
and chemical industries, the welding 
products developed for the alloy show 
a potential for a wide variety of appli
cations which demand hgh strength 
and toughness at temperatures from 
the cryogenic range to 2000° F. 
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• Sterenborgen, Yu. A. et al.: Kinet
ics of the formation of chemical 
heterogeneity in the heat-affected 
zone.—The causes of the formation 
of chemical heterogeneity in the HAZ 
are discussed. The kinetics of the 
process was studied with the aid of a 
mathematical model and a digital 
computer. It was found that the con
tent of this heterogeneity is greatly 
affected by boundary migrations dur
ing the grain growth in the HAZ 
(6-10). 
• Pokhodnya, I. K. and Yavdoshchin, 
I.R.: Porosity in welds obtained with 
rutile-coated electrodes.—The effect 
of the calcination temperature of the 
electrodes and of the current level on 
weld porosity was investigated. It was 
found that the porosity is caused 
mainly by hydrogen and that it can be 
prevented by increasing the partial 
pressure of hydrogen in the arc atmos
phere by the addition of suitable 
minerals to the coating (mica, kaolin, 
talc) for the purpose of intensifying 
hydrogen adsorption and release 
(11-14). 
• Medovar, B. I. and Pavliichuk, G. 
A.: Effect of boron in the properties 
and weldability of nickel base alloys. 
—It has been established that the ad
dition of 0.3-0.5% B increases in 
cracking resistance. A welding proce
dure for B-containing stainless nickel 
alloys has been developed, using a Ni-
Cr-Mo electrode with 0.6% B (15-
18). 
• Rabkin, D. M. et al.: Growth 
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mechanisms of the interlayers in 
aluminum-copper b i m e t a l . — T h e 
mechanisms of the growth of interlay
ers in the bimetal upon heating have 
been uncovered by ordinary and by 
color metallography. The energies of 
activation have been calculated and 
the diffusion coefficients have also 
been determined (19-23). 
• Mandel'berg, S. L. et al.; Magne-
tohydrodynamic phenomena in twin 
arc welding and how to utilize them.— 
The problems of interaction of the 
intrinsic electromagnetic fields and the 
technological features of different 
twin arc welding methods are dis
cussed. It is shown that with the most 
effective method, using a-c, the bead 
formation is determined largely by the 
action of the self-generated magnetic 
field on the pool of liquid weld metal 
(24-28). 
• Makara, A. M. and Nazarchuk, A. 
T.: How to increase the impact 
strength of diffusion-welded joints.— 
The impact strength, orientation and 
appearance of fracture of diffusion-
welded joints in structural alloy steels 
obtained under widely varying welding 
conditions were determined. The 
causes of the lowering if the impact 
strength were established and recom
mendations are presented on how to 
raise the impact strength to the level 
of the base metal (29-34). 
• Kalenski, V. K. and Frumin, I. I.: 
Determination of residual stresses in 
hardfaced valves and selection of 
heat-treating conditions.—The tan
gential tensile stresses responsible for 
the formation of radial cracks in type 
Kh25N40V6 hardfacing metal were 
determined by measuring the outside 
diameter of the valve and of the ring 
of hardfacing metal which was re

moved from the valve by electro-
machining. Minimum stress and ac
ceptable hardness of the HAZ is ob
tained after a two-stage furnace tem
pering at 740° C of the hardfaced 
valve made of El 992 steel (35-38). 
• Kazimorov, A. A. et al.: Analytical 
description of the process of forma
tion of longitudinal weld deformations 
and stresses.—The initial period in the 
formation of plastic deformations and 
stresses in the plate during the welding 
of a cylinder along the longitudinal 
seam has been examined. An approx
imation method of estimating the lon
gitudinal weld deformations and 
stresses is presented (39-44). 
• Chvertko, A. I. et al.: Study of 
electrode wire feed systems with flex
ible guide channels.—An efficient de
sign of the flexible guide of wire feed 
hoses in automatic and semiautomatic 
welding is described. The authors 
studied the effect of channel configur
ation, type of drive rolls and kind of 
wire used. It was found that molyb
denum disulfide greatly reduced wire 
friction (45-50). 

Other articles of interest: 

• Nazarenko, O. K. et al.: A new 
13.5 kw electron beam welder 
(51-55). 
• Garashchuk, V. P. et al.: Laser 
welding of electric record player 
panels (59-60). 
• Raevskii, G. V. et al.: Welded tires 
for rotary furnaces (61-63). 
• Belov, Yu, M.: Effect of operating 
variables on composition of weld de
posit in automatic submerged-arc 
hardfacing with strip electrodes and 
FR-45 flux (64-68). 

{Continued on page 40-s) 

32-s | J A N U A R Y 1970 



further cannot be easily admitted that 
We should have some important chro
mium depleted zones around the sig
ma pools. As already mentioned, the 
transformation rate appears to be too 
high. 

By lowering the heat treatment 
temperature in order to decrease the 
transformation rate, it would of 
course be possible to have long dis
tance diffusion, but this would also 
result in an homogenization of the 
austenite around the sigma phase 
pools. This means that we have not, in 
fact, a valid method to prove the 
existence of very small chromium-
depleted zones. 

Conclusions 

1. At 850° C the transformation of 
ferrite to sigma phase occurs very 
rapidly in the alloys studied. Taking in 
account both the slow cooling rates 
during strip welding and the fact that 
the ferrite pools have smaller dimen
sions in a weld metal than in the cast 
or forged steels, it is possible to justify 
the presence of sigma phase in as 
deposited weld metal. In order to 
avoid this type of transformation 
which is detrimental for the corrosion 
resistance of the alloys, the welding 
consumables must be specially de
signed. 

2. The rapid transformation of fer
rite to a sigma phase in these low 

ferrite alloys is characterized by the 
following particularities: 

(a) The transformation occurs 
without long distance diffusion. 

(b) It starts at the ferrite-austenite 
interfaces and progresses very rapidly. 
The ferrite pools which are first trans
formed are those where the Mo con
tent is believed to be the highest. 

(c) The so called "sigma-phase" is 
in fact a mixture of very finely dis
persed sigma and gamma particles. 
This means that the specific contact 
surface between sigma and gamma 
particles is very high. 

(d) The composition of this mix
ture proved to be the same as that of 
the original ferrite. 

(e) In the present case it is not 
believed that carbide precipitation in
terferes with the sigma transforma
tion. 

(b) It has not been possible to find 
chromium depleted zones around the 
sigma phase pools. If such zones exist, 
they must be of very small dimen
sions. 

3. The sigma-gamma mixture which 
is formed in the sites of the original 
ferrite proved to be very corrosion 
sensitive. All the etchants are likely to 
produce very pronounced corrosion 
effects on those areas. As a result, the 
higher corrosion rates observed on 
sigmatised 316L low ferrite alloys can 
be explained on ground of the follow

ing mechanism: 
(a) The corrosion does not seem to 

occur as a result of electrochemical 
potential differences between the sig
ma pools on one hand and the auste
nitic matrix or a chromium depleted 
austenite around the sigma pools on 
the other hand. 

(b) The corrosion seems to occur 
as a result of electrochemical poten
tial differences between the sigma and 
the gamma particles in the trans
formed areas. The higher the trans
formation rate of ferrite to sigma, the 
finer the sigma and gamma particles, 
the higher the specific surfaces of 
these particles and the higher the cor
rosion rate of the alloy. 
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