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Measurement of Carbon and Titanium Solubilities into Molten
Fe-Csat-Ti Alloys

Mitsuo Sumito, Nobuo TsucHIYA, Kyoji OKABE, and Koji SANBONGI

Synopsis:

The solubilities of titanium and carbon in Fe-Cg,~Ti alloys were determined at temperatures from
1300°C to 1500°C. Some of the previously reported solubility values of titanium were determined by
measuring the acid-soluble titanium contained in rapidly cooled samples in which the sedimentation
of titanium carbide was inevitable. This sedimentation resulted in the difficulty in determining the
accurate solubility of titanium. In order to overcome the difficulty, two methods were newly devised
to measure the total titanium content in rapidly cooled samples.

The results obtained were as follows:

(1) The solubility of titanium at temperatures from 1300°C to 1500°C was expressed as,

log [%Ti]l=(—6760/T) +3.965

(2) By the use of the carbon solubility at different contents of titanium, the temperature depen-
dence of interaction coefficient, ¢¢;, at temperatures from 1 350°C to 1500°C was determined as,

eg=(—221/T)—0.072

(3) The change of standard Gibbs free energy for the reaction, Ti+Cg=TiC(s), was obtained

as 4G°=—30500+13.3T
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(7 crucibles )

1. graphite crucible(75%x65%x105-)
2.graphite crucible(20%x13#x50~70")
3.Fe~Csat alloy

4.TiC tablet

5.graphite granules

6.alumina grarules
7.monitoring thermocouple
8.high pure argon gas intet
9.porcelainous tube

10.SiC resistance furnace

11, thermocouple for temp. controt
12.argon gas inlet

Fig. 1. Schema of experimental apparatus for
measuring Ti solubility into molten Fe-
Cgas—Ti1 alloys.
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Photo. 1. Polished section of rapidly cooled
sample (diffusion method).
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Photo. 2. Typical micrograph of TiCG tablet-metal
boundary of rapidly cooled sample (di-
ffusion method, 1450°C, 13days).
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Fig. 2. Schematic sketch of the section of rapidly
cooled sample.
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(a) : observed both at the center and at the middle of metal
(b)) : observed only at the middle of metal

Photo. 3. TiC grain in metal of rapidly cooled
sample (diffusion method, 1450°C, 10
days).
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Fig. 3. Line analysis near metal-TiC grain boun-
dary by electron micro-probe analyser. A
straight line shows the level of the Ti con-
centration in the matrix of metal. (Sample
kept at 1450°C for 10 days).

crucible <-|-> metal

"

Photo. 4. TiC and C grain growth observed near
crucible-metal boundary in rapidly cooled
sample (diffusion method, 1304°C, 17days).
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Fig. 4. Rapidly-sucked cooling method of molten
Fe-Cg,-Ti alloys for measuring C solubil-

ity.
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Fig. 5. Variation in Ti concentration in Fe~Cg, -
Ti alloys during holding time at different
temperatures.
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Fig. 6. Carbon solubility change in molten Fe-
Cgas—Ti alloys with Ti% and temper-
ature. ([%Tile, shows the equilibrium

percentage of Ti in carbon saturated iron
with TiC(s)).

Table 1. Carbon solubility into molten Fe-Cg,-Ti alloys.

1350°C 1 400°C 1 450°C 1500°C

[%Ti] [%C]sat [%Ti] [%C]sat [%Ti] [%C]sat [%Tl] [%C]sat
0.00 4.80 0.00 - 4.89 0.00 5.01 0.00 5.15
0.00 4.82 6.00 4.90 0.00 5.06 0.00 6.16
0.18 4.85 0.00 4.93 0.18 5.05 0.18 5.16
0.36 4.88 0.18 4.91 0.36 5.10 0.35 5.22
0.42 4.90 0.35 4.96 0.54 5.13 0.53 5.24
0.52 4.91 0.42 5.00 0.65 5.15 0.70 5.27
0.53 4.89 0.53 5.00 0.69 5.17 0.82 5.29

0.53 5.01 0.82 5.17

0.64 5.01

0.65 5.02
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9 80p °
CC> ° » L]
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0 5 10 15 20 25
distance from TiC tablet-metal boundary
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Fig. 7. Observation of variation in Ti concentra-
tion in Fe-Cg,-Ti alloys with distance from
TiC tablet-metal boundary to metal bulk
by EPMA. (beam diameter : 30p9, scann-
ing time : 100s). .

1. Minagawa et als)
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16 3. Sugiura et al®
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12}
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02f
0

1300 1400 1500 1600
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Fig. 8. Comparison of Ti solubility into molten
Fe-Cg,-Ti alloys among present work
and those already reported.
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CHRIB LTS, ¥ e—EFIREFEIRBIERT X 5°F

LMolten Fe-Csatalloﬂ

- Add TiC in excess

= Continuous mixing

( 3hr, 1500°C) Preparation of TiC

7 emulsified alloy

Emulsified solution of
TiC in Fe-Cgyt-Ti

| Sampling and quenching

Re-melting of emulsified
sample(in 7 crucibles, 28g each)

-Keeping at1500°C

\, Preliminary experi-
for 2 days ment

First sampling
(only1 crucible ; initial sample)

l

Lowering of temperature to
1391°C, keeping at the temp- o .
erature and succesive sampling  \ Equilibrium experi-
at every scheduled time ment

(2nd~7th) ‘

Fig. 9. Measurement of Ti solubility into molten
Fe-Cg-Ti alloy by excess TiC flotation

method.

12

1,0|, 1391°C

0.8 o o oo—°
= 06
;° o result by excess TiC flotation
~ 04 method

o result by diffusion method

00 2 4 6 8 10 12 14 16 18 20 22
Time (day)
Fig. 10. Comparison of variation in Ti concentra-
tion in Fe-Cg,-Ti alloy between excess
TiG flotation method and diffusion method.
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Fig. 11. Dependence of interaction coefficient, ef,

on temperature.
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Fig. 12. Relation between temperature and log[%
Til+eti [%Til+efi[%Cl. [%Til, [%C]
are Ti and C solubilities into molten Fe-
Cgas-Ti alloys at each temperature.

Table 2. Comparisons among 4G$ (Ti(s)=Ti) and
among 4G° (Ti+Cg,=TiC(s)).

Reference 4GS =A,+B,T AG° = A+ BT
SAWAMURA
ot alis | —13170—8.84T ] —31230412.25T

CHiNO et al.19| —12690—8.84T | —31710+12.25T

CHIPMANZ®)

—13100—10.7T ‘~31%W+J4J1T

Suzuki et al.1®)! —15390—8.847T

Hurukawa
et al.2n

—29010+12.25T

—15166—8.84T | —29234+12.25T

Present work — —305004-13.3T

4G5 13 CHPMAN DEH R\ TIXEBIBE L RE L
HOFER, 4G5 =RT Iny3; -0.5585/My; s 3R 7
16)18)~21)  AREEA H3RD T A D, —3.05x 10¢cal &
BpfE 13.3 % 2 h bLOfE & LR, u—%%k
ATz,

5. ¥ & 0B

Fe-Co-Ti ZBEIGEHTO Ti L CORMEL, *
NENCHE LIBIEFEZERLEL, 7Tr=vERETT
ME Lz, DUFCE o RERIET 5.

(1) BELRBEERCET7 AT VEBS T D Fe-
Cas-Ti 2> TiWEMRER, 1304°C T 0.46%, 1348
°C T 0.66%,1391°C T 0.82%,1450°C -¢1.09%,
1501°C © 1.43% Thb, BEKREEILRTEZIR
5.

log[%Ti]= (~6760/T) +3.965
Tods, APEMEDOZ LM H /A HORIGE FToE

BERL IS —ETHELDEFT BT

(2) BEBEBRHEE T DEZ ERbEan LR 2
ZABEC R bR 5 TiC RF o4& RERS, B
FiElEz L EPMA WX 55 1 v LEICHES L
FER, 0D ORI FIXA AR OB EER CHTH L & i
E L7, Fio, HEAS DT D bh b Fid
FERREBICHH, RELALDTH D L ¥ L,
COBE, EKEIE EESNTORENKE L, BFFE
To Ti(N, C) EEERFHT LCcoF#H ks &
Ezbhb.

(3) &REFIBBETH L7 A2 VERELKF D
Fe-Cge~Ti Z o CHEMENIL, 1350°C ¢ 4.8140.178
[%Til, 1400°C T 4.90+0.186[%Ti], 1450°C =
5.03+0.181[%Ti], 1500°C T 5.15+0.171{%Ti] ©
B5b.

(4) rznvdh TiEELCHEBEOBEL Y, CH
FUREE T COMIIEFHBNRE % #5835 L, 1350°
C ¢ —0.205, 1400°C ‘¢ —0.209, 1450°C < —
0.200, 1500°C T —0.195 :7a by, FOEEKREMRIT
KARTEIRS.

eSi=(—221/T) —0.072

(5) ARBEEER X B5hi BB ELY Ay
T, Ti+Capi=TiC(s) RIEOEBHEE B =% L ¥ %1k
4G® #EE L, —30500413.3T cal /&7,
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