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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 Typim.

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; 1,
PTFE sheet; m, Washer; n, Liquid sample; o, Silica
powder.

Closed cell assembly of SIT.
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Fig. 4 Plots of In At versus 1/T for the ten liquid organic peroxides.
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Table 1

FERREWMEFBILHE  RIS-RR-93

The liquid organic peroxides™ tested.

RSN 10 BOBGERER{EY—%E

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 dimethy] 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
DTBP 99% Di-tert-butyl peroxide

99% tert-Butyl peroxybenzoate

* 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 7% values with the corresponding measured values.

10 MOBRGHEBRIED IS OV TORBRT ~ SRV thoD T, fE=RT 3

ETOL{E & RAMED LEB:
Liquid Te 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) 894 404 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 c value of 2,092 was determined by extapolating the values measured at

20, 30, 40 and 50°C to 80°C.
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PWTH 20°C 1T BT BEE T EOFFEICH -,
T NEHII BAM ERIFERBRICB VTR 27—
NDBRBEDEAIFBICBATHFLALDS T
55,



WA BRILY D BIRFERFTIRE

4. & R

41 Fag—HElAALK 10 BOEFEE A
1t T 4E

10 BoOWwREY, &2, BAM EBIERBRICB W
THWLNATF 27 —RICANSLNTWB EREL
72850 T, i3, ZRFND a, b, ¢ RV p {EDH,
EH g, AT, V RV (Tiiq — Tatm) % (15) RiC
RATBEZEIRE->TEHEINS,

Z0 k5 eEtE—FlE LT, Table 2 iICfERd
72 TBPB I2OWTHEERR/ T A —F £ 727 —HKD
REBGEET— S 2 HAWT, Fav—RicARLRR
400 mL @ TBPB # T fi# EBRICHELTA L),

TBPB & T. {i#* 341.407K - £ 1) 68.257°C T
horERETSE, (15) ROELDHEITRD &9 i
FrE3IN5,

a 23,047
21n Te + Tc = 21n 341.407 4 341407

= 11.66615063 + 67.50593866 = 79.17208929.

—%, HBIIRDE I IT% B,

[acm - AT(Ty3q — Tatm)
1n

1=
q

= 1in 23047 x1841X 1043x400x10 6 x1.25x0.8853
- 0.0391

+ 1+ 58.140

= 20.03211317 4 59.14 = 79.17211317.

WA DZE3HE- T 0.00002388 &7 5, 7 =7 —HRiC
AR B A72 400 mL @ TBPB i3t LTH < LTk
EIN T, fl, 68.257°C, I 68.3°C ICUEHEA
727 Table 2 ICERINTWB, ZDOMDBEE
fEHconTd, FHRICEIE L7214, Moo Ex
Y3 2 EBIME & Lic Table 2 I TH %,
Bon-EEZIREICBCTHYT 2 EREE
Bu—HKZ2RLTwE, LPLEXS, BOorDH
IZBWTEHEME L EAEOMICEL LEIFET 5.
INLDEEZDLRLTERELT2OoFEI6NS, 1
2 RFA—BEEOMEN b TN TH S, BAM
ERErE AR B ABERRNSHICBWT—EDR’
RERERILIIC oW TRER 2~3FiCblNiThh
TERY, FROLORBBEENREIEEICL-T
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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 Tatm.-

Fig. 5 A measuring system for the heat transfer

data of practical liquid containers.

ERARGRBOBREET 5 DHOMER

EREREINLRRICOWTITbLRDTH b, b
5 1o, FEMFLEMENEE L LEER
LB XY EALZEREREE, ARFRICBWTELRL
FTRCD T, EPFFE—DF 27— oiFEoNT2K
BEET— P ERERICERT A LI - TRIE
EnnicKl, ER T, HIZE>HLDORL B
PHWTELNIZEW) ZETHDE, 5 BAME
BB AR ICB W TREREOBRRIC I VRIrENR
5%, ROBBRICBWTIEHFHLWEEZHAEZELLTN
B bn, L2579, EOBRFY A XHPRLET
D, BBROBRBEERICELT P LELFELES
DTHb,

42 EHBBCACLIALEBED 10 BEOREEE
BEMEYD T, &

5L RV I0L REORY =5 v U REEREFE (&
AR OERHARICHESHICL > TE
BRICHEHINTWAEREE) D q 30 (le’q —Tatm)
EDRERT 27 —HOBALIZLA LR LAET
fThhiz, T4bb, FiEIZ5 Z\Ww L 10L O4TiH,
Tiiq A CA BBXRUHK 9.5Q D=7 v AffZ A
Nl BEE 2 HZE L7 (Fig. 5).



- 126 -

&%ﬁéﬁ%ﬁﬁ%ﬁ% RIIS-RR-93

Table 3 Te values of the ten liquid organic peroxides placed in practical containers (°C).
RARBLANLNAEED 10 BOBGEHERLEHO T, 8 (5HEHE)
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

ERRBICBITBMEIL
10L ficxt LT ;

g = 0.46004A x 4.4241V = 2.0353W

= 0.486(cal/s].

Tiiq — Tatm = 50.8452°C — 49.5976°C
= 1.2476K.
5L iFicxt LT

g = 0.38084A x 3.5975V = 1.37007TW

= 0.327[cal/s].

Tiiq — mn:mnmmC—wJ@¢C=LmnK

Th-oTz,

S, THABOBESMIL, 727 B0
BB 3 LEE, KAER BE, —BTharcot
PHER I Nz,

10 OB, Z2, 57%v L 10L ARIZ 5 7\
L10 kg FOANLNT W2 LRE L72RsD T, ff
3, TNEND a, b, ¢ RV m EOM, % q,
AT RU”* (nzq - atm) 5% (15) ﬁc:ﬁj\j-é &
ZE-THEINE, 2hs DFEIIMERTE LT ho
BIED pfED 1,000 TH 2 LRz LTiTbiiznT,
AR EROME & ) Bkt IK R TR 5 2,
L L h, S2TnEsBMEERESNI
bLBEAED Te B EDBREC L PR RE LIz
%5o:@i5tbfﬁb%ntlzﬁu,BMM§
BRI B TR LN BT 27— iz nT
FHE 3 N72HY4E & 3512 Table 3 ITRRENTW S,
RHDBREBOMBISEBED B 728 Table 2 & 8|
ALZ2bDTH3, 7+ BAM EBETE R BRI ER
#1 30L FEDBRBDER T. EICHNLS 3 B EHE
35253 T W31,

43 BREXRBBOBIBGHEBDILE

BEDRH AN LN RED S 1 (&XREH)
TRMHI LT, LEBBONTHIHEETE LR,

CHBREEETH B, FIRIE, FTa7-HICANnSLR

72 400 mL DEBIKIZOWTIE, 20K G L%
ROAELED DL REEH5, S fElt 303 cm?
%5, Rk, KY)=F v BEFENDOREIC
DT, FREPEBFERLENT I EXTELY,
ZHDEHICLT, (W) REATCEREESZD U
PHETLIENTES, —HlELT, 27K
7 U EDOFHEBIZ TR,

U q _ 0.03906
S X (Tjig — Tatm)  4.184 x 303 x 0.8853

= 3.48 x 10 °[cal/(cm? - s - K)]

T a7 —RP5 LWL 0L FIZOWT, 2Dk
L CREIN: SRV U {E#% Table 4 iR,
KiZ, TNH6D U EE 2~3 DHRANICE - THE
INTWEHHLUEZ L TA 5,

Merzhanov HIiZ k> TEHREINA U fEiZRY =
F U BURTEICE T 2 ABROBIEM & 1 K 86
fEk &Y, —F Bowes!® iz X 2 HIEMEIIFAL ¢
JZF LV BRERICOWTORIEME & ) Fh# 7
fERE W,

INbHDE, Table 4 FDHAR Fig. 6 b b
B LI, BEMENENILLAA, BET 3
TEDIKIEDE Y, BEZZRETLLHDICHES
N2 2 DDBBERDOMBEDENGZEPLELE LD
EEZ 65,

Merzhanov & i3 Tetryl 7 ¥ 2 O KE(LFE
ROBIRH 2 ERICHIZE LAY, ZOBgakEn
BURRICETAMEOBMAEFGIE LTRRI< LN
TWwiHNDTHb, THOWFEICBWTE, EEHD
BESMP—ETH TS 57w 2 v 9 Semenov
DRRSELE 22 T2, Tus25—5%



Table 4

Comparison of U values of the three liquid containers measured in the present work with the corresponding data reported

by others. .
FRFRCEVTHESINS 3 DORFRBO U BLOMRF L > THESNAEY T 3EE DR
S q Temp.diff. U Temperature differences measured in each work.
cm? cal/s K cal/cm? . s: K Each individual temperature corresponds to 77,
T3 or Ty in Figure 6, respectively.
Dewar 303 0.00934 0.8853 348 x 1075 (Ty — Ta), in fact (Tiig, static — Tair static)
10 liters 3,082 0.486 1.2476 1.27 x 1074 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 ~88x107% (T3 — Ty), in fact (Tsotid — Tair,stirred)
Merzhanov® 189~80* —** — - ~1.2x 1072 (T1 — Ty), in fact (Thiq,stirred — Tiiq, 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.

ITI

Fig. 6

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

Solid line  --Temperature profile in the present work.

Heat transfer between two fluids including air across a solid wall.
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EX PR —F2HWTHRERE 2B LBRL
R LB TH B,

Merzhanov &34 & D 7245 R BLBERERD
U BDOREFREEZFHLBNTWEWL, #57T, ¢
ERRBANDEEZE DFRE L T vt (Fig. 4),
BEINBRESRE L ABOMIZ (B < IFELTE
ELT) MAABERABREROBOBEEZEZ2HEL &
IELRZ LIIHEILTH B,

EZAY, Fig. 6 iCHLPITREINTWB LI IS,
AL BERDOBOEHRNEA, 1T AL DEERT
FMAEBECPRICBWTEL 2, Thbb, BERA
DIEBHEBELIBMER L 4 5, HBE T, ko
hERTREZNESD N MEICHEIT 2, &2 A58
D NEESHEOZNINELLKE W ERIE, ik
T2 5512, FA—FETH>T LERESE %5128
h fEIZRE { 7% 2% 5, Merzhanov & DEERSAEIZ
BT U ZEFICRERBEE LR EEZ LN S,

%8B, Uk hOBEIE, Fig 6 1281584, L
FTaokiicEkIh s,

1_ 1 b 1
US ™~ h1S1 ' X283 ' h3Ss

(16)

T ZIT S RV S5 3FNFRomAEDEmERE,
So 132 DY, 1o IZENEER, Ao 3 DBIE
BWETH D,

¥R, %5 DFEBRSMIT Semenov EFNLE WV
& 93T LS Frank-Kamenetskii €571 (Biot %X
— ) IEN B DTH o7 vz kI,

—7, Bowes I3BHZERBPICBVW TP I =2 —
LD, EOER LI L 2512 L UL, RERHFE
BERELRZM, SHZEL  IZEBEESEK b 1©
B bv, 20X HRT, KOBE LIEES
(3 Fig. 6 1> (Ts —Ty) ML, &kn U ffic
BT 2 LD TIE v,

ST, MAEBEOE I D L CIEENDEES
BLAOSRITH 5138, hERFE—RETH->THRAL
TIPS (REyizEkb¥iE, h = \/length TH 3),

Tabb, BRAHS L) &EIRP DL, 5
BEOBE PRI EH20C, h HidEAkT 2, Sk
IICEZ DL, BikESHTITHhIT: Bowes DHE
B TUL (Tootid—Tair,static) DA L N ERNIE

*S EHRICEL TV AECREE ), BAREEAIC BT ik
BT hIT, BROAEL, F5ds b RAEmE BT EEC
BIEBIERIC L - TR,

EXELEMRHHRE RIS-RR-93

REAEP 722812 ), RoTHRRDEL Y KREDR
hfED L3 NT2DTHAL T,

ZDE, W) FEFTL% <, Bowes » h {EHEIEIL,
AR BR B D R 6 R7235 4, #E % bOTIE
Llrotz, 2FD, #iE A TR, AHETIT-
725908, BEDASRRZHD U BZRETRET
BHoleDTH b,

Wiz L, (13) RRRENTWB EHIZ, U
EXRENZEFT Y T EVFIEINDEI L L% B,

CHORICEL, YR BW TiThb72iE# TNT
KA PETN & T, fEICBT 5 THOBIEDHKEFRIL,
DINA R Ur Tetryl iD= T Merzhanov & D57 —
FHEBOEL VHLEL -2 L 2REL TS,

44 RA—RETLESVTEARUEHMERZELED
T E&RIHET3RA

SIRFRE T 51T 5 Frank-Kamenetskii €7V &
BIEE ITRBICBCRERT 5 EMEERPICBWTR
EMESEATOIEL 22 ETIEEN M2 W
Yo HST, TOEFNIEED T, ERIENDHIT
NDABELLUTIIFEIDLEINTET,

(1) NiF (15) RE2FET 572012 (2) RiSHB I
Nl &<KELFTERIZE VRS (17) RicKBT 52
ETE B,

2
a arcp - AT
21nTc+Tc n{ Y }
2
ar® - AT
= —b 17
ln[ 5o ] (17)

A7) REAVS &, BED r R 6 EHFHICHR
HoNEL b6, VEORFKERED o« ERUEHCDR
BOBEOMPIREICB N TRESI N REHEE T —
FIEITWT, BEOERRUY A X2H T 5E Kk
DT EEFET LI LHITE B,

—%F, AL BEREHICH T S Semenov EF )L
Eid, BEHROBPIIANSL N ITEIBICAEDRS
T AMEEARR BT ZoF#EME R EL 53—
BRZBESHEVI, BETHIE, CoEFNidsk
RERD XN EHXFREDO U L YV EFNICKEWR
IR L TR T B0 TH B, FHIHK, Semenov E
TAITRIED Te EEFETH2DCDAEHNTH
3L912A2 5,
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Table 5 Ten thermally unstable solid organic fine chemials testd.
#RaNt 10 EOBRHICTRELBHEEREE KR
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 BOEGEHREIC D&, &4BAM EREFRARCEVTHER
ANBFaT7-EACEBLTAASATVWBERELT, 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)18) 106
AC type SADT value
TSH — 87.0 108(dec.)1?) 124
ABCN — 82.7 115(mp)17) 118
AMVN — 28.3 50(dec.)1?) 63
LPO — 43.7 — 67

L Lehts, Bk (ke Z2§) AT

o= 0.001[cm2/s]7)

U = 3.48 x 10" °[cal/(cm® - s - K)]

TH b,
¢ =0.4~0.5[cal/g - K] $E->T, U/X DRI,
p = 0.5~0.6[g/cm®]"
U_348x107° .,
BRENERZ L 2DT, ZORMITH X EEF, 13T AT 250x1074

A=0.001 x 0.45 x 0.55

=2.5x% 10—4[031/(cm -5+ K)] FO XNMEDK IBRIBEL N EXFDR S,
CDOERIZ BAM E8rEERICBWTHWwWL R
557 27— AN S EE (ERIZERD) &

FHEDEE % 5o

—7%, BAMEZE#ITERR B THWLNET 2

7 —¥ENER U {813, Table 4 IZ/RLA2 L 91T, LTwa,
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B O WT 3 Semenov EFNARIN T 5 C & 2R
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Thbb, REOELFED T. fEicimz THED
EIForh#d, BAMEBWERR L W) R—%
HOFTT, ARcBERINLFELOEY) (15) XeH
WTRETE LI LT 5,

COTREMEZ RIS 272002, 10 B EFE R
D T iz, TRENPEFEICTHwNT =2
T—HEHICANLNTWA ERELT, fEZIT-
72, HAERDY X b T Table 5 ITHIT LN T 5,
I HoEERRNC T 5 SIT BlEY, BROEKRE
2HNZ 272912, ¥ Fig. 3 KRLEFEHELVE
RwTitbhiz,

EZAT, Bk BOREMRSMEITCR L AC
Bz 3N 5, TC (thermal combustion) {3,
Ts 2fRiziLicli#yy » & v P IO RV DIFA
%, RRHEE RSN Ts IKBEL, RWT
I Arrhenius RiICHE->TW - D BEREALH
13wy, @0 CRBEEFERT, TR,
TC MOBEEERD T, L LTiE, (15) RicfEw
BAM E#H7E B ME & L TFE I, Table 6 i
BAM value 2 2 RH LOTIIBRINTWSE L5
TREESEITHLLEEZ LN,

Zhizx LT, AC [autocatalytic (IEFEICZ (I
pseudo-autocatalytic) combustion] &, Ts 2%
LB v 7y PANOEBE L OWAL, &
HEEEECERZ22HTHLTD T ITEINT
T (COEHIFRPZDOE T - &4 LT DpE
LTITK W) BHHEEREL T 5B) &, P T T,
REZETLIRER (TLbbABORMBEIRTT 5
RER) RRHIZE L HORB T RREBT LW
7, BELHORBESEEHHERT, ACHICBWTII,
AR N DWFED x5 v P ADIFAR LEB R
POZEL HORBOBB E TIOEET SRR
BrABINLREOBENAKTFL, RBOEK
3EBMRTH 2,

ZHZ, ACROBEGRERD T EX LTIL, %
FEEF—-FEERENBECEPNTPLTE T HER
RZDERNDERIPHOEEL BCRBVFHIBINSD
SO LRBEEYL LTEHE 3N, Table 6 i2 SADT
value 22 RH LOTRIERINTW S &) BiRE
EDEDTHDLELLND,

W0BOBEGESEICO>ECNL)ICLTEEEN
T2REME% Table 6 IC—FELTRT, TN HNDEE
I3 FIENES, FPIC Reference data & LT
RINTW3E, DSCRDTAIZL »THHFINGE

EERLWEMESE RIIS-RR-93

BEARIBER 7 74 v 7 SANKD G Y n 7 HRICR
MENTo AMBEZ LBRD L) GHEST 2
BEEME & 0 % 10K &\,

5 & &

ARGCISRI N FEE VUL, ERORRIC
ANLNREBBOBED Te E%, TRFOPIC
KBTHAHI LD, FRlIcLdI ek, AEZI-
TRDBIEDEETH S, Tz, BED r RU b
ER RS b2 7% 5iE, PEOEFREED o &
RUHORBAROVMPBREIBWTHEINGR
BOEEF — 2 KW, BEOBRRUTA X%
BT LEMED T EEFET 2 & QREKICARET
H5,

Lo, B-Ricrhrbod, BroEead T
AR —&ETCHELCKHRT 3 BN 2HITH,
Semenov T FNVASEEA AR 7 2 T —IRICERATFA
NENTWRERELRET, EHEED T B2
LB LIRLBUPOFNTHLLEI LN D,

WP LT, B %2HLT, TXTOMLER
BEXCH LT BAM E8TERBREER T L
ARAEY L LRBLIHRET S LIIHEETD S,

E i
H AHIg R A4t I CERE S 1L 10 BOREE R
B a4 2 BAM EBIrBRRENAREFL
TFRY, £72, HLALREET IRMERZE
BLTTFS~RAMnEk 5, EAZHEKRCRL
—ROBRICR EHT 5.
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