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Abstract. We have studied the properties of steels BRK, 18ChGT, 20ChGNB used for the manufacture
of sidewalls of chute conveyor pans after various treatment regimes in order to select the most appro-
priate one. The working conditions stipulate high demands to chute conveyor pan material with re-
spect to strength and durability, and the term of chute conveyor pan service is determined by the side-
wall stability. The level of properties, microstructure of sidewalls after thermal treatment as well as
the heat treatment and welding are analyzed. As between the hardness and wear resistance there is a
direct relationship, the research methodology consisted in measuring the hardness, strength indica-
tors, and study of the microstructure. It was revealed that after the heat treatment and welding of pan
sidewalls made of steel BRK there is not provided the desired level of strength (the tensile strength
must not be lower than 1275 MPa), and there is observed unevenness in the distribution of hardness
and strength properties over the cross section. This can be avoided using alloy steels. It was estab-
lished that the profiles made of steel 20ChGNB when quenched in oil provide a higher level of proper-
ties than profiles made of steel 18ChGT. When welding the sidewalls of pans made of steel 20ChGNB
with other parts of pans subject to wear the softening areas do not exceed 2-3 HRC. On the basis of
the above studies it should be noted that steel 20ChGNB can be recommended for the manufacture of
sidewalls of pans.

Key words: steel, pan sidewall, hardness, strength, wear resistance, welding, hardening, cross section,
microstructure.

Introduction

Premature destruction of chute conveyor
pans leads to reduction in coal production and
creates conditions for the emergence of acci-
dents.

Studies of worn surface of pans showed that
chutes, and in particular, the sidewalls during
operation are subjected to abrasion. The hard-
ness of the material determines the value of mu-
tual implementation of microscopic irregulari-
ties of the rubbing surfaces. The authors of
papers [1, 2] have established the relationship
between the hardness and wear resistance of the
test material. The operating conditions set high
demands to the material the pans are made of in
respect of strength and durability.

Currently the chutes are made of steel BRK,
which is supplied from the metallurgical plant
«Azovstal». Statistics show that the duration of
operation of pans SP-87P, and KM-81-025M is

6—9 months and during that time the transporta-
tion of only 300—400 tons of coal at a rate of
650 thousand tones is provided. In this case, ba-
sically, the term of pan service is defined by the
resistance of the sidewall.

Formulation of the problem

In connection with the above, the objective
of the present study was the choice of material
for sidewalls of pans by comparing the proper-
ties of the applied and proposed grades of steel.
For this purpose, the level of properties, micro-
structure of sidewalls after the heat treatment,
heat treatment and welding (it is the order the
technological operations are performed in the
manufacture of pans) is subject to analysis.

Steel BRK and steel 18ChGT and 20ChGNB,
the chemical composition of which is shown in
Table, were used as the material of the given
study.

Table — Chemical composition of investigated steel

Grade of Composition of elements, %
steel C Mn Si Cr Ni Ti B S P
Steel BRK 0,29 0,97 0,20 - - - - 0,027 0,027
Steel
18ChGT 0,18 0,97 0,30 1,25 0,17 0,050 - 0,019 0,022
Steel 20
ChGNB 0,20 0,79 0,30 1,05 1,02 - 0,005 0,018 0,021

(Developed by the authors)
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The methodology of the study was to meas-
ure the hardness, strength indicators, and inves-
tigate the microstructure. As between the hard-
ness and wear resistance there is direct
relationship, according to hardness indicators
there can be estimated the performance charac-
teristics of sidewalls of pans.

Results obtained and discussion

The results of study of steel BRK showed
that in the hot-rolled state (before heat treat-
ment) the hardness values distribution across the
perimeter and the cross section of the profile is
about 15 HB, and the ultimate tensile strength
and the yield strength respectively 27 and
36 MPa. The microstructure of steel is ferrite-
pearlite.

After heat treatment, including quenching
from 850-870 °C in water and tempering at
200 °C, the sidewalls pans made of steel BRK,
there is observed a considerable distribution of
hardness across the cross section of the profile,
cut from the pan of current production (Fig. 1).
Thus, at the edges of the minor and major flang-
es, the thickness of which is 9 to 12 mm, the
hardness is respectively 444-777 and 320—
340 NV. In areas of transition of minor and ma-
jor flanges into the profile wall, wherein the
thickness increases by approximately 2 times,
the hardness is respectively reduced to 217 ...
223 HB (Fig. 1, a).

An even greater decrease in hardness is ob-
served with increasing the distance from the
edge of the profile (in length). So, at a distance
of 300 mm from the edge (the distance the spec-
ified hardness should be provided at), the latter
is slightly different from the hardness of
hot-rolled profiles and is only 166-217 HB
(Fig. 1, b).

The obtained after appropriate heat treatment
in laboratory conditions results of mechanical
properties measurement indicate that on steel
BRK after quenching and tempering at the tem-
perature of 200 and 400 °C there not provided
both the required absolute values and the uni-
form distribution of strength properties of hard-
ness and the uniformity of the microstructure
along the cross section of the profile.

If, after quenching and low tempering the
temporary resistance to the tensile strength con-
stitutes 765—1040 MPa (range of strength values
is 275 MPa), then after tempering at the temper-
ature of 400 °C, the level of tensile strength de-
creases mainly due to the reduction of the upper
limit of 706905 MPa ( distribution of strength
values is equal to 199 MPa).

b

Fig. 1. Hardness (HB) in the cross section of
templates of sidewalls of the pan made of
steel BRK, cut from the pan of current pro-
duction: a — profile edge; b — at a distance of
300 mm from the edge (developed by the au-
thors)

Similarly, the yield strength changes as well.
The level of the temporary tensile strength val-
ues is less than the desired one. It is necessary
that the tensile strength should not be less than
1275 MPa.

A solid plank is welded (from the broken sur-
face) to the middle part of the profile. The study
showed that the heating temperature of the
sidewall portion of pan, located closest to the
welding point, is 300 °C. On the same section
the metal in the middle (trough-the-thickness) of
the profile is heated to about 330 °C, and on the
surface, somewhat farther from the weld zone,
to 250 °C.

The minimum heating temperature is ob-
served on the shelf and it constitutes 120 °C.
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Comparison of the mechanical properties and
microstructure of profiles after machining, in-
cluding quenching and tempering at 400 °C as
well as heat treatment and welding revealed that
heating of metal during the welding process
does not significantly affect the level of hard-
ness, the strength properties of steel and its mi-
crostructure.

However, after welding as well as after heat
treatment in the cross section and along the
length there is observed a large spread in values
of properties.

As a consequence, the profile of the pan
sidewall has low durability in operation. The
reason for this phenomenon is the low harden-
ability of steel. So, it is necessary to use steel to
obtain higher hardenability, which is achieved
by the introduction of alloying elements, which
shift the chart of isothermal decomposition of
austenite right wardsand reduce the critical
quenching rate.

Thus, there were carried out studies on the
sidewalls of pans, made of steel 18ChGT and
20ChGNB. In the hot rolled state the structure of
steel 18HGT is ferrite-pearlite and that of steel
20ChGNB is bainite and separate parts of ferrite
have the form of a torn grid along the grain
boundaries.

The temperature rolling mode: at the begin-
ning 1150-1160 °C, at the end of rolling — 970—
990 °C, the rolling speed — 2,3 m/s. Hardness in
the hot rolled state of the profile made of steel
20ChGNB is 241-262 HB, and that made of
steel 18ChGT is below 10-20 HB. Given the
complexity of the geometric shape of the profile
and the possibility of its warpage during heat
treatment, there was investigated the level of
properties, achieved by quenching in a «soft»
medium, namely in oil. Studies were carried out
simultaneously under cooling in water after
tempering.

Heat treatment significantly changed the lev-
el of properties and the microstructure of steel
investigated.

In steel 20ChGNB, alloyed with boron, after
quenching in oil the temporary resistance to ten-
sile strength is at the level of 1430-1440 MPa
and the hardness is 35-39 HRC. Steel 18ChGT
is significantly inferior in strength compared
to steel 20ChGNB properties after quenching
in oil.

The ultimate strength is 1030—1020 MPa, the
yield strength by 300-350 MPa, and the hard-
ness by 7-8 HRC is less than in steel 20ChGNB.
After water quenching and tempering at 200 °C
the tensile strength of steel 20ChGNB equal to

1480-1550 MPa, the hardness is 42-45 HRC,
and that of steel 18ChGT is respectively 1385—
1470 MPa and 3643 HRC.

Fig. 2 shows a histogram of mean values of
the ultimate tensile strength of steel BRK,
20ChGNB and 18ChGT after quenching in wa-
ter and tempering at 200 °C.
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Fig. 2. Histograms of mean values of the tensile
strength of steel BRK, 20ChGNB, 18ChGT
after quenching in water and tempering at
200 °C (developed by the authors)

Increasing the tempering temperature to
400 °C leads to a slight weakening of steel,
which does not exceed 5,10 % in relation to the
tempered state.

Studies of hardness after quenching, temper-
ing at 300 °C, and welding of the support strap
and side walls, bottom and sidewalls showed a
slight reduction in hardness compared with a
hardened state.

Fig. 3 shows the hardness in the cross section
of the pan sidewall made of steel 20ChGNB af-
ter heat treatment and welding.

The results obtained indicate that after
achieving sufficient hardness after quenching in
the cross-section of the profile, subsequent
welding of the hardened profile leads to soften-
ing of worn areas as a result of operation no
more than by 3,2 %.
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Fig. 3. Hardness (HRC) in the cross-section of the pan sidewall made of steel 20ChGNB after heat
treatment and welding: 1 — quenching from 880 °C; 2 — quenching from 880 °C + tempering at
300 °C; 3 — quenching from 880 °C + welding; 4 — quenching from 880 °C + tempering at

300 °C + welding (developed by the authors)

Conclusions

1. After the heat treatment and welding
of the sidewalls of pans made of steel BRK there
is not provided the desired level of strength
(the tensile strength should not be lower than
1275 MPa) and there is observed unevenness in
the distribution of hardness, strength properties
over the cross section.

2. Based on the theoretical positions there is
explained a large spread of properties over the
cross section and the length of the sidewalls of
pans made of steel BRK.

3. Scientifically there was substantiated the
application of alloyed steels for the sidewalls of
pans.

4. The complexity of the geometric shape of
the profile and the possibility of warpage during
heat treatment conditions the use of a milder
cooling medium at quenching, which is sup-
posed to be oil.

5. Profiles made of steel 20ChGNB at
quenching in oil provide a higher level of prop-
erties than the profiles made of steel
18ChGT.
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6. At welding, which is one of fabrication
processes of manufacturing the sidewalls of
pans, made of steel 20ChGNB, with other parts
of pans, softening of sections that are subject to
wear does not exceed 2—3 HRC.

7. On the basis of the above studies steel
20ChGNB should be recommended for the
manufacture of the sidewalls of pans.
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IlinBumeHHs pecypcy CKpeOKOBMX KOHBeE€EpiB

Anomauin. [ocniosceni enacmusocmi cmaneii BRK,
18ChGT, 20ChGNB, sxi 6uxopucmogyiomvcs O
8UCOMOBIEHHS OOKOGUH DEWMAKié KOHEeEpa Nicis
PisHUX pedicumie 00pobaenHs, wob eubpamu Haii-
Oinbw  6IONOGIOHUL. Ymoeu npayi 06yMoemo0ms
BUCOKI 8UMO2U OO0 MAMEPIANY OISl MPAHCHOPHLY 8AHHSL
200018 KOHBEEPA W00 MIYHOCTE MA 008208IUHO-
cmi, a mepmin Cyaicou mpancnopmepa icoioba eu-
3Hauaemuvcsi cmitkicmio 6okosunu. Ilpoananizosano
pisens eracmusocmetl, MIKpOCHMPYKmypy OOKOGUH
nicis mepmiuHo20 00POONEHHS, A MAKOJIC MEPMIUHe
0bpobnenns ma s3saproeantst. OCKiibKu Midc meepoi-
cmio ma 3HOCOCMIUKICIO ICHYE NpAMUll  83ac-
MO38 30K, MemoOoN02is O0CHIONCEHHs Noaseand y
BUMIPIOBAHHI NOKA3HUKIE MEepoocmi, MiYyHOCI ma
docnidoicenns mikpocmpykmypu. byno euseneno, wo
nicis mepmiuno2o 06poONeHHsT ma 36aplo6ants 60-
Kosun pewmaxie, eucomoenenux 3i cmani bBPK, ne
3abe3neyyemvcs OaxicaHull pieeHb MIyHOCMI (Miy-
HICMb HA pO3puU6 He NOGUHHA Oymu Hudicyor 3a 1275
Mlla), i cnocmepicacmvcs HepiHOMIpHICIb PO3NO-
ity meepoocmi ma MiyHi 61ACMUEOCMi NONepPeyHo-
20 nepepizy. L[boeo mooicHa yHUKHYmMU, 8UKOpUCMO-
gylouu e208ami cmani. Ycmanoeneno, wo 60Ko6uHu,
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sucomoeneni 3i cmani 20CHGNB, 3a ymosu oxono-
OoiceHHsT 6 mMacai 3abesneuyioms OLIbUL GUCOKUL Pi-
6eHb  gracmusocmeti, HixZe 6Ookoeunu 3i  cmaiui
18ChGT. V npoyeci 3saproéants 60K08uH i3 cmai
209THB 3 inwumu yacmunamu, wo nioasieaoms
3HOULYBAHHIO, 30HU NOM SIKUEHHSI He Nepesuyyioms
2-3 HRC. Ha niocmasi nposedeHux O00CHiONCeHb
cnio 3asnayumu, wo cmanw 20CGNB moosice dymu
PEKOMEHO08aHA OJisl BUSOMOBICHHSI OOKOBUH Peulma-
Kig.

Knrouosi cnoea: cmanv, O0kosuHu peutmaxis, meep-
dicmb, MiyHiCmb, 3HOCOCMIUKICMb, 36APIOGAHHS,
3ameepoinisl, nepemuH, MiKpoCmpyKmypd.
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IloBbImIEHNe pecypca cKPeOKOBBIX KOHBeHepoB

Annomauyua. HMzyuenwvr ceoticmeéa cmaneii bPK,
18XT'T, 20XT'HP, ucnonv3yemuix OJis1 U320MOGIeHUsS
O0KOBUH pelwmakoe KOHeellepa Nocie pPaziudHbIX
pedicumos obpabomku, ¢ yeavlo Gvlbopa Hauboiee
nooxooswezo. Pabouue ycrosus npedvssnsiom ebi-
coxue mpeboganusi kK mamepuany OOKo8UH KoHeeliepa
6 OMHOUEeHUU NPOYHOCMU U O0N208EYHOCMU, d CPOK
CYoHcObL OHUWA KOHGellepa onpedesiemcsi YCmouyu-
80CMbIO OOKOBUH. AHATUBUPYIOMCST YPOBEHb CBOUCTS,
MUKPOCMPYKIYPA OOKOGUH NOCe MEPMUIEcKol 00-
pabomku, a makodice mepmuyeckas obpabomka u
ceapxa. Tlockonbky meacoy meepoocmuio U UHOCO-

CMOUKOCIbIO Cyujecmeyem npsmds Césa3b, Memooo-
JI02UsL UCCAEO08AHUSL COCMOSLIA 6 USMEPEHUU MBEep-
docmu, nokazamenei RPOYHOCIU U U3YYEHUL MUKPO-
cmpykmypul.  Buvisereno, umo nocie mepmooo-
mepmooopabomku u ceapxu OOKOSUH pPeumarKos u3
cmanu BPK ne obecneuusaemcsi mpebyemviil ypo-
6€Hb NPOYHOCIU (Npedel NPOUYHOCTU NPU PACMSdice-
Huu He O0omicen dvimb nudice 1275 Mlla), u nabno-
daemcsi  HepABHOMEPHOCMb 8  pacnpedeieHuu
MeepoOCmu U NPOYHOCHbLIE CEOUCHBA NO CEYEHUIO.
Dmoeo modicHo u3bedncamn, UCHONL3YSL Te2UPOBAHHbBLE
cmanu. Ycmanogieno, umo 0OOKOGUHbL U3 CMAIU
20XTHP npu 3axanxe 6 macie obecneuusarom boiee
BbICOKULL YPOBEHb CBOUCMS, YeM NPoPUIU U3 Cmaiu
18XT'T. Ilpu ceapxe bokosun peutmaxos uz cmaiu 20
XTHP ¢ Opyeumu uacmsimu KOHEelepos, noogep-
JHCEHHBIX USHOCY, 30Hbl PAMALYEHUSL HE NPeBbIUAIOM
2-3 HRC. Ha ocnoganuu 6vluteynoMsaHymulx uccie-
odosanuil ciedyem ommemums, ymo cmaiv 20XI'HP
Modcem Oblmb PEKOMEHOOBAHA OISl U320MOBIEHUS

b60KOBUH PeUaKos.
Knroueswie cnosa: cmanw, 60Ko8UHA pewimaxa, meep-
docmb,  NPOYHOCHMIL,  UZHOCOCMOUKOCMb,  C8APKA,
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