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D S BAH 120°C TRETSI L2 HESH, KNO,
-TEERFD T—t H» bHESN S S OROEE
RISOFHERBIFL 540C (¢ =1 DictfF 2845 T
DA L EETHEND, 3 EARTIRZO
BUEMBET X0 LMC S BEMNBELS B2 L
B3, #AELUED CRC & T— ¢ BaOEERM
B, 3 AT (BIERER) o~ » FERESED
RMEBH 5585,

KClO,-8, KNO;-8 BRORMAKAIZDLT

iz KCIOw-8 Fizov T~ L RO Rk R D
BiEEBiz, KNO,~-S ZicbRons, ToRER

IRKEG Ly



ROREDHBLHTH D AFETCRBAEOWET
BRERAEICRAR, FoO0xzHLhv, LN
DTREKHD S OELBIETETSH Y, KCIO,-S
F#dH Bk KNOs-S ZoESicix S #®+ 55
BERIVEL, OS2 400C L LOBBHETH
556, BRZD S ORHRES. 4EY ERD
FEhABEhEh KCIO,, KNO; 0SfRA 610, 700
Clizbsrtsrl, ZoEETH S OAFRITEH
Fh 65 T4% 45 (O 2 #FBoHicxs),
TOBEXKEIVECGBEZELZTH, TOHSICIRE
KOBLENRL 20T, SoUEEHERIE Lo
ERDVTHEOLRECVTHS 5, TOFBRENRBAT %
EESCHRULBEIE, B RO S LHRICRWL
TRELT, BAESRAMCERE WS 23, &
ZANRARICHER LRI L T &, BTk
W “BEELLLS” HRELOLLY, Rz
KBID S OBERPRNET B,
C ARSI TE R & h 5 0 i3 Campbell ©
KNOyS ZORBKEDOBEY THB, ZhTR#EL
BEf 2~8 BORKEABBLATED, Zhiz AR
OB L RACEBPLB L h B, FORIBEOCF
HAROBTICEREBEERL TV AV, ABARFEDOVH
W 3B ONER, EOREZER,LRAPOER
RoBRBELEET 5D IRE DA T3,

(3) 3 BAROER, BROBRKS

E2-10 (), I, +RbLLIBHFHO T—t iRk
122 370C I A 8bh, ZhEEv-L LTRIBLTH
H2RORENEETSZ at*ﬁ:méhr}vé. D
REMIET 3 ) RHIORAREE v TRARIE
(i) Rs=3.16 TiEMEHE 5,10, 20% iC o>kl
(& 2-10 (@) T (5),(10), (20)), (i) #&{tkbé 20%,
Rs=7.0 {zt>fa (F 2-10 (b), W) iz b @i
BRHE R, REZhLOFATE, BEERORDS
Wik Rs Oz boT, BifoREBEIZELO
i bhsd, £Z5T KNO-BEERRETIIZO
BHFEALEY, £-3A%K Rs=3.16 TRADOK
ik KNOy-S FISic k»>Tidish, Rs=7.0 jc/t
3 bk Z ORISR EEROBILEEN b 3. 2hbo
AEatsl, Bifick-oTFRpesh3 2HORE
it KNOs-S Fficfiis bizv-Z Lizin 3.

X TEBO X 51z, KNO,-S Fiizit K.S @
& KSO, £RBIL 5 (Kt 2-3, 9. 22T KS
DOFFHEAR KSO, o hizH~AT “XVEEN"
THBT e, TOEREEOLFECIEIELHRE
byokthl, ERRER KS ARR, HERRX
KSO, LRYTHZ EANMHEkD, LA 3 AR
I ofFEEREARRICELS L (I BIfiXin{ 3,
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TR LARROF LI ERRESEIE S SH, b,
BVIER, BBERKGOXEIRROGHRIICL
DTEPERTLEINE DL, TH DA, Bowden
ORE A CRBER) RSS2 Tit, KSH
BHIATY R, LES2THD0H S0 HEIEN
REV, LELIDLIBHEERAOERIZ 2T
X, BLRDABHERUASRRB S AV, ShbHDi
T2V TR ORI LTS SR L
o, WHTRELEVERS,

K EMA LGS

Bz it Bt BRG], BRI —EEREB L
B 3 BAFR»HIEMR 200m OFXIET, EiE
BEAbe (200m) ez Zh oA ERRO
RERER(CRC, T'— ¢ i) 1ITARTRAMSH 5 X
iz, HEROENEERTRLTH S,

[ (] CRC T—t it
KCIO, 4 2-2a 2-2b
KCIO, 2-1b 2-5
KNO, 2-7b, 8 2-10a

ThBITEDE, APUIIEHER L KERBINoMEL
Ex, Fhizk2TARRIZYES S OBRGTEMEMN~ o
FROFIERBEEHBR LT3 L3585, Mtk
OHYTH B,

CRC

3REAF (KCIOy, KCIO, @i 8) Tk hEh
Rs=2.6, 2.88 |z, S OR{LEEDTER L TTEED
BEsmh, ke TAROBERIEIC L 50—
IHWRBHY, (KNO; OH4E) Re=4.3 2tk 38
BAH B, RIC 2R EIAI—EMERR) X3
AFRIHART KCIO,, KCIO, oF&iciz LY gy
T—t fik 52 348, KNO; TREWHTHS. =
? KNO; o< &, P EOHZERIEC T g
TEBRULEAEY ThH o, SOBRBRELEEROF L
FCiRDB L, 3 BAFROEY—7 (KCIO,, KCIO,
OEE) B LUBHIREE (KNO, off8) TiiWdic
FOFERBY b B, LEB>TERD CRC @
@i ohns—Rsei KNO; offit, iEi
BRIZDWTERBL LA, 3 RARICBITS S 0
RSB BRICTL TV B Z L 3Rt s
v

EfEFIRNz iz KCIOs, KCIO, “3holialzd 2,3
BT BT, EERIEAR Y D FYv CRC 245
%258, KNO; of&8izit 2 RESTHVTZOHM
HBRBEZREDTV B, THRLL 2SR TOFROK
Bk, KCIO; & KCIO, IAB X 0 iEME L IS LS
{, KNOg iHIZ KR EFIEL A2 L 2 BEOT
2o (HROBVPRRIZEEN S oxyhydrocarbon
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5Pk, KNO: ML ChEFIEL B2
Lizh o, —ollRNEENFEL 2L ELLR
BOT, EAOHXTHETE,) 25T KNO,
OE/LHT L IRSFETRIEEMO S My CRC 25
ATvS, JOSRRIRAFRTRbOLBEE R
VTARIZ L 5= > FREOKIERES I LTSS
EERMIORLTv-3, Btk (kb S) omnE
FHMTHEORE ST, ARYE S ERBWFEELTE
EARDADLICE, Egbosnt )t LiT0
BLEMLHEMEIAPLETHS. LEN2TIRGED
FENRZoOBIECiEE S0 R, HRTFEEROBEL D
FOL—FRIETFS. ZofilzotsinEr —
B LDEEL LS.

HeiRic@ 2-8 oz, 3 B, Rs=3.16 |z
B SARMENOBRERTESM LR C fi o CRC
T, ZhizkoTLHERD = » FRIUERS: Fos
AR TR LTS,

B XA

KCIOy, KCIO, 33 XU KNOy o v-—Shofaicd,
RRIEN —iSHESRIZ S ZiElL T3MaRizcdo L
T—t lBOETHEL, ko CRC ofEEEIR
T—t fiBoREREIC T8, coding, &
ERERREOEBETLAAL LB ORS, I8
{LH—ARFOEREOEOBEMRIER, T—? B8
GHESNSREY, &Khlo S MFREL VEME
Ve SHOSOBRRFATIHEERMERMHIC ST, =
» FRREREE R TS 20 >3 0THS
A L inlfa RO KNO, LAbtEoRIE
B LEMES 2420, T HTRERE Y
R 7— 5 28 LTv 5. #RARICow
TLU» FROREREAEY SRR, ZOERS
REHHATHASARRENONHRS, ThbD
Bowden® RHM LA LzAlz iU A 2 L o
oxyhydrocarbon OfFEO@MAILO TV 5. &R
S X 91z Bowden i, = off Bk Sz b %dg: LoE
WAL ERL TS0, ASFRRAKOBSIcE
&, TOHERLRAL, £ 0§ & Bowden
ROEELHTICHRESOMNOREHR LT
VS RiZohER<LSH,

ARORMESTOTH—Bowden® niifa kEnR
AWEEIZED L, RIS HENIEE (25650)
Tk, BT ZOHFRRAL S LoKEIzx>T HS
PENINSH, 0 S HIERAHE TR 2ES
G oiSit L8R T LR L EA S8 THDH 5, T
RbHERLTELZRR S A klanicass3
BE 2ORIMOTBRRA LEOELT HS 25
S Ll HS ZEBRAYRISARZ. -h
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BHEE 64 HS BERUERM RN S meEgRiciE
BENREN TN S LRz, KEoREEH <
HO L SO, kiczsiBbha, ZoiEic
KCIOs-S {oRIECREHLAGEENT S SR
EZEBLTYv3A, -0 S oXME6ic, —HB
ELTEHREESCHAY ARHUEZORE “FY
—FRHIE" C£LT, 2R0EREECES T L

SEHETHS I LEFELTS, LEti-2T HS
LEM S LEILBREUS LATELALESISI.
(LHLzoRGiRECHRTSE 9 ic Bowden o
Hilv L3R 9 ,) HeS Bz 78 54T Al s o R Ex
BRETHY, KRBT OB L AL T
IZSHR & E, KNOy LOIET S AlRShA
FoEEoTIIETmICBHT 5 LISz KNO; ofg
fE& 9115, REZOBEFEHSBILE) DR, ARO
MRIZE#E STy DB LR s BOb il e
ALEZLNIATHD. LALTHRERMIBIEEL
p i, KNO; rEIELSv0T, &iffiis, e
THRESEEShD Z Lizhd 90, colaiiiEt
BICEERONE L 0 GRS Wi S %, Had
RN ES L A TREAEE~ BT Ts ETREVE
14555, MEaiBEoikBEHoBE#IIBSELH{ D
I AHtHELEDNS,

Li#o, ARERHOFTRRAOTEIL~ » FROB
HavRIhicRbsoirBHo S BEILIE
MSicHATHIZET - eSS, A Zh6Df
BT, HS idiiL=dbt S BN EBoAH> =
VL TS R—RE Lk,

ABAREDICBE L TH 2 TN,
PO E 9 ICED BB KRB IR T LD
T, AR OBRTRAEL 25 BRAAMTIE HS
OBEMN S BAOBEHERT IR TH 525 Bowden
it HS ofRIicBEL T siRomitizovTi
BRELTVWEY, THhERKOBR T » FROKE
BEPRUERTREVZ LIZES L9 TH S,

MEFROE R

AFRTE/R 2w » FROKIERE R SBEEOM
WMELOMFEERMICHES L, B 8Y, F P
Bowden® 3218 C. Campbell® o, o3ipn, =
NHRPT_THEKREORIREEBSELOTHS,
FADTHERRIZ, BB LoXviibai, £FRE
IRE LT KNO-S REERHL TV Th5. L
HLTOBERBICML RSB TRV (1),
3, H2VREHRO~ - FHRBE L ZE{RLR
FERBL T 5(2),

BGHOURIRARMAIC IR ESMHIT (thermal diff-
erential analysis) L2 6 5K ETREAE (KNO;

IRARREE



6,52, Kbt1) BLXUEOHR 2 ROFRDNIRAFE
o LDOT, HiB~400°C icEH>TE iz mi (100
~300°C/6053) L7=BRoORBUEOWE k BEE RO T
Do ZOXHRBBEMATIE, TOUBTEY B
IRESBEAREN S € v b, SERERERD
BAEORBEBRLA LY LERCHATV 3, £
RIZLTHHER 2RBFROEE L Y REXRIZBNT
“LVER” CHORNRBAELTV3A1E, &6 1280
BFizksLExbh, ZORIC “7 s FRORIER
£ IR T EHSUBRS, RBROEX TR, KN
O-S T S DRBUZ X BRIOMRE L LT
RITHEBRAZINTEY, TOLARAHABEIER
TV 3,

Bowden mD#fFEIXMAXEE (KNOs 75%, S 11.5
%, Kbt 13.5%) iz oV TH & RIHONREH e BR
L, ShiFEBEORBICHV-T, FAR4ER, #
R LREAREOSIZ L BRAC L2 TEDIZHS
ARBRESLOT, ZORRCHILTETHICH
h3 K.SO, izt 3 —UoBISERBLLD
Thd. ETHROBERRNOH S L, AL
412 280°C TIRED, MRS S AMB LR RBEN L
&, TOED 15 [ENXESIE, o 2 SEINEA L
BENHOTHRIBT 5, 280° LATichk 5 Lmdinyiz
R, B0CUTTREENSEL LD, 280
C Y LECiimdifoBRigmn{ iy, 300C Tix
NG & FiRF I IMEARAENEY, 5 [RERICRBRY
B0 BENARIMEGBERMICIRA Y HS T, {Hin
iz NO 3% 5, H.S imidnfi@ic ey >TilkL,
AR IR NO nizhic NO; 28ih 35, SO
IR E Az, BikERSInEsERz R KS0,
AT, TAREIEMM L T v 3, 2oEhdito
KNO; LiRU 5, MGBEiiakoBRmalsh X S X
ik o BEARL Y ERICBET 5, BB EOKE
oRB OB 70% DRET, TS ORBRTRX
ﬁzgﬁ_’f?};%i Do

L Engfncik{ Bowden oiix, (i) Mk
WoOARORET, WEMH A REICH-TIHASY
OAROBEROBIEREIZE 5. —ZOBHIKOR
TOWBETRIELYA, BT 5% 5 CERRETR
RIS TH D, G) MIMicB4: L HS Bkt
3, Vb IMmERROBEMoMKRE LT, —Ho
RELBRBL T35, —Zhiz HS SERRIER L
BOELTHEAELR S 28 KNO; LEELT K.SO, &
RT3 LERL, 2OMIic NO, NO; 04kt
RERERSEN SRR RTE—REIETH B, T0
X SRR —FEISI R EEL, ERET
IX5EEEL - L%, KCIO-S %0 S oRkikiint
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Mfak LTEREL /= 25, Bowden o SRRENGE
THHESRTRTOMEENEDIB L I TH B,
FThHLLEEBICE S LBEMEI»Y L, HSOR
AMrsEaEL, BBMIGET S X O RIS
BEMAEBRIZRSHNE L OT3, LMD THER
F R L BABEUETIIWET L, BEAZEHPS
ELRBICHBLTROLSICKBERFEEB I
5LREBEAOAE. LIL< s FRHOREREDOR
WA HRFIORENEL NS, T b b HEMIC
iX, HSRBEDDH LIt T 5 RKRBTMORITE XD
S DU L EFIC kO TE/MEfLEhE S i2X3 K
SO DR L OKHNAH B 5, iz Bowden MY
LBEAEOL Sz, SHESMDRVIEIIZR
FBICRBLEDH Y, LSiizikmo HS iz
BB Ehe52 KSO, EREMETDZLLHS
5o LM LZORUENXERY Bowden Fiiz4'3
NEIPRAHTH D, OBHMOKETIIABD
MR ETHRATRENIOT, ThIERELEY
ENSOPMENE N AREL RS h 5. 0l
I TARBRORRELREN R 5 1 E i, Bowden p2
RLX 5120 0BE LREH 4 S EIikFELE
5o FRIZRAEMN 0.1g PlEicka 3 E “HOMAR” 12k
STRIENRERDL I L ERHLTV5, L2 AT
HH A A o4k L ARBBOROBR{L L XTSRS TIIED
R EL T35, ZOBEITREAFROEIE
RRicHY 15 L0 T, EERAETIREECBEE NS
VI bk, FRiTMR TEEEToH SN TEL
EREnXLFEERL LS.

Gii) SO. i3 K:SO, iz bA>TEHALET S
LEx o s, SR BET CORRTIRANN
LRBEh TV v, —ZORITRAXRORIGIZ
MLTHETFRYTH S, F BB & CEHEOLMRT
12, Mo S BB LARB (b BVEIGHER)
OBRGBIcHRBEEL, —O4&REhZ SO; 253
BE-RIZBHT 5 LBHEX 5. —hHARIRREIX
Sozh LKz KNO, o THESN, TD5}
£2 T L KO; 3L KO 23 CO $ 543 CO,
LA LT KCOy 2L B2 x4z, BEFINT
% SO izifiz bh, K80, &K T 5, 2DL 5k
#£235L S50, ARHEhRVEERAESH IR,
ZHREEBEER &SR E L REXRB LT
—gn< - FRBAATREELBETRZVLED
h3. B8R S RERTHARROGIZBVZATE
LickfbEnsz Loy, Thik CO HHVRR
CO; izfX~>T SO: MELEh3DT, BER DR
ORLROEEITIIEN Ve REKBOHT ZNE
iz “Env” HEidbhaoik, —BRELE H:S
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2 SO, BPUEN L HSIZLTHETS T LIZLEDE
Bbhs,

Campbell 48X, Bowden 2SR LA LS
ORISFRBEONM & kT BRI LoThEhie
X 5 Th 5. MERRTRBET L AXFAMYT (therm-
al gravimetric analysis) kizX-oTVv 525, MEX
38 (KNO; 749, S10.49, A5t 15.6%) »£DWK
2 BATRER, REH 22 ThB. b L Bow-
den RREXISNICBV-THEMENTMEh, Th
BRBELEVMEIOBA L ) BEXROFARER
HLBRTRATYV 3, L LEDOMOITEID
BRLKE—HT 5, BBE B SICELT
2, RR»OhEdii LESHBGI LABIZT L
BECEPOLEDORELOBHETEL T3, B
72 2 BN 6PN L 5 iz, Bowden ORERD
BT EHRDENLD D, ZhidEh M © b
B DBHEMRY LA LafmRIEcTREN
Thvo RBRIZBAAREIZ LS TEBREDZEK
OEEEBEROTEY, KNO,-S Zothicov
TRENCSR LM, REMEF~sEdbifaL (#
fir keal / mol), MEE:K3E 13.6, KNOy-S % 14.3,
KNO; - ki 30.9, F.LE CkBE 200°C M)
14.0, FlE CRIRE T € b)) 13.9, ZORET
R kEN KNO-S R & b #EihicEV-iEEAZ D

DI &, HHi0 KNOy- ARFOEELT OB T

¥R, BUYBRBITEARY,

UEORBTCHS LS, BMMHED 5> b
Bowden OFhANLEL{DLOEREWT, Fhizk>T
EEEEOMRE—BlMIc LA LS TH S,

2 BRI HEBR IR ME ARz OV THREEL— RZ
M+ sAkHOMITRIZBT R T<EERELT
V3 9 Th ERIERERE L ORGREYL Y BT
BN, TOATIEBFEVLDOLEZLNDIDT,
Sty THEh 5,
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1) RuE, wlerwrsity, 1, & 2 (A
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2) Bowden, F. F., and Blackwood, J. D., Proc.
Roy. Sec. (London) A. 213, 285 (1952) : The
initiation, burning and thermal decomposition
of gunpowder.
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The Combustion Reactions and their Initiation of
Matches, Gunpowder and the like

M. Gunpowder and its Similar Pyrotechnic Mixture
Giichi Yoshikawa

Based on the analysis of the combustion
rate curves and the ignition temperature-time
to ignition (T—#) data of gunpowder (potas-
sium nitrate, sulphur, charcoal) and its
similar pyrotechnic mixture (potassium per-
chlorate, sulphur, charcoal) it is proposed
that the mdode of initiation of their propa-
gation reactions along the combustion rate
curves is essentially the same with that of
the match composition (potassium chlorate ;
sulphur; glue or charcoal) found in Part
I and II. This is described as follows: in

the activation process of the reaction sul-

40 . (158)

phur is adsorbed by carbon existing on the
surface of chercoal and activated, so that
charcoal itself become enveloped by the ad-
sorbed sulphur. As the result first appears
the reactions between oxide and sulphur and
after sulphur has been used up in these re-
actions then follows the reaction between o-
xide and charcoal, whereby the rate of oxi-
dation of charcoal is promoted by the pre-
heating in the preceding reactions. As found
by Bowden?®, in the use of ordinary charcoal
(rich in oxyhydrocarbon) hydrogen sulphide
is expected to form in the very early step
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of activation by the reaction between molten
sulphur attacking the surface of charcoal and
oxyhydrocarbon present on this surface, but
in its escaping it will be oxidized into sul-
phur dioxide and gaseous water by the atom-
ospheric oxygen, providing the space of sul-
phur-adsorption be there. Such a process of
adsorption accompanying the formation of
hydrogen sulphide was thought for glue in
the match composition. On the contrary in
the use of active carbon, the sulphur-adsorp-
tion proceeds directly on its surface.

The initiation of reaction induced by ad-
sorbed sulphur is verified by another experi-
ment. The X-ray diffraction pattern of the
mixture (sulphur; active carbon or charcoal)
shows that an appreciable decrease in sulphur
crystal in the mixture (80%) is induced by
the heat-treatment at 120°C in the case of
active carbon and at 160°C in the case of
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charcoal. This result suggests the occurance
of sulphur-adsorption. Since the ignition
temperture in “the propagation reaction” of
the system (potassium perchlorate or nitrate;
active carbon or charcoal) is estimated from
the T-t data to be, higher than those temp-
eratures the sulphur-adsorption is thought
surely to take place so as to bring about
the mode of inition of reaction above
mentioned.

Finally some reaction is suggested to ex-
plain the disappearance of sulphur dioxide
in the decomposition of gunpowder which
was detected by Bowden®. This states that
either in decomposition or in propagation re-
action sulphur dioxide formed together with
potassium sulphate can stay in the absorbing
sphere of charcoal or active carbon for a
short time and receive further oxidation to

potassium sulphate.
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