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SHS(Self-propagating High temperature Synthe-
sis) 382 85hikgA] wAss Wi g o] 83}
HAHES TA3E 7142 combustion synthesis
Z& olid flame synthesissh® Hel&th ol
We guido]l EFE AeolA ©ad Az
HESH g BdgdAd o ARE Aol
dAdFoz A=A HPd SHSTAHA o
814 carbide, boride, silicideTS A2 AEFFH
FENAFES FAY & Atk A drFo
ASEIE e ATy FAAYHL 150C
ol o] A 2047 o frAFAol Tt
2y SHSTA A dsMe AAH oz dyde
Ba g olgsiug Buo A o Ay
Zup7t g A, =g Aol 0.1~20cm/
secd] MELEE FPso] Fae A= b
127t 94 2L A2 iAol o SHSTA S
o] &8 ALde HaF Hrg2oN YL &
& 9lo] %719 Aidtd) e Hu]FAHsL
Agsn YAArtE ARE + A

SHSEA L 19603 th ol 2 & 2] Merzhanov} Bo-
rovinskayaol oA HLoz MEH 4™
A& SHSEAR | BHE Folol s AFHo=
A7E 339 ISMAN(Institute of Structural
Macrokinetics) & FA 02389 20d7d T4
2 gigtel s A7t APFolch, SHSETAR #
4y dFd FABle 4¥9 #A8A= 20008
Az AT ek SHSFA 93 FAHdE
33HE2 3009 FFol8 A#UAAE carbide, nit-
ride5¢ B2o] ojn] Ag3ixo] A ok
nZo e 1980 o) FPATL F diEelA

73



BRSO

SHSEAR g o8HATE FAHoz AFr}
133 9109 Ceramatec, Inland steel5¢ ¢
ANAE 477 AP g YRoME o
F3 H&F A7l A7 AREYgeH gx
AEL oln] A43}so} gt} YRGME 1990
19 F-dE F5o2 SHSTAY e work-
shope] 7NNt E3 SHSFTAH i |13
A symposium®] 1991 9¥ A& Alma Ata
oA HFHNeH 199330l wFA A28
symposium®] 7HHE o Folt}, ojgbzte] A=
e SHSTA did #Ael Filske A3
oltt, Il Me 5AARE dAT7A € oA
SHSEA didt d+71 AZ=EA 27144
TadA e SHSTA Y U 443 Ex 2y
29 ISMANH F - AFAFFATE FY3ln
A}, &dHY ZAFFATI 8 1F% @
HAA] gdd 2”9 Hdv|ed tF olds}
V3t U #FAAA) 71e S ojHEo A
ARG EAe 76 F gleddd sydd.

RIAAE SHSEHA g 00, £ 2 43
29 71eM W%, B - 2349 &5l vha)
ggsug gk

2. SHS#FA 9 A7
2.1. SHSEH 9| e

SHSEA A& ¥4 7ts@ ARE carbide,
nitride, boride, silicides =l e €A F
83 9L e A92AEo|d. SHSEA
Jgaix F4E FFEL 3009FHE Husw
o gEAHQ FFES H1d YeiA. o)
gge APEL L29A A7t $3n A
T7b wof A2AE, FAFT ¢ driAlz g3
AHEEI 9l SHSEAL #% ¥He9 nukg
B 939 SR vgE Efsld YL
& Fo B3AAHE AR 3FE] FAHEY. &
3 Ede Ty i o 7igEte Ay s

SHSZA

TiB:(3190), ZrB.(3310), NbB.(2400), TaB.(3370), MoB.(1800), LaBs(2800),

Borides
HfB., CrB, VB.

Carbides TiC(3210), HfC(3900), B.C(1000), ALC:(1200), TaC(2700), SiC(1800).
WC(1000), ZrC(3400), NbC(2800), CrC.

.Carbonitrides TiC-TiN, NbC-NbN, TaC-TaN.

Nitrides TiN(4900), ZrN(4900), BN(3700), AIN(2900), SisN.(4300), TaN(3360),
HN(5100), NbN(3500), VN(3500), LaN(2500)

Hydrides TiH.(1025), ZrH,(1325), PrH.(1540)

Oxides PbMo0s(1600), PbWO,(2000), BaSi0:(3700), BaTiOs(3700), PbTi0:(2800),
MnTi0:(2700), MnSiOs(2400)

Silicides MoSi-(1900), TisSis(2900), ZrsSi;(2800), Nb:Sis(3340), NbSi,(1900), TaSi-(1800),
ZrSi;, WSix(1500), VsSis(2260).

Intermetallics NiAl(1911), CoAl(1901), TiAl(1654), CuAl(899), ZrAL(1918), TiNi(1552),
TiFe(1110), PtAI(2579), PdAI(2271)

Chalcogenides MoS;, TaSe, NbS, WSe..

Cemented carbides TiC-Ni, TiC-(Ni, Mo), WC-Co, Cr;C-(Ni, Mo).

Composites TiC-TiB., TiB~ALOs;, B.C-ALO; TiN-ALO:;, MoSi,+ALO:(3300),
MoB+ALO;(4000), Cr:C.+ALO:(6500), 6VN+5AL0:(4800), TiC+ALO:(2300).

vzt syl HH 48 15 (1992 &)
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Ti+2B  |=—$ | Ti+B TiB,
A\ g
~
7/ \ /
Ti+2B
Reactant Powder Initiation of Propagation of Final
Powder Compact Reaction Reaction Product

J3l2) SHSEHo| ofsf E4o] Jds=E 25

Aol dutA <l o], graphite=7h o] &o02
gAA AV @ SHSEAO = daid

RGELA T

J21) SHSEHS T

EYA Aol ubgso) Flagte] uwhgo] o3

C3RE S FHAIE ok ®19 SEE FoA

nitride, hydride, oxides> YFEFLH A%, F4,
Hazhagte w3 BFEo] FHEh
olg g 7}AE 0|43 SHSTFHE carbided} nit-
rided] A carbonitride® YA FANE &
Ae FHol Atk 1119 TiB.SEE FAlo g
SHSER¢ /MexE Jellgith daide &

- FAd "2d dedESOE AHJE NAFH

Ao 2 o] AFE ] dintgo] EdA)
Addd. SHSTR Y ¥HEEEE 0.1~20cm/sec2
o Bt e Al 3EEo] FAEM.
SHSEA 93 sl5HEe] FAHHe 24S 132
of Yehfdch SHSTA S WA= 3gEe
el A% 2ol 93 %7t A5 YR
29 d&4do] gdn Hgged 33Ee
25 & Y¥uk2 % (adiabatic temperatune) @i
gk #1o EAHQ IFEY PdINELEE
323 A YA o] gL EE
i 4000C7HA] JERI Qlom, £ X
g dAEEDd FAH e BEE
A AASHY €&/ 22 JFES N F
At £ Bt 27} B3RS S geERY
Fo} SHSHHE BAA s1gEo] ddoz &
A371E gk SHSEAHO YutFoz AMSHE
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z3¢ AEsto F20] YA

SHSFAL waAs) o Astol o3 §Aol
A= o] Fehe 1L furnaceol] 24 FAAHgol
v @ dle] B o7} Aoksln, SHSRH-&Ev}
waia iAol =& AHol Ao 2y g9
Aol o3 A" F Aojdts)s) o1, 83
B9 dxrt ¥ dHo] gioh SHSFAS ¥He-
<E, $5 & 23] AN EF YEETY
ZA& WA, daEear] 2 LSS
24 @t} SHSEAO A% FAHE UEE ¥
o]7] $l8l A I715%4 % 7] (Hot Isostatic Press) 9}
22 87 Yol M SHSHHS-S A AIA 1¢9)
7tzo) d& AFse whgol AFHT Ut 1
9]of] SHSHAES G713l g8 =g Eole
T AddA ese gtk SHSUES 7
&9 dsMe dLFd Ay3riz o,

B 2) SHSZWe| Fous

2T 1500~4000T
LlgSa 0.1~20cm/sec
g2 FA 0.1~50mm
dd&E 1000~1,000,000C/sec
BSfA AIRE 0.05~4.0sec
g YA=27] 0.1~200um
W8 A A 5~20mm
BSE A¥A 4% 40~80%
SHEY & 99.2%~99.9%

2.2. SHS3d<9| o|Ex 1HE

SHSZA o Y3 A HE SFES 98 FH 9
ujukg-Bo) ud do9stHez HFF FHolth
82y A9 8 259 i entha-
pyHste ASEA SHSTAA dg E9sH3
olsl7} 753tk Tih col wsde TiCHH §
AHE %% enthalpydsE 1930 JYehhATh
A8 EAY Tizh C& TiCol Hl& enthalpy”} Eo}
TiC7t $AEEA enthalpyxloldl NFs e o
A7} g} olgg dddl 93 IFEY &

76

TiC(L)

AH (KJmol™)

J&3) (TH+C)EEH ¥ TiC S22 enthalpy 3t
=M

7} A5H, @dire2EE 1939 enthalpy
W3l LA A o]8F o AN & Ytk 2y
SHSZA Zd AA=z #AH: e H2
LEE Rz d&ATY 93 dEwder
Bt} golAn}, SHSEFAAA 88T FHA
wg ggugersl ve H9oe SHSHHEO|
AfHez AYPHA g3 AHY FHIA &
A5 435 Aok 4g4dF o gdgug2xrl
1500C0) 3 Yuje SHSHHSo] AMFoz Y
57 gty g¢AA ik dguihg LTt W
A% wee dd3ez A&AF)7] A
q49e 3d wgol E7x APdd. #19 3
FE FAAN FSUAFEL RIF Fo}
SHS¥Hgo| Agzes AYs7) ok oly@
Aeole 98 £ EYAE weol AFd:
22714 A3 7tgate BgEE e the-
rmal explosiondo] AH4%7]= &tk Thermal
explosion W& SHSEA A Hehte 49
Aol BFEA R P8 L EFAANM A
ARoz ko] Yojdrh

2de #HE{AEL SHSHHSOl dld ol23F
HHE s, v Aodr] H)A SHSETAH
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Be&no g3 A7E AP3Y . Struninas S

SHSHHS-Z Aol A WA E wds) ojRge d¢

Aol i@ IHEYE 1o H(DH} 2L o)

245 AABFS

Cpp%i K-g;r—,-FpQ(l—n)“ Koexp(—%)
~q1-To) - 2E(1-T) (D

AdA Ce 35HE9 94 p= U5, Ke
dAEE, Q5 39, ne ¥H3-E-8 (reacted frac-
tion), n& W3, Ev 843U, & 4
&AAF, e BIAF, 0.5 Stefan—Boltzman’d
F, r& AE9 A7]E YelAT, Merzhanovs <
SHSEHS oA WHE-E3 HAES dATE A,

F 2 EAl 9 d&de FAR Axz
Ade 7HP e W& EE 4 (2)9 2ol At
54=

v 2SI g ap—E) @

AQoAM Ve E&E f(n)2 wHga5e o3
AR Faoln, av iAol 4(2)9
WHEEEE SHSHH o] #UsHA Agdde 7}
BAA AXNHReH, W A7), BEF
o daixe nAHA &gkt HardtSh Phungs
HEE A7) & GRS 2ejdto] 4(3)
% Z& SHSHHEEEE ANt

___2X E
W—W—Dﬁm(“ﬁ;) (3)

AN a9 St ¥EEY YRas) 2 3
%&H| (stoichiometric ratio)o}™, D= FaAS,
Ke Aot 28y ogge o2HEL
SHS¥E3-o A wrd o] & 7 Ao A3,
BE-Eo EAde 71Fd i) AN 4d
Hol 4A9 43 7 X3 gyl
SHSEANAM Yeiuye dintge Fhdired
A dALE TEED IAdLE danst o
A¢ $x2 FPHe ALy, wANALE
da&xrt Azt wet Watsle A%F A4 (oscl-

REETHT

latory combustion), 9457} YAF o2 Anshes
U A2 (spin combustion), EE A|He] FHo
Agk whg-o] AYPe= EAAA(surface combus-
tion) T2 TEED HAY A28 E 1
g R Edo] HoldA Hz, d4avy Y
Wk we} SHEY vjikgEo] AW E EA)
e FATEE ZAAED SHSHHSo] AL
oM HAFALE Wilses olfE 9y B
HEEEEFo R A9 4 o) g4Ytzoge
dgurg-o] <ol ZAdledH 7|Q%n glon,
MEEEEHOZE dRETY ERd EAshe
A3E W] 93 ykg-o] AR Hr) Shkadins-
kils S STy, $EFFE 1o F£X
el o3 FPALed MANALE TG
T e gEdEe oF olde Zo] FaYrh

o= % (91 —C%L ~25) @)

H@WAAN o< 1018 FFA2Eo] dojyal ¢
(1019 HZ4ALEEo] PP LA
At

3 F-Ue a78%

SHSE A2 19674 A ¥ <] Merzhanov®} Borovi-
nskayadl &3 TiB.3}3E& F43AAM AL 7
ZH U AdAAE 2000098 FH&A7E SHS
T4 3 A7E A&3ta Jow, SHSFA
o3 3009%9 SIFES FAIHL - =
19873 Academy of Science 2+3+¢] ISMAN (Institute
of Structural Macrokinetics)-S A ¥ 3t} SHSFA oll
g3 "EHe2 d77t FPFoln, SHSFAHY
A43x FF3a gk ol9dx $IAeo,
A5 F3lTe] X3 SHS Problem Institute,
Kuibyshevith &5 209 2£ojlA SHSEA | g 4
F71 A3 Folt), ISMANO| A= SHSER S A4
38 93l B 22 v/ Hol2 £F3d 97,

NeE AgFolnt,



BRiIRR 4

1) 2=

SHSEAJ 9% 3¢E FUAZE SHSTA
oA 744 g Bofoln, AN H43}5 0
At FFE BEARE A ¥ 98%
g whg oA Histd §AE ok FAHE
AAEL 7)Fo] B, S§HEe] FEHoE &
A0 Y& umpd e 2=t o3 AFEL
milling®l 213 EHFA 93 HFHo2 o=
Azgth A€M AL3H e EEL car-
bide, nitridesol® ¥3o] QA+ AitFo] vehd
ok TICE 2L pastest E3E Aefol A dutA2
ALER o Mogase FEEE duid
223 AL Jehn Aot SiNETE 2F
HAL AR LLFREY ALHT o Nitri-

SHS 33 A

TiC, TiN, Ti(CN) 300ton/yr
BN, B, TiB: 50ton/yr
AlN, Si3N4, CI‘3C2, MOSz, CI'3C2—TiC 30t0n/yr
MoSi 50ton/yr
LiNbOs 10ton/yr
Ferrite 100ton/yr
Nitrided Ferroalloy 1000ton/yr

ded Ferraalloy: 34AES &AM F&
Ao AgHR th MoSiEEe 12
gAd ALEH R Qlon, SHSTH <3 F4E
MoSi 222 MoSi 2 gA Az 30%E AA s
k. ooz 2™oNE AL ferrite? T,
AN, BN #230] Aasa o

2) SHSTUTS 7|

SHSZE %3} 7]&& SHSFAY o% sisHeE
FA FAd UEE wolv et SHSZ
9es 7| YEET Ay 7T L
HERZL Z2 Aol AZE & Ae FH|
Atk SHSZRE3} 7|¢d ¢H871E AHe3td
SHSEHS-3 FA|o) L7t2ef o3 =& Fole
s SHSSHES Ty Asd ¥ EE
e Wyoz TR ISMANCAE 847
£ g3l BN, BN+SiO; Sialon+SiC, SiN.t
Sicse 1UT SHFES Az oHE W
W AMgEE shxe kel Ha 5000714l
gals agtolold ¢ELvle g 5EE F
o7} "asith SHSHHE o GbFEe B
Ho SHSHHS- o] 9§ FA B Ao g YZH7)
Aol 71ARIIg o DEE Fole otk
ISMANSI M SHSEHS-B& 2o o3 7Iet
8 SHS—pressing3# SHSWHEES extru-
sionZ ol 93 AEE ¥ole SHS—extrusion'd

& 4) SHS—Pressing YH0| 2jaf BIHE SiglEo] |
Alloy Alloy Density | Grain Size | Hardness Btend;tlﬁ Recommended
stren
grade phase (g/em®) (um) (HRA) (MPa) Applications
STIM 1B/3 TiC-TiBz-Ni 4N 5—7 935 700—800 |cutting tools
STIM 2 TiC-Ni 550 5—- 90.0 1000—1100 | wear-resistant
coatings
STIM 2A TiC-Ni-Mo 640 1- 870 1600—1800 | die tools
STIM 3B/3 |} TiC-CrsC~Ni 537 3- 925 800—1000 | cutting tools
STIM 3V | TiC-Cr:C-Fe 540 2- 925 700—800 | scale-resistant
parts
STIM 4 TiB-TiB-Ni 420 1-2 86.0 1200 termal-shock-
resistant parts
78 Bl ¥ 48 15 (1992 F)
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o] 7=} itk SHS—pressing ol <3
Mg Az EAL H4d Uit o8
SEEL ZTrt 231 UhiR B4 539
roller, drawing die, Z#&F-F, 475 ]
£8 4 Stk SHS—extrusion'¥$Hol A=
rod3ele] ¥ES AFsed FFsio. I[SMAN
A= SHS—extrusion'$H-E& o] &34 MoSi'd
gA, 2HE AFEY ARVeE LG en,
Adsle]l Mo g pilotdHlE 233 Ut

3) SHSol=7|&

SHSuHS o] &3 W gto] & A Soe u3d
33Eo] g3Hol. JFoz EAA doh
SHSFAA & ¥gde A7 H3iME AL
Mge459 7% A3lg g o] 43l Thermitedt
%o AH&¥rt)h Thermite’t-3-S ©| 8§ SHSok=
71Ed osiA A, Mge AEEH F&AE7}
23e 2@ Az} sbedy, ieEE o
Aoz EAske 24AEY FEAZE HF
olo] o3 Hesd Aol A2 Y& AEE
Al Az 4 AUk ISMANOIA & Cr.0; Al
C59 ETg NSEE AM838Y CrC.8t pink co-
rundume Az3de Wgo] siEso Ut

SHSoFZ71€9 A Thermite®t$S &R
UxoA AP 52 o 289} &8
zAo g EAse BEA tubedl o] 7bsdh
SHSHHS-3} 37 3473 ¢e] Zo] ¥ 08
FAANTE Ao s EAde YA &
Age 944 93 EeHo HFo] @& 2
AAse & Wad P o LA
tuber HA Aol A 7tay FHAEEEE o
ol Algo] 7he3td, Ude] FAE adAR
o8 24 9 wird tFd AHYAe] wokh IS-
MANA A& SHS—¥AZE ol&3te 1949

& BG4 tube L A tubeAlZ7IE0] A
grlo] gt

4) JtA Mol st %ﬂ%
hA AY F3HI|Ee HEEAY JkaT A
He| FHo] A3k uHS-E 3 SHSHHSo 2814
AlHe Ewo) 3§Eo]

Ase Jlgd. =

BABE

7 4) SHS—AE Weol ojsf mMXE =8x 23
R M2t tube

B39 FAe 5~150mold, ZHFY AL
A wEd o FAE Zn wsigch IS-
MANdME 712 Ag IE7&S o83y
WCAAZTe ®EWo TiNG FH3E 7leg
Adsiget. WCAANZTE Tigdol wWdd F,
Ax7128 A8t Tigws Ad7pxd) %
SHS¥HS-o <J3) TiNo| & ®t}. SHSKH-o 9%
TiN® §A45 g 2Ase ddel 93 2A
WCHlA Co] 9H= 5ol EA% TINZRF
Abolol TI(CN)FHEo] A€ 7t& AY =2
B7)&e #e Azt 2¥o] ¢, B3
Ao ABole IHE T 4 o) EJ Ty 29
283 2L Ryt & A¥dE 3" 7t
Aol Ut} 2y 72 Ad Z®7)Ed 9%
Y Zo) YR 71Fo] EA3, ZWF FA7}
TUsA Fe Bl o] AE3E AFHAME
H& o] ¥Qa3j}

5) SHSEX7|&

SHS&A71&2 SHSHHSol o3 3§ge] &
50 ZAE &34se o]t} SHSHHEEL
Agstazt s ZAALolo] A3, HEES
EAd 98 7193l electro-heat explosion'$ s o]
o€t} SHS&H7I&2 dA A& e
kAl Bel) o3 &3] e TiC, B=H,
EZBHG o] & 7tedith SHSE A& 2
Z79 Mg Z& g AE Aol &3]
7Vsshth. SHSE A 71&0 & L3R ZEE
dwrte Zxg v A Ao



BRI

of

)= > 3
FE2 33

Abfasive
Materials

Abrasive powders of refractory material
Abrasive powders of titanium carbide and paste
Pink corundum

Magnetoabrasive powder

Coarse-grain high-strength abrasive powder

Alloys

joint
venture

engineering
study

Powders of carbide, boride, nitride, carbonitride
Cutting inserts of STIM ggpup )

Hard-alloy parts (drawing blocks, press-dies, press rig)
Large-size rollers for hot and cold rolling
Supper-hard material “Boronite”

Technical
Ceramics

Powder of boron, aluminum, and silicon nitrides, and boron and silicon carbides
Sialon powders

High temperature insulators for vacuum furnace

Ceramic crucibles for metal melting

Ceramic moulds for casting

Ceramic pipe

Ferroalloys

O OO

o 0O oboo%

000- O | 0000P

Nitrided ferroalloys ingots

(Ferrovanadium, Ferrochromium, Ferroniobium,. Ferroaluminum)
Master alloys from chromium nitride “Nitrochrom”
Boron-containing master alloy “Ferrotib”
Aluminum-containing master alloy

Heat-Resistant
Material

Exothermic heat-resistant mixtures of ~lermok type
Heat-resistant " bricks
Building tiles

Large-size building plates

Hard Surface
Coating

g 00 O

O 00 O

Intermetallic powders for gasothermic sputtering
Composite and clad powders for gasothermic sputtering
Electrodes for electric spark alloying and alloyed parts
Electrodes for surfacing

Wear-resitant SHS surfacing

Gas-transport SHS coating

9

Q.

Neolcle’e 0000 o

Electronic
Materials

Molybdenum disilicide powders and high temperature heating elements
Elecroconducting lubricant and antifriction materials
Gas absorbers for electrovacuum devices

Ferrite powders

Resistive pastes

Oxide powder for single crystal growing

Titanium diboride single crystals

Chip substrate based on aluminum nitride

Silica coating (film, low temperature process)
Targets for magnetron sputtering based on molybdenum disilicide
Yttrium based superconducting ceramics

Bismuth based superconducting ceramics

Chemical
Products

Re)

0 0 00

O 00000

O COOQPO COOP OOPOCO @  0OOOPO Od COCO

R

Luminophores based on rare-earth metals
Mechanoluminpphores based on zink sulfides and selenides
Hydrides of metals

Technical boron powder of “termobor” grade

“Termophos” fumigant based on aluminum and magnesium phosphides
Catalysts for hydrocarbon recycling

“Nickel Rheney” catalyst

Catalyst carriers with honey-comb structure

Cermics and cermet filters

Large-size filters based on Intermetallics for liquid and gas
Inorganic pigments for paints production

00

o 000

o 000 -

Bioprotection
Materials

Composite material based on titanium diboride
Bioprotecting material based on boron nitride
Shape-memory parts and materials from titanium nickel

@)
Q

o

@)

OO0

POOPO00 O COOP OOOOCOCO

ol 4s & SHSTAY diE T&Eok= IS
MANeI A A2s]o] plantdwl7t X =0 gles,

4R HEo daiAE on A&siso A
itk ISMANGlA digHez o 7ted
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SHS &39 7l¢d%

R d 7 % o

a5 71 #
FYAT4A | Army Materials Technology Lab Croft, Marzik, Powder characterization, sintering,
McCauley phase equilibria
Army Ballistic Research Lab Niiler, Kottke Dynamic compaction, modeling
Army Research Office Crowson Coordination
Los Alamos National Lab Behrens High temperature chemistry, models
Lawrence Livermore National Lab | Holt, Halverson, Powders, bulk materials, models
. . . Chow et. al .

Sandia National Labs (Livermore) Margolis Modeling

{d 8 3L |Alfred University Spriggs Materials processing, reviews
Oregon State University Kanury Materials processing, eutectics
Washington State University Wojecki Materials processing, eutectics
University of California-Davis Munir Materials processing, fundamentais
Northwestern University Matkowsky Modeling
Georgia Tech. Research Institute Logan Materials processing, powders, thermite
Rice University Margrave High temperature mass spectrometry
New Mexico Inst. of Min. & Tech.| Thadhani Explosive compaction
State Univ. of New York-Buffalo Hlavacek Powders, fibers, materials, models
Univ. of California-San Diego Meyers Explosive compaction

A ¢ A | Research Triangle Institute Mullens Fibers+Metal matrix composite

: Ceramatec Cutler Powders, miaterials thermite
General Sciences Inc. Zavitsanos Low pressure processing
System Planning Corp. Frankhouser Reviews, analysis
Lockheed Hardt Sintering, phase equilibria
Corning Glass Works DeAngelis Reaction hot pressing
N. ]. Damaskos, Inc. Senft Processing
W. R Grace Rice Materials processing
Advanced Refractory Technologies | Blackely Powders+ whiskers
Benchmark Structural Ceramic Corp. | Itida Powders/whiskers blends
Powder Technologies Inc. Logan Powders, bulk materials
Synergetic Materials Inc. Halverson . Advanced Materials

SHSTAE HFE2 Aesto H59 Yehpieh.
32. O|=8| A

ul5e] SHSEA ol EA7] AZd A& 1980
A xutoln, IPATL, el FAo] o
A7 Jdgn Yo, vFgAe SHSTH
g o83 ANF 712K Eofd d3 A7}
AP on, SHSTA g AAH £459
AF7E NFH D ek 289 NEE 3A T A

BRI

ISMANI A= SHSEA 9 4838 93] vl5e
719A g AES s glen vFle 7IHdlA
B2 e BURes gEAR o SHSF
Aol i@ mFUe d7718H EokE 6ol
YR ATk '

dede vIH HK® A7 SHSTARO|
At dRoME d7L, A, FAdAAA
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SHSZ ARl i3] 3522 477 AP 3 9loy
A43 Foboll diF] FHFLE AU JYHA
Atk dRAME vy L 7|0 dFdz
B3 FrHAEokel tis d&37} Hoj gith
A7k Role SHS—94E WHe o439
Agtge] el AXF ZFE Az Vi
oltl, A A== Z#HE Zo} 6m, IA
Im AXoH, die castingdl AMEEHE AIREY
4§E ofFd AHEHR o "dE WiAe
TNiAl 33719859 Az oj4dn gl
SHSZA o3 #§4€ TiNig=e €3 2 ¢
T7AgA g8 Axd FFol wig #Ho] e
9 23& Zuglth SHSTAY o8 A
He TiNigs9 A= g9 3 g%
o A Stk dAl dEoAHe SHSFA
o3 TiNig=ol 47 2tonBE AR¥H3 3o,
AA TINiEE 589 0% AAs o
EANE 3 FFAYe] o] LEHE rocketd]
nose-F NS Y3 ATV APH gl
on, A+4, 84, 7I9AF 1771 71BN TF
Fostn ok N F<Q rocket noseFEF9 9

Hol& 3 1800Ce ZAde WA 87 483y,
WS Wzhgo o3 Yo Et. o] RFL
A7 FmmEA, HEI W 2% 3}o)7}t
1750Ca ol2& 71E3 ZA A AHEE d Aol
Rocket nose™&F 7feHg $s|lA SHSFA 23
EFAE §9 dig 77t AYFoln 3§
FHY, Bodolg, EP2v A1€5: @4
Axga ok SHSFAA 38 ¥4 7Hsg A
#E TiB,—Cu, TiC—Ni, MoSi;—SiC—TiAl'59]
ZEHL glon, UdAsd 44871 F4
W] wat 2Ao] AAHEE AR Agolth
SHSZAY did Y29 AFFFE H79 el
Wit

34. 2iHo| HRESs

= AE 1985 5Bl SHSZ Aol ¢l A7)
AZete A7a, digtEoA AF7t Y Foluh
MoSi;, TiC, TiB.59 33E] g SHSHA7
go| d7HR 3en o AR AZFAM
g AFE JPHD Ao 289 F2 9

a7 78 a7 394 a7 F o
ZYAF4 | National Research Institute for
Metals (Tokyo) Kaieda NiTi alloy, powders, processing
National Institute for Research in
Inorganic Materials (Tsukuba) Ohtani TiC single crystal growth
Government Industrial Research
Institute (Giri, Tohoku) Sata RFA T, FGME, low pressure
National Aerospace Lab Niino Coordination FGM
) 3} & | Ryukoku University (Kyoto) Koizumi Materials processing, pressure, FGM
Osaka University Miyamoto Powders, Nb(N, C), pressure, FGM
Tokyo Institute of Technology Odawara Centrifugal-thermit process
"~ | Iwate University Tkeda Materials processing
7] 4 A" | Kubota Co. Ltd. Shinkuma Centrifugal-thermit process
Kyoritsu Ceramic Materials Co. Ltd. | Oie Powders, NiTi alloy
Osaka Cement Co. Ltd. Izawa SiC, C/SiC Materials (Porous)
| Nippon Crucible Takeda SiC Powder+ Bricks
Kurrimoto Co. Nakamika RFA, bent-reducer pipes

t RFA=reaction fusion adhesion. §FGM=functionally gradient materials.
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ol AAE - 2HHIEPHd 7 77
AdTFLd e 289 ISMANZ SHSEA 9 th3h
&2 FAFTFIF AYFold F - & FA
TEdTAe AFHF), F4(F), LAFR)F =Y
Z19A7E Foddta glon, LdX AL38tEo|
Ae BolE FHo 2 SHSTAL I 71gAd
ojAY Agolth &4 FATFATAA ML
F #obe carbidedvHAl, Cr.C, $AHS £, fer-
rite®ZT 2 MoSpEE A 5olch

4.2 &

SHSZAL oluA7}t Hgn wgETs) wWe
FAE 23 ) T 3 2o sl
g5 F4o) frElo] 279 FYste] W
ABEAH)7L AR SHSBAO 8 A
A5 APEL 09 EFFoW BE EFY
3380 228 2A2A AHLHT Yo} o)
2ATL AZAEY s JRAQY dge
A3 gk FYAME 2A4ge) OF F8
Aol Az 2=z Qon AAZHY s|&A
AE Zol7] YANE 2A4Y SA Y§ =
go] Wast}

SHSERS 2doA 94X Ag3so] glon
u)2 JREoA SHSEFAR Wd 72§ AT,
Aol o8 Ags= oz g o4
g ggd e FuadAd Bad
2A%AHe WHos SHSEHY Y FZH

BRI

A7, e B2 e d 43olgd AgE
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