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Abstract; With the continuous development of modern technology and the intersection between different disciplines, as well
as the application of outfield technology in metallurgical process, a new interdisciplinary subject—*special metallurgy” was
formed. Self-propagating high-temperature synthesis (SHS) metallurgy, as a branch of special metallurgy, is one of the most
important research fields. Based on the chemical reaction heat that immediately released by the reaction system itself, SHS-
Metallurgy method can quickly form an ultra high transient temperature field, thus realizing fast and efficient preparations of
the high melting point metals and compounds. This paper systematically discusses the productions and present application
situations of the high melting point ultrafine metal powder and ultra-fine boride ceramic powder, as well as the latest research
results of SHS-Metallurgy on the preparations of the high melting point ultrafine metal powder and ultra-fine boride ceramic
powder. Moreover, the productions and present application situations of titanium-based alloys and copper-chromium
immiscible alloys, have some disadvantages such as high cost, long process and complex operation. Herein, the latest
research results on aluminothermic reduction-multistage depth reduction in the direct preparations of titanium-based alloys
and copper-chromium immiscible alloys are introduced.
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Table 1  Simple list of special metallurgy technologies!!!

Special metallurgy Outfield Form of energy Application fields
. . Electromagnetic fore L . .
Electromagnetic Electromagnetic e((i Rimjg e olr. ¢ Electromagnetic stirring, electromagnetic smelting,
- and electromagnetic ‘ -
metallurgy field 8 electromagnetic atomization, etc.

Microwave metallurgy Microwave field

Mechanical mass transfer

Ultrasonic metallurgy Ultrasonic wave

Laser metallurgy Laser wave

Plasma melting Plasm

Transient temperature

SHS

gen-enrich [lurg N
Oxygen-enriched metallurgy Concentration field
and hydrogen metallurgy

High pressure metallurgy Pressure field

heat effect
Microwave energy

and cavitation

HEDB

High temperature plasma

Strong reaction heat
field ( Chemical energy of system)

Chemical potential

Pressure energy

Microwave roasting, microwave synthesis etc.

Ultrasonic smelting, ultrasonic extraction, ultrasonic refining,
ultrasonic filtration ultrasonic leaching etc.

Laser surface metallurgy, photochemical metallurgy,
laser material synthesis, etc.

Plasma smelting, plasma processing waste ,
plasma powder preparation, etc.
SHS powder metallurgy, SHS smelting, etc.
Oxygen-rich leaching, oxygen-enriched smelting,
hydrogen reduction for metal oxide, etc.

High pressure leaching of sulfide minerals, high pressure
leaching of oxidation; high pressure synthesis, etc
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1 pm, fE2ERUR AT R CaB, I4EIE>98.5% , CeB,
LI >99. 0% , LaB, U4 >99. 0% , NdB, fIZIE>99. 0%

P& 2 2R % 5 vk il 4% 1 JC 2 T8 B K TEM BB K
B,CKy AN SEM B8 J. & 2 nlA, JoE B i di A
KRR E 50 nm, B,CHARMBIAREE<T pm, BT
EREH . JTUETEMIR A >95% , B,C MY4LiE>98.5%

F 1 Bl SEM B85 . (a) CaBg, (b) CeBy, (c) LaBg, (d) NdBg
Fig. 1 SEM micrographs of metal borides powders: (a) CaBg, (b) CeBy, (c¢) LaBg, (d) NdBg

2 JCEIEHIK TEM B8R (a), M B,CHJSEM HEA (b)
Fig. 2 TEM micrographs of amorphous boron powder (a) and SEM micrographs of B,C (b)
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(a) #5K4, (b) 8H, (o) B, (d) sk

Fig. 3 SEM micrographs of ultrafine metal powders prepared by SHS: (a) Tungsten powder,

(b) Tantalum powder, (c¢) Molybdenum powder, (d) Titanium powder [
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Fig. 4 Process flow chart of titanium application
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K5 ARETZHE0 SRR SEM B (a) —2BEE, (b) Z29ubJE
Fig. 5 SEM micrographs of high titanium free alloy prepared by different processes:

(a) one step strengthened reduction, (b) two-step multistage reduction

HIE 6 1, SR — 48 BRI & kiR A& b &
SRR 4.85% , HAFAE AL O, Y6 Z%, LI K W] b il fout
SEREE (B4 18.6% , 4K 76.30% ) . iR FH 4G

(o AL O,inclusions | &

AccV  Probe  Mag Det F——1 50um
ASIRV B0 5200 SBSE 81

PG RS E5 TR 2 Hab R il 2 R B A e A Y
HO.18%, HE4HmMAMBITBER (F41H
17.5% , %K 82.2%) .

Fle ARTZHAMKEAEN SEM Bl (a) —&E, (b) ZHLR

Fig. 6 SEM micrographs of titanium aluminum alloys prepared by different processes:

(a) one step strengthened reduction, (b) two-step multistage reduction
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Fig. 7 SEM micrographs of Ti-Al-V alloys prepared by different processes:

(a) one step strengthened reduction, (b) two-step multistage reduction
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pressing

Sintering
formation

Tyrannizing |—»
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skeleton

P! Infiltration

Powder Powder
metallurgy mixing
Infiltration Po.w.der >

process mixing

Vacuum arc Powder o
remelting method mixing d

Tyrannizing »{ Sintering ‘){> Remelting

E8  CuCr &Ml MR Toll A7 7 1

Fig. 8 Industrial production process of copper-chromium alloy contactor

<\ e )

E9 AT LR & CuCrys BB MBI (a) MPHRBEELE, (b) HPUEE- Y
Fig. 9 Metallographs of CuCr,s alloys prepared by different processes: (a) Aluminothermic

reduction-electromagnetic casting, (b) Aluminothermic reduction-Refining
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10 AFETZH S8 CuCry SRS R . (a) AP, (b) R - YRR
Fig. 10 Metallographs of CuCry, alloys prepared by different processes: (a) Aluminothermic

reduction-electromagnetic casting, (b) Aluminothermic reduction-Refining
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