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' p-ocess is a transition zone which may be further dim ia
er.tiated into a number of subzones; d -- is the zone of
the construction material in the state in which it was
received. SJuch a distribution of the structures is the
main cause of the low resistance to corrosion of a welded
joint. This is especially true of the transition zone b
rand c, and of the lone a, since they include a large amoun~t

of anodic components.
The increas0 of corrosion resistance of & welded

joint by means of a Othermal treatbtnt riust be achieved by
ar. elimination of *iectrochemical segregation into zones,
produced as a resu4t of welding.

One of the Orocedures for increa.4ing the corrosion
resistance of welded joints Is a thermal treatments harder.-
Ing and stabilizing annealing L4.,95. howeaver, the recoeL-
mended methods of heating are superficialt require the use
of cumbersome equipment and do not always yield the neces-
sary results. Thus the thermal treatment by surface Ivatng,
used by Medovar anQ Langer [1,3), when appAied to welded
.:oints of M1JlS9 stoel, resualtd in no increase of cor-
rosS.ca resiJta•ee, in corresion tests of the treated speci-
ms Vi bqing 6f Mtric a.A, A the, rate of or-
roston vas foun to te &vn highe In sm inAivtual
instane'.

The corrosion rvsistance of welded structmies can
be enhanced by hardening utilizing the induction method of
heating. This method had been studied by a number of
authors [(.-8]3 and was used by us to inoreasiý corrosion
resistance of chromium-nickel uust~nite steels. The In-
duction method of thermal treatment ensures a high rate
of heating,, makes it possible to control Uw depth of
'heat penetration to increase the rate of dissolution of
carbides by utilizing high temperatures, and to achieve
substantial rates of phase transitions. An important
advantage of the induction method of heating is the possi-
bility of Its use for the thermal treatment of structures
of any configuration and size.

E xperimental Part

In the present work a study was made of the effect
of a hardening of welded Joints of chromium-nickel 1Khl8N9T
saustenite steel by ind=ction heating with high frequency
current. The welding of the specimens was effected by trie
electric arc method using SvOOKhl8N9T electrodes and BIF-l
sheathing. The resultant welded Joints were then subjected
to thermal treatment with high frequency current (30 000-
4C coo cps) in a GLZ.10 unit, at temperatures from 8ý0 to
1l3600 for 0.5-1 second. J
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iihwell defined boundaiies *(zone 0), and the next acne
of austenite (zone d)6

Fig, 3 Change In hardness of metal, depending on the
distance from welded seas and temparature of hardening.

0sated seaa; 2 -- 85001 3 -- 100001 4- 11000;
!,hrde no';U--d sta fteft stam, WM;

r 'ones

The non-.uniform distribution at structure cftponents
is contiwm-d by Fige3t which characterized change in the
Vickners hardness depending on distance from the wided
seas, Induction heating with subsequent hardening alters
the nature of distribution of hardness-and structural com-
ponents. The specimens show a general trend toward an
equalisation of hardness. On heating at 8500 a general
increase of hardness is observed, which apparently may be
attributed to separation of excess phases., leating at
1000 1100 and 13000C re-sultin a general equalization
and Aecrease of the hardness, which is due to austenit-
ization of the structure.

The high rate of induction heating, tho proximity
effect (i.e., heating of the metal only near the inductor),
as well as accurate control of the temperature of heating,
result in a sharp narrowing of the dangerous temperature
zones and cause a uniform distribution of structural com-
ponents which affect the increase of corrosion resistance.

IThe character of distribution of structural components can,
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r seen In Fig.,.,

Fig. 4 Structure of the metal near the welded
seam after hardening following induction heating
at 1100lC.

Fig. h. Rate of corrosion of welded joint in
boiling (%, IIN0 3 depending on temperature of
hardening.

1 .- untreated sam; 2 850a; 3 -- 10000;
-- 13000; 5 -- 1100.

I -- rate of corrosion, g/mO hour; II -- tim*. in
hours.



The corrosion tests were conducted in boiling 654,;7
HNO 3 for i'f 1 hours. During the period of testing of eOch
sbecimen the solution was not renewed. CManoe in corrosion
rate, denending on time and 'heating temperaturt before the
haIrden ing, is shown, in Vig.5, The rate of corrU31cn of ZtUid
subjected to a thermal treatawntat 1100l is . timew. lower
than that of the upweattd stoe.* The corncurrently recorded
electrode potentia1%. (see FiS.6*) corr spond to the nature
of the corrosion behavior. A fr the tests dettrminationo
were me-de of the occurrence at interorystallite cerrosicn
,hich was detected only In a seam not subjected to therm-i

trtatment after welding (s Pig.?).

Fife f. Chl-nfe of electrode potential of a w&,J4aed
ft4nt in boiling (%; 3;j le pending on temperature
of hardening,

1 untreated stamt 2-- 8Uo; 3 -- 10000;
I1+ oo 13000; -.

T-- tire in hours.

The effect of thermal treatsmnt and the corrosion
behavior of the secir.ens in boiling (% MNO are confirmd
by quantitative determinations of the 6ontent of iron,
chromium and nickel in solution. Specimmns not subjected
to a thermal treatment show a maximal dissolution of iron.
A minimal dissolution of Iron was shown by specimens which
were hardened at 1000 and 11000.b The content of iron,



FMromium, and nickel was determined colorimetrical2.1y i r

ar. PM-5(. Photocoicrimeter (s(* Ta~ble).

Pig, 7. Tntercrygta~lltic corrosion in bollirg (5*..
ET103 of a wq-ldvcd 3oilnt not subject~d to a l.-erm~).
trceitri~ent *

Change in the Content of Iron, Chromium and Nickeol in tLe
6olution, as a fthctior of tbe Temperature of L-aricnirng on
Inluction lifating witl! higl! Frenucncy Current.

T ~ u m i~ C iwur a w w 't 5~~e x y'I uv m "im . 6c (A fI 'S A 0 :

I 1Fj

1 -ternerature of hurdRri~ng, OC; 2 cont4Irit in solution
1 jin ~we~ighloss of specimen); 3 -iron;~-,, chrcniit~J

nickel; untr* 4ted.
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F onclusions

1. The method of hardening utilizing the procedure
of induction heating with high frequency current makes it
possible to increase the corrosion resistance of welded
Joints of lKhl8N9T stainless steel by several times in
comparison with those not sublected to the thermal treatment.

2. Thermal treatment of weided Joints with high-
frequency current permits to eliminate intercrystallite
corrosion in the welded Joint; at the same time it brings
about an equalization of structure qnd hardness within the
zones adjacent to the welded sram.

3. By utilizing uncomplicatid devices, this method
of enhancing corrosion resistance, can be employed at the
chemical machinery building plants where welding is used
to manufacture items made of chromium-nickel austenite
steels.

BIBLIOGRAIPHY

1. B. I. Medovar and N. A. Langer. Avtoma. . varka LAuto-
matic Welding], No 49 30 .(1951).

2. B. I. Medovar and N. A. Langer. Avtomat. Svarka, No 5,
37 (1951).

3. B. I. Medovar and N. A. Langer. Avtomat. Syarka, No 451+ (1952).
.+. N Teeria Ko:rrzli r Zashchit Metal ov

[Theory of Corrosion and Proteotion of Metals Aca emy
of Sciences USSR Publishing house, Moscow 19 9.
G. V. Akimov. Osnovy Ucheniya o Korrozii I Zashchite
Metallov [Fundamentals of the udy of Corrosion an
Protection of Metals], Metallurgizdat Moscow f19L6.

6. I. N. Kidin. Termicheskaya Obrabotka Stali Dril Induk-
tsionnom Na~reve [Thermal Treatment of Steel with
Tnduction heating], Metallurgizdat, Moscow 1950.7. V. F. Voiogaln• roverk ubtriya Zakalk Induk;It 1o -
Metodm tburface Hardening by the Induction Method],
Metallurgizdat, Moscow-Leningrad 193C.

8. V. A. Suprunov and V., N. Kisel'nikov. Tzv. VUZ SS§R=
i.1miva i Qim. Tekh ologivga [Comminications of the

Higher Educational Establishments of the USSR, Chemistry
and Chemical Technology], 3, 94-7 (1960).

From the Department tf Technology of Metals, Processes and
Apparatus Ivanovo Institute of Chemical Technology (Ivanov-.
skiy IQiimlko-Tekhnologicheskiy Institut).

Received for publication 27 July 1960.

-END - I-


