AbPv~bFALF<4 b (Grade 20~60%)
WAL T 609~100%5 TF3~<& Relative Bulk
Strength ¢ Grade > DA HEBE Lo = Dl
HHRBTHR P~ A4 FORELRRL

1o

8. = 3

1) StoBRMe iy 5 HY oL E LThDOLMRN
Y TH 50 R. Peele, John A. Church:
Mining Engincer's Hand Book, 3rd.ed. Vol.
I, 5~17.

2) TRIBHED% Strength o Yic@wv <
(f—53) ITRKIE, 17 (BF3lE) 76~84,

3) Buleau of Mines, Bulletin 346, 40~46.

4) ABBK : TRXB, 21 (FAF354E) 53, Hm
o BORHB MY (EM3345 ) (HAMn
W)

5) Expl. Eng., 3 (1925) 385.

6) A.Marshall : Explosive. Volume [ 107.

7) TRKE, 17 (MA314E) 79,

8) LmKXK, 17 (BH31E) 79,

9) KEBA%E, MFE, 30~38.

10) Grade Strength iit3izi e+, Wiz R.
W.S. 25 32HVTRD 3,

11) B.L.Lubelsky : Explosive Eng. 14 (1936)
361~-365.

12) 1 Olin Mathieson Chem. Corp. o Price
List No.5(1955) iz x#viZ, Blasting Gela-
tin 1009 22.5kg o Cartridge Count 1108
KTh3. st 4 2R+

_ 22500 _ - -
d—m—l.ﬂ t¢xB. ToBHD

TNT izx4+3 R.W.S. sigsnidfeksd
5o

13) ®9 iz Tz Straight Dynamite * Gelatin
Dynamite RRQBIZZ>Tw230C, H8D
Relative Weight Strength o@anm<
MIRIZT D &V 5> Woko

iR BT 5 %k
(B 84R) ERFEDMRBEBIIFRIEE

B E =*

1. & =

BRI BT OERPDAF Y 2RI TH1
HITiL, PTG T L Bbh3 509 5RTF
ZOWTHLIZTEIRITLIWERIZ L DTHES5 &
WIFENBREEBRTWS. HEY REBHOR
B ERMERIOHBER TR, EHRORAKE. RE
e EEUES) R EEREORE, AROES A
KAHDOKNSHBHR BRI 2 2 ¥ Bic>
WTABIRHELCWBe LL, 55—k
LG BLLOATFOIBLENSAT Y ERAL S
252 THAH ROETHIEERE AT YFIIHLT
FERRAREFVLR LMY, FEROKSIWLOREH
PP L CHEHEL S TH LW HELAYITH
%o
ZRROPEFEEICRETS Lt BRbh 348 T (B
) OPHOAT XTI HEREYD O
WIZEREC U b {RIARE & { BT PRI &5

MMGE 7 p21A5A
¢ BRLMRRAUITRANFERE HRHRI

Vel.22, No. 4, 1980

HDo TOHFEHMBIZRL THL VL DOTIRALDS,
ERFROPRRER LOWRIC R B HETS 50
HARF 2 HAT Y5> TETEL LRI B iy
T &t B ONEES IR EA T
LEEOCH)» OLERTAWEThiE b v
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2.1) ERRITHEOKSE
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AL WL S U CHEERT R efiSico & st
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Table | Relation between purity of antimony and delay time of antimony-potassium per-
manganate-lead chromate (27.5—50—22.5) delay elements (No.1)
N Purity of Distribution of particle sizes of antimony Delay time (sec) )
iNo. antimony (%)
~3u | 3~5u | 5~7u | 710w | 108~ X R
1 96.8 50. 6% 1.1 8.0 8.0 22.4 3.78 0.32
2 99.0 52.4 10.6 4.7 5.8 26.5 2.80 0.22
3 No.1+No.2 3.22 0.28

Table 2 Relation between purity of antimony and delay time of antimony-potassium per-

manganate-lead chromate (27.5—50—22.5) declay elements (No.2)

Distribution of particle sizes of antimony

Delay time (sec)

No. anl:il:;gg o(f°/ )
y e ~3n l 3~5u l 5~ Tu ’ T~10p l 10~ .4 | R
1 9.3 50. 6 11.0 80 80 | 224 |  3.62 0.34
2 96.9 52.4 10.6 4.7 5.8 | 26.5 3.62 0.32
3 97.1 53.0 10.5 7.1 7.0 22.4 3.17 0.27
4 99.0 43.6 18.4 6.8 5.8 20.4 2.77 0.25
5 99.2 47.6 19.8 5.4 | 1.5 ‘ 19.3 2.75 0.14

Table 3 Effect of particle sizes of copper phosphide on delay time of ferrosilicon-red

lead copper phosphide delay elements.

) Tenide el povier i o T
fcrrosnhcon[ red lead phosphide o (mm) X R
80~100mé 44.0 8.0
59 3004 65% 100~150 2.5 59.6 14.3
150~250 . 615 20.7
80~100 24.8 3.4
10 35 55 100~150 2.5 27.9 4.9
150~-200 295 2.4
80~100 I 250 ! 33
30 30 40 100~150 3.4 25.5 | 4.6
150~250 ] B.7 1 T2

Table ¢ Effect of mixing order on delay time of antimony-potassium permanganate-lcad
chromate (27.5—50—22.5) delay elements.

N First mixing Second mixing Delay time“(;ec)
0. —_ e - — — -
composition mxx(l:'lgn-tl)me composition I mnx(xglginfn)me. X R

I | KMnO,+Sb 30 +PbCro, | 30 | 282 | o3

2 KMnO,+PbCrO, v +Sb f Vs 2.80 0.12

3 | Sb+PbCro, v +KMnO, | ’ 3.09 0.25

4 | KMnO+Sb+PbCro, y — ; y N 0.22

DN E AR 052 28 C M L 2o e Sy 1 B TR 3K 880, 43
mm, $ER 10mm G2dsit 2 BREEREE & A5V ER
Table 1 iRL f2o SREM X s HRABERbIE S { 72
b, RXIVHY ’l‘g < %o iﬁ‘%-’rﬁ‘rﬁ&%‘?‘ﬂﬂ@%ﬁ
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10)6

2:2) BRAONE RS

Z ZTWISRHRA L R EROE AR RO
TR REO B ARSI PET, RiSlEHECHE
BRI G L LWL Rh S,

EEEK - SRFT - JHIERAEREIE TS (6RB4.2%, 4B
14.3%, T ofy 1.5%) TR ELAT oz
SREL 2o AR BENEST, RO 2=20T
OBERELr: Table 3 IT5RL f2o 24 LIERIL 5 mm
TH3o

PRENED  Tn DI ERRERRIRE A, EDRREY
BRET 35 B MmeEsEr oL o1t
BANMENSFEIC T LA { A5 LRREA & BT
IR ADT, TOEEAETFSERXKRE{ k% L
RO THI W LRERCAD L LELBRTS
DTS 2D, BENELET 5. 8
HoFBRlweWoTHBERET HxvEv3o
ﬁﬁﬁi‘.t&:b\’@?ﬁé Do

2.3) BABFOKE

FVFE- B BH V-7 v AR (27T.5—
50--22.5) gERFFEICOWTERL L (1=20),

No.1, No.2 ¢ No.3, No.4 &+ 5 b 4bE
B, A7V LIMBEOHIPE Vo Be v H VR
B Y LR GOFERNR L L fTRPNTWEIRDHTHS
50 TONOEMEMETL O LS LRENUFICE
BRI E 5 Y XOEENRRLNS.

2:4) AAKERROKE

T oFE -l v H s Y (T0—30) MRS J
oWt v & @R Y (50/50) HKkE
ORBY T TIRABEM L FY22MEL = (n=
10)o
XL BRTORTFIr X XHEE R (L bk m.s.)
THBHo MKEDORRMNE L Ind LMD EI n
5 LF5EY oELRRICET ARBR» b HRT
BDo RV RGN RCAKIER 1140 CF
INT, BAERSEFRUECLEhEUTCL AT Y
RKFLHDe TOLIRAFIMOEIELAD
Ry ThENOERYIC R ORHRRY 55 0

2:5) EREORMBOKE

BKERRD 3 HE AL .

No.l F1E : v bayLy i Vi 2mg

W23 o ¥ UHi—HEEE s Y (50/50) 7 mg

No.2 wu#@—Hiskmy Y (50/50) 2mg

Nos®fi1E: o7/C=br7=/—1 2mg

%5 238 « BEREk—BEMLER (20/80) 15mg
HERER T vFer— 8 V—r v LB
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AR L, & 4.3mm, HEKX EE IOmm [T
BT SBEEDRLIEL fzo &Rz Table 6 Dl
DeTHsd (n=10) I

IERS PRI RACEDRIBIC X o TES VAL, B
el No.3 pifkd & <, No.l sixaicikd, No.
2RETFEOTWDHo Lo TERBREATECMN
KEOBRLKITH S0

2.6) BRPREHOKE

PB D R— e riuf, 7vFer—fGeriy
i U REERS R C RS ER B TR O ER R R

Table 5 Effect of weight of the ignition
composition on delay time of antimony-
potassium permanganate (70—30) delay
clements.

“““Weight of the ignition
composition (mg)
1|61 lol | 1.4 | 14.6

Weight of the
charged delay
powders (g)

0.1 142/21124/39.1 16/34]108/ 10}102/25
0.2 256/51(248/52211/28}206/15(191 /19
0.3 365/54331/41301 /31{281/12{273] 8

Table § Effect of species of ignition com-
positions on delay time of antimony-po-
tassium permanganate-lead chromate de-
lay elements

“Composition of ~ |Species of| Delay time

delay powder ignition (sec)

i composi- s |

Sb | KMnO,| PbCrO, don] X | R
No. | 1.5110.19
40 50 10 2 1.52 | 0.13
3 1.5¢|0.10
1 2.3810.29
30 50 20 2 2,36 { 0.30
3 2.36 1 0.19
1 3.16 { 0.29
27.5 50 22.5 2 3.09 | 0.40
, 3 3.00{0.30

(3 Table 7 @ % 5 BEEIEO K F W
& CIERFEPRERE M o
HERIR BT 2AMAOHRA.  (VERFEL LR
FOM=E QNTHOREH, BT ETHE
~OREE @RFHRAECcOREE, GETAKRRA
D HEIHBEAOREED 5 SOBREE2>TIT
febhBda 05 b—FRWERK 6) TRA{D TH
Bo QOBRIC IS D B OB DRI 7x
BirwnweB5H, BUNEKKS &ThE BRI
D L ig BRI AE VWAL, EIFPERE RS
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TN S WETH %o Table 7 2 oitic T
1Y 5 o

Table 7 Effect of materials of metallic tu-
bes on delay time of antimony-

T L (20) (Bdks, Akii2, HWH7) 0IBRT
feotze BEIZA. BTHNE B. HAXERR

Table 8 Relation between materials of tu-
bes and dalay time.

potassium permanganate delay ele- T Delay time
o ments 7 Delay powder Mate:;:ls of (ms)

Materials of | Thermal conducti-| Delay time tubes X | R
_metallic tube |vity Ckcal/mhr°C)|(sec/25.7mm)  —- - e
aluminium 175 |4 FeSi-PbO iron 83 l 15
zinc or L 4,94 u-F} polyethylene | 2%

< | -

;‘:)anssgi]t ‘ 9‘3 t 4.92 Sb-KMnOc— iron 2; 460 280
with copper | i 4 5.01 PbCrO« polyethylene | 2,510 610

COFFEIERD X SICHAING . FEHIL VLR
T OHHIMEEEELIL S 2 L b, IETIRTO
B4 CraRIRKERERFIE X DI O ovBEES R <,
WO L IMBAL T OBEE LB 3 PERS 50
TDHRAREEIED LW E X &, GRWEERF
FiprBH oS TR, ChriiigadEe
HEBLELBDTHEL5. COERDHEDDIT,
HOAFERFE &R A WG SRRy =P Ly
OFRPHT & O HERSBRE R IE L foo HEWL 8 mm,
RER 4.5mm CEREF: MSD BoREkee—8
M-8 (15—45—40) ErgEe DSDHOT v 7%
BT A VR R V-7 v LR (27.5—50—22.5)
FH\io &g Table 8 iwiL o

BHERIMAE DMV MSD i 2ERs-cIs SRR
BETLHY = F L UL B ¥ D2k
W TODX S AliVIERRCRRS A
EbB Rk D EREDO TR L
Pl b TH55. Ll DSD
REESFE IO H# . TR
FEORPOMY Th Do HIFHER
WFRLEDH LV

B s omR Fig-l o
(8 Xz (b ok S5icmiEsEm»T
50 Lo LEFEDOEA, KM,
ERY ORI A SN S X 5l
AEERFE X O REEED LT

C. Wi, D. JEPNEH, F. ZWE, G. BxD(B
LDDOEEER) D 6 LW L, H7FLREHe L
Lo SFEEOANRKOTED TH5.0

A. BRHing

F&e » FOREEYAGIC X >THTCAVWEE

Q) (¢

DM NN

{(d)
§\

MM unburnt panl
Fig.1

Shapes of reaction fronts of delay
elements.

) orsEmpe @ oxsn °
HEC e cnaiRer 2 .
BriiddBo CHIZIROEENT  wxb0
£3HDTHZo T %50 40 1% w0 e Ta
3. BAXERFICLDIBRMBPDEM Thichnast Loading prsssure Length of
ﬁ@&ﬂ' 4“”‘ ‘““)"" ( kg ) ac space (mm)
1 2 U CRESB—ERH(50/50)

FEEERE, PR, R 0.3g HW
24

Fig.2 Relation between various factors and mean delay time
of ferrosilicon-red lead (50/50) delay elements.
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ERXAG - RERTIERR (HRRD kDY
PEYRIEL 72,
#  1.80ud

B. AREXRE

e ¥ U—EREEN Y (G0/50) HAREXR .
n=10 OIRAMERRXEDTY TH B0

J X=12.22mg , Xmax=13.3mg , Xmin=11.0mg

M X=9.92mg,

I 1.06p¢

’max:“.‘ilﬂg ) Xmin=9.3ﬂg

C. &by L

& 0.25mm /v 0.18mm
D-ESESH

X 110kg /I 80kg
F 2 M =B

K l4mm /A 10mm

FREBISo T 5kod &4ix Table 9 0
3D THEDo ROEFD 2PN n=10 TOLEHNPLE
DXERTHSDe thIbfkiliicont X &
R 240+ 3e Fig.2 cokS5izins. ERHIL
TESREEY RS {» HAKEOERMNE L, FHAEFIY
<o ERENHNPE s XEMENE VI In
Do 2T Y RIIEERENIHEL {, MKEXKRR D
s FhomMHNEL, EREANKE S, XEME

PEHLHIN R e RIEDOULTHIER TR S 2RO
ERHTHBe

BERESRE VWO THEEDH S L Didlehofesn
—HHEEROKEWOIIEEREORBTH Do BREM
ITIREERIERN, AKEFERD T Y FICLBRE
IR EF I OEES OBEAIZES L0, TITH
KFER E EHRER B ERESOZRERDAD
TWBDTROHFEFRLEAS { oo T THEW
T OHLEROPEWTIZTARTE DT, ChiiBE
L3k, HhES, S-S.=51, M.S.=10.2 ki
%0 Thizkd FRETS: HEKOWEN FEE
5%T, fAiRELL & TS,

P LRBMERE S Eo—ME L-GRLEDTH
BAh COFLRHLWERELTET 588, S
DBEREIZSWTE N FREARELRD W & SR
S WERTTESDTHERIZMATE 5. L
SINBETL 2K TIREIOIERZTTi L X o

TR ®

PLES 270 3 REUHED O 6RO
BB B o BEPRIES X { T A @A ORE
B, TN HESTHERTALENS D BL
BRHIBEUTICA» S L, MESMMIPIILL,
BRI —IT, HEER LWL L SRS,

B R| AdE | S.S.(=MS) | #5% (%)  XAKECREGKRSSD, KROS5 XM
A l 1 120 55.5 WES ke XD, BTSSR THEBSY
B 1 21 9.7 Hownck, RAHMRSIBEDERS TS
c 1 0.2 0.1 & BEOBAHIFEES - & BERENORENWT
D 1 0.5 0.2 EENYETH D0 10os LIBREARFHREDA
F I 45 20.8 16HEXT, REBECH X DEHRMG SRV T
BXD| I ! 0.5 LREDBOTHOREND Do RILAIOREE, HIF
e ! &3 13.1 VREEERIEIC K L C BRI, ThTd
ot 7 217 b, HIERL RS E, BTDHRERLL
%0
Table ¢ Design of the experiment and the consequent delay time.
B ' Delay time
No. Partiél\e size V-Veigl}t of Thic(l:mess Loaging Lenglih of G E ¢ (EE)—-—
of FeSi " olg'lnpl;lsti)tgon of capsule| pressure | air space | BXD rror g R
1 S L L S S 47.5 3
2 S L L L L 68.5 "
3 S ] S S S 56. 4 10
4 S S S L L 59.9 10
5 L L S S L 65.7 19
6 L L ) L S 67.3 10
7 L S L S L 85.1 19
8 L S L L S 66.8 17
L:large S:small )
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Studies of Delay Powders (VIII)
On the Accuracy of Delay Time

by Shoji Nakahara

Two methods of improving the accuracy
of delay time of delay electric detonators
have been discribed. Using these methods
the following results have been obtained.
To have good accuracy of delay time,
particle size distributions, shapes and
purities of reducing agents should espe-
cizl be taken care of. That is to say, the
particles are to be fine, the particle size
distribution is to be narrow, the shapes
of the particles are to be uniform, and
the purity is to be high. There exists the

SURRITIANINTINIE

HEMERTR 7 MEE

R v = — FORBMEITE CILELT R R
NOIRNG 2475 7 HITRMEBREE A2 ko
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200 i o X R 2 et TV A, B
BOFBMEREZES L RBMERERIETO
Hizhk 3,
COMEBZINOFAA N, MHT T2 -1
S ATORE YL TV S, eSS e
6ft OFIFHGERE~ IS IHin OHe ML T
27T, FhEAVEr e b2V VERLTHBPTS
CHIFTERRXBEN RIS LA TE S
(AFITY: 36-7-4) (Ordnance 5, 6 A p.822)
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most suitable weight of ignition compo-
sition, and the weight distribution is to
be narrow. Besides, the particle sizes of
diluents are to be coarse to some extent,
the mixing orders of the ingredients are
to be selected properly and the loading
density is to be large. Effect of oxidizing
agents on the accuracy of delay time is
relatively small ; but the finer and the
purer the oxidizing agents, the better the
accuracy of the delay time.

- §

7 # Y »® Atlantic Research thizl#5 v 21
R HEABBH R UL, ThiziExobok |
DR, YARTH{ETDHIEAKEAEEM TS |
Bo OYARMIEEMRRE BBROBRE, G |
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#, S{EH XU o LBARVOTCRENEST
Hdo 2VIH—Buly bDBpARY T TR
HHITTdo }

35 —DDEERHEOEBIIPROERRH T~
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5 158 p.64) ‘
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