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The Effect of TiN Dispersion Particles on the Ductility of Iron

Synopsis;

Ryuichi HAMANO and Kazuo Tsuva

The effects of fine dispersion particles on the dutility of irons with various grain sizes were investigated at
—196°C. The fine dispersion particles of TiN were obtained by internal nitriding of Fe—0'1%, Ti alloy. The
specimens were treated in hydrogen for 72 hr at 680°C, and annealed for 48 hr at 850°C. The tensile tests
were carried out at strain rate of 5-5x 10~*sec™! and at —196°C.

The results were obtained as follows;

1) TiN particles are uniformly precipitated within grains in the recrystallized structure of Fe-0-19%, Ti

alloy by internal nitriding.

2) TiN particles improve the ductility of iron in the region of coarse grain size of matrix.
3) TiN particles increase the cleavage fracture stress, and make the initiation of fracture of iron difficult.
4) TIN particles don’t change the fracture mode of iron.

(Received Sept. 29, 1971)
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Table 1. Chemical composition of specimens

(Wt %).
Ti | Mn | si C o N
Fe | o-0002 0-001 0-005 0-018 | 0-0006
0-030%*

* After removing of soluble carbon.
*%  After internal nitriding.
*%%  After removing of soluble nitrogen.

* B4 E4 A, 10 AERSHBERASICTRER
AN 46 4£9 B 29 B4+
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0-003 [0-028***
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Table 2. Heat treatments for obtaining various grain sizes.

© * -Heat treatments

Grain size obtained

(Grain radius) /2 mm~—1/2

600°C X 1hr,‘ Air'cooling 20 | 100
800°C x 1hr . 7 .« j ™ B 34-8 3 86
890°C x 10br 4 52°9, 61
900°C % 1/2hr ” 60-0 5'8
900°C » 13hr 4 904 p 4-7
1 100°C x 1 hr, Cooling rate : 100°C/hr 154-0 p 36
1200°C X 1 hr ” 170°0 g 3-4
1 200°C X 4 hr, Furnace cooling 327-0p 2-5
hzh 7kg IR L, 1200°C x30min fpBEZAEEL  HRCH—LHESM3E LN £/, Ti 8HER
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Fig. 1. Internal nitriding apparatus.
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Photo. 1. Electron micrograph and electron diffrac-

tion pattern of cabon extraction replica
of TiN in Fe-0'19; Ti alloy internally
nitrided at 700°C x4 hr and annealed at
850°C x 48 hr.
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Fig. 2. Typical stress-elongation curves for iron
tested at-196°C.
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Fig. 3. Typical stress-elongation curves for internally
nitrided Fe-0-195 Ti alloy tested at-196°C.
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Fig. 4. Variation of lower yield stress or 0°29;

vield stress with grain size for iron and
internally nitrided iron-0°19, titanium
alloy, tested at-196°C. Yield stress of
closed mark which didn’t show the plas-
tic deformation is fracture stress.
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Fig. 5. Variation of elongation with grain size
for iron and internally nitrided iron-0-1
9%, titanium alloy, tested at-196°C.
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Fig. 6. Variation of reduction in area with grain
size for iron and internally nitrided iron-
019, titanium alloy, tested at-196°C.
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Fig. 7. Variation of fracture stress with grain
size for iron and internally nitrided iron-

019, titanium alloy, tested at-196°C.
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Fig. 8. Variation of ratio of grain containing
twins on the mechanically polished sur-

face with distance from the fracture

surface for iron and internally nitrided
iron-0°19; titanium alloy, after tensile
tested at-196°C.
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Fig. 9. Variation of ratio of grain containing
twins on the mechanically polished sur-
face (a) at 20x and (b) at 50004 from
the fracture surface with grain size for iron
and internally nitrided iron-0-194 tita—
nium alloy, after tensile tested at-196°C,
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a) Twins alter fractured at-196°C.
b) Same field as (a) aflter electro-polishing.
¢ ) Same field as (a) after chcmical etching.
Photo. 2. Twins in iron of grain d—'/2=
3-6mm~1/2,

"'.ZM;
(d) Fe-0'19Ti d-1/2=36, mm-1-2
Photo. 3. Slip bands and twins after fractured at-196°C in iron and internally nitrided

Fe-0'19; Ti alloy.

(a) Fe d-172=8'6, (b) Fe d-1/2=3'6, (c) Fe-0'1%Ti d-1/2=7-4,

BARIZERD vy, 72, AR B U Ttk & EVEES ER AR E K I B ERREIC e B, 7o, BN
TiN S F2 e e OMicER T Roohikr> (LIS T EEEF S L2 BRNE RO
Fo. =75, d-Y2=3'6 mm~V? D&k CII TR C 3 Hommizit, Mok Xs~ERBEHED 7 v » 7Ll
B X A~ O T v v LD BN S, £ OfH =axhs.
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(@) d-172=74, (b) d"172=3'6, (c) d-172=
2'5, mm~1-2,

Photo. 4. Scanning electron micro-

graphs of fracture surface
of internally nitrided Fe-0-1
% Ti alloy tested at-196°C.
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(a) d-172=10, (b) d-1/2=3"6, (c) d-1/2=
34, mm-1/2,
Photo. 5. Scanning electron micro-
50 graphs of fracture surface in
A ‘——*—ﬁ‘, iron tested at-196°C.
Table 3. Comparison of ky (or k;) values of present work with those reported.
G.T. HAHN® R.M. J. HELsHOP®) NisHINO®
Present work D. Hytt® et al. F1sHER?) et al. et al.
Internally . .
Tron nitrided =~ | Fe-324Si | Fe-0-295C | ¥ ?"é) f?\})% Fe-(0-0"4%) | Fe_0-109C
Fe-0-19Ti n
20°C — — 3-3 25 22 2-4—-2-3 20
—78°C — — 3-3 — 22 — —_—
—140°C — — — — 2-2 — —
_196°C 4-7 4-9 56 2'6 5-2—4-7 4-6
(13-6)* (14-6)* (12-2)* (10°6)*
—200°C — — 11-4%* — —

* k¢ of twinning

TROT 1P - 02— DREXpS b FRTFRAE
BECSHIG T DR ETFBLL AL >TWS. 05 %,
Photo. 4 & 5 /R L7z X 5z, TIN Sk Fa4tckk
Lk & DR EARARORICHIEILERD Shitv. ZoX
51z TiN T2 &8k TIE G. T. Haan? 50k

- TRERLD,

DI R,
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CHREE, HEkORBMNESR X T, o kkEE
HETO3REMIC I X1FT TIN SEEO R & 5t
L, DE¥OEHEEL.

1) Fe-0-19, Ti & OBERLMEEE T 700°C x4 hr
DPNERE(LT, @k TIN 2RRNCEH— B XE5
CEMTES.

2) K& x1523A, ffks® 0229 D —c 55 Liz

TINFFIE, R OKXE L Tl gio 4
T 5. ZhixfgiiicZ{bss, oM GHREL WL 5

fFR% T2 THS.

3) i TiN yXgko~ & BAREETIS 77 % % D i ek
BOFEAEZ R T 5.

4) fims TiN BSkoEi N 8 e s J@E i
V.
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