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Development of Functional Porous Materials by
New Powder Metallurgy Processing

Seung-Hae Lee * Sung-Ki Kim - Ji-Soon Kim
School of Materials and Metallurgical Engineering, University of Ulsan

<Abstract>

Porous TiNi intermetallic compound was produced by SHS(Self-Propagating
High-Temperature Synthesis). Effects of starting powder characteristics, green density
and ignition temperature on synthesis reaction were investigated through
microstructural observation, phase analysis, a measurement of porosity and the
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observation of pore structure for reacted specimens.

Minimum ignition temperature for the propagation of thermal wave front ranged from
280 to 500°C which varied for the starting powder characteristics. (Ti-h + Ni-¢)
powder mixtures showed a stable reaction behavior and a good pore structure. From
the results of XRD phase analysis TiNi was confirmed as a major phase. Additionally,
TizNi and TiNis phases were also detected as second phases. The amount of the
second phases decreased with increasing ignition temperature which resulted also in a
decrease of pore size and uniform distribution of pores.
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Table. 1. Characteristics of Ti and Ni Starting Powders Used in This Study.

Powder . ) ) . .
Ti-k Ti-h Ni-hl Ni-h2 Ni-c
Property
Size ~-325mesh | ~100mesh | -325mesh | ~300mesh | ~100mesh
Purity 99.5% 99.7% 99.9% 99.9% 99.99%
Production Kroll Hunter |Hydromet. | Hydromet. | Carbonyl
Method Process Process Process Process Process

Table. 2. Minimum Ignition Temperature, Green Density, Product Density after SHS
Reaction, and their Ratio for Various Powder Mixtures of Ti and Ni.

Powder Mixture | Min. Ignition Temp. | Dg(%) Dp(%) | Dp/Dg(%)
(Ti-k + Ni-hl) 400C 44,02 41.73 94.8
(Ti-k + Ni~h2) 500C 46.51 41.73 89.7
(Ti-k + Ni-¢) 320C 42.96 41.64 96.9
(Ti-h + Ni-hl) 360°C 43.98 39.79 90.3
(Ti-h + Ni-h2) 400°C 4457 39.72 89.1
(Ti-h + Ni~c) 280°C 42.00 39.08 93.0
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Fig. 1. Schematic diagram of analysis position in specimen produced by SHS reaction.
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Fig. 2. Particle size and their distribution of starting powders used in this study. (a)
Ti powder, (b) Ni powder

Ti-k powder Ti~h powder

Ni-hl powder Ni-hZ powder Ni-¢ powder

Fig. 3. SEM morphology of Ti and Ni powder used in this study.
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Powder Mixture Tig "S" position "M" position "F” position

(Ti-k + Ni-hl) | 400T

(Ti-k + Ni-h2) | 500TC

(Ti-k + Ni~-c) 320C

(Ti-h + Ni-hl) | 360TC

(Ti-h + Ni-h2) | 400TC

(Ti-h + Ni-c) 280°C

Fig. 4. Optical micrograph of Cross-section of specimens procuced by SHS at
various ignition temperature. (Specimens were cut perpendicular to the
direction of reaction).
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Powder T

Mixture 18 Start Flnlsh
(Ti-k + Ni-hl) | 410TC
(Ti-k + Ni-h2) | 510TC
(Ti-k -+ Ni-c) | 330C
(Ti-h + Ni-hl) | 370C
(Ti-h + Ni-h2) | 410T
(Ti-h + Ni-¢) | 290C

Fig. 5. Optical micrographs of cross-section of specimens produced by SHS
various ignition temperature. (Specimens were cut parallel to the direction

reaction).
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Powder TS
; .
Mixture 4 Start Finish
(Ti-h + Ni-hl)| 370TC
290°C
(Ti-h + Ni-¢)
400C

Fig. 6. SEM images of products produced from (Ti-h + Ni-hl) and (Ti-h + Ni-c)
mixed powders at various ignition temperature.
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Fig. 7. DTA results for various (Ti + Ni) powder mixtures.
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Fig. 8. XRD results for reaction products. (a) (Ti-k + Ni~hl) powder
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ignited at 400C, (b) (Ti-k + Ni~hl) powder mixture ignited at 4207C, (c)
(Ti-h + Ni~c) powder mixture ignited at 280°C.
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Fig. 9. Phase fraction of reaction product obtained from various powder mixtures. :
(a) (Ti-k + Ni~hl), (400, 4207C), (b) (Ti-k + Ni-h2), (500, 5307C), ()
(Ti-k +Ni-¢), (320, 3407), (d) (Ti-h + Ni-hl), (860, 3807C), (¢) (Ti-h +
Ni-h2), (400, 4307C), (f) (Ti-h + Ni-c¢), (280, 3007C).
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Fig. 10. SEM Compo-images of specimen produced from (Ti-k + Ni-hl) and (Ti-k

+ Ni-c¢) powder mixtures ignited at 400°C and 320C. (X1000).

(Ti-h + Ni-c), 280C
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Fig. 11. SEM Compo-images of specimen produced from (Ti-h -+ Ni-c) powder
mixture ignitied at 2807C.
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