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For parts and assemblies of a turbopump unit (TPU) and a liquid rocket engine, welded joints of steel and heat-
resistant alloys are used. Considering that the search for replacements by several materials at once, the study of their
mutual compatibility in a product takes considerable time and money. Therefore, it would be better to replace it with
one alloy, and the unification of the material used allowed the structure to work as a whole. After exploring various
options, the substitutes for research were selected inconel 718.

INTRODUCTION

The main operational properties of parts and compo-
nents of turbopump assembly (TPU) are heat resistance
and corrosion resistance. If the first requirement is
achieved by the selection of materials, then the second
depends on further processing.

Thermal effects during welding and heat treatment
affect the structure of the alloy, changing its operational
properties. Therefore, the paper investigated the influ-
ence of thermal effects on the corrosion resistance of
welded joints of the main combinations of materials
used in the manufacture of missile-carrying aircrafts.
Since majority of the parts and assemblies of TPU are
both soldered and welded in various sequences, the case
of band soldering after welding with corrosion-resistant
steel is considered in the paper. Heat-resistant alloys are
used for the manufacture of many parts of gas turbines
in rocket and missile engineering and jet aviation, in-
dustry gas turbines, for pumping oil and gas products,
for hydrogenation of fuel in metallurgical furnaces and
in many other installations [1].

This paper was performed in order to study the
thermal effects during soldering on a welded seam and
to simulate the conditions for manufacturing real com-
ponents.

PROBLEM STATUS OVERVIEW

Corrosion is an involuntary redox process of metals
and alloys destruction due to interaction with the envi-
ronment. When multicomponent alloys come into con-
tact with an electrolyte (which can be H,O adsorbed
from air, since it usually contains ions of dissolved
substances), many microgalvanic pairs arise on the
metal surface. In these pairs, the atoms of the more
active metal (usually Fe) play the role of the anode,
while the atoms of the less active metal play the role of
the cathode. At the cathode, the process of reduction of
0O, molecules in neutral and alkaline media or H*-ions in
an acidic medium is underway. At the anode, the oxida-
tion of the metal atoms of which the anode consists is
performed, along with the formation of Me," -cations.
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The latter pass into the electrolyte (dissolution of the
anode) and combine with OH-ions in order to form
hydroxide Me(OH)n and other products. As a result, the
metal that plays the role of the anode is destroyed. The
rate of electrochemical corrosion is the greater, the
further apart from each other the metals are located in
the series of voltages, and the higher the ambient tem-
perature [2].

Nickel has aface-centered cubic lattice similar to the
Fey lattice, therefore nickel alloying expands the austen-
ite field (Fig. 1).
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Fig. 1. State diagram of the Fe-Ni system [2]

The most widely used chromium-nickel steels are
12X18H9 and 12X18H9T. The structure of these steels
is austenite both at room temperature and when heated,
that is, they do not undergo polymorphic transfor-
mation. Products made of these steels are subjected to
heat treatment, but not for the purpose of strengthening
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(this is impossible, since no recrystallization occurs
when the temperature changes), but in order to increase
the corrosion resistance by enriching the solid solution
with chromium. In the presence of carbon, chromium
carbides are present in the steel structure. This means
that not all the chromium is in solid solution. Hardening
from a temperature of ~ 1000 °C with cooling in water
allows to dissolve chromium carbides in austenite and
prevent their precipitation during rapid cooling [3].

MATERIALS AND METHODS

The materials for the study were: a heat-resistant al-
loy of the austenitic class inconel 718 of the Fe-Cr-Ni
system and corrosion-resistant steels 12X18H10T and
SLS 316L (Table 1).

Inconel 718 is a heat-resistant nickel alloy of the
Fe-Cr-Ni system and is used in rocket engineering for
the manufacture of jackets for rocket combustion cham-
bers, parts for turbopump units and other critical prod-
ucts. This alloy is used in the following temperature
range: from -252.8 to 704.4 °C, it is resistant to the
temperature +980 °C in chemically active gas environ-
ments.

After welding, blank samples were sent for soldering
according to the manufacturing process.

Soldering was performed in 2 modes:

— heating up to (950+10) °C, holding for 30 min
from the moment of loading into the furnace, cooling to
300 °C — in the furnace, then — in air;

— heating up to (1200+10) °C, holding for 20 min
from the moment of loading into the furnace, cooling to
300 °C — with the furnace, then — in air [4, 5].

Steel 316L is a structural cryogenic austenitic steel.
This steel is resistant to corrosion in aggressive envi-
ronments, as well as to most external influences. Steel
316 L has the property of maintaining the integrity of
the structure when temperatures rise and fall.

The list of the studied materials and their chemical
composition are given in Table 1.

Works, testing and research were performed on in-
dustrial equipment. During control, testing and research,
tools and methods corresponding to GOST or OST,
used for heat-resistant alloys, were used [6, 7].

Heat treatment was performed in a thermal silicon
carbide furnace. Simulation of soldering with T70HX
solder was performed with the transition of a full solder-
ing mode according to a typical technical process, the
modes of which are indicated below. The welding was
performed on the “SAB-15" welding machine.

RESULTS AND ITS DISCUSSION

Preparation for welding. Before welding, each
workpiece underwent visual inspection for the presence
of oxidizing films, hammer marks, as well as geometry
control and magnet control.

According to the standard, immediately before weld-
ing, each welded edge is cleaned from oxidizing films
after heat treatment and degreased with a Nefras-type
solvent.

Welding technology. The welded assemblies were
welded by argon-arc welding, Argon consumption: for
protection 15 I/min, for blowing 5 I/min.

When welding in an atmosphere of shielding gases
argon and helium were used in the the following com-
position: volume fraction of argon — 99.90%, oxygen —
0.005%, nitrogen — 0.10%, water vapor at 760 mm Hg —
0.03 g/m’.

Weld seam finishing. In order to remove the oxidiz-
ing film and colors of changing, the surface of the weld
and heat-affected zone was processed to a roughness
parameter of Rz 40.

All welded joints have passed X-ray inspection for
welding defects.
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DETERMINATION OF RESISTANCE TO

INTERCRYSTALLINE CORROSION (ICC)
Investigation of welded specimens of the inconel
718-stainless steel alloy for resistance to ICC by the
“AM” GOST 6032-89 method was performed from the
steel side. The surface of the 316L steel in the weld
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zone was examined as delivered, without surface debur-
ring. The research results are given in Table 2.

Etching was performed in a reagent with the follow-
ing composition: water — 1000 cm®, sulfuric acid copper
— 130.0 g, sulfuric acid — 120.0 g. It was kept in this
solution for 7 days from the moment of immersion at a
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temperature of (20+50) °C. After a lapse of time, the
surface is passivated in a 20% aqueous solution of sodi-
um carbonate and washed with distilled water.

In accordance with the requirements of GOST 6032-
89, the sample is considered resistant if the depth of the

ICC does not exceed 0.03 mm. Increased etching is not
a sign of rejection, but indicates the tendency of the
material to corrosion (see Table 2).

Table 2
ICC test results
Specimen Material Heat treatment ICC depth, mm Result
ref. No. mode
132 Soldering at 950 °C No ICC
STS 316L — + aging . . .
; - (increased etching per depth up to Resistant
133 inconel 718 Soldering at 0.33 mm)
1200 °C + aging '
151 Soldering at 0.24
141 | 12XISHIOT— | 1210°C +aging | O ('”Creasedoeztghr':r%)per depth up to Non-
2 inconel 718 Soldering at 950 °C 0.07 (increased etching per depth up to resistant
+ aging 0.14 mm)

External inspection and metallographic examination
were performed. It was found that the surface of the
specimens from the outlet side is rough with the pres-
ence of recesses and buckles of aprolonged and rounded
shape, the other side after mechanical treatment is
smooth.

The micro-examination of the cross-sections of the
investigated samples ref. No. 132, 133 did not reveal —
ICC. An increased etching of grains was observed from
the surface to a depth of 0.33 mm (Fig. 2).

Fig. 2. Increased etching of grains on the specimen
surface from the side of 316L steel, x200

ICC on 12XI18HIOT steel specimens is shown in
Fig. 3.

When examining the specimens after soldering at
1200 °C, it was found that the specimens are less re-
sistant to ICC than those soldered at a temperature of
950 °C.

The increased etching of the grains of 316L steel in-
dicates the tendency of the alloy to ICC, but is not its
definition.

The figure clearly shows the zones of corrosion pit-
ting of grain, which reveals the non-resistance of steel
12X18H10T to ICC after soldering at a temperature of
1200 °C.
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Fig. 3. ICC on steel specimens 12X18H10T, x200

CONCLUSIONS

After high-temperature heating against ICC, the re-
sistance of both steels decreases.

The inspection of welded specimens of inconel 718-
stainless steels for resistance to ICC showed that welded
joints of the alloy with steel 12X18H10T and steel 316L
after heating during soldering and aging in corrosive
environments are not preferable to apply.

The inspection of welded specimens of inconel 718-
stainless steel alloy for resistance to ICC, showed that it
is not preferable to use welded joints of inconel 718
alloy with steel 12X18H10T and steel 316L after high-
temperature heating during soldering.

The recommended mode of soldering is heating up
to (950+10) °C, holding for 30 min from the moment of
loading into the furnace, cooling to 300 °C — in the
furnace, then in air, it is most effective for increasing
the corrosion resistance of welded joints.
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IMOBBILIEHUE KOPPO3MOHHOM CTOMKOCTHU CBAPHBIX
COEJIUHEHMM ) KAPOITPOYHOI'O HUKEJEBOT'O CIIJIABA CO CTAJIBIO

B.U. bonvwaxos, A.B. Kanunun, H.E. Kanununa, /I.b. I'nywmkosa, A.H. Bopoukoa,
10.B. Pviyckos, A.H. Cmenanrok

s M3roToBICHUS NeTaliel u y31oB TypOoHacocHoro arperata (THA) M KHIKOCTHOTO pakeTHOTO IBUTATEIId
MIPUMEHSIOTCS CBAPHBIC COSAWHEHHS C KOPPO3HOHHO-CTOMKIMH CTAIIMHU M JKapOIPOYHBIMU CILIaBaMH, TPEOYIOIIHe
pasHBIE PEKUMBI TEPMHUYECKON 00pabOTKY IJIS MTOMyYCHHs YPOBHS MEXaHWYECKHX CBOWCTB, 0003HAUCHHBIX B KOH-
CTPYKTOPCKOH JOKyMEHTAlWW. YYUTHIBas, YTO MOWCK 3aMEHBI Cpa3y HECKONBKHX MaTepHaloB, MX OTpabOTKa B
MIPOU3BOJICTBE, HMCCICIOBAHHWE B3AaMMHOW COYETAEMOCTH IIPH TEMIICPaTypPHO-CHIIOBBIX BO3ACHCTBHUAX B H3ICITUU
MOJKET 3aHATh 3HAUUTEIbHBIC BPEMS M CPEICTBA, TO HAWIYYIICH ObUTa OBl 3aMECHA HAa ONUH CIUIaB, a YHU(HKALUA
MPUMEHIEMOI'0 MaTepralia O3BOJIMIa KOHCTPYKIIMU pab0OTaTh KaK €AUHOE ICJI0C U MOBBICKIIA OBl TEXHOJIOTHYHOCTh
u3nenuii. V3yuuB pa3Hble BapHaHThI 3aMEHBI, [T HCCIeI0BaHui ObLT BRIOpaH inconel 718.

MIABUILEHHS KOPO3IMHOI CTIMKICTI 3BAPHUX 3'€IHAHb
"KAPOMILIHOT'O HIKEJIEBOI'O CILTABY 31 CTAJLIIO

B.I. bonvwaxkos, O.B. Kaninin, H.€. Kaninina, /1.b. I'nywxosa, O.1. Bopouxos,
10.B. Pusickos, A.I. Cmenanrox

Jiis BUTOTOBIICHHS AeTaiel i By3iniB TypOoHacocHoro arperaty (THA) i piTHHHOTO pakeTHOTO JABHTYHA 3aCTO-
COBYIOTBCS 3BapHi 3'€THAHHS 3 KOPO3IMHO-CTIHKUMH CTaJsIMH 1 KapOMIIIHUMH CIUIABaMH, SIKi BUMararTh Pi3HUX
pexuUMIB TepMiyHOT 0OPOOKH AJIS TOCSTHEHHS PiBHS MEXaHIYHMX BIACTHBOCTEH, 3a3HAYCHUX Y KOHCTPYKTOPCHKON
IOKYMEHTaIlii. 3 OrIIiAy Ha Te, IO MONIYK 3aMiHH Biipa3y JeKUTFKOX MaTepialliB, IX BiIIpaIfOBaHHA y BUPOOHHIITBI
1 JIOCITI/IKEHHSI B3aEMHOT CIIOJIYYHOCTI IIPH TEMIIEPAaTYyPHO-CUIIOBUX BIUIMBAX y BUPOOIi, MOXe 3aiiHATH 3HAYHUIT yac
1 KOIITH, HafKpamiow Oyna 0 3aMiHa Ha OJWH CIUIaB, a YHi(IKallisl 3aCTOCOBYBAaHOTO MaTepialy JO3BOJIMIA KOHC-
TPYKIIi MpaIfoBaTy K €IUHE IIiJIe, [0 MiBUIIMAIO0 O TEXHOJOTIUHICTh BUPOOIB. ITicis BUBUCHHS PI3HUX BapiaHTIB
3aMiHH, TS JOCIIPKEHHsI 0yi10 o6pano inconel 718.
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