
Development of Brazed Austenitic/Ferritic Steel 

Steam Pipe Joints for Turbines 

A study is undertaken to determine the suitability of nickel base commercial brazing filler 
metals for making austenitic-ferritic steel steam pipe work transition joints for service at 
1067-1112° F 
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ABSTRACT. A nickel -chromium-boron-
silicon alloy has been used to braze 
austenitic/ferritic steel joints, having ten
sile strengths approaching those of the 
steels. These high strengths were obtained 
after brazing times of 8 hr at 1100° C 
(2030° F ) , when brittle compounds, 
originally present in the joint, were re
moved by alloying and diffusion into 
the steels. 

Joint microstructures, room and ele
vated temperature tensile strength, and 
stress-rupture properties at 600° C 
(1112° F ) , have been determined. The 
effects of thermal cycling for 100 times 
between 20 and 575° C (68 and 1067° 
F ) , and holding for up to 10,000 hr at 
575° C (1067°F), on the structure and 
room temperature tensile strength of 
joints has also been investigated. No 
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significant deterioration in joint strength 
occurred following these treatments. 
Stress-rupture and tensile samples, brazed 
with a conical joint design so that the 
braze area was increased with respect to 
the cross section, failed through the fer
ritic steel at stress levels comparable with 
un-brazed steel. 

It is also shown that the brazing of 
full size steam-pipe transition pieces is 
practicable. Joints have been brazed in 
tubular testpieces with wall thicknesses 
up to V/2 in., joint lengths up to 3Vi in. 
and outside diameters up to 12Vi in. 

Introduction 
In large turbo-generator units, 

stainless steel is used for steam com
ponents and pipework in the highest 
t empera ture parts of the boiler and 
low alloy ch rominum-molybdenum 
ferritic steels for the pipework and 
components of the turbine, where 
temperatures are slightly lower. This 
necessitates the manufac ture of relia
ble joints between thick-walled pipes 

of the two steels. The joints must be 
capable of holding high pressure 
steam (1 ,500 to 2,000 psi) at service 
temperatures approaching 600° C 
(1112° F ) for many years . 

In the last 10-15 years , a great 
effort has been made to develop meth
ods of making welded transition 

pieces. The technical demands are 
high as the weld must be at least as 
strong as the weaker base metal at 
all temperatures from room tempera
ture to service temperature (575° C, 
1067°F) and must have adequate creep 
ductility at operat ing t empera ture and 
high fracture toughness at room tem
perature . The joint must also be de
signed metallurgically so that, during 
a service life of 10 to 20 years at 600° 
C, any diffusion processes occurr ing 
do not reduce the mechanical proper
ties significantly.6"8 

Carbon diffusion from the ferritic 
steel into the weld can produce car
bide or hard zones which can give rise 

Table 1—Specifications of Steels Used in Austenitic/Ferritic Joints 

Steel grade 

Austenitic steels 
B.S. 970, En 58 B 

B.S. 970, En 58 J 

A.I.S.I. 316 

Ferritic steels 
B.S. 970, En 3 A 

2)4% chromium-
molybdenum 

Si 

0.15 0.20 
max. min. 
0.12 0.20 
max. min. 

Chemical composition, % -

Mn Ni Co Mo Ti 

2.00 
max. 
2.00 
max. 

7.0/10.0 17.0/20.0 — 0.6 
min. 

8.0/12.0 17.0/20.0 2.5/3.5 — 

0.04/0.08 0.25/0.75 1.0/2.0 10.0/11.5 16.0/18.0 2.0/2.75 

0.15/0.25 0.05/0.35 0.4/0.9 

0.08/0.18 0.5 0.4/0.7 
max. 

2.0/2.5 0.9/1.2 

Cb 
(Nb) 

— 

S 

0.045 
max. 
0.045 
max. 
0.030 
max. 

0.060 
max. 
0.040 
max. 

P 

0.045 
max. 
0.045 
max. 
0.030 
max. 

0.060 
max. 
0.040 
max. 

UTS" 
tons-
f / i n . 2 

35 
m m . 
35 

m m . 
34 

m m . 

25 
m m . 
31 

Yield 
stress 
tons-
f / i n . ! 

12 
m m . 
12 

m m . 
12b 

m m . 

17 

elon
ga
t ion 
(5.65 
\ / A ) 

30 
m m . 
30 

m m . 
30 

m m . 

25 

20 

a UTS—ultimate tensile strength. 
b 0.2% proof stress. 
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Table 2 

Braze 
alloy 
ref. 

1 

2 
3 
4 

5 

—Data on Brazing Filler Metals 

Specifications 

B.S. 1845 Ni-3 
A.M.S. 4777 
B.S. 1845 N i l 
B.S. 1845 Ni-2 

— 

B.S. 1845 Ni-4 
A.M.S. 4778 

Nomir 

C 

0.15 

0.15 
0.15 
0.15 

0.15 

Cw 

Bo 

3.0 

— 
— 
— 

3.0 

al chemical 
t % > -

Si 

4.5 

— 
— 

8.0 

4.5 

com 
nickel bale 
Co 

6.5 

— 
13.0 
— 

Fe 

3.5 

— 
— 
— 

position 
_ 
P Mn 

— — 

11.0 — 
10.0 — 
- 17.0 

Melting 
range of 
filler 

metals, 
°C 

970-990 

880 
890 
890 

980-1040 

Brazing 
filler 

metal 

AWS BNi-2 

AWS BNi-6 
AWS BNi-7 
Nicrobraz 

60 
AWS BNi-3 

to cracking. To overcome this, exten
sive use is made of barrier (or "but
tering") overlays of weld metal of 
carefully controlled chemical com
position on one or both base metal 
surfaces before the main welding op
eration. High preheat temperatures 
are required during" the welding oper-
aton for the ferritic base metal in 
order to avoid weld cracking; since 
the welds are often in pipe of l1/2—2 
in. wall thickness, the temperature has 
to be controlled throughout a long 
welding procedure. 

Because of the considerable thick
nesses of the components, even the 
most economical weld preparation 
necessitates many weld passes. More
over, successive weld pass layers have 
to be de-slagged, cleaned out and 
rigorously inspected before proceed
ing, so as to eliminate weld faults and 
slag corrosion problems in service 
with steam9. The success of this de
velopment program is shown by the 
fact that most, if not all, joints in 
service at present are made by weld
ing. 

This paper describes an alternative 
approach in which the suitability of 
nickel-base brazing filler metals for 
making austenitic/ ferritic steel transi
tion joints was studied. Brazing offers 
considerable economic advantage over 
the present welding processes in that 
joints may be made in a single furnace 
operation with a minimum of manual 

PRELIMINARY TESTPIECE 

labour. Brazed joints also have anoth
er advantage over welds since they 
can be given a substantial safety fac
tor obtained by using a conical joint 
design giving a joint area greater 
than the cross-section of the tubes. 
This is discussed later in the paper. 

Brazing Program 
The chemical composition and the 

room temperature tensile properties 
of the steels used in this program, 
typical of those likely to be encoun
tered in high temperature steam pipe
work, are given in Table 1. Nominal 
chemical analyses of the brazing filler 
metal powders used and their melting 
temperatures are listed in Table 2. 
These brazing filler metals are all re
ported to have good oxidation resis-
ance in the temperature range 500 to 
700° C (932-129° F ) . 

The brazing program was carried 
out in three stages as follows: 

1. Preliminary Brazing Tests. In this 
initial series of tests, the effects of 
brazing temperature and time were 
studied on the room temperature ten
sile strength and microstructure of 
joints brazed between austenitic stain
less steel and mild steel. Use was 
made of five selected brazing filler 
metals; nickel-chromium-boron-silicon, 
nickel-phosphorus, nickel-chromium-
phosphorus, nickel-silicon-manganese, 

and nickel-silicon-boron, as listed in 
Table 2. From these tests the brazing 
filler metal producing the strongest 
joints at room temperature was select
ed for further study. 

2. Properties of Brazed Joints. 
Using the brazing filler metal and bra
zing conditions selected from the pre
liminary tests, further testpieces were 
brazed to investigate other joint prop
erties, such as stability, strength, and 
oxidation resistance at 575-600° C 
(1067-1112° F) (the expected ser
vice temperature), ability to withstand 
thermal cycling between room tem
perature and 575° C and stress-
rupture values at 600° C. 

3. Brazing Large Joint Areas. The 
flow of brazing filler metal into joints 
of similar length to those likely to be 
needed in steam pipe-work was finally 
investigated. This involved studying 
the effects of furnace atmosphere pur
ity on joint filling. 

Preliminary Brazing Tests 
The testpiece used in these prelimi

nary tests is shown left in Fig. 1. It 
consisted of 5 / 8 in. diameter threaded 
studs of austenitic steel (18/8/Ti , En 
58 B) and mild steel (En 3 A) butt 
brazed together. A V 1 6 in. diameter 
axial hole in the top stud held the 
brazing filler metal powder so that 
joints were filled by gravity and the 
capillary flow resulting from the small 
temperature gradient from the center 
to the outside of the specimen. 

Brazing initially was carried out at 
selected temperatures, depending on 
the melting temperatures of the braz
ing filler metals, in the range 950, 
1000, 1050, and 1100° C (1742, 1832, 
1922, and 2030° F) for 1 hr in argon 
+ 10% hydrogen, containing less 
than 120 ppm of moisture. 

The range of samples prepared and 
their tensile fracture strengths are giv
en in Table 3. Joint strength tended to 
increase with brazing temperature to 
1100° C (2030° F) with all except 
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Fig. 1—Preliminary brazing testpiece (A) and stress-rupture 
testpieces (B) 
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the nickel-silicon-boron filler metal 
(alloy 5 ) , which severely eroded the 
steels. T h e s t r o n g e s t j o i n t s , with 
strengths of 11 to 15 tons-f/in.2, 
(22,000—30,000 psi) were brazed 
with the nickel-chromium-boron-
silicon filler metal (alloy 1). The nick
el-phosphorus (alloy 2) and nickel-
manganese-silicon (alloy 4) filler met
als gave intermediate joint strengths 
of approximately 10 tons-f/in. (20,-
000 psi).2 It was clear from the mi-
crosections of the joints that inter
alloying and diffusion between the 
braze and base metals increased with 
temperature. In all cases, however, 
with the 1 hr brazing time, angular 
phases, presumably brittle, were still 
evident along the centre line of the 
joints (Fig. 2 A a n d 2 C ) . 

It was then decided to braze further 
samples using only the nickel-
chromium-boron-silicon and the nick
el-phosphorus filler metals, for a much 
longer time (8 hr) at the maximum 
temperature 1100° C (2012° F) in 
order to increase diffusion and remove 
the brittle phases or compounds with
in the joints. The results of tensile 
tests on these samples are also in
cluded in Table 3. Joint strengths in-
creaed to 27 to 29 tons-f/in.2 (54,-
000-58,000 psi) with the nickel-
chromium-boron-silicon filler metal, 
but with the nickel-phosphorus filler 
metal there was no strength increase. 

Microsections of joints showed that 
the nickel - chromium - boron - silicon 
had diffused further into the steels; 
moreover, the angular phases origi
nally present within the joint had dis
appeared (Fig. 2B). Sections of joints 
brazed with the nickel-phosphorus al
loy at 1100° C (2012° F) for 8 hr 
showed that the brazing filler metal 
had diffused preferentially along grain 
boundaries into the stainless steel joint 
member and grain boundary films were 
present (Fig. 2D) . These contained 
micro-cracks and were presumably 
brittle. 

From these preliminary brazing 
tests, the nickel-chromium-boron-
silicon filler metal, which gave the 
highest joint strength values on room 
temperature tests, was selected for 
further investigation. 

Properties of Brazed 
Austenitic/Ferritic Steel Joints 
Tensile Tests at Room 
Temperature and 600° C 

Flat butt testpieces, as described in 
the previous section of the paper, (see 
Fig. 1) were brazed between studs of 
2 V 4 % chromium-molybdenum ferrit
ic steel and austenitic stainless steel 
(18/8/molybdenum, En 58 J) using 
the nickel-chromium-boron-silicon 
filler metal at 1100° C for 8 hr. 
Brazing was again carried out in ar-

Table 3—Preliminary Brazing Trials: Nickel-Base Filler Metals. Effect of 
Brazing Filler Metal, Temperature and Time on the Tensile Strength at 
Room Temperature of Brazed Austenitic/Ferritic Steel Studs" 

Brazing 
filler 
metal 
ref. 

1 

2 

3 

4 

5 

Melting 
range, 

°C 

970-990 

880 

890 

1010-1030 

980-1040 

950° 
C/l 
hr 

— 
— 

8.0 
6.3 
7.1 
0.6 
0.1 
0.3 
— 
— 
— 
— 
— 

" 

Tensi 

1000° 
C/l 
hr 

3.7 
6.5 
5.5 
5.1 
6.5 
5.8 
6.5 
3.3 
4.9 
— 
— 
— 
— 
— 

" 

e strength of brazed joints at 
— at° 

1050° 
C/l 
hr 

6.5 
6.5 
5.7 
6.5 
6.7 
6.7 
6.5 
3.1 
4.9 
0.1 
0.6 
0.4 
5.0 
4.3 
4.6 

C, tons-f/in.2 

1100° C/l 
hr 

12.5 
11.9 
11.4 

14.7 
13.6 
13.6 

10.6 
11.1 
10.8 
6.9 
9.1 
8.0 
8.6 

12.0 
10.3 

Excessive reac
tion between 
braze and base 
metals. 

. 
1100° 

C/8 
hr 

26.8 
28.6 
27.7 
7.4 

13.6 
10.5 
— 
— 
— 
— 
— 
— 
— 

Brazing 
filler 

rrietal 

AWS BNi-2 

AWS BNi-6 

AWS BNi-7 

Nicrobraz 60 

AWS BNi-3 

" Brazing studs—% in . B.S.F. austenitic stainless steel (18/8/Ti, En 58 B) and ferrit ic steel 
(En 3 A) ; Brazing atmosphere—Argon +10% hydrogen (moisture <120 ppm). 
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Fig. 2—Sections through austenitic steel (En 58 B) mild steel brazed joints. A and 
B (top)—nickel-chromium-boron-silicon fi l ler metal at 1100° C for 1 hr and 8 hr; 
C and D (bottom)—nickel-phosphorus filler metal at 1100° C for 1 hr and 8 hr. 
Etchant: 2% nitric acid in alcohol. A, B and C—X70; D—X250 (reduced 30% on 
reproduction) 

gon-10% hydrogen, containing less 
than 120 ppm moisture at the furnace 
exit. 

Twelve brazed testpieces were ten
sile tested at room temperature and a 

further six at 600° C. Testing was 
carried out at a strain rate of approx
imately V l a ipm. 

For the elevated temperature tests, 
samples were heated to 600° C 
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Table 4—Brazing of Austenitic/Ferritic Steel Joints with 
Nickel-Chromium-Boron-Silicon Filler Metal-

Steel combination 

234% chromium-molybdenum steel 
to 

Austenitic stainless steel (En 58 J) 

Tensile strength 
at 20° C, 

tons-f/in.2 

21.7, 22.4, 29.4 

29.8, 22.0, 28.7 
22.4, 26.8, 23.7 
25.9, 24.2, 27.8 

Mean 

25.4 

Tensile strength 
at 600° C, 
tons-f/in.2 Mean 

25.9, 27.3, 23.7 
21.4, 21.0, 19.1 

23.0 

* Tensile strength at 20° and 600° C; brazing studs—% in. B.S.F. austenitic stainless steel 
(16/8/molybdenum, En 58 J) and ZM% chromium-molybdenum ferrit ic steel; brazing condi
t ions—temperature, 1100/1125° C; t ime, 8 hr; atmosphere, argon +10% hydrogen (moisture 
<120 ppm). 

Table 5—Effect of 100 Thermal Cycles on the Tensile Strength of 
Austenitic/Ferritic Steel Brazed Joints8 

Steel combination 

2J4% chromium-molybdenum steel 
to 

Austenitic stainless steel (En 58 J) 

Tensile strength 
of joints as 

brazed at 20° C, 
tons-f/in.2 

21.7, 22.4, 29.4 

29.8,22.0, 28.7 
22.4, 26.8, 23.7 
25.9, 24.2, 27.8 

Mean 

25.4 

Tensile strength 
of joints after 

thermally 
cycling 20° C, 
575° C, 20° C, 

at 20° C, 
tons-f/in.2 

23.2, 25.6, 21.7 
24.4, 23.6, 18.4 

Mean 

22.8 

* Brazing studs— lA in. B.S.F., austenitic stainless steel (18/8/molybdenum, En 58 J) and 
1M% chromium-molybdenum ferrit ic steel; brazing conditions—brazing fi l ler metal—nickel-
chromium-boron-si l icon, temperature—1100/1125° C; time—8 hr; atmosphere—argon +10% 
hydrogen (moisture <12Q ppm); thermal cycle—20 to 575° C in approximately 20 minutes; 
575 to 20° C in approximately 25 minutes. 

Table 6—Effect of Heating at 575° C on the Room Temperature Tensile 
Strength of Brazed Austenitic/Ferritic Steel Joints • 

Time at 575° C in air, hr 

0 

2,060 
5,034 
10,134 

Tensile strength at 20° C, tons-ft/in.2 

21.7,22.4, 29.4, 29.8, 22.0, 28.7 
22.4,26.8,23.7, 25.9,24.2,27.8 
25.4,23.7, 19.4, 24.5, 23.9, 24.9 
19.8,25.0,24.7,23.8,27.9, 25.2 
19.0,25.4,24.1,23.8, 23.9, 24.5 

Mean 

25.4 

23.6 
24.4 
23.5 

* Brazing studs—Ya in . B.S.F. austenitic stainless steel (En 58 J) and ZM% chromium-
molybdenum ferrit ic steel; brazing conditions—brazing fi l ler metal—nickel-chromium-bor
on-si l icon; temperature—1100/1125° C; time—8 hr; atmosphere—argon +10% hydrogen 
(moisture, 120 ppm.) 

(1112° F) in approximately 30 min. 
with no stress applied to the joint, held 
for 30 min. for the temperature to 
stabilise at 600°C ± 10°C ( 1 1 1 2 T ± 
50°F) and then tested. Tensile frac
tures were subsequently examined 
metallographically. 

The results of these tensile tests are 
given in Table 4. Samples tested at 
room temperature failed in the stress 
range 21.7 to 29.8 tons-f/in.2 (43,-
400-59,000 psi) (mean 25.4) while 
samples tested at 600° C (1112° F) 
failed at 19.1 to 27.3 tons-f/in.2 (38,-
200-54,600 psi) (mean 23.0). Ten
sile fractures occurred partly through 
the braze and partly through the diff
usion zone in the stainless steel in all 
samples. 

Thermal Cycling Tests 

Six further standard 5/R in. diame

ter butt brazed testpieces were ther
mally cycled over the range room 
temperature to 575° C (1067° F ) to 
room temperature for 100 times. The 
cycle took approximately 45 min. Af
terwards, the samples were tensile 
tested at room temperature. 

The results of the tests are given in 
Table 5. Tensile strengths were in the 
range 18.4 to 25.6 tons-f/in.2 (36,-
800-51,200 psi) (mean 22.8) and not 
significantly lower than values for "as 
brazed" samples. 

Oxidation Tests at 575° C 

Twenty-one standard 5 / 8 in. diam 
brazed studs were heated in air at 
575° C (1067° F ) for times up to 
10,000 hr to investigate the effects of 
the treatment on the room tempera
ture tensile strength and microstruc
ture of joints. 

Fig. 3—Brazed stress-rupture type test-
pieces between austenitic and ferritic 
steels in conical joint preparation. A 
(left)—as brazed; B (right)—tensile 
tested at room temperature—ductile 
fracture in ferritic steel 

Seven studs were removed from the 
furnace after 2,000, 5,000, and 10,-
000 hr respectively. Six samples of 
each batch of seven were tensile tested 
at room temperature. The seventh 
sample was sectioned and examined 
microscopically with the electron mi
cro-probe. 

The results of tensile tests on the 
"aged" samples are given in Table 6, 
and again show only marginal differ
ences in strength when compared with 
the "as brazed" samples. 

Stress-Rupture Tests 

All tests described this far were 
carried out with flat, butt brazed joints 
so that, to a first approximation, the 
stresses in the joint were of the same 
magnitude as those in the rest of the 
testpiece. A particular advantage of a 
brazed butt joint over a welded joint, 
however, is that it can be made as a 
cone. In this way, the area of the 
braze can be made to exceed the 
cross-sectional area of the members to 
be butt-joined so that the stresses in 
the braze are reduced. 

This factor and the data from Table 
4 show that brazes have short time, 
hot tensile strengths greater than 19 
tons f/in.2) (38,000 psi). This in
formation was now used to design a 
stress rupture testpiece which should 
not fail in the braze. A cone angle of 
approximately 60 deg was selected 
giving a joint area/section ratio of 2:1 
so that the stresses in the braze were 
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well below the known stress rupture 
strength of the parent metals. A fur
ther advantage with the conical joint 
design is that the stainless steel with a 
higher thermal contraction (19 x 
I O - 6 cm/cm/° C) than the ferritic 
steel (14.5 x I O - 6 cm/cm/° C) can 
be made the outer cone member and 
hence the joint can be put under 
compressional stress on cooling from 
the brazing operation. The cone an
gle, itself, is not highly critical but the 
cone angles must match accurately. 

Testpieces as shown in Fig. IB, 
with overall dimensions 5 in. long x 
7 / 8 in. diam., and matching 60 deg 
cones, were brazed between 2 V 4 % 
chromium-molybdenum ferritic steel 
and austenitic steel (18/8/molyb-
denum, En 58 J) with the nickel-
chromium-boron-silicon filler metal at 
1100° C (2012° F) for 8 hr in argon-
10% hydrogen, as discussed previous
ly. The brazing filler metal powder 
was placed in the central longitudinal 
hole in the ferritic steel member and 
the joint gap was pre-set at room tem
perature to 0.002 in. using three equi-
spaced pieces of nickel foil. The 
brazed cylinders were then machined 
to give stress rupture testpieces as 
shown in Fig. IB, with the braze 
central with respect to the testpiece 
gauge length. Initially, three testpieces 
were tensile tested at room tempera
ture. Subsequently, stress rupture tests 
were carried out at 600° C (1112° F ) 
at stresses of 4, 6, and 8 tons-f/in.7 

(8,000, 12,000 and 16,000 psi) on the 
testpiece cross section. 

Testpieces tensile tested at room 
temperature failed by ductile fracture 
through the ferritic steel at stresses of 
28.5 to 31.8 tons-f/in.2 (57000-63,-
600 psi) (see Fig. 3). These compare 
reasonably well with 31 tons-f/in.2 

(62,000 psi), the minimum figure spe
cified for the unbrazed steel. 
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Fig. 4—Stress-rupture tests on austenitic-ferritic steel joints at 600° C 

Stress rupture results for brazed 
joints are plotted in Fig. 4. For com
parison results for welded joints and 
for the ferritic base metal (in which 
all fractures occurred) are also given. 

Stability of Brazed Joints 

Sections of joints brazed between 
the austenitic steel (18/8/molyb-
denum, En 58 J) and 2V 4 % chromi
um-molybdenum ferritic steel with the 
nickel - chromium- boron - silicon filler 
metal at 1100° C (2012° F) for 8 hr, 
were examined metallographically and 
on an electron probe micro-analyser, 
in the "as brazed" condition and after 
heating at 575° C (1067° F) for 
times of up to 10,000 hr. Tensile and 
stress rupture fractures were also ex
amined. 

Appreciable diffusion from the 
braze into both steels occurred during 
the brazing operation. This is illustrat
ed in Fig. 5. Following heating at 
575° C (1067° F) for 10,000 hr, the 

only further structural change that 
was observed microscopically was 
within the diffusion zone in the ferritic 
steel where particles tended to coarsen 
slightly. The depth of diffusion zones 
in both steels did not increase, and the 
braze was at least as resistant to ox
idation as the steels. 

Electron probe m i c r o - a n a l y s i s 
showed only slight changes in joint 
composition following prolonged 
heating at 575° C (1067° F ) . Chro
mium and silicon distributions were 
identical for the "as brazed" and 
"aged" samples but during "aging" 
nickel tended to diffuse slightly further 
into the ferritic steel (approximately 
0.004 in.). Boron and carbon in the 
low percentages present could not be 
determined, but appreciable diffusion 
would have been expected to produce 
a marked change in micro-structure, 
and this was not observed. 

Brazed testpieces with the flat, butt 
joint design, which were tensile tested 

• -

— Braze 
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Aus ten i t i c s t e e l 
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Fig. 5—Section through austenitic steel (En 58 J)—21A% chromium-molybdenum ferritic steel brazed joint with nickel-
chromium-boron-silicon brazing filler metal at 1100/1125° C for 8 hr. A (left)—general view of braze with diffusion zone in 
austenitic steel; B (right)—diffused zone in ferritic steel adjacent to braze. Etchant: 2% nitric acid in alcohol. X70 
(reduced 33% on reproduction) 
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Fig. 6—Tensile fracture at 600° C of austenitic steel (En 58 J)—2Vn% chromium-
molybdenum ferritic steel joint brazed with nickel-chromium-boron-silicon alloy 
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Fig. 7—Brazed testpieces with large joint areas; 60 deg conical joints 

at room temperature and 600° C 
(1112° F ) , failed in the diffusion zone 
in the stainless steel (see Fig. 6) at 
stresses of approximately 20 tons-
f/in.2 (40,000 psi). With the 60 deg 
conical joint design, samples tensile 
tested at room temperature and stress 

rupture tested at 600° C (1112° F) 
failed in a ductile manner through the 
ferritic steel some distance from the 
braze. No localized oxidation at the 
braze or significant structural changes 
were observed in stress rupture test-
pieces after testing. 

Brazing Large Joint Areas 
Experimental Procedure 

Tests were now carried out to de
termine the suitability of the nickel-
chromium-boron-silicon filler metal for 
brazing large joint areas. Two types of 
testpiece were used as shown in Fig. 
7. These are: 

1. Tubular testpieces—overall di
mensions 2 3 / 4 in. O.D. x l 3 / 4 in. I.D. 
x 5 in. long, with the conical joint 
approximately 1 in. long. 

2. Blocks—overall dimensions 5 1 / 4 

in. long x 2 3 / ] 6 in. dia., with a cen
tral braze reservoir and approx. 2V 4 

in. long, 60 deg conical joints. 
Joints were brazed between mild 

steel testpieces and between 2 V 4 % 
chromium-molybdenum ferritic steel 
and austenitic steels (18/8/molyb-
denum, En 58 J and AISI 316). In the 
case of the dissimilar steel joints, the 
stainless steel with the higher thermal 
contraction was made the outer joint 
member. In both designs of testpiece, 
the brazing filler metal powder was 
placed centrally with respect to the 
testpiece, i.e., in the coolest position 
so as to obtain the best capillary flow. 
The joint gaps were pre-set at room 
temperature at either 0.002/0.003 in. 
or 0.005 in. using small nickel foil 
spacers. 

All joints were brazed at 1100/ 
1125° C (2012/2057° F ) for 8 hr in 
various purity atmospheres as follows: 

1. Argon-10% hydrogen—dried to 
give a moisture content below 120 
ppm measured on the gas exit of the 
furnace. Tests carried out in a labora
tory muffle furnace. 

2. Argon-10% hydrogen with a 
moisture content of approximately 
1000 ppm. Tests carried out in a 
production "bell" furnace, approx
imately 2 ft. diam x 3 ft. high, suitable 
for brazing full-size, austenitic/ ferritic 
steel transition joints. 

3. As 2 above, but with the steel 
surfaces for brazing and the brazing 
filler metal powder protected with a 
high temperature fluoride containing 
flux paste. 

Brazing surfaces were lightly shot 
blasted to assist brazing filler metal 
flow. Samples were heated to brazing 
temperature in 4-6 hr and following 
brazing cooled to 100° C (212° F ) 
in approximately 16 hr. 

Brazed samples were examined ul-
trasonically and various samples were 
cut in order to correlate visual obser
vations with ultrasonic results. 

Finally, an actual size steam pipe
work transition testpiece (see Fig. 
7C) was brazed by the procedure 
discussed previously for use in the 
production furnace with the argon-
10% hydrogen atmosphere and flux 
paste to assist brazing filler metal flow. 
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Table 7—Brazing of Steel Blocks and Tubes-Large Joint Areas" 

Description 
of testpiece 

Mild steel (En 3 A) blocks, 
2J*f6 in. diam brazed to
gether—60 deg joint taper 
(Fig. 7B) 

Mild steel (En 3 A) and 
stainless steel A.I.S.I. 316 
blocks, 2^6 in. diam, with 
matching 60 deg cones, 
brazed together (see Fig. 
7B). Stainless steel outer 
joint member 

Tubular testpieces 
(i) Mild steel (En 3 A) 

tubes, 1% in. I.D. X 
2% in. O.D. Joint with 
60 deg taper, 

AND 
(ii) Mild steel (En 3 A) and 

stainless steel AISI 316, 
AND 

(iii) 2J4% chromium-moly
bdenum ferritic steel 
and stainless steel AISI 
316 (see Fig. 7A) 

Joint gap, 
in. 

0.002/0.003 

0.002/0.003 

Direction of 
flow of brazing 

filler metal 

Upward flow 

Upward flow 

Brazing atmosphere 
and flux 

Argon +10% hydrogen 
(moisture approx. 1000 
ppm) 

Argon +10% hydrogen 

0.005 

0.002/0.003 

0.002/0.003 

0.002/0.003 

0.005 

0.02/0.003 

0.002/0.003 

0.002/0.003 

0.002/0.003 

0.002/0.003 

(moisture less than 120 
PPm) 

Upward flow and 
downward flow 
(aided by gravity) 

Upward flow 

Upward flow 

Argon +10% hydrogen 
(moisture approx. 1000 
ppm) with fluoride-type 
flux paste on braze sur
faces and covering braze 
powder (Nicrobraz-flux) 

Argon +10% hydrogen 
(moisture approx. 1000 
ppm) 

Argon +10% hydrogen 
(moisture less than 120 
PPm) 

Upward flow 

Upward flow 

Downward flow 

Upward flow 

Downward flow 

Argon +10% hydrogen 
(moisture approx. 1000 
ppm) with flux paste 

Argon +10% hydrogen 
(moisture <120 ppm) 

Argon +10% hydrogen 
(moisture approx. 1000 
ppm) with flux paste 

Quality of joint: ultrasonic 
and/or metallographic 

examinations 

Brazing filler metal only 
partially flowed—poor joints 

Brazing filler metal ran 
through the joints and com
pletely filled them. Excellent 
brazes 

Good flow of brazing filler 
metal and joint fi l l ing. Small 
islands of porosity within 
joints 

Excellent joints brazed. 
Flux residues can be re
moved by soaking samples 
in boiling water 

Brazing filler metal only 
partially flowed—very poor 
quality joints 

Excellent brazed joints 

Excellent joint fi l l ing. 
Joints generally very sound 
but contain isolated islands 
of porosity 

Excellent joints brazed— 
only occasional very small 
void detected in the brazes. 

Very sound joints—excel
lent joint f i l l ing and some 
flow of braze fil ler metal out 
of joints 

Very good joints—only oc
casional small void with 
braze 

Very good joints—only oc
casional small void within 
braze 

Brazing condit ions: brazing fi l ler metal—nickel-chromium-boron-sil icon; temperature—1100/1125° C; time—8 hr. 

This sample was examined ultrasoni-
cally and sectioned. 

Results 

The range of test blocks and tubu
lar testpieces brazed are listed in Ta
ble 7 with the results of the ultrasonic 
and metallographic examinations. 
Typical brazed testpieces are shown in 
Figs. 8 and 9. 

Excellent joint filling was achieved 
in the higher purity argon-10% hy
drogen atmosphere (120 ppm mois
ture) but with the wetter gas (1000 

ppm) only slight brazing filler metal 
flow occurred (see Fig. 10). The flux 
paste greatly assisted flow in the in
ferior atmosphere, and excellent joint 
filling was again achieved. Good filling 
of both the 0.002/0.003 in. and 0.005 
in. nominal joint gaps was obtained, 
but with the wider gap there was a 
greater tendency for fine centre line 
shrinkage porosity to form. Very good 
correlation was obtained between the 
ultrasonic and visual examinations. 

Good joint filling was achieved in 
the full size steam pipework transi

tion testpiece (see Fig. 11). Only 
small isolated voids were detected 
within the braze and, with the large 
safety factor incorporated in the joint 
design, these should not be a problem. 

Conclusions 

From a range of nickel-base propri
etary brazing filler metals—nickel-
chromium-boron-silicon, nickel-phos
phorus, nickel-chromium-phosphorus, 
nickel-silicon-manganese and nickel-
silicon-boron—investigated for brazing 
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Fig. 8—Brazed tubular steel testpieces. A (left)—as brazed 
condition; B (right)—machined testpiece sectioned diamet
rically to show braze quality 

Fig. 9—Brazed steel blocks with conical joint preparation 

joints between austenitic stainless steel 
and ferritic steel at temperatures up 
to 1100/1125° C (2012/2057°F), the 
nickel-chromium-boron-silicon pro
duced the strongest joints. The highest 
joint strengths were obtained with this 
filler metal by brazing at 110/1125° C 
(2012/2057° F) for 8 hr when brittle 
angular compounds originally present 
in joints were removed by diffusion. 

Joints brazed between austenitic 
stainless steel (18/8/molybdenum. En 
58 J) and 2V 4 % chromium-

,-,/. 

Mmlt of : • 

, Joint filled 
jrith tra*e al loy 

Fig. 10—Furnace brazing of steel coni
cal joints with nickel-chromium-boron-
silicon alloy at 1100/1125° C for 8 hr in 
argon + 10% hydrogen. A (top)—argon 
+ 10% hydrogen with dewpoint ap
proximately — 20° C (1000 ppm mois
ture); B (bottom)—argon + 10% hydro-
den with dewpoint better than — 40° C 
(less than 120 ppm moisture) 

molybdenum ferritic steel—the steels 
most likely to be used in steam pipe
work transition pieces—using these 
optimum conditions, have been 
shown: 

1. To have short time tensile 
strengths at 20° C (68° F) and 600° 
C (1112° F ) , above 19 tons-f/in.2 

(38,000 psi). 
2. To be unaffected so far as room 

temperature tensile tests show after 
10,000 hr at 575° (1067° F) C. 

3. To be unaffected by thermal 
cycling between 20 and 575° C (68 
and 1067° F) up to 100 times. 

4. To have undergone only mar
ginal microstructural changes, as a 
result of diffusion, after 10,000 hr at 
575° C (1067°'F) 

5. To have oxidation resistance at 
least as good as the steels on heating 
at 575° C (1067° F) for 10,000 hr. 

6. To have stress rupture proper
ties, in a suitable design of conical 
joint, equal to or better than the 
weaker ferritic steel base metal. 

The brazing of full size steam pipe 
transition pieces is shown to be practi
cable. Sound joints have been brazed 
in tubular testpieces with wall thick
nesses up to l1"/2 'n., joint lengths up 
to 31 / . , in., joint lengths up to 3V2 

in. and outside diameters up to 12V2 

in. 
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