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- Study on Test Methods and Evaluation of Hazards for Dangerous Materials
by Hidenori Matsur*, Takayuki Anpo* Yasuhiro FummoTto* and Shigeru Morisakr®

Abstract; In recent years, it has widely been discussed on the definition or classification of
dangerous substances or materials for the purpose of their safe production or transportation. From
a safety point of view, it is preferable to determine by appropriate tests whether or not a
chemical substance has dangerous properties such as detonability and highly combustibility, or in
which group the chemical is classified. Though various kinds of test methods are presented so
far for the evaluation of dangerous substances, it is not easy to carry out all these tests.

In Japan, the term of “Dangerous substances” is defined by the Fire Prevention Law and
the Industrial Safety and Health Law. The table of the dangerous substances cited in the Fire
Prevention Law has recently been revised to include the test methods, and it is thereby
necessary to examine in industrial establishments whether the chemials handled “treated are
referred to as dangerous substances or not.

In this report, the test methods and the criteria of classification proposed by the Fire
Prevention Law were experimentally examined to investigate the possibility of -revision of the
table: of dangerous substances described in the Industrial Safety and Health Law. In the
exberiments, the common dangerous substances defined in the Industrial Safety and Health Law
and the Fire Prevention Law were tested according to the test methods by the Fire Prevention
Law, and then the other dangerous substances were tested by our original test methods.

When test methods are introduced to evaluate chemical hazards, the following conditions
will be indispensable to propagate the test methods extensively to industry;

(1) The test methods are those capable of estimating latent hazards of chemicals.
(2) Operation of the test methods is easy and the results are reproducible.

(3) A required quantity for the test is small.

(4) The test can be conducted safely.

From the results of this study, it is recommended that the following test methods which
satisfy the above conditions will be adopted according to each group of dangerous substances.
(1) Thermal analysis(DSC) for explosive substances.

(2) Auto-ignition test and reaction test with water for ignitable substances.
(3) Drop ball shock—sensitivity test for oxidizable substances.
(4) Flash point test(Seta type) for inflammable substances.
(5) Diffusion burning test for combustible gases.
(6) Small flame test and dust explosion test(Hartmann type) for inflammble solids.
Keywords; Dangerous Substance, Test Methods for Dangerous Substance, Fire Prevention
Law, Industrial Safety and Health Law.
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Table 2—2 Resullts of pressure vessel test.
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Photo 2—1 Pressure vessel test for AIBN.
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Drop ball test for potassium nitrate.

 BEHATBERERARORKA WMEBHU L)

Photo. 4—1

BL, WEBAV Y ADHBE, S0BBESA=F A ¥ —
ik, 10~20%/1& L Tnote, FIEREOBREIIR—E&MH
TITODBERD B,

WEEBA Y 2 AL DOWT, BRBRDOREL0A v ¥ =
B, 1002 v v NEEOY (HEHEELE) &, 100
AoV 2 BIRDOYEDOBBR=FNAF - LB Lic
LA, QIBECZFREBECDIEL T, TIEL, &
KEEDBTE, REEORIII LI B, REDONE
WHITRBERFIC K X 70T L R ELREET B Oext
LT, RBOKEVWHR, BREXEETELY BT
TRz, —HORBBVRLXBLIHEDRLNI,

CORBEOFI AL, #HE (2mg) ORKITEEN
RRBRRTELI LD HD, B ERCFELT
b, TOEBEXZOEFHBERCBTEAELWO
T, HBAS - VEYHOCTLRRCBRBEEER T
LR el

4.3 BREERER

REERABRIL, BRCIRE R DM i DIR{ b DIEFERY e
et i T2 L AME LTS,
4.3.1 HBAZE

i EERwE | BORBRKCEL, ABYmET

RyE (KE) DESHENEETS | 2K01 11D
RREAR30 s DRBECET SRMEMEL, HEE
YE (BRERBH Vv s, ROBERBEYV V&) LT
BHBEEOHNEET] | 1 DEEREASRB0g D%
né L,

AR, A 2BRINITBERARCH WA &
U AV, TTREMBEDOARENL, »ATBYER

FEHIFy— TR LY ERIeCRBRE L,

4.3.2 HEER

RSB DPIERE R B O CHRE" % Table 4—2 ©
a), IR L, BRERRC 317 5 RERILO—F%
Photo. 4—2 1/n3, BREERFREICHT 5B LD Y &
AKBOBESHOEES R 5 L, Table 4—2Da)CRL
TREALS | 2 DRBERMOTADICRALIZL I 1D
BA L h &AM EY, Chi, KPoEERDisu
BE, —BCARBO» IHEFRBRYH O HEREN
TP nidie, 28302 ORRBBEENNELeD,
REERSRANE Rk dbDEEL OIS, ¥, 1
1 DRAHORR L BT 51T, KEEREDRE
SNSEBEOARBELELTHDT, TOAF, FE
CERDHNEET D, RERFMCRTEEOBE
BRI N EBBEIRTWEY, thbDZ &b
5, BHICREERBROFEE LT, REOESHIZ
8:20KRLL, KM%, MEOKRIBETIIZL VT
BAH5, KRBOKRERIEZ, ThikEL 5 LR

Photo. 4—2  Burning test for potassium permanganate.
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SCHRME" & D HHEETIR, BRBEREE T 2 f5 0L E D2
BEAEBD ORI 0 1DT, HBHEENHE
BTEHLDEEZELLRS,
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Table 4—2 Results of burning test.

PRIEHERER

a) [E{tH, AB=8:2] (30g)

- o BB B H )

®Ba WEE | T B | eE
BERBA V) ¥ A 29 23 22 22 20| 23.2 26.03
WHEBHY VA 22 23 19 30 29| =24.6 26.03
HEEBRF LV YA 6 3 6 4 3 4.6 0.71
WEEFR ALY A (44 39 33 39 40| 39.0 10.51
BEEEAY Y A 14 19 13 11 17| 17.8 (2.8D
gAY T A 28 39 33 25 34| 31.8 35.52
REEF Y o A 54 T1 65 53 47| 58.0 30.35
HRSEET PV T A 34 21 21 23 21| 24.0 14.67
BEBRHY T 4 15 12 12 13 13| 13.0 13
Bevrvggsveall0 11 12 11 11| 11.0 16.43
BErea@ryva |41 a7 33 40.3* -
K7 v afp 2 <2 <2 <2 <2| <2 6.88

*3 K E CTORRNZI0M LI E CE©258)

b) [ER{LH A®=1:11 (30&)

- a 7w R M )

BBRO R W E B |F B B
EEREH VT A 304 256 297 244 359 | 292 188.38
EREHY VA 81 96 8 77 67| 81.2 85.91
BEE®RF PV VA 2.22
WHEEFEEBR S A Y A | 96 107 81 97 102| 96.6 48.94
B Y 7 & (22.07
TSV 7 A 53 62 56 57 . 52.49
TV Y A 67.91
EREE Y Y A 57 48 56 52 51| 52.8 40.80
BEBMAHY Y A a7 33 36 29| 36.2 21
BevHvEEAY YL | 2T 33 27 34 32| 30.6 57.42
By BB Y YA (453.64)
K7 v AR 50 41 35 42.0 35.47

() HOXMETAMES &
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4.4 #HEHER

SERBR, WRRS OB &S OBHRICH 5
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O ThH, BRRUADEY I iz, FTREY
BEREAINTH, BIZ 5 NIBRT AR, B
BROYWEE R TN BB ERTFHEINE, 20
Bz L, RBROBER, RELHEIhAh
&, TOWEDOERERNEVIDELRIRS,
4.4.1 HBHX

HHEERYE | HORRECET, BLEOHH
LHRAMYE (tre—28) LOBRAWEHRECT
BL, GBREEALCETCRET S, HEZ, #E
PR THETLIIELERALLDTHS,

ARBROEMZOWTIX, BE, GEREOHRSHE

WG TKEERMEOER*ZT 51
B, READEHBYAAD -V » MICEIELTH » =,
RBYHRZ, REEBECRT SRRy T 5B
FU YA, RERA Y Y ADIES, MEHEOKRSIEES
BHThABLORMH Y v a, K7 e sfp, EFEL
AV VT RVBEORALAFVES5EEI LY T ADE
6 MBI OWCRRBREY T - k.
4.4.2 REER

YA RERDIE RS Table 4-31TR"3, BL 5> KEH Y
Y ADLBSERL, MIZETREThH -, BL > KR
F Y)Y ADEEDOBHERIW DO FEE % Photo. 4-3 IR
T, HHETIRERS00e DXKEREARRET, £
DIER L CRBRYEREICTEMT I -
Tw5b,

Table 4—3 Results of steel tube test.

SERRER

- o BREOBE \

®ERY e TEE  2@EE 3EE | ERE
BE(LF LY v A 2 R Nz Fid
RS ) 2 A B R i &
BI>FEBHY T A SEIR SEiR SEiR H
7 CAPN R R NE &
BEA VT 2R g g TR i3
_AFEVIESEBF LIV A | AiE g N &

(4 KFd)

&) BROBERTNE, ¥R, BROVWThirTRLL,

Photo. 4—3

Steel tube test for potassium periodate.
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. . e BREM T —B KRBT 5 L ABCRET 2
4.5 FERIITBREAR MR L DB CREGEE 5 Lo 9 4K 7 = AR &) PRI
ERRITBRERRC L > TELN X ES=F HEREREIBD TERTHANREREEIFRECY
AF — 130 g MERBRIC X - T S h 7RISR & o (BRBRH VY ARRRMN Y ¥ A70E) DY, &
HEZR2-9, AREEE (@) RUOXME" BERIELL T 500, KRR & BT
(OH) %#Fig. 4—11R Lz, ZORMS, MEDOH BREFRO™MIXTINENDZZLEFRELTY
BIZAEBEEIO0.5THE DRI W L ibh b, & 5,

0.5 1 1 T T T
o (NH4) .Cr,0;

0 NaNO,

Na203 \
NH.NO
Ca (CI0) :~_BaQ,) °°/°/ ‘oBa
o]

\.\\\RSO(Ba (|\)103) 2
O r N03 2

—0.5} KNOs e 7o ™K.Cr.0, -
KMnO,e ° NS Pb (NO,)

CrO; NaNO. KcCIO,
—1}+ : K:0:° o NaclO, -
o)
Ba (C|O4) 2
S
~ 1.5 _
Ll
o0
Rs)
—2+ =
o
Ba (CIOz) 2
—2.5} -
o O
NaBro; \|
o - KCIO3
NazOz /

—3F o\ /0 og§ KBrO, -

NaCIO NaClO,

—3.5 I | l | | |
—0.5 0 0.5 1 . 1.5 2 2.5 3
log t (sec)
Fig. 4—1 The correlation of burning test data with drop ball test date.
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Tl O FRMRERE & HE BT 5%

4.6 &

WBH DA T BRI OREY R @LED

¥ DEBMEEM S v 7 % Table 4— 4R Lz, RE&
CHELIARLD 5D, KEEZEBR IV v A,
FPIVYARVEZ v ABH ) v A% 9HEIE,
REABROFMG S v 2 O TH B I, HHREABROFT
i 7 v 7 hdvb b TREFMIGERESA R DB |
CHESIND, RERRTIE, AHEAKS : 20K
2101 X W REREA—BRTCEVCDOT, BRIROR
Bades Uik, FESEETESHLS | 2 0R5E
RBREEICERT 5O8EFTH S,

WA Y Y A LWEERF Y Y AIZ, ABREORRRYE
BETBHZ LA Table A—1 R4 — 2505454, H
EHEBECRD LT v 271X ] LM KEL<HhTL

¥5, RBBC I -, §EIRCHEMES v 712y
EINDZLLBRBELEVES,

R DB LERIE T BT 5 Bk EEER DK 4y
T, BtMEOHOA, HEERERD A 1,000k Tfflik
£C50kg TH5H, WBEEL, Fig 4105505
I S WBREEERE I BTk, FREREICBS\WT
TRES V73T 5b, o THAREINTIRRE
FOCEEREZHRELTD I ERINS,

RO DAS 0 B 4 e wb3 5 S8 R8T, IR
DEEFEBNTIE, BRELERTED SO TR
, PEDORHWEBCH LTI, KRBTSRI
LT, RERBRIERAITEBREARY T, £0D
YEAROFERYE LIS 2 Z L AGENEE 2B,
ZDHE, BRRUNADHMIEH LI REFHEETH
HAEENT2EBIDLETHA S,

Table 4—4 Hazard rank of oxidizing substances according to

the criteria of the Fire Prevention Law.

HIEHEEEC L SR EOMO BRI > -

No. AR Y E it % R EHRAE | AR | BAHE
1| BEFRELY V& KCIO, @) @ I
2 | BFREEH Y U A KCIOs BEYE @ I
3| BEEEE VY v A | NaClO, @ ©) I
4| RS REEH L v A | Ca(ClO),-3H0 ® ® I
5 | BER{LN Y ¥ A BaO; ©) @ I
6| BiEEY Y v A KNO; BEEEyE @ I
7| W U YA NaNO; ©) - ® il
8 | WREET + VU v A NaNO, ® @ I
9| BEXEEHY v A KBrOs; @ @ i
10| B~vHvEEs Y v a | KMnO, ® @ 1
11| EEZ7 = A@ﬁ IRV K.Cr,01 ® @ i
12 | ok 7 = 2B CrO; ® @ 1




5. BUKMEREDS| KRR EOFFMEER

5.1 FL&IC

FlkA Lz, HEft Tl el Tk
FREREE ST & &, BHEER LE2KOEEK
FIF KT EREDRAHRE] TH 5,

KR, ATARMIRGAD KK, BIRERBYEOFRE,
BOEBRSEOBEME LA BEVWLRAT WS, fl
2, TTREREORBE, Wk, FRECET3%

COBBIRF I AR L 2 0BHcESWTIThbhTWw5,

- T, 5IKRRFEBCEELREFREEDO—DOTH
D, FEEBWTIIARDOHIEER R OHIES BB
THRKE, HENEDLR TS, ThbodT, i
FiTs 5 BEOT | KARBRE (% 7FHAR (Tag. O,
RYAF -2 AT VvABHAR (PM. O, & 2 HBHX
(Seta. C), # ZVBAHR (Tag. 0), 2V —~7 5 v VB
B (C.O) XAWT, 4 oWRKEEBIOWTF|
KEDREEZT, WEHERRORE OB
L CHBEHEHZT -

5.7 @3 XARBREC LB KEOHE

APV b BEOF | A RRBRBE KR T HE
DOF% % Table 5—11CRT., ThbDFKEARREY
FAWT, RCEDORLFER L b, 208EO A
MIRE DS KA HIE LIckEER% Table 5—217R 73,
Table 5—2 I IXCHME' b Br@ TR LIz, FH LK
KRB0 5%, REI I REYHEVE,

ChbogkERllEEREr B &, BHR5 kAR
BREBETE, WThHIBERALERERTZEND, E
AruFhoRkd AW RERRVWD EBbh
5, LoxLish b, MBFEOHEEZ X » CHERE
HHEIFIR I h B 0T, HENEHEIC L -» THEND

EELZ TR RS RIS—RR—89

FHBHERD D, FEHECK LU, BREBEOD
WTWBRYRF—w LT v ABHARE, RERD
Z (2ml) THL e FEHRRL HEIND, FTHE
ZEARNIBRIEREL T, RBEI DRI T En
b, BAEHOBRBE I ANTRERELEEZLD
ha, BABEERF I KERREBC X BRI, YRoO
&AL, KWH L AR LTRSS D Bz F~
AR LB WD, BRI ASRBRBCIBRERLD
BWERRT, LrLands, RESOHE HETL
BAE, R L3 MERFRTARCHD, 2V —7
S v FEBRE L 55| kKR OBIEE L& 7B %
hIDETEL TS, Thix, 2 Z7BBER T
AP EIEBZTH3mm THH DR LT, 7
Y -7 5 v VEBRARDOTIIIZFNG. dmm Bt -T
WBRZ LR LBHDEELLNS,

ThboRIEED 2 7 ERRC T 5 &/NEFREU
RERDBE, UTOX51ins,

Seta. C=0.992(Tag. C)-+0.960 @)
P. M. C=1.009(Tag. C)+1.141 )
Tag. 0=1.043(Tag. C)+5.859 &)
C. 0=0.993(Tag. C)+14.356 @

WThh—DoDFER L AREEIEDRS &, fl
DHFEC L HHEEEZ (D~DOREACTHECRE
HETHZENTED, BT OWUL, & 7B
CXB5|KERELRIhooh, Zhik, FEDOB
BT, BimhoBEBMTRERS PR ER Licicd
Bbh3d, 5T, RS OEEWORICOWTIX
FHRRC L 55 KEORBREXFATNETHS,

Table 5—1 Flash point testers used in this study.
£ED KARRBO—E
AR B H & BT A AEEE |[HEhERHE | BAHE| 2 B | HEd&
CT/% T ml
& ZERAR I I 1(<60C) 95CLLF 50 | JIS HFH{LZE
3(60~95T) K2265 bl ]
& 2 BHA EEINS 1 S HEGRE 0~110C 2 ASTM | Stanhope
D—3278 | Setatt@®
NRURF—wT VR | 2L NS 5~6C 50CEAE T4 | ]IS ERE
S €< 2] K2802 R
% ZBRBGR VB Ik 1C 80CLT 50 | ASTM | ZFmir2e
D—1310 | B&Zép
2YV—-FFVF BEEMAE | 5.5+0.5C 80~400C 76 | JIS GRRE AL
B B & K2265 HERT




Table 5—2

fEli O FeEi B & HEBE T B PSR

List of flash points of flammable liquids measured with various testers.

FESIKRHABRBLC L5 NROAERR, ( ) NERES

#l E (T
&5 B B % it %2 K SCHRME'
Tag.C Seta.C PMC Tag.O (oX0]
@ A4V FFAT7 A a—n | (CH;)CHCH,OH 30.0 30.0 31 33.5 | e 24.0
(Isobutyl Alcohol) (33.5) | e
® |=Fa7zia-n | CHOH 14.0 14.0 | e 18.0 | o 13.0
(Ethyl Alcohol) | | | T e ag.o | e
® |=svvrya—n [CHOH. | e | e 121 | e 125 |116.0
(Ethylene Glycol) | | e | e T e 195)
@ |Arxv CsHis 12.5 3.0 | e 215 | e 13.0
(n=Octane) | | 1 e 21.5) | e
® FZFATINT—L CH;(CH.)sCH:OH 86.5 86.0 86 | e 94 81.11
(Octyl Alcohol) [ N A ISR (96)
® p-F¥Lv CsHy(CHas)2 26.5 27.0 27 33.6 | e 27.0
(p—Xylene) (38.5) | e
@ 230 66.0 68.0 67 >87.5 97
(Light Oil) (105)
v~y - CgHi1:0 62.5 62.5 65 70.0 72 67.78
: (Cyclohexanol) (70.0) (72)
® FER (25° ) 33.5 34.0 34 40.5 | e
(48‘ 5) ......
@ BEl (357 ) 28.5 29.0 30 35.5 41
(40.5) “n
@ n-7hv CH3(CH_)sCHs 48.5 48.0 52 57.0 61 46.11
(n—Decane) 61.0) 63
@ FTrIVV CioHiz 72.5 75.0 76 84.0 86 77£1
(Tetralin) (87.0) (€¢1))
® KT e 44.5 45.0 46 54.5 56
(Kerosene) (62.0) (61)
@ n-F¥Fav CH3(CH.)10CHs 80.5 80.0 83 87.5 92 74.0
(n—Dodecane) 94) :
® FYseRF LV CHCls | e ] e e e e Non
(Trichloro Ethylene) | | weeee | e | e | e | flammable
® |tr=v CeH:sCH 3.5 6.5 | - 1.0 | e 4.44
(Toluene) | | 77 | 7 e A3.5) | e
@ BA®E (15C) 40.0 41.0 42 50.0 56
(59.5) (62)
@ 2-Fwast) — (CH,),.CHOH 12.5 14.0 | e 17.0 | e 12.0
(@-Propanol) | | e a7.0 | e
@ ~NFYFH CH3(CHuCHs | ceeee | eeee 130 | e 134 135.0+3
(Hexadecane) | | e | e T e (148)
@ AFNLT NI CH.OH 10.0 10.0 | e 16.5 | e 11.0
(Methyl Aleohol) | | e (16.5) | e
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Fig. 5—1 Flash points of methanol~water mixtures.
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CRT, =&/ —1LOBEEH A E 7~ ERBIERED
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Fig. 5—2 Flash points of ethanol~water mixtures.
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mixtures.
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points of toluene~trichloroethylene
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fTot, RBRCAVWEEBER OB, HERERD
Bl K EDBIEES Table 5—3 IR L7z,
ChODORRNS, BROHMER/E I BT,
Seta, CIz X 53|k 51k Tag. ClR X 53| k& X hF
T2.6CRVWEI RO, MEOBEKRY RIDE T

PR TETE,

Seta, C=0.993(Tag. C)+2.652 %)

Lich, MEMCIXEENTHBBERAD S & L2\
N5, 2BHARTE, 1 HORRCLHELLRALD
7w, XPEENMEBRTHH LinERD, MR E
DRBEELTHELTWBEWL D, B LAFKED
BEDOHERHEL L, HABEOBRIOWTIE, HiEd
CEEBLT, —EDEIBLRITVWEERALRT,

5.5 EXEHAXSIKRRARELCLD
LEBEIR R DRIE

Bk RICIR, BB, RETERRBECHET AT
WEIkE BE—BCHVCDRTWSFKE) DEH
Z, BREE FREBRECIGT 5 L5 KEIEET S,

TREIED 2 v 7 AITRSC BT 5 BR, kKo
BiiExf& L, ERAIKEOUEBESEETHS, Lo
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AERIL, BERNSOHELZRAGWT, 10EHEO TR
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Table 5—3 Flash points of paints.

BEEHOS| K ZAIEHER

vl O | i B (%) 9[&(_;&%%{@ © RS | KEE | BRE

iz Milgs | BERy | BES Tag. C Seta. C cp g/cc cSt
@ | AKE=EFTR 29 0 71(60) 46.5 49 27.2 1.036 | 26.3
@ | KEE=AFR 18 0 | 80 47.0 49 27.5 1.002 | 27.5
® | AREERS 38.6 42 19.4 41.5 44 >1200 1.364
@ | ApEERY -37.1 37.5 | 25.4 36.5 41 ©>1200 1.252
® | 72/ EEEIER 27 37 36 21.5 23 #>1200 1.22
® |779r9vavi 27 32 41 <10 *282 1.236 | 228
@ | 77IA% 30 14 56 <10 *T47 1.04 | 718
TIIAFRY VI — 18 57 25 <10 #1200 1.464
® |729rvvavRv—5—| 15 55 30 23.0 24 >1200 1.464
® ([ TrIrZ==AY gV 26 20 54(45) >100 #>1200 1.464
@ (& b 38 37 25 27.5 31 225.8 1.358 |166.3
® |k & 48 15 37 30.5 32 2232 | L2z |183
® | 22092 38 2 60 <10 #202 0.952 | 212
@ | 7Vv— 52.5 0 47.5 24.0 26 348.6 | 0.974 |357.9
® | AKEEE®ED 29 1.5 | 70(57) >100 #330 1.032 |319.8
® | K¥EEED 22 2 76(66) >100 #>1200 1.0
@ |Ek®&bH 25.5 " 30.5 18.5 19 *769 1.45 | 530
@ | EBEVITFys 47 3 50 11.5 17 #1200 0.994

R Seta. CF|AABEC KT 5E, *OHRERNEHE. BHHD () REBRATHEKGERT,
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Fig. 5—4 Upper flash points of liquids measured by Seta
" flash point tester with upper flash points at
vapor—liquid equilibrium.
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Table 7—2 Results of dust explosion test.
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