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W, KCIO,, BaCrO, ix\ *h b REHATHY,
KClO, & BaCrO, 121702 » > 2 FBO L D%, W
133004 » ¥ o HABD SO RMEMA L2,

2.2 W-KC10,-BaCrO, ZOE(t

%, BIRFOWELS, 285, IRHRBABHO
BEGEEHE LMY S Aye, DTA, TG, X2
Piie EHER R B T i o, BaCrOg 120\ Tid SAIRL
BHzIY5 F vOENCMIERFBLAMNE Imm,
B 2mm LY b RIUGHELIEL . *
T2 SRR AR IooWCit BaCrO, oifh &% BiFiic
T2ENCRBROIE S I kot WAL
ZoWTi, THRAMRBLLE, 87, 244 (1976) o “f
BORBRECHTHBIRE" HM, KM, Ml : x5
maxhizl,

2.3 FimEBI=&D W-KCI0-BaCrO;, OFX

FR¥FBOBEE Y Fig. 1 1R, #UB L XK
LG HEE T O RH-S Bk 241y be—sx70
BB, :

KL ET IR 5 v /oML RD S5 = D,
IR s v7icmasd AMREYX» 2T, #BETF D
i) (BUF Heat Flux L0R.5, WG i fas, i1
frmEgtcing Shs R T cal/em?/sec @ KIEE 4
) %RDB, RAFIBICRUALBROKILSY (7
MALZRAL) KHHEORBEX AL IR 5 v
THRIMRXBYT 5, MBAOMHERBIz X vie
L (T, o(T: B, t: M) oNE %55, f
7, BEHFBROF—EERAKORILE>—KT
DFO—Hic—ED Heat Flux A ohiHaT
BB—T=To+q(zpcs) 2013 W (Ty, T : P)iss &
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T

Switch
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Recorder

AC thermocouple

Experimental Apparatus
Fig. 1 Experimental apparatus for radiation ignition

OB ¢ 1o B, ¢: Heat Flux, p, ¢, x: 7
VAN, 2aiAOWE, & SBEHR) bho
T30 To (T, ¢) Pk (T, 1) 1H 7= 5 b
L, HBOBENS glzpce) ™t HiR25. #5T,
THARLIRARD pc,k Hibdhhif Heat Flux ¢
RARBIHETES, LALTALAAZE 2 LD
ook DbhbhDOFEARAGHECIEEV e o2
DT, Heat Flux & LTI (rpce) 1 24 51
g(zpce)™* (LUF Q LB§) CIR DRk, TR
FOREYHMICT 5 Bz, AMRE 100Vor
D Q OEERMIC20.04 5\ C, {BOBEDE
O Q %0~20.0000C HEARS L 2o (Foce)™2 11
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¥, KK HSHLBAT 588 CH 5, K
2.2 00 Coek SinEmESBicty, X
0.5mm, ifi{% 12mm OEHIZ LT, BHicO~LFE
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EXWHUAHMRLT, kicwiesico (T, D%
£, (7, ) MBEIAMCELLALY, FHlL
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3.1 KCI0,, W &0 BaCrO, ogawit

Fig.2(s) i= KCIO,, W 35X U BaCrOy &R 2
o DTA, TG o#i#%n+. KCIO, izov-Tiz
TR OLRPWHH 5D C AR H55T5, Ba
CrO, IZ/MfAL T TOC T CREILERRED b
h, X BEfc k> TIFH LV &5 BB 2h
Hhot, #-T DTA, TG, X @EHF ¢t 700C
FTREREVRD, L L Fig.3 0% &
EBEOMmMEsMR e, mALCTRENHL 2512
£, BaCrO, DiEfiizdi-> TV 50T, JiER
FLTWAHEZ EXbnY, Hiks LT PCO, &
i>Tv 5L ChHB, W OBEIL 430C FEL »
b, RBHMBEREC D, Thikdiz TG ciitmn
Babhbd, DTA OB~ 21k 600C i { ¢t
KEins, R0 XBEGiNnS WO, 251 8%
bBiteow, W HHETIE W+3/20,=WO, 5K
ERENRZ 2T B VLD,

3.2 2RAFROME

3.2.1 KCIO-W DR/
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(a) DTA curves of W, KC]O4

and BaCrO4

[ =
>
“ H BaCrQ . /N
¥ + + %400 408 %S *s00 608 708
0 —~XC10, e -
ol 4O T T m Y e
1= - l KC'|04 . \
= ES ]
Lt (1] \
a \‘
=4 \
o |a TG curves :
wle.s ¢ ‘
[l ;‘ L
h= A B
.,f'.' 1 // ‘l
ey hoo % W _.et N
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(b) 4 15 H:KCI0, =7 33
2 " 5:5
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2
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™
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Fig. 2 DTA and TG Curves of ingredients and mixtures (heating rate=10C /min, in air)

Fig. 2(b) 128 &hicdsi3 5 DTA o §p% =1,
40C IR DKELBBRE- 272 KBAD, &
DK EIE— 7 IEFREGAL RPN TH AR
Db, Tablel o X BEFI X % &, KCl WO,
ABBBhBZEND, ZORMEEEE KCIO+W
=KCl+WQ;+1/20, xR filic W+3/20;=
WO, offERE® KCIO—KCl+20, o 2 FRItA
BT 2,HEXLhS, BRI - 27EE
DBWHBHHIAS, Thbb, W ORI S

Vol.33; No.2, 1977

REBBIICE- T3, Zhiz W EoRMERIG
APLBELTWS:EL AL, Tibh W O
{LEIGIZ X S RMODRE DL D THE 5, LivL
E—7DAEE, RERGeEM LT, R
Kzt 2 KISOBBALRS & Likisn X bhb,

3.2.2° W-BaCrO, OR®

Fig. 2(c) 1284 rbizdstt 5 DTA oW % R,
Firmx W iRBo SBAMEIZ Ty 5. X BENTIZ X
3, &L LT WO, BaWO,, Cr,WO, 7c&pt
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[o P
8.0* /
'60/0
~17.0 ¢
'e
E ,& in air
- heating rate = 10°C/min.
lz of
3)
~6.0F
500 = {
/5;
4.0
[ /1 x 103 (k)
1.5 2.0 2.5

Fig. 3 Plot of log R-! against 1/7T (R=Electric resistance of BaCrQ,)

Table 1 The result of X-ray diffraction of various mixtures

Sample Product heat treatment
WO, | €0, | BiO | KCI |BaWO,|CrWO,|  temperature (T)

w ol|l |/ 1|~ 800
Kcio, _ns ol | 700
BaCrO, / / / / / / 700
W-KCIO, O / / O / / 700
W-BaCrO, @) / / / 0 o E 800
KCI0,-BaCrO, s / / o | / > pos
keoBco-w | 0o [ o |/ | o] o] o ps

O~ detected /'~ not detected

Bnoh, HiEEhs Ktk & LTI, 2BaCO+ MRS LTV 5 Bl S h b, WICHERIC
4 W+9/20,=WO;+ 2 BaWO,+Cr,WO, 2% % & SLCRSEHALMZTE DL HCHS,

Do LMWz L B & 2BaCrO,+ W= 2 BaO+Cr,0, 3.2.3 KClO,-BaCrO, ORSS

+WO, ##EXTWHA, AHE ¢k BaO % Cr,0, Fig.4(u) iz DTA, TG o+, KCIO, #t
WO, mfREiZBShichote, TRERFBEST thiz< 5RT, B4 (KCIO, off) LMl —2
1% DTA ixfo £ L A bhixv 0T, ZZPo YLD D ERMIC 81T LT3, X BEIfICE
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BrERHLLT KCl o mlshiz, # - KCIO, o#sfReiit+s fme L W32 5C
BaCrO, & KCIO, o B8R i ir ¢, BaCrO, % »%,

DTA Curves of various mixtures{ heating rate=10°c/min.)

(a) Kr.lf)4 - BaCro,

KC10, : BaCr0,
3‘ ‘ ‘ N ‘*‘\//,a\\\--—- 3:7
o ' 5 ¢ 56
+ 7:3
+ + + + + t °C + +0 700
olo 100 200 300 —— 60
2
(1]
102
§ I KC10, : BaCr0,
: 3 : 7
) 5 : §
- 7 : 3
k5
(b) W : KC10, =7 : 3
g
@ % BaCr04
0
o N
g N — S 30
@ N 50
. + 4 + + +
b 1o F00 300 200 500 600 700
(c) W: KC10, =5 : 5
31 % BaCro,
-1
0
v __ 5
1 g 18
] N\ 30
Vo

ot 109 20d  30d ado  sob 600 7bo

(d)H:KC'IO4=3:7

3
z
% BaCr0,
0
o N 10
© N 30
o v 50

0+ 1o 20h sbo  adb sdo 6d0 780

Fig. 4 DTA curves of various mixtures in air (heating rate=10C /min)

Vol.38, Ne. 2, 1977 - 69 —



3.3 W-KClO0-BaCrO, R

Fig.4 (b)(c), @) i= DTA o#gxii+, W-KCIO,
iz BaCrO, #&EML T & BfAE—~ 74k, MGEME
EBFTAHEICS 5. ¥ & BaCrO, DREINEAMY
FLE—rOKEZRPEL LTS, Tablel o
X BEHO R T WO;, Cr,0,, KCl, BaWO,,
CuWO, 7= ERGERPHELTBDHhI, T3
RAROHE, DTA ORBME—-7DKEER, ¥-
7 BE s X O BITCO B RBEERO R in &0 I
LT, EFEIERE W+KCIO=WO0,+KCl+1/20, ©
5L EX B, & hic W4 2BaCrO+1/20;=
2BaWO,;+CriOs 55\ ik 4 W+ 2 BaCrO,+9/20,
=WO, + 2BaWO,+Cr; WO, o RIS BE -
TwB LR SRS,

3.4 W-KCIO~BaCrO, ZO#inm

Table 2 i TBHIBXRT, —OfFB L H BaCrO
DEMBERKELED L, BRMIEL LT Y,
Fig.4 © DTA of{ReHiEL TV 5,

8.6 #HHAPMALICES W-KCIO,-BaCrO, 5k

3.5.1 AWRE L Heat Flux ONSE

IR 2 v 7t 3 MEEXN» X5 & BARFIBROH
B BT B MBLERH, IRACEETH 22 b il
Ehisziad— (Heat Flux) 2§75 » 2 R 2
~ 2 CRETEINARATIE 2.3 oRGDHTON
7o X D iRy U LA, Fig.5 it —B% iR
+. Fig. 6 (a) iRpEHHBROMICE T, T~V/7
DN RDILOCH . T v 7TOMDE—EILE
T3 ECRALBHMIDD, AL v FEARRYD

Table 2 Measurement of heat of combustion (cal/g)

Ratio of W: Heat of combustion (cal/g)
KCIO, 0% BaCrO, 10% BaCrO, 30% BaCrO, 80% BaCrO,
3:7 245 327.8 253.3 124.1
5:5 500.3 411.1 353.2 ©201.4
7:3 607.0 475.5 440.8 409.5
Temperature history with radiation at the surface
F 1000
"900
<
e /7
£ L
o 800 /“"
H
3 50 Y 40_v©O
5
g L. 700 [o} o~
& / /
& ; }_q/
600 (s} 7 [«
/ of o
500 (o] o/ O/
//O/ /
a0q /00
o/ O
t { SEC )
———
It/ , ,

5 10 15

Fig. 85 Temperature history with radiation at the surface of thermocouple
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{a ) Temperature vs. squafe root { b ) Heat fiux vs. out-put

of time(sec) ) . voltage °
/ . /
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d -
100./m 80y , s :
- o 1]
21900 . 4
° >
- y E o
[}
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2laco } 0 o - s
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i
o ~—
Q.
& o
=00} %
3
-t
[ o
/ 40 v H
600 o o o 2
' i
u// / ¢ 0 o
. :
500 | ‘/o/ //o- iy /
W00L o o 6 0
///// | /2 (sec)1/2 /o —vole (V)
. 8 2
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Fig. 6 (a) Temperature vs. square root of time(sec) (b) Heat flux vs. out-put voltage

Radiative Ignition of
H-KCIOA-BaCrO

s | 4
\ “{a) \ .. (b))
-] slope 5-1,0
7t © O W : kClo, = 3 : 7 8\
° @~ " + 108 Bacro, .1
el : OV 4 30t Bacro,
o + 508 BaCro, g

0.3%

0.2

. . \
8 \. 0.1 °
3 .

Ignition time { sec

® e
°
log tl/z
o /
- °
_ o
a0
° o

8 & -0
. . ~.
1L :
- 8
v ) ~0.2 ) Yog (- Q)
A 10 15 20 L 1.0 1.5

Fig. 7 Radiative ignition of W-KCIO,~BaCrO,
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Radiation Ignition of Y - KC10, - BaCrf,

8 O (a) (b)
L 7 °~H:Kc104=5:5 o
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® ~ "+ 10 % BaCro, P 0.4
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Fig. 8 Radiation ignition of W-KCIO-BaCrO,
)
Radiation Ignition*©f W-KC10,-BaCrO,
\° (a) : (o)
\
7 4 O/W t KCl0, 57 t 3 s\ *
© - = + 10t Bacro, 0.4 8
P N~ " + 308 BaCro, ﬁ
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®~~ " + 508 BaCzO, 0.3
s 8 c\o
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Fig. 9 Radiation ignition of W~KCIO~BaCrO,
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B t~/T U B %<, AU EA (To=
300°KD %o T\rin\ i, FhblSG s BT
THhD, AR TRIBAREEILT~T200C Lllich
5O THPD X vk hRIEIC i &pv, Fig.6(b) i
Heat Flux & fifJ5REE V L 0BG *RT. HCiE
RO T oL 5iz, V=100(volt) ot 20D Q
DfH#20.0L B\VCTHRED Q # £57TE L T W
5, ARMTI2 Q L V REKBEEKRICA -0, &
A~ D oo it B IR IRV,

3.5.2 HIWMA;I=&S W-KClO,-BaCrO, 05

X

F:KkB§f & Heat Flux Q oB§EY¥ th¥h Fig.7
(e), Fig.8(n), Fig.9(s) ki3, TRCORAPK-
VT, Heat Flux Q 2k & { 7% & RABSANE 0
o Twd, BRI - CRABHYEEL TV
50C, BELHBLTV-32, Heat Flux ok
Ehind b 200~400C OfECA7 Y+ N A5
h, GUEEE Boohicd - =, W:KCIO=3:7
OREHIZ OV BaCrO, ¥ B+ hi, B L
Heat Flux Cl~AB4, RBABMIIOUVS X5 ©
HB. THIZIFFRD DTA OERHE L T\
2rEZBR DM, WIKCIO=1:13x187:3
22w, Bdbhitho o, Fig.7 (a)~Fig. 9 (a)
12368 LTV 2 % 2 &1k BaCrO, oinid: #3w
2hT, RRIZLB D Heat Flux 1 #ifnL €L
3k5Ch5,

Rayon 03RRIz 5L, BESKELEEL
B, log @ & log ' OB ERE e HiE
&, BEL=R A ¥ - 1ZI—EOBERD D LBEL
T\ 3%, Fig.7(b), Fig.8(b), Fig.9() tx log@ &
log#'® D7 vy b ThD, FIRIBKE -1 RSLL,
REZE S M T hic e, HmadEe
BEZLO5THA.

. B B

4.1 W-KCIO,-BaCrO, 0SS5

SEARDRIEL LTELBADS DIZOWT25T
ORIGREZHRLTA3 L (Wlmol izo\v),
KCIO,+ W =KCl+ WO, +1/20(8)+ (—~202. 0 kcal)
W +3/204(8)= WO, + (—201. 4 keal), KCIO,(¢)~KCl
+204(8) + (—575cal), 1/2BaCrO; + W+9/80y(g)
= 1/ WO;+ 1/2 BaWO, + 1/4(Cr; WO, + (—82. 1+
4H 13s(Crs WO, )keal), RISEADHRICIZ(LEES S
XU Chem. Rev., 76, 289 (1976) % &FI LI,
B oISV T CryWO, o 458 Mot
RISADER Rk HpDs, & v 8\ =200
keal & BVWTCIRERD S, BEIL 2D EERY
HLSHBVDREITHHN, 2SR, SRIRO

Vel.38, No. 1, 1977

DTA oftfhe— 7 DRERLEDOAEERE, +hic
BIEIROTIEREL I35 &, SHHRTIE W-
KCIO, oftH3heTH b, +hic KCIO, 0%
FRBUE, W ORLRAS, W-BaCrO, oFEsd L3
DHELTCWBEBEL Bh 3, BaCrO, 2o
a4, ARRET, FREMERYELTEY, o
BRI X » T KCIO, o233 RieLTix o Hs
(Fig-4(a) 21 W LRBHRIGY T EoTV3,
LU SEARIZOWTIE BaCrO, RIS % 5B
EBTSRTEY, IRRABROBTELIALLTE
b, BaCrO, © 2HANRE SO RIZ B 2
BRVARLELTWS,

ChREC ORI 5K, IRGROERIE W-
KCIO, nRIHRIENFRYTHBZ EXRLT VD
bDEBR BB, Thi>yb W-BaCrO, o RiShts
BEe% BaCrO, @fno KCIO, 0 ABILGEES W
-KCIO, o FISBREMEEE X D85V D¢, BaCrO, 21 W
% KCIO, e+ 3 Llilic W-KCIO, DG 2% 35
Zh, TOXREERB/ORD, FRIRIRICR D~
® BaCrO, t2 W % KCIO, oGicfi&#L, %%
HELZR (KEXBMRGERY, BAROETY
263 THRDTHSH. ERFHELA BaCrO,
% KCIO, o RCah Urclii# A L Kiti L, HiEw
ADREL I ZASTEEIHLOhS (HL1OXB
BT b o 228, BAMEYHIEL DL OB
e oWT X BEHT ¥ Lk o b, BaCl %L
fs:)o

4.2 FHMBMHIc&S W-KCIO-BaCrO, Rk

3.3.2 oM (R KTME Heat Flux Q ok
ZXPFEEL A5 OnTWE, @ W & KCIO, ©
H#Er—Ee, BaCrO; oFmiteiL v o TR
KBTS X 5 MR Hhigy, (3) BaCrO;
OEMELMNT L HBKIZET 5 Y0 Heat Flux 13
KELRBFEIA LD, ()Ryon FOHBICEEX
IR RIZREST TR > TV 3, Bk 4 A58 6
TRotae 4. 10% M 61X BaCrO, oEmiy i+ &
RAGLBIMRREL 2 EHF2 bR BN, FHERKL
T3, ChiR=FA¥-DELHIT L RN EL
i AabhB, Tichd, DTA 04BN, B
Exwo{ Y HF TV L DT — i = %
A¥-hPHash, FRD HLEEHS: BaCO, ¢
PEDHPENLLGRDEIRT DS, —F
IR 5 77122 5BHOBE, =ka+-2o HE
CHRT LK, MM, LXrIRBHROAMEL S
hB0T, KLV W-KCIO, ol 23 g b,
BaCrO, oGRS ShhitvOThs 5, Kk
EHORFGARLE LT, KIbRWRIERBA (MR
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B Lehigi sofmifo 2 on B8NS - T
WHEELBRD, # -lT W-KCIO-BaCrO, ni}
& =R —kaRcE AL E, BRI—FRES
hBVBFBREN 6T D, EROBECTDT
BaCrO; DfEANTTL 3D TIREVIES 55, DTA
OWHED LS5 bk a¥—2 T HAIX
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3, DEoEX I LN TH 5O CELRR
BB LR TR, BAFE bORTIXENE
LXdi, 3Tk intbhTV3Y, s
TEh%y FAThi¥ BVt W-KCIO,-BaCrO, Riz
DWTHMHRT LB WE, b5 BEHR KRG
BF (Ribgh Egfk=x1¥~, WHERETF) AR
RO CRATCEL, THT, ThHOEMIZDL
T3~ BIHEli2 HE L T, Heat Flux i3
TERKSHOEIEE L XY, VWAWLIREREFT
CHELE, EFAE LTRORB2MHIZoVWTRG
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dDD2OTH5. VDBADOFERNIX
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ot S hEERT, Qv IMLREDE Y OB
ai E: Egft=3r4~-, RERFRROLRE
L. @, @DEFAIZDOWT, g % 5~40(cal/cm?
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L) RAHEEE LT RIET2ER% L W84
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Lo hEEELA, #R% Figl0, 11773, Figl0
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THholo Thhd, REHOBEIIEFITHE T LH
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Typical temperature rise at the constant
heat flux

numerical values 2
= 20.9 c?}/sec/cm
f = 1,0x10

E = 30.0 kcal/mol
Qy= 500.0 cal/g
cec 0.3 c;l/aldeg
p=2.0
- [900 ! k = 0.005 cal/cm/sec/deg
o
| >
¢°°°
1800 } ©
/ -
./ /'/
-70 o
0 &ﬁﬁe,f
- ,;e hd
» o° /
E-]
U L e
t ’/
! L~~~ surface temp. under no reaction
5 ;7 —— ° under reactfon at the surface only
500, e
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ye ——eeem ® ynder reaction
/l
N
v t { sec )
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Fig. 10 Typical temperature rise at the constant heat flux
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Radiatoin fgnition under various heat fluxes

heat flux

o

Ignition temperature{°K)

dlgnition tine(secL

.
(-]

e
q ( callseclcmz ) -~
——
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L { a ) Corelation of ignition time and

[ 700

(b)) Corelation of ignition temperature
and heat flux

1800
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Fig. 11 Radiation ignition under various heat fluxes
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Ignition of a mixture of tungusten, potassium perchlorate and barium
chromate by radiative heating with infrared lamp

Toshiyuki Nagaishi, Suguru Okamoto, Takeomi Kaneda, Masaru
Matsumoto and Shunichi Yoshinaga

Infrared spot heater was used for evaluating solid state ignition characteristics

of a mixture of tungusten, potassium perchlorate and barium chromate.

Thermal

reaction of the mixture was also studied experimentally by means of DTA, TG, X-

ray diffraction and measurement of heat of combustion.

as follows:

The results were obtained

1) The reaction of tungusten and potassium perchlorate was dominant over all

other reactions such as those of oxidation of tungusten, decomposition of potassium

perchlorate and solid state reaction of tungusten with barium chromate in the mixture.

2) The surface ignition was observed when the mixture was subjected to infra-

red radiation.

Ignition time was not affected by the existence of barium chromate,

which was different from the DTA and TG experiments. The result may be inter-

preted by the difference of energy supply.

(Department of Industrial Chemistry, Fuculty of Engineering, Kyushu
_ Sangyo University, Matsugadai 2, Higashi-ku, Fukuoka, JAPAN 813)
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