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Mechanical Properties and Hot-workability of TiB,-reinforced High Modulus Steel

Kouji TANAKA, Tadashi OsHiMA and Takashi SAITO

Synopsis

: We have investigated the mechanical properties and hot workabilities of the newly developed TiB,-reinforced high modulus steel (HMS),

considering the potential application to automobile parts.

In two kinds of the HMS prepared via conventional powder metallurgical process, TiB, particles of a few microns in diameter were suc-
cessfully incorporated into Fe—Cr ferrite (o) matrix using commercial TiB, powders, and finer particles less than 1 micron were synthesized
through the in-situ reaction of ferro-titanium and ferro-boron powders, respectively.

Young’s modulus evaluated by bending tests reached 289 GPa for the HMS prepared with 30 vol% commercial TiB, powders, 293 GPa for
the one with the same content of in-situ formed TiB, particles. The wear resistance was largely improved by incorporating TiB, particles, i.e.,
the wear resistance of the HMS containing more than 20 vol%TiB, was far greater than that of & matrix steel, and that of 30 vol%TiB, HMS
corresponded to that of SUJ2 hard steel.

The improvement of both the tensile and fatigue strength was much remarkable due to the TiB, particles, especially when the HMS con-
tained in-situ formed particles.

The sintered HMS provided sufficient hot workabilities at temperatures higher than 1273K in upsetting tests, and the trial forged product

demonstrated a high feasibility of making automobile parts by employing the conventional equipment.

Keywords : Young’s modulus; titanium boride particle; mechanical property; hot workability; tensile strength; fatigue strength; forging.
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Table 1. Powder blending and nominal composition of Pre-mix and In-situ TiB,-particle-reinforced high modulus steel (HMS).

Powder Blending Nominal Compsition TiB2/Martix Composition
(wt%) (Wt%) (vol%)/(wt%)
TiB2 Fe-43Ti Fe-22B SUS430 Cr Ti B Fe
622 515 - Bal. 1467 6.54 194 Bal. | 10TiB2/Fe-15.6Cr-2.4Ti
Pre-mix| 12,98 7.97 - Bal. 13.08 1242 4.04 Bal. | 20TiB2/Fe-15.0Cr-4.0Ti
20.37 10.75 - Bal. 11.40 18.73 6.34 Bal. | 30TiB2/Fe-14.3Cr-5.9Ti
- 14.96 8.88 Bal. 12.60 6.54 1.94 Bal.| 10TiB2/Fe-13.4Cr-2.4Ti
In-situ - 2843 1853 Bal. 8.78 1242 4.04 Bal.| 20TiB2/Fe-10.1Cr-4.0Ti

4286 29.07 Bal. 4.65

1873 6.34 Bal. | 30TiB2/Fe- 5.8Cr-5.9Ti

60



10”mrﬁﬁfﬂﬁﬁbtc
PEIPEREE L, POREEE Smm, F v v 7 SEE7.5mm,
éﬁwmmwﬁﬁmﬁﬁﬁﬁtﬁwf AN LR ISR
FaAERAE (B3R 2Xkb, FiR - 60Hz (3600 rpm)THl
mbtoﬁ%hxoﬁﬁﬁﬁ@ SEM % W TRz L 72,
2-6 #HBEMNTIHEOTFEM
BB T ML, BUEXIAVE S S EAEESmm, K&
12mm DMk aRER T 4, BRI LA 8RR (s el T
H#THERMECMASTOR-Z) W THHE#AA TS Z £I124D
SR L -, BAEEIZ 107 s —EIZHIFE L, 1173~1473K
TOERIEPIE LT, MEBEOF — 2725 5 4 CTH
OB KEAEHE L, £, FayF A4 74 F
BN)YA AT L 72TV 77 VI K 0 akBR v 2 B L
7 e M & B ERERE RIS L - TR & g L
t%u:ﬁ%,mw&1%%{@Wﬁ%Lﬁw%$mto
e L, B ImIC R X

S0 < ol B

| mm %}

TiB, KT s L AL SRS O A M & B N TE

AL AR E A IRREAARE LTERL 72,

X 512, TiB, & A 20v0l% D PMAIZ DWW TIGIE, H
£30mm, BEX40mm®D 77 r o EERL, REBEHER
(7ra i) ToO#EERREFT -7/, Thabb, B
ZEBHN A BE LT 7 V2 & Ar R EET T 1373KIZ
L, WHIZARKIZFHALAEZEMIZI Ly LT, &7
RABFIZEE L 72, HO 7L 2R KRESI250tD £
HmHNTL 2 (T 8 T, MIEEIZE X Z 10s
Tdh 72,

3. ERERBIUVEE

3-1 A%
PM#t, ISMOK 2 1+ — PHIZ 20T, SEMDORSE T
1§ CTBE L 24 Fig l(~@OIZR . TiBRFiE, £
DOFEHFE rBRav b ) v 2 ZADFNERTIEDS A

1z

(d) 10vol%TiB,

TE

10 um

Pem—

Fig. 1. Reflected electron images for longitudinal microstructures of (a)—(c) Pre-mix and (d)—(f) In-situ HMS.
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Fig. 2. Diffraction profile for extracted residue from Pre-
mix HMS (20 vol%TiB,).
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Fig. 3. Young’s modulus in 4-point bending tests.
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Fig. 4. Change in wear loss with (a) sliding speed and with (b) TiB, content in pin-on-disk wear tests.

62



Fig. 4(a)id, RO v F v F 4 Z 7iBRIZB T 5,
TAROEE L VEHBEEOBBTH S, XIETB, 24
20 vol% O PM#f & ISHF, 3 KU SKD1HIZ DWW TIR L 724,
WFRhE EVERBOEMIZHM LTS, £2T, A%
% 2 0D P PN C 3 B SR A 0D BERE 2B U & A1
RLCTHO, XK+ EREEDERA L7, Fig 4(b)
X, TRYEE04m/s TOE VEFEE % TiB, BRI L T
Ty b LEEDT, ThTAOTHHES & L EITRL 7,
XA 6, BE¥EH T TiB, B 4520 vol% LI b TR EERENE 23 &
NTED, 30vol% CIESUIHM & RO Y VIEFETH 5
ZeERGgaD, EHIZEICTIB, R CHEKT 5L, PMM K
DEISHMDAEIEHH X AFEL, EVERENRN/NE
e

KT Ao B EEAMBMMO TR, KT A X
A 22 5 AR X A3 <, KT ORISR Z DI
vy, W TR N DO TEBY b v 7 AT L
BELIZ W, A EOMMTIMEREIZENS Z 25
NTNWB9Y, KEIRMTE 2Oz - FLTnWbH T &
M5, PMMEISHEDZET, TiBR A2 XD HME Z &
MNEHKTH S LHHIND
3-4 BEHH
3-4-1 GIRMREEREE

Table 2 12 BABEREBE OB R A /1T, 0.2%M H(o,,)F
L OB RIS X (0y)id, TiB, EOEMIZ & & > THEK
T3, 7/, 3-28HOY Y SEORESE L TN
TS AR IZIZ PM A IS M DR B A W L
BTN, X0 Mz TiB R rB#EAL SR ISHO

Table 2. Tensile properties at the room temperature of Pre-
mix and /n-situ HMS.

0.2% Proof Stress | Tensile Strenghth Elongation
TiB2 (MPa) (MPa) (%)
(vol.%) | Pre-mix In-situ | Pre-mix In-situ | Pre-mix_In-situ
10 412 565 625 873 15.6 10.5
20 479 776 712 1007 8.2 2.6
30 554 1107 788 1119 5.1 0.7
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Fig. 5. Secondary electron images for the tensile fracture

surface of (a) Pre-mix and (b) In-situ HMS
(20 vol%TiB,).
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Fig. 9. Maximum flow stress in hot upsetting tests on (a) Pre-mix and (b) In-situ HMS.
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Fig. 11. Appearance of double-boss-shaped forged prod-
ucts using sintered preforms of (a) Pre-mix HMS
(20 vol%TiB,) and (b) pure iron powders.
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