STHITRsnEmL

The second small peak often appears at longer side of time. It is concluded that the theories
in which the normal distribution is assumed for the firing time should be modified especially
in the region of low ignition failure probability. Histograms of fired numbers of squibheads
vs. time are also shown in figures 4, 5 when the square wave input voltage is applied.
The type of the distribution is similar to the previous case. We can guess the firing time
of squibheads connected in series after the current cut-off due to the firing of one of them.

Third, observations are made for the cut-off of bridge wires. The bridge wires are
usually cut just after firing. But in case of low current input 2/3 remain unbroken after
firing. When high current (6A in our experiment) is applied, the bridge wire is often cut
(melted) before firing takes place, Temperature of the bridge wire just before cut-off are
calculated from the resistance change. Typical deduced temperature rises are 100 to 200°C
for 1A input current, and 600°C to 900°C for 3~4A input current,
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Table 1 Vapor pressure of ethylene glycol
dinitrate according to Brandner® and

Lnndborg®
Temp. r mmHg
°C Brandner® 1 Lundborg®

10 1 0.0185 0.020
15 ‘ 0.0304 —
20 0.0490 0.052
25 0.0781 —_
30 . 0.125 0.135
35 | 0.193 —
40 0.295 0.27

45 0. 443 —_
50 0.655 0.55

1-2.  NG-Ngi#ifEn B %EiZ 2T {, Brandner?
i2&2T 10~50°C DBEREIZHST SET OO
FEDOHF B E LR TV BN, o O FH 1T
NG-Ng #Ef%»iHEs 40°C K r 50°C ¢, 20%, 40%,
60%, 80%, Ng RIEOMKBEEREL, WMBBE
& D—EEilg L NG-Ng RARENEZLRETHS
LSRRI S E, BAH%ELoMiigERkoEt
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BREBEL T3,

WipFicisr 5 NG-Ng piiit 10~35°C o<
BRELN T30 H, 20°~30°C DIEHR CHIGHE &
—~H+THWERBRICL VY BBL, (kT Brandner 0
HEXEZ AV, 10°~35C |z3313 5 NG-Ng ik 0
HEREERL '

2. =® %

2.1 &#. NG BRU Ng

BIICHV723EHE NG U8 Ng & 50ml % {E#&ifk
$IEBR< D, 6 BIKFEL, YV IFVEANRET U
—&—thiz 5 BMRER AR, {LEXHETHFL, A
WL,

2.2 RBHFERUER

WizEuY Crater” OWRYERIZHIL, FHAURET
Crater OFRIzIEST, Brandner® AHIEL 2R
PORFEMBL, LEMFIZE VRO,

m = B

LRRIBRFNzE-T, vy p¥FN, SEkHkrry
YAEKEMLIFEEL, MAERL, RICEREBE
LML T 5%, {HBARIZBRLZUSET Ll
L7 HOZERK LRI BE L NG-Ng JEis
10g 3o ¥ ARBEFICHEFE L 72 2 O H A R F~FF~
WAL, HATELINEBRECHT 5 NG-Ng #
LTI TL, RICHO ML B K ERIE
jiif s, HEAPIZHMLI NG R Ng K 2k
IR E R, ZEIERE V7 TRAPOKE | B
M 15! oEETHNT A HHIZ L 2T #5200 ok
~BBIL, AREHEL, 3 FHMLA, ZARSI
JOARIZ RRBPOEBEXRIET SR, &
Bk AN ORE X BET 5 KBEAHESTER
Lo X4 A5 —FRiBBLIEERDEHEHWET
3%, AL A 25—FLofick@EAHET
Too HEHBIXT AECHEFSL, HBESHETLYD
2, EKXBNEBIEL, {EERAN ORI, #it
HIEFEM 20, 1°C OEHICEEL . XFRZ
HE, KABELZEELA. AL EREREE
7

Fig. 1 Apparatus for the determination of vapor conentration
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(2) NG-Ng BERDOSH
Crater JZ ¢ Brandner |3t ¢ NG-Ng it &
AR A 27— FOREH» GRBRENEL, X8
MRAEESAHNDE A I FORBRERFEEH T

B, 1 B 4 oM TREXRTRMTHI LD

NT 5, ORI TIX 185 1.5/ OB TAEYE
HLEZDT, 4 25—FP0 NG-Ng FmkediaL
RELRF YR NG-Ng BRACRALTV5¢E
Abh3, OMMEREK 25ml 2 ARIBIRTH
~# & NG-Ng Z& b kizigprs €, Bum ks
WL, ZEhIcffL 7~ NG-Ng #5R2mEL .

SR CIL CHMIRBShEAALZ y =47 I FEE?
2V iFlof, b FiiikicRIRE bz NG RU*
Neg@&i 1oml & 50ml o 2 27 5 2 3z A, FiE7
ma—n /IO FATAI—N/AFATNa— )
2L Iz R YS0g & LA LIGHEGEERILZ L) 1
gD V255 g DRETHEML LIFRILIZT v 2 — 4%
Th Vi 25ml iz, 60°C mkins 305 MTmA
HERETIV, 5 2 15°C oK THAL, KiIzHIRR
ANZ =TI FRE (AV7 72073 F2.00g
FHRK 500m! i hnx BiRg-IRHERE 20ml Lk 80ml
RS ~250ml & inx ERTKTEMR 1,000m/ (2L
Ho) Sml &z, Wiz 2N-HCl5mliz< pH % 1.5
L, 154M%ic NED B8 (N-(1-F7#4) =
FLYFTIvINLFurus( ¥ 0.25g 2N
AKIZHEH LIRTE 250me Iz Licb o) Iml Zinx, %
FUKCEE 50ml L L, 15 MEIC 525mp TR
TEMTETH B, HORBICLVEREAANG K&
U8 Ng fXi2 0. 420~2. 785mg T, SMFEIBEIZEY = 39
UTFTehot,

(3) HMET—-SRUSBROMIT

NG-Ng #FiE AN I 25— FEEBL NG R
U Ng A THMULALES Uiz & 2has NG-Ng
AR Mz, mg, & (1) X SHBALRE,

Mo=W(Ho—P)

# =760 )
BT W=BI & 587 L TR NG-Ng 2540
fit, mg.
Va=ok ] ~ B3 & hi BHRIECOZ
SRH, L.

Hy=%EitnES, mmHg. (0°C izfk

i S Pi=Af & 4 25 —FOMICEHR Y >3

Hy—h—P; _ 273
L V.= 0 2
ML Vo=V X 25

BT V=skHin 6P L AR L
IRAkFEL




t=7KEINOEXRE, °C. Po=skI2IR ) 213 EAOES,
h=2C {z3513 BA¥LE, mmHg. mmHg.

Table 2 Determination of vapors from nitroglycerin-ethylene glycol dinitrate solutions
by dynamic method.

Ng Solution ? H  h P, t VoV, P 1% M.
vcv‘:";{; T‘i’é‘p' 1mmHg:mmHg mmHg| °C o ; 4 mmHg| mg | mg/!

| 2000 | 759.8! 19.8 { 225 | 22.0 | 3.0 | 2.615| 24.0 | 0.420 | 0.156
29.63 25.00 | 758.6 ! 22.2 ; 24.5 | 23.9 ' 3.0 ! 2.578| 26.0 | 0.629 | 0.236
29.99 | 760.11 22.2 | 150 | 23.9 3.0 @ 2.619| 16.5 | 0.962| 0.360

19.24 762.6 | 16.7 15.5 19.2 3.0 2.687( 17.0 0.757 | 0.277
60. 15 24.91 762.6 | 17.0 16.5 19.5 3.0 2.680 ( 18.0 1.092 | 0.400
29.89 762.3} 19.0 12.8 21.4 3.0 2.668 | 14.3 1.991{ 0.736

2.724 1 14.5 1.125 1 0.409%

20.04 766.5 1 15.7 13.0 18.2 3.0 |
2.679 @ 15.7 1.866 | 0.686

80.01 25,02 762.7 | 17.8 14.2 20.2 3.0 |
29.93 764.7] 19.4 13.5 21.7 3.0 2.670 1 15.0 2.785 1 0.999

AN -y RUHHEBRER 2 127 e X={iho NG o443
3. REBREROERE Y= » Ng P
Brandner” [t 40~50°C 0B CHlE LR C=7k<iRn, mg/l.

%#, Raoult oF: M HBLTHRALEBRELIEL

LR~ 5 & B0, NG-Ng ik o #4

B OB HERBL Tv5, WRELAER
i (2 ArBRIEL T3,

LRoFHEICHEY, MEHEKEO NG R Ng o
45 b JEiERE 20°C, 25°C, 30°C izt 5, #i NG
BU Ng R 1 ho@RERCT, RERRD
FEARENTL, HBREA LUl BEM L 3

C:=Cre-X okt Table 3 27+, ATV i NG &

Cy=Crg Y UNego#EXK R Table 4 i3,

C=C:+Cy 2 Table 3 ©F—# 22T Ng & 4058 L BIGE
Table 3 Concentration of vapors from AROMFERT TR LCREMLE T 2~ b LIAR

nitroglycerin-ethylene glycol dinit- % Fig. 2 2537,

rate solutions.

— Table 4 Vapor pressure data.
Ng concentration Temp. Con(;lg} lvapors . .
" Mole i T ! NG Ng
Wt % - °C obs. lc. emp. | _
° 1 fraction ’ @ c Conc. of, " Vapor | Conc. of] Vapor
20.00 | 0.1561 0.178 © © vapor press. vapor press.
al 7 * mg/l_ | mmHg myg/l mmHg
29.63 0.387 | 25.00| 0.236| 0.278 10 0.002 ! 0.00012| 0.165 | 0.0185
20.99 | 0.360 | 0.443 15 0.003 | 0.00021| 0.272 | 0.0304
20 ° 0.005 0.00038 0.439 0. 0490
19.244 0.277} 0.306 25 0.009 | 0.00065| 0.703 | 0.0781
60.15 0.693 24.91 | 0.400 | 0.489 30 0.015 | 0.00H .12 0.125
35 0.026 0.0019 1.71 0. 193
29.89 1 0.736 | 0.776
40 0.041 0.0031 2.65 0.295
20.04 | 0.409| 0.375 45 0.065 0.0050 3.98 0. 443
80.01 0.853 | 25.02| 0.686 | 0.601 50 | 0108 | 0.0081 | 5.8 | 0.655
29.93 | 0.999| 0.958
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Fig. 2 Vapor concentrations of nitroglycerin-
ethlene glycol dinitrate Solutions,

O HERfIL, BIRINEE L LREENTHE
YRL-ELTVy 30 bh3, #E>T NG-Ng
T 20~30°C 2BV T LK B Raoult Dk
Az, SEefHE LTHRIRA 2WMAHB1 6 LR
rHbhb,

4. FEAEOHE

Brandner® EmR#EIC X 3 NG-Ng #HLKROWNE
T, BROERSOBENTHTL 55, ERE
Bh BRI Lo T NG-Nglifil oSS E R R
ZYHHFEL VDT, BELIUEDHFEEFRT Cla
peyron-Clausius o332 18 NG-Ng ¥itg L0 2E &80
# Raoult FIf>THRHBEZWEAVT, kO
RICHAXEH R L.

%3, #i Ng Bt NG oA H & BREE ORIz o
T, Clapeyron-Clausius &% (3) X0 CcHA
L, #iNG RO Ng 0#BREHEL T3,

dlog Py, ___ 4H,

d(%) ~ 2.303R (3

NG 4H,=19, 170cal/mole
Ng 4H,=16, 230 cal/mole
HOHEIZ BV 7248 NG )k U Ng DREE & SEKED
BRIL Table 4 DfliZ Hv-Tv5,
iz, HBEEFD 5, Ng-Ng {2 T, Raoult
DORBEMT BWRBHENEM L, P 2RORA
P=P,X 4)
TEEL ) XEWFL, HE P ERTAZH T
V5o

18 (358)

logP=~— 7 Sgng +logX+constant (5)

wizIESES JH, b Table 4 o HEREERVTHE
Boix s NG RO Ng o4E2 R EBHE LT
o

NG log P:= 4186+[og X+10. 860 (6)

Ng log Py=— ———+log Y410.785 (7)

seaT T issxiBeE —273.2°C
HoTLE P=P:+Py CHEMESFELFRL T
Bo XX E{H-T 0~40% ¢ NgfEd NG-Ng
BEOLE 2 10~50CHGEEIZ >V THEL T 5,
O BT 0~1009% HNgiggrd NG-Ng ¥k
DEEE 10~35°C OFBETHE L AL
Table 5. iz5R3,

Table 5 Calculated vapor pressures of nitro-
glycerine-ethylene glycol dinitrate

solutions.
Ng l Total vapor pressure mmHg
% |10 15c ‘ 20°C | 25°C | 30°C | 35°C

0 lo. 00010, 00020. 00040 00070.00110. 0019

|
10 :0 0027'0 0045'0 00740 01180. 0186‘0 0289

20 '0 00510 0085:0 01370 0219|P 03450 0536

30 ;0 00730 01200. 01950 03120 0490'0 0760
40 |0 0093|0 0153|0 02490 0397'0 0624'0 0967
50 0. OllliO 01840. 02970 04750. 0746' 1156

'0 04900. 0789'0 12380.

' 1919

60 °  0.01280. 0212:0 03430. 0547.0 08600. 1332
70 0144:0 0238’0 0385:0 06150. 0965: 0. 1495
80 0. 0]58‘0 0262'0 0423'0 0675'0 10600. 1643
90 ' 0172.0 02840. 0460|

I

0. 07350. 1154‘ 1787
100 ‘0 0185‘0 0306 '

5. E #

Ng %+ 3 ERMBEREIz BT 5 Ng hdio
MBIz o T, Fig. 2 ONgoeASRLHE
KiBEEOBHER K Table 5 %o NG-Ng HAE
RILEHTBE,

1. NgifieE 30%, ¥iiREE 30°C » NG-Ng ik o
FREUEIL Ng JRIE 100%, ¥IRRAE 20°CORIVELR
LTHhbe

2. NG-Ng #ipitho Ng BESHBEICZBICH
2T, HIEBE L IZE 3ERKECTLEL (AT
Bo

3. Ng 2Wic AR 58N BRB L, Kl
DEVAFIZHB W TIRIUR X Y i Ng o3maeE
HksbniHLoh3,

IRKRBEW



;o6 ARAEERERTOLBESE  (WMIOE~40)

LR 20.0°CLLF 20.1°C ~ 25.0°C 25. 1°CL -
£ o o] W oM M
40 11/ 6 ~ 4/12 415 ~ 517 i 10/5 ~ 11/5 5/19 ~ 10/ 4
39 11/20 ~ 3/31 3/31 ~ 4/ 4 10/19 ~ 11/11 4/ 6 ~ 10/17
38 11715 ~ 3/31 4/ 1 ~ 4/16 10/ 5 ~ 11/20 4/17 ~ 10/ 4
37 11/20 ~ 4/14 416 ~ 5/19 | 10/10 ~ 11/14 5/21 ~ 10/ 9
36 1/21 ~  4/11 43 ~ 5/6 i 10/20 ~ 11/18 5/8 ~ 10/19
35 11/9 ~ 4/8 4/9 ~ S5/13 i 10/14 ~ 11/21 5/14 ~ 10/13
34 /14 ~ 3/5 3/6 ~ 5/3 10/26 ~ 11/ 7 5/ 4 ~ 10/24
33 11/28 ~ 2/24 2/25 ~ 5/8 i 10/15 ~ 11/13 5/9 ~ 10/14
32 /12 ~ 4/41 4/5 ~ S5/1 i 10/17 ~ 11/27 5/2 ~ 10/16
31 /17 ~ 3/16 317 ~ 4/14 i 10/10 ~ 11/12 4/15 ~ 10/ 9
30 11/26 ~ 4/ 6 4/ 17 ~ 5/7 10/ 5 ~ 11/16 5/9 ~ 10/ 4
v | ug _ 38 3A . S5SA . log-_ un 53 _ 108
M M B4 T4 T4 tq g 4 L4 Uikl
WHERERTIC BT SEEM0~0EEEO KB OHER R Nitroglycol In the Manufacture of Commer-
Mt 5. cial Explosives” (Canadian Industries Limited
Explosives and Ammunition Division Mont-
B, AFERIZOVTHREE R AR real, Canada. December, 1964)
R EERR, ERAEY S hRREEOF & 2) J. D. Brandner. Ind. Eng. Chem. 30, 681
E LB L RT3, A THRARERS, 414 (1938)
TR HRESTHE L, 3) N. Lundborg, Arkive Fér Fysik. Band 20,
¥ B nr. 34 (1961)
1) EFAHEE&ER : G R Phare, “The Control 5) W, de C. Crater, Ind. Eng. Chem., 21, 674
of Worker Exposure to Nitroglycerine and (1929)

The Vapor Pressures of Nitroglycerin-Ethylene Glycol Dinitrate Solutions
by
Mutsuo Yokogawa, Takashi Urakawa and Shozo Mashitomi

Formerly, Brandner measured the vapor pressure of binary solution of nitroglycerin
with ethylene glycol dinitrate over the temperature range of 40~50 °C. Qur experiments
have been performed to determine the vapor pressure over the temperature range of 20~30°C
at which the explosives are usually treated at the works.

The measurement was made by the dynamic method in an apparatus somewhat similar
to that used by Crater and Brandner. The nitrates were analyzed chemically and photoch-
emically using sulfanilamide and N.E.D. reagent.

The results are in close agreement with the calculated values from Brandner’s formula
and indicate that the binary solution of the nitrate esters can be treated as an ideal solution.
The vapor pressure of the nitrates is increased with increasing both the content of ethylene
glycol dinitrate in the solution and the temperature of the solution and the latter effect is
practically important in the explosives manufacture.

(Asa Factory, Nippon Kayaku Co. Ltd.,, Asa Sanyo-cho Yamaguchi-ken Japan)
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