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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—1 List of self reactive materials provided for the tests.
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Table 2—2 Resullts of pressure vessel test.
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Table 3—1 Results of reaction test with water
KEDREMHEHERER
B Y & SEORE | BRBK | BEXOEE

&E/FT I VA ' HE K -
S SN 5 B X X X
TN =T LE X X X
ANST BB =L b FHA4 X Bk
DA X X X
ALY A FHE X X
N FTerYALT 51 b X X X
3.4 F£&E®

FEERTAIIERS 1 1k, ZBAkEOHELT, &
BVFva, $BH VYA, EBF MUY A, ED
A, BILD A, KA, vreaf VE, Blbarvy
A, DALEIKR, =73 voaly, 732w s,
AN FrYAT7 >4 FPOLRFHE, =7 % VT 28R
C7N =T B UNOEBHEIEEL TS, —
7, BEERGTIE, VYA, FrUYA, T
FATNI=TA, TAFLYFTAROTED) AZD
WTIRRBEEEL L, o onwTIiZRRIC L b
BB CHLIPENPTHET A LT3, 2
L, BRI WHEEEWTOWTIIES TRy
EFELTW3S,

SEIRRET - IcDIL, KHEETEDSERYO—
BOBTHBH, ZI2BEEOWTY, 225+, BE
TREARBRALITVWT EBHLRTW5, fE- THBY
EOBRFEXERBR CIRURERY & 1THE S iz
B, DARDYALEY, e Fie ERRXERE
BI0CEELTOHNRE L, BRAEBREIZIAE VT
LML B, KEDRIGHRARTIEX, 748
SR, =4 VEIRE, KEEMLCTREY A%
EET D, Wb AEKEYBEOERYEHET S
ERTES, LALERD, kEEREOKE VLT E
BHIGNTWAR IRV ABET AL I =9 A80L,
FERCTEIKERIGRETHA (KB) dFEELEZVO
T, BAEOYWEIHEZIRT, LAY CABERD
a2 BT A REEGOBBC AN DL RETHA
5, BRABENEBEOR VR AROELD A bR
ThH5,

SEBO YA (DALY T A, DALT VS
=y A, DALEHE) 2, KEFGLTEROF



RAT 4 VEERTHZEFHLRTED, ThbD

WEDOKEDRKGERRCII T REBNILETD S,

4. BAEMEOYODEIRIEFT MR

4.1 @FLOHIC

Bt i, TERTIREL, BREOERKE
RV, TTREDESETHME LRI -1
B, HE, BAXECI VR, BROLEREYE
ThHY LEHETH, ZITIE, HEERDE1E
DREFEXER LT, & LTRITKHEEROEY
BERCEYT 5 AERLEEGREOWT, FRX
FERERE, REFRBRR I OHETRBREITV, &R
BMDOS v IR T, ¥, REYEHRELL
85 e (Pl XHERAITEBRERR) DA TE
Pl DHENTEEDR E 5 2T HERE L,

4.2 FIR{ITBRRERER

HRAFTRRERBL, WHCR OB GWHmOBERIC
W ABREMEANTAZ LR ENE LTS,
4.2.1 RBHE

AEREEEIS, BRI EESH M ORRARE

EELZEWIEFPEHRS RIS-RR—89

SREAKE (Model KRS—RG—1006) % I\, MBFEEfRBR
g 1 HORBRE I UCRRE T - 1.
R, EERR GERBA Y ¥ A, R
Vv a) O, 10EEOEMELEOHERRITHE LT,
RPN EERBCOWTIE, 504 v > 2 BB, 100
Ay Y a RBEROYHET v — 2 —KE EREFEL
THEA L, BRROBRBRAIIEOE FHVLH,
—FOBRDORE (CrO;, K.LCr,Oy) 1@ oWTiX, Fgk
TTPDO8L, 142 o ¥ 2B, 504 v & o ARIBD
YERBiE L, TREYECE, REER, 200
A oY L BBDKRI AR, RBHREER LT,
W b EERE & RREIC50%EE (G0% DHEXRTE
REBITES) »OOBBE=FLF —EELR,
PIE EH T AEE R R LT3 40E L B, R
S UTIEEEEE L, ThZhORBRTB T,
EEARERDERMEEN0.GUE, 20T TChA L%
T LI,
4.2.2 RBER

Table 4—1150% @ E (Hw) L50%BA=F /¥ —
(Ew) OBIEERTT, BCEIRE" S TRL
fro RERKEDOF K DRI D—FI% Photo. 4—1 1R T,
RBEEDOERIZMISTTH » e, BRHE2CITT

Table 4—1 Results of drop ball test.
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Drop ball test for potassium nitrate.
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4.3.2 RERER

WRIERBROUER EFR O XHE" % Table 4—2 ©
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Photo. 4—2  Burning test for potassium permanganate.
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Table 4—2 Results of burning test.

PRIEHERER

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

< o BB B H &)

B R WE B | F B e
BERBA ) Y A 29 23 22 22 20| 23.2 26.03
WHEBHY VA 22 23 19 30 29| 24.6 26.03
ik el I 6 3 6 4 3 4.6 0.71
WEERBR S LY A (44 39 33 39 40| 39.0 10.51
B Y 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
RS U ¥ A 34 21 21 23 21| 24.0 14.67
HERES Y v A 15 12 12 13 13| 13.0 13
BevyvEEsYTA|10 11 12 11 11| 11.0 16.43
Brea@rvva |41 a7 33 40.3* —
K7 v afp 2 <2 <2 <2 <2| <2 6.88

*E K E CORRIZI0M LI E (FiT258)

b) [E{LH AM=1:1 (30&)

- o 7w R M ()

BBRO 5 W E B | F B SEE
B S U Y A 304 256 297 244 359 | 292 188.38
BEEBA Y v A 81 96 85 77 67| 81.2 85.91
itk 7l SR ZVN 2.22
WEER®A LY A | 96 107 81 97 102| 96.6 48.94
B Y 7 & (22.07
TSV 7 A 53 62 56 57 . 52.49
REEF Y ¥ & 67.91
127175 N AP N 57 48 56 52 51| 52.8 40.80
BEBMAHY Y A a7 33 36 29| 36.2 21
BevHVvEEA YDA 27T 33 27 34 32| 30.6 57.42
By ABBY Y A (453.64)
MK 7 v AR 50 41 35 42.0 35.47

() AOXRRIEIHARES &
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Table 4—3 Results of steel tube test.
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Photo. 4—3

S E

Steel tube test for potassium periodate.
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~ —1.5F -
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o
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Fig. 4—1 The correlation of burning test data with drop ball test date.
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4.6 &

WBh sk DHIERE L 5 WRRORBRYE @ILHED

) OEBRYEEHE S v 7 % Table 4—41R Lz, R
CHLI4RmI D5 S, KEERB ANV v L,
FIFYVYARVOEZ e ABI YV v 22K 9B,
REEABOTM T v 2 B3O TH B, HHRABROFT
i 7 v 7 bbb TReThiERE b E - |
EHIESIh D, RERRTIE, ARHEAKS : 20K
2101 X RERFA—RICEVCO T, BRROR
B LTk, FEAEETESHLS | 2 0REE
RBREEICERT HO08EFTH 5,

LAY Y AL LYY A, ABRECRKRYE
HTHZENTable d—1 R4 — 2054555, ¥
RS LFMT v 27k ] L MIkE{shTL

5, ARFC I -, MERACHEMES v 7 2H
EINDZLELBRBEEVES,

LR DR BRI 3517 BBk R DX 4
Tk, LMoY DR, RERER D % 1,000kg Cibix
2T 50kg TH5H, WHEEIZ, Fig -1 05505
L5 WRFEEER BT PAe, HREREC ST
TR Z v 272 3RTWw5, - THRITREHR CTIIRE
HOCEERETHRELTWDH I ERIRS,

BREIR EASE o Bl A M S a3 5 SE RBRIE, NER
DEEFMCHTUL, BRLCERTE D LD TR
{, PEOBRFEIH LTI, REMREBRIRT
LT, BREABRNIHEFRIITEREAREY TV, £0
YEARROERM X FMT 5 LBAGENEEL S,
COHE, BRCRUSN OBk Ui REELE CH
HEENT 2 RBERLETHS S,

Table 4—4 Hazard rank of oxidizing substances according to

the criteria of the Fire Prevention Law.

HREHEEEC L DB LEOMOBRRMTME T &

No. AR Y E it % R HEHRAER | REAR | BAHE
1| BEFRELY V& KCIO, ® ) 1
2 | BFREEH Y U A KCIO; BEYE @ I
3| HEiEEE> Y v A | NaClO, ) 0] I
4| RS REEH L v A | Ca(ClO),-3H,0 ® ® il
5 | WL Y ¥ 4 BaO: ® ) I
6| BiEEY Y v A KNO; REYE @ i
7| WEEF Y YA NaNO; ©) - ® I
8 | WREET U v A NaNO, &) @ I
9| BEXEEHY v A KBrOs @ @ 1
10| B~vHvEEH Y v A | KMnO, ® @ 1
11| Ez7ra@b U va | KCrnO ® ©) i
12 | K 2 v A8 CrOs @ @ I
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5.1 FL&IC

gk &R, TRESETEREMB L TN E
PRERECE ST & &, BEERELE2RDOERR
HEB kT HREORHEE] TH5,

Bk AL, ATARMIRMEO KK, BRERYEOFE,
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B (C.0) #RAVWT, Ex0uREREIOWTE]
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5.2 SEEKARBREFC LB ADHE

KRR H W 5 BEOS | K ARBRFEOERROTTE
D% Table 5—11RT, ThbOjkARRE L
AT, IBCEDOhLFERC LD, 20BEOTR
WA DS kA xR HIE LIckER % Table 5—21R 3,
Table 5—2 13 CHRE" BFR T LA, ALK
RKED 55, R 1FEE VT,

Zhoog|kEHEERE R &, BHKXFIAAR
BECE, WThbBERUERE2RTI LMD, £
HAEnThoFErAVCTARERVW D EBbR
5, LasLizdih, MBEHEOHEEL X » THERE
HHEIAEBR ENB0OT, HIERNEHE X - TEWS

EERLWRTPEHS RIS—RR—89

FARERDD. MEHECH LT, BREEDOD
WTWABRYRF—= LT v ABHRRNE, REERD
B (2m) ThBerBHRRANHEEZIIhD, B ThHE
2 BHRIBERES T, ABELD R T &H
5, BAEROHEBC LMD AN TRLHIRELEELD
n5, BT AEARREC I sHEHRIL, YR
eI D, WE L AT LA RELS B B R R
WE LBV, BARFIASARBRBCLIHHERID
BWERTRT, LHLiedb, RESOUENNE:
BAE, FRRC XA UENRTRTHD, 7V —7
5 v PRI X 53| K ROHEE R & FFEERD%
RIDEFEIKoTw5b, ThiXk, % 7B T
REEENREZTH3mm THHAOER/LT, 7
Y —7 5 v FRBERDOFREMN9. dmm LB 725 T
WHZ LI LBbDEELLNS,

ThSOREMED 2 AR % &N EREU
RERDBE, UTDOLO5KILS,

Seta. C=0.992(Tag. C)+0.960 ¢))
P. M. C=1.009(Tag. CO)+1.141 @
Tag. 0=1.043(Tag. C)+5.859 &)
C. 0=0.993(Tag. C)+14.356 4

Whh—oDFkk LA HEE I BEORS &, fi
DHER L HHEEE (D~ DORE AV THECHRE
HETHZENTES, B oW, % ZHBEK
XA kENELRh o, Thik, FEOB
BT, BihhoBEREATRES BERBER LD L
Bbhd, #toT, #RSDOEASHORAITOWTIX
BRARKC L 55| KEORBRELXRATNETHS,

Table 5—1 Flash point testers used in this study.
B KEARBRBO—E
R BRH & BT REEE |HEEESH BEE| A B B E#®
T/ € mi
% 7R TR Do 1(<60C) 9CHUTF 50 JIS HHE{LZE
3(60~95T) K2265 e
& & TR BRI 1 5FFEE | 0~110C 2 | ASTM | Stanhope
D—3278 | Setafl@®
RyYRF—2 T VR | EEEHINE 5~6T 50CELE 74 | ]IS SEE{k
% M X BB K2802 Bath
% ZBRABER VA Indk 1C 80CLT 50 | ASTM | #HH{k2
D—1310 | B&236D
7V—FFVF THGNZ | 5.520.5C | 80~400C 76 | JIS SRERIES:
Bl B X K2265 BERT




Table 5—2

fERA O FERERE & KB 5 5

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

EBEINEHABRBLC L DB RRDBERER, () AFRES

#l E (T
&5 W B % it %2 K SCHRME'
Tag.C Seta.C PM.C Tag.O CO
@ A4V FFAT7 i a— | (CH))CHCH.OH 30.0 30.0 31 33.5 | e 24.0
(Isobutyl Alcohol) (33.5) | e
® ZF AT C,H;:OH 14.0 14.0 | e 18.0 | e 13.0
(Ethyl Aleoho) | | b e ag.o | e
® ZF Vv Ty a—i (CH:OH): | e | e 121 | e 125 116.0
(Ethylene Glycol) | | e | e | e 125)
@ FrrV CsHis 12.5 13.0 | e 21.6 | e 13.0
(m—Octane) | | T T e @15 | e
® FZFATIT =) CH;(CH,)sCH:OH 86.5 86.0 86 | e 94 81.11
(Octyl Alcohol) [ e N %6
® p-FvLv CsHy(CHas)2 26.5 27.0 27 33.5 | e 27.0
(p—Xylene) (38.5) | e
@ | Em 66.0 68.0 67 >87.5 97
(Light Oil) (105)
v mA~FY ) — )b CgHi1:0 62.5 62.5 65 70.0 72 67.78
: (Cyclohexanol) (70.0) T2
® | BEm (25" ) 33.5 34.0 34 40.5 | e
(485 | e
@ BEE (357 ) 28.5 29.0 30 35.5 41
(40.5) “n
@ n-5Hhv CH3(CH_)sCHs 48.5 48.0 52 57.0 61 46.11
(n—Decane) 61.0) 63
@ FrFUV CioHiz 72.5 75.0 76 84.0 86 77£1
(Tetralin) (87.0) 90)
B | am 44.5 45.0 48 54.5 56
(Kerosene) (62.0) (61
@ n-FFav CH3(CH.)10CHs 80.5 80.0 83 87.5 92 74.0
(n—Dodecane) (€2 :
® rYszeB=FELY | GHCL | e | e b e | e Non
(Trichloro Ethylene) | | weeee | e | e | e e flammable
® |rr=v CeH:sCH 3.5 6.5 | - 1.0 | e 4.44
(Toluene) | | 7 | T e (A3.8) | e
@ BA® (15T) 40.0 41.0 42 50.0 56
(59.5) (62)
® 2-Fas) = (CH,),.CHOH 12.5 14.0 | e 17.0 | eeeeee 12.0
(2-Propano) | | | e A7.00 | e
@ ~FHFh v CHa(CHz;iCHs | oeveee | e 130 | e 134 135.0+3
(Hexadecane) | | e | e ] e (148
@ AFNAT IV —b 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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Fig. 5—2 Flash points of ethanol~water mixtures.
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Fig. 5—3 Flash
mixtures.
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points of toluene~trichloroethylene
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B —%, MR OER)I 5, w2 BERFIK
BRRBEZHAVC, EFFIAABECHET 5%
KOWCTHELTWBE™, zofkid, w2 EBHR
FIkARBREORBREALBEATHBEOTHAC D 5/NE
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o, BIKENREELBLUTEREL T, E#WFIKL
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MREIC DN T ERF KR OBFEEIT, HIEOHE
EEOHBRAN T -0 TH%5., HEHER (TU
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Table 5—3 Flash points of paints.

BREEHOS| K AAERR

Exvil B # o _ | B (%) élkmﬁumﬁ €] GRS | KEE | BRE

&5 Higs | By | BRS Tag. C | Seta. C c.p g/cc cSt
@ | KEE=EFTR 29 0 71(60) 46.5 49 27.2 1.036 | 26.3
@ | KEE=AFTR 18 0 | 80 47.0 49 27.5 1.002 | 27.5
@ |&p#ERS 38.6 42 19.4 41.5 44 >1200 1.364
@ | ApsERAY :37.1 37.5 25.4 36.5 41 © 51200 1.252
® | 7z EERER 27 37 36 21.5 23 #1200 1.22
® |779nrvrEvR 27 32 41 <10 *282 1.236 | 228
@ |727I91% 30 14 56 <10 *T47 1.04 | 718
TIIAFRY VI — 18 57 25 <10 *>1200 1.464
@ |TZIANYVEVRY—F— 15 55 30 23.0 24 >1200 1.464
® | TrVA=IAY gV 26 20 54(45) >100 #>1200 1.464
@ | B D 38 37 25 27.5 31 225.8 1.358 | 166.3
® |k & D 48 15 37 30.5 32 223.2 1.22 | 183
@ |#A£Vo7 38 2 60 <10 #202 0.952 | 212
@ |z7vv— 52.5 0 47.5 24.0 26 348.6 0.974 | 357.9
® | KEEE®ED 29 1.5 | 70(57) >100 #330 1.032 | 319.8
@® | AKEE®ED 22 2 76(66) >100 *>1200 1.0
® | k®&bvH 25.5 " 30.5 18.5 19 *769 1.45 | 530
® |E&YTTFv2 47 3 50 11.5 17 #>1200 0.994

FEMERBUE Seta. C 3 A ARE BT 51, *OMIXBEERNEE. FAHO () REBCNT IR ERT,
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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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