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Critical Temperatures for the Thermal Explosion
of Liquid Organic Peroxides*

by Takashi KOTOYORI**

Abstract; It is possible to calculate, in accordance with the self-ignition condition presented by
Semenov, the critical temperature for thermal explosion (hereafter symbolized as T¢) of an
arbitrary quantity of liquid placed in an arbitrary container by measuring experimentally the
rate of heat generation of the sample as well as the rate of heat transfer from the container in
temperature increments of 1.25K.

The Tc values of ten liquid organic peroxides are then calculated in accordance with the
above procedure for the practical situation arising when the liquids are either in a Dewar vessel
which is used in the BAM (Bundesanstalt fiir Materialforschung und -priifung, Berlin), heat-
accumulation storage test or in a 5- or a 10-liters polyethylene container which is used by the
peroxide manufacturing company for carrying 5- or 10-kg quantity of liquid organic peroxides
to the users. For the Dewar vessel, the corresponding measured values were available, and they
showed good agreement with the calculated ones in this study.

The results of this study suggest that the application of Semenov’s self-ignition condition to
the calculation of the T value of a liquid is possible without stirring, provided that both the
rate of heat generation and the rate of heat transfer are measured during the early stages of the
self-heating process.

The Frank-Kamenetskii model is usually assumed to be valid exclusively for solids, while the
Semenov model is originally assumed valid only for fluids. However, the procedure introduced
herein is applicable also for the calculation of the T, value of a solid as measured in the BAM
heat-accumulation storage test, because the Semenov model, that is, the thermal conductivity
of the contents is much greater than the overall heat transfer coefficient of the container, holds
well for the Dewar vessel used in the BAM test, even when a solid powder is contained in it.

In other words, there is a possibility that one can dispense hereafter with the BAM heat-
accumulation storage test, for solids as well as for liquids; in addition, for liquids, there is also
such a prospect that any experimental measurement of the T, value of an arbitrary bulk quantity
of liquid placed in an arbitrary container will become unnecessary hereafter.

Keywords; Thermal explosion, Critical temperature, Organic peroxide, Semenov, Frank-

Kamenetskii, BAM heat-accumulation storage test.
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1, K thermocouple; 2, Sample; 3, Dewar vessel; 4,
Retaining device; 5, Spring; 6, Glass cup; 7, Glass
lid; 8, PTFE lid; 9, PTFE sealings; 10, PTFE
capillary tube; 11, Steel strip

Fig. 1 A Dewar vessel with an inner capacity of 500

mL.
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1, Heater; 2, Fan; 3, Aluminium box, with
a 1 mm thick wall; 4, Kerosene, 400 ml; 5,

Nickel-chromium wire; 6, CA thermocouple for
Tiiq; 7, CA thermocouple for Tyim.
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Fig. 2 A measuring system for the heat transfer

data of a Dewar vessel.
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A, Air bath; B, Digital multimeter; C, Micro-
voltmeter used for zero-suppression procedure;
D, Digital recorder; E, Adiabatic controller; F,
Two-pen strip-chart recorder.

Photo. 1 Overall view of the adiabatic self-heating

process recorder (SIT).
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a, Stainless steel sheath CA thermocouple, 0.5 mm
in diameter; b, Silica tube; ¢, Glass wool; d,
Aluminium disc; e, Cap nut; f, Washer; g, PTEE
sheet; h, Inorganic adhesives; i, Glass sheath flange
for thermocouple; j, “O”-ring; k, Glass cell; I,
PTFE sheet; m, Washer; n, Liquid sample; o, Silica
powder.

Closed cell assembly of SIT.
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Table 1

EXELZ LA E#RE RIIS-RR-93

The liquid organic peroxides* tested.

#fifahr 10 BORGRRBRLY—RE

THPN
TBPD
BPOD

70% tert-Hexyl peroxyneodecanoate in isoparaffin
51% tert-Butyl peroxyneodecanoate in water, as an O/W type emulsion
A mixture of 50% benzoyl peroxide derivatives in dimethyl phthalate

THPH 94% tert-Hexyl peroxy-2-ethylhexanoate

TPIC 89% 1,1,3,3-Tetramethylbutyl peroxyisopropylcarbonate
TBPC 97% tert-Butyl peroxyisopropylcarbonate

TBTH  90% 1, 1-bis (tert-Butyl peroxy)-3,3,5-trimethylcyclohexane
TBPI 74% tert-Butyl peroxyisopropylcarbonate in isoparaffin

TBPB 99% tert-Butyl peroxybenzoate

DTBP 99% Di-tert-butyl peroxide

* All of these peroxides are products of Nippon Oil & Fats Co., Ltd.

Table 2 Experimental parameters of the ten liquid organic peroxides and comparison

of their calculated T, values with the corresponding measured values.

10 BOBRGEBBRBREBIOVTOERT - I RUEILD T, HEICBHT 3

EHR(E & RBED LR
Liquid T. Value T, Value
organic a b , c p Calculated | Measured (°C)
peroxide (°C)

Go Nogo

THPN 14,358 —39.553 1,757(20°C) 856 22.0 25 20
TBPD 15,578 —42.808 2,971(20°C) 927 23.6 30 25
BPOD 14,091 —-36.505 1,799(30°C) 1,154 36.5 40 35
THPH 15,313 —39.691 1,966(40°C) 894 40.4 40 35
TPIC 10,772 —24.921 1,883(40°C) 932 47.1 50 45
TBPC 13,397 —31.666 1,925(50°C) 966 57.2 55 50
TBTH 15,148 —36.344 1,925(60°C) 911 61.0 65 60
TBPI 13,308 —30.303 2,050(60°C) 910 66.4 70 65
TBPB 23,047 —58.140 1,841(60°C) 1,043 68.3 65 60
DTBP 16,817 —37.205 2,092(80°C) 796 92.6 — —

* A cvalue of 2,092 was determined by extapolating the values measured at

20, 30, 40 and 50°C to 80°C.
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DWTH 20°C ITBIT21E% Te EDFTEICHW7,
ZDERIZ BAM BEIFERBRICBTTF 27—k
~NDHERBEDEAZERBITBWTITHLNEPLT
»5,
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41 Fag-—HlAhbohl 10 BOEFEEEE
1t T.iE

10 BOWEY, &2, BAM EB8IERBICHE W
THWLNABTF2T7—RICANSON TR EREL
eEED Te I3, Z0ZFND a, b, ¢ RV p {EDH,
EH q, AT, V RV (Tiiqg — Tatm) % (15) Ri
RATBEZEIRE->TEHEINS,

20 LS5 LHFHEN—FlE LT, Table 2 iR I
72 TBPB IZOWTHEERBRNG A —F L5 27D
BRBEET— 22 AT, Fav—HRicARLRL
400 mL & TBPB O T, {2 ERICFIHEL TA L 5,

TBPB @ T, ff#s 341.407TK 2 % ) 68.257°C T
HHERETSE, (15) ROELDHEITRD &I i
FEENS,

a 23,047
200 Te + 7 = 21n 341407 +

= 11.66615063 + 67.50593866 = 79.17208929.

—%, BRIEIRDES 2% B,

[acm : AT(Tliq - Tatm)
in

]—f—l—b
q

= 1in 23047 x1841X 1043 x400x10 5 x1.25x0.8853
0.0391

+ 1+ 58.140

= 20.03211317 + 59.14 = 79.17211317.

FSANZEIHE- T 0.00002388 L 7% 5, 727 —HRic
AR 5172 400 mL o TBPB i3t L T2 LTk
EIN T 1l, 68.257°C, (I 68.3°C IR A
INT2t% Table 2 ITEREINT VB, F0MDBEE
Lz O>WT b, FRRICEIE L 2%k, o/ E~2
M3 2 FEHRE L kic Table 2 I8 TH 3,

BoNREEZIREFCB-THYT 2 EREE
Bo—FZRLTWB, LRALEYFS, #EOPDH
RBWTEHEME L EREDOBICEL LEIELET 5,
INHLDEEFLLLTERELT2OFI 6N, 1
DRFA—REFOHEED b T % ENTH S, BAM
EBETERER L B ABERRN ST B T—EDK
EERER{LHIC OV TR 2~3EiTbR ) iThil
TERY, TNLORBEENPEIERICEI-T

. |
=
1 (E:_ /¢=JS~——\—_1‘
[
== B

1, Heater; 2, Fan; 3, Aluminium box with a 1
mm thick wall; 4; Kerosene, 5 or 10 liters; 5,

" nickel-chromium wire; 6, CA thermocouple for
the Tj;4; 7, CA thermocouple for the Taim.

Fig. 5 A measuring system for the heat transfer

data of practical liquid containers.

RRABRARBOBREET — 5 D-DHDRER

BEEEINLREICOWTITLALDTH S, b
I 120, FEMELEMMENE R b Lt EZ
LB ENERZERE, AHECBWTHELNLL
FTRTD Te fEXFE—DF 27— /LK
BRET— 2 BREICERTEILICE S TRIE
SNk L, EHD T, HIZR-SHLDEL B
PHVWTELAEWIZETHDE, 5 BAME
BETREERICB W THEREOBRRIC & DErER
5, ROBBIBWTEHFLWEZHRLL TN
T bn, £225%, MOBRUIY AL XHPRFLET
b, BEOKBEERICILbTLLENGEELES
DTH 5,

42 ERBBCANLNLBED 10 BOREEEH
BELHD T, &

5L RU* 10L BH&EN R Y =F L g EUE R (&
EEEBBIOERWARICEESHICE -TE
BIERSNTWEER) O g B (Tiig — Tatm)
EDRELZT 27 —WOBZALIFLA LR LFET
Tz, $%bb, ZiEIZ5 %L 10L DOITIH,
Tiig A CA BEX R 9.5Q D=7 o LigE A
NTHEEE % JZE L7 (Fig. 5).
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Table 3 Tt values of the ten liquid organic peroxides placed in practical containers (°C).
RARBCANLNABRO 10 BOBFEEERLEHD T. E (BHEME)
Peroxide |/ THPN TBPD BPOD THPH TPIC TBPC TBTH TBPI TBPB DTBP
Dewar 22.0 23.6 36.5 40.4 47.1 57.2 61.0 66.4 68.3 92.6
10L 245 25.9 39.3 43.0 51.1 60.5 64.0 70.0 70.5 94.0
5L 26.1 27.3 41.1 44.7 53.7 62.7 65.9 72.3 71.8 96.0

EERBICBIT 241
0L fFicx LT

g = 0.46004A x 4.4241V = 2.0353W

= 0.486[cal/s].

Tiiq — Tatm = 50.8452°C — 49.5976°C
= 1.2476K.
S5LEicx LT

g = 0.38084A x 3.5975V = 1.37007TW

= 0.327[cal/s].

Tiiq — Tatm = 51.0610°C ~ 49.7439°C = 1.3171K.

Th-oTz,

BIES, THNBOBESML, 727 Kok
BRBITLLER, EERBE2RE, —BThLoE
PRER I NIz,

10 BOWMEY, &2, 571 10L ABIZS5 2o
L1I0kg $OANLNTWR LRE LD T, {4
i, TNEND a, b, ¢ RV m M, T q,
AT BV (Tyiq — Tatm) 1% (15) RISCAT 2 2 &
KE->TRESING, TRLDFERERE FVWTFho
HIRD p ED 1,000 Th % LIKE L THbNIDT,
FIEEIIEERDME & D By IK B WTTEEES D 5,
L L% s, SITHELZEMEERESAII
HEBRED T, X EDBEIC LI ERT LI
Hb, DL LTRDLNS T fEiZ, BAME
HEEARCBOTHAC LN T 2 7 —fRiconT
FIH S NUHHBME £ 3612 Table 3 IT3RENTW B,
EHOBRBNEIZEBED D 726 Table 2 7 58]
RAL22bDTH S, %o BAM LBt ok
#) 30L FREOBEADER T, EIcHY T 2 BEE
35223 TW31),

43 FEEABROBEEHEHODLLE

RENRHIANLNIZRED S E (&FREMH)
ERMHC LT, LEBHBONTHIHEETESRY,

 HERBEETH L, FIZIE, Toa7-HICANRLLIL

72 400 mL DEEIZOWTIE, 20K L ¥
ROAEL LD E R 55, S HElE 303 cm?
%5, ke, XY =5 v o BRFEERNORREIC
DWTIE, FREPEFERLELTZIEHFTEL I,
ZNEHILT, (14) REAWCEEESHDO U &
PEIET AL TES, LT, 727K
7 U EDORHERF 2 TR,

g B 0.03906
U=3x (Tiiq — Tatm)  4.184 x 303 x 0.8853

= 3.48 x 10 °[cal/(cm? - s - K)]

F2T7—ERF5 LWL 0L FIZOWT, DX
W LCEE-IN: SRV U % Table 4 1T,
Kz, TSN U fEE 2~3 RN L - THE
INTVWHHLEZ R L TA5,

Merzhanov HIZ X > THEI N U fEIZRY =
F U BURFEICEET 2 R BROBIEME & Y P 86
fEk x Y, —F Bowes'? iz & ZREMEIIAIL < K
JZF LU BEEEICOWTORIER L ) Bk 7
fERE W,

I bDEL, Table 4 FOHAR Fig. 6 6 b
PBEIIC, BRMBENENILIBAA, KT S
TAEDOREDE Y, BEZZRETLHLHICRES
N2 DOBEMDOMNBENDENLEPLLELL LD
EEZ A,

Merzhanov & {3 Tetryl % ¥ 2 IO BEMELEE
BOBIRR 2 ERICHZE LAY, 2 oBiRI3HEED
BRREICHETIHEORAFE LTHERLISHLN
TwiHDTHb, CHWFFEICBWTE, EEFD
BESHIF—RETRTIEL 57w 29 Semenov
DFHREMEE2 - T-HICIE, Tasxy—5%



Table 4 Comparison of U values of the three liquid containers measured in the present work with the corresponding data reported
by others. .
ERERCEVTHESAE 3 >OBRFRBO U B BOWMRFILL>TRESNAEL T 2EL DR

S q Temp.dif f. U Temperature differences measured in each work.
cm? cal/s K cal/cm? . s: K Each individual temperature corresponds to 71,
T3 or T4 in Figure 6, respectively.
Dewar 303 0.00934 0.8853 348 x 1075 (Ti — Ta), in fact (Tiig, static — Tairstatic)
10 liters 3,082 0.486 1.2476 1.27 x 10~¢ ditto
5 liters 1,896 0.327 1.3171 1.31 x 104 ditto
Bowes4) 100~54*  8.0~3.5 8.0~2.6 ~88x 1074 (T3 —Ty), in fact (Tsolid — Tair,stirred)
Merzhanov® 189~80* —k* — ~12x 1072 (T} — Tu), in fact (Tyiq,stirred — Tliq, flowing)

* Calculated by the present author, based on the diameters and ratios of length to diameter which were reported in the respective
paper.
** The mark “—” means that the corresponding data were not reported by Merzhanov et al.

1 II ITI

Broken line «*Temperature profile in Merzhanov’s work
Dotted line -«Temperature profile in Bowes’ work.

Solid line  -*Temperature profile in the present work.

Fig. 6 Heat transfer between two fluids including air across a solid wall.
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EXMrRE—F2HAWTRERB 28U CEBHEL
2 LT H B,

Merzhanov &3 6 DRV 4 7 ABLRIKERD
UBEDRZEFRGEZFHEL BRTWEWL, #-7T, g
ERABFANDEREZE L EE L TwZ v (Fig. 4),
BRI NTCEERE L ZBOMIE (&5 IELTER
ELT) MNABERBREOBOEEXE2REL &
I E LI LIFELTH B,

&2 AW, Fig. 6 KTHLPITREINTWB KIS,
AL BERDOBMDEEDEA, LA LDEERT
FREHEECRICBWTEL S, T4bb, BEER
DIEBEFEBELIBMER L 4 6, #E T, ko
hEIXRAZENEED X HICHFIT 2, & 2550
D XN EEISEOZNINF LI KEWEE, #at
T5LEI12, A—HETh-THEEIEL £213E
h EIZRE K555, Merzhanov b DEEREHEIZ
B U EFEICKREREL -T2 EEZLNS,

%8B, U L h BRI, Fig. 6 I2B1F 554, L
TokHickINs,

11 b, 1
US ~ hiS1 ' X2S2 ' h3Ss

(16)

T S RU S3 BENFNOFREDOEMERE,
So 3 F DRECEH, 1o (ZEDEE, A\ FF0EYE
BETH D,

R, oD EBRSMEIL Semenov TFNVE WD
& Vi3t L A Frank-Kamenetskii €7/ (Biot #
= 00)TEN LD TH -T2 VZ LD,

—7%, Bowes [3#BHZERBICBWTTILI =2 —
LD, EORRL 2L 2oL T, RERER
BERE LR, SHUBEL < ISSBESRE h i
NebZewn, 20489 %iRT, #oBIE LIzRES
i3 Fig. 6 B (Ts —Ty) %L, &%kn U fEic
MLT 2 DTN,

3T, MEEESEIFEL L CHEERNNEESY
BRARICHBI13Y, R EEF—HAETH->THHAL
TH L CkEMicEb I, h = Mlength TH 3),

TZbb, BRMEF LD EESTPOLDH, E
ROEI PP TENT, h BIZHBRTE, CDE
IICEZ DL, BHERABT TIThI/: Bowes DAEE
BT (Tsolid_Tai'r,static) @i%‘éri y) %ﬁ@j%

*S EHRICELTVAEOHRERE VS, HEEERICBLTIIN
WIITONT, BROALEL, *WEH»oRAEEZETHEE:
F B EMIERIC L - THbNLS,

EERSWRMMEHRE RIIS-RR-93

EIZEL 722 &2 ), o TARRDEL Y KRER
h Db 7263 NTDTHL I,

0Lk, W) EFTH7% <, Bowes ® h HEIZEIZ,
BRESRENO Rt 5 R72EA, @YX LNTIHIR
Lhrote, DFD, I A ETIR R, AFETIT-
2L, BEDASIFHED U EZBETNET
HoTeDTH b,

whicg L, (13) RICRENTWE EHIIL, U
EFRENZEFT Y T EVFTHINE I L &% B,

CHEIEL, YFricBW» TiTb/ziE# TNT
KU PETN & T, fEIZBY 5 FREBZEDHERI,
DINA U Tetryl i22v»T @ Merzhanov & D5 —
IHEENMELE VY E,P 2R/ B LTW 3,

44 RA—ZE&TEEVWTEFERUEREESED
T E&EtET2HA

YRR AIZ BT 5 Frank-Kamenetskii €7V &
BIEEICRIBIICBCERT AEMEEDICB TR
B ECOIRELIAE2ETIEESME W
Jo 0T, TDEFINVZERD T, EFHEDIZDIT
NDABLUTIZZENDLINTEI,

(1) Rl (15) REFET 27012 (2) RiIEA S
iz 2<{ELFERL VRO (17T) RICERTH
EHPRTE B,

2
AT
2mﬂﬁ“1:h{ﬂzﬁ__}_b
T

e - A
[arz-AT
=lIn
6c'a

]—b (17)

A7) Rz L, BED r RO 6 EIBICR
Dod% b, PEOEFEED o ERVECHE
HBBEOMPBREICBWTRHEINGREERE T —
FIZEINT, BEOHEREVUYA X2H T HEIE
DT AEEFHETEZ LD TE B,

—%, R BYREREHRICHIT S Semenov EFIL
Yid, BHORIANLSL Nk ICRIEICETRSE
THREME AR I BT ZORmENEDEICAEL 5 —
BRLBESHEV I, |ETHIE, CoeTNITE
RifEtED N fEXEERD U EL ) ERICKEWER
RLTERL T30 TH S, ZNIK, Semenov £
FNITRED T EE2FETL2DCOZFHTH
5L55I12A2 5,
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Table 5 Ten thermally unstable solid organic fine chemials testd.
#R &R 10 MORKISREE LEATHRE—KE
NQC 98% 1,2-Naphthoquinone-2-diazido-5-sulfonyl chloride
TCSH 98% 2,4,5-Trichlorobenzenesulfonyl hydrazide
MNTS  98% N-Methyl-N-nitroso-p-toluenesulfonamide (Diazald)
BSHA 97% Benzenesulfohydroxamic acid
OBSH 95% 4,4’-Oxybis (benzenesulfonyl hydrazide)
AIBN 98% «, o’-Azobis (isobutyronitrile)
TSH 97% p-Toluenesulfonyl hydrazide
ABCN  98% 1,1’-Azobis(cyclohexanecarbonitrile)
AMVN = 95% 2,2-Azobis (4-methoxy-2,4-dimethylvaleronitrile)
LPO 99% Lauroyl peroxide
Table 6 T values calculated for the ten solid organic chemicals, assuming
each to be contained under closed conditions in a Dewar vessel
used in the BAM heat-accumulation storage test.
10 EOEFEHEREICO &, F4BAM ERFBREBRCEVTHER
Eh3Fa-HERCEBALTAAGATLW3EHRELT, HES
has T. &
Solid
organic T, value (°C) Reference data (°C)
chemicals
TC type BAM value Catalog DSC15),16)
NQC 61.5 — — 112
TCSH 75.0 — 130(dec.)!?) 114
MNTS 51.7 —_ 61(mp)!?) 78
BSHA 78.3 — 126(mp)*®) 96
OBSH 82.5 — 160(dec.)1?) 146
AIBN 65.1 — 103(mp)1®) 106
AC type SADT value
TSH — 87.0 108(dec.)1?) 124
ABCN — 82.7 115(mp)17) 118
AMVN — 28.3 50(dec.)19) 63
LPO — 43.7 — 67

L Lanss, Btk (BR%E27) FERRER

o = 0.001[cm? /s]”)

TH b,
¢ =0.4~0.5[cal/g - K] HE->T, U/X DAL,
p= 0.5~O.6[g/cm3]7)
U _ 348x107°
BEDNEL L 50T, ZORBITO X HEIZ, T A 250x 104

A =0.001 x 0.45 x 0.55
=2.5x 10—4[031/(cm -5+ K)]

FHEDEL % 5,

—%, BAM ZEBWrRRBRICB W THWL NS T~

U = 3.48 x 10" °[cal/(cm® - s - K)]
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&%), Fo7 =KD U I RERELED B8
O NEDOH 1IBRICBE LW bR S,

ZORERIT BAM E8WEBERICBWTHwL R
57 27 IS AN S EE (EBRIIBKD) &R

7 —¥ROER U fli, Table 4 IRmLz& 91T, LTw3,

EHZDWT B Semenov EFNHFRILT 5 2 & #iRE
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Thbh, BEOERED Te fEiCH 2 TEED
ESBOZhE b, BAM EBEFRRER - ) Fl—%
HOTT, ARECERINLFELE) (15) R B
WIRHTE LI 22k B,

COWRELRIET 572012, 10 B EEE 2
DT %, ThENPAFRCTHSNT
T—HPREANLNT VB ERELT, 5E2T-
720 BAERDY 2 b i3 Table 5 ITBIF SN T W 2,
TN LDEEREEHC KT 5 SIT BIElY, BROER
M2 372002, §XT Fig. 3 KRL2BEH 2L E
HoeTitbhrz,

&IAT, Bk OREMER S TCH E AC
BIZHHIN5B, TC (thermal combustion) E(3,
Ts RINIWEY x4 v FR~OREE IV OIFA
B, BRHEE BTSSP T 2BEL, KnT
FBHI Arrhenius RICHE->TW» ¢ D BEREZ &
Thewy, WEDHORSSEEERT. RIS,
TCREOBEGERD T. HE LT3, (15) RicHn
BAM B8 BE & L CEHE SN, Table 6 I
BAM value 22 R LOTFICIBREINTWE LS
LTREZFFEOTHLEELLNS,

IHITAL T, AC |autocatalytic (FFEIC T
pseudo-autocatalytic) combustion] &3, Ts 2%
ROULWEY © 7 v FRNORBL VO A, R
FHEE R BB 22T THLTD Ty 12ETWT
T ACOEBIRETZ DT - &b LR
LTI EWIHHEERMLTWS) 75, 2»T Ts
REZETIRER (ThbbRABOMEI®RT T 2
RER) BB EE L HORBEZREBT I L v
7, BELHCRBEH 2R, ACHICE VLTI,
ARV DB v 7 o b ~DIBAS SRR O3S
PORRLATREOHK T TIOEET 2R
BAEPNLBEOBRENAIKEL, REOEBK
3EBRTH 2,

ZIRIZ, ACEDOBEGERD T, X LTI, X4
SEGF—ERENEBCE,rNCrLTE T HiE
REZNDEZDORARPOEELT BORBHD BB EIND
£ LBRRIEE Y LTEE S, Table 612 SADT
value 2T 5 RH LOTIRIFSRINT W3 &) ZilEE
EYEDNTHBEEL LMD,

WOEOBESFERIC>EZIDL ) ITLTEEEN
PRREMEE Table 6 IC—#E L TR, cHLNEE
RIIRIENIEA, £ Reference data & LT
RENTW3, DSCRDTA IRE->TCEEIh s %R

FEELZLWRMEEEHE RIIS-RR-93

HERBER 774 v 7 T ANID G Y v IR
REAT 2 HRIRES  LBEO & SIS T 2
BEME L Y& 10K EW,

5 & =&

RFCIERINLFEE AL, EEORESIC
AN NIAERENBED T, %, Z0FRPI2
KEBETHAIED, EHlIcksZ &%, FHEITI-
TRDBZEDNTRETH B, 72, BEED r U b
BRI 5N 5% 5iF, PEOEFEEED o
BRUHCREABROVMBEICBWTRHZEINE R
BEETF - CE VT, BFEOERERUYA X%
BV 2EED T, EEFTETZI L bREKICTRET
H5,

LH»L, B-#Eichrbbd, BrnERn T,
EERE—&BTTHECEE YT 5 BN 2O ITA,
Semenov 7 NVAEAAEEL T 2 T —HRICERAA
NENTWBRERELLET, BERD T fEZ2q
BT AT LB LBUIOBYNTHDEEZ LD,

WP LT, B-BE2HDLT, TRTOMEE
IR LT BAM B3WERB Tz ERT A LT
SBRBLLIRBLIFET LI LIIHEETH 5.

E i
H AR 24 10 T ERE 3 L2 10 MO G
BAibicxt 3 32 BAM EBUWrERBREOAREHFL
TTF&Y, 7, HLAXEET ZBMEBRZE
BLTTFEokEHNER F, MAZHECBL
—RDOFBERICHTEL BHHT 5,
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