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Effect of Ti Microalloying on the Structure and
Properties of High Manganese Steel
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Abstract: The effects of Ti microalloying on the microstructure and mechanical property of Mn18 steel were studied, and
the reasons for the failure of Mn18 hammer heads were analyzed. The results show that Ti microalloying has the effects of
refining grain, increasing impact toughness, elongation, strength and hardness in Mn18 steel. When 0. 10% and 0. 30%
w[Ti] are added to Mn18 steel, as the Ti content increases, the hardness and strength of high manganese steel increase,
and the impact toughness and elongation also show an optimization trend. When it continues to increase Ti to 0. 51%, in
addition to the continuous increase of Brinell hardness, the K, value and stability, strength stability, the elongation and
other indicators all have a downward trend. High manganese steel belongs to high nitrogen austenitic steel, and after add-
ing Ti, alarge amount of TiN is rapidly precipitated as a heterogeneous core, playing a series of beneficial roles. If the ad-
dition amount is too large, the size of TiN type inclusions is too large and local aggregation occurs, which has a negative
impact on the performance stability of Mn18 and is easily prone to fracture and failure of Mn18 steel hammer heads. To en-
sure its beneficial effect, the content of Ti microalloying used in Mn18 steel should not exceed 0. 30%.

Key Words: Ti Micro-alloying; Mn18 High Mn Steel; Mechanical Property; Inclusions; Failure of Product

o B LR A T AR B, T THAEE B

PERE LR S50 i, B 2 T 1 if 6 ORTE AL
SEAT M v i ol BT AR BT R ARORCRLR LA
Lz b S Ay d5 B 3 S B R e
T B PE RE IR S I B A R BT
W5 AN AT 2 AR N BT R T s il
PR A R T2 2 e A e AR AL PR
Pe AL BT AR AT FE S, LSS B e i A9 B 4
AL R AL BRAL T | LR P E

EE R WEHIVL(1975—) 53 = G TR0
BIEIEE : R4 (1985—), 55 i g TR

E-mail : panhujiang@126.com;

TifE R —FE MR TR TE Bk A A /Y
PR M i A B A B [ R, T DL RS C N4
B AEBERE ZATE BTN Ti(C, N) & 0K, 1 28 0k:
Hs e, AT DU O B R B IR B R S AL B
AR R, T AL ARz, [, T Ti 5 C 4547,
T T b ABRAL Y, T80 1 AL 4 7 & SR
e E O RE S IR e AL B, DAL s A A
MR SR, 5 Nb VARG &bt E AL, Ti

s BHE: 2023-05-31

E-mail : yzzai@sina.com



55 2 3]

WEITTAE  TiUA S AT m B ZURIPERE A 2

<75 -

AR A Ll B S B R A e R A A T T RS 4
b, HAT IS F A T AT RS 2 0 1

A SC L Ti i 44k Mn18 59 g JE it , BF 5% A [+
() Ti A 4 0 A A A 20 PR BE DL B iR A
PEEF R RE .

1 REFHRRFE

RIS T2 WA i kk— 2% B % 58
JEk—5 G — b AR A — AN (B TR
R, S AL B TG e k) - Be ik - i —
PR I K B AL B — FTH T B — 2848 . UK
VN I0Ti A R Mn18 5 R AN SO TR T R Y
Mn 18 S A9 Y BUAE X FL 4L SUR 22 Pk RE , DR
JEG— 01500 °C, Pl G R G — T 23T
SR A 2 Je BT R Sk R O . e X L
R L3R 1.

DA [ B A 4 A A 2 7 %) v A A0 i A Y 2R
IRFE IS G2 B A P RE L b B | AR
DA B 3 S R BRI A T b o o [ SRR e 3
MK Z600E , #5356 % ] 10 mmx10 mmX55 mm
(9 U T Bk 113280 , 76 PSW750 Pk B WL b kA7, A
FC A R IR B HL A ABK-100), 43 AHaRE Rl Bk b iR e 28
IR 3& =N ED e R ES E TR e ey
fiE1 (FEI QUANTA 4000&EDAX Genesis ) 437 32 24
VIR Y, FH 5% G B2 TS V5 VRS Tk T4 4 R R
PEVE , 7E 4 M B 0BE R X 41 gLt AT WK 4 A A
WK

2 REEREHH

Ti A A Ak X5 Min 18 4 ks B (14 5% 1)

AN () S 6 M EURE e FT B Ao s T e
FE 4 AH i fBE LSS, L SN P 1R o

AT RLE A RO B 35 R P — (1 11
GRS, 5R 0 Ti B Mn 18 JEIRAEAR LG, In AR
) T F5 2t A oo G 0, L A R B 2 — e R 1 A
o, HLBEAS B 25 0 AR A B4 0, b 40k G 7 A e
iR
2.2 ANJETi & Mnl8 4 i e 28 Wy ik

IBUAN [) 2 6 R 00 F AE 3 i 58 UL B
RIS Z ) 05, 25 R an R 2 s . B 2(a) A MR
B i i LR B A AR R A5 R B A e e i
$i, B 2(b) Ry M2 3K FE L ALO, A A% 0 A K B TiN
Je ZL WIS, 1K 2 (o) S M3 3R RE il i B0 A 1Y
MnS (HIR) & TiN 5 Ti(C, N) (500R) Je =I5 .
M4 i FE H TN (9 A R AE a1 3 7, Jey i A9 TiN
AR AW 4 FiR

N 2~ 4 0] LU L B2 Ti 2 i 00 15 m
Mn18 84 F TiN Al Ti (C, N) AT H 2 FR S 328 4 34
T, TSR 2 TIN AT TI(C,N) 522 S AT Y A 4 s
I, w[ Ti IR 3] 0.51% I, BT 44 97 K kel
IR BR AR (R R 34T S 28 Y S 119 2 0 2R 4 IX kA28
] K JE AT R HOR R
2.3 TifE 4 ARt Mn18 4K 1 2- PR RE R 52
A S ARG |, AR ALRE 1 oL 3B ) 2 1 R

2.1

®1 AETIiZEMnISIKERHUERSY (RESHE )

Table 1 Chemical composition of different Ti contents in Mn18 test steel %
9T C Si Mn P S Cr Mo Al Ti N 0
M1 1.14 0.37 17.9 0.021 0.011 0.93 0.52 0.11 0.002 1 0.005 2 0.002 3
M2 1.17 0.35 18.1 0.022 0.014 0.88 0.51 0.12 0.1400 0.005 5 0.001 9
M3 1.19 0.33 17.6 0.024 0.010 0.92 0.50 0.10 0.300 0 0.006 1 0.001 7
M4 1.15 0.36 18.0 0.019 0.016 1.02 0.54 0.09 0.5100 0.005 3 0.001 6
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Fig. 1 Microstructure morphology of different Ti contents in Mn18 samples: (a) M1, (b) M2, (c) M2,(d) M4
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Fig. 2 Inclusion morphology and EDS composition analysis re-
sults of high manganese steel samples with different Ti contents
under SEM field of view: (a) calcium aluminate complex inclu-
sions in M1, (b) TiN inclusions with AL,O, as the core in M2,
and (¢) MnS (block) and TiN and Ti(C,N) (strip) inclusions
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Fig. 3 Merge characteristics of TiN in sample M4
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Fig. 5 Mechanical properties of high manganese steel with different Ti content:

strength , (¢) brinell hardness, (d) elongation

(a) impact K, at room temperature, (b) tensile
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Fig. 6 Morpholog of Mn18 steel hammer head y: (a) fracture interface morphology, (b) cross section, (c) crack macro morphology

and TiN inclusion distribution micro morphology
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Fig. 7 SEM morphology and EDS composition analysis of fracture interface crack morphology and aggregates in cracks :
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morphology of the fracture interface extending towards the steel base, (b) block aggregation of TiN within cracks, (¢) EDS composi-

tion analysis of block TiN
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