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Study of the Precipitation of y-Carbide in the Tempering Process

of Some High Carbon Steels

Yiinoshin IMAI, Tsugio OGURA, and Akihisa INOUE

Synopsis:

In order to make clear the precipitation behaviour of iron-carbides, especially the existence or non
existence of X-carbide, in the tempering process of steels, observations were made of some quenched
and tempered high carbon steels containing 0'86~1°34 wt pct carbon by transmission electron micro-
scopy. Thermomagnetic and thermal dilatational measurements were also made for comparison’s sake.
The main results obtained are surnmarized as follows:

(1) In the high carbon steels tempered under appropriate conditions, X-carbide can be observed by
transmission electron microscope.

(2) Habit plane of X-carbide is determined to be {112}, suggesting that the carbide may preci-
pitate preferentially on martensite twin boundary.

(3) In electron micrographs, morphology and growth direction of X-carbide are different from those
of e-carbide, but are very similar to those of #-carbide which precipitates on {112},. From these obser—
vations, separate nucleation and in situ transformation are supposed for e¢—X and %Z—@ transition,
respectively. @#-carbide precipitating on {110}, is also found, and is suggested to take place by separate
nucleation directly from e¢-carbide.

(4) Using three main crystal indices of planes and direction in X-carbide, i. e., (100)y, (010)y,
and [001]x, the orientation relationship of the carbide with ferrite matrix is approximately expressed
as (100)z=//(121)4, (010)y =//(101),, and [001]z=//[111],.

(5) By thermomagnetic and thermal dilatational measurements, the precipitation of X-carbide is
also detected on the high carbon steels tempered under the most favourable condition to obtain ¥-
carbide.

(Received May 28, 1971)
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Table 1. Chemical composition of steels.
Elements (wt 9)
Steel - .‘ -
¢ | wMa | N cr o osi Al p S
No 1 0-86 0-001 0-005 0-010 0-015 — 0004 0-004
No 2 1-11 0-001 0-009 0-008 0-012 — 0-008 0-004
No 3 1-34 0-001 0-00! 0-003 0-021 0-073 0004 0-004
Table 2. Crystallographic data for the ¢, X, and § iron carbides (after Duccn'™).
Crystal Lattice constants (A)
Formula class Space group ! a b c B (deg)
]
Fey,C—FesG Hexagonal (¢) P63/mmc 2-752 — 4-353 —_—
or P3ml
or P6; 22
_ or Phen :
FesCy Monoclinic (%) Ca/c 11-562 4-5727 5-0595 9774
FeyC Orthorhombic (&) Pnma 4-5248 5-0896 67443 90-00,
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Fig. 2. Reciprocal lattice of Z-carbide.
*—180-5=82"26°

R AER % B L 7o BB DT, Ducen!® p3gEsk Lz
e~k (BUF ¢ LBEED), X BXI U 0 OFEHE
Table 2iCR. ZhbOBRFEREZHAVTHASL TR
e, LBIUOD3KITEBRTFLFNFh Fig. 1, Fig.
2, XU Fig.3 @wiR¥. Table 2IKREATWB LS
i, ABIVO OGBSI TEMLTYS. L
eEDT, X &0 LEBFEHBROLETERT 2 C &1,
PR VEETHD LHEEINDS. L LE5BOHET
HEOHETFRENZEETEE, L L0 LXELIT
KHTES. 7o xiE, Fig. 493 (110)% & (10D% L%

728 & & & 58 £ (1972) 6 5
fcool’ ] _
Co02 one Q222 .
fooi
002 022
ot 0221
el
1072 nz2 1232 "2 122
BN N N N = N e e
50 \ 202 212 222 121
10711 123)
110
zoéx 2 |§2\ 2232 201 21 221 120
1010 uéo\ 1230
200
2031 2131 210 220
noar o2h"
[t N
20%0 2130 2230 Fig. 3. Reciprocal lattice of #-carbide.
Goiol’ .
. 1 *
024 ools! o’
!
Fig. 1. Reciprocal lattice of e-carbide. °© © o o 4 o o o o
° ° ° L] ilé ] . [] .
' D
g 9 ] o. ?'i °, °, o. °, :
i
ool € 8 % % 3 3 % 3 9
002 022 —--———m----»---4:---a«---{;---*-__o--_a---o_~EQ‘_@;_[9QU:
12
202 So2 %'o%sﬁ,aagg
021 . . . . “. . . . . ® X -carbide
. e o ° o : o o o o © @-carbide
‘ +) Forbi
e e e i e e e o e
. [O\O]‘ ]
# 000 020 Fig. 4. Comparison of (110)z* reciprocal lattice
v plane for Xx-carbide with (101) o* reciprocal
200 220 lattice plane for f-carbide.
nod _
02 A" BRELETRLZZDDTHS . D 5L, (110)F
& (I01)F ZWELL L TWB 2, BROWHETHEDORE

KIS, ERSEDS. L2 T, Z0BOSHETF
B LEOMEFHOENNEZHEITNE, X &0 LxELH
WENTEDZ Ebrb.

3. ERBREIER
31 BTEMEEE
3-1-1 X p{emomE

BeEARE, 275°C, Shr BER L7z 0°86% C Tt
HHEEEFR O—Fl% Photo. 1 (A), (B), (C), (D)
ARy, (CO)KITD)E, ThFhEEMEOEFE
FRF X UL D key diagram TH5. (B)IIRFMREHK
THH, ThiF(D) iz VTR 221 24 Lz BILFI D



EREMOBR LERBITR T S 1-Ribmir i 729

Ferrite
+ Twin
® X-carbide

*  Double diffraction from
X - carbide

. Transmission electron micrograph ((A) bright-field image (B) dark-ficld image) and

diffraction pattern (C) from 0:86% C steel tempered for 5hr at 275°C showing the

formation of X-carbide.
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(D) Indexing of diffraction pattern.
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(A) Electron diffraction pattern from 1°349; C steel tempered

for 5hr at 225°C showing the formation of e-carbide, (011)%

/ (0001)%.

Photo. 3.

diffraction pattern.
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(A) Electron diffraction pattern from 1°:3495 C sieel tempered for 1 hr at 300°C
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Table 3. Comparison of experimentally determined
d-spacing with those calculated from the
crystallographic data of DuGGIN.

{hkl} dobs deare | Zemte=dobs  qqp
dcalc
(110) 418 (A)| 424 (A) 1-58 (%)
(111) 3-11 3-164 171
(002) 2-48 2507 1-08
(112) 2-91 2-208 —0-01
(221) 1-96 1-991 1-56
(221 1:91 1-924 073
(222) 1-65 1-662 0-72
(113) 1-59 1'582 —0-05
(113) 1-53 1-529 0-01
(330) 1-39 1-416 —1-83
(331) 1-36 1-381 1-52
(33D 1-31 1-345 2-60
(113) 1-21 1-219 0-74

IV—HKEFRILLEVWEIRETHS. Thbb, HEEL<
T YA MIREETS L EERER LLEE G

TEF 5L ey, BRFERECREEALF—0bDLE

x2bh5.
3-1-2 &, X BXU 0 DB &N F OHEAESE
oW\t

1-349,C §@% 250°C, 3hr BEE L7z & & ORIy

Photo. 4. Transmission electron micrograph obtained
on 1:349; C steel tempered for 3 hr at 250
°C showing the formation of e-carbide,
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Photo.. 5. Transmission electron micrograph (A) and diffraction pattern (B) from 1-349,C
steel tempered for 5 hr at 250°C showing the formation of ¢-carbide.
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Photo. 5. Transmission electron micrograph (A) and diffraction pattern (B) from 1-349, C
steel tempered for 5 hr at 275°C showing the formation of X-carbide.
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Photo. 7. Transmission electron micrograph (A) and diffractron pattern (B) from 1:349, C
steel tempered for 1 hr at 425°C showing the formation of X-carbide.
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Photo.ﬂ 8. Transmission electron micrograph obtained
on 1-349; C steel tempered for 1hr at 425
°C showing the formation of #-carbide.
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Photo. 9. Transmission electron micrograph (A) and diffraction pattern (B) from 1-11¢, C
steel tempered for 3 hr at 300°C showing the formation of X-carbide.
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Photo. 10. Transmission electron micrograph (A) and diffraction pattern (B) from 1-1195 C

steel tempered for 1 hr at 375°C showing the formation of @-carbide.
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on 0-869 C tempered for 5hr at 250°C
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Photo. 12. Transmission electron micrograph obtained
on 0:'869% C steel tempered for 5hr at
300°C showing the formation of #-carbide.
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Fig. 5. Temperature-time diagram showing the
precipitation range of ¢, X, and #-carbide
in the tempering process of 1°349;, C steel.
Observation points are indicated by solid
circles. The dotted line shows an ambigous
boundary of the precipitation range.
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Photo. 13. (A) Electron diffraction pattern from 1:11¢5 C steel tempered
for 3 hr at 300°C showing the formation of #-carbide, (102)%

7 (110)%.

(B) Indexing of diffraction pattern.
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Photo. 14. (A) Electron diffraction pattern from 1-119,C steel tempered for
5hr at 350°C showing the formation of X-carbide,
(110) %,

Photo. 15.

G Y74

(B) Indexing of diffraction pattern.

Q Ferrite
& Xx-carbide

(A) Electron diffraction pattern from 1-342,C steel tempered

for 5hr at 250°C showing the formation of X-carbide, (010)%

7 (10D)%.

(B) Indexing of diffraction pattern.
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Fig. 6. Stereographic projection representing the
orientation relationship between-carbide
and ferrite.
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Fig. 7. Stereographic projection of bcc iron planes,

showing analysis-of tracesYof Z-carbide.
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Fig. 8. Thermomagnetic curves obtained on quenched,
sub-zero treated, and tempered (275°C, 5hrs])
1-349, C steel.
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Fig. 9. Thermomagnetic curves obtained on quenched,
sub-zero treated, and tempered [275°C, 5hrs
+400°C, 10min] 1-34C 9, steel.
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Fig. 10. Thermomagnetic curves obtained on quenched,
sub-zero treated, and tempered [500°C, 5°5
hrs] 1:349; C steel.
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Fig. 11. Total dilatation change during tempering

process of quenched and sub-zero treated
1-3494, C steel.
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Fig. 12. Total dilatation change during tempering
process of quenched and sub-zero treated
1-349, C steel.
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Table 4. Calculated contraction accompanying to
carbide precipitation in the tempering
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