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Fig. 1 Electric detonater
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Fig. 2 Combustion temperaturcs (°C) of the
three component systems (PbyO,, Si
and Fe)
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Fig. 3 Various temperatures region of the
combustion of the mixtures (Ph;O,,
Si and Fe)
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Fig. 4 DTA curve of the mixture of Pb,O,
and Si in the atmosphere of the air

FBEE 10°C/min @ DTA %54, BhLESH
SRIZI, 0, DOZEOF/RIESBOHLID,
—7 1349 440°C, ©—2 i3#y 475°C, ©¥—s i
510°CT¢H 5, v'—2 oz PbO,: Si OiRAM,

FHRHEEIC X VBT 5, 1, I, DOE—21k Pby
O, Iz L Si oSEWANMMT S8, C—sikKE
< BAmnC A2 D KB MIC BT 5%, XB-REEEAKIC
22381, IOC—7 BRIz, [OK—202
Si 2 Si0; It ZMUERERERER L B b E,

FTiHb b XBMFTE Si ¢ SiO;, oEFARRLT
55O CHRCHIHE R A2 v 25, St OREAERES
7z Si0; & PbyO, L RIED DTA CloE—-23%

IRAEBLM



BHohinD L RUBREFELATD Si jitho TG
THOCHIEL Y, BT sZ LV #ERMESh
3%, DOE=21 NOE—7 B0 XHMiLD
2PbOSIO; L#x HND E— 7 R PbOXSIO; &%
26h3—-20TWd 5T L X VERN T
BONRERETHBLEZELONDY, D LoBEY2
TRRLBRERETH 5 '~ MOBRKERIE 233k
FTHDLEZLND, TONMORBGIREEL T,

PbO, Pb RRE® Si #B+EET, 0Kt Pb,
O, & Si DBAWRIRE2TER S, TORABOIE
BIRE LTORBRZoRENERISEL Z A b
B, XZ OMOPMERIEIL, PbO: Si=1:6, PbO:

Si0:=2:1 @ DTA ¥ 600°C {}iFiz A /n SBEK
ERREHHEhEZ &0, PhO, o4ty PbO
ERBIEO Si sik@{tend Sio, Iz kb Mokl
RERGIZRBEhD bOLHELBNS, £ LT PHOX
SiO; MARIZE D H 5 2ABOEEHIcLELOLE
Abh3Y, XA, HKRicLhid® SiFoRmc
Si0: #ET3LBMIEREREIES BALELLE
L7 PbOXSIO; M3l sE boTv 3%, Sik
DMLERAEEAT LT, BEksh, 2okd@
KBIEH L L EX BhDE L TV B, Kic PbO,
 Si RALAEbOIcWiz Fe #imx <, PhO,
Si, Fe OFERIc2 X ROBLFETEREM /.

(1) PbyO,: Si oke# 1:1 12 LT Fe ot 2%
2%, (2) PbyO,:Fe oipd 1:1 loLT Si oFm
REERX D, (3) Si:Fe ol 1:1 IZLT PbO,
DFEMEETER 5. LAE3 ORIOREHZ W TEER
1o DTA iz X Y BOSRIg 8L (1) oBg0
BRE H5(1) 27+, Fe Jijio DTA 2685
iz Fe iiingh e Rk B3 — 2 38bh, X
300°C X » Fe,Os Xtz —oniBbh, ik
K 2Fe + 3/20, - Fe,0s BB&TwaLELDBAh
Bo BARILEBWTIX Fe oML kizc DTA 0
BRBAMIIBH T, TOERI O— 7 IXRHRIC
2y, Iov—-7l3HFcFtRohfIor~sik
PRFRMIC 5 80 £ 7R IE—F L REER
EERT. (2 oBEOREEES (IIRT, B5
(1)OHRE L RERIC Fe oliim L iz BRI hE
2k1, IOC—7RGREAICThIHEF N D 5,

1:8:1 ORRic Si oSRNREEIZEL L kB LE—7
HicHY T3 REOFRCEKLTVS, X Si O
H e MIZEY T sBEOHETRALTY
3, (3) OR/OERER S (MIZFT, 1OE—2
EBEN, DOE—7iX PO, oSROoMMLSt
BEgIzTh, mov—2 LELAICHBRRICTH
T3, RICREERALTWSTRA Fe-Si (B) &

Vol. 33, No. 4, 1972

(3)

T
=

e
g (1) b

Endoe—aT »Ex
\

Temperalure *C

Heating rate 13°C/min
{1 (n (£)
2 (1) 8an
3 (2} 300
1 (3} 4:3:3
1 (4) 1:2:2
[5) Fe only

Fig. 5 DTA curves of mixtures of Pb,O,,
Si and Fe
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Fig. 6 DTA curves of mixtures of Pb,O,,
Si and Fe in the atmosphere of N; gas.

3-4 (1) PbO & Fe,0s B Si0 REFDKG,
(2) Pby0; & Fe BRERORE
(1) PbO; & Si ZUt Fe zh R EGIIFT
a4 iz C600°CE TMmE L Pbi,O—PbO, Si—SiO;,
Fe—Fe,0, Ic5z2I2 (b2 LdE: PO, SiO,, Fe.
O, % 1:1:] CEALELDICS>&EEHhD DTA
SRR, EOBREMT) IRt VI,

————

Y

m/
I
/7 2}

/13)
/AN 7

Temperature T

Endo ¢— T ~—»Exo

Heating rate 10°C/min
Atmosphere  Sample
(1) in the air (PbO.SK;.Fe:05)
{2) in the air (Pb0s. Fe)
{3) in Nz gas  [Pby;. Fe)

Fig. 7 DTA curves of mixtures
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cuith heating
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Fig. 10 X-Ray diffraction patterns at various
temperatures in the atmosphere of
Ng gas
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Fig. 11 Velocity of hygroscopicity
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Fig. 13 Graph showing the effect of the
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Tho Study of the Effect of the Iron on the Reaction detween
Minium and Ferrosilicon

By Shunichi Yoshinaga, Masaru Matumoto and Toshiyuki Nagaishi

The reaction mechanism of a delay powder consisting of minium and ferrosilicon,
the effect of the iron on this reaction and the mechanism of the degradation due to
absorbing water have been studied by means of the differential theraml analisis and
X-ray diffraction. The combustion temperature of the delay powder was also
maesured.

Our results are summerized as follows.

1) The reaction between minium and ferrosillicon occurs in three steps.

2) The first step reaction is the oxidation of silicon which may occur at 440 to
450°C. In some conditions, however, the oxidation of iron is dominant.

3) The second reaction occure at 520 to 550°C producing PbhOXSiO,, PhO. 2Fe,
O,, etc. In this reaction, increasing the silicon content compared to minium, causes
the reaction to complete.

4) The third reaction occuring at 610 to 630°C may be considered as the main
reaction of the delay powder, which shows the rapid ignition. The products of this
reaction are Pb, PbOXSiQ, etc.

5) The combustion temperature of the mixture of minium and ferrosilicon is
removed to high temperature region when the the content of minium and iron are
richer than that of silicon.

6) The ability of absorbing water is stronger in silicon and iron than in minium.

7) The mechanism of the degradation seems to be the reaction between minium,
silicon and iron, and water.

8) It is found that the iron in the ferrosilicon must be kept low to obtain more
accurate delay time from the result of measuring the delay times of electric detonators.
(Department of Industriial Chemistry, Faculty of Engineering
Kyushu Sangyo University Kashii-Tonoharu Fukuoka)
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