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Separation and Determination of TiC in in-situ TiC Particle Reinforced Fe;Al Based Alloys

Mikio ISHIKURO, Ko SE-HYUN, Kunio TAKADA and Shuji HANADA

Synopsis : A method for separation and determination of TiC in in-situ TiC particle reinforced Fe;Al based alloys has been investigated. The results ob-

tained are summarized as follows:

(1) When samples were dissolved in a 6 N hydrochloric acid at 60~80°C, TiC remained as a residue. TiC was separated from the acid

solution by filtration.

Amount and composition of separated TiC could be determined quantitatively.

(2) Fe, Al and Cr in samples were detected as soluble elements in an acidic solution , while Ti was found in the insoluble residue (TiC).

Mo was detected in both the acidic solution and insoluble residue.

(3) Two types of TiC particles were observed. Large ones with sizes of about 5~30 um have well developed facet structure, while small

ones less than 1 gm in diameter have dendritic structure.

(4) Separation procedure along with the particle size was examined. Large particles were sedimented but small particles were dispersed

in acetone, so they were able to be separated by filtration. Both large and small particles in samples are identified to TiC independent of the

particle size.
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Table 1. Chemical compositions of specimens.

Sample Mass %
Mol % Fe | Al Ti Cr | Mo C

Fe-28A1.32T8 — — 3C|[796|164) 332 | — - 10.78
Fe-28A196T1 — ~— 9C|69.3 | 175 (10.7 - - | 251
Fe-28A1-3.2Ti-2Cr- 1Mo-3C | 76.9 | 15.1 | 3.23 | 208 | 191 | 0.77
Fe-28A1-6.4Ti-2Cr- IMo-6C | 73.5 | 144 | 662 | 198 | 183 | 157
Fe-28A1-9.6Ti-2Cr- IMo-9C | 70.0 | 13.7 | 10.2 1.89 | 174 | 241
Fe-28A1-3.2Ti-2Cr- 2Mo-3C | 75.2 | 15.0 | 3.25 | 2.06 | 3.80 | 0.76
Fe-28A1-6.4Ti-2Cr- 2Mo-6C | 71.9 | 14.3 | 6.67 | 1.97 | 3.63 | 1.56
Fe-28A1-9.6Ti-2Cr- 2Mo-9C | 68.5 | 13.6 | 10.2 1.88 | 346 | 239
Fe-28A1-3.2Ti-2Cr- 4Mo-3C | 71.8 | 147 | 3.18 | 2.03 | 7.48 | 0.75
Fe-28A1-3.2Ti-2Cr- 6Mo-3C | 68.6 | 14.5 | 3.13 | 2.00 | 11.1 0.74
Fe-28A1-3.2Ti-2Cr-10Mo-3C i 624 | 141| 3.04 | 194|179 0.72
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Table 2. Instrumental parameters for ICP-OES (Hitachi

P-5200).
R.F.frequency(MHz) 27.12
Incident power(kW) 1
Ar gas(l/min)
Outer 12.0
Intermediate 0.5
Nebulizer 0.45

Observation height(mm) 15(above road coil)

Spectral line(nm)
Fe 011 238.204, Al1 396.153
Ti O 334.941, Cr O 267.716

Mo 0 281.615, Y [ 371.029(as internal)
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Fig. 1. Optical micrograph of No. 1 specimen.
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Fig. 2. X-ray microanalysis of particles in (a) No. 2 and
(b) No. 5 specimens.
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Fig. 3. SEM micrograph of residue separated from No. 1
specimen.
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Fig. 4. X-ray diffraction patterns of specimens (Nos. 1, 2
and 6) and residue separated from No. 1 specimen.

Table 3. Analytical results of elements in acid solution and
yield of insoluble residue. (mass %)

Sample Fe Al Ti Cr Mo | Residue | Total

No.
1 81.0 | 154 | 0.04 — - 4.01 100.45
2 73.1 135 [0.14 | -~ — 13.18 99.92
3 78.1 | 15.1 1035 | 2.06 | 1.33 3.53 100.47
4 743 | 142|054 | 1.96 | 1.08 8.57 100.65
5 729 (13.7/0.70 | 1.89 | 0.83 10.09 100.11
6 76.4 | 150 | 0.65 | 2.07 | 3.05 3.18 100.35
7 726 | 142 108|194 | 258 | 8.14 100.54
8 7231136 | 155|187 | 226 | 8.70 100.28
9 73.0 | 14.7 1 0.49 | 2.01 | 6.39 4.13 100.63

10 69.5 | 146 | 0.53 | 2.01 | 9.68 4.19 100.51

11 627|142 | 060 | 1.93 | 159 5.06 100.39
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Table 4. Analytical results of insoluble residue (mass % in
residue) and (Ti+Mo)/C molar ratio.

Sample Mass% in residue (Ti+Mo)/C

No. Fe Al Ti Cr Mo C total | molar ratio

1 090 020 |799| — — 18.6 | 99.60 1.08

2 0.20 | <0.10 | 81.0| — — 18.9 | 100.10 1.07

3 0.66 | 021 {683}|063| 13.0 | 185 |101.30 1.01

4 038 0.19 {728 0.29 8.37 | 18.8 | 100.83 1.03

5 0.27 |<0.10 | 745 ] 0.22 6.87 | 18.9 | 100.76 1.03

6 028 | 038 | 6241|041 | 177 | 181 | 99.27 0.99

7 029 029 {686 023 125 | 18.3 |100.21 1.02

8 028 030 | 706023 100 | 185| 99.91 1.02

9 0.34| 043 | 586 0.32] 239 | 17.0 | 100.59 1.04
10 040 | 0.49 | 557|030 | 274 | 16.2 | 100.49 1.07
11 |042| 054 | 478|024 | 348 | 15.0 | 98.80 1.09
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Fig. 5. SEM micrographs of two types of TiC particles after separation along with the particle size.
(a) large and (b) small particles separated from as-cast specimen No. 1
(c) large and (d) small particles separated from specimen No.l1 followed by heat treatment at 1100°C for 48 h



Table 5. Yield of residue and analytical results of insoluble
residue in No. 1 specimen. (mass %)

Sample Yield of Analytical result in residue
Heat Particle | residuein | Ti Fe Al C | Total
treatment size sample
As cast Large 2.48 79.5 1085 0.21 | 18.2 | 98.76
Small 1.35 80.1 | 0.80  0.17 | 18.0 [ 99.07
1100°C Large 2.60 79.4 | 0.87 | 0.20 | 18.0 | 98.47
for 48h Small 1.06 79.3 1024 |0.12 | 183 | 97.96
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