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2.2 DTABLUTG

Lk A R R LR XSRS REER DT-2B
Bt rELRBNDTA EREHAL, 816U
IZBERE AL RV,

2.3 XgEHE
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Fig.1 DTA and TG curves of ingredients.
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2. 9 PRSHEFORE

ABFEOICL» T bR BEOHNEEC L OR
BLAY, BeERAMERE L tnLRAROLO
EEALLY,

3. HREBLUER

3. 1 Higomst

Wik DTA, TG i & Fig. 1 2R+, BaOg 3%
KT T0CHIED S 2O BRRIEAR O,
PROTBRMABEH 6N S, 600CHEN & B RK
EhdkE 0, T30CHIE CHEAMDP L & bIcQReR
BEEIEL 5, MR E 5 BaOs (LR &{k2tH
Wizt L L5k Fig.4 Lo 250CHEL 0 bh
P L, BUSOCHIE M 68« Ik Ligs 700
CHHEE L 0 AP L 2 5, MRS OXBERRH
& Table 1 & 9 BaOg 35 & U4tER-< Y 7 & (LA FBaC
Os LEE) DANMBHINES NEBOBAS L L Ba
CO; MEHF ' — 7 BNV S AR BaO, e
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1 The result of X-ray diffraction
of ingredients.

Table

Heat veatment ] Product

74| temoersure e1aa0,TRa0 o] aifn-mi [ Tin | i
Ba0,|750°Cinair]Jo | Xjo )~ | —-}|- ]|~
£Ti|700°Cinair| - | -1 —~la|o]a}o
4Ti|670CinAr| - | =|~]a 10| XX
3-Ti {800°C inair| - | - | —-|X}o]|a}o
TiN{650°C inair}j - | - |- | X | X |0 |©O
Ti0,(800°C inair| — | — | —| X[ X[X[O
O.A : detected X : not detected

O>AYX : X-ray intensily

10

08
7] 06
2 04

0.2

100 300 500 700
Temp.(°C)

Fig.2 Half band width of X-ray diffraction
peak (26=40") from a-Ti by heating.

B BFMERLI, —F Arhod DTA it 580
CHIENCRBREHEL 5, TG Tk 500C 55
CIREMRVHSEL 5. £ 0ORPRIX% %575 L, BaO,
MHOREAY YA (UTFBaO LB 124 28 nE
EBRPREBIF—HTD. ch60Z Lh6 BaO, i
ZRPORERY 2 & BE LEEIZ BaCOs A4+ 5
B, TORBREBHURE Y YAl db0EE
A6h3,

a-Tia340CHEL D RO KEVRRRE
ExRL, SO0CHHENSRBRENAONS, HRN
ML 490°C & 0 %6 1 800C CHOKIMMB AL 1% %
AL, ArPTREBRREIRH 6T, 590C (i
NOBRBRENDANBH SR, - Ti (3490CHIE X
D BBRELRL, HRNMSS0THEL VBH6
h 800 CTnRINRIL21.6% CTh- 1z, a-Ti BLY
B-Ti OIMARR & DX BEFT Iz L 5 & Table 1
iR LR, a-Ti 38&th 700C ¢ 8-Ti, TiO) &
Ubh$nic TiN DERABEHES, ArdTit 570
CTeb¥nic 8-Ti DERFBHHA, 670C CHHRE
%o, B-Ti (3E K 800C ¢ TiO,, TiN HE Uk
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Fig.3 DTA and TG curves of various mixtures
(7:3 =weight ratio)

R0 p-Ti HERM¥ 5. «, B-Ti RBL RN
£ 0 TiO 8 L b2z TiN &K+ 5, «-Ti 12
EREOREIZE biev -Ti ~nEREBIESYS,
(la-Ti ArpOMAL T & Fig.2 X0 EH
E— 7 OREIUNE Ry, EFE— 7 B A B,
ZhidRd b EARLNEELZONS,

TiN 2340C{HE & 9 B K &7 L, 600°C {}3E
SV FURBRE &R L, TRKIM 490 CHHE &
IBHHN B0 CT7.5%NIMBLFRLIE., ArhT
RRBETRLANERLEBO R b 2, BEKP
200CCHMBER & 12 Table 1 X 9 TiO; & L RERE
NTIN@Bon, TINBBEbPnBEREEHLTI
OCaERT5E & GIZHER (ATFN: &B8) &+
3L0LEZAGRD, FHENELPOERL NRYE
RERTIN <a-Ti<p-Ti OMFICESRCEL 520
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#Bohr,

3. 2 ZRDBREHORED

Bk ol & 4 % 2 BaO; & F Uik & =R DR
BB IR ERML . DTA, TG thit & Fig.
3 iIZFt. BKH0Ba0; —a-Ti % T2320CH5EH
HAREONEREVBRARENEL D, Arp THE
£ 320CHHE & 0 BRREHARBH 6 h400CHEL 0 A
WEies, SICHENGR BRENBHGHR S,
Table 2 DML 500°C COMBRE © X REHF
&0 TiOy, REENa-Ti, KMiEBHo 3-Ti HiE
Behs, 100CTCRME{LF 2 =Y 2 u (LT
Ba;TiO, £B5), B-Ti, TiO: d BB &S hrz, RAKL
11 (BFRERICL D) nbonRESTLL-S /.,
a-TifgH$ < 16 5 L RIGIHRB & 72 0 700C TOER
Bi=BkF 7 >4y o4 (LLFBaTiOy & 88), 8-Ti

Table 2 The result of X-ray diffraction of
various mixtures

| Product
o&-Ti ] B-Tif TiN | Ti
a | a

Sample lw.n H.LYC) BaTio,an,TiO ﬁ

a

7:3{500 inair
7:3{700 inair,
7: 3)700 in Ar|
3:7|700 inAr
7:3|700 inairy
3:7]/700 inair
7: 31500 inair
7: 31700 inair|
7: 3{500 inAr
3: 7]700 inair|
7- 3]700 nat
3: 7700 in air

0,A : detecled X : not detected

0>4a>X ' X-ray intensity
WR.:Weight Raito HTT.:Heat Treciment Temperature

Ba0, ¢TI

H[xxix

olp[Oo])b]b

Bag;: Ati

BaQ,: TiN

OIO[D|DIx]|x] |r]>x]x

ofx|piv|pi>|D|PID|b]ID
O Ix|x|>|O|>|Of>]>x]|>

xxxobbxpxxxxg
L

bbb |x|0|Oo|x|O|x]|O]|O

B20,: TiQ,

]
>

BIUTO V@B Eh:, $1-BRPTGI2BIIS
R 600C HEn o2 iiimABa6hl,
Z&h Ba0y—B-Ti R Cir 320CHHFIC X ViR 2

I RBEIE NS 6 h 550 CHEEH 6 AR e R &5
L7, 650CHHENSBURE OGN LRBRRIESLRE O
tivd, Arth G420 CHIED H QM RB /A EN
£EU5, TGICL3EEATIZELKP 70T Th¥n
KBGO ArpeRrEH RN 2, BREP
BRFEH 0 700 CTHOXHEH 5 Bay TiO,, §-Ti,
TiO; &N/, BaOy ik di b { 123 L Bl
BB MR & 22 9 650 CHERED 6 BB K
E{ e BHMETRLE, £/a-Ti OB & R
BaOy fghikie 725 L BaTiOzs n& K ARIB S h
o

IRARBSEE
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Fig.4 Measurement of evolution gas of BaO;-
TiN in Ar (weight ratio) and chemical
analysis of BaO, into the mixtures in air.
(2:1 mol ratio)

44,5 BaO,-TiN 5% i 300 °CHEEH 6 i 2 B
RENEL D, ArPTRODIPNRBREENEL
h ol & RIREMEL 0 £ L 5. BaOynfkpid 2 <
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BRI S00TC THMBRER X 0 X BEHTH & BAP,
Ar gagtic TiO,y, TiN, BasTiO @B & h/x, X/~
Arth 400C TSR & (22K R I BaO,, TiN L
TiO; AR & h/z, BaOs nfRaip e 705 LBLED
700°C CHOMBIR & spizit TiOa, TiN #3.k (¥ BaTiO,
A an, TCCRBRRGMMGIRE L AKX
DR P HBH 6, EOHEMBIIMABL R C2
grr, BEARPVIZE beWBETITARENEL,
BEREFigdITRLL, ELCOHRE202 b YT
Z24—ICE0RiE LT RN THDB L |
BEBL L., BREGHEREMTL Y R /BLEL,
BRECHROBE L MBEFEC—RE 212 B
&ftix TiN fk 0 60% ~70% OB EBERL .,

241 BaOy - TiOs % Tk DTA (B8 TRERZS
Dot Hi TG TR 450CHHE L DR PIRS
h3, 800C IcB 3R ENDXBEHRNG KREREN
TiOg & Ba,TiO, SiIES & /-,

UEOERE o MBRIcE 3R BaOs ik Ba,
-Ti, TiN ofLiz & 0 TiOg 4R L, FRpIcER &
e BaO Rk Kt BaOy & TiOs UL Ik 0 Ba,
TiO( BaTiO MR Eh B L B 6N D, BEhT
12 Ti RTIN: BREOVREGRIFICELSLDE
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Table 3 Measurement of heat of combustion

Heat of combustion (€3l/)
) < |7:3[5:5]3:7
Ba0,: A-Ti | 410.5 | 347.3 | 329.2
in air |Ba0,: «-Ti| 415.2 | 324.7 | —
Bao, : TiN 279.4 | 183.8 | 106.0
Ba0,: N.-Ti | 337.3 | 3486 | 229.2
in Ar |BaQ, : &-Ti | 322.0 | 3506 | —
Ba0, : TiN 261.6 209.0 —_—

atmo.: atmosphere
w.r. @ weight ratio

tEZONSD,

a-Ti & ArpFARETMRARL L L 0L BaOy,n
ORIERFig. 3 o/t L oic, aRLBRARERIHRE
iz, B-TicGEBT>MEBOBELENBSIR
B-Tik LRAECRNRE»rEL S, £/, Fig4
2k BGREMWMMRE RN BaOs DLERHT M 6L
R b 00CHHE L D #Rx i2dp+5, a-Ti R,
TiN %2 600 CHHET—E & 72 5 A% §-Ti £ NHART80
CTTRHRERY &TLL, DTARZ 0fRN6 8-
Titna-TigtUTINORGBEME 2 AT
25, a-Ti XBAROHR»HRBIZOTHIE
CLTWahHEBAGH, ThEIREENAKECR
BoTHBLNEENMELS,

3.3 BRORE

Table 3 iz &~ AR AHOMIEROMERR &7
F. a-Ti%, -TiFizt LICRBEORBAERLA,
TINZCRPLVINESRLE. BEBOBENSArch 0
HEX Vv EABWETRL, ZRPOBRORE
BRELELOEBRHEANS, BREFSESVERARS
wiizf}, BRRELETHH-LAELLNS,

3.4 PussssmonE

BAGSMOBIEER & TabledioF LA a-Ti R,
B-Ti%, TINRIZBASBHOAL, ZhHNET
HB-TiZ>a-Ti %> TiN RO GR A TR I E
Lz, B-TiFk, a-TiF CREZPNBE LD Artp
DPENEDCRAMABHOIE, ZhixBRIZLS
TiORERENEL S EZOAS, $ha-Ti
@ ArpimERAEL L 2 b O TREE TR AN E ULDTA
ORER LR ER LA, TINR TR Arp oG
AVWAETHBANEHOH, ZRPIZHWTIRTIN
LBRBRORENEDIZELZLOLEAGNS, BK
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Table.4 The lowest ignition temperature and activation energy from induction

period.

in air

in Ar

The lowest ignition
temperature and induc-

AE The lowest
(Kcal/md) tion period.

ignitlon AE
temperature and induc- (Kcal/mol)J

Sample tion period.
Ba0;A7Ti=7:3| 750" 1089 225 | 680 | 134 | 165
1:1) 648 | 88 | 127 | 590 | 1.8 | 155
3:7|1 620 | 79 | 112 | se0 | 124 | 122
BaQ«Ti=7:3| 455 | 134 | 8.8 | 400 | 244 | 95
e a0y 575 | 165 | 125
~ (at 550°C) 590 14.7 12.3

BaQ;TiN=7:3| 395 | 356

1.1 508 12.8 14.6

11 400 250

1.8 550 13.6 17.1

3:7 | 453 270

11.7 610 13.5 17.8

Thale 5§ Measurement of burning rate.

Xl 7:3 11 3:7

sample b.r. | bd, [b.r. [ ba]bor, b.d,
BaG,: @-Ti|{ 35| 23| 35| 230] —

Ba0,: -Ti| 47 | 232 — -
Ba0,: TiN} 58 | 23 [124 | 222 —

b.r : burning rate (MM Agec)
b.d : bulk density(9€m’)
— : no combustion wr.:weght ratio

HHBMTIRTiRIZBVWT Arg g v TINE TR
BEPOBANREVEREN . E /R OMEEF
Mod&Ey7TL=0270y b LRM OEEET
IN¥—ROI LA, B-TiRT:3, a-TiR7:3&n
FWTRELZFOBEHEIBRENORILEN >/,
SR ArnBANA-TIF T3 LR THHAK
awligFELL, a-TiR7:3 128V T IS/ SV
reons.,

3. 5 IMEREEOTE

WIERE ORIEES R & Table 5 27k +. SREOR
SH3 THLTae-TiZL:LIZIRENBHS i h
o, REKT:3 1BV TIEB-TiRk<a-TiR<TIN
Folficlviirgons, 8 -Tigkl:1&£7:3i043
HEOBREBHOALVATINGRCIRL:1 MFERIC

— 222 —
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#HEU e DTA, BRMELEM6BLE12RMNER
ABLHENERIGNS,
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W RALEL B, TiN 2R L DENERE By IC 4
LTwabntBrHhs. DTAILE T 3R G
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iR 8-TiZ2a-Ti £>TINFR L/hdv, LR
RSB DEREY, CNIRDTAORRE—2
& RGN &R, RIERKBER B-TiR>a-TiR>
TiN OBy o s f-Ti R <a-TiR< TiN
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Reaction Between BaQO; and Ti, TiN

by Masaru MATSUMOTO*, Fumihike SHINCHI*, Toshiyuki NAGAISHI*
and Shunichi YOSHINAGA*

Thermal reactivities between BaO; and a-Ti, 8-Ti, TiN were studied. The
results were as follows.

When various mixtures were heated, it was observed that the oxidation of Ti
and TiN, and the reactions between BaO; and Ti, TiN or its oxide occured.

The exothermic reaction temperature from DTA became higher in order TiN
system<a-Ti system<8-Ti system.

The heat of combustion increased in the approximate order TiN system <a-Ti
system < A-Ti system. As the BaO, content of a mixture increased, the heat in-
creased, which was larger in air than in Ar atomosphere.

The ignition temperature was higher in order TiN system<a-Ti system< 3-Ti
system. '

The burning rate increased in the order g-Ti system<a-Ti system<TiN system.

. (*Department of Industrial Chemistry, Faculty of Engineering, Kyushu

Sangyo University, Matsugadai 2, Higashi-ku, Fukuoka, JAPAN 813)
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