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Abstract; In chemical industries, various tests have been carried out to evaluate potential hazard
of the reactive chemicals which easily decompose or ignite by heat or mechanical shock. Usually,
those testing methods have been used pure chemicals. These reactive chemicals, however, are
often contaminated with residual reactants or impurities such as rust in manufacturing processes.
Therefore, the evaluation for the contaminated reactive chemials may be different from those for
the pure chemicals.

In this report, the following three items were investigated to evaluate the hazards of reactive
chemicals with a view of handling in the manufacturing processes, using for an example benzoyl
peroxide(BPO).

(a) Influence of thermal stability by contamination.

(b) Hazard of dust explosion.

(c) Decomposition hazard resulting from ignition of contaminated flammable liquid.

The results showed that some of the impurities in BPO such as residual reactant of benzoyl
chloride or contaminated substances of sodium hydroxide, ferric chloride or ferric oxide decreased
the thermal stability. ,

From the result of BPO dust explosion test, the minimum ignition energy was around 10 mJ
and the concentration of explosion lower limit was presumed to be less than 15 g/ m3.

The residual methanol in BPO gave a great effect in the explosion hazard, showing that the
iginition of methanol vapour easily propagated to the ignition and explosion of the BPO powder
clung on the wall of vessel. The accumulated BPO on the bottom of the vessel, however, would
not, iginite by the methanol flame if fine BPO were not existent.

Keywords; Hazards tests, Reactive chemicals, Impurities, Dust explosion, Decomposition by Metha-
nol flame, Benzoyl peroxide '

STWETH D, SORIGHEWEICE, FNEED

AT 2Hho 2 BOORIEOWE, RV,
RIGEYIE L, &%, WBRINEVCRETH->TD DALFEWE &L DIRATHR, RKLEE2KBOLIME

BRFHBRL LS TEZITHBRRK, B2 E  7H 5,

*{L2W2e 8 Chemical Safety Research Division DL &fiﬁi\}'{i%%&i, falRtE 2 BAEMICE L

1. B s




— 90 —

TWwaesd, CETEFIILEY» HEBEOR
B 80, FHMEsfThRTERY,

EZAT, EEDORMEME D BERIY WD
TRICTBWTIE, PHH»EALRYD, SEERD
BRELTWRNTEIEDHE, 72, RIvEYwE
At BBk, EHERLEDZANF N, —KoOfEk
W AR & IO TEZ SN T 5 Lo
Hb, D&Y EH A, ERORBTIIRSNL
WIEFRED BN T B REELH 205, FhHicD
WTEHRLRREEZH IR HD W,

AREE L, RICMEWE ORI BT 5 ki
REMET A L2 BRME LT, (1) PHiDEAI &
pfaltE, (2) B LARROERIE, (3) FRIER%
EXKELT2BRERE, O 3HEBIZOWTHKREL
Twb,

18, AHORBRONFAEITIT, FEEERLY
DY bTEMZHHAINTEY, o, HE- - BEE.
BERKTEICK U TR T, BRIEWE THEAMA
FTINT W 588XV A4 (Lt BPO &%)
DEIE T RATS,

BPO i, EARWBAICELA, BERLELLT
TENICHOEERILAMT, BN RKoEE2F->T
WAHRHE, KWIBEETHMERO 2fEBE2FE-T
VWb, R BPO O RIZBER LT, BE -y
B OBREWRS ZHEE IR T 59,

2. FTHHDEACL BERE

KSR DRERLHHICBWTE, 3£35%
WEDBEARKFRBDENIG Db, 22T, WDHhND
AHE 2R S & T EE Mt il 8 % 17 - 72,

2.1 EAZH3REY

BATHIIZ 12, BPO Dy w7 ¥ OEUHR
RRICIRADTRINAWE L LT, BEFRBNIE(
RV ANEFTEY -5, RiEr oDBEAME L L
THe gk L HALSE, 72, BMMEWE L L CER PR
AT,

2.2 70°C In&ER

mEEERI, FURE b 5 —EREICRRE LB,
REPWRET 20ELT, BT 2REE SRR
THHETH S, ABRFEIE, Fig. 1oy, »
LR LO—EBRERERFELTBW LT LI 70y 2
EIREOR~, FME 15 mm ORBE I AN HRR

FEEXR MR E#HRE RIIS-RR-91

Thermometer

Thermocouple

Thermocouple

Fig. 1 Heat test apparatus

70°C In#FERIEE

BLEMBEBEA L WABERZBATS, 2L T, 2
DORBOHFLENEE 2 BB N TCHIEL, HHR
Bl RBDEFE % A2,

#REEHL, BPO % 2.3g & L, A4tz BPO o
1wt.% & Lz, Al BPO ~DBEAL, HF Y H
ZEETICAH—REBE L, &b, HEMOREE
REL, SEREBORMPEZIEA L%\ BPO 25
L WiBED 70°C ICHE L7,

Fig. 2 3R#H D b - ERAB OB EELT
Hb, THEY—2, x4, TRERER
L7353, EREICIBAR, 10 ~ 17 2 TRk
DEBDIBREDS T5°C 2 #2712, AL EIRA L7-5 0k
Tid, [EHEMREICHEALTH 1 9% CEEREIL 70°C
M7 Bbid s, FOEEIRF/T30°C 12
EDRFRTREEZRLTBRLL,

Fig. 2 mi3ic, bk, 88, 738, ik,
ZREWA FIV, 23 KEFHT BPOIIRALT
IMBGRER 24T > T A2AS, Thbizid BPO i2xfd 3
RBDINEHRD LN - 72,



90

ROSTEE O faRRIEFHE RBRIC B 1T 5 s

80
) o

Temperature ()

Fig. 2

ENDO. « Aq - EXO.

" Fig. 3

FEeCl +Naon  HCH,)COCL
PO e HIC
-~ /:q"':—--——
s BPO only
BPO:2.3g
Impurity:0.023g
I |
5 10 15 20
Tine {mn)

Results of 70°C heat test of BPO with

impurity

BPO I Hi &RBA L7 & &0 70°C mn#iiBk

DR

Heat rate:10°C/nin

Sample: Ing Imcal /sec
——a BPO only
I
I
i i
LA
N
—_— ,l 'T-—-—+(C6H5)COC1
/
A

0 50 100 150 200

Temperature (1)

DSC curve for BPO with impurity in air

using sealed cell

BPO AR &BAL - EDFEHENL DSC

HiR

-91 —

1000
BP0:2.0g

Impurity:0.02g

LAY LU

,_.

=

1=
]

—_—
[
LILALE LLLL DL L LI

.i
j
l

,_.
|

ry

Self-heat rate  (*C/min)

e HGHooc
]

fi }4— BPO only
+FeC13—>/\( J
1 i
50 10

Temperature ()

=)
—_
LD LLLL B LN LU

L [ 1
0 150 200 250 300

0.01

=1

Fig. 4 Variation of self-heat rate with temperature

for BPO with impurity
TP ERALAL &0 BPO QHCRMEE

23 DSC & ARC I & 2 &M EEDRTE

BASAIZ L 5 BPO ORBADEEIZOWT
DSC (REXATHERE) & ARC (BERICEEE
E) 2HWTHZE L,

DSC #HIZ 2iF, #FHKE DSC (Du pont 910
) AL, 27 VRAASIC BPO #) 2mg &
BPO O# 10wt %Dl % L THH L, FiE
FE 10°C/min TH# L 72,

Fig. 332 6 TH 57z DSC BifRT, |k~
YA, R, Y -4, 03B/ RIRA
L72354A12, BPO ORBBIHEEEIMET L7z, & D
BH - ez bk 55°C ¢, #Hibxr VA rD
64°C Bz nicHi <

BALgk L AN VL 2w T, S 5IIclrsh
BEZ ARC 2 FwTiT-72, BIEI3IEEERDTIT
v, 2EHI, BPO #2g & BPO 0#) 1wt. %D A4l
MoORAE L7z,

BORBWE L BREEHORERRZ Fig. 4,512
R, ARCICBWT L BOREBBREEIZETL,
Al HIEA L%V BPO 132 91°C T H - 72ws, ik
BAL~N VA NV EIEA LT BPO I3, #RFN 57°C,
67°C, Lol —7, RAEENOBEKNEIAHY



~92 —
20
§P0:2.0g
= Impumty:l0.0Zg Ny
" ! T~
N |
- [}
i |
1}
= |
=
- !
E |
a8 - H
I !
0.5 F /
B (CH )coct
i treCly / l«— BP0 only
0.1 1 H
0 100 150 200 250 300
' Temperature ()
Fig. 5 Pressure increase with temperature for BPO
with impurity
R ERALf-E 20 BPO ORLERES
5 1. CO2 1. CO+CO:
2. CeHs
4 3. CeHsOH
2 4 . Ce Hs COOH
5. (CsHs)2
6 . CsHsCOO CsHs
7 . 9-Fluorenone
6 8. 0-(CsHs)2CeHa
9 . Xanthone
10. p-(CeHs)2CsHs
! 11. m-(CsHs)2CeHa
b 8
10 1
WM
LA L I e s B Bt S L R A IR AN S TN RS S
0 5 10 15 20 25
TIME (MIN)
Fig. 6 TIC of evolution products from BPO decom-

posed at 255°C
BPO @ 255°C TO#MBRERRYD TIC

PHRETHEETHLTL LI THEY, £nTD
10MPa 22 TEY), RELBRBENEET BRI
b i3k,

FESRLE AR RERE RIIS-RR-91

CeHs COOH[4]
CeHs COOCgHs5[6]

(CGH500)202 —-CgHsCOO- <:

CgHs '+002[1]
i
CgHs [2]
(CeHs)2[5]
(CeHs)2CeH4[8,10,11]

Fig. 7 Process of thermal decomposition of BPO
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Table 1 Effect of the impurities on BPO explosion
BPO DRRERMEICHT 2 BEATHMOZE
Impurity (CsHs)

Hazard test None cocl HCl NaOH FeClz FezOs
Heat test at 70°C No-exo. Exo. Exo. Exo. Expl. No-exo.
Exothermic onset DSC 108 64 84 76 55 108
temperature. (°C) ARC 91 67 - = - - 57 - -
Drop ball test (261g 40cm) VAN - - - - - - L* O
Friction

sensitivity test (4kef) 4 4 a o 4 4

Exo: Exotherm, Expl: Explosion,
after deliquescence

O: Explosion A: Partially explosion

* No explosion
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Table 2 Minimum ignition energy for BPO
BMNBERIANFE—DHEIERER
E (mJ) 50 25 15 7.5 5
Result Expl. Expl. Expl. Comb. No-expl.
*1 1/1 1/1 1/2 1/5 0/5
*1: (No. of explosion/No. of tests)
BEL7z, B RECRET 5 THlE S 2 LE 2 b,

31 BRMVEKIFILEF—

BIRRORINEWB ARG TH LABRREER T
EEZLNBH, FOBMEKTZANE—DMEIL, »
FNEEFMEINTVE W, FIT, 400 A vy a
IRZDENE BPO 12D WT, B 8 v b= 3
BLABRRRREEL AW THNMNSEAZANLF—%
BE L, BEKREII2 VT —DREEROKE
KIEZ AV, ZOBOEMRIIERE 6 mm Dk L,
Rif@ % 2 mm I25E L7,

9, EkzAILFX—2—=ZicL, FEEL 2, 4,
6g L AL THIE LI2ERL 5, BRENBWR
FHE 6g (HYIBE 750g/m3) 125w, kT
FINF-DREEITH) T Lizliz,

BIEIL, WEEEZ 10KV T—F& L, 257
%8 % 1000pF 7 & 500, 300, 150, 100pF % CJE
KRLTwE, BBOBROFELBREL 2,

Table 2 DFERD» 5, i BPO nB/bhERZ 2L
X—F1omJ AN EHIZEEINS, LHL, Table 2
RLEZANFE—EE, 2 F v —~DEBEEH
BTHY, METHERRLEE, TE3E/R DS
IANKE—DEEDI2H, EFRNEKICETIER
KEZANE—ZIZDEEIN) P30, 2B, 2
EIZRRENR CADOH TIHEWEEICET 5,

32 BETRARE

BPO 0 LABRICBIT 2B R TRRIBE ZHRE
ENTZens, KISEWED 1 DThH b~ x4
FULYTF I VOB LABRRICBIT A TRAEE
#, 15g/m3 L SN T 2Y, BPO (I~X4 x
FLr7 b7 I8 OREBBEEMEL, o,
REBHFZNZEDS, BETRFEER 15g/m3 &
D LR, BKeg/mPThDEETHRIND, —IRI%
BB LA DBRRETIRFIRE D 100 #* 5 300g/m>f2
EThbtaeEzbk, BPODEAIL, BLEN

3.3 BPO % L ABRRDERME

#hE BPO D LABRICOWTRRTRARE
EENEKZANFE BRI LAER, TN LK
WETH 72, $- T, WHEDRPR/AL L L no/ezE
Kz BPO AR 2 REME B 5 EEICB W T
BB LABRPECTRRENHHEE X, TDX
EEINTTBVEFDH ),

4, HRABRELZBRKEREC T 3RRERE

RSB O BERHAICB VT, RKvEwE
B T3 <, FRIERZ & DIRIERF T kiE
HRPIFELLZVIRBALLY T 2HEPH L, I
LI RBROBRED D 2729, DI RER
It THEL 2 RIEE DBRFEfaRIE 2 5B L7z,

41 HRABEREBKAKBRE T3REEMNEDERSR

HRABROBICLELFERZANT -3, EECH
CADEBRLD DDBERNF—TRFTH b, -
T, b LR ES T RER2ENNBIILTER
T2D% 61, RIVEWEZEHRRREIELZ &N
TERWHWHEKETYH, FABEEZMN L TRICE
MEDBERLFERETILHIMEEINS,

AT, T RBRD L HBEHERNZ KRS
B DHRRRK L E BRI THLEPEFANL D
NTHb, &8, EBRBEOELS S, THIES
ZDfh W IZTRERIRTH B A 8 / —VDERE
FIR L7,

42 A5/ —NESOHABRICL ZIERAR

KERFEL, 7, FUFE S0 ml HE—H—IZ
KElo BPO L E— 7 —ATHRREHEICAS L) I
HELLEOXY /) —NVEANZDOL, EEHEZR)Y
IFVUTANLTER L, LEGSHELTAS
) —VEERIE, Y- — EEMICERED



BOSTEYIE 7> fa kel FPli BRI 3517 2 FIRE R

(b)Wall

(c)Shelf

Fig. 10  Explosion vessels

ERCAW-BS

A Y ) —NVEKEER IR, K2, BIXIEEZFH
LTHRBREPES &%, ©—7—EBORXE»9%
Ry arEbBELR, b, A8, Fig. 100 Lk
WKABDORBEANDNERE L) DREE A5
728, BEmeoM Lz LB ALETITo 72,

MOMIT L WEROBA, X5/ —NVEIADE
KBERT 70T, BPOIRRBHRE L L -7, H R
BROETEETATHELRLZ A, Fig. 11-(a)
DL, AVIVBDODKRPBHRDE I DES5E
F T—BERD 51, EER BPO nFEHIC b A
HBWEENH-T2, T, BPO DS ERGH—
HoiclElo e zELTW B,

RBENDNEDN D DFA, A5/ —NDIT 2%
RIZHE T BPO DBERFEI o 72, BROERED
®W2lE, Fig. 11-(b) d&BH, A5/ —NDEFEHN
KEDH%E BPO DA L vy VD KRIBADITT
T&, Av v VBDOKRRPERHD BPO ITELT—
BEDR, KRELBRIEI -7z, DD, THRERRA
PRI L TR T 5 KRPABER IS LbE
7 BPO 2 X ¥, %29 BPO DBEFABRIELD
BPO DR EZ5[ &I LT\ 5,

iz A87 BPO 28 TBBA, #0 BPO I
KUk % v 5 & BPO BRI 57200, Bk
7 BPO DA IZEED BPO »BH L 72,

KR BPO 2 8% TB 4, Fig. 11-(c) D &9
WV VBOKRRVBRBD LEP LBHDEID
YSFNET I TRETEOFAD LN, DK
ROKEZE, AHMILLWERTORRLY D
KEL, BRBREADNEFDDLBEHBTORRLY N
Ep oz, BHCEHETE W72 BPO REDERB T
DIEFFFNET IR T b2 EET L L, Tt
L7z BPO D& 7% Y 7%  TRIBEDFE S, EED
BPO IZfRFE L -7z B b, ER FELR
T Wik BPO Z Wiifaicid, #RIEH BPO
ICETHEL,

- 95 —

1%
5SS
“’

%5

S
:“
2
55
S
3%

.,,
o
%9
s
5
X5
S
5%

.
938
S
.
fsltie’s

S
$s

XS
5%

.

“‘ ‘¢“
5SS
%5655,
8%

S
0%
KSR
9005,
SOOSS
X85
>
o
XS
&
S

<
53
S
19,0
55
S

.

. e
5

5

h%3;

:Blue flame

B Orange flame :Dark grey gas

Fig. 11  Development of explosion

BEORT

43 XF/—NEIDEFEIZE 3 BPO DIRFEERME

BPO »*AEREMICHBE L T 5AITE, X%
J —NVERIZ L DBRAKPEEIC BPO DRRE
BlEfEc 4o i3TE AP o, LL, BPO »E
BREECMHEFL T2, BRPIBLAZELLTH
L2 T, 260 BPO »BMEL, Kic
FOBRBEDHFE L TWw5b BPO OBpRE25IERIT
T EDREPD LN,

5. b Y L

ARG T, RISEMEOIY) JAFFCBIT 51E
Rtk % SR A 72, BPO 2fICEY, BRAEBRIE
BT ARFEOREBRIEICOWTHKRET 2N 72,

KIS EWE OBIERFRHICBW T, 3334
BOBEARKRBDBNFDH D, £2T, BPO Dl
R EUR W DRI, BASTE I NS4z BPO
WCIBA L TERBOBRETMERBREIT > 72, £
BOSERERDEAN VA NRFEY — S DIER
HArsk Lk AR A L7242, BPO OBVEEM
RAGURRFE T AT B HEHITER I N, Thbb, E
BRICE Y #1115 BPO 13, SLERDFEEDORERH
BBl D 5 DS VRIEALBDBAL D - 1256



~ 06 —

2, BRHERICL IBREREISE LB LrE
Zboib,

BEORIEWEIZIE, BEORHERAL EDEE
DEFICEIPITFE L TH LABRRE RS Tkt
HEZLNE, £2T, BPO DB LABRRICEITS
BPBEKZANT-LBRTRABEZHE L, £
DI, FNFN, 10mJ P, 15g/m3LlTF L wg
NHENETH ), BLABROBRIERIS N E
Z6Nb, £-T, BPO ) B L TIIHL
ABBROMEEN T TBLARBERD LTS,

BROCHENE OB TH RRRIFEE 12BRITIE, BR
PERISEE DBRICE THRT 28N 0H 5, BPO
DEFTA S/ —NEIAEBRRIEIRBREIT -2
R, £2/ —NVEIDBFED BPO DBRICE Tl
KTDGEADPH DL LR L, ft-T, Kok
WE 2B &> T BEFTISTMED 7 X R &KD
T HAREIH D% b1F, FRABREPEXERL
THRBEDEDBRICOWTOMNELEET 24
BB,

ERREMENTFEHRSE RIIS-RR-91

CDE ) ERBEYEOBESRIY) W izBIT 5
REEPWERT 220121, A =7 —XEOfERIE
TS BB TI0ATEL, ERIITbNLTWS
WYFBAKIR, HdWwiE, TALPOREZBEL
PRI TOBBIEICOWTOREBEIT- TV HE
Hb, £ LT, BRESRGEIN % LI, HH
T AL RICEELZR )RV ET) LR, f&
fatE % BT 2K E L THIRLELVH S ),

(ERX 44 3 B 31 B %#H)

ZEXH

1) I, SHEMERE, (FEEROES, (1982),
92, KEUHAR.

2) HBARLESE, (LFEK#ES 6, (1980), pp.
123-124, L&,

3) MBER{L~NT VA NDBER, EHe, 41-8 (1990), p.
41.

4) ERTEWEmMEAMEE, RIIS-TR-87-1(1988),
154.



