
A Method for Specifying Hot Isostatic 
Pressure Welding Parameters 

Welding pressures and temperatures can be selected 
on the basis of a few readily obtainable materials 
properties 

BY W.A. BRYANT 

A B S T R A C T . A p r o c e d u r e f o r 
graphically presenting the minimum 
pressure and temperature required 
for hot isostatic pressure welding* of 
metals and alloys is described. The 
use of one such graph for specifying 
weld parameters is demonstrated and 
is found to be reasonably accurate. 

Introduction 

Because of the number of variables 
involved in hot isostatic pressure 
(HIP) welding (Ref. 1) and the com
plexity of their interrelation, it would 
be extremely dif f icult , if not im
possible, to develop a method by 
theoretical means alone for specify
ing the minimum cond i t i ons of 
pressure and temperature required to 
effect a weld. However, an empirical 
method for accomplishing this end 
has been developed. Its use should 
permit specification of weld param
eters for any combination of metals or 
alloys for which basic physical prop
erty and thermodynamic data are 
available. 

Procedure 

Data on the effects of pressure and 
temperature on the achievement of 
sound HIP welds were gathered from 
the literature. Only those minimum 

*Hof isostatic pressure welding (HIP 
welding) is a method of diffusion welding 
as defined in AWS Terms and Definitions, 
A3.0-76, to be published early next year. 
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levels of pressure (and correspond
ing temperature) required to pro
duce welding were utilized. Because 
of the relative insignificance of t ime as 
compared to temperature in the de
formation process and in diffusion, 
this parameter was not considered. 
Pressure data were normalized with 
values of room temperature elastic 
modulus, E. Other, possibly more de
sirable, normalizing properties such 
as hot hardness, yield strength at test 
temperature, and creep data were not 
available for all the materials in
cluded. Weld temperature data were 
converted to a homologous scale. 
Where dissimilar metals or alloys 
were joined, the modulus and melting 
temperature of the weaker material 
were used in normalizing. An ex
cept ion to th is p rocedure is d is
cussed subsequently. Neither data 
based on the use of very thin ma
terials (less than 0.010 in. thickness) 
nor those associated with more than a 
few mils of deformation were included 
in the analysis. 

The data were subd iv ided into 
three classes according to the ma
terial's solubility for oxygen and the 
standard free energy of formation 
(AF°) of its most common oxide. 

Those metals (copper, tungsten, 
and molybdenum) with high AF° 
values for the formation of oxide 
( -100 kcal/mole and greater) were 
placed in the category (I) of materials 
for which the least difficulty in pre
paring HIP welds due to oxide layer 
presence would be expected. Those 
meta ls ( t i t an ium, t a n t a l u m , and 
niobium) for which AF° of the oxide is 
of an intermediate value ( - 350 to 
- 1 0 0 kcal/mole) but whose solu
bilities for oxygen are great (more 

than 1.0 atom percent) were also in
cluded in this category. 

Where both the solubility for ox
ygen and AF° is very low (less than 
0.01 atom percent and less than - 3 5 0 
kcal/mole, respectively), the metal 
was assigned to category III. Ma
terials in this category would be ex
pected to exhibit the greatest re
sistance to HIP welding due to the 
presence of an oxide f i lm. The only 
metal of those studied to fall into this 
category is aluminum. 

Those metals having intermediate 
AF° values ( i ron, ch romium, and 
beryl l ium) and in termediate so lu
bilities for oxygen (0.01 - 1.0 atom 
percent) were assigned to category II. 

Table 1 contains these data, which 
were arbitrarily taken at one-half the 
absolute melting temperature of the 

Table 1 — Classification of Metal Oxide 
Films as to Expected Influence on HIP 
Welding 

Mate
rial 

system 

Cu-0 
W - 0 
Ta-0 
Mo-0 
Nb-0 
Ti-0 
Fe-0 
C r -0 
Be-0 
AI -0 

(a) At T/TM 

(b) Ref. 3. 
(c) Assumed 

o2 
solu
bility 

At. % ( a ) 

<0.007 
- 0 
- 3 . 3 

0 (c) 

5.1 
34 

0.02 
0.1 

N.A. 
-0 .005 

ol 0.5, Ref. 2. 

AF°of 
most like •ly 
compound 

kcal /mole ( b ) 

- 28 
- 64 
- 3 2 0 
- 74 
- 3 1 5 
- 2 0 0 
- 1 4 0 
- 2 0 0 
- 1 2 5 
- 3 6 5 

value based on similarity to tun 

Class 

I 
I 
I 
I 
I 
I 
II 
II 
II 
III 

gsten. 
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MATERIAL 

OFHC Cu 
Cu (Fe) 
W 
l a 
Mo 
T Z M 
N b 
Ti 
Be 

321 Stainless (718) 
321 Stainless (Rene'41) 
321 Stainless ( T i - 8 A I - l M o - l V ) 
347 Stainless 
Armco Fe 
2219 A l (321 Stainless) 
2219 Al (T i -5AI-2.5Sn) 
7106 Al (321 Stainless) 

O 

• 

• 

REFERENCE 

5 
6 
7 

7,8 
9 ,10 

9 
9 
14 
15 
11 
11 
11 
12 
13 
11 

11 
1 1 

Normal ized Weld Temperature, T /T . . 
M 

Fig. 1 — Minimum pressure-temperature conditions required for HIP welding 

Table 2 — Welding 

Weaker 
material 

Hiperco 
4340 steel 
4340 steel 
Marage 250 steel 
HP 9-4-20 steel 
1020 steel 
1020 steel 
1020 steel 

Conditions Associated with Experimental Data 

Stronger 
material 

Inconel 718 
Inconel 718 
Inconel 718 
Inconel 718 
Inconel 718 

— 
— 
— 

Weld 
pressure, 

psi 

29,000 
29.000 
29,000 
27,000 
28.900 

5 
5 
5 

Normal
ized 
weld 

pressure 

0.84 
0.97 
0.97 
1.0 
1.0 
- 0 
- 0 
- 0 

Weld 
temp.. 

(a) p 

1730 
1730 
1270 
1600 
1750 
2190 
1995 
1765 

Homol
ogous 
temp.. 
T / T M 

0.70 
0.69 
0.54 
0.67 
0.74 
0.82 
0.77 
0.70 

Ref. 

— 
— 
— 
— 
4 
4 
4 

(a) (n/E) X 10' 

material. If in a dissimilar materials' 
pair one of the materials, because of 
its more stable oxide fi lm, placed it in 
a less easily welded category (higher 
numbered classification), the choice 
of welding parameters using this em
pirical study would be based on this 
material even if it were not the weaker 
of the pair. 

For each assigned class of metal 
oxide film a plot of the minimum pres
sure and temperature required to 
effect welding was constructed. The 
usefulness of these plots was demon
strated by comparing the weldability 
predicted by one of them with ex
perimentally determined weldability 

data f rom materials of the same class 
which were welded using parameters 
selected with the aid of the appro
priate plot. 

The materials' pairs and welding 
parameters used to obtain the experi
mental data are given in Table 2. Be
cause of equipment limitations, which 
prevented the employment of a wider 
range of parameters, the recent data 
of Moore and Holko (Ref. 4) on the 
HIP welding of grade 1020 steel were 
counted among the exper imenta l 
data. The same general procedures of 
c leaning, canning, and autoclave 
welding as described previously (Ref. 
1), were employed. In all cases, weld 

times were limited to a few hours. 
Bend testing was used to determine 
weld strength. 

Results 

Plots of normalized minimum pres
sure and temperature required to 
achieve welding are shown in Fig. 1 
for a number of materials combina
tions which had been classified ac
cording to the stability of their oxide 
fi lm. In each case of a dissimilar com
bination, that metal or alloy for which 
the physical and thermodynamic 
properties apply, is listed first. To 
assure a sound weld, it is necessary 
only to specify pressure-temperature 
combinations which lie somewhat to 
the right of the appropriate curve. For 
example, once the combination of 
18% nickel maraging steel with Rene 
41 has been judged to belong to class 
II, it is readily determined that welding 
would be accomplished at 870 C with 
a pressure of 30,000 psi or at 1050 C 
with a pressure of 15,000 psi. Ob
viously many other successful com
binations of these parameters are 
possible. 

To demonstrate the reliability of 
this method for specifying welding 
parameters, the plotted line of Fig. 1 
for class II materials is redrawn in Fig. 
2 where it can be compared to the re
cent experimental data for a number 
of steels (Table 2). In Fig. 2 the open 
symbols represent failure to achieve 
welding while the solid symbols de
note successful welding (taken to 
m e a n t h e p o s s e s s i o n of j o i n t 
strengths approaching those of the 
base metal). Since all open symbols 
lie to the left of the curve and the solid 
symbols are to the right of it, there ap
pears to be considerable justification 
for considering this empirical meth
od to be reliable for specifying HIP 
weld parameters, at least for iron and 
iron base alloys. 

Summary 

HIP welding parameters for joining 
any combination of metals and alloys 
can be specified with a reasonable 
degree of confidence using the ap
proach described. It is only neces
sary that several materials properties 
be known. Those properties include 
the room temperature modulus of 
elasticity, melting temperature, ox
ygen solubility at a homologous tem
perature of 0.5 and the standard free 
energy of formation of the most stable 
oxide fo rmed at this same t em
perature. 
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MATERIAL REFERENCE 

Hiperco (Inco 718) 16 

4340 Steel (IVico 718) 16 

Moroge 250 (Inco 718) -

HP 9-4-20 (Inco 718) -

1020 Steel (1020 steel) 4 

-

-

1 

0.5 

Normalized Weld Temperature, T /T . 

1.0 

Fig. 2 — Comparison of predicted and actual HIP welding of class II materials (open sym
bols denote lack of welding) 

Minimum Requirements for 
Training of Welders 

AWS E3.1-75 
This document will guide those wishing to establish or evaluate 

vocational, technical, or industrial welder training programs, whether in 
public, private, or industrial schools. Such training must be of the quality 
and quantity required by the welding industry; otherwise the trainees 
will be unemployable. 

The document gives minimum requirements for instruction in five 
major welding processes and one cutting process: 

Shielded Metal Arc Welding 
Gas Tungsten Arc Welding 
Flux Cored Arc Welding 
Oxyacetylene Welding (and Oxyfuel Gas Welding) 
Oxygen Cutting. 

School boards, administrators, welding instructors, parents, em
ployers should measure the quality and quantity of instruction in their ed
ucational system with this document. 

The list price of Minimum Requirements for the Training of Welders 
is $2.00. Discounts: 25% to A and B members; 20% to bookstores, public li
braries and schools; 15% to C and D members. Add 4% sales tax in 
Florida. Send your orders to American Welding Society, 2501 N.W. 7th 
Street, Miami, Florida 33125. 
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