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Abstract: Pd is a component of some advanced nickel filler metals designed for brazing heat-resisting
alloys in order to improve their wettability and to enhance both corrosion resistance and plasticity
of the joints. The joints of Inconel 625, Inconel 718, Hastelloy X, and 410 martensitic stainless steel were
prepared by vacuum brazing with NiPd36Cr10BSi filler alloy. Complex structures of the joints were tested.
It was revealed the displacement of interfaces from their initial positions in the course of brazing along
with active action of Cr, Mo and Nb (for Inconel 718 alloy) in the formation of interstitial layers.
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Introduction

Nickel alloys and some special stainless steels along with aluminum, titanium and composite materials
are widely used for the construction of contemporary aircraft engines. Some of them are characterized
by the low densities and possessing the required mechanical properties. In some sections of engines where
the operating temperature exceeds 500 °C it is necessary to use heat-resisting and high-temperature creep
resisting alloys of superior performance in elevated temperatures, which include nickel-based superalloys
[1+3].

The production of parts designed to work in hot sections of engines requires advanced methods of
materials processing, which include hard and high temperature brazing in vacuum. In the aviation industry,
copper-based, silver-based, gold or nickel-based fillers are used for that purpose to join nickel superalloys
and special stainless steels [2,4,5]. The most important filler metals for brazing nickel superalloys are
NiCr-base alloys which require brazing temperatures above 900 °C [6+8]. Palnicro 36M braze falls into this
category possessing in addition to nickel and chromium 36% palladium. It is believed that the addition
of this element improves wettability of substrates and positively affects corrosion resistance and the plasticity
of joints. In filler alloys, Palladium has a similar function to gold [9+11].

Palladium forms solid solutions with nickel and chromium — basic components of filler alloys, however
its impact onto the structure of the building joints is more complex. The paper presents results of comparative
study of the interaction of Palnicro 36M braze with several heat-resisting substrate materials applied in
aviation technology.

Materials and Methods

Four different variants of Palnicro 36M braze with the following base materials were tested in the study:
Inconel 718, Inconel 625 and Hastelloy X nickel alloys, and martensitic stainless steel 410. Chemical
compositions of all materials mentioned above are presented in table I and table II.

Table I. Chemical composition of selected base materials [wt.%] [12,13]

Ni Ct Fe Mo Co W C Mn Si Cu P B S Al Ti Nb+Ta

Inconel 718 525 19 17 305 1 - 0.08 035 035 030 0.015 0006 0.015 0.6 09 5.125

Inconel 625 58 215 5 9 1 - 01 05 05 - 0015 - 0015 04 04 3.65

Hastelloy X 47 22 18 9 1.5 06 0.1 1 1 050 0.040 0.008 0.030 - - -
SS 410 - 125 Bal. - - - 015 1 1 - 0.04 - 003 - - -
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Table II. Chemical composition of Palnicro 36M filler metal [wt.%] [14]

. . Solidus Liquidus
Pd Ni Cr B Si
temperature [°C] temperature [°C]
Palnicro 36M 36 50 10.5 3 0.5 820 960

Substrates for the tests had the form of 25 x 25 mm plates made of 1 mm thick sheets. The sheets were
not machined but used as supplied. Since the wettability depends in some sense from the surface geometry,
surface roughness parameters were measured which results are presented in table III. They do not
significantly differ. Braze foil of 0.05 mm thickness was used in vacuum brazing. The foil was cut to form
rectangular shape samples of the same weight and placed over the substrates (Fig. 1). All materials were
washed in acetone using an ultrasonic cleaner before processing.

Table III. Results of surface roughness measurements of substrates

Ra Rys

Inconel 718 0.15 1.41
Inconel 625 0.44 3.29
Hastelloy X 0.11 1.21
SS 410 0.33 2.09

Fig. 1. Scheme of samples for testing the interaction between braze metal and substrates

Such prepared samples were placed to the laboratory vacuum furnace, heated up to 995 °C and held for
10 min in the 10 mbar vacuum. After the cooling structural studies of joints were performed. The samples
were cut perpendicular to the joints and metallographic specimens were made. Keyence VHX 5000 digital optic
microscope and Jeol JSM-7600F scanning electron microscope were used to characterize the joints structures.
The distribution of elements in the interstitial zones was examined by EDS.

Research results

Figure 2 shows microscopic images of specimens perpendicular to the substrate surface plane at the
wetting perimeter of braze metals droplet after its solidification and the base material. Part of surface not
covered by filler visible on photos allows to determine the displacement of the solid-liquid phase contact line
from its original position before the process.

For Inconel 625-Palnicro 36M and Hastelloy X-Palnicro 36M joints, the solid-liquid interfaces coincide
with the surfaces of the non-wetted substrates. In the other two cases, for Inconel 718 and for stainless steel
410, the shift of the direct solid-liquid phase interaction line is clearly visible.

Welding Technology Review - www.pspaw.pl Vol. 91(10) 2019 52



—
20.0pm

Fig. 2. The structure in the area of the interface Palnicro 36M braze with: a) Inconel 718, b) Inconel 625, c) Hastelloy X
alloy and d) 410 steel close to the wetting perimeter

A multi-phase structures with numerous precipitates were created in each of the tested variants during
solid-liquid interaction in the brazing temperature. The effects of such interaction are visible on both the
braze side and the substrates side. Complex structures were formed in the direct interaction zone as
a result of mutual diffusion of elements and/or grain boundary penetration of liquid phase into the substrate.
SEM images of these structures and surface distribution of elements throughout the contact zone are shown
in Figures 3+6.
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Mo La1 Nb La1

Fe Kat1 Pd Lat1
Fig. 3. SEM image and surface distribution of elements in the Inconel 718-Palnicro 36M joint

The zone of interaction between solid and liquid phase in the Inconel 718-Palnicro 36M combination

indicates a significant increase in chromium, molybdenum and niobium while the iron and nickel content
dropped. Palladium is found in the filler bulk only.
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Fe Ka1 Mo La1

Nb La1 Pd La1
Fig. 4. SEM image and surface distribution of elements in the Inconel 625-Palnicro 36M joint

Similarly, in the Inconel 625-Palnicro 36M contact zone, the amount of chromium and molybdenum
increased in the braze-substrate transition layer but the iron and nickel content was reduced. Palladium
is inactive and distributed in the matrix of the filler metal.
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Ni Ka1 Fe Ka1

Mo La1 Pd La1
Fig. 5. SEM image and surface distribution of elements in the Hastelloy X-Palnicro 36M joint

The increase in chromium and molybdenum content in the zone of direct solid-liquid phase interaction
is also visible for the Hastelloy X—Palnicro 36M case. As in the previous variants, a decrease in content was
noted for iron and nickel while palladium occurs also evenly distributed in the braze.

The composition of stainless steel 410 does not contain molybdenum, which is active in the transition
zone of filler-substrate joints in all other variants. The images in figure. 6 indicate that the transition zone
in the combination of stainless steel 410-Palnicro 36M is build of iron and chromium. As in other variants,
a reduction in nickel content and the occurrence of palladium in the filler metal are noticed.
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Fig. 6. SEM image and surface distribution of elements in the stainless steel 410 - Palnicro 36M joint

Summary

Complex structures are formed as a result of the interaction between the four tested heat-resisting alloys
(Inconels 625 and 718, Hastelloy X, stainless steel 410) and nickel-based liquid filler metal Palnicro 36M
containing significant amount of palladium addition.

Microscopic studies revealed the displacement of interface for the combination of braze metal with both
Inconel 718 and stainless steel 410. The shift of interface location in regard to its original position
in the course of phase interaction in brazing temperature indicates the dissolution of mentioned substrate
material in the liquid. In the case of Inconel 625 and Hastelloy X such phenomenon is not noticeable for
typical brazing parameters (995 °C, 10 min).

Welding Technology Review — www.pspaw.pl Vol. 91(10) 2019 57



An increased content of chromium and molybdenum was observed in the interstitial zones in the joints of

all tested nickel superalloys with Palnicro 36M. Niobium acted also as an active agent during the formation
of joints. In the case of stainless steel 410 substrate, transition zone is composed of chromium
and iron. In all variants the nickel content decreased in the transition zone whereas palladium was uniformly
distributed in the bulk of filler metal.
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