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Abstract. For the manufacture of parts and assemblies of the turbopump unit of details of power
equipment, welded joints with corrosion resistant steels and heat-resistant alloys are used, requiring
various modes heat treatment to achieve the required level of mechanical properties. In the
manufacture of parts and assemblies of details of power equipment at the machine-building
enterprises of Ukraine, it became necessary to replace semi-finished products. It is necessary to
replace sheet products from high-alloy alloys XH67MBTFO and 06X15H6MB®FE with one alloy with a
high complex of physical and mechanical characteristics. In the work, as a replacement for the
applied heat-resistant alloys, Inconel 718 alloy welded to 316L steel. Samples of welded joints,
processed according to the recommended mode, showed increased corrosion resistance.

Keywords: heat resistant alloy, corrosion resistance, intergranular corrosion, welding, structure,

soldering.

Introduction

The main operational properties of
turbopump engine parts and units (TPA) are
heat resistance, long-term durability and
corrosion resistance [1-3]. These requirements
are achieved by selection of materials,
technology of their production and subsequent
processing. Thermal influences during welding
and heat treatment affect the alloy structure and
change performance properties. Therefore, the
effect of thermal influences on the corrosion
resistance of welded joints of the main
combinations of materials used in the missile
carrier manufacture was studied during the
work. Since most parts and assemblies of TPA
are soldered and welded in different sequences,
the soldering of heat-resistant alloy using band
solder after corrosion-resistant steel welding
was considered. This work was carried out to
study various thermal influences of the
soldering process on a welded joint to simulate
the conditions for manufacturing real
assemblies.

Problem overview
Corrosion is a spontaneous redox process of
destruction of metals and alloys due to interaction
with the environment. When multicomponent
alloys come into contact with an electrolyte
(which can be water adsorbed from air), many

micro-galvanic pairs appear on the metal surface.
In these pairs, atoms of a more active metal
(usually Fe) play the role of an anode, and atoms
of a less active metal play the role of a cathode. At
the cathode, there is a reduction process of O
molecules in neutral and alkaline mediums, or of
H+ ions in an acidic medium [5; 6; 8; 9].

Iron oxides Fe,Os form a loose film does not
prevent the penetration of air oxygen and
corrosion. Corrosion resistance of steels is
achieved by alloying steels with chromium or
chromium and nickel [4]. Corrosion-resistant
steels can be classified by structural class as
ferritic, pearlitic, martensitic and austenitic —
depending on the structure after heating the steels
in the austenite field and cooling in air [9-13].

The most widely wused steels are
nickelchromium  steels of 12X18H9 and
12X18H9T grades. The structure of these steels
is austenitic, both at room temperature and upon
heating, i.e. they do not undergo polymorphic
transformation. Products made of these steels are
subjected to heat treatment, but not for the
purpose of hardening (this is impossible, since
recrystallization does not occur with a change in
temperature), but to increase corrosion resistance
due to the chromium enrichment of solid solution
[14]. Presence of carbon means that chromium
carbides are present in the structure of the
annealed steel, which means that not all
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chromium is in solid solution. Quench hardening
at a ~1000°C temperature allows to dissolve the
chromium carbides in austenite and to prevent
their precipitation during quenching.

The purpose and objectives of the research
The purpose of the work is to study heat
treatment for corrosion resistance of parts of
power equipment made of heat-resistant
materials:

1 obtain samples from powder materials;

2 determine the chemical composition of the
investigated alloys;

3 to conduct comparative studies of selected
alloys at different sealing temperatures.

Materials and methods
The Inconel 718 heat-resistant austenitic
alloy of the Fe-Cr-Ni system and the
12X18H10T and SLS 316L corrosion-resistant
steels were selected as the materials for the

study. Inconel 718 alloy is a heat-resistant
nickel alloy of the Fe-Cr-Ni system and is used
in details of power equipment for the
manufacture of details of power equipment
combustion  chamber  jackets, parts of
turbopump assemblies and other critical duty
products [8-12]. The alloy is used in the
temperature range from -252.,8 °C to +704,4
°C, and is stable in chemically active gaseous
environments at the temperature of up to +980
°C [7]. 316L steel is austenitic structural
cryogenic steel. This steel is resistant to
corrosion in aggressive environments, as well
as to most external influences, it has the ability
to maintain the structure integrity during an
increase or decrease of temperature [11]. The
studied samples of 316L steel were obtained
using powder raw materials and additive
technology [10]. The studied materials and
chemical composition are given in Table 1.

Table 1 — The chemical composition of the investigated alloys

Alloy |Semifabrica Chemical composition, %

ted product,

mm C Mn Si S P Cr Ni Ti | Mo | W \Y Al | Cu | Fe
Inconel [Sheet 3,17 [0,03| 0,08 | 0,08 |0,0001| 0,008 |18,24| 53,53 |0,97| 2,99 | - B- [0,51(0,07 17,9
718 0,002

Filler wire|0,04| 0,06 | 0,07 | 0,001 | 0,008 |18,75| 53,44|0,98| 2,88 | - B- |058(0,11(17,8

1,6 0,004

12X18H1|Sheet 3,0 [0,05( 0,57 | 0,59 | 0,002 | 0,029 |17,58| 9,05 | 0,30 0,10 | 0,023 | 0,029 0,22 |Basis
0T

316L |[Sheet3,0 [0,03] 2,0 | 1,0 | 0,003 | 0,045 | 16,0 | 14,05 | 0,50 | 3,10 | 0,023 Basis
Tests and studies were performed on the Discussion

equipment of a machine-building enterprise.
The ICC tests were carried out using the “AM”
method in accordance with GOST 6032-89
[7-10]: the welded samples were boiled for 24
hours in a sulfuric acid solution with the
addition of copper sulfate and copper chips,
then the samples were bent by 90 degrees. The
bending point was controlled by visual
inspection and metallographic method using
MBC and Neophot-2 microscopes with
magnification up to 200 times. 5x10 mm
samples for the manufacture of metallographic
specimens were cut from the bending sections.
Heat treatment was carried out in a CII-1300
heattreatment silit furnace, I'70HX soldering
was simulated in accordance with soldering
conditions and a standard process, welding was
performed with a CAHE-2M welding machine.

Weld preparation. Before welding, each
workpiece underwent geometry control, magnet
check and visual inspection for the presence of
oxide scabs and nicks. In accordance with OST
92-1152-75, before welding, each weld edge
was cleaned of oxide films formed during heat
treatment and degreased with a petroleum
solvent.

Welding process. Welded assemblies were
welded by manual argon-arc welding in
accordance with the recommendations of the
Nicrofer manufacturer: 1 = 140A, argon
consumption: 15 I/min for protection, 5 I/min for
blowing. During shielded arc welding, grade 1
argon was used (volume fraction of argon —
99,90 %, oxygen — 0,005 %, nitrogen — 0,10 %,
water vapor at 760 mm Hg — 0,03 g/m3).
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Weld joint treatment. To remove the oxide
film and oxidation tint, the surface of the weld
joint and the weld-affected zone was treated to
a Rz 40 roughness parameter and all welded
joints underwent X-ray control for welding
defects. According to the manufacturing
process, after welding workpieces were sent for
I'70HX band soldering (the solder contains Mg
70 %, as well as additional components —
nickel, chromium). Soldering was carried out
in two modes: — heating to 950 + 10 °C,
holding for 30 minutes from the moment of
loading into the furnace, cooling to 300 °C in
the furnace, then in the air. — heating to 1200 +
10 °C, holding for 20 minutes from the moment
of loading into the furnace, cooling to 300 °C
in the furnace, then in the air.

Determination of ICC resistance. To
determine the ICC susceptibility, either welded
samples or samples after special ICC provoking
heat treatment are tested. The provocative
treatment conditions depend on the structural
class of steel. Standard test methods and
standard steels are specified in GOST 6032-89.

For new nonstandardized steels, the MCC
control method is selected taking into account
the environment for which the steel is intended.

The study of welded samples of Inconel 718-
stainless steel alloy for ICC resistance was
carried out on the steel side. The 316L steel
surface in the weld zone was examined in the as-
received condition (condition of supply),
without surface conditioning. The results of the
study are given in Table 2.

Etching treatment was carried out using a
reagent of the composition: water — 1000 cm?,
copper sulfate — 130,09, sulfuric acid —
120,0 g. Inaccordance with the GOST
requirements, the sample is considered resistant
if the ICC depth does not exceed 0,03 mm.
Increased etchability is not considered a defect,
but it indicates a tendency for the material to
corrode (Table 2). When identifying ICC using
structural etching, it should be noted that grain
boundaries are thermodynamically more active
and etched more strongly than the rest of the
grain surface. Therefore, etched grain
boundaries can be mistaken for ICC.

Table 2 — The results of research on intercrystalline corrosion

Sample No. Material Heat treatment conditions ICC depth, mm Conclusion
132 Soldering imitation No ICC (increased
STS 316L — 950 °C+ aging etchability to a 0,33 mm Resistant
133 inconel 718 Soldering imitation depth
1200 °C+ aging
151 After soldering: Soldering 0,24
imitation 0,17, (increased etchability
141 12X18H10T 1210 °C+ aging to a 0,23 mm depth)
inconel 718 Soldering imitation 0,07, (increased etchability | Not resistant
2 950 °C+ aging to a 0,14 mm depth)

Before ICC susceptibility testing, a visual
inspection and a metallographic study (with a
welded sample surface magnification up to
200times) on the 316L steel side were
performed. It was established that the surface of
the samples from the initial side is rough with
the presence of recesses and protrusions of
oblong and round shape, the other side is smooth
and slightly rough after mechanical cleaning.

During microexamination of sections of the
samples No. 132 and 133 intercrystalline
corrosion was not detected. From the surface to
a depth of 0,33 mm, increased etchability of
grain boundaries was observed due to the
precipitation of various oxide inclusions. During
visual inspection, recesses up to ~ 0,08 mm
were found (Fig. 1) in sections on the initial
surface side of samples No. 132 (Fig. 1a) and
No. 133 (Fig. 1b)

Increased etchability
area

Increased etchability
area

Fig. 1. Increased etchability of grains from the
sample surface from the side of steel STS
316L, x200
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Increased etchability of the grain boundaries
of 316L steel indicates the ICC susceptibility of
the alloy, but it is not definitive. When increased
etchability of grain boundaries is detected in the
steel structure study, it is important to note its
depth. Increased etchability of grain boundaries
near the edge of the sample also occurs during
electrolytic etching due to the higher current
density at the edge.

When examining samples that were soldered
at a 1200 °C temperature, it was found that they
are less resistant to ICC than those that have
been soldered at a 950 °C temperature.
Intercrystalline corrosion on 12X18HI10T steel
samples is shown in Fig. 2. The occurrence of
susceptibility to corrosion damage of boundaries
when steel is exposed to a corrosive
environment is obviously associated with the
occurrence of new grain boundary phases or
segregations that differ in composition from the
average chemical composition of steel.

Fig. 2. Intergranular corrosion on steel samples
12X18H10T, x200

Grain corrosion areas are clearly visible in
Fig. 3, which indicates that 12X18H10T steel is
not ICC-resistant after soldering at a 1200 °C
temperature. 1CC susceptibility occurs as a
result of structural heterogeneity of grain
boundaries, secondary phase precipitation,
depletion or enrichment of adjacent sections of
the a-solid matrix solution of alloying elements,
formation of submicro- and micro-cavities
through the drainage and coagulation of
vacancies.

Conclusions
1. A comparative study of the ICC
susceptibility of Inconel 718-stainless steel alloy
welded joints at various soldering temperatures
was carried out.

2. The study of welded samples of
heatresistant alloy with stainless steel for ICC
resistance showed that it is not advisable to use
welded joints of Inconel 718 alloy with
12X18H10T steel and 316L steel when
soldering in aggressive environments at a
1200 °C temperature.

3. Recommended heat treatment conditions:
heating to 950 + 10 °C, holding for 30 minutes,
cooling to 300 °C in the furnace, then in the air.
Welded samples of Inconel 718 alloy with 316L
steel, treated in accordance with the
recommended heat treatment conditions, showed
high ICC resistance.
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BB TepmiuHOro 00po0JeHHsI Ha KOPO3iliHYy
cTilikicTh aeTaJjieil eHepreTH4YHOro 00J1aJHAHHSA

Anomauin. J[na eucomosnenns Oemanei i 6y37ie
MypoOOHACOCHO20 —azpe2ama  pAKemHoz20 O08USYHA
3ACMOCO8YIOmMbCsl 36apHi  3'€OHAHHA 3 KOPO3IUHO-
CMIUKUMU CIMATAMU A HCAPOMIYHUMU CNIABAMU,
wWo 8uUMQa2aiomsv  PI3HUX — PECUMIE  MEepPMIYHO20
00pobnennss 01 OOCACHEeHHs DIBHS MEXAHIYHUX
e1acmusocmell, 3A3HAYEHUX YV KOHCMPYKIMOPCHKIU
Odokymenmayii. 11i0 uyac eucomoenenns Oemarneil i
8Y311i8 eHepeemuuHo20 OONAOHAHHSA MA uepe3 NeHi
mpyoHowi nocmayanHa mamepianie iz kpain €C na
MAWUHOOYOI6HUX NIONpUEMCMEAx YKpainu GuHUKIA
nompeba 3aminu Haniegpadbpuxamis. Hacamnepeo
HeoOXiOHa  3aMiHA ~ JUCMOB020  HpoKamy 3
sucoxonezosanux  cniagie ~ XH67MBTIO  ma
06XISHO6MB®E Ha o00unm cniaé 3 BUCOKUM
KOMNAEKCOM  (Di3UKO-MEXAHIYHUX ~XAPAKMEPUCTNUK.
e pobomu sK 3aminy JICAPOMIYHUX CHIABI8
suxopucmogyioms  cnias Inconel 718 y 3sapromy
3'eonanni 3i cmanmo 316L. Y npoyeci nopisnusnvrux
docniodceHy  cmiukocmi 00

MIHCKPUCMATTMHOT

KOpO3il  36apHUX 3'€OHAHb  JCAPOMIYHO20 —CNIABY
Inconel 718 3 weiporcaskoio cmannio nicas piznux
pedrcuMie mepmiuHo2o 00pobeHHs PeKOMEeHOO08AHO
PEdACUM HUZLKOMEMNEPAMYPHO20 HAZPIBAHHSL NIO Hac
naauua 3a memnepamypu 950 °C. 3pasku 3eapHux
3'€0nanb, 06POOAEHI 3a PEKOMEHOOBAHUM PEHNCUMOM,
Manome ni0GUWEHy CIItIKICIMb 00 KOPO3ii.

Knrouosi cnoea: oicapomiynuii cnias; KoOpo3sitiHa
CITIKICMb, MIJCKPUCTNANIMHA KOPO3isl, 36API0GAHHS,
CMPYKmMypa, NAsiHHsI.
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35, e-mail: amaretanya0512@gmail.com,

Mamuyp Cremna Iropisna®,
Kaeapu TEXHOJIOTIi BUPOOHUIITBA,
ten. (+38) 098-411-22-46,

e-mail: 1964stellal965@gmail.com,
Iloxyp Haranis Ieanisna®, acnipant kadenpu
TexHoJorii BUpoOHHIITBa, Tei. (+38) 098-071-80-08,
e-mail: monicaal3.06@gmail.com,

Barpos Bauaepiii AHAaTOJill0BHY?, K.T.H., JOICHT
Kadeapu TEXHOJIOTIi METalliB Ta MaTepiao3HABCTBA,
ten. 057-707-37-29,

e-mail: havetabanca@ukr.net,

Jemuenko Cepriii BosoaumupoBuu?, imxenep
HAYKOBO-JOCHiTHOI dYacTuHH, Ten. 067-577-98-70,
dsvpochta@gmail.com,

PuxxoB IOpiii BOJ‘IO}]I/IMI/IpOBl/lllZ, K.T.H., JIOIICHT
Kadeapy TEXHOJIOTII METaJliB Ta MaTepialo3HaBCTBa,
tein. 057-707-37-29, e-mail: diana@khadi.kharkov.ua,
Ckpunnikos Bikrop OusiekcanapoBuy?, acmipaHT
Kadenpu TEeXHOJOTIi MeTaJiB Ta MaTepiaJo3HABCTBA,
ten. 057-707-37-29,

e-mail: diana@khadi.kharkov.ua.

K.T.H., JIOLIEHT



mailto:amaretanya0512@gmail.com
mailto:1964stella1965@gmail.com
mailto:monicaa@gmail.com
mailto:havetabanca@ukr.net
mailto:dsvpochta@gmail.com
mailto:diana@khadi.kharkov.ua
mailto:diana@khadi.kharkov.ua
mailto:Vs062@ukr.net
mailto:diana@khadi.kharkov.ua
mailto:volchuky@gmail.com
mailto:amaretanya0512@gmail.com
mailto:1964stella1965@gmail.com
mailto:monicaa13.06@gmail.com
mailto:havetabanca@ukr.net
mailto:dsvpochta@gmail.com
mailto:diana@khadi.kharkov.ua
mailto:diana@khadi.kharkov.ua

