.
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FIGURE 3: Pressed Specimens in Restraining Dies



3.2.2

- 5 -

Pressed Specimens

The shape of the groove in the top of the
specimen (see Fig.2) was made the same fo~ all the
different types. The mean diameter of the groove
was not usually the same as dimension A (Fig.2(f) ).
An allowance was made so that the tapered end of the
pressing tube would fit the groove when the parts
were at the required pressing temperature.

3.3 Surface Preparation

The tapered portion of the pressing specimen was
polished with 600 grit silicon carbide paper before it
was used.

4. PROCEDURE

4.1 The test specimens (one pressing and one pressed) are
thoroughly degreased in trichlorethylene. The pressed
specimen (see Fig.2) is mounted in a restraining die in one
of the ways shown in Figures 1 and 3. The mating surfaces
between the plugs, specimens, adaptors and die are lubricated
with Aquadag (colloidal graphite in water) or Never-Seez
NS-160 before assembly. This is to make it easier to
disassemble the components after the hot-press-bonding
operation. There must be no lubricant on the top surface
of the pressed specimen.

4.2 If the hot-press-bonding is to be performed on a
combination of materials having a relatively large difference
in hardness the following procedure is used:

a) The restraining die containing the pressed
specimen (see Fig. 3) is placed in a furnace
and heated to the required temperature. The
pressing specimen (Fig.2(f) ) is also heated
in a furnace but not necessarily to the same
temperature.

b) The components are removed from the furnace
and placed in position on a piece of asbestos
cement board as shown in Figure 1 with the
tapered end of the pressing tube resting in
the groove in the top end of the pressed
specimen. A force is immediately applied to
the pressing tube and maintained until the
tube has penetrated the pressed specimen to
the full depth of the taper.
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c) The components are disassembled as soon as it
is convenient to do so. Some arrangements may
be easier to take apart while the components
are still hot, some may be easier when the
components have cooled. The mild steel adaptors
(see arrangements 3 and 4 Fig.3) may be difficult
to remove and may have to be machined off.

4.3 If the hot press bonding is to be performed on a com
bination of materials having close to the same hardness
(the harder material being less than three times that of the
other material) the following procedure is used:

a) The restraining die containing the pressed
specimen is placed on a piece of asbestos
cement board on the bed of the press as shown
in Figure 1. Locating pins are used to
maintain the die in the proper position. The
pressing specimen is attached to the crosshead
of the press with vacuum grease and positioned
so that it is lined up exactly with the groove
in the pressed specimen.

b) The restraining die and the components in it
are heated in a furnace to the required tempera
ture. The pressing specimen is left in position
on the crosshead. When heated, the restraining
die is removed from the furnace and placed in
exactly the same position on the press as before.
The pressing specimen is driven down rapidly into
the pressed specimen to the full depth of the taper.

c) The components are disassembled as before.

5. RESULTS AND DISCUSSION

5.1 General

In the course of our work an attempt was made to bond
the following different combinations of materials. The first
material in each case is the pressing specimen.

a) Zirca10y-2 to SAP M257
b) 416 (fully hardened) to Zirca10y-2 (annealed)
c) 416 (fully hardened) to SAE 1020 steel
d) SAE 1020 steel to 1S aluminum
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e) 304ss (annealed) to IS aluminum
f) Zircaloy-2 (annealed) to IS aluminum
g) Zircaloy-2 (annealed) to SAE 1020 steel
h) Zr 2.5 wt.% Nb (hardened) to SAE 1020 steel
i) Zr 2.5 wt.% Nb 0.5 wt.% eu (hardened) to SAE 1020 steel
j) 304ss (work hardened) to Zircaloy-2 (annealed).

The results and pertinent data on these different
combinations are given in Table 1. Satisfactory bonds were
obtained on combinations (a) to (f) inclusive, using the
conditions given in Table 1. Attempts to bond combinations
(g) to (j) inclusive were not successful. The pressing
specimens could not be made to penetrate the pressed specimen
without excessive deformation.

5.2 Metallographic Examination of Joints

A number of the bonded specimens were sectioned and
polished and examined metallographically for diffusion,
oxide inclusions, and/or debris at the interface.

One such specimen of 416 (R~44) to Zircaloy-2 is
shown in Figure 4 along with representative photographs of
the interface between the Zircaloy-2 and stainless steel.
A good percentage of the interface was absolutely clean.
Most of the debris was confined to the interface near the
surface of the Zircaloy-2 block and at the flattened tip.
No diffusion was observed.

A bonded specimen of 304 stainless steel (hardness
Rc33) and Zircaloy-2 was also sectioned and examined. The
tapers had been badly deformed and there was a considerable
amount of debris, consisting of cracked Zircaloy-2 and
particles of stainless steel and oxide, over most of the
interface length.

5.3 The Bonds and Some of the Problems Associated with
Making The!!!

A number of bonded specimens were pulled in tension
to determine the extent of the bond. The joint strength
of some of the different combinations is given in the
remarks column of Table 1.
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TABLE 1

Hot-Press-Bonding Particulars

PRESSING SPECIHEN PRESSED SPECUIEN

Haterial Preheat Size in. Haterial Prehea Type Size in. Arrangement Remarks

time See Figure 2 (f) temp. see See Figure 2 for pressed (specimen number given

(min) ·C Wig.2 specimen - in brackets)

Temp.oC G H L C D E F see Fig.l&3

in air

Zircaloy-2* no 2.00 0.125 0.025 H 257 SAP 620 a 2.50 2 (16) Bond broke at 10,800
lb. on ID of taper; broke

in SAP on OD; tapers
straight.

" " " " " 0.015 " " " " 2.50 2 (11) Bond broke at 5000 Ib;
tapers beginning to curl.

" " " " " 0.020 " " " " 2.50 2 (4) Bond broke at 7000 lb.
on 10 surface of taper and
in SAP on remainder;
tapered end distorted.

416 (Rc43) no 2.00 0.125 0.040 Zircaloy-2 700 e 2.125 0.25 4 (53) Tapers straight; about
1/4 in. penetration.

416 (Rc43) no 2.00 0.125 0.040 Zircaloy-2 700 d 2.125 3 (51) Tapers straight; about
5/16 in. penetration.

416 (Rc34) no 0.375 0.125 0.015 Zircaloy-2 700 right 1. 50 not shown - (44) Tapers curled outward..
cylin- no restrain- Would not pullout at pull

der Lng die of 5000 lb.

416 (Rc43) " 2.00 0.125 0.040 " " " a 2.50 2 (50) Pullout strength
about 46,000 lb. for the
joint.
~~5) ~~od s~r~~g7~ penetra

416 (Rc43) no 2.00 0.125 0.040 Hild steel 800 c 0.62 2.50 1 (416 H 7) good joint -
about 0.3 in. penetration.

416 (Rc43) " 2.00 0.125 0.040 Hild steel 800 b 0.62 2.50 1 (416 H 4) about 0.9 in.
penetration, tapered end
curled back on itself.

Hild Steel no 2.125 0.125 0.040 IS aluminum 510 b 0.500 2.50 1 (lOS) & (llS)-some flaring
of taper when penetration
greater than 5/8 in. (x-ray

" " " " " " "
film).

0.020 " b " " 1 (8S) (x-ray film) taper
distorted.
(6S) steel penetrated
aluminum to 1/2 in. depth.
Joint strength >21,000 lb.
Joint fails in aluminum.

Hild Steel no 2.00 0.125 0.020 IS aluminum 510 b 0.625 2.50 1 (5S) steel penetrated
to a depth of 1/2 in.,
no bending. Joint strength
>7000 lb. Joint fails in
aluminum.

304 annealed 510·C 2.00 0.125 0.015 IS aluminum 510 a 2.50 2 Joint strength >7000 lb.;
30 min 0.020 tensi~~fbinum failed in

Zircaloy-2 455·C 1. 92 0.170 0.030 IS aluminum 495 a 2.50 2 For NRX fuel rod - joint
30 min strength >5000 lb. - (6) and

" " " " " "
(162).

4.25 0.165 0.022 500 4.75 2 For component irradiation
facility. Pullout strength

" " " " "
of joint >70,000 lb.

455·C 2.00 0.125 0.020 b 0.625 2.50 1 Satisfactory results. Some
15 min imvard bending of tapered

end when penetration is

" " " " " "
deep.

1.125 0.lB7 0.020 a 2.44 2 For NRU flux det~ctor rodj
good joints.

Zircaloy-2 no 2.125 0.125 0.040 Hild steel 700 b 0.500 2.50 1 Zircaloy-2 would not pene-
and trate mild steel.
800

" " no 2.125 0.125 0.040 Hild steel 800 c 0.500 2.50 1 Zircaloy-2 would not pene-
trate mild steel

Zr-2.5 wt. % no 3.510 0.125 0.040 Bild steel 800 b 0.625 4.00 1 Zr-2.5 wt. % Nb would not
Nb (RB 92) penetrate mild steel.

2r-2.57. Nb no 0.939 0.187 0.020 Bild steel 800 right 3.00 not shown, About 1/4 in. penetration
0.57. Cu** to cylin- no restrain- but tapered end curled
(RB 95) 0.050 der ing die back on itself.

304 (Rc33) no 0.375 0.125 0.020 Zircaloy-2 700 right 1. 50 not shown, (48) Joint failed at
cylin no restrain- 4600 lb., tapers deformed.
der ing die.

* Surface of Zircaloy-2 was oxidized, before pressing,
by heating at 455°C for 15 to 30 minutes and cooling
to room temperature.

** Zr-2.5% Nb 0.5% CU was heat treated as follmvs:
15 min. at 825°C, water quenched, aged for 6
hours at 535°C, air cool.
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The bond between Zirca1oy-2 and SAP was fairly
satisfactory but quite difficult to make. If heated,
the Zirca1oy-2 did not have adequate strength to pene
trate the heated SAP and'so it had to be pressed in
cold. The joint strength of a 2.00 in. OD x 1/8 in.
wall tube varied between 5000 and 10,800 lb. or more.
If the flat on the end of the pressing specimen was
less than 0.025 in. the taper would curl or distort
and this would affect the bond. The taper of specimen
1~ which had a 0.025 in. flat did not distort (see Fig.5).
The bond between the SAP and the inside' tapered surface
of the Zirca1oy-2 tube always broke during tensile testing
of the joint. Usually the bond held on the outside
tapered surface and failure occurred in the SAP as shown
in Figure 5. Note how badly the taper of specimen 4
has been distorted during pressing. Differential
contraction on cooling was probably partly responsible
for the poor bond on the inside surface.

A good joint between Zirca1oy-2 and hardened 416
stainless steel can be made fairly consistently if the
conditions given in Table 1 are used. A flat of about
0.040 in. (dimension L table 1) is believed to be
necessary to prevent distortion of the taper during
pressing. The bonds appeared to be quite satisfactory.
An attempt was made to pull specimen 44 apart (see
Fig.6) but the threads stripped at 5000 lb. before this
could be accomplished. A larger 2 in. OD specimen No.50
(same as No.55 in Fig.6) was cut into pieces and these
were pulled separately. The pull-out strength of this
joint was assumed to be equal to the sum of the individual
pieces or about 46,000 lb. Four different bonded specimens
of the combination Zirca1oy-2 and 416 stainless steel are
shown in Figure 6.

A good looking joint between mild steel and harderied
4i6 stainless steel can be made consistently when the
conditions given in Table 1 are used providing we are
content with a penetration in the order of 0.5 in. On one
specimen we attempted to get really deep penetration of
the mild steel by the hardened 416 stainless steel (specimen
416 M4 of Fig. 7) but our efforts were thwarted because of
distortion of the taper. This distortion was probably the
result of a decrease in strength due to an increase in
temperature. If we had been able to use a fast acting
press we would probably have been able to penetrate to a
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much greater depth before
steel had been affected.
to hardened 416 stainless
7.

the strength of the stainless
Two examples of a mild steel
steel joint are shown in Figure

Originally, attempts were made to bond mild steel
to aluminum by heating both components and then pressing
them together in the normal way. The bonds were not
satisfactory because the oxide that formed on the mild
steel during pre-heating was not tightly adherent. The
aluminum would stick to the oxide on the surface of the
steel but the oxide would not stick properly to the base
metal. This problem was overcome by eliminating the
preheating of the mild steel and so eliminating the oxide
layer. The bond produced between aluminum and mild steel
is quite strong. Three specimens of this combination are
shown in Figure 8. Two of the specimens were pulled in
tension and the joint failed in the aluminum,specimen No.6
at 21,000 lb. The sectioned specimen on the right was
etched to bring out the flow pattern produced during
bonding. Note that the aluminum is dragged in from the
surface during the pressing operation.

The bonding of 304 stainless steel to 18 aluminum
is easily accomplished.' Good bonds are produced. The
results of this work have been reported in detail in
reference (1).

Joints between Zircaloy-2 and 18 aluminum are easy
to make and quite strong when made using the conditions
given in Table 1. A flat of at least 0.020 in. and
preferably more (dimension L) is required to prevent
bending of the taper during pressing. Most of the joints
broke in the aluminum and not at the bond line. Two
samples that broke in the aluminum when pulled in tension
are shown in Figure 9 bottom. One large sample with a
crack along the bond line on the inside surface of the
taper on the left is shown in Figure 9 top. This crack
is probably due to the large differential contraction
between aluminum and Zircaloy-2 on cooling and the
difficulty that the aluminum has in yielding because of
the solid cross-section. This tendency to crack because
of shrinkage could probably be eliminated by reducing the
aluminum cross-section by using arrangement 1 (Fig. 1)
instead of arrangement 2 (Fig.3). Joints of this combina
tion have been used on an NRX fuel rod, on the NRU component
irradiation facility and the NRU flux detector rod. The
corrosion resistance of the joint appears to be quite good
in pH 7 demineralized water, but is not satisfactory in
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moist atmospheres containing RN03 or in dilute RN03.
Cross-sections of an aluminum to Zircaloy-2 joint
before and after service in the NRX reactor are shown
in Figure 10. The wet gas atmosphere containing RN03
has been responsible for severe corrosion of the aluminum
part of the joint.

We have not had much success in producing joints
between mild steel and the three zirconium alloys,
Zircaloy-2, Zr-2.5 wt.% Nb 0.5 wt.% Cu, and Zr-2.5 wt.% Nb.
The zirconium alloys do not have sufficient strength even
in the hardened condition to penetrate the mild steel to
the desired depth. Cross-sections of some of the joints
produced are shown in Figure 11. The best results were
obtained on specimen ZNbC-2 but the joint is still not
satisfactory.

We did not have much success in producing a good
joint between 304 stainless steel and Zircaloy-2. An
attempt was made to force several small 3/8 in. tapered
tubes of cold drawn 304 stainless steel (37% cold work) into
heated Zircaloy-2 but the results were not very satisfactory.
One such joint was pulled in tension and failed at 4600 lb.
The taper had been distorted during making of the joint.
Larger size joints were not attempted because of the
difficulty in work hardening the larger pieces of stainless
steel. Another reason for not continuing with the larger
specimens was the large differential expansion between 304
stainless steel and Zircaloy-2.

5.4 Discussion

Some good bonds were produced between Zircaloy-2 and
M 257 SAP but more work needs to be done to develop a
slightly better procedure for making good joints more
consistently.

Good joints can be produced between hardened 416
stainless steel and Zircaloy-2. The interface between
the 416 and Zircaloy-2 is free of oxide and inclusions
over most of its length. The joint strength at room
temperature is about equal to that of a good rolled
joint. Before it could be used at high temperature this
joint would have to be tested thoroughly to determine
if it can stand up to thermal cycling and temperature.
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We have done enough experimentation to believe
that good joints can be produced consistently between
hardened 416 stainless steel and mild steel by hot-press
bonding. Although none of the joints were actually pulled
in tension, the joint looks as good as the 416 stainless
stee1-Zirca1oy-2 joint mentioned above and should give
comparable results. When the 416 stainless steel tube is
pushed about 0.9 in. into the mild steel, the tapered end
will curl back on itself producing an interlocking joint
that has an appearance which suggests greater strength than
that of the conventional type.

THESE
SURFACES

EXPOSED TO
WATER

THESE SURFACES WERE
EXPOSED TO A WET GAS
ATMOSPHERE CONTAINING
SOME HN0 3

7x

FIGURE 10: Cross-Section of Part of an Aluminum Zirca1oy-2
Joint. Right, after 2 years in the_NRX reactor.
Left, as it looked before installation in NRX.
Note how badly the joint has been corroded by
the gas atmosphere containing HN03
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Three Zirconium Alloys, Zr-2.5 wt.% Nb 0.5 wt.% eu (left),
Zirca1oy-2 (centre), andZr-2.5 wt.% Nb (right).
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Good mild steel to aluminum joints can be produced
consistently. Originally, when the mild steel was pressed
hot, good joints could not be produced with this combina
tion because the oxide that formed on the mild steel was
not tightly adherent enough to provide for a strong bond.
When the mild steel is not preheated surface oxidation does
not occur and the bond formed is strong. If the mild steel
is pressed into the aluminum to a depth greater than 0.625 in.
there is likely to be some flaring of the tapered leading
edge of the tube. This could probably be used to advantage
but more work would have to be done before joints of this
type could be produced consistently.

Joints between Zircaloy-2 and aluminum have been
used successfully in service. During a tensile test the
joints usually fail in the aluminum rather than at the
bond line. Bond failure has occurred on one 4 in. diameter
specimen on the inside surface of the tapered tube probably
because of the large stresses produced by shrinkage when
the aluminum cools. This could be overcome by pressing the
Zircaloy-2 into a thick wall ring instead of a solid plug of
material.

We have not been able to penetrate mild steel with
Zircaloy-2, hardened Zr-2."5 wt.% Nb or hardened Zr-2.5 wt.%
Nb 0.5 wt.% Cu.
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