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“assTRACT The purpose of this study was to det, the wear of pairs lrom
various steel (in mutual contact as they are present in blast-furnace
charging machinery) in an atm. of blast-furnace gas and dust. The
tests were carried out in en inductrial blast furnace, whereby the gap
between the pair of materials and the angie of the gas entrance were
varied., The gas and dust compns. are glven in the text., The following
pairs of steels were tested (lst figures for the bell, 2nd figures for
the cup): 10, 10; 35,35; U5, 45; £50G2, 50G2; 6Khv2s, 60Khv2s;
30KhGSA, 30KhGSA; R18, R18; 3Kh2v8, 3Knh2v8; 2Khl3. 2Khl3; T590,
T590; T620, T620; Gl3, Gl3; U1l5Khl7N2, U1l5Khl7N2; Kh20N1l0GH,
Kh20N10G6; 1Khl8N9T, 1Khl8N9T; U20Khl7T, U20Khl7T; 30KhGOA, 1T990;
T590, 3Kh2V8; 1Kh18N9T, 45; and 1'thl8NGT, T590, Cast, welded-on,

and fcrged materials, as well as materials forged, quenched, and
tempered at 400 degrees, were tested for 3 consecutive days. .

best erosion resistance was shown by materials which retained .. ‘neoy
at high temp., such as T590 and T620. Austenitic steels showed morc
wear than hard materials, but the former showed higher plasticity,

and for this reason they can be recommended for welding onto the
surfaces working under erosion wear,
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ABRASIVE WEAR OF MATERIALS IN A BLAST FURNACE
UNDER ACTUAL WORKING CONDITIONS

G. P. Mel'nichenko, M. A. Tylkin, V. M. Grebenik, and Yu. A. Sysuyev

Reference [1] offers data on the wear of contacting surfaces,
which were obtained in laboratories from samples whose shape and
dimensions not even remotely simulated real parts.

The purpcse of ow® work 18 to study the wear of contacting pairs,
made from various materials, in a flow of gas under conditions quite
similar to the operating conditions of the charging machinery in a
blast furnace.

Tests were made on one of the blast furnaces at the F. E.
Dzerzhinskly Plant. The size of the gap between the samples, the
approach angle of the gas to the gap, and the cup-bell coupling
profile were varled with the aid of a device whose operating principle
i1s easily understood from Fig. 1.

To calculate the effect of gas temperature on sample wc i
chromel-copel thermocouples [2], jJolned by compensation wires with
an EPP-09M electronic potentiometer, were mounted on thils device.
The dally mean temperature of the samples varied from 350 to 450°C.
At the same time the potentiometer recorded the temperature of the
blast-furnace gas in the gas vents,

The gas consisted of, %:

PFTD-HT-23-1114-68 1




co, co N CH,  H,
14,0 28,2 55,0 0,4 2,0

Percentage of uiust in the gas was, %:

$10, AhO, Cs0O Mgo ] FeQ Fe,0 In c
7,60 3,36 7,40 1,38 31,20 16,21 35,03 0,20 4,00

The material studled was heat-treated, forged steel having
various chemical compositions arnd alloys based on St. 6 steel (see
table). The contacting surfaces could be made from the same or
different material.

Tests were made on each palr of samples for twelve days. After
each 24-h period the samples were taken from the device, photographed,
and welighed, after which the test continued.

It was found that the character of the wear on samples represent-
ing the cup and the bell 1s approxlimately the same. If the gas Jjet
enters at a 60° angle, maximum wear is localized near the inlet.

With the passage of time wear extends along the entire surface and
into the sample.

The dependence of sample wear on the length of the test is a
linear dependence. Low-carbon, soft steels wore more rapidly, and
also alloys, such as TH90 and T620, had decreased in wcight by a
factor of 15 after twelve days. However, in combinatlion with softer
steels they wore more rapidly than when paired with the same brand.
For example, a bell of sormite 1 combined with a cup of 35 steel
wears 1.5 times faster than when both parts are made from sormite 1.

On the basis of the data obtained, we have plotted the amount -7
wear versus the hardness of the samples (Filg. 2).

ro
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Subassembly A Subassembly B
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Fig. 1. Device for the wear-testing of
parts in a flow of blast-furnace gas:
subassembly A — mocunting of device on the
furnace; subassembly B — cassette assembled;

1l — cassette; 2 — workling chamber; 3 — leVc,
4 — 3 mm gap; 5 — generating line of the
bell; 6 — generating line of the cup.

For parts with a ferrite + carbide phase state and hard alloys,
the variation in wear 1s expressed as a hyperbolic function (Fig. 2,
Curve 1). For austenitic steels with hardness from 200 to 500 HB,
wear remains virtually constant. Thils peculiarity in the abrasion
resistance of austenltlc steels can be explained by the surface
cold-hardening of their abrasive particles. As is known, austenitic
steels harden more than other steels malnly because part of the
austenlite becomes martensite.

Thus, of all the studled alloys, those possessing niph hardness

-

b
at elevated temperatures (7590, 706Z0) have the bect recistunce to
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erosive wear (Fig. 3). The resistance of alloys T590 and T620 1s
1.8 times higher than the resistance of sormite 1 which 1s widely
used for welding.

'
00

by
ML| i 1

1 ' |
W i

% |
12041 —
)

25

Fig. 2. Losses 1in
sample welght (q)

as a function of
their hardness: 1 -
martensitic steels;

2 — austenitic steels;
0 — cup hardness; A -
bell hardness.

Fig. 3. Varilation in
sample hardness as a
function of test temper-
ature: 1-4 — steel 10,
15, 35, 65, respectively;
5 — 1Kh18N9T; 6 — 30KhGSA;
7 — sormite 1; 8 — 3Kh2V8;
9 — T590.

Austenitic steels wear more than hard alloys; however, they have
high plasticity. Because of this, highly alloyed austenitic steels
can be recommended for facing surfaces operating Iin abrasive condi-
tions.

FTD-HT-23-1114-68 ¢ 4
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