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Table 2.1 Effect of manganese content on the steel phase.

Manganese (wt%) Phase
0~2 Equiaxed massive ferrite
4 ~6 Bainite
6~10 Lath martensite
10 ~ 12 Mixed a(perdominent) + ¢
125 ~ 15 Mixed g(perdominent) + o
15 ~ 20 Mixed e(perdominent) + austenite
20 ~ 28 Mixed austenite(perdominent) + ¢
28 ~ 37 Entire austenite
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= HHAIZ = Atk= Aol =HQIEl HE UCH25).

Table 2.2 Classification of wear.

; rolling-contact bearing, bushing, coal/ore
Abrasive wear _ _
handling equipment, shovel teeth

; brake lining/disc, cylinder liner, piston ring,
Adhesive wear )
valve seat, drill collar

Erosion hydraulic turbine, fluid flow valves, slurry pump,
(cavitation, solid particle) impeller, screw

Galling, compressor bearing/plate, piston ring-cylinder

Seizure wall contact, valve seat
Applied energy Applied energy Applied energy
(Stress / Strain) (Stress / Strain) (Stress / Strain)

Austenite ; »

Martensite I\R
Disclosure
of austenite

Phase transformation Fracture of brittle phase

Figure 2.6 Strain-induced phase transformation.
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Table 3.1 Wear test conditions.

T AEg=d
ML 0.5 m/s
MRS 5N
LIRSl P2 44 mm

Figure 3.5 A disk and a pin used for wear test.
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3.7 D 2A|Y "H

HDzAds =95

7] €I3t0] ASTM E 466(Standard Practice for Conducting Force

Controlled Constant Amplitude Axial Fatigue Tests of Metallic Materials)2| #20] &=38}0f

Table 3.2 =40 U2t AlHE TSI

Table 3.2 Fatigue test conditions.

S Alg=4d H| 1
ANEes o2 -
ANE&EE 10 Hz -
SEH| 0.1 -

- E ¥ 1,000,000 Cycle -
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4, At Y nHE

4.1. Ti 20| 2 J|AH=™ EM

TUZEZO| Cot Mn BEo| Bzto| M2 7|2XQl J|AHN JES Yot 27| s, #1
oA ED #2H A|FHE MRl 1 SRS Table 4.20] 245t ULt
otz g n7tzol otatxdE Table 4.10] LIEFRICE JISO| 580 43 O A
BS, DIN, ASTMOI = #Z%}tE[0] HO| MASSHZE2E OfAX| L UCH?24]

Table 4.22| #1 H2 Yt o= miaf7| AXH0| AMEEl= SCMnH 112X{O|Cf,
Table 4.29| #2 2 #1 HO|| TiZ} 15wt% ®7t=l ef20|LCt
1.27 wt % C 20| Tiol 1.5 wt % ®7bEl #2 2 Tio| =0|& HIIE #1 2 HLsiEH

O M7tEl #2 A|YHO| #1 HCt AYZE, dEZE, ddlg % F=7t S7tEJACH

oj2{st ZIte Ti 347 4o ez ZFYEUS OMIAIA M9 0|52

AML 2N H=tcts HAHLIFO 2ot Aoz HZECH Ti H7HA| 2EE0| DjAM=t
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Table 4.1 Chemical composition of commercial Mn steels (JIS G 5131 : 1991)

7l & C Si Mn i S Cr v
SCMnH 1 | 0.90-1.30 - 11.0-14.0 | 0.100°]5 | 0.050]5 - -
SCMnH 2 | 0.90-1.20 | 0.80°]3 | 11.0-14.0 | 0.070°]8} | 0.0400] %} - -
SCMnH 3 | 0.90-1.20 | 0.30-0.80 | 11.0-14.0 | 0.050°]5} | 0.035¢]%} - -
SCMnH 11 [ 0.90-1.30 | 0.80°0]3F | 11.0-14.0 | 0.070013t | 0.0400]l3} | 1.50-2.50 -
SCMnH 21 | 0.90-1.35 | 0.800]3 | 11.0-14.0 | 0.0700]3} | 0.0400]3} | 2.00-3.00 | 0.40-0.70

Table 4.2 Component analysis results.
(wt %)
AlH d Si Mn P S Cr Ti Vv
#1 1.27 0.53 12.06 0.051 0.003 2.22 0.003 0.02
#2 1.27 0.55 12.05 0.055 0.002 2.19 1.46 0.02
Table 4.3 Mechanical properties.
ARYE g=ZE Glg A=
AH
(MPa) (MPa) (%) ()
#1 630 465 11 236 HBW 10/3 000
#2 649 492 29 248 HBW 10/3 000
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Figure 4.1 Microstructure observation (50 magnification).

Figure 4.2 Microstructure observation (200 magnification).
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Figure 4.3 Microstructure observation (500 magnification).
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Weight Atomic%
599 2264
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100.00

Figure 4.4 SEM-EDS analysis of carbide.
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Figure 4.5 SEM-EDS analysis of the base.
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Figure 4.6 Fe-Mn Alloy Phase Diagrams (ASM HANDBOOK VOLUME 3)[27].
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Figure 4.7 Microstructure observation (50 magnification, 1050 °C, 4 hours).
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Figure 4.8 Microstructure observation (500 magnification, 1050 °C, 4 hours).
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Figure 4.9 Change in microstructure for different holding time

(50 magnification, 1100°C, #1).

4.5 5.0 55 6.0

Figure 4.10 Change in microstructure for different holding time

(200 magnification, 1100°C, #1).
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20 25 3.0 3.5 4.0
4.5 5.0 5.5 6.0
Figure 4.11 Change in microstructure for different holding time

(500 magnification, 1100°C, #1).

35 4.0

4.5 5.0 55 6.0

Figure 4.12 Change in microstructure for different holding time
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(50 magnification, 1100°C, #2).

20 2.5 3.0 35 4.0
4.5 5.0 5.5 6.0

Figure 4.13 Change in microstructure for different holding time

(200 magnification, 1100°C, #2).

3.5 4.0

4.5 5.0 55 6.0
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Figure 4.14 Change in microstructure for different holding time

(500 magnification, 1100°C, #2).
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" MM 6480
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Full Scale 19969 chs Cursor: 0000 L 10000

Figure 4.15 SEM-EDS analysis (200 magnification, #2).
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Electron Image 1
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Figure 4.16 Alloying element distribution by SEM-EDS MAPPING analysis

(200 magnification, #2).



Electron image 1
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ull Scale 27710 cts Cursor: 0,000

Figure 4.17 SEM-EDS analysis (500 magnification, #2).
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Figure 4.18 Alloying element distribution by SEM-EDS MAPPING analysis

(500 magnification, #2).
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Figure 4.19 Pin on Disk wear test.

Figure 4.20 Pin-on-Disk.
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Figure 4.21 Additional weight losses.
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Figure 4.22 Total weight losses.
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logN= loge— mlog§ (3
Where
N = Number of cycles
S = Stress range
m = Negative inverse slop of S-N curve

logc = Intercept of log N-axis by S-N Curve
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Figure 4.23 S-N curves.
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structure of high speed steel, Materials Science and Technology April 1998 Vol. 14.

Abstract

Effect of Titanium Addition on the Microstructures and Mechanical Properties

of Carbon High Manganese Steels

Myungsub Koo

Automotive and shipbuilding Technology, University of Ulsan, Daehak-ro 93 Nam-
gu, Ulsan, 680-749, Korea

A study was conducted to develop the manganese steel with high work hardening
and tensile strength for a crusher, a part thermal power generation. Manganese steels with
various amount of C, Mn and Ti are processed and evaluated for microstructures and
mechanical properties based on the alloying elements and the heat treatment conditions.
Carbon is an austenite stabilizing element in addition to Mn and Ni. because it is the
element that the maximum of 1.8 wt% carbon is contained in the 12% Mn steel and
remarkably lowers the martensite start temperature. The Ms temperature is present as
austenite even at room temperature. Therefore, after evaluating the mechanical properties
according to the composition of the alloy, it was used as the crusher material for the

thermal power generation, and the mechanical properties were observed by using Fe-Mn-
60



Ti steel which is considered to be satisfactory in terms of mechanical properties. As the
annealing proceeded at 1100 °C, the carbide phase distributed in the grain boundaries was
solidified with 1.5 wt% Ti added during heat treatment and precipitated as Cr carbide
inside the grain boundaries during quenching heat treatment. In addition, microstructure
photographs of the alloy containing 1.5% of Ti added with fine carbide in the grain
boundaries were confirmed. It is expected that these finely distributed carbides increase
the resistance to surface wear compared to alloys containing only Mn. The most
outstanding mechanical properties of Fe-Mn-Ti steel were found at 1100 °C. After holding
for 5 hours, water quenching was performed. The tensile strength was 649 MPa, the yield
strength of 492 MPa, Elongation of 29%, hardness of 248 HBW 10/3000, wear characteristics
and fatigue characteristics, which are important characteristics of crusher material are

improved.
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