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Table 1 Samples

PLOLLFIZI.0mg #FBLTHLTNIFHICE
sHRE L C3.0mg 2RI LTHW 72,

I £ B

LI, FREHIOWTENFNINBEE £210°C/
min & U20°Cmin T3 @1 4 \$2F7-72, &
giZiE_r v a—-F—%He, Fyr—FRAE—F%28
HiT 2 cm//min, BB HEGHRIBE ERA#HE LR
HBHZHIZ 6 cmmin ¢ L7z, E=7RBEIrGVH
BEECRESHBNT, L2—F—DTILAT—IL
i3, BiE%2 2 mV, %% 1 mV &L, MEzed
NORF L FIBAH40°C D & EH LB L 72,

4 KEER

TMBEEEFELEF LI EI2L > TE— 7 DRI
b3 5, &% MEKPO & MIBKPO 4% % #1
ZnFig.1(a), M) Izm L7z, Ear—8h 2i2% 3
BEVHY, T LIFRELRREC L > CRERME
PEET ANICEELZ L TH B,

Chemical name Abbreviation | Concentration and diluent (%) | Symbol
Lauroyl peroxide LPO 98 O
t-Butyl peroxy-2-ethyl hexanoate POHex 97 A
t-Butyl cumyl peroxide BuC 90 [ ]
Cumene hydroperoxide CmH 80 in Aromatic compound A
2,5-dimethyl-2, 5-di-(t-butylperoxy) hexane HexBu 90 m}
Methyl ethyl ketone peroxide MEKPO 55 in Dimethyl phthalate soln. v
Methyl isobutyl ketone peroxide MIBKPO 75 in Dimethyl phthalate soln. [
Dibenzoyl peroxide BPO 100 v
Note: The symbols are used in Figs. 2—4.
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(a) Curves of MEKPO
Fig. 1

(b) Curves of MIBKPO

Changes of peak with heating rate of 10°C/min and of 20°C/min.
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Table 2 Numerical data from experiment curves

1 do |
Heating T ar 0¢c/T (d8/dHmax
rate x1073 x1073 x1073 ¢
(°C/min) (°C/sec) (°C/sec) (°C/sec) (mm)
10 5.7 8.3 18.5
LP .
© 20 9.0 20.0 104.0 1.95
10 8.5 12.5 22.7
POH .
OHex 20 16.1 66.7 291.7 595
10 3.7 8.3 9.5
HexBu 20 5.5 18.1 39.2 20
10 5.3 6.3 14.3
BuC 20 6.6 16.7 33.3 0.7
CmH 10 5.1 5.5 12.6 0.7
m .
20 7.7 15.1 39.0
10 5.2 8.3 22.2
MEKPO .85
20 8.9 333 76.4 2.8
10 9.3 10.4 27.8
MIBKPO K
20 16.5 37.0 154.0 245
BPO 10 55.0 316.7 1430 225
20 79.6 416.7 11000 ’
Notes: T: time during decomposition (sec)

6: temperature CC)

Oc:  peak temperature (°C)
t:  time (sec)

max: maximum temperature rise
¢: orifice diameter of pressure vessel test by references
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TEl> 2 PRBEENE, ¢ bt 1/ TJds,/dt-
dI B—7BE L RADEIMES, LKD) 3 TORE T
1M, Thbb 6.,/ T RUEKEE FASE, +72
bH{df, dt)max & TBIO BREFHETH 2 IE
NBEHFRBENF ) 7 4 2R ¢ & O I8 % Table 2 (=
ML ZZ2TTRRADBEED L) $ CORE

(sec), GUZIBE(C), ¢ IxFEMH (sec), Ol —2ia
E (C) Thb, (d8/dt)max HH 7 4 7 Z max (3
RABMBOBBORKER TH L E 27T, iz A
U7 4 ZENE (mm) TH B, TR LRICL
7z b 7 Fig. 2 (a), (b), Fig. 3 (a), (b), Fig. 4 (a), (b)
THbd, MFn7a .y b+ OfFSt Table 1 %= &
IZRLTH 5,

#HBIEE & L C Table 1 12 L 72508 043 iz, di-

t-Butyl peroxide (8 E98%), t-Butyl hydroperoxide

(70% 7K #3), t-Butylperoxy-2-hexanoate (50%
Dimethyl phthate & #) (22w T, ZNFhOEE
BT 4 [a00% 8 % 1T - 72, t-Butylhydroperoxide o
LA, BN BRBOE— 7050, 0%k X
CIRBD B — 7 Dig, BU/NE WEERO E— 75585
LTI, RBBH/INEGCTDREDTE Lo,
ZOMDREHIIMET, 2 TSR 22— 7 575
ONTHETE L h o1,

S F =

5.1 ERUEFEDASXx—4
—HRICENEBRBRIIL 2 EREOFMA L
Table 3I2 /Ry L J e FHEN T B, EBRICEL
RERELIZ L - CRBMEEMET 2 2600218, BRI
RENSGAN T4 A ELERT -2 EBLT,
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Fig. 2 Relation between rates of heat developed shown by I / Tj‘de/dt-dt and orifice diameter.
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Fig. 3 Relation between rates of heat developed shown by ec/ T and orifice diameter.
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Fig.4 Relation between rate of temperature rise and orifice diameter.

Table 3 Classification of hazard at pressure vessel test4)

. i Evaluation of hazard
Orifice diameter

Large Medium Small
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TRaENs,

Eo=VvP=V["dp=v ["9L . 4
P t dt

I 2T RIZTBRBRME RS, Bt SMRTEROEH
(kg/cm®) T, 4B LIZFNFNOENITET 2

BEf] (sec) TH 3,

L7225 T, SROBL SBERAEN LAEE (dv/
dt) max THY, EAHBOBRKMEMOEBRTH 5,
ZDESRNDERIZ L » TR GBOBL R & —
015,

(DR SFBOBL SR =ZS>ORBEENETFIC L
STHIDZ LD TE B,
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% T TENUT (cal “grsec) 27 - T FH R #h
BEC BT 2, (D2 58 FREE C, (d6./dp)
max (2 & » TL BRENFHEN TE, ZDHEITTRES
HROBEIEROBERY LRH LN B,

52 NSIA-FUIHT(EREROKRE

Fig. 1(a), b) 2 5 MBEEH K E < % 3 L HRD
E—I2EC D, MBORILELD, T Fidit
AEMERIZ DOV TEZ %, Table2 & n#sEE»
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Hazard Evaluation of Thermal Explosion Chemicals
with Micro Differential Thermal Analysis

(Abstract)

Kohtaro Kakita
(Received October 23, 1987)

Hazard evaluation of thermal explosion chemicals was investigated using micro differential
thermal apparatus.

Eight kinds of samples were mixed with alumina power respectively and impacted in the
closed sample cell of the apparatus.

The experiments were carried out at two heating rates, 10°C/min and 20°C/min.

Heat developing rate of samples was calculated from the given thermo-differential curves
and compared with the data obtained by the pressure vessel test.

These data are correlated with the severity index of thermal explosion obtained by the
pressure vessel test in organic peroxides.
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Fig. 1 Experimental setup.
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\
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N
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7 T N

A perspective view from
the blower side

Fig.2 A perspective view of the combustibles from
the blower side.
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Fig. 3 Variations of temperature, CO,, CO and 0O,

with time in the combustion ot?l acrylic

curtains together with plywood box shape

under air supplied conditions

Acrylic curtain specimen: 500 g (4% of the
total weight of the combustibles).
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Toxic Gases Evolution from Burning Curtains in Fire Environment

(Abstract)

Tokio Morikawa, Takaharu Matsumoto and FEiji Yanai

(Received November 12,1987)

Different curtains were burned under air-supplied- and air tight-conditions in a semi-full
scale room to evaluate the toxicity of their combustion gases.

In the experiments under the air-supplied conditions, curtains mounted on the inside walls
of a plywood “box shape” were burned. Acrylic, modacrylic, nylon-6, or wool was used as
material for curtains in each experiment. There was little difference in HCN evolution regardless
of the material. When the weight of curtains was 1-4% of the total combustibles, the toxicity
due to HCN was 20% of the total toxicity index at the most.

In the experiments under the air tight conditions, a non-flame retardant curtain of rayon,
acrylic or polyester was burned solely. When the content of curtains was equal to the average
content in a room, CO and/or HCN concentration surpassed the lethal concentration for 5-10
minutes exposure in the case of curtains of rayon and acrylic.
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Table 1 Initial height for ignition of 50% probability.
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* Hiso/cm
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Fig.6 Oscilogram of the signals of contacts, S|, and
ignition, S,, after impact.
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Fig.8 Contact period, ZAt;, as a function of net
energy, Ey, and mass of drop ball, My.
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Fig. 10 Correlation of net energy, Ey,, with impact
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Fig. 11 Net energy, Ey), versus time to ignition, ,
as a function of mass of drop ball, My.
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List of symbols

Energy

Impact force

Gravitational acceleration

Stimulus height

Mass

The number of data

Signal

Period of contacts between drop ball and roller
Velocity

Correlation coefficient

Standard deviation

Time to ignition

Roughness of the surface of cylindrical
steel-roller

#3 a2 skuzgne um

Subscripts

Drop steel-ball

Initial condition or the condition before impact
A succession of number (1, 2, 3. .. .. )

Net quantity

The condition of restitution after impact
Cylindrical steel-roller

Concerning the contact

Concerning the ignition

For the ignition of 50% probability
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Characteristics of a Drop Ball Machine
for the Hazard Evaluation of Oxidizing Materials

(Abstract)

Kazutoshi Hasegawa, Takayoshi Uematsu and Yoshihisa Hirata

(Received November 30, 1987)

A drop ball test machine was applied for determining the impact sensitivity of oxidizer-red
phosphorus mixtures. Potassium bromate, KBrOj, and Potassium perchlorate, KClO,, were
used as oxidizers. Roughness of the surface of cylindrical steel-rollers between which the mix-
tures were softly interposed had neither much effect on the impact sensitivity obtained nor on
the scatter of the test results. In comparison with the apparent ignition energy calculated from
the initial height of a drop ball, the net ignition energy from the differences between the initial
height and the height of restitution after impact was stightly smaller and reasonable. Holding
the impact force constant, as the data of the net ignition energy did not fluctuate so much, the
minimum net ignition energy could give the most reasonable value for the impact sensitivity of
oxidizer-red phosphorus mixtures. It seemed that the impact sensitivity should be measured
using the drop ball with the mass suitable for the ignition energy.
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Fig.1 Schematic diagrame of experimental
apparatus
C: Combustion F: Electric furnace
vessel G:  Spark gap
1:  Ion probe IF. Interference filter
L: Lens IC: Ton probe circuit
PM: Photo- VEC: Electromagnetic
multiplier valve controller

SG: Spark generator W: Quartz window
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Fig. 2 Emission (/) and ion probe signal (/) of spark
discharge.
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Intensity variations of CH emission from
burning 1:5 propane/oxygen mixture in the
combustion vessel (Room temperature,

Fig. 3

67.8 Torr).

(i) Monochrometer - photomultiplier
(A=431.5 nm)

(ii) Interference filter - photomultiplier
(A =433 nm)

I Intensity i: Ion probe signal

N5 W3R E THiU
4 RERBRLEER

Fig. 312, HBRUTHB 74 Ly —% B THE
ENE—FBETORAANDBEICE LT ) CHE
SmEE{LER L, B, THE74LI—%FHEWT
#%E L 72 Fig. 3Gi)ic iz, 1 > 7 a—7HHLREN
T3,

CH BEHisEnEibiz, BEvic\UL 2Emich 3
P, T 74 g —%BAVREAIZIE, BEgHos
Erai#itBeCRIELRBA L Y BRL WA
i i, F#7 4 LI —DAEEH T 23 _?/\’Cjc

. RRSEEICET DED LS Bb N b —B{LHR
7&*7\’\7 B ER L, EES AT EiE
FEnoZrizksioTch s, 72, Fig. 3(i)H
L, MBI L >~ TERENL )(J(i WERE1%££9260

ThvwZ iz s,

USEEBL THh oA v 7o —712% L T3 DH4
b,
Fig. 43, Fig.3 L EEHTOREADBEIED

BIEEERILE A A 7T a—TH R L CTREL
REERTH L, Fig.d DA 4> 7T o—7HHnEsE»
b, RAKERENEus RBL THREIBBIN, K
EHLAH265us TRED A > 7o —TI2EL T2
DT 5. Fz, BREENGEICIL, WERKE
BOREKICHEIZ L 2RV EL - THEEN T 5,
Fig. 475, WMEHABOZEBREICBIT 2R LHE
ExZAEYD, RONTHCFRENT, 25 & 585
FOBBRE 70y M L7z» Fig.5 Th s, ZO=»
L, WERLH»EL > T 24 BRITIE, 6RO

50us/div.

Fig. 4 Detail of initial part of Fig. 3(ii).
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Fig. 5 I.4"? v.s. t plots of data of Fig. 4.

Vertical line in the figure denotes arrival of
flame at ion probe.
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Table 1 Flame velocities (S,) and CH emission intensities
(Iex)ifrom 8.5 mm-radius flame obtained under
various delay times () of electric discharge for
ignition at room temperature

P/Torr | Run No. 1S | Se/m-S*'| Icy
1 0.3 42.6 32.9

2 1.0 423 336

87.1 3 3.0 41.2 33.4
4 10.0 43.7 32.2

5 30.0 42.4 32.1

[ 60.0 41.7 32.5

Average 42.3+1.7{32.821.3
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Fig. 6 Burning rates (S,) and CH emission intensities
(Icy) from 8.5 mm-radius flame as a function
of pressure at room temperature.
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Table 2 Calculated expansion ratios (E) and adiabatic
flame temperatures (7;) of stoichiometric propane
/oxygen mixture at 25°C

P/Torr E T./X

58.1 14.32 2784
67.8 14.39 2802
71.5 1445 2817
87.1 14.50 2830
96.8 14.55 2842
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Fig. 7 Burning rates (S,) and CH emission intensities
(Icx) from 8.5mm-radius flame as a function of
pressure at 100°C.
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Fig. 8 Intensity variation of CH emission(/ )from

burning 1:5 propane/oxygen mixture in the
combustion vessel (200°C, 78.3 Torr).
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Fig. 9 Flame velocities (S,) and CH emission
intensities (/cy) from 8.5 mm-radius flame as n:ﬂ (7)
a function of pressure at 200°C. Pe— P
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Table 3 Calculated states of unburnt mixture at the instance when 9 mm-radius flame is formed in the
cylindrical combustion vessel (P;= 100Torr)

V: Vessel volume (47 ml) ¥ : Burnt gas volume
T, : Unburnt gas temperature 7; : Initial temperature
P: Pressure P; : Initial pressure
n: Mass burning ratio
T (K) P./P; wlV n P/p; T,/T;
298 17 0.065 0.0055 1.09 1.02
673 7.5 0.065 0.0125 1.08 1.02
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Burning Rate Measurements for Low Pressure Propane/Oxygen Mixture
by CH Emission from Spherically Spreading Flames

(Abstract)

Naoshi Saito
(Received November 30, 1987)

A CH emission method of measuring burning rate is proposed. This method is based on the
analysis of CH emission intensity accompanying spherically spreading flames.
The validity of the method was confirmed experimentally by measurement of burning rates

using CH emission from spherically spreading flames of low pressure stoichiometric propane/
oxygen mixture in a cylindrical combustion vessel.
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