Journal of the Karean Ceramic Society
Vol. 31, No. 5, PP.552~560, 1994,

SHS#EH 28t TiB:-ALOR #5542
AR W HEERO et R

Synthesis of TiB»-Al,O; Composite by Self-Propagating High
Temperature Synthesis (SHS) and Its Pressureless Sintering

Sang-Wook Choi, Dong-Soo Jo, Sae-Yong Kim and Gun-Tae Nam
Dept. of Ceramic Eng. Inha Univ.
(Received February 4, 1994)

2 o

TiBrAlw A 2318 Axelr) fgted TiB-ALO A ) ¥d& 7lale F49 whd g« TiO-B0-Al
Aeofla Ale] vH4lag wickel 4rEal | dbAbsls Wi Mg EE o &skux SHSWE e]-g-sl4lv} B Tig]
T2 AE|(B/THE 2022 steig of A4 9d=ke] =771 4z Fdatgon] Bade] £2 TiBo a-AbOe]
FAFG e BRAVE 20 o)st Qe vl olF B o|slol® TiBe ThBok ot Adsigich AR
AP e = G0% F of] 4] ALl e wy Holr) Hggen AlAale #AR M5 7AF F9kn). 2o 2,09
E¥E 2t TBrALOA SHEE 2dzd Helw Al £ 1900C o4 Aahade] Asstglon o)ziel
g e 9129, 373 AY7te 2 Vickers %8 77} 2620 kgf/cm® 2 2750 kgl/mm?o] e},

ABSTRACT

A composite of TiB-ALCh system was successfully prepared from a mixture of TiQ, B.O, and Al by self-
propagating high temperature synthesis (SHS) with a novel characteristic, utilizing ihe mlernal oxidation heat
of aluminium metal of the muxture, inslead of by a conventional technique, externally heating a mixture of
Ti, B and ALO;. From a mixture with B/Ti molar ratio of =2.0. pure two phases of TiB, and a-ALO; with
good crystallinity and small, uniform sizes were formed. However, when the B/Ti1 molar ratio of the mixture
goes fo a value less than 2.0, in addition to the above main minerals, a small amounts of metastable phases
such as TiB and TisB, were formed. It was found that about 60%, the optimum green density of compacts
gave their highest reaction rate and temperature durning SIIS process. TiB-ALQO, system composile with B/Ti
molar ratio of =2.0 could be pressurslessly sintered even at 1900T under Ar gas flows without any addiiion
of sintering aids, showing their good properties such as 91.2% in relative density, 2730 kgf/mm? in Vickers
hardness and 2620 kgf/fcm® in flexural strength.
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Table 1. Batch Composition of Starting Materials far
Synthesis of Ti-B-Al-D System Composite
(mole ratio)

Materials 0, B0, Al
Bateh
A 1 0.5 2.33
B 1 0.67 267
C 1 1 3.33
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Fig. 4. The dependence of combustion rate and temperature on the relative density of reactant compact.

Zrlake) whEl d4dwE= 030 cmfsecel]A] 052 cm/
secE, $4AEEE 1750T o4 1500T 2 F-lelddch
olAlE =AWZL 112002 F7Hge] abe} w-e-A44 4
°l #HAA 2R e FAFAE dike| ARzZE o
Sgrl 24 =3, daLrw 4 *{1 Aoz Hztw
u} 2 A o)egt i s = o2 el v 2wal 2900
Kel) =4 ﬂlt&lﬁl—tﬂ olzl& B ubie] wrdael A
A=) 2ol e dfgt Aoz A, deEE
B,0.71 2310 Kell 4] 7]:1]»“03; HHgng oftuke
2 B:0s2} Alo] Zld oz FulEA] e of
sholl 4 o) F |7 o] slgAEbcth gk 2 Aol A
-5 ey Abdeles) 40--T0% 7R S7)5d o)
A, g} dALEns] o] FrlEiddr) A
ok 0% o)Al e rha) zhishe wWEs wgch °l
A2 4e daFrs) Q42w d HNE 3l kg
A o] HAHAE oF 60% F29E & 4 Ak

3.3 U2 2o M o mE A

whe-Eo Be} Tig Z:AW|(B/Ti Ea)7+ 1.0, 13 2
20 o] HHEEY gy AHF) TiBeALOA B3
o] gl wlHE HEL deolir] $lsle] WEE

A 314 A5 5 (1994)

-555-

el A wiEe] vk SHSuES< o3 ddd
EEY A44E X4 SRR A9E 22t Fig 5,
Fig. 5.25} Fig 539 viehliz, A/dape] At
A #gAsE 27t Fig 6.1, Fig 629} Fig 6.3 g}
edek.

B/Ti BaAu7} 109 i, X4 34%4%(Fig 5.1)
o4 FAALE 0-ALO} S4H4 TiBaAre] g, ke
TiBs} TisB el H4EE & & glom, vhi-s A
A} oF 55%3) 60%e A TiBy F2(2 | 445°)7)
eff}l Aabdg A 4 glgich AL Al FaA
ApEe| Ay FAARFg 6108 B X4 3HEY A
o} zho| A= < 55%2 60%4] TiBesl HAA e
SurRle 2 FgAET g]eS B f- sledc),

B/Tis) ExAvlz) 134 o, X4 3424 =(Fig 5.2)
ofl A FAA AL u-ALO.S TiBAo 4T, oF7tke] TiBe}
Ti:Beael A& stdd 5 glglen), Addg=r] of
55%%}t 60%% o a-ALOs 5220 1 43.4°)7F AL
B2 olydoh e AlH g FAlAAEw A fAdIH g,
6.2% #a X4 dgdeael o] AdEx ¢ 60
%ol A o-AlOs9) TiB o] AAAe] #4sx S &
o algdeh



-

A oE-AlOy
Relutive denaity (%) 8 TP,
of compacta(B/Ti=1.0) " H:TD
- a Ty

Arb. Intensity —— .

=55%
S60%
S87T%
T —'_ T I T
a0 o0 4n 20
28 (degree)

Fig. 5.1. XRD patterns of TiBs-ALO, COmpaosites pro-
duced by the SHS process from Ti0:-B,0,-Al
compacts (B/Ti=10) with different relative

densities.
A a-Aly
Relmtive denaity(%) ®:TIB,
of compacta(B/Ti=1.3) A ®:TH
O Tey
A

S H0N
JMLLM
1
80 ! 50 ! 40 ! 20

24 (degree)

Fig. 5.2. XRD patterns of TiPB-ALO: composites pro-
duced by the SHS process from TiQ:-B.0s-Al
compacts (B/Ti=1.3) with different relative
densities,

Relative density(%) -
o compacts!B/Ti=2.0) ® : Tib,
.

23 465 ‘1 " A “! T

*a . 4 . A e - h
MA_
= 55% * 4 !
ZU_AM

Ach. Intmnaity

siq

8o ' 60 ! 5 ' o
2 {degree)

Fig. 5.3. XRD patrerns of TiBe-ALOs composites pro-
duced by the SHS process from Ti(-B;0,-Al
compacts {(B/Ti=2.0) with different relative
densities

[,]

B/Tig] 2z4nlst 209 o, X4 5484 5(Fg 5.3)
o4 FHEA AL @A TiB,s} a-ALOy 2] F AR g A
2A4E7E 109 139 ofel= =) TiBub TiB,4at
Z2 T QA wnkgEe e Ao Fq B
T fglck o9} e BxAn) 209 A9 Hall o2
o] B Belde el u} g}, e o] zAu|g|
WHEE AR Y e o 5500 oF 6%+ TiB,2)
e-ALO; F==r) A2 2 5 gladnl Wagale) 3
AR E FAE e Tyl 20, AUus
O BA%e} 6T%e) A THT TuBes) n-ALOLS) A e)
FAER AEE B ¢ Aot o] olfE alieigo 4]
daH-SH(zone of reaction)?] eie] whseie] odx
= oA ol S5 e B.0.9 Ale) &
EE, Aubg 27l daukeeld TiOEwe
EHE Folania] Ao Ale] 2kl wpdulgo)
A ] ajFeloh Te]w daghed s} Bahgk Soje
+=7b W gel afeld sEgw sfakomHE] A
Aol aleftm, A a4 T E 3 (structuriza-
tion}?} g4 TiBs-AlOs 7] B-5-2-4) 2 A Afe]
AR 5] dnHE eg Azl o)y o
HE, S, Asiuls B dbaigel A8 g2 Ay
Erhos] Fask Ao s 2l aleln s} R U

~556- 2 &5]x]



SHS#E 2]3) TiB-ALO:# #HAMel &k 1 BEEkKd st WFE

= 60% =67% lem

Fig. 6.1. SEM photographs of TiBy-AlLO; composites produced by the SHS process from TiOg-By0s-Al compacts
(B/T1=1.0) with different relative densities.

=60% =67% lpm
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SEM photographs of TiBy-ALO; composites produced by the SHS process [rom TiOsByOu-Al compacts

A a-akOy
& Tih
| Tin

ety Lk

g T \LAJ[J_J

3
e e g
a0 ! y Y a0

2 ¢ {degree)

Fig. 7. XRD patterns ol TiB;-AlLO; composites pressu-
relessly smlered at 1900C, 30 min after SHS
process af Ti(.-Bo0s-Al compacts with different
B/Ti molar rahos.

1271 408e % F elevl, 24k 10 % 139
e wgeash v R B 287 g
& % 53] %)



SHS#E]

o]s} TiBrALG:T &M A o HESEsE 23 Mt

B/Ti=2.0

B/Ti=1.3

B/Ti=1.0 Zem

Fig. 8. SEM phostographs of fractural surface of TiB,-AlOs composites after SHS process of Th0,-B,04-Al compacts

with different B/Ti molar ratios.

93 T T T T T T

82 4
21 4
g0 -

8o | / i

88 | i

Relative Density (%)

87 ! 1 1 . | 1
08 1.0 1.2 1.4 1.6 1.8 2.0 2.2

B/Ti melar ratio

Fig. 9. Relative density of sintered TiB.-ALO; compo-
sites as a function of B/Ti molar ratios of com-
pact components. (Pressureless sintering at 19
00¢C, 30 min}

a} 4= 9ir} Fig 8ol vlehd AAA shdwls] Fapd A
#Fod wAydas 29 2407 109 o 49 a-
0,2 TiB =)= el Rty aldzte] oot #o.
ZAuiFE 139 o) ke TiB.s) CL—AIEOJ]-
A d gated 23hake ) B o-ALOy §J7A71E] Sl
et ez grhsn, 2407 204 of TB.% o
ALO# B3hsrt 7]—%} £ EM o-ALOyY &gt TiB,y
A oA gekR ] 17 2 B Reg Aztxc)
HH3-E2f Bel TH e E‘—Hl W] wE A s
A ) WS Fig 94 vrebiigich 2497} 1.0
A 2057 F7HEtel mhabx] ATz o] 88.3%e] A

A 317 205 &2(1994)

28400 ¢

-1 2800
o 2600
E > 2600 ~
.l 2400 g
< <
o 2E00 42400 ba
P F A
! |
A 2000 —<—@& g
i 42200 3
<
fan]

N .
£

1800

1800 1 2000

o ID' 12 14 18

1.8 2.0 22
B/Ti molar ratio
Fig. 10. Changes in the flexural strengih and Vicker's

hardness of sintered composites with mncreas-
ing B/Ti melar ratio.

912%E 719 Zdden Frieided, olAE a4
shsbgle] FalAde]d gadsed B AAYH 24
Wzl Z2kE 1 EM 7ige] EWA AdErt $al

917 W
HE}e] o= ”“7534]4 33 #y7ke ke 8] A(Vickers)
A =ghdd WE2 Fig, 106 YJebliglch £240]71 1.0 A
2008 Z71gl wehd 4 Austrl FAE A
ﬁ DT} FEgko] 2120 keffem®ell A 2620 keffem?Z Z7}5}

. Vickers # =3 =4} 2000 kgf/mm?*ell 4 2750 kef
/mm“i Z7)belel =], LazxAdelAe] Axgs Fie
ALO; YA SR HEel Y Axghe] el wE
How AEc) olg) g #Aulel Frle] dE A
alzbz e} Hrghel Fvbe FaAxAEn A Al

-559-



}Jl

]}

_-lo
I
o

Ly

Aae Egre] Zolel wxzie Aag, wEEl
B2} Tie) 24 E¥]7} 2.0 dlg] s} #l3 X Haka
spes) AxEe) 7)AE B4 Al SR e o
- algdch

SHS "2 g TiBy-AlO;
Aekagdt ek of A
Tisl B o4l ghe] 4 ThO,
8} B:ZO?_E *}%E}M—L A5 Ee FlAma] 24
Alg A2l

o] ARy D7 Aie R FEok

1, grs-4bslEg] Bek Tis =489 B/Ti Ew)7} 10,
13 % 2002 s o, 28 A4 TiBy% a-ALDy
7} FApelgdel & 103 13x4dME o)F 34 o9
d5 ek7re) TiBs} TiB,= A4 Got, 20244+
77 o)Al a) Fd A Abute] st Eson o] o APAdx
Haale] Qzlrt A Fsl AR i St
$lek

2. dagele AFAY ddelgz, Fadue} dn
Bs} Tiel 2x4¥]7F 10, 13 ¥ 200%
o) Wk Zrlelaedl, 249000 209 o
0.52 cm/secol4l ™, 9AL2EE 1900C 2 Zhat 3
Helch

=X

'éll
o5t

59} 255 F== AU eitl 60% Leldn, o
AL Axgade] 7l F3ie)

4. B2} Tie] Ezx4w)7} 2090 242 TiBeALD: %
FEe Arier] = 1900T oAM= 2FFAgle] At
AAe] Fhestged, o A&EAY AdEEs 912%,
34 #AY7p=et Vickers 7355}2 zpz}h 2620 kgl/cm?® 2}
2750 kgf/mme= A Z]AH E4de] St

zuel 3

o} A7 gt Shw 190dE @R A e 3

Saslglen] ol ZApEgyck

REFERENCES

1. V.I. Matkovich, Boron and Refractory Borides. pp.

517-633, Springer Verlag, Berlin 1977,

2

o

10.

11

13.

14.

15.

16.

u560_

. J. Matsushita, S. Nayashi and H. Saito,

. C.H. Yo and Y. Miyamoto,

. K.E. Spear, P McDowell and F. McMahon,

. Z.A, Munir,

P. Schwarzkorf and R. Kieffer. Refractory Hard Me-
tals, pp. 271-281, Macmilian Co., New York, 1953

. 1], Kim and C.H. McMutry, “TiB: Powder Production

for Engingered Ceramics,” Ceram. Eng. Sci. Proc, 6(9-
10}, 1313-1320 (1985).

“Pressureless
Sintering of TiBe-Al:Qs” J Ceram Sove. JPN, 9710},
1206-1210 (1989),

“Synthesis of Tiix by SHS
Method and Fabrication of TiBrAl;Oz Ceramic Com-
posite by HPCS Method,” Proc. 5th Korea-Juparn New
Ceramics Sermay, Cheju, Korea, pp. 91 (1988).

M. Ueki, and H. Endo, “Parliculate Remlorced AlQ,
Based Ceramic Composites,” Proc Sih Kevea-Japan
New Cerannes Seminar, Kvungju, Korea, pp. 240-243
(1992),

. RW. Rice, G.Y. Richardson, J.M. Kunetz, T. Schroeter

and WJ. McDonough, “Effects of Self Propagating Sy-
nthesis Reactant Compacl Character on Igmition, Pro-
DARPA/
Army Symposium, 1.5, Government Printing (ffice,
pp. 201-234 (1987).

R.G. Behrens, “Thermochermeal Modelling of Ther-
mie-Type Reactions,” DARPA/Army Symposium, US.
Government Prinung Cffice, pp 43-61 (1987)

pagation and Resultant Microstructure,”

"Experi-
mental Evidence for the Exwistence ol the TiB,
Phase,” J Am. Cergm Soc, 69(1), C-4-5 (1986)

Z.A. Munir and U, Anselnu-Tamburing, ~Sell-Propaga-
img Exocthermic Reaction The Svnthesis of High-Te-
mperature Materials by Combustion,” pp. 277-365,
North-Holland Physics Publishing., 1989,

A.G. Merzhanov and LP. Barovinskaya, "A Wew Class
of Combustion Process,” pp. 195-201, Combustion
Science and Technology. Vol 10, Gordon and Breach,
Science Publishers Ltd., 1975

“Synthesis of High Temperature Mater-
ials by Sell-Propagating Combustion Method,” Ame.
Ceram. Soc Bull, 6702}, 342-349 (1988).

National Bureau of Standards 'S Department of Co-
mmerce, JANAF Thermochemical Tables, 2nd editon,
NSRDS-NBS 37, Washington D.C 1971

N, Sata and ] Tkeuchn, "FACst4EIE -k 3 T-BH
LT 3wy A FEESMEF" [ Ceram Soc JPN, 95
(2}, 243-247 (1987,

P.D. Zavitsanos ane JR. Morrs, JR., “Synthesis ot
Tramum Dibonde by Self-Propagating Reaction,” Ce-
ram, Eng Sci Proc, 4(7-8), 624-623 {1983).

W L. Frankhouser, KW, Brendlev, M.C, Kieszek and
S.T. Sullivan, Gasless Combustion Synihesis of Refra-
clory Compounds, pp. 4-145, Noyes Publcation, Park
Ridge, New Jersey, U1.5.A., 15985

B4 % # =



