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FOREWORD

This publication was prepared under contract for
the Joint Publications Research Service, an organization
established to service the translation and foreign~language
research needs of the various federal government depart= -
ments,

The contents of this material in no way represent
the policies, views, or attitudes of the U, S. Government,
or of the parties to any distribution arrnngemente.
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Scientific and technical reports may be obtained froms
Sales and Distribution Section, Office of Technical Services,
Washington 25, D, C. These reports and their prices are listed
in the Office of Technical Services semimonthly publication,
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Superintendenc of Locuments, U. S. Government Printing Office,
Washington 25, D. C.

Photocopies of any JPRS report are available (price upon
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Washington 25, D, C.




-G-rocess ~= 18 2 transition zone which may be further diffe?:l.
ertiated into a numver of subzonesy d -- is the zone of
tre construction material in the state in which it was
received, Such a distribution of the structures is the
mein cause of the low resistance to corrosion of a welded
joint. This is especially true of the transition zone b
erd ¢, and of the gone a, since they intlude a lurge amownt
of ancdic components., '

The increasé of corrosion resistunce of 2 welded
joint by means of a thermal treatment must be auchieved by
er elimination of electrochemicdl segregation into zones,
produced as a result of welding, .

One aof tle procedures for increasing thre corrosion
resistance of welded joints is a thermal treatment: harden-
irg and stabilizing annealing {L4,5]. However, the recom-
menéed methods of heuting are superficial, require the use
of cumbersome equipment and do not alwuys yleld the neces-
sary results, Thus, the thermal treatment by surface Ieating,
used by Medovar and Langer (1,3], vhen applied to welded
foints of 1XKR18NYT steel, resulted in no increase of cor-
rosion resistanee, in corresicn tests of the treated speci-
mns with bguinc 6% nitric acid, and the rate of cor-
rosion wvas found to Be even higher in some individual
instances. . .

) The corrosion re¢sistance of welded structures can

be enhanced by hardening utilizing the induction metliod of
reating., This method had been studled by a number of |
auvthors [€-8], and was used by us to increase corrosion

resistance of chromium-nickel austenite steels, The in- .
duction method of thermal treatment ensures a high rate '
of heating, makes it possible to control the depth of

heat penetration, to increase the rate of dissolution of

carbides by utilizing high temperatures, and tec uchieve

suhstantial rates of vhase transitions., sn 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,

Exnerimental Fart

In the rresent work & study was made of tre effect
of a hardening of welded joints of chromium-nickel 1Khl8N¢T
austenite steel by induction heating with high frequenc
current., The welding of the specimens was effected by t{e
electric arc method, using SvOOKh18NST electrodes and BKF-1
sheathing. The resuitant welded Joints were then subjected

" tc thermal treatment with high frequency current (30,000-
4LC,000 eps) in a GLZ-10 unit, at temperztures from 850 to
| 1360° for 0.5-1 second.




r;zth well defined boundaries (zcne c), snd the next zono'-1

of austenite (zone 4),

Pig. 3 Change in hardness of metal, depending on the
distance from welded scam and temparature of hardening.

1~ W reated seam; 2 -- 8509 3 -~ 1000°§ 4 -~ 1100°;
- Hy hardneeas,; kg/mm?; II .- distance from scum, mm;
III --"zones, . .

't

The non-uniform distribution of structure cemponents
is confirmed by Pig.3, wvhich characterized change in the
Vickers hardness depending on distance from the welded
seam, 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 850° a general
increase of hardness is observed, which apparently may be
attributed to separation of excess phases, Heating at
1000, 1100 and 1300°C resultsin a general equalization
and decrease of the hardness, vhich is duve to austenit.
ization of the structure. : :

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

lThe character of distribution of structural components caE_J




r; seen in Fig.k, —|

- Pig. 4 Structure of the metal near the welded

seam after hardening following induction hezuting
at 1100°C.
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Fig. 5. Rate of corrosion of welded joint in

boiling €5~ ENO; depending en temperature of
hardening

1l -- un"reated 8¢ ams 2 -- 850°3 3 -- 1000°;
4 -- 1300°; 5 -- 1100°,

I -~ rate of corro.»ion, g/m? houry II -- time in

|_ hours, . __l




_ The corrosion tests were canducted in boiling 65%-1
HNO; for 1l€L hours, During the period of testing of euch
svecimen the solution was not renewed, Chango in corrosion
rete, denending on time and heating temperature Lefore the
hardening, is shown in Fig.5. The rate of corrusicn of steel
subjected to a thermul treatment at 1100° 1s L times lower
tran that of the iumtrented steel. The concurrently recorded
electrode potentials (see Fi,es corre spond to the nature
of the corrosion behavior. After the tests, determinations
wvere mede of the occurrence of 1ntercrystai11te cerrosicn
which wes detected only in a seam not subjected to thermui
treatment after welding (see Pig.7).

- 1T

‘ Fif. €. Ch&nge of electrode potential of & welded
doint in boiling €5+ HNO; derending on temperature
of hardenling. ‘ .

l -~ untreuted seamy & - 850°; 3 Q- 10C0°
L -~ 1300°3.5 <= 1100°, :

7 «= timre in hours,

. The effect of thermael treatment and the ¢orrosion
behavior of the specimens in bolling €5% HNO; ure confirmed
by quantitative determinations of the content of ironm,
chromium and nickel in solution. Specimens 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 1100°. The content of iron, __J




r:iromium, and nickel was deteimined colorimetrlcally in ’?]
an FM-5¢ photocolcrimeter (see Tuble),

Plg. 7. Intererystallitic corrosion in boiling €é5%.
HMNOy of a welded Jolnt not subjectcd to a thermul
treatment.

. :
Criange in the Content of Iron, Chromium and Nickel in the
Solution, a8 a FPunction of the Temperasture of Kariening on
Induction Heating with Higl Frequency Current.
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'rzgnclusions . -_}

1. The method of hardening utilizing the procedure
of induction heating with high frequency current makes it
possible to increase the corrogicn resistance of welded
joints of 1Kh18N9T stainless steel by several times in
comparison with those not subjected to the thermal treatment.

2. Thermal treatment of welded joints with high-
frequency current permits to eliminate intercrystallite
corrosion in the welded joint; at the same time it brings
about an equalizatlon of atructure agnd hardness within the
zones adjacent to the welded seam, -

3. By utillizing uncomplicatéd devices, this method
of enhancing ‘corrosion resistance, can be employed at the
chemical machinery building plants vwhere welding 1is used
to manufacture items made of chromium-nickel austenite

steels.
BIBLIOGRAPHY

l. B. I, Medovar and N. A, Langer. Avtomat. Svarka'[Auto-
matic Weldingl, No 4, 30 (1951). .
2. B, I. Medovar and N. A. Langer. Aytomat, Svarka, No §,

37 (1951).
3. B. I. Medovar and N, A, Langer., Avtomat. Svuarka, No L,

L9 (1992).

4, N, D, Tomashov. Te a Korro Zashchity Metallov
[Theory of Corrosion and Protection of Metals ], Academy
of Sciences USSR Publishing House, Moscow, 1656,

5. G. V. Akimov. Osnovy Ucheriya o Korrozii 1 Zasnchite
Metallov [Fundamenta’s of Eﬁ Study of Corrosion and
ProtectIon of Metals], Metallurgizdat, Moscow , 19L€.

€. I. N. Kidin. Termicheskaya Obrabotka Stali pri Induk-
tsionnom Nagréve |lhermal Treatment of Steel with
Tnduction Heating], Mbtallurgizd;t Moscng 1550,

Jv ey Tadi

7. V. Pe Volrogain,
[Surface Hardening by the R
Metallurgizdat, Moscow-Leningrad,.1%3S.
8., V. 4. buprunov and V, N Kisel'nikov.
Te [Comminications of the

it}
liigher Educational Lstabli shments of the USSR, Chemistry
and Chemical Technologyl, 3, 947 (1G€0),

From the Department &{ Technology of Metals, Processes and
Apparatus, Ivanove Institute of Chemical Technology (Ivanov-.
skiy Khimiko-T@khnologicheskiy Institut).

Received for publication 27 July 19€0,

- - _

1159
TTS0: 7L22-N



