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Fig. 1 Schematic view of experimental assembly for reactive synthesis
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Fig. 2 An experimental cell for the recovery testing
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Table 1 Calculated detonation velocities of the explosives

xnlosi % Calculated dentonation
xplosives (wt%) velocity  (m/s)

HN/HH (63.4/36.6) 8000
HN/HH (55/45) 7800
NM 6300
NM/CCl4(50/50) 5500
EM 4600
ANFO 4100

HN : Hydrazinjum nitrate

HH : Hydrazinium hydrate

NM : Nitromethane

CClLi  : Carbontetrachloride

ANFO : Ammonium nitrate-fuel oil

¥ CIRELS L,

Reaction

Non-reaction

Shock wave

L_Jicm

Fig. 3 A typical cross-sectional view of a recovered cell
(NM/OCI,, . porosity =31%) : the convex black (metallic)
zone observed in the center isa reaction area and the
white surrounding zone is a non-reaction area

—214—

Fig. 2 1@ At 2+ DREFE% R L1z, SUS304%1
TZMBECI > Tk b, ERARORBEORML R
reTAMOHS, BRB/EMFHZE—2 Y F LT,
7 ORH R LAMO £ L OB AR <N H0RS
Ml ~T 5B,

BERRELTIEER, AlBEK GHcMEEI. 7Y% ~,
HE~45pm) YAMOAK (molktl : 1) RE
Lictk, #—n i A CHURNRS L, BHoRRE

(porosity) (€% : (BB EOEE) — (REROHED)
/| (B EOTHE)) »50%0B&12, 2,877

(tapping)i= X D K% LAz, BB TOBE
1212, CIP(Cold Isostatic Pressing) 3@ % fiv T ¥
BRE% LTEEYBDLTHL A Itiidl, 6B
BEEOBEL LS -HICBREDORL ZSREHOMRE

(MR Fsov/fake ¥F72 v (LWTFTHN/HHE

TRKIE



[] HN/HH

E&o (63.4/36.6)
(55/45)

£ | Reaction

£1. ‘

[

2 |

o

.g's.o NM

E & —{ NM/CCl 4

g if | (50/50

i s

Porosity (%)

Fig. 4 The shock reactive synthesis diagram
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Fig. 5 The Ti— Al phase diagram
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Fig. 6 Two crystal structures for TiAl(r)and TisAl(a,) : (a)Ll, for 7(b)DO,, for a,
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Fig. 7 X-—ray diffraction patterns of TiAl intermetallics synthesized in two different case: (a)EM, porosity =
35% (b)EM, porosity=50%
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Fig; 8 Microscopic observation of three specimens: (a) Dendritic, rapidly quenched structure obtained by the
reactive synthesis (b)typical lamella structure commonly observed for gradually cooled structurtes of
TiAl, and(c) Dendritic structure for the atomized TiAl by the PREP method

e
KRG (Non—reactionfil®) i+ A OEIUITEL

HLIcbDD, PLEHETHRIGIET L TUV R,

2% D REHOENL AT A, Rk LTy
tVEETH S,

TOFETE, ENRRICEREDE W EbL VN,
HRBREIEL s> T\ 3, Lichi»TRIG - &G

OREFBESNEELBRIZIL > TV5HZ Ebn b,

X - TRENMUSK & BT & O R iz 4 DA TRE
L, R EREICH E OB RIPIRBE CRETS
rExbhB, ThIZX Y, BIBEE LTESBRR
— G, SRR -ERFEOHSRMNR-Z Loib
"B,

Kic, RIEG LR oA XBEITIZE - T
g1z, Fig. 5 OTi—AI=THREBRS LA Thh3d
X owPERECHOTI:Al=1 © izl (BN
13L1 ,8Fig. 6 ) & BV BDa,#l (DO EFig. 6)
THb, EABEISKEBE, REOEREIDBL DR

fici, FERELACGHLBYRDa . ATH,

(Fig. 7 @Q))®XIcTiLAlo#fHEYX 1 - 1161 ¢
3, 3:1Ldz s, ThEhFHRERH -
FHENER L, Lichio T ofETCizARIZ,
bOTEEREOLOABLRD EELORS,
FISfIRiIz 3o\ TEEME [REGHIZEL ] §UX
TRREREAUC LBV RDa HTHD, L
LERBAE L DD, a, OB ML
KERFIROEH Cita, Hiicic s, (Fig. 7 (b))
ThbbTitAlOARKA1 1 1 THBILb5
TDO B OEMBBIZL > T B EMbh B,

Z Da OO HEME, KR 28R /58

Kégyd Kayaku, Vol. 54, No. 5, 1993

EBB L a8cme, HHEGA%0 2SR L
KEnPBGrEL 5 8L, R¥EHERBIZL 54
BB i1,

Fig. 8 (@izaohnd X ozl s v ¥
4 rBKRTHD, chitFig. 8 b7 — 7 BHE
TER LATIAIL 281 hicB - TV B, EF v
Fo4 bDeh v F7 — LML BEE/ SiHERI
H—EOBMENRD Y, AHEENKECE, BIFES
BB ENGHoTVDT), Lichi- THRER
ok HEAELER (000K L H#E) =k b RIG/RE
L, SRHRABKORGBEL~ , ~@AOANNTE
LSENRDBIDIC, =, BB TESEVB b
hTuvasbss, Fig. 8 ()73 X-RIEHEE
& (LLTPREP&Egde) TfF L2TiAlfz (103
[K/sJEBEDAHE) 7 — AL REEbLRC
Edb, HIEEIZ~105 (K/s]IThdLand,

§ T & O
Ti-Al%DOSBULEHOWABERUIL, <., »
ORI L TREAET L, RHOMPOBHRE
CBREESRGICRA B S 2 5, TOHEL
A DEYR - KERLE A DBIET, RIEG - RRGCILH
RBETRES,
REOTPRMELE { LB iz ha, HOLEH
S feBDik, LRBENG - HIZRYFBRED
Gy, ARMICGMEENE LB LIzt b
DTHD, TOROHKHWERILT v FF1 D7 -4
HE» 5, ~10° [K/s)BELama,

AR TL AN EBIC - Tk Y, ERTRH
KeLnfiohich- o QGBS L 7L LTHL
hahE LTLHEBTH S,

—217—



SBIXL, 2h=2prTal v IrBR (—BEEHN

BAKHR) ¥HWT, MERCE G2 5B8, 2.

LADKRBIZL b, BB AERROF|IBRRBSOB
BOMER, R EXRRTWLTFETH S,
X ®
1) L Song, Shock —induced chemical reactions and
synthesis of Nickel Alumindes compounds,
(1991), Ph. D. Thesis of Department of Material
and Metallurgical Engineering New Mexico In-
stitute of Mining and Tecnology
2) N.N.Thadhani, Shock—induced chemical syn-
thesis of intermetallic compounds “Shck Com-
pression of Condensed Matter(S. C. Schmidt, J.
N.Johnson, L. W. Davison ed.) ", P. 503, (1989),
Elesevier Science Publishers B. V.
3) Y.Horie, D.E.P. Hoy. I. Simonsen, R. A.

Graham, B. Morisin, Shockwave synthesis of
titanium alminides “Shock Waves in Condensed
Matter(Y.M.Gupta ed.)", P.749—-754, (1986),
Plenum Press

4) A We, MNBROBMBEMIT), P.77,P.
132,P.206, (1983), {LatEEiGOraLmt

5) J.C.Microhurda, J. H. Perezko Phase equilibria
in Ti—-Alalloys. “Microstructure/Property Rela-
tionships in Titanium Aluminides and
Alloys(Y—W.Kim.R. R. Boyer ed.) ", P27,
(1991), TMS

6) Wi IE¥, M 5, LHMEats]. P.
7-13, (1984), ARAILRFHHEL

NERK R &K R £ER 48 8@ EF3 A
E&BF 4L, 32,1301 (1968)

Shock —induced reactive synthesis of Ti— Al intermetallics

by Toshiro KATQ*, Tatsuhiko AIZAWA®*, Souhei KAMENOSONO*
Katsumi TANAKA**, Yoshio NAKAYAMA** and Junji KIHARA*

Shock —induced reactive synthesis was applied to yield the solid Ti— Al intermetallic
compounds. Through a series of recovery test by a cylindrical cell, the effect of the initial
porosity of mixed element powders and the detonation velocity of explosives were in-
vestigated. In the listed results of the shock reactive synthesis diagram, an optimum range
of processing conditions for the completely reacted bulk intermetallics was found. The
points commonly observed in the whole recovered materials are;

(1) the increase of reactivity,and(2) dendritic, rapidly quenched structure. The ob-
tained experimental results significantly support the superiority of this shock reactive syn-
thesis over other powder metallurgy approaches for intermetallics processings.

(*Department of Metallurgy, Faculty of Engineering, The University of Tokyo,
7 —3—1 Hongo, Bunkyo—ku, Tokyo 113 Japan

**National Institute of Materials and Chemical Research,
1 — 1 Higashi, Tsukuba, Ibaraki 305 Japan)
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