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Effect of Added Elements, Especially Titanium, on the
Coarsening Temperature of Austenitic Grain Size.

(Study on the high-temperature carburizing—I)

Akira AvpacHi, Kiyoshi MizukawA and Kaekuo Kanpa

Synopsis:

'

Theoretically, there is nothing part1cular1y unusual about the fact that steel carburizes
more rapidly at higher temperatures. Higher production rate is obviously possible. -With
higher temperatures all reaction rates increase but furnace parts erode more rapidly and
“the grain-size of the steel being treated increases with temperature. The authors experi-
mented on the effect of additional elements especially titanium in carburizing steel on the

coarsening temperature of austenitic grain size.

The results are as follows:

(1) Relation between nitrogen and titanium in iron.

The behavior of titanium nitride in titanium-iron alloys with up to 0°2% titanium was obs-
erved on the quenched spec1mens after equ111brated with the controlled atmosphere at 1560,
1600 and 1650°C. The equ111br1um constant in the reaction was determined.

(2) Effect of titanium on austenitic grain size.

The effect of titanium .compounds on the grain coarsening temperature was studied with
titanium-~iron alloys containing oxygen, nitrogen or carbon respectively. The results are as

follows:

(A) The gram size was reduced and its coarsening temperature increased by the presence .
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of titanium nitride or carbide. The amount of added titanium required for enhancemént of

grain coarsening temperature was 0°01 to 0°1%.

(B) Titanium as solid solution or oxide had not any visible effect on the grain size.
(C) The steels containing aluminum, zirconium- or niobium were superior to the steels
containing aluminum or vanadium in the enhancement of grain coarsening temperature.
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Fig. 1. Furnace arrangement.

Table 1. Chemical composition of refined
.pure iron.

N%

Co% | Si% | Mn%, P% S % 0%

0°009|0° 0072|0°*0028{0*0083| 0*0018

0°0008 | 0°0006

Ti moie N Z2ERL. EBREEIR 1560, 1600,
1650°C & L, 1600°C DD Ne-Ar [BAEH ADONLGE
% 2/100 &L, fhOEECIVT b AR S OV
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Table 2. Relatlon between titanium and
nitrogen in liquid iron.

Temp. | Met. N%
°C Ti % |1In In
solution | nitride Total
0°140 | 010033 | 0°0023 | 0°0056
1650 0°027 | 0%0050 | 070022 | 0°0072
0°013 | 0°0063 | 0°0002 | 0°0065
0°180 | 0-0015 | 0%0052 | 00067
0°080 | 0°0030 | 0°0036 | 0°0066
1600 0°050 | 0°0038 | 0°0005 | 0°0043
0°026 | 0°0073 | 070005 | 0°0078
0°020 | 0+0058 | 0°0005 | 0+0063
0°018 | 0%°0074 | 0°0007 | 0+0081
0015 | 0°0063 | 0°0007 | 0°0070
07027 | 0%0034 | 070022 | 0-00s6
1560 07021 | 070058 | 070006 | 0°0064
0°019 | 0°0042 | 0°0010 | 0°0052
0°015 | 0°0052 | 0°0007 | 00059
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Fig. 2. Relation between equ1hbr1um constant
and temperature.
Table 3. Relation between titanium in solid
solution and grain size at 925°C.
No Ti add. 2 Ti |[Tilmes. |Grain size
o % % % . | number
1 0 0 0 2+8
2 0°01 0°009 0°009 3°3
3 005 0°048 0046 3*2
4 0°10 0090 0°088 3°9
5 0°50 _ 0°491 0483 3*5

log[Ti][N]=—1970/T +6°75
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JETEE Ti OFEZFAEL /2. Table 3 TRTE
D 925°C IR IFHFEHMEE Ti RInECEfRER <,
3°2~3%9 THligk L ITER UHBRR LTV 5. L7cH
DTE&BE THERRECEEL S IESRVT L55Db
»5H.

i) BEENECRISTRE Ti o

BRRE% 0°01~07029% Tl 7-igk% Ar BHEK
HCHEREL, Ti% 0°5% %CRML7SOTiETable

4TI Y, 925°C 134T B R RLEE A IINAT 3°0 72
FQ%@@46&F§TL#ﬁﬁméhﬁ,%@%@@
WHLSHL L.
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Table 4. Relation between titanium in oxide
and grain size at 925°C.

Table 6. Chemical composition of samples of
" Fe-C-Ti series.

No Ti add.| XTi |{[Tilmes(Ti)rio, Grain size
Bt % % % % - | number
1 0005 |- 0°003 tr 0001 . 32
2 | 0°01 0° 006 Ctr 0°005 32
3 0°05 0*042 | '0°017 | 07022 4°3
4 010" | 0°089 0°075 | 0°016 4*1
5 0*20 0°184 0140 0°042 © 43
6 0*30 0°280 | 07237 | 0°044 46
7 0°50 0°482 0°441 0r040 42

Table 5. Chemical composition of samples of
Fe-N-Ti series.

_ CTi o )
Marks (N) iy
Added (Ti)rin | [Tilmes. o
A 0 0 0 © 0
B 001 - 0°007 0+002 00020
C 0°03 0°024 - 0004 00071
D 0°05 0°034 0‘015 " 0°0099
E 006 0°038 0°021 0*0130
F 0°08 0°049 . 0029 0°0144
G 01 0°039 0*060 | 00113
II, 02 0°023 0*175 0°0068
I 03 0°030 0270 0°0086
J 0*4 0°032 0°364 |. 0°0093
B T 1
—
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Fig. 3. Relation between amount of added
titanium and grain size of samples
of Fe-N-Ti series. _
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Fig. 4. Relation between amount of added
titanium and grain size of samples
of Fe-C-Ti series.
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Fig. 5. ~Effects of various elements on the
austenitic grain coarsening temperature.
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Fig. 6. Gas carburising temperature and time.
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Ti, Zr 0%, Al 0°02%
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- Photo. 1. Comparison of grain growth of gas
carbur1zed (1050°C, 1°33 h) samples.
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Table 7. Chemical composition of samples for gas carburizing.
’ ) -Ti ¢ ’ o
. Marks , Al % ! /’ Zr % ~Total N
, , : . @
" | Add. [ sol Al | Add. | [Tilmer [[Tileomp | Add. | [Ztlmer. [(Zcomp |
1 o] - — 00071
2 0°02 10°020 — — 0°0070
3 0402 0°015 0°005 0°001 0°003 — 0°0072
4 4 0°014 0°008 0002 0°*004 —_— 0°0068
5 4 0°016 0010 0:002 0°006 — 0°0070
6 4 0°018 | ~0°020 0°003 0°013 — 0°0073
7 4 0°0t6 | 0+030 | 0°006 0°019 — 0*0070
8 -7 0°016 0°050 0012 0°031 — 0°0065
9 0°02 | 0-016. e 0°005 0°002 0°003 0°0065
.10 4 0*016. - — 0*008 0°001 0°005 0°0071
11 7 0015 - — 0010 0°003 0°005 0°0065
12 4 0015 - — 0020~ 0°005 0°010 0°0070
13 Ly 0016 — 0°030 0°009 0016 0°0068
14 v - 0°018 — 0*050 0-014 0°026 0°0064
S15CK - 0017 — ‘ — l \ 0+0082
Table 8. Chemical composition of carburizing gas.
: : 930°C 980°C 1050°C
Composition . . i
» 930°C - 850°C 980°C -850°C 1050°C 850°C
CO: 01 04 01 0°2 02 0°3
O; 0°0 0°0 . 0°0 : 00 00 0°0
CO 24°3~24°5. 24°2~24°5 24°2~24°6 244 245 24°3
H, 32°0~32°3 0°5~0°6 . © 316 316 323 31°5
CH, 0°*75~0"85 : 0'55—0'6 0°5 0°35 04
C4Hyo add. 0°9 <0°3 07 <0°3 08 <0°3
Dew RX gas —7~—6°C —7~—6°C —7~—6°C —7~—6°C —4°C —4°C
pt. |[Furnace gas —13°C —3°C —20°C —3~2°C —25~—27°C —3~—2°C
Table 9. Grain growth characteristics by gas carburizing.
930°C l 980°C | 1050°C
w .
=41 Gas car. Solid car. Quench Gas car. Quencd Gas car. Solid car. Quench
<
E GK gK GK oK GK (784 GK (784 GK l 0K GK % TK GK K GK OR
1 27 0°21 4°2 3‘1'l 1*9 i 0°38 2°4 ‘ 0-42 11 $ 0°49 1*4 | 0°81 1*1 ] 062
2 56 | 54 54 ! 44| 019 46 | 0°351 3°1 ' 098 40 | 0°54 3°1 | 1°06
3] 5°8- 6°0 6°0 56 58 51‘ 5°0 54
4 6°7 6°5 6°2 64 60 54 58 60
5 7°0 7°2 7°6 7°0 7°4 6°7 70 7*0
6 7°0 7°1 7°3 6°7 70 6°8 6°8 7*3
7 71 7°3 7*3 7*0 7°3 6°4 6°4 7°3
8 6°9 64 6°8 6°6 6°8 6°6 6°3 6°9
9 5°5 58 54 4*8 50 4°9 47 5°1
10| 6°0 6°0 6°3 5°2 56 5°0 4°8 52
11 65 6°7 6°1 6°0 6°1 54 56 5°8
12 676 6°6 7°0 64 6°8 6°2 6°0 6°6
13| 6°9 66 6°4 6°4 6°2 6°0 6°4 64
14} 6°9 6°6 6°7 6°0 6°5 6°0 6°5 6°5
M |
2| 76 8°1 4°4 | 1°20 | 48 | 1°03| 376|096 3°4 | 0°84
7))
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EXper‘imentalr Me‘théds of Quenching Effects of Oil and Study on
the Relat10nsh1p between the Hardenability of Carbon Tool Steel
and the Quenching Effects of Oil.

(Study on the quenchmg effects of oil for steel—I)

. Synopsis:

Tomo-0 SATO and Yoshmorz FUJIMURA

This -paper deals with a study on some properties of oils required for the quenching of

steels.

" carbon tool steels and low alloy structural steels.

Some experiments were carried out on several oils having different properties, using

This study also treats some remarkable

rphenomeha observed during the quenching as well as the cooling actions of quenching oils.
The experimental methods are described in detail, together with a preliminary study on
the relationship between the hardenability of carbon tool steel and the quenching effects of

oil. The followmg conclusions are obtained:

(1) The cooling behaviour of carbon tool steels during qu'e,nching varies remarkably
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