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MY 5L Sk&)%ﬂf:o
2. FOMMEERT L7010, BB 6(dDLE=2—ZB L, I1C6 1%, 6(d)RBROHIED

40@%E;%¢57W~7®§%®%§%ﬁ0k0 TN—T1E, SERIR B R E
THMEIDITHONT, 4 DOHEEOZNZEIUT DN TEBNZEE L G5 L 51
KOO, ZLDORENRGFE I, T —TI2 L > TERISL MR ST,

FEOER
3. HEHE1:MTC 16.7. 1.4 (a) [EIEFLDO F OO ~Z A FEZITER] -

(a) @%E#ﬁ@@%@%ﬁﬁﬁékwaﬁﬁﬁﬁiﬁﬁ*ﬁf%oko§<@E%
Fix, BEBIIHEICTHITES2 0D, ~ZHOERER, L2 XA T vFRE
@%ﬁ%ﬁ%ﬁ%k@io KRBT 205 MICTH 2 ENENDEBEZTND, =
T, ZOEEOFHHIZE W TE Y K& ABBIEZRMT S 2 L1k,

(b) R 6(d) DI, BHFRA TR EBHNTHLRETH D, HIzIE. A7 T v F
NI B2, G Z BMEE TR MLETR Y, FHlIE Y I T RETH
Do

() 5HD 1 DOREEZR LI, GHS 2 2. 1 B & Jf8 TRkl 6 (a) 2R3 2 7o OICRa A
BINTESELHRHTXETH D @ [FHUKOIRORIERZE, FlziX, B, 2
A PR D~TH, v |,

4. FEHE2 D MTC 16.7.1.4(b) [EEEM D 25 cm OEEEET 803 g/m2 DM & DR
MBI ERKRESEDT7 T vy 2tk

<w@%%®@¥ﬁm\:@ﬁ@i#@@%@%ﬁﬁbfwékbkﬁ fihoo NiZ, 4
72 L BEOBBETIIRHMEL TWian B 27, Zo%ix %%@kkwm@
CEEMITIANDINE I MER L, ZORENRREEX 7y S <‘:ﬁﬁ®l: TEXBITE S LD

IZT5LDTHD,

(b) Z DR NP D B A IE S~ D KSR IEZ T 2 2 & & ORFEMEIZ DV,
BHEICEE STV, L LR b, Ziud, 2720 O KERE AR T 5 I8RY
. WEHOIMUTHL DD/ S RO REETRTIZT OO LREECE 5, L
oo T, WEMHEOEHELE @O LR E ERC L TRELLET TS5 (FlxX, ok
2B 1 m OFREE) .

() FMEE LT, FHLREZ T <ICHALARNWT T v v a £RITRNERTE HRE DD
RTHHILEZWMICTHZENTE D, BIZIE, BROPEENEHELZTH-L TN T
HAEMPKFITRY | ZOKDPZRITTHUVRICRKT D22 En3d 5,

(d) IBAINE R Z MTC 16.7.1. 212002, ZOfFHR%A 16. 7. 1.3. 3 72138 LW EREKIZIBINT
X5, 7T ALINOBERMZRINT 272D, MEHE MR 2.1.3.6.4(d) THEMH ST
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HHOLHIZ DI EERHTHLERD D,
5. FHE3 I MIC 16.7.1.4(c) NERW O E OS2 5| &k Z a2k ih Ok, |

(@) TARTOEZFIL., ZOERBEITEMOBFNLETH D LK U, fEREEIC
OWNWTEH L, IESbT 2 0ERH D, ZHUCED, LV IEMICETTE S,

(b) (c) & (d) DEEDIZITH HREDOILEERH L, BEHL, TNLERETHZ
EWBTED,

(o) ABRBeA A 1T T TITX S 1.4 OEIEICAE TE 2 Z L2 RBICE S, wEMOMIZE
W o D IERME I REEX Sy S ~DOFEID Y TEBEZTRETITRNENIEXD
HbH, THFAMIKLT, 16.7.1.5 OFEFEOHFTIL, BEHOBENTHEINDZ &
ZRT,

(D) FB/NDOE=F VX —F I EZTFRT D720, LEWEZEDDLZENTED,
“projection” L\ ) FHEL, S EIFITHNIND, MERICE > TiE, BEIBICK
ERTIFNX—ZERTDEECIZAB WD, SUFEY . Uy aldEihn s iz 2
EEBEWRT LI TH D, Projection ZEHRFTLIZEENMTHIMLENH D, RAN
projection # MBI XE 7T Z LITARVDT, TFA FMOWRITLEINLIREXTH
%o

(BB aAy hTiE, 7T A 1VSMIHFES NI —EOBEMIEL Z OFIEE G- S 7\ i)
REMER H B & FafE LT,

6. W4 NTC 16.7.1.4(d) MM ZERICEBT 22EEY (REEMOBEICREF Sz,
FIFEE L WEREE IR I EE L S,

(@) TRTOBEZEE L, ZOERERBERREELFMMT 2 Z LICFEBE LS, %MD
TANX—E IO ERILENTZ LEVWVEZED D ZETHETEHEELZTH
%o

(b) fE R 72 528 2 X3 2 BN D 7 iElE, BIERRfEROBRELZFIRT 52 & TH 2,
Bz X, BUFOHEMZEIL, /INKIROHIE (BIRT DIERY) 1T EHEE (B
T51ERY) L0 BENDRVWEREHLE, 2 200K MNLOT 7a—FRELD,
(1) BHfFro7 7o —Fi3, BB L ORI 2@ sl @M sng, RERDL,
ENHIE, VAW R T L EEO RSN D S,

(ii) EEMLZVMEIL, BENZRZ L =DV BRICER Sh D, Bl £
DRI —=FINA AH— R U v PDORE,

7. W OO— e a X FbzITiR- T

(a)16.7.1.3.4 T S4L, 16.7. 1.4 TRl A2 BIZRITHE U LT D701, HBE
B, RBROBE . B L OBBRMERRIC O W CEEI RSN S L9 lc, FIE
BIREHRT DLERD D,

(b) 6 (d) FRERDHHE T, SR DOFEAEL Y BERIMICRSFINTH D, Zivk, wEdh
MK THLRNGE, 2IRE LV ERITEMTELILERH LD TH D,
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()2 = Ay MEHFEIT, [EEMIOMHBRAREEOTHL] Lo RBUX, (22
FUZIRE S A ERT 2 SR L7c, %, IC6 NEHEIC L > THfEx £/
T A ARE T RENETMT D &2 MR LT,

"R

8. SAAMI 1%, ICG 2MRDKFENG O Tilgmm oS D2 2 L 2 RET D, KFEWG X, &4
S U CE L, FRRoOfEMSROMEICKT 29 R — N &+ 28T 1272 5,
Bl E, XEAESZIT O I SHICRESEL0 D Lite, KIEWG 2B\ T,
ICG 1Z, REHIMICIRD 2 FEH S IEE AT 202 R T D2 UNERH D,

(2) MIC, BRI —XHOREL : B OMESRBEDORE+INF. 4 GBIMEESH V)
ST/SG/AC. 10/C. 3/2020/3-ST/SG/AC. 10/C. 4/2020/4 (KFEWG i#E)

<HE (ZEX) >

1. ZoO3XEE, IGUS-E0S OiRBR Y — X H OkETICBIT R WG O R TH D, D
LEORFHIT, INF. 31 (5 56 [F2E) BLOVINF. 15 (5 38 [MI24) CTLARNIHRR S
N=HLoThD,

2. KIEWG OVEZEEFHIITIZ, TMTC D /8— b 1, 11, 11l ORBEO L E2—] NEFE T
5, AEBRIU—X1, 2, A, C, BEOPE X, ZOBANPLBECTTIZLE2—&
v, AR — X HITEE 2 FERICE > THRET Th 5,

3. IGUS-EOS F&HE W6 233kBR s U — X H O FHIZOWTLL FIZOW Cisgam L 7=

(a) BLFABR O FH O T & B RIEARDOHIFR ;

(b) 3BT U — X H. 2 B ek (AST) : SREROFA] & AT 28R O 2 X —fi%
Bz L, JEA MRS (PASR) 28 AT 5,

() kB U — X H. 3 ZiRATEGERER (IST) : SREROTA & AT 28RO 2 X —fi%
] halhy pPA

(d) BH#edFB LY IBC 12D\ T, "EERGE (FREDRERICOWTIIIRET 2 XLERH D) |
IREOBRIMEZ EANT D,

4. 2D OEROFER L L TH B2 MIC 55 7 BETHIC KT 2IEIERDRE N Z D CHEIC
RE SN TWD, TG B X UCHS MEERIE, HIRDOTEDITRE S NI EER LR
THEIROLENTWD, 2B, MIC DF 28 BORLD~—I7 T v T 3—T g 3,
INF. 4 (%557 A1 TDG) - INF.3 (%539 [A GHS) (=& 5,

5. BIICEOEEAITTEICEMNIC BN RN T HOBETH D,

<FM (£30) > & : BRI 0EORITERLRLTND)

Z DICEILMTC “SECTION28” ¢ “TEST SERIES H” OEIEMEFTZHHA LZbDTh 5,

X C®IZ

1. ZOXEITIE, I6US-E0S ORBRS Y — X H OWETICET 2 EEED W6 DR ER S Eh
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Do ZOXEORIZ, INF.31 (5 56 [FI=A) IBELOVINF. 15 (55 38 [AlsA) TLAR

IZIRENTZHLDOTH D,

2. KIEWG OFEEFIEIZIL, &0 b, RUEARFEM ] & EECRVAE O RIfAR
DOYIEE BRI L LI-BAEOHEE IMIC 08—k I, 11, 11l ORBEOL v a—] BNEE
nTnsg, #HAEEU—X1, 2, A, C, BLUE X, ZoflA»rbBEEIZTTICLE
2—ENTW5S, RBRY U —XHITlwE 2 ERICE > TRNTTH 5,

3. KIEWG X, B 2 FEMORERY U — X HIZHOWCHHICH#R Lz, YEHX, =AY
B L HOIEEAWRE (SAPT) 720023 bdv, GHS 23HL Y AT el & Fei s
DO FIZHEE SHEDHLEERH Y NTC DT F A FMEIE S iz,

4. WATLT, M, IGUS-EOS Bl W6 233 & U — X H OB HIZ DV TLL FIZ Wi
L7z

(a) BLEABR OB O F o & imRIEAROHIER ;
(b) 3R U — X H. 2 WrEipEaiR  (AST) « SBROFH] & 2 8as O 2 L 0 —fi%

B L, JEAWErRGRER (P8R) 28 AT 5,

(c) kB U — X H. 3 FiRATEGRER (IST) : SREBROTA] & AT 2RO 2 L —fi%

BINZT D,

() BB L IBC I2OWT, HEERGE (FREDRERICOWTIZIRET 2 RERH D) |

IREOBRIMEZ EANT D,

5. INOLOEMORIE LTH LN MIC 25 7 WETRRICKT T HIEIERZDO Y X M, 20
WEORZBICGHEHINTWD, ~=aT7 VO 28 BORLD~—I T v 7T _"—V 3
%, INF. 4 (5 57 [A1 TDG) - INF. 3 (5 39 [B] GHS) TERNZEAm S D, TDCBL D
GHS /NEBRIE, BIROT-OIRES N EERZZRTT 5L 9RO b TND,

=R

6. MIC O 28 Hiz kD X D IZBEET S -

28.1 28.1 D FDORAIDEEDTHEZ% 28. . LIZEEL, ROXHIIEETD :
BEDY 7B (a) 025 () DRTOHRAE DL ZIRD L O IMEET D THER DR
EXET DI, ROETLVEHHATES, 1)

BAEDOH T EE () 6 () ZLUFICE &S # 2 5,

[(a) BRICKET 2 EAR BB BERICH 5 Semenov T /L (T72bh, ), =
DET TR HERREICEE TE 528, BBRNOBEKICHLEHTE 5
(IBC #Fr< ),

(b) Frank-Kamenetskii &7 /L, ByRicxt+ 5 EREEUIMWERNICH D, ZDOF
FOUVIE, @, L0 REREEE, IBC, £ X 7 NOBEIKICHETE %,
(c) BRI THIEIMBIER L WEOH ITNE DY D T 5 Thomas 7 /L,

(d) EEHET IV, FIZIEAREFREE (FEM), 73R RIE S (CFD) o9
T EEGER EE LA G DY D, |
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28.2.2
28.2.6

28.3.4
28.3.5

28.3.6

28.3.7

%% 28.4

BB OREIZH 2RI, W T1) 127220, ko X 9123,
U References: N.N. Semenov, 7. Physik, 48, 1928, 571; D.A.
Frank—Kamenetskii, Zhur. Fiz. Khim., 13, 1939, 738, P. H Thomas,

Trans. Faraday Soc., 54, 1958, 60.” .

(7% 2 MIMR2.5.3. 4 ZEHTAMENRH D] L) LDFF% 28. 1.2 I[TEH
T2,
WO L% 28.1. 3 24 AT 5,
[28.1.3  SADT & SAPT Dij2iid, > 7oL DFEEL L, 2 Z I 1D LEH F
TEVT PR DIFHE (B & B L T SaM 7 5de) 720 DB DEEZZ
(T35 8H5 S5,  SADT F 7=21% SAPT DR EFRTR #7753 & &%, i 60
HG5 A[EIMED B B HK & EJE T SLERH S, )
#28.1 0 T(IST) ) % [(IST) *) ICEEHZ 5,
M ROFEM ANy r =V THRLNERR] 2 TRV RER Ny =TI THRLN
TohbR) ICEEHZ D,
EEOWREIHERTLI2LERS D) & [REREICHERT L) ITEEHZ D,
ROF L2 HEHDOLAEHEAT D -
MEAR DG IIRK 50 kg, IRIKDGEILRK 200 kg / 225 L, IRIEOHAEI
K 1250 L @ IBC DT XTOFAD /> r—IZ2OW T, BEBEMLHTZ D OFE
WEEGE R AR 28.4 IR T, Moy r— IBC R°F 7 DG, £7213R
28.4 [TRENTWVD S D L TR LZBEIEN LE LR GEE, HERMHZY
DEEOBIRIMEZRET DMERH D, |
BUE TERHEM ST OBEK) THEDLLERO LS ITBEET S,
MAMDE (208G, Ny r—VORERHIZY OFRELK ) ITEIET 5,
[ DBRER L OV r— VN BRE~OBRE) | & (... WEOBMR
L, Ny U RN LIEBMRE, BXOVUNy T — U T OHEED L EREE~DE
R ICEXHZ 5, NOTEZH)) -7
WP NOTE Z AT 5,
INOTE : 5112, 5 Wik K DS FEYLEFRE (DF D, N or— D ED 5
IREG~DEYLE) F R TE S, )
BAIOXT, TBIWEHD] % IBLXOZFOREM ) ICEEHZ 5,
WOFH LWAFHOLEFHFAT S, [72& 2E, BROBHE, Ry r—Ti2idsE
BED Y —ZIK (AT BEN 1 g/emd B2 5) NI S, £ 80° C 2
BIhs, ]
DL DOFHEZRD L HIMEET D, [Ny r—2 IBC, BIUZ 7 DIF
R R BB 2 K 28. 4 WO T, ) CEFEADXIZEE S 200,
BR28.ABIOROMEE ) — FEZEEHR D,
RNyl — IBC, BIOE 7 OHATE Y 7= OBGEL
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Type

receptacle

of Normal

(litres)

capacity Heat loss per unit

mass, L (mW/K.kg)

For liquids:

Packagings up to 200 kg/225 1 40°

Packagings larger than 200 kg/225 1 no standard value®
IBCs up to 1250 1 30

IBCs larger than 1250 1 no standard value®
Tanks no standard value®
For solids:

Packagings up to b0kg 30°

Packagings larger than 50 kg no standard value®
IBCs no standard value®
Tanks no standard value®

a

For test series H 4 the heat loss of the Dewar vessel to be

used should be as close as possible to the value listed I1n the

table.
b

purposes,

When determining the SADT for exemption or classification
where the definition of the SADT I1s connected to a 50 kg

package, a value of 60 mW/K. kg for liquids and 30 mW/K. kg for solids

should

be used. Such is the case when the SADT is used either to

exclude a new substance from Division 4.1 as a self-reactive
substance (see 20. 2. 1(e)), or to classify it under Type G as a self-
reactive substance (see 20.4.2 (g)), or organic peroxide (see 20.4. 3

().

(&

Dicyclohexyl phthalate (solid).

28.4. 1.1
g
28.4.1.2.3

28.4.1.2.4B8X128.4.1.2.5

28.4.1.2.3.3
r

IO, THEMESM 2 THCMESMEITES) B

#BoXT TFizix, ZHIBRT 5,

(c) T, THEHE) DBIC [T XToOME] ZFAT 5,

(c) DHDEIE T, BEDOLERD X HIMEET S, TG 72/ r—

CBIORE Sy =V d—T O & DL FIORT, |

BIfEDE T 28.4.1.2. 4 B XU 28.4. 1. 2.5 #IRD X H 1

BIET 5,

C BE OBV 28.4.1.2.4 0% 28.4.1.2.3.1 20 . RHLIE
[28.4.1.2.3. 1 B 1) \Z72%, (BIFEDEE 28.4.1.2.4 DT F X pIEE

Ehn),

BAEDOB 28.4.1.2.5 1% 28.4.1.2.3.2 12720, RHULIX 28.4.1.2.3.2

B 2] (270D, (BFEDEHK28.4.1.2.5 DT F X MIZES L),
GO #r LWV 28.4.1.2.3.3 4 AT 5

28.4.1.2.3.3  f53

75° C FTOERETORROGS, “EHEOERETF v — (Ryr—v
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28.4.1.2.4

D HEEE TOR/NEREE 100 mm) 1%, IEEHIE S IIEER S A0 D DR
. BEOMEZHEORE CHBIEs L XIEATES, BT v o —
i, MR ENE (e xE EX 10 mm R Ve =8 CEELS A
CHbnTWg, IREGIEIZE Y, WRIERRNEEY 7V OERE LWVIRE % i
K10 HE. =2 KLLTORZETHRFCT& 2,

BAEDERTE 28.4.1.2.6 705 28.4.1.2.8 % 28.4.1.2.4 /5 28.4.1.2.6 (Z
g T IET,

CFrEl. DAETo 28.4.1.2.6), IO T, [EVEX] D% TEZIZHIE
HHUA (RTD) ) ZRAT D,

28.4.1.3.1 2FHODOXOEMINT, [BEXS] ORI [E7ZIZRD) /AT D,
28.4.1.3.2 HEOXzHIFRT L (TRFREICTER. .. KRl ).
28.4.1.3.4 3FEHDOIXDOKDOY ZRD L HITEIES D, [--SADT E 7213 SAPT 5% 28. 2
THESNEZYT2RELIDEEWVNE S AW T 521X,
28.4. 1.5 ROBBICROIT AL ET,
Substance Sample mass Packaging SADT/SAPT
(kg) ()
Didecanoylperoxide, 1G
technically pure 20 40
2,2 " —Azodi- (isobutyronitrile) 50 1G 50

Figure 28.4.1.1 Amend the heading to read: “Small package oven (Example 1)”

Figure 28.4.1.2 Amend the heading to read: “Large package oven (top view and side

28.4.2.1. 1

28.4.2.1.2

view) (Example 2)”

2 FHOXLT, [Ny r—VICHT28HAT —%] & [Ny r—T 08
BRT—2] ICEEMR D, KROEEDOLEZNIEET 2V 7Bk (a)
BLO(D) BN 5, [EEITEARIZIZ 2 2ORX=2 3 U3 H 5,

(@) BIHE . A—T7 v NOT 2T —FENER IS,  ZOBLE T,
Fr TV —ZMEHLTEND ERAZE, BRIV AT A2H L TG
ESNT KD IRE EA 2R 5,

(b) AT . MBRAH (T 2V —FaEXLHBERM R YY) 24 —T 0 ND
F—hr7 L—TWNIZEL, ZIT, A= 7 b—7F RBRPICEH~D
JE S Ofif i<, |

RO XD IEIET D,
128.4.2.1.2 ZOFHETHRETE 2K/NOIRE ERIZ. b 7 AOREIC
KAFT D0, A 156 mW/kg OREGEEIZXHET 5, BB O ERRIZ,
WE @R HT HRE AT AOFRICE>TIkES (WHFIE LT
KBS TODEE, K500 Wke), HHARIL, mEA—F7 L—
TTCHEITINTSGAE. ZORIREEGETE 5, FHEORKITFAREIL 15
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mW/kg T 30%. 100 mW/kg 75 10 W/kg T10% TH 5, WrEGRER Of IR
R, R oS OBGER 2Rl 2 OIZHE L TW D MNENH 5
(Bl 21X, L = 60 mW/kgk DEE. 100~500 mW/kg), WrEGAERT — % )25
XN BVERGEE OAME R LB e AR BN EIRBERIC X D RRGE
DHERE SN D,

28.4.2.1.3 WUDOXLEKRDOLTEEIHRZD (KFO BV A~ (C&IEBH) ] O
ITEER L) -
TR OFRBR Tl BVRADHEE N IEE DI AIRE N & 8 2 2 Bt Tim Al v
AT ABMEENT D &, BRI LARENS S, BT, BRICLV A
— N7 =T E721TE O RS T D AR B 5 |

28.4.2.2.1 AWM LAMALT, WO XHICT D B BROBEFOEEEZ RO
EOTEET S,
MO D [(1.0 £721% 1.5L) 1 & T(®K 3L)J IcEEHZ, TP
TR | ORI~ EFHAT D,
4 FHOXERD L HIEET D, T2V —FBHNOET) EFIE, Mtk
SNT-HBEZBELTCREEDE CELNEHFICEVWXF Y ET ) —F 2—7
(7L 21X, BEE2mDPIFE F2—7) [ZX->Thilk&End, )
-7 FHOXT, TERAUWNT 2 RERFEEPI FFohTnd] %
MEIRZ YW 57O S D IR RIEE ) ICEE X D,
c LEEZRO XD IMEIET S« TR eIy ma R oo BR O 2L & DR B 4
28.4.2. 112/~ F, )

28.4.2.2.2 WOFHLWVBEEFAT D (BIfED 28.4.2.2.21328.4.2.2.312) :
[28.4.2.2.2 HEAM

28.4.2.2.2. 1 ZEEIT, YU NENET L0 L RIEERSE BlIIE, 72T —
FFEEORBRE L), BIEA— N7 =T BXOREZERE Y AT
LEAEZ WA — 7 TR SN TV D, EEORBRE /L TIX. NEE
KO DENET)DINT v A% & BT DIZESHIE S AT LT 2
VERD D,

28.4.2.2.2.2 VAT LD O Ty I — (By "7 v TV U T NORAREEY TV
DR TH - 7E) FBEMTH Y, BB RZ 0T 2BRICEET D4
Wb, E-T. © 777 2—, W, BLXOWHEHBEOED) LA
AOEERIRT HILER DD, HEENOOBIEKE VAT LAOKRHRA S
BETOVNENRD D, NEWENB A NEY TV AT L ENTE
b, @IEA—FZL—TITMAT, 2IREREEZHHL T, RTIRET
F—T7 o ~DOEREIWT 5,

28.4.2.2.2.3 ZRIZIDEEBRREL IO, RBRIEE CAKERHVWE, iz

18



T LWES) ER7- T 208 (BB ORE)  #BRTI, s ne

ERANDL D, BT ARRBREALNDHHEEND), REBRTICEERK

ERET 2%, MERICH T VOEREZMET DHLERH D, VAT

L0 DIV E EOFRERA U DEFBEMEANC LY | ﬁ%@ﬁﬁﬁk@’ﬁ?

L., MERICKERBENE UL RN D 5, BB CORBRFITOM

PRI, RBREOV TNV OEEBRRZIRET HZ L THHETE 5, |

28.4.2.2.3 (M. LIATD 28.4.2.2.2) KDL IZEIET D,

CIRPIOCTIE, TASE e Y —) %I [(RTD)) ZHFHAT 5,

- 2FBBOXTIE, ABOZER] % TEH] IEEHRZ 5,

3 BZBEHOXDOKDOY ZRO XD IEE, A =T NOWE L (25R)

DIRE & AT D, |

DL ERD L HIIEE, [SADT F721% SAPT A3 & FEEE X v (R W i'E
DA, ToCHEIL TR Z EITT 5, )

28.4.2.3.1 WD X HIHET S,

[28.4.2.3.1 MAETFIA

() FREEFINRE A IZRD EFY
(i) 72 U—fiz MY 8T c, TEIEHRBRYE & RO LN

PEE (T MY U ARRWY — XK E) Tililzd, HDHWIE, &

SORETOLARENEEMOA AV (B : VA A0, 20° C
THENTEE 0.9620.02, 25° C TEAK®E 1.46+0.02 J / g) #=fH
TX 5,
(ii) T 2T —EA—7 v OREBBRNVL—IZ AT, WEIE AT A
AL CREEMEE 20° C OAT v 7 CBEMO B ER TINET 5,
Bz 1E,  0.333 W E£7/21% 1.000 W, &L T 40° C, 60° C, 80° C.
100° C TOBMRKRZRIET D,
(iii) 7—=F&MEHL T, T2V —JloEREL, 28.4.2.4 THES
Nl FikE A LR E 2 0 ET 5,

(b) FREEFME B IZRD EFV
(1) WFEFIE B 2 F4TT 572010, RBRFEIT 0BT S Tu
HMENS D (ol 2I1E, BGEEFIE A ZREOICFETTLLICL-
<) 5
(ii) RFHERIL, D7 b 2 SOREERE EITRAWEHH L T,
28.4.2.4 THHISNTWD HEZMH L THGEET 2 0ERH D, T
HOEEDMEY)LBmIUL, = FA_UEBr P oy 7 2L (40 ¢
60%w/w, 60 mW/kgK DEEKIT KT 2 SADT (£ 90° C ThIFIER 7
V)L ETILEF 28 EORERFZ OO DIEEOWME TH 5,

19



WO 2 2383 %,
r2 &BHE : DirrsteinS. . Kappler C. . Neuhaus I., Malow M.
Michael-Schulz H. . GoddeM. ., 2016, [WrEGEELBI DF 701~ —
R DT & B2 I AVEIRDSADTIS L OV #E 1 17088 T216. 57
w AN LA EEH L TITPI T KB ERE ) . Chemical
Engineering Transactions, 48, 4756-480, J
28.4.2.3.2 WD X HITWET D,
128.4.2.3.2 HBRAFIRIZRDO LB,
(a) 72U/, REOREOUEM (WERLE) 2890 T
HELEY T EAN, =T ORIV E—IZAND,
(b) BEE=4V T ZHMBLTILL, T 7 MREE, RARER A C
HEANFEAET HAREMEDH SR EREE T LT 5, MEOLET, HE L
S, NEMRERE] . d5 K OYMBA L ) BETR T 50, FRNCE U 22 BGEHIE
ETRET D,
(c) o T NEFEREICMAL, A—T VBEEZHERFL, 7 VERE
EEERT D, VAT LADOIREFME (7oL 21X, BB Y 2T 205613
24 Wef]) . ACREUC X ZEE EARR LN WEAIX, A —7 v ORE
5 C RS, BORBPHRHINGETCIOFIREZEY KT, 72 —X
RAN— 2 Tk, BORBEDMRINEN D £ T, #EEE 0.5 Wke A TN
AT, BfIEEH oML, RBREEEZIIA— N7 L—T7DHED
e OREE A TE 5 MER & 5,
(d) ACEBLNBHEND &, o TS T CHEATRCEE £ T
MEAE AL, DR CTWHIY AT ABMEENT 20, A —7 > OIRE D[RR}
T 5, =T R_"—=Ta OB, ZORET, BRAERENY AT
LOBHRN B IRWE D ICHRET HMENH D, BAMOEE, Z0
EEITEE., FRESNEA—T v ORGBETH D, FEMBESLMET T
I, BTN ZDOREEABZ L FREERH D, |
28.4.2.4.2 B, Ml, BLW Cpl oA, ¥ VT —ar] & [N F—v g0
ICEEHR D,
28.4.2.4.6 IMYIOILT, NEEHMHZV | OKIZ TQD) | AT S,

28.4.2.5 BUERIZY A FINTWHAMEDARNI T HIER [a) ~OZWAEFHAL,

WD & NZERBEITH LT ZIBIY %,

Substance Mass Packaging Heat loss per unit SADT/SAPT
(kg) mass (mW/kg. K) ¢ 0
N-Vinylformamide 1000 31H1 33 55

RO TIZROEL” a7 AT D,
la  Z4 6 DFELHIZPNTL, 2D [AH) CHAEHREI L TS b DL Y E
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BRI L THRESTE (K28 4 25/), )

[X]28.4.2.2 WDOXHICEXHZ 5,

Heat Nux in WiKg

[X] 28.4.2.2 SADT % 7=1% SAPT OP-EH]

2.0
..r'
.."
/
1,5 - )
1.0
B
0,5 A
\ )
e
_‘-'_--I'-'.——- T il T T T T
3 35 40 45 50 55 80 65 70
Temperaturs in °C
= * =Heat generation curve — Heat loss curve L = 0.06 W (Kg
K)
(A) Critical ambient temperature (B) SADT or SAPT (Critical ambient
(intercept of heat loss with temperature rounded up to next
the abscissa) higher multiple of 5° C)

28.4.3.1.2 HIBR, BI/ED 28.4.3. 1.3 1TH LV>28.4.3.1.2172%,

28.4.3.1.2 CHi#l. LARTOD 28.4.3.1.3) RHIOXDOFHERD XL HITEETS T
T IR T E DB OB RIS, ),

28.4.3.2 WO X HIEET D,
[28.4.3.2 HE# EFHFF

28.4.3.2.1 FREEWNE (I0)
WU R ERAER A X 5, HEEIX, -20° C~200° C OWREHHFT 1
mV / kg~1500 mW / kg OFARERZNETEDMENRH D, FEADORKIRAE
5% AR TRITIUTZ2 B 720, BT, REZFRERED0.2° CLINITHE
FTo0ERS 5, RBEMEOY T VEEIFDR ED 200 mg NETH
Lo BHENIEMEY TRV —2MH L, o TR — OB
RERWE O FRFEN A E R &2 KT RE TRy, Zhud, oo s
V=TGR T D, B TR E — OGNy N—
3 U HEIC LS TEBTX 5,

28.4.3.2.2 YT NARNA—FBGRERO EERIIFOFBICEESND, YT
RVE—NOYWEOEITDR< EH 200 mg THDH, HALEX—OMEITY

=
o
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TIVCHEG L TWORENRD 5, MBS EEHT2581%, 7L L
C &3 5081 H 5,
28.4.3.2.3 YU TAMNSOBGIZ, La—F—Fidarta—F—I2 ko TR
B L L CElfmiciigk s s REE),
28.4.3.3 WD X HIEET S,
[28.4.3.3 FhF
28.4.3.3.1 ®IETFIA
WET AR, WEOEEFHAEZ 7 N—35, AT 2MmICEA T 51K
EFIEIZEST, 777 E5FLBUREFTORELZRET D MNEN D D,
28.4.3.3.2 REBATNE
AR FIRIIKD LBV,
(a) #EEAMLEORBRIBEZICRET D, BIRLEEIX, WE 1 ke H2V 5
mW 725 1000 mW OREGHE A 52 5 DIZ+ 753D DTH D,
(b) FtEL=V I EREBEM LR EODEM (BREOLE) 2 7Lk
B —IZ A, BNV — 5 EEICHAT D,
(c) REGHE DR ZBMGT 5, SRBROYIMIL, BEBRIERE & B 12K
9%, [X28.4.3. LIRSV TV D HER MIE, FEBLFERYZRMIEREH (1000
RRZEZ 570 E) [R5 a%RE, gt LTHATE S, 2 b oHl
ERFEIT, B OB R A B EBIC AN D T2 DIZWE D & 5 R DA % ik
THDICHEZLTND ;3
(d) REBROKEZIC, VT NVOEREBILEZNET S,
(e) 5° C DIREMBTH LW U T AZMEHAL TRERZM Y IKT 720, 5~
100 mW/kg DFRFEEE, 72134 > 7 OEAIL 1~100mW/ kg D KFEEAE T
Dl EH 5 ODFERNELND,

FLWEIE 2] AT 5,
PR
1) J. L. C van Geel, [#FET X7 /LHEHERED H O FEKIGIEHEDHFE
N @k, A TZET T TR 19694,
2) Barendregt, R. B, [DIAFEHiOH#EE 5, NLEYE DEM I
I X, T ET T N TEEASE 19814,
[428.4.3.1 WROFLWHZEFHAT D,

¥ 28.4.3.1 JE S NIz RFEENHEE DOBIE L L TOHE W
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1 10 100 1000 10000
Measuring period (h)

28.4.3.4.1 and 28.4.3.4.2 BiIg, e 28.4.3.4.3 1328.4.3.4. 112705,
28.4.3.5 FRICHEHENTWBHEDT R TOMEOLEINCKTT H1ERL la) ~OSM
PHANL, HREICKRO Y ZBINT 5,

Substance Mass Packaging Heat loss SADT/SAPT
(kg) per unit ¢ 0

mass

(mW/kg. K)
Cumyl peroxyneodecanoate (75%) 25 3H1 40 10
tert-Butyl peroxyneodecanoate 25 3H1 40 15
N-Vinylformamide 1000 31H1 33 55

FOFIZRDIE Ta] #BINT 25,
la  ZH6 DFELHILRPIIL, 2ED A THAEHRESA TS DLV E
BRI Z I | TRIES I (K28 41 52M), )
BIED 28.4.3. 1 L1V 28.4. 3.2 HIBR,
LK 28.4.3.2 ZFAT 5,
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[X] 28.4.3.2 SADT % 7=1% SAPT OP-EH)

2,0

eat Mux in Wik g

05 A
N
Nt

—
o ——

B
|
|
T
45

Temperature in “C

= * =" Heat generation curve Heat loss curve L = 0.06 W (Kg

K)
(a) Critical ambient temperature (B) SADT or SAPT (Critical ambient
(intercept of heat loss with the temperature rounded up to next
abscissa) higher multiple of 5° C)

28.4.4. 1.1 FAIOIXD [FEGR] O%RIC TEIFTEA] Z2FAL, BEOILEZRD
EOIEIET D, [ZOHEZ, WENORIEYE D SADT F 721 SAPT ORE
WERT&E S | IBC &/NVZ 7 (BRK 2 m3)., BROEIENOERYE
(JK 50 kg) Z&Te,

28.4.4.2.2 FAIOXT, T % BT v \—] ICEEXHZ D,

28.4.4.2.3 FHOILT, 11.5~2.0 mm) % (1.5 mm~2.0 mm) (2, AT 2 & [f
HATE5) ICEEHZ D,

Bk 0 2D X 9 ITIEIET 5,

[CHBEOSBT v o N—NOKURIL, 7 = U — N OREREEY 7o
BE LWRENRK 10 A, £1° C L FORETHERF S D &9 ICHlEd
LHMEND D, —EHBEEOEBHF ¥ NN—NOKRET 2V —NDOY T
TR A JE L Citskd 5, )

28.4.4.2.4 3 FEHOXEZRDLIIBEIETD : (=T NOKEET 2V —HNDOH
7R A RIE L CRiER T D,

28.4.4.2.5 BEORBIIKROLEZBINT D, [Fr o "—HNOKIRET 2T —HNDH
VAR R RIE L CRLERT D, |

28.4.4.2.6 HRAIDOLEWRD I HIWEET S [T 2V —EZOMRAET AT N, i
BEPORROIEY A XK TEREIBETHEN SN D (F28.4 bEH) ),
2HEHOXDK DY Z [RIEUMEITELNDZRETH D) LIEEET S,
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4 ZFHOXOGHEEEIEL T, FHEHY AT LOF)) ZFidk, [HRLE DR
PE] OB TBIONRENER] AT 5, [RBRIRE TR SV
YIME, BTN BRI B DB TIERL S dL, RISV T A ERY
T SN ERS TR 2 0ENH D, ] L 5FHDLEEET D,

T2 BFBHOLEROELYICEEHRZ D, 72U —0OBWEREE~D/NE 72
T, PASHY AT AR AR TH I E TEBITE S, EOLT, 10.5 L
Z [0.3 L) ICTEESHZ D,

28.4.4.2.8 HHDILXZERD I HIMEET S, 1300~500 ml OFEDT =V —7a,
80% MMM i 7= Sav, BB 40 mW/kg AR TH D, KITilF, Ik
WEE G 225 LONyr—V%RTOITHELTWD, | H&EOXL 728 2
2L OUNSZ 7 ) ZHIBRT S,

1 RPIOICT, BT & RS ICEEHR D5, kO X9 3 FH
DXHEEET D, TMEBOT 2V —RKaxD%E ., IREER X7 =2V —
Ko DENST 2 T —OWNAIOE SO FJIZ 1/3FFASND, |

28.4.4.3.2 EED1XT, [ZABRLIBETLIHEG] & [EH0RRIBAET D0

ICEEHR D, EOXEHIRT 2 (TRERICEER. .. fem Rl 1o
28.4.4.3.4 FAIOXEHIRT S (THVEL-FIH), WOLITH LWRPIOLE
EET D  WEPRES#EEZLE LTI E2RETLDICHBREA T
HBEE. LW I LEERALTE CORT v 7 THyRRBRE FEITL,
BBtV 5% C FTO SADT F 721X SAPT ZIRET D,  SADT F7-1% SAPT 3%

28.2 THIE SN FTRERIRELL T Th 5008 9 &+ 5,

1 BRHIOXERD K OIEIET D, [SADT F£721% SAPT (X, 7 BB ORBRHARM
WIZY > TIRENT v o N—{EE% 6° CLLEBZ 2 BIKT v N—{aE &
LCHESND (B 28.4.4.3.2), ) 2 FEHODOILT, [chamber] DOHIIZH
% Ttest] #HIERT 5,

28.4.4.5 12,2-7VY (4 T7Fu=1rU)| 2, BERCERINL TS T

RTCOMEDOZRIOKIT, FrLWER Tc) 2FiATD, 2,2 -7V Y (1
JFu=rU) Oz FU T, 10.18] & [0.28) i, [62) % [27) (O

28. 4. 4.

N}

28. 4. 4.

w

28. 4. 4.

o~

Tz D,

BAEDY X FOKDVIZROF =L N AT 5,
Substance Sample mass Dewar heat loss SADT/SAPT

(kg) (mW/kg. K) ¢ 0

Dilauroyl peroxide, technically 0.16 26 50
pure
Didecanoyl peroxide technically 0. 20 28 40
pure
N-Vinylformamide 0. 40 33 55
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O TFIZROFH LWERE [c) AT D,

le 6 DFELEGZANT, 3D H ) THAEWHRZIL TS DLV E
BB ZEN | THRES - (K28 1 55M), )
BAEDK 28.4. 4. 2 1FEER L,

(GBAngy)

ST/SG/AC. 10/C. 3/2020/3/Add. 1-ST/SG/AC. 10/C. 4/2020/4/Add. 1 (KZEWG #HE)

<HE (&) >

1. kF2, 3CEST / SG / AC.10.C.3 / 2020 / 3-ST / SG / AC.10.C.4 / 2020/4 \ZB5L

THEohicaAy NoORN, BALOERLEOMFEE EOEIEICET 2IETH D,

<FM (&30 >

XLl

1. REEBIO=RX VX —WEICET HEBEEMFE 7 v—7" (I6US), 1EE7 v—7x
FNF—BLOBRWE (B0S)., RORERT Y —2X H OWETICET A EREE S LV —7
DOIEEORERDFERO DI S, I AV MPFAINTOEEAT, 58 57 [t
v g TEST / SG / AC.10.C.3 / 2020 / 3-ST / SG / AC.10.C.4 / 2020/4 & L
TER LT, 2 AV MEFAITHEOIERENTZY —7 A= TlE, %< OREH
DIRBE~OIFFERPA LT, SHEITEL, #ELIDICWET LD, WD00
FICRELEDa A MR LT,

2. AALDEID 1 DF, SEIERTONT 4 OBEMB—BHEORWRBIZZ > TS Z
EThote, ez, WEX Te) & K TR, BEEREORTITITEMERN
20y s TkeK) & T(Kkg) |, 2D RF a2 A2 FTIRESN TV DWETIL, Bro—& L
i &, B SNTmELOBEEAMAATLZ L2 HE LTV,

3. PERIT, E¥ESCEST / SG / AC.10 / C€.3 / 2020 / 3-ST / SG / AC.10 / C.4 /
2020/4 \ZEIEZMZ D, —Hoaxy MIE, SEINTEECEICRNT A MR
BENATWE, ZHODOEEFEINZY A NENTEY, ~=27 10873 28
ERBL TV D,

4. NEEBEVPHEHBIN, BRETL, 220 b5, BEBZTANLONLHAIL, BIES
N VESCE ST / SG / AC. 10 / C.3 / 2020 / 3-ST / SG / AC.10 / C #4RINT 5,

7R
5. fE¥cE-/ .3/ 2020/3 (-++/ C.4 / 2020/4) ZWD L HITEET S,
28.3.5 5H/EEH DR (I22#i) THrED) O 21TH : IRy r— U BBRE~OBUREE)

DRNT Tthel &9 HFEZHIRT 5,

28.4.2.1.2 HHEMNS 2FADOLT, L O E Tl /K kel ITEIET 5,

28.4.2.3.1 (a) (ii) o [ : $EINORIIZ 0. 333W D 1. 000W “Z4EA L, Hitt D =3 v~ %Yl
By 2,
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(b) (ii) DOLGE  BYEKOE(LEZ T60mW /K. kgl IZEIET D,

28.4.2.3.2 (¢c) ® 2 FHOEYE (70— RA_A—=2 a0 DRG] THED) ORYIDIT
T, Iy & T0.5W / kgl OFNCAN—=ZZHHEAT D,

28.4.2.5 F :4XHORHLOEAE TaW /K kg (IEET 5,

4 28.4.2.2 : JLAIT, HABGELAR L 2 W /K kel ITEIET D,

28.4.3.5 F :4XHORHLOEAE TaW /K kg (TIEET 5,

4 28.4.3.2 : JLAIT, HABGELIRL 2 W /K kel ITEET D,

28.4.4. 2.8 RHND X H WD X HIEET D, [ REWEEZFEAL, £ 28.4 ITRT LI
BURRN DD, KO RER/NNyr— IBC £3/NE 7% 27 DA, BAL
BEHIZY OBIHEN DI, KO KRERT 2V —MEERTLILERND D
(£ 28.4 #&M),

28.4.4.5 F:AFHORHLOHEMZ W /K kgl [TIEET 5,

6. RBRBLOKEEDO~=aT DL 7 ar 28RO LI IHEET D,

28,1 ABRH. | O4Ei% [United States SADT / SAPT test] (ZIEIET 5,

28.4.1 RERDA B1Z [United States SADT / SAPT test] (ZIEIET 5,

28.4.2.4.2 TA] & [B) OHAITHENALZ K / hl &, Cpl OFAIE 1] /K kgl IZEXH#

25,

28.4.2.4.4 Cp2 OHAE T[] / K kgl 1, [C] OHAr% K / h) ICEE#Z 5,

28.4.2.4.5 D] OH{% K / h) IZH#T 5,

28.4.2.4.6 2FLHADOXD (L) OEALE W /K kel ICEEZH]Z D,

(3) EEEEM:P137, Fehl| LR PPT0 OFTIEE 2ITEE
ST/SG/AC. 10/C. 3/2020/51 (J<[H)

<HE (EX) >

1. ¥EEOFEMZIL, P137 PPT0 OBAEDT F A MIKTHELEEZEETDH, ZNITED,
T~ —27 OFRIZBE LT, BLETDO/N—2 3 & O EEEEORERIHE 2 IEMEIZ R
D

2. %5 456 BVNEB ST, KENZ P137, w3 T2H 6 k) Z2~—7 3 555IBLE PPT0
DRI EERH D Z L A LT, RER, XF0H A A2 ERZRTLHEV G, T
[~ — 2 ZBMRT 5 BNHEZ LW Lz (SEORBEN V), ZoREIE, £
BUEICH DO DIZHEENTNDA, HEEIT, P137 NERHOUIEEMETH -7
7o, ZORBITKIENCG ITHFET DM ERH D L8O T,

3. KIEEWG (X, WL P137 OFFRIEEERE PPT0 D LE A TTOEM (BFE 10156 3) I
AOETHEL, 54 %, EEEFS 0440 35 LT 0441 (2 PPT0 3 9~ 5 B : % R
TOWRDIREZRET 5 L9 B S5,
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P137: WO/ ERIT, 4.1 1A, 4. 1.3 T8, 4. 1.5IH (PP70) ([ZH#EAET2HAICHRD 5
b,

PP70 : UN0O059, 0439, 0440 LT 0441 ICHOW T, BB NS TV 5
AT, MEEEOZEME T AENCET, 2o, 8EWIIE 5.2.1. 7.1 HIZHE- 7%
IRPIR S TWRIT IR B 7220, BRUESES 2 >—l TEIE SN TV L ILEITIE,
BFEIEAALTHZDOY =y MIREZR/NIT H720I12, HHEEOZERMIZNENIC
TR AA DR IE7 5720,

UN0440: 1.4D, CHARGE, SHAPED, without detonator
UN0441: 1.4S, CHARGE, SHAPED, without detonator

<FM (&30 >

ERR0

1. FEEOFEMZIE, P137 PPT0 OBIEDOT F A MIATHEEERET D, 2L,
FHia~—2 OFERIZBE LT, BEiDO/N—2 3 & O ZEEIEORERIHUE 2 M2 R
%o

TR

2. % 45 [B/NEBE S TIX, REOBMZE AN CE ST/SG/AC. 10/C. 3/2014/58 %7 L1z,
ZHUE, O XD e BEANRRRIBLUE TR S A OO FARD A X E Bk
THZLEAME L, FAAEOER T, JEENT P137, wIEC 1266 k) 2v—7
T HRERRE PPT0 OLIATE BN H D Z L bRA Lz,  HEZ, XFOVA X%
ERTHEID G, F~—27 22T 55N EE LW Lz (SREORBER 2,
ZORET, FHEICH MO DI EENTWDA, EEIX, P137T PBEEYO
AIEFETH ST lod, ZOMBITKENG ITHFET H2RENRH D LB O,

3. 45 RIEEOREEOE 81X, KHEWG I N-LELBRIN Lo 7o E
ZRLTWD, mEOEB T (f) IZFE#E ST 25 30 ST/SG/AC. 10/C. 3/ 2014/58
DBV 8 DI-RENKIEWC ITIRE SN E 2 MERTIEEITR,  KFEWC 22D DO
FIXENIZOWTELLTWRND T, WrR5iEmbAD®E TIToN Iz EBET D
VENH D, 12771, LEST/SG/AC. 10/C. 3/2014/58 Z%fG: &4 5 — A1, &/
YA X 12 mm ZLEETDHIENRESNIZZ EEZRNT, BENFRSNZZ &%
AL TVWD,

4. ZOBEEICEY WOEEPMTONT,

TSI O ZeifE L R & <, 7 THIS SIDE P “&~—7 Sh7-adEE, kD Lo
EETHLERS D :
TR OZEMT T 2B &, AL 5.2. 1.7 1 1> Tv—27 Shaid i 57220, |

5. WO EHOT XA MEMEDOF MR TEESEZ 22 LKLY, NERFAEZRT
CEMNBMTH oz, 2E L. 5.2.1.7. 1 DERPIOES T, Hhl~— 7 O E
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HELTWS, ZLTENLNEASINDTWES A T, Wk s EEOMmE &
WG B E G OMAEDOEUELEERY,  Eo T, BEDOHM TIX, P137
AT AW H M~ — 2 BT 0BT, ZHUTH O NICEEDOEXI T
[

6. IHIZ, VA FSNEEEESOBRICHL0HEOEMETEST S &, plEEED—
EAEE I F AT OEANE Z 520 E LN o7-, 8 14D BEXO
L4S 1E, 1ZE A LR E G T IEIZ O RIER THRA R WIGEICOHIGT
%, WoT, HERABRPICEKRZR Yz vy MARAE L@, L4FH S TH
RN,

BER

7. KIEWG 1T, DEEEME P137 OFFRIEIERE PPT0 D XLE A T OEM ($RFE 10256 3) |
BB THEL, #%4%, EHES 0440 B L0441 (VT 52 b IFED R,
BT 2 MIEHE) 1 PPT0 283 2 B2 HIBR T 2 IROIBREHRETT 5 &
Y EEHEIND,

"/E1
[EER 5 0059, 0439, 0440, 3L N0441 DIFE, RIPBEENEM TOE SN DA

MEEEOZEMIE T IR0 3T 2 SORCHANT b2t o<X 5.2.3 £z
1£5. 2. 4 IR FT RO~V —7 SnRITFUT R B2,

"—R2
[5.2.1.7.1 CHUE S NIZHFiPH & FIIM b 53, [EEF S 0059, 0439, 0440, L

0441 2N TE, BBEA M TRE SN 56, MEFIEOZREIZ TR E T, e

B, 5.2 L7 1 Il OH Db Lo lcv—r b, |

"’R3
[EERE 0059, 0439, 0440, FLN0441 DA, IZBEN M CRIES N DA,

M $EF D22 i & 272 0 | adEE 52171 4cht=C “ THIS SIDE UP” b~—=F
YITEN, x—=F TP AT 6. 1.3 1 IZHED )

"R 4
R 2L RUE PPT0 &, 2 3.2 EOMGHEM Y A Fodl| (9) OEEFES 0440 F5 LY 0441
MHHIERL, BELOPIIT 205 4. 1. 4. 1 OFFRIELEEME PPT0 2 HIFRT 5,

(%]

P137: WO/ ZHE, 4. 1.1, 4. 1.3, 4. 1.5 (PP70) |[ZH#EET HHLAITRO LU
Do

PP70 : UNO059, 0439, 0440 3L TX 0441 [ZHOWTiE, BEROLNOESN TV EES
W%, MEERZOZHRIZ T AT, 20, kI i52171@:ﬁotﬁi
BIRSN TR TR BV, REED 2 >~ TaE SN TV D HAIT
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BRI AALTHZDOY =y MIREZR/NNIT D702, HHEEEOZEMIZNENIC
TR AA DR IIE7 B 720,

UN0440: 1.4D, CHARGE, SHAPED, without detonator

UN0441: 1.4S, CHARGE, SHAPED, without detonator

(4) EEEEM P137 12381F 5 PPT0 i M D AR L
ST/SG/AC. 10/C. 3/2020/53 (¥Z[H)

<HEZE (FEK) >

1. ZO3CEE, KIENC ZHNT, BEEHPI3TOPPIO DT F A ME2 L Ea—1LT, #
ROHW @AY EZHEICT A2 EE2ERNELTWD,

2. PPT0 OFT F X MI, RAAHTHY . KETOLURMOEEERIL, L bDRie D
RRDONL D) E R LTV, BEEIE, KFEWGIZP13T O PPTO DT F A &L E =
— LT, RELEMROMERZ Y BR< LD ERF L2V,

3. 20/51 OB CE

<FM (&30 >

XL ®IZ

1. ZOXEF, KW ZHNT, BEEEPITOPPTO DT HFA ME L Ea—1LT, M
FROBMEEAEZAMEICT 22 L2 HME LTS,

T

2. i, REOUEREMFI, EEDLEERH LV arEx—va Lo L—F
TV = a s w2 o, EETHN SN FIRICHE S T, S2HOMERIKRD
b, RSN ETEHV Y oL RAESh, ok,
1L PP70 D P137 T 7=, 71272 L. PPT0 OF F 2 MIREEZHWE ., RN EHETH
L2 Enbrolc, EETOLURIOEIEARIT, 2O DRRDRON D0E R
LW, ZEENE, KIEWG (2 P137 PPTO DT F A &L Ea— LT, BIE LMK
IR A B BR< X9 BFE L2\,

B S T-FHRE

3. LE=a—oBhi} & LT, PPT0 OFT F A R TLLFOREN > TN D (BEDTZDHLL
T ERT) -
[PP70 : UN0059, 0439, 0440 3L TN 0441 [ZOWTIE, BB EO NS LT
%A, MEIEOZHMIE T ARSI, 230, BEmIciE 5.2.1.7.1 HIZHE- T
K RBBRINTWRITNIEZR 6720, fBREED 2 Sl TadE SN TV DA
L BEMICEALTHLEOY =y MR ER/ANCT D701, FEER O 2RI
2T FAS DR RITIUT R B 720, |
(a) THi—T@EEInic) LiX, SEEIEIRNEDZ L0
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(b) Fio (a) LRIUCERN 25— A ISND)?
(c) 7T, ZHIENMZI<, ZHUTE I WD EED?

(i) BHEHWZ[AD-T?

(ii) =7 CHEED LB T?

(iii) JmbITWEOENLEEN TN D02

(d) YU I NELFRTOLNSHREINTNDLZ EE2EZD L, MDY r—
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SF34F1H21H
() PEERATHA SRR

ARG
TEIE N
1. BRI A 2020 4-11 H 30 H~12 H 8 H
2. BT EE I —a v /SKRE (A R« Vax—7) KONYE— &N
3. HE Mr. D. Pfund CKH).
BlEE Mr. C. Pfauvadel ({AE)
ER)

ANEERIT) T— FBINE LHMSNMEOEAESHELE LRSI, 4
¥, AANEESIT20204E0EZF L v g VITTESHTWEDR, 74 L ARE
D& ZFFr vy a NUEH STz, Bty va UM TR S 30E
X, VE— MCLDZBERZHBAR T, BELELHIATEy v a v OfEE L
TREIff sz,

F KBRSV T, 202011 H 17HE 18 HD 2 HIEIC U £—
AT S 7o KFEIEE M S (KEWG) IZX o THEEI L, ERIT
Pfund [k CKE) 23% D7,

4. ZNE - TNETF U A—ANTZY T A—ARNYT | NF— T
TN, AAFE, RE, 74T R AE, R4V AFY T BHER, TRy
a, ATUH, INVTz— F—F K, RNV RNH EE a7 HT 7Y
T, AL RAx—T v, AL A, KE, KHEH

ARG OIS (UE—F) B NKKK), #%E (AIST), fi
FTHPF—=N—[E: TANVT K, AF—), A X7 hLa

5. % [E IR RS - European Union (EU), Intergovernmental Organization for
International Carriage by Rail (OTIF)

6. [E] BEREAE - Food and Agriculture Organization (FAO). International
Civil Aviation Organization ICAO). International Maritime Organization
(IMO). World Health Organization (WHO)

7. NGO B (4 36 #&B) :
American Cleaning Institute (ACI); Association of European Manufacturers of
Sporting Ammunition (AFEMS); Australian Explosives Industry Safety Group
(AEISG); Compressed Gas Association (CGA); Council on Safe Transportation
of Hazardous Articles (COSTHA); Dangerous Goods Advisory Council (DGAC);
Dangerous Goods Trainers Association (DGTA); European Association for
Advanced Rechargeable Batteries (RECHARGE); European Association of
Automotive Suppliers (CLEPA); European Association for Advanced
Rechargeable Batteries RECHARGE); European Battery Recycling Association
(EBRA); European Chemical Industry Council (CEFIC); European Industrial
Gases Association (EIGA); Federation of European Aerosol Associations (FEA);
Institute of Makers of Explosives (IME); International Air Transport
Association (IATA); International Association for Soaps, Detergents and
Maintenance Products (AISE); International Association of Fire and Rescue
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Services (CTIF); International Confederation of Container Reconditioners
(ICCR); International Confederation of Drums Manufacturers (ICDM);
International Confederation of Intermediate Bulk Container Associations
(ICIBCA); International Confederation of Plastics Packaging Manufacturers
(ICPP); International Dangerous Goods and Containers

Association (IDGCA); International Fibre Drum Institute (IFDI);
International Organization of Motor Vehicle Manufacturers (OICA);
International Paint and Printing Ink Council (IPPIC); International
Petroleum Industry Environmental Conservation Association (IPIECA);
International Tank Container Organisation (ITCO); KiloFarad International
(KFI); Medical Device Battery Transport Council (MDBTC); Metal Packaging
Europe (MPE); Rechargeable Battery Association (PRBA); Responsible
Packaging Management Association of Southern Africa (RPMASA); Sporting
Arms and Ammunition Manufacturers’ Institute (SAAMI), Stainless Steel

Container Association (SSCA) and World LPG Association (WLPGA).

PRCVIE SEZ

Australian Explosives Industry Safety Group (AEISG),
Council on Safe Transportation of Hazardous Articles (COSTHA),

Institute of Makers of Explosives (IME),

Sporting Arms and Ammunition Manufacturers’ Institute (SAAMI)

KEFHHI =Y £ — b2k (KEWG) 20E

2020 4+ 11 A 17-18 H

Name Representing Email address
Arnaud Vandenbroucke Belgium arnaud.vandenbroucke@economie.fgov.be
Richard Bowes Canada richard.bowes@canada.ca
Michael Lafleur Canada michael.lafleur3@canada.ca
Yanchun- China China
Chen Shuxin China
Jian Zhou China zhoujian@ghs.cn
Miina Gronlund Finland miina.gronlund@traficom.fi
Mikko Ojala Finland mikko.ojala@tukes.fi
Lionel Aufauvre France lionel.aufauvre@ineris.fr
Heike Michael-Schulz Germany heike.michael-schulz@bam.de
Alexander von Oertzen Germany alexander.von_oertzen@bam.de
Cordula Wilrich Germany cordula.wilrich@bam.de
Shu Usuba Japan shuusuba@live.jp
Jun-Hwa Ban Korea, Republic of warm2240@gmail.com
Soedesh Mahesh Netherlands soedesh.mahesh@rivm.nl
Patrycja Ruskowska Poland Patrycja.Ruskowska@mr.gov.pl
Mihai Cuciureanu Romania adr@arr.ro
Olga Geraskina Russia o.geraskina@ciscenter.org
Agustin Chousa Spain achousa@miteco.es
Ramon Gonzalez Spain reguren@maxamcorp.com
Shulin Nie Sweden shulin.nie@msb.se
Lorens van Dam Sweden lorens.van.dam@msb.se
Nathan Flood UK nathan.flood@hse.gov.uk
Phil Smith UK philip.smith@hse.gov.uk
Deb Traynor UK deborah.traynor@hse.gov.uk
Keith White UK keith.white@vca.gov.uk
Britain Bruner USA britain.bruner@dot.gov
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Name Representing Email address
Andrea Dunham USA andrea.dunham@dot.gov
Michael Givens USA michael.givens@faa.gov
Michael Klem USA michael.klem@dot.gov
Brent Knoblett USA brent.e.knoblett.civ@mail.mil
Jennifer Lawless USA lawless.jennifer@dol.gov
Kevin Leary USA kevin.leary@dot.gov
Joseph Nicklous USA joseph.nicklous@dot.gov
Duane Pfund USA duane.pfund@dot.gov
Keith Ranck USA keith.ranck@faa.gov
Maureen Ruskin USA ruskin.Maureen@dol.gov
Ryan Vierling USA ryan.vierling@dot.gov
Brian Vos USA brian.vos@dot.gov
Steven Webb USA steven.webb@dot.gov
Aaron Weiner USA Aaron.Wiener@dot.gov
Rosa Garcia Couto UN/ECE rosa.garciacouto@un.org
Romain Hubert UN/ECE romain.hubert@un.org
Armando Serrano | UN/ECE serranolombillo@un.org
Lombillo
Ken Price AEISG ken@riskom.com.au
Bob Sheridan AEISG bob.sheridan@aeisg.org.au
Johann Zank AEISG johann.zank@orica.com
Dieter Heitkamp CEFIC dieter.heitkamp@bayer.com
Werner Lange CEFIC dr.werner.lange@icloud.com
Peter Schuurman CEFIC peter.schuurman@nouryon.com
Klaus Pilatus CLEPA klaus.pilatus@autoliv.com
Tom Ferguson COSTHA tom@costha.com
Lance Harry COSTHA lanceh@statx.com
Dave Madsen COSTHA dave.madsen@autoliv.com
Jason Newell COSTHA Jason.Newell@joysonsafety.com
Bob Richard Hazmat Safety | brichard@hazmatsafety.com
Consulting
David Boston IME dboston@ime.org
Noel Hsu IME noel.hsu@orica.com
Jackson Shaver IME jackson.shaver@dssa.daicel.com
Kaylee Baker RPMASA kaylee.baker@aeciworld.com
Cheryl Kelly RPMASA cheryl.kelly@aeciworld.com
Andre Pienaar RPMASA andre.pienaar@aeciworld.com
Ben Barrett SAAMI ben.barrett@dgadvisor.com
Robert Ford SAAMI rford@smsenergetics.com
Matthew Spencer SAAMI mspencer@hornady.com
Yushuang Chen Shanghai Institute | cys@ghs.cn
of Chemical
Industry Co., Ltd.
Chaozheng Huang Shanghai Institute | hcz@ghs.cn

of Chemical
Industry Co., Ltd.
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For UN Nos. 0059, 0439, 0440 and 0441, when the shaped charges are packed singly, the
conical cavity shall face downwards and the package shall be marked_as illustrated in
figures 5.2.3 or 5.2.4 inaeceordanee-with-5-2-1-71 on two opposite sides. *+ * =+
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a2 OV it

KIE WG (THEE 2 OBEEEIF LT, £7- CEFIC 75 33.2.4.2 HEEKOBEH DX
HIZ “inner” ZFAT HEANH ST,

fif ) FREDEENTIR S iz (PR DMEAGE).
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R ZLLFO LD ITELE

33.2.1.4.2 HEE K OB
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SECTION 28
TEST SERIES H

28.1 Introduction
28.1.1 This test series contains test methods for the determination of the self-

accelerating decomposition temperature (SADT) and the self-accelerating polymerization
temperature (SAPT). The SADT is defined as the lowest temperature at which self-
accelerating decomposition may occur with a substance in the packaging. The SAPT is
defined as the lowest temperature at which self-accelerating polymerization may occur
with a substance in the packaging. The SADT and SAPT are measures of the combined
effect of the ambient temperature, reaction kinetics, package size and the heat transfer
properties of the substance and its packaging. To assist in interpreting the results, the

following models can be used-in-which-the-mainresistanece-to-heat-flowis!

! References: N.N. Semenov, Z. Physik, 48, 1928, 571; D.A. Frank-
Kamenetskii, Zhur. Fiz. Khim., 13, 1939, 738.; P.H. Thomas, Trans. Faraday Soc., 54,
1958, 60.
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B) Within the oul (Frank-K it model):

(a) Semenov model, in which the main resistance to heat flow is at the boundary (i.e. packaging).
This model is generally applicable to homogeneous liquids but can also be applied to solids
in packagings (excluding IBC3s);

(b)  Frank-Kamenetskii model, in which the main resistance to heat flow is within the
substance. This model is generally applicable to solids in larger packagings, IBCs or tanks;

(0 Thomas model, in which the resistance to heat flow is from both the boundary and
the substance;

(d)  Non-stationary models, e.g. finite element methods (FEM), or computational fluid dynamics
(CFD) all combined with thermal kinetic methods.

28.1.2 The text should be used in conjunction with the temperature control
requirements given in sub-section 2.5.3.4 of the Model Regulations.

28.1.3 Both the SADT and the SAPT may be influenced by factors such as aging
of the sample, presence of stabilizers or impurities in the sample (including packaging
materials in contact with the substance). These possible influencing factors should be
considered when evaluating the results of an SADT or SAPT determination.

28.2 Test methods

28.2.1 Test series H comprises tests and criteria concerning the thermal stability
of substances or concerning the determination of whether a substance meets the definition
of a self-reactive substance or a polymerizing substance.

28.2.2 Each test involves either storage at a fixed external temperature and
observation of any reaction initiated or storage under near adiabatic conditions and
measurement of the rate of heat generation versus temperature. The test methods
included in test series H are given in Table 28.1. Each of the methods listed is applicable
to solids, liquids, pastes and dispersions.

Table 28.1: Test methods for test series H

Test code Name of test Section
H.1 United States SADT/SAPT testa 28.4.1
H.2 Adiabatic storage test (AST)b 28.4.2
H.3 Isothermal storage test (IST)b 28.4.3
H.4 Heat accumulation storage teste 28.4.4

a Recommended test for substances contained in packagings.
b Recommended test for substances contained in packagings, IBCs or tanks.
¢ Recommended test for substances contained in packagings, IBCs or small tanks.

The list of tests is not exhaustive; other tests may be used provided that
they give the correct SADT or SAPT of the substance as packaged.

28.2.3 When temperature control is necessary (see Table 28.2) the control and
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emergency temperatures should be derived from the SADT or SAPT using Table 28.3.

Table 28.2: Criteria for temperature control

Type of substance Criterion for temperature control
Self-reactive substance SADT <55°C

Organic peroxide Type B and C SADT <50 °C

Organic peroxide Type D showing medium effect when heated

under confinement? SADT <50 °C

Organic peroxides Type D showing low or no effect when heated

under confinement? SADT <45 °C

Organic peroxides Type E and F SADT <45 °C

Polymerizing substance in packaging or IBC SAPT <50 °C

Polymerizing substance in portable tank SAPT <45 °C

@ As determined by test series E as prescribed in this Manual of Tests and Criteria, Part II.

Table 28.3: Derivation of control and emergency temperatures

Type of receptacle SADT/SAPT? Control temperature Emergency
temperature

Single packagings and IBCs <20 °C 20 °C below SADT/SAPT 10 °C below
SADT/SAPT

over 20 °C to 15 °C below SADT/SAPT 10 °C below
35°C SADT/SAPT

over 35 °C 10 °C below SADT/SAPT 5 °C below
SADT/SAPT

Portable tanks <45°C 10 °C below SADT/SAPT 5 °C below
SADT/SAPT

2 i.e. the SADT/SAPT of the substance as packaged.

28.2.4 If a substance is being tested to determine whether it is a self-reactive
substance, a test of series H, or a suitable alternative test, should be performed to
determine if its SADT would be less than or equal to 75 °C when contained in a 50 kg
package.

28.2.5 If a substance is being tested to determine whether it is a polymerizing
substance, a test of series H, or a suitable alternative method, should be performed to
determine if its SAPT would be less than or equal to 75 °C in its packaging, IBC or portable
tank.

28.2.6 The results obtained for the largerst-eemmeretal packages are applicable to
smaller packages of similar construction and material provided that the heat transfer per
unit mass is no smaller than from the larger package.

28.3 Test conditions

28.3.1 For organic peroxides and self-reactive substances the preliminary
procedure (see section 20.3) should be performed and the effect of heating under
confinement (test series E) determined before performing SADT tests. Safety precautions
should be taken which allow for the possibility of catastrophic failure of the test vessel and
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for the hazards arising from the ignition of secondary fuel-air mixtures and the evolution
of toxic decomposition products. Substances liable to detonate should only be tested with
special precautions.

28.3.2 The test selected should be conducted in a manner which is representative,
both in size and material, of the package. For metal packagings, IBCs or tanks, it may be
necessary to include a representative amount of the metal in the sample tested i.e.
representative of both the metal(s) and the area of contact.

28.3.3 Extra care should be taken when handling samples which have been tested
since changes may have occurred rendering the substance more unstable and more
sensitive. Tested samples should be destroyed as soon as possible after the test.

28.3.4 Samples which have been tested at a particular temperature and are
apparently unreacted may be used again, for screening purposes only, provided extra care
1s taken. Fresh samples should be used for the final aetual-determination of the SADT or
SAPT.

28.3.5 If the complete package is not tested, the heat loss data used for the
determination of the SADT or SAPT should be representative of the package, IBC or tank.
For all type of packagings up to 50 kg for solids or 200 kg/225 litres for liquids and for
IBCs up to 1250 litres for liquids, a standard heat loss per unit of mass is given in Table
28.4. For other packagings, IBC’s or tanks or when there is a need for a heat loss value
that deviates from the one as given in Table 28.4, the actual heat loss value per unit of
mass has to be determined. In this case, Fthe heat loss per unit of mass of the package,
IBC or tank may be determined by calculation (taking account of the quantity of substance,
dimensions of the package, heat transfer in the substance, and-the heat transfer through
the packaging and heat transfer from the outer wall of the packaging to the environment
(see note)) or by measuring the half-time of cooling of the package filled with the substance
or another substance having similar physical properties. The heat loss per unit mass, L
(W/kg.K), can be calculated from the half-time of cooling, ti2 (s), and the specific heat, Cp
(J/kg.K), of the substance using the formula:

L=In 2)(((:/ )
t,

NOTE: For calculations an external heat transfer coefficient (i.e. heat transfer from
the outer wall of the packaging to the environment) of 5 W/m?. K can be used.

28.3.6 The half-time of cooling can be determined by measuring the period of time
in which the temperature difference between the sample and its surroundings is decreased
by a factor of 2. For example, for liquids, the packaging may be filled with silicone oil,
apparent density 0.96 £ 0.02 at 20 °C and heat capacity 1.46 + 0.02 J/g at 25 °C or dimethyl
phthalate and this heated to about 80 °C. Water should not be used as erratic results may
be obtained through evaporation/condensation. For solids for example, the packaging may
be filled with dense soda ash (apparent density greater than 1 g/cm3) and this is heated to
about 80 °C. The temperature drop is measured at the centre of the package over the
temperature range which includes the expected SADT or SAPT. For scaling, it may be
necessary continuously to monitor the temperature of the substance and surroundings and
then use linear regression to obtain the coefficients of the equation:

In{T-Taf =co+cxt
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where: T = substance temperature (°C);

Ta= ambient temperature (°C);

Co = In{Initial substance temperature - initial ambient temperature};
and

c = L/Cy;

t = time (s).

28.3.7 Standard Examples-ofthe-heat loss characteristics of some-typieal packages,
IBCs and tanks are given in Table 28.4. The actual value obtained will depend on the

shape, wall thickness, surface coating etc. of the packaging.

For Liuids:
AT
1H31
1H31
3H1 (blaek)
6HG2
IBC-31-HAL
Tank
Fank—container
Gnsulated)
For-solids-
1G 38 28.0- kg DCHDPe. 35
1G 50 370-kg DCHP: 29
1G Ho 85:0-kg-DCHPe 22
4G 50 32:0-kg-DCHPe 27
e DMP = dimethylphthalate

Table 28.4: HEAT LOSS PER UNIT MASS FROM PACKAGES, IBCs AND TANKS

Type of receptacle Normal capacity Heat loss per unit
(litres) mass (L) (mW/K kg)a

For liquids-
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Packagings up to 200 kg/225 1 40b

Packagings larger than 200 kg/2251 no standard valuec
IBCs up to 1250 1 30

IBCs larger than 1250 1 no standard valuec
Tanks no standard valuec
For solids:

Packagings up to 50kg 30b

Packagings larger than 50 kg no standard
valuec

IBCs - no standard
valuec

Tanks - no standard
valuec

a For test series H.4 the heat loss of the Dewar vessel to be used should be as close as possible
to the value listed in the table.

b When determining the SADT for exemption or classification purposes, where the definition
of the SADT 1s connected to a 50 kg package, a value of 60 mW/K kg for liquids and 30
mW/K kg for solids should be used,
Such is the case when the SADT 1s used either to exclude a new substance from Division
4.1 as a self-reactive substance (see 20.2.1 (e)), or to classify it under Type G as a selt-
reactive substance (see 20.4.2 (g)), or organic peroxide (see 20.4.3 (g)).

¢ Value should be determined for the actual configuration.

28.4 Series H test prescriptions
28.4.1 Test H.1: United States SADT/SAPT test
28.4.1.1 Introduction

This method determines the minimum constant temperature air
environment at which self-accelerating decomposition or polymerization occurs for a
substance in a specific package. Packages of up to 225 litres may be tested by this method.
An indication of the explosion hazard from the decomposition er-pelymerizationreaction

can also be obtained.
28.4.1.2 Apparatus and materials

28.4.1.2.1 The test substance and packaging should be representative of that intended
for commercial use. The packaging forms an essential part of the test.

28.4.1.2.2 The apparatus consists of a test chamber in which the air surrounding the
package under test can be maintained at a constant temperature for a period of at least
ten days.

28.4.1.2.3 The test chamber should be constructed such that:
(a) TItis well insulated;
(b) Thermostatically controlled air circulation is provided so as to

maintain a uniform air temperature within + 2 °C of the desired
temperature; and
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(¢ The minimum separation distance for all sides from the package to the
wall is 100 mm.

Any type of oven may be used provided that it is capable of meeting the
temperature control requirements and will not ignite any decomposition products.
Examples of-a suitable small-package and large-package ovens are described below. given

28.4.1.2.3.1 Example 1

284-1.2.4—A small-package oven may be constructed from an open head 220 litre steel
drum. This will readily accommodate packages of up to 25 litres capacity. Construction
details are shown in Figure 28.4.1.1. Larger packages may be tested as long as a 100 mm
clearance between the package and the oven wall is maintained.

28.4.1.2.3.2 Example 2

28412.5——An expendable large-package oven may be made from 50 mm X 100 mm
lumber formed into a cubic frame 1.2 m on each side, which is lined inside and out with
6 mm thick waterproof plywood and insulated all around with 100 mm fibreglass
insulation. Construction details are shown in Figure 28.4.1.2. The frame should be hinged
on one side to permit loading and unloading of test drums. The floor should be provided
with 50 mm X 100 mm lumber on edge, spaced 200 mm on centres to keep the test
container off the floor and allow free air circulation around the package. Cleats should run
normal to the door to permit a fork-lift to move the drums. A circulating fan should be
located on the side opposite the door. The air flow should be from the upper corner of oven
to the fan discharge at the diagonally opposite lower corner. An electric heater of 2.5 kW
1s suitable for heating the air. Thermocouples should be placed in the air intake and
outflow ducts as well as the top, middle and bottom of the oven. For substances with an
SADT or SAPT below ambient temperature, the test should be performed in a cooling
chamber or solid carbon dioxide should be used for cooling the oven.

28.4.1.2.3.3 Example 3

For tests at temperatures up to 75 °C, a double walled metal chamber
(minimum separation distance from the package to the wall is 100 mm) may be used with
fluid from a temperature-controlled circulating bath passed between the walls at the
desired temperature. The test chamber is loosely closed by an insulated lid (e.g. made from
10 mm thick polyvinyl chloride). The temperature control should allow the desired
temperature for a liquid inert sample to be maintained with a deviation of not more
than + 2 K for up to 10 days.

28.4.1.2.64 The package should be equipped with a thermowell which positions the
thermocouple or Resistance Temperature Detector (RTD) at the package mid-point. The
thermowell may be constructed of glass, stainless steel or other suitable material but
should be introduced in a manner which does not reduce package strength or venting
capability.

28.4.1.2.75 Continuous temperature-measuring and recording equipment, which is
protected from fire and explosion hazards, is required.

28.4.1.2.86 The tests should be performed in an area which provides adequate
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protection from fire and explosion hazards, and from toxic fumes. A safety distance, e.g.
90 m, from public roads and occupied buildings is recommended. If there may be toxic
fumes, longer safety distances may be required.

28.4.1.3 Procedure

28.4.1.3.1 The package is weighed. A thermocouple or RTD is inserted in the package
to be tested such that the temperature in the centre of the sample can be monitored. If the
required oven temperature is below ambient, the oven is switched on and the inside of the
oven cooled to the desired temperature before placing the package in the oven. If the
required oven temperature is at or above ambient temperature, the package is inserted in
the oven at ambient temperature and the oven then switched on. There should be a
minimum clearance of 100 mm between the package and the sides of the oven.

28.4.1.3.2 The sample is heated and the temperature of the sample and test chamber
continuously monitored. The time is noted at which the sample temperature reaches a
temperature 2 °C below the test chamber temperature. The test is then continued for a
further seven days or until the sample temperature rises to 6 °C or more above the test

chamber temperature if this occurs sooner. Noete-thetime takenfor-the-sample-torisefrom

28.4.1.3.3 When the test is completed, cool the sample and remove it from the test
chamber. Note the variation of temperature with time. If the package remains intact, note
the percentage mass loss and determine any changes in composition. Dispose of the sample
as soon as possible.

28.4.1.3.4 If the temperature of the sample does not exceed the oven temperature by
6 °C or more then repeat the test with a new sample in an oven at a 5 °C higher
temperature. The SADT or SAPT is defined as the lowest oven temperature at which the
sample temperature exceeds the oven temperature by 6 °C or more. If the substance is
being tested to determine if temperature control is necessary, perform sufficient tests to
determine the SADT or SAPT to the nearest 5 °C or to determine if the SADT or SAPT is
greater than the applicable temperature specified in Table 28.2.erx-equalt6-60-2C. If the
substance is being tested to determine if it meets the SADT criterion for a self-reactive
substance, perform sufficient tests to determine if the SADT for a 50 kg package is 75 °C
or less. If the substance is being tested to determine if it meets the SAPT criterion for a
polymerizing substance, perform sufficient tests to determine if the SAPT in the packaging
as used is 75 °C or less.

28.4.1.4 Test criteria and method of assessing results

28.4.1.4.1 The SADT or SAPT is reported as the lowest temperature at which the
sample exceeds the oven temperature by 6 °C or more. If the sample temperature does not
exceed the oven temperature by 6 °C or more in any test, the SADT or SAPT is recorded
as being greater than the highest oven temperature used.

28.4.1.5 Examples of results
Substance Sample mass Packaging SADT/SAPT
(kg) (°C)
tert-Amyl peroxybenzoate 18.2 6HG2, 22.8 litres 65
tert-Butyl peroxyacetate (60%) 7.2 6HGZ2, 22.8 litres 75
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Dibenzoyl peroxide 0.45
Di-(4-tert-butylcyclohexyl)

peroxydicarbonate 43
2,5-Diethoxy-4-morpholinobenzene- 30
diazonium zinc chloride (66%)
2-(N-ethoxycarbonyl-N-phenylamino)- 10
3-methoxy-4-(N-methyl-N-cyclohexyl-
amino)benzenediazonium zinc
chloride (62 %)
Didecanoylperoxide, technically pure 20
2,2’-Azodi-(isobutyronitrile) 50

1G
1G

1G, 50 litres

6HG1, 25 litres

1G
1G

70

40
50

50

40
50
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Figure 28.4.1.1: Small package oven (Example 1)
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(A) Insulation 25 mm thick (B) 220 litres open top drum
(C) 19 mm pipe (D) 9.6 mm eye bolt in steel cover
(E) Insulation on steel cover (F) 3 mm control cable
(G) Fan (H  Thermocouples and controls
(J) Drain (K 25 mm angle stand
(L) 2 kW drum heater
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Figure 28.4.1.2: Large package oven (top view and side view) (Example 2)
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(@) Drum (e.g. 0.58 m x 0.89 m)
28.4.2 Test H.2: Adiabatic storage test
284.2.1 Introduction
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28.4.2.1.1 This test method determines the rate of heat generation produced by a
reacting substance as a function of temperature. The heat generation parameters
obtained are used with the heat loss data relating of te the package to determine the SADT
or SAPT of a substance in its packaging. The method is appropriate for every type of
packaging, including IBCs and tanks. There are two versions of the adiabatic storage test:

(a)  Open version: A Dewar vessel within an oven is used for-this—version. This set-up uses a
capillary to prevent pressure build-up and a cooling system to limit the temperature increase due
to a thermal runaway reaction;

(b)  Closed version system: Inthis—version a test vessel (e.g. Dewar or thin-walled vessel) is
placed within an autoclave in an oven. Here the autoclave prevents the release of pressure to the
surroundings during the test.

28.4.2.1.2 35
220-°C. The smallest temperature rise that can be detected w1th thls method depends on
the properties of the sample, but generally corresponds to a rate-of heat generation rate of
15 mW/kg. The upper limit of the open version is determined by the capacity of the cooling
system to safely cool the substance (up to 500 W/kg if water is used as the coolant). The
closed version can disregard this limit if performed in a high-pressure autoclave. Altheugh
the test iz not perfectlv adiabatic. the heat losses are less than 10mW. The maximum
allowable error in heat generation is 30% at 15 mW/kg and 10% from 100 mW/kg to
10 W/kg. The detection limit of the adiabatic test should be suitable for assessing the heat
loss from the package under consideration (e.g. 100 to 500 mW/kg for L=60 mW/K kg). If
significant extrapolation of heat production rates derived from adiabatic test data is
required, a validation with additional isothermal tests is recommended.

28.4.2.1.3 An explosion may occur in the open version of the test ilf the cooling system
1s activated at a stage where the rate of heat generation exceeds the cooling capacity of
the apparatus an-explesion-may-eeeur. For the closed version an explosion could lead to a
rupture of the autoclave or its fittings. The test site should therefore be carefully selected
to reduce to a minimum the possible hazards from an explosion and of a possible
subsequent gas explosion of the decomposition products (secondary explosion).

28.4.2.2 Apparatus and materials
28.4.2.2.1 Open version

The apparatus consists of a glass Dewar vessel (max. 330er—1-5 litre) to
contain the sample, an insulated oven with a differential control system to keep the
temperature in the oven to within 0.1 °C of the sample temperature, and an inert lid for
the Dewar vessel. In special cases, sample holders of other construction materials may
have to be used. An inert heating coil and cooling tube pass through the lid into the sample.
Pressure build-up in the Dewar vessel is prevented by a2-mJleng PTEE sufficiently long
capillary tube made of an inert substance (e.g. 2 m long PTFE tube) which-passes through
the insulated lid. A constant power heating unit is used for internal heating of the
substance to a pre=set temperature or for calibration. Internal heating and cooling may be
stopped or started automatically at pre=set temperatures. In addition to the cooling system,
a secondary safety device is used tofitbed-whieh-disconnects the power supply to the oven
at a pre=set temperature. A schematic drawing of thean open apparatus for the adiabatic
storage test AST is given in Figure 28.4.2.1.

28.4.2.2.2 Closed version
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28.4.2.2.2.1 The apparatus consists of a suitable inert vessel (e.g. Dewar or thin-walled
test cell) to contain the sample, a high-pressure autoclave and an insulated oven with a
differential temperature control system. Thin-walled test cells require the use of a
pressure control system to balance the internal and external cell pressure.

28.4.2.2.2.2 The phi-factor (heat capacity of the set-up and the sample divided by heat
capacity of the sample) of the system should be known and be considered in evaluating the
tests results. Therefore, a suitable combination of phi-factor, insulation, and amount of
substance should be chosen. The heat losses from the apparatus and detection limit of the
system also have to be taken into consideration. An inert heating coil may be inserted into
the sample. In addition to the high-pressure autoclave, a secondary safety device is used
to disconnect the power supply to the oven at a pre-set temperature.

28.4.2.2.2.3 The closed version of the test is preferred for substances with a high vapour
pressure at the test temperature to prevent mass loss due to evaporation or for substances
that decompose with severe pressure rises (which in case of an open version of the test
would throw off the insulated lid or eject the sample from the test cell). The weight of the
sample should be determined after the measurement to detect mass loss during the test.
Leakage from the system and the resulting evaporation cooling can result in a significant
loss of sensitivity in the test and a large margin of error in the results. The suitability of
a test run in the open version can be evaluated by determining the mass loss of the sample
after the test.

28.4.2.2.3 The temperature of the substance is measured at its centre by means of
thermocouples or platinum resistance sensors (RTD) placed in a steel or glass tube. The
temperature of the surroundings air is measured at the same height as the sample
temperature, also with thermocouples or platinum resistance sensors. Continuous
temperature measuring and recording equipment is required to monitor the temperature
of the substance as well asad (the air) in the oven. This equipment should be protected
from fire and explosion. For substances with an SADT or SAPT below ambient

temperature the test should be performed with sufficient coolingina-ecoohngchamberor

28.4.2.3 Procedure

28.4.2.3.1 CalibratienValidation procedures
(a) The ealibratienvalidation procedure A is as follows:

(i)  Fill the Dewar vessel with a suitable inorganic salt, preferably
with similar physical properties to the test substance (e.g.
sodium chloride or dense soda ash). Alternatively, an oil of known
specific heat capacity at the temperature of interest (e.g. silicone
oil, apparent density 0.96 + 0.02 at 20 °C and heat capacity 1.46

+0.02 J/g at 25 °C) may be used er-anothersuitable-oil-and place
itin-thevessel - holderof the AST oven;

(i) Place the Dewar vessel in the vessel holder of the oven and hHeat

the sample-ealibration validation substance in 20 °C steps using
the internal heating system at a known power rating; (e.g. 0.333

W or 1.000 W); and determine the heat losses at 40 °C, 60 °C,
80 °C and 100 °C;
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(b)

(iii) Use the data to determine the heat capacity of the Dewar vessel
and the test set-up using the method given in 28.4.2.4.

The validation procedure B is as follows:

(i)  Inorder to perform validation procedure B the test set-up should
be well characterized (e.g. by performing validation procedure A
first);

(i) The test set-up must be validated using the method described in
28.4.2.4 with at least two standard substances or mixtures.
Suitable choices for these standards are dicumylperoxide in
ethylbenzene? (40:60% w/w, SADT for a heat loss of 60 mW/K kg
should be 90 °C), or any of the substances from the example of
results tables in chapter 28.

28.4.2.3.2 Test procedure

The test procedure is as follows:

(a)

(b)

()

Fill the Dewar vessel/test cell with the weighed sample, including a
representative amount of packaging material (if metalnecessary), and
place it in the vessel holder of the ASToven;

Start the temperature monitoring and then increase the sample
temperature usingtheinternal-heater to a pre-set temperature at
which detectable self-heating may occur. The specific heat of the
substance can either be calculated from the temperature rise, heating
time and heating power, or be determined by any suitable calorimetric
test method beforehand-;

Stop—the—internal-heatingHeat the sample to the set temperature,

maintain the oven temperature and monitor the sample temperature.
If no temperature rise due to self-heating is observed within—24
heursafter temperature equilibration of the system (e.g. 24 h for the
open system), increase the oven temperature by 5 °C. Repeat this
procedure until self-heating is detected;

For the closed version: The apparatus can be heated with < 0.5 W/kg
until self-heating is detected. The heating power per unit mass should
remain below the sensitivity for self-heating detection of the test
equipment or autoclave;

(d) When self-heating is detected, the sample is allowed to heat up under adiabatic

conditions to a pre-set-temperature, where-the—rate-of heat generation—isless-than-the

cooling—eapaeity—apen—at which point the cooling system is activated or the oven
temperature has reached its limit;

Reference: Diirrstein S., Kappler C., Neuhaus I., Malow M., Michael-Schulz H., Godde
M., 2016, Modell-based prediction of the adiabatic induction period and SADT of dicumyl
peroxide solution and comparison large-scale experiments performed using 216.5-liter
barrels in the H.1 test, Chemical Engineering Transactions, 48, 475-480.
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For the open version this temperature should be set so that the rate of heat generation does not
exceed the cooling capacity of the system;

For the closed version this temperature is usually a pre-set maximum oven temperature. The sample

may exceed this temperature under non-adiabatic conditions.

| i tion GE dosired)-

28.4.2.4 Test criteria and method of assessing results

28.4.2.4.1 Calculate the rate of temperature drop, A ((CK/h), of the Dewar vessel at the
different temperatures used in the calibration procedure. Plot a graph through these
values in order to allow determination of the rate of temperature drop at any temperature.

28.4.2.4.2 Calculate the heat capacity, H (J/2CK), of the Dewar vessel using the

formula:

where:

M
Cp:

o B00xE,

A+B M, x Cpl)
power applied to the internal heater (W)

rate of temperature drop at the temperature of
calculation (2CK/h)

slope of the curve on internal heating (ealibration
validation substance) at the temperature of
calculation (2CK/h)

mass of ealibration validation substance (kg)

specific heat of ealibratien validation substance
(J/kg.2CK)

28.4.2.4.3 Determine the heat loss, K (W), using:

_Ax(H+M,xCp,)
B 3600

at each desired temperature and draw a graph through these values.

28.4.2.4.4 Calculate the specific heat, Cp2 (J/K.kg2C), of the substance using:

where:

Eq

Cp,

3600 x(E, +K) H
~ CxM, M,

power applied to the internal heater (W)

slope of the curve on internal heating (sample) at the
temperature of calculation (2CK/h)

mass of sample (kg)
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28.4.2.4.5 Calculate the heat generation, Qr (W/kg), of the substance at intervals of
5 °C using the following formula for each temperature:

0. - (Mz xCp, +H)X 3600_K
.

= M,

slope of the curve during the self-heating at the
temperature of calculation (2CK/h)

where: D

28.4.2.4.6 Plot the calculated rates of heat generation per unit of mass (Qmn) as a
function of the temperature in a graph with linear scales and draw the best-fit curve
through the plotted points. Determine the heat losses per unit of mass, L (W/K.kg2€) of
the specific package, IBC or tank (see 28.3.5). Draw a straight line of gradient L tangential
to the heat generation curve. The intersection of the straight line and the abscissa is the
critical ambient temperature, i.e. the highest temperature at which the substance as
packaged does not show self-accelerating decomposition. The SADT is the critical ambient
temperature (°C) rounded to the next higher multiple of 5 °C. An example is given in
Figure 28.4.2.2.

28.4.2.5 Examples of results

Substance Mass Packaging Heatloss per SADT/SAPT

(kg) unit mass cC)
(mW/K kg-K)

Azodicarbonamides 30 1G 100 > 75

tert-Butyl peroxybenzoatea 25 6HG2 70 55

tert-Butyl peroxy-2-

ethylhexanoate2 25 6HG2 70 40

tert-Butyl peroxypivalate2 25 6HG2 70 25

N-Vinylformamide 1000 31H1 33 55

a These historical examples were determined using heat losses that are higher than those
currently recommended
for classification purposes (see table 28.4).
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Figure 28.4.2.1: Adiabatic storage test
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Figure 28.4.2.2: Example of determination of SADT or SAPT
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28.4.3 Test H.3: Isothermal storage test (IST)
28.4.3.1 Introduction

28.4.3.1.1 This method determines the rate of heat generation produced by reacting or
decomposing substances as a function of time at constant temperature. The heat
generation parameters obtained are used with the heat loss data relating to the package
to determine the SADT or SAPT of a substance in its packaging. The method is appropriate
for every type of packaging including IBCs and tanks. Some substances may show an
increase in the rate of heat generation with increasing decomposition (e.g. due to
autocatalysis or induced decomposition). This property is also taken into account by this
test method.

28.4.3.1.3.2 The usually robust construction of the-readily available apparatus, the
relatively small sample size and the well-defined operating conditions enable the test to
be performed in an ordinary laboratory. The effects of a thermal explosion, e.g.
fragmentation of the sample holder and generation of pressure, should be contained
within the apparatus.

28.4.3.2 Apparatus and materials
28.43.2.1 Isothermal Calorimetry (10)

Appropriate isothermal calorimeters can be used. The equipment should be able to
measure heat generation values of 1 mW/kg to 1500 mW/kg in a temperature range of -
20 °C to 200 °C. The maximum error in the heat generation should be less than 5 %. The
equipment should be capable of maintaining the temperature to within 0.2 °C of the set
temperature. Sample mass of test material should be at least 200 mg. Closed pressure
resistant sample holders should be used and the material of the sample holder should not
have catalytic effect on the decomposition behaviour of the test substance. This can be
achieved by selecting the appropriate materials for the sample holders or by an
appropriate passivation method of the sample holders.

28.4.3.2.2 The sample Hholders-are is placed on or around beth heat flow meters. —ene

volume-of 70-em®: The amount of substance in-eaeh the sample holder is at least 200 mg
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about-20-g. The material of the holders should be compatible with the sample. are-made

of glass—or-stainlesssteelThe steel- must-be-compatiblewith-the test-substanee—If an
external reference is used it should be handled 1dentlcal to the sample %en—&sn&g—a—glass

28.4.3.2.3 The woltage-difference—resultingfrom-the-differencesn heat flow from the
sample helderto-the-heat-sink-andinert-substance holderto-the heat-sink is continuously

recorded as a function of time (differential measurement) by a recorder or computer.
28.4.3.3 Procedure

28.4.3.3.1 Calibration procedure

Before a measurement can be performed, the blank signal and the
sensitivity of the heat flow meter need to be determined by the felewing applicable
calibration procedure for the equipment used covering the temperature range of the
measurement.

28.4.3.3.2 Test procedure
The test procedure is as follows:

(@) Set the IST apparatus for the desired test temperature.; The
temperature selected should be sufficient to give a rate of heat
generation between 5 mW to 1000 mW per kg of substance or for tanks
a maximum heat generation rate between 1 and 100 mW/kg;

(b) Fill the sample holder with the weighed sample and with a
representative quantity of packaging material (if metal) and insert the

holder into the apparatus ; The-amount-of sample-should besufficient

(0 Start monltorlng the rate of heat productlon LIlhe—1f=es4j1-1rt-s—ﬁeern—t—lﬁre—fll-rst

fe%tem—per&t—ure—eq-mh—br&t—}eﬂ— The duratlon of each test depends on
the test temperature and on the rate of heat production. Thetest

hould] : 1 241 : 1 )1 13 . - od
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The measuring time as given in Figure 28.4.3.1 can be used as
guidance unless it leads to unrealistic measuring times (e.g. greater
than 1000 hours). These measuring times are given to achieve a
certain degree of conversion of the substance in order to take auto-
catalytic effects into account;?

(d)  Atthe end of the test the change in sample mass should be determined;
(e) The testis repeated with new samples at temperature intervals of 5 °C
so that there are at least five seven results with a maximum heat
generation rate between 15 and 156000 mW/kg or for tanks a maximum

heat generation rate between 1 — 100 mW/kg.

Figure 28.4.3.1: Measuring period as a function of maximum heat generation measured
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28.4.3.4 Test criteria and method of assessing results

3 References :
1 J. L. C. van Geel, Investigations into Self-Ignition Hazard of Nitrate FEster

Propellants, Thesis, Technical University of Delft, The Netherlands, 1969.

2 Barendregt, R.B., Thermal Investigation of Unstable Substances, Including a
Comparison of Difterent Thermal Analytical Techniques, Thesis, Technical University of
Delft, The Netherlands, 1951.
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28.4.3.4.13 Plot the calculated maximum rate of heat generation per unit of mass as a
function of the test temperature on a graph with linear scales and draw the best-fit curve
through the plotted points. Determine the heat losses per unit of mass, L (W/K.kg2€) of
the specific package, IBC or tank (see 28.3.5). Draw a straight line of gradient L tangential
to the heat generation curve. The intersection of the straight line and the abscissa is the
critical ambient temperature i.e. the highest temperature at which the substance as
packaged does not show self-accelerating decomposition. The SADT or SAPT is the critical
ambient temperature (°C) rounded to the next higher multiple of 5 °C. An example is given

in Figure 28.4.3.2.

28.4.3.5 Examples of results

Substance Mass Packagin Heat loss per SADT/

kg) g unit mass SAPT
(mW/K kg-K) (°C)

Azodicarbonamides 30 1G 100 > 175

tert-Butyl peroxybenzoate?2 25 6HG2 70 55

tert-Butyl peroxy-2-ethylhexanoates 25 6HG2 70 40

tert-Butyl peroxypivalatea 25 6HG2 70 25

2,5-Diethoxy-4-

morpholinobenzenediazonium

zinc chloride (90%)2 25 1G 150 45

2,5-Diethoxy-4-

morpholinobenzenediazonium

tetrafluoroborate (97%)a 25 1G 15 55

2,5-Diethoxy-4-(phenylsulphonyl)-

benzenediazonium zinc chloride (67%)a 25 1G 15 50

2-(N-ethoxycarbonyl-N-phenylamino)-3-

methoxy-4-(N-methyl-N-

cyclohexylamino)-

benzenediazonium zinc chloride (62%)a 25 1G 15 45

3-Methyl-4-(pyrrolidin-1-yl)

benzenediazonium

tetrafluoroborate (95%)2 25 1G 15 55
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Cumyl peroxyneodecanoate (75%) 25 3H1 40
tert-Butyl peroxyneodecanoate 25 3H1 40
N-Vinylformamide 1000 31H1 33

10
15
55

a These historical examples were determined using heat losses that are higher than those
currently recommended
for classification purposes (see table 28.4).
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Figure 28.4.3.2: Example of determination of SADT or SAPT
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28.4.4 Test H.4: Heat accumulation storage test

28.4.4.1 Introduction

28.4.4.1.1 This method determines the minimum constant air environment
temperature at which thermally unstable substances undergo exothermic decomposition
or polymerization at conditions representative of the substance when packaged. The
method is based on the Semenov theory of thermal explosion i.e. the main resistance to
heat flow is considered to be at the vessel walls. The method can be used for the
determination of the SADT or SAPT of a liquid substance in its packaging, including IBCs
and small tanks (up to 2 m?) as well as for a solid substance in its packaging up to 50 kg.

28.4.4.1.2 The effectiveness of the method depends on selecting a Dewar vessel with
heat loss per unit mass characteristics similar to the package.

28.4.4.2 Apparatus and materials

28.4.4.2.1 The experimental equipment consists of a suitable test chamber,
appropriate Dewar vessels with closures, temperature probes and measuring equipment.

28.4.4.2.2 The test should be performed in a test chamber-eell capable of withstanding
fire and overpressure and, preferably, should be fitted with a pressure relief system e.g. a
blowout panel. The recording system should be housed in a separate observation area.

28.4.4.2.3 For tests at temperatures up to 75 °C, a double walled metal chamber (ca.
250 mm inner diameter, 320 mm outer diameter and 480 mm high made from 1.5 mm to
2.0 mm thick stainless-steel sheet) is can be used with fluid from a temperature-controlled
circulating bath passed between the walls at the desired temperature. The test chamber
is loosely closed by an insulated lid (e.g. made from 10 mm thick polyvinyl chloride). The
air temperature in the double walled metal chamber should be controlled sheuld-allow so
that the desired temperature for a liquid inert sample in the Dewar vessel to be
maintained with a deviation of not more than + 1 °C for up to 10 days. The air temperature
in the double walled metal chamber and the sample temperature in the Dewar should be
measured and recorded.

28.4.4.2.4 Alternatively, and particularly for tests at temperatures above 75 °C, a
thermostatically controlled drying oven (which may be fan-assisted) large enough to allow
air circulation on all sides of the Dewar vessel may be used. The air temperature in the
oven should be controlled so that the desired temperature for a liquid inert sample in the
Dewar vessel can be maintained with a deviation of not more than = 1 °C for up to 10 days.
The air temperature in the oven and the sample temperature in the Dewar should be
measured and recorded. It is recommended that the door of the oven be fitted with a
magnetic catch or replaced by a loosely fitting insulated cover. The oven may be protected
by an appropriate steel liner and the Dewar vessel housed in a wire mesh cage.

28.4.4.2.5 For tests at sub-ambient temperatures, a double walled chamber (e.g. a
freezer) of suitable size provided with a loose door or lid (e.g. with a magnetic closure) may
be used. The temperature of the air in the chamber should be controlled to + 1 °C of the
set temperature. The air temperature in the chamber and the sample temperature in the
Dewar should be measured and recorded.

28.4.4.2.6 Dewar vessels, with their closure system, are used with heat loss
characteristics which are representative of the maximum size—ef package size under
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investigation (see also table 28.4). The closure of the Dewar vessel should be made of inert
material. Particularly for solids, cork or rubber bungs may be used. An example of a A
closure system for use with liquids with low or medium volatility and wetted solids is
1llustrated in Figure 28.4.4.1. Samples which are highly volatile at the test temperature
should be tested in a pressure-tight metal-vessel that is made of a material compatible
with the sample and fitted with a pressure relief valve. The pressure vessel is placed in
the Dewar vessel and the effect of the heat capacity of the metal vessel taken into account
by calculation.

28.4.4.2.7 The heat loss characteristics of the system used, i.e. Dewar vessel and
closure, should be established (see 28.3.6) prior to performance of the test. Small
adjustments to the heat loss characteristics of the Dewar can be achieved by varying the

order to achieve the requlred level of sensitivity, Dewar Vessels with sample capamtles
below 0.53 litres should not be used.

28.4.4.2.8 Dewar vessels with a volume of 300 — 500 ml, filled at 80% with400-ml of
with a liquid substance with a heat loss as given in Table 28.4 should be used. For larger
packagings, IBCs or small tanks larger Dewar vessels with lower heat loss per unit of

mass should be used (see Table 28 4) ef—89—te—L@9—less—th&n—er—eq&al—te—49—mWﬁK—kgK—are
ally : : For

28.4.4.3 Procedure

28.4.4.3.1 Set the test chamber at the selected storage temperature. Fill the Dewar
vessel, to 80% of its capacity, with the substance to be tested undertest and note the mass
of the sample. Solids should be moderately compressed. In case of cylindrical Dewar vessel
Insert the temperature probe is inserted centrally 1/3 of the inner height of the Dewar
from the bottom of the Dewar vessel. -inte-the-eentre-of-thesample—Seal the lid of the
Dewar in place and insert the Dewar vessel in the test chamber, connect the temperature
recording system and close the test chamber.

28.4.4.3.2 The sample is heated and the temperature of the sample and test chamber
continuously monitored. The time is noted at which the sample temperature reaches a
temperature 2 °C below the test chamber temperature. The test is then continued for a
further seven days or until the sample temperature rises to 6 °C or more above the test

chamber temperature whichever 4fthis occurs sooner. Note-thetimetakenforthesample

28.4.4.3.3 If the sample survives, cool and remove it from the test chamber and
carefully dispose of it as soon as possible. The percentage mass loss and change in
composition may be determined.

28.4.4.3.4 : ,
steps. If the substance 1s belng tested to determlne 1f temperature control is necessary,
perform sufficient tests, in steps of 5 °C using fresh samples, to determine the SADT or
SAPT to the nearest 5 °C or to determine if the SADT or SAPT is greater-than-or equal to
or less than the applicable temperature specified in Table 28.2 60-2C.

122



If the substance is being tested to determine if it meets the SADT criterion for a self-
reactive substance, perform sufficient tests to determine if the SADT for a 50 kg package
1s 75 °C or less. If the substance is being tested to determine if it meets the SAPT criterion
for a polymerizing substance, perform sufficient tests to determine if the SAPT in the
packaging as used is 75 °C or less.

28.4.4.4 Test criteria and method of assessing results

28.4.4.4.1 The SADT or SAPT is reported as the lowest chamber temperature at which
the sample temperature undergoes exceeds the-test chamber temperature by 6 °C or more
within the seven days testing time frame (see 28.4.4.3.2). If the sample temperature does
not exceed the test chamber temperature by 6 °C or more in any test, the SADT or SAPT
is recorded as being greater than the highest storage temperature used.

28.4.4.5 Examples of results
Substance Sample Dewar heat SADT/SAP
mass (kg) loss T
(mW/K kg-K) 0

Azodicarbonamidec 0.28 74 > 75
Azodicarbonamide, 90% with 10% activatore 0.21 70 55
2,2'-Azodi(isobutyronitrile) 0-180.28 62 27 50
Benzene-1,3-disulphohydrazide, 50%¢ 0.52 81 70
tert-Butyl hydroperoxide, 80%

with 12% di-tert-butyl peroxidec 0.30 72 1002
tert-Butyl peroxyneodecanoate, 40%¢ 0.42 65 25
tert-Butyl peroxy-3,5,5-trimethylhexanoatec 0.38 79 60
Dibenzoyl peroxide, 50%¢ 0.25 91 60
Di-(4-tert-butylcyclohexyl) peroxydicarbonatec 0.19 79 45
2,2-Di-(tert-butylperoxy)butane, 50%¢ 0.31 88 80
Di-(2-ethylhexyl) peroxydicarbonatec 0.39 64 0
2,5-Diethoxy-4-morpholinobenzenediazonium

zinc chloride (66%)¢ 0.25 58 45
Diisotridecyl peroxydicarbonatec 0.38 80 10
Peroxyacetic acid, 15%, with 14% hydrogen
peroxide

(type F)e 1.00 33 > 50b
Dilauroyl peroxide, technically pure 0.16 26 50
Didecanoyl peroxide technically pure 0.20 28 40
N-Vinylformamide 0.40 33 55
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In a pressure vessel contained with a 2 litres Dewar vessel.
In a spherical, 1 litre Dewar vessel.

These historical examples were determined using heat losses that are higher than those
currently recommended for classification purposes (see table 28.4).

124



Figure 28.4.4.1: Dewar vessel with closure for testing liquids and wetted solids

B
A
C
D
! E

E |

e
(A) PTFE capillary tube (B) Special screw fittings (PTFE or Al) with O-
ring seal
(C) Metal strip (D) Glass lid
(E) Glass beaker base (F) Spring
(G) Glass protective tube (H  Dewar vessel

(J) Steel retaining device
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® [kl GHS2.1EHERELIURDBHLELEZNDDONE
UN-session Paper no. .
GHS | TDG GHS TDG Author Subject/content
28 46 WD15 WD79 Australia, |Proposal to review Chapter 2.1, i.e. the initiation of the
AEISG  work.
| BIENNIUM 2015-2016 (under GHS Rev. 6) |
WD6 WD27 SAAMI Clarlﬁcatlpn of the GHS approach to explosives
- - classification.
INF 8 INF23 Australia E{elsgnatlon from leading the work on revising Chapter]
29 47 Possible structure of the work with three Workstreams
INF.13 - Sweden
presented.
. Sweden appointed by SCEGHS to lead the work on the]
Report i Secretariat review of Chapter 2.1.
INF.9 INF 32 Sweden Status report .of . the Work of the ICG with four
30 48 fundamental principles stipulated.
Report Secretariat INoted that the EWG endorsed the fundamental principles
TEDOT of INF.9, and the work to be continued.
WD2 WD7 AFISG Issqes—paper on the review of Chapter 2.1 with many|
- - topics presented.
WD10 WD47 SAAMI Extensive analysis of explosives classification and
proposed amendments to Chapter 2.1.
31 49 INE 5 INF.15 AFISG Draft amendments to Chapter 2.1. Generalized labelling
[proposed.
INF10 INF 37 Sweden Status. report of the work. of the ICG. Generalized
labelling proposed as an option.
INF.12 INF45 Canada Amendrpents to SAAMI:s proposal for labelling with
derogations for some UN-numbers.
WD14 WD53 AEISG Mmor amendment of the definitions in Chapter 2.1 (and
in the Model regulations).
INF8 INF11 Sweden Status report with draft am'endments to Chapter 2.1 and
list of UN-no:s for derogation.
32 50 INF.15 INF.18 USA Comments on the status report, with request for Terms of
Reference.
Proposed Terms of Reference for the review of Chapter
INF41 i Sweden 1, Options A and B.
Report i Secretariat Terms of Reference as in original document from
—eport |Australia kept (Option A of INF.41).
| BIENNIUM 2017-2018 (under GHS Rev.7) |
INF.7 INF.15 Sweden Status report on the work of the ICG with draft
33 51 IProgramme of Work.
Revised Programme of Work after ICG-meeting, which
INF.13 INF.44 Sweden was accepted by SCEGHS.
34 52 INF.10 INF.20 Sweden St.atus report on the work of the ICG with suggested
criteria from two groups.
Outline for a potential amended classification
WD7 WD33 Sweden system for explosives in the GHS.
Sketch of a revised Chapter 2.1, including
INE10 INES Sweden summary C&L table and example labels.
USA, IME, | Criteria for explosives for amended Chapter 2.1
35 3 INELS INF33 SAAMI GHS and technical reasoning.
INF.16 INF.46 Sweden Status report of the work of the ICG.
) INF.67 EWG Chair Qutcome of ICG/EWG — resolvgd phllosophlcal
- issues and agreed fundamental criteria.

130




Report from joint TDG/GHS-session on 3 July.

) Report Secretariat Support from many for the amended system.
INF 30 i Sweden Repprt f.rom ICG—mee.tmg. on 3 July 2018 —
— clarifications and labelling issues.
Report Secretariat Reference to INF.30 and an attempt to conclude
EPOt on criteria at next UN-sessions will be made.
Sweden, Proposed criteria for the new classification
* WD o WD8& EWG Chair | system in the form of flowcharts.
e INF.10 e INF.13 USA, Refined criteria for Sub-categories 2A-C.
SAAMI,
IME
e INF.18 e INF.24 USA, Illustra.tive examples .of . c}assiﬁcations 2A-C
SAAMI, according to refined criteria in INF.10/13.
IME
36 s4 | e INF19 e INF.29 Sweden Status rf:port on the work of the ICQ, focusing on
— energetic samples and Category 1 issues.
e INF34 e INF50 EWG Chair Report from EWG supporting the criteria with
some comments/amendments (see para 10).
INF.43 . . Sweden Terms of Reference and Programme of Work for
revl the Chapter 2.1 GHS review 2019-20.
e INF.46 o - Sweden EWG-amended/commented criteria flowcharts.
. SCEGHS noted with satisfaction that the criteria
Report -
¢ nepon * Secretariat have been accomplished (paras 42-47).
BIENNIUM 2019-2020 (under GHS Rev. 8) |
Developing a new Chapter 2.1 with updates on
* WS * WD32 Sweden the work items of the Programme of Work.
e INES e INF19 USA, Refined criteria for ‘Ehe new categories and draft
o - SAAMI, text for scope and criteria of a new chapter.
IME
e INFO e INF.20 Sweden Possible hazarq communication elements for the
new classifications.
e INF18 e INE50 USA, Discussign ~on and suggesteq hazard
SAAMI, communication elements for the classifications.
37 55 IME
.| EWG-report with agreed criteria from the formal
INF.24 INF.55 .
¢ e * e EWG Chair part of the ICG/EWG-meeting (para. 8).
Agreed criteria from the informal part of the
INF.21 INF.
* INR2L e INE36 Sweden | 106/EWG-meeting.
e INF.26 o - Sweden Report frpm 'the ICG-meeting with agreed hazard
— communication elements.
e Renort o - ' SCEGHS. concludes progress was made and
Secretariat | notes the issue to communicate properties of non-
explosives.
Status report addressing the items of the PoW
wWDI10 (INE.3) Sweden and flagging for an advanced draft Chapter 2.1
to come.
INF.6 INF.8 Sweden Advanced Qraft of anew Chapter 2.1 ,'mc'ludmg
- three open issues on hazard communication.
38 56 Provisional agenda for ICG-meeting during
INF.26 - Sweden 38-th SCEGHS.
Outcome of the discussions at the ICG-meeting
INF.32 - Sweden during the 38:th SCEGHS.
1CG Proposed new Chapter 2.1, open issues
WD5 WD20 . 2.1.1.2.2(d), P236 and hazard statement 2C,
39 57 (via Sweden) . .
and project history.
WDS5 Addl | WD20 Addl ICG A few amendments to the Chapter 2.1 as
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(via Sweden)

presented in WD5/8, and merging of criteria
tables.

ICG Full text of Chapter 2.1 in WD5/20 as amended
INE.14 INF.I7 (via Sweden) | by Add.1. (No decision logics or non-Class 1.)
Consolidated and clean new GHS Chapter 2.1,
INF.30 INF.36 Sweden as amended and endorsed by the EWG.
Decision logics for section 2.1.4.1 of the new
WD18 (INE.23) Sweden Chapter 2.1, completing the chapter.
Amendments to the decision logics in WD18 —
INF.22 - Germany changed order of some boxes and to 2B/2C
criteria.
Comment to GHS INF.22 — a fall back option
INFE.25 - Sweden to insert a footnote instead for decision logic
2.1(b).
WD8 WD23 . ICG Alloc;atlon. of P-statements for the new
- - (via Sweden) | classifications.
1CG Additional proposal to WDS8/23 for a P-
WDS8 Addl | WD23 Addl . statement for the division on the GHS label —
(via Sweden) P236
P-statement matrices consequential to WD&/23
I Te (INE.23) Sweden | .11d WD8 Add.1/23 Add.1.
ICG In principle amendments to the Manual to
WD7 WD22 (via Sweden) | accommodate the new Chapter 2.1.
Sweden, List of amendments to the Manual, in line with
WD16 WD60 EWG Chair | the principle outlined in WD7/22.
Status report on the three open issues (non-
INF.13 INF.16 Sweden Class 1 articles, P236 and hazard statement for
20).
USA, IME, | Revised exclusion/exemption criteria for
INE10 INELS SAAMI explosive articles not assigned to Class 1.
ICG Additional provisions to handle “explosive
INE19 INE.33 (via Sweden) | products” not in transport Class 1.
INF 29 i ICG Amended provisions for explosive articles not
- (via Sweden) | in transport Class 1.
) INF 38 EWG acting | EWG-report with endorsement of the core
- Chair documents with only a few amendments.
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“CHAPTER 2.1
EXPLOSIVES
2.1.1 Definitions and general considerations
2.1.1.1 Definitions

An explosive substance or mixture is a solid or liquid substance or mixture
which is in itself capable by chemical reaction of producing gas at such a
temperature and pressure and at such a speed as to cause damage to the
surroundings. Pyrotechnic substances and mixtures are included even when
they do not evolve gases.

A pyrotechnic substance or mixture is a substance or mixture designed to
produce an effect by heat, light, sound, gas or smoke or a combination of these
as the result of non-detonative self-sustaining exothermic chemical reactions.

An explosive articleis an article containing one or more explosive substances or
mixtures.

Division means the classification of an explosive substance, mixture or article
according to Part I of the Manual of Tests and Criteria and relates to it being in
a certain configuration.

Primary packaging means the minimum level of packaging of a configuration
assigned a division, in which the explosive substance, mixture or article is
intended to be retained until use.

NOTE: Divisions are generally assigned for the purpose of transport and may
be subject to further packaging specifications according to the UN Model
Regulations to be valid.

2.1.1.2 Scope
2.1.1.2.1 Except as provided in 2.1.1.2.2, the class of explosives comprises
(a) Explosive substances and mixtures;

(b) Explosive articles, except devices containing explosive
substances or mixtures in such quantity or of such a character
that their inadvertent or accidental ignition or initiation shall
not cause any effect external to the device either by projection,
fire, smoke, heat or loud noise; and

() Substances, mixtures and articles not mentioned under (a)
and (b) above which are manufactured with the view to

producing a practical explosive or pyrotechnic effect.

2.1.1.2.2 The following substances and mixtures are excluded from the
class of explosives:
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(a) Ammonium nitrate based emulsions, suspensions or gels
which meet the criteria of Test series 8 of the Manual of Tests
and Criteria for classification as ANEs of Category 2 oxidizing
liquids (Chapter 2.13) or Category 2 oxidizing solids (Chapter
2.14).

(b) Substances and mixtures which meet the criteria for
classification as desensitized explosives according to the
criteria of Chapter 2.17.

() Substances and mixtures which have not been manufactured
with the view to producing, in themselves, an explosive or
pyrotechnic effect and which:

(i)  are self-reactive substances and mixtures according to
the criteria of Chapter 2.8; or

(i) are organic peroxides according to the criteria of
Chapter 2.15; or

(iii) are deemed not to have explosive properties on basis of
the screening procedures in Appendix 6 of the Manual
of Tests and Criteria; or

(iv) are too insensitive for inclusion in the hazard class
according to Test series 2 of the Manual of Tests and
Criteria; or

(v)  are excluded from assignment within Class 1 of the UN
Model Regulations based on results in Test series 6 of
the Manual of Tests and Criteria.

NOTE: Performing Test series 2 requires a substantial amount of material,
which may not be available in the initial stages of research and development.
Substances and mixtures in the research and development phase for which
not enough material exists to perform Test series 2 of the Manual of Tests
and Criteria may, for the purpose of further scientific characterisation, be
regarded as self-reactive substances and mixtures Type C (see Chapter 2.8),
provided that:

(i) The substance or mixture is not manufactured with the view to
producing an explosive or pyrotechnic effect; and

(i1) The decomposition energy of the substance or mixture is less than
2000 J/g; and

(iii) The result in test 3(a) and test 3(b) of the Manual of Tests and Criteria
1s negative; and

(iv) The result in test 2(b) of the Manual of Tests and Criteria is “no
explosion” at an orifice diameter of 6 mm; and

(v) The expansion of the lead block in Test F.3 of the Manual of Tests and
Criteria is less than 100 ml per 10 gram substance or mixture.
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[2.1.1.2.3 For explosive articles that are assigned a specific UN-number in
a class other than Class 1 according to the Dangerous Goods List of the UN
Model Regulations, the following applies:

211231 Explosive articles that are assigned a specific UN-number in Class 2, 3, 4 or 5
are classified in the GHS hazard class and, where available, category corresponding to the
transport classification, and excluded from the hazard class explosives, provided that:

@ they are in the transport configuration; or
(b) the transport classification does not depend on a particular configuration; or
(©) they are in use, see 2.1.1.3.4.

NOTE: Subject to approval from the competent authority, explosive articles that are assigned a
specific UN-number in division 6.1 within Class 6 or in Class 8 may be classified in the GHS
hazard class and, where available, category corresponding to the transport classification, and
excluded from the hazard class explosives, provided that conditions (2) to (c) of 2.1.1.2.3.1 are
met.

211232 Explosive articles that are assigned a specific UN-number in Class 9 are
classified as explosives in Sub-category 2C, provided that:
@ they are in the transport configuration; or
(b) the transport classification does not depend on a particular configuration; or
(©) they are in use, see 2.1.1.3.4.]
2.1.1.3 Other considerations
2.1.1.3.1 The relation to the classification according to the UN Model
Regulations

The GHS classification of substances, mixtures and articles as
explosives builds largely on the classification used for transport according to the
UN Model Regulations. Information on their transport division and, when
available, some of the underlying test results according to Part I of the Manual
of Tests and Criteria, is therefore relevant for the GHS classification. Test data
1s not required when classification using expert judgement is possible based on
available information from previous testing and characterization. Where
appropriate, analogy to tested explosives may be used, taking into consideration
whether changes to the configuration may affect the hazard posed compared to
the tested configuration. While the transport divisions are designed for the
purpose of safe transportation of explosives, the GHS classification draws from
this classification to ensure appropriate hazard communication in other sectors,
in particular supply and use. In doing this, any mitigating effects of the
transport configuration on the explosive behaviour, such as a particular
packaging, are evaluated as they may not be present in sectors outside of
transport.

2.1.1.3.2 The configuration dependence of the division

Entry into the hazard class of explosives is based on the intrinsic
explosive properties of substances and mixtures. The assignment to a division,
however, is also dependent on the configuration using packaging, and the
incorporation into articles of such substances and mixtures. The division is the
relevant level of classification when the explosive is in the configuration to
which the division was assigned, e.g. when transported or stored, and may form
the basis for explosives licencing and safety measures such as distance
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requirements. The hazard categories, on the other hand, are the relevant level
of classification for the safe handling.

2.1.1.3.3 The hierarchy of the categories

Category 2 only contains explosives which have been assigned to a
division and corresponds to Class 1 of the UN Model Regulations. The sub-
categories within Category 2 classify explosives on basis of the hazardous
behaviour of the explosive in its primary packaging or, where applicable, of the
explosive article alone. An explosive that has not been assigned a division is
classified in Category 1 of the hazard class of explosives. This may be because
it is considered too dangerous to be assigned a division, or because it is not (yet)
in a suitable configuration to assign it to a division. Explosives in Category 1
are therefore not necessarily more hazardous than explosives in Category 2.

2.1.1.3.4 Change of classification over the life cycle

As the assignment to a division depends on the configuration, the
classification of an explosive may change over its life cycle as a result of
reconfiguration. An explosive that was assigned a division in a certain
configuration, and hence classified in a sub-category within Category 2, may no
longer retain that division when out of that configuration. If assigned to another
division in the new configuration, it may need to be classified in another sub-
category within Category 2, and if not assigned a division it should be classified
in Category 1. However, the use of an explosive, meaning the preparation and
intentional functioning, including removal from the primary packaging for
functioning or installation or deployment in readiness for functioning, is not
intended to require such re-classification.

2.1.1.3.5 Exclusions from the hazard class

Some substances, mixtures and articles that have explosive
properties are excluded from the hazard class explosives because they are not
considered sensitive enough or because they do not present a significant
explosion hazard in a particular configuration. The safety data sheet is an
appropriate means to convey information on explosive properties for such
substances and mixtures, and the explosion hazards of such articles (see
Chapter 1.4).
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2.1.2

2.1.2.1

Classification criteria

Explosive substances, mixtures and articles of this class are
classified into one of two categories, and for Category 2 into one of three sub-
categories, according to the following table:

Category

Sub-
category

Criteria

Explosive substances, mixtures and articles which
(a) have not been assigned a division and which

(i) are manufactured with the view of producing an explosive or
pyrotechnic effect; or

(i) are substances or mixtures which show positive results when tested
in Test series 2 of the Manual of Tests and Criteria

or
(b) are out of the primary packaging of the configuration to which a division
was assigned” , unless they are explosive articles assigned a division:
(i) without a primary packaging; or
(i1) in a primary packaging that does not attenuate the explosive effect,
taking into account also intervening packaging material, spacing or
critical orientation.

2A

Explosive substances, mixtures and articles which have been assigned:
(a) Division 1.1, 1.2, 1.3, 1.5 or 1.6; or

(b) Division 1.4 and are not meeting the criteria for sub-category 2B or
2C.°

2B

Explosive substances, mixtures and articles which have been assigned

Division 1.4 and a compatibility group other than S, and which:

(a) do not detonate and disintegrate when functioned as intended; and

(b) exhibit no high hazard event® in test 6(a) or 6(b) of the Manual of Tests
and Criteria; and

(¢) do not require attenuating features, other than that which may be
provided by a primary packaging, to mitigate a high hazard event®.

2C

Explosive substances, mixtures and articles which have been assigned
Division 1.4 compatibility group S, and which:
(a) do not detonate and disintegrate when functioned as intended; and

(b) exhibit no high hazard event® in test 6(a) or 6(b), or in the absence of
these test results, similar results in test 6(d) of the Manual of Tests and
Criteria; and

(¢) do not require attenuating features, other than that which may be
provided by a primary packaging, to mitigate a high hazard event®.

a  Fxplosives in Category 2 that are removed from their primary packaging for
use remain classified in Category 2, see 2.1.1.3.4.

b The manufacturer, supplier or competent authority may classify an explosive
of Division 1.4 as sub-category 2A on basis of data or other considerations even
If it meets the technical criteria for sub-category 2B or 2C.

¢ A high hazard event is exhibited when performing test 6(a) or 6(b), according
to the Manual of Tests and Criteria, by
(a) a significant change in the witness plate shape, such as perforation,
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gouge, substantial dent or bowings or

(b) instantaneous scattering of most of the confining material.

2.1.2.2

NOTE 1¢

(a)

(b)

(0

(d)

(e)

(®)

(2

The Divisions are as follows:

Division 1.1: Substances, mixtures and articles which have a
mass explosion hazard (a mass explosion is one which affects
almost the entire quantity present virtually instantaneously);

Division 1.2: Substances, mixtures and articles which have a
projection hazard but not a mass explosion hazard;

Division 1.3: Substances, mixtures and articles which have a
fire hazard and either a minor blast hazard or a minor
projection hazard or both, but not a mass explosion hazard:

(i)  combustion of which give rise to considerable radiant
heat; or

(i)  which burn one after another, producing minor blast or
projection effects or both;

Division 1.4 Substances and articles which present no
significant hazard: substances, mixtures and articles which
present only a small hazard in the event of ignition or
initiation. The effects are largely confined to the package and
no projection of fragments of appreciable size or range is to be
expected. An external fire shall not cause virtually
instantaneous explosion of almost the entire contents of the
package;

Division 1.4 compatibility group S: Substances, mixtures and
articles so packed or designed that any hazardous effects
arising from accidental functioning are confined within the
package unless the package has been degraded by fire, in
which case all blast or projection effects are limited to the
extent that they do not significantly hinder fire-fighting or
other emergency response efforts in the immediate vicinity of
the package.

Division 1.5: Very insensitive substances or mixtures which
have a mass explosion hazard: substances and mixtures which
have a mass explosion hazard but are so insensitive that there
is very little probability of initiation or of transition from
burning to detonation under normal conditions. The
probability of transition from burning to detonation is greater
when large quantities are present.

Division 1.6: Extremely insensitive articles which do not have
a mass explosion hazard: articles which predominantly
contain extremely insensitive substances or mixtures and
which demonstrate a negligible probability of accidental
initiation or propagation. The hazard from articles of Division
1.6 is limited to the explosion of a single article.

For some regulatory purposes, the divisions are further
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subdivided into compatibility groups which identify the kinds of explosives that
are deemed to be compatible (see 2.1.2 of the UN Model Regulations, Chapter
2.1.

NOTE 2: While Division 1.4 compatibility group S 1s not a division of its
own, this classification corresponds to a separate division based on additional
criteria.

NOTE 3: For classification tests on explosive substances or mixtures, the
tests should be performed on the substance or mixture as presented. If for
example, for the purposes of supply or transport, the same substance or mixture
Is to be presented in a physical form different from that which was tested and
which is considered likely to materially alter its performance in a classification
test, it must also be tested in the new form.

2.1.3 Hazard communication

General and specific considerations concerning labelling requirements are
provided in Hazard communication: Labelling (Chapter 1.4). Annex 1 contains
summary tables about classification and labelling. Annex 3 contains examples
of precautionary statements and pictograms which can be used where allowed
by the competent authority.

Category 1 2

Sub-category| Not applicable 2A 2B 2C
Symbol? Exploding bomb | Exploding bomb | Exploding bomb | Exclamation mark
Signal word Danger Danger Warning Warning
Hazard . . Fire or projection | Fire or projection
statement Explosive Explosive hazard hazard
Additional | Very sensitive®

hazard or Not applicable Not applicable Not applicable
statement May be sensitive®

a For divisions 1.4, 1.5 and 1.6 no symbol appears on the label for transport,
according to the UN Model Regulations.

b Tb be assigned additionally to explosives that are sensitive to initiation as
determined by test series 3 or 4 of the Manual of Tests and Criteria. May also
be applied to explosives sensitive to other stimull, e.g. electrostatic discharge.

¢ To be assigned additionally to explosives for which sufficient information on
their sensitivity to initiation i1s not available.

NOTE: Substances and mixtures excluded by 2.1.1.2.2 (c), point (v) still have
explosive properties. The user should be informed of these intrinsic explosive
properties because they have to be considered for handling — especially if the
substance or mixture is removed from its packaging or is repackaged — and for
storage. For this reason, the explosive properties of the substance or mixture
should be communicated in Sub-section 2.3 (Other hazards which do not result
in classification) and Section 9 (Physical and chemical properties) or 10
(Stability and reactivity) of the Safety Data Sheet in accordance with Table 1.5.2,
and other sections of the Safety Data Sheet, as appropriate.
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2.14 Decision logic and guidance

The decision logic and guidance, which follow, are not part of the
harmonized classification system, but have been provided here as additional
guidance. It is strongly recommended that the person responsible for
classification studies the criteria before and during use of the decision logic.

2.14.1 Decision logic

Decision logic 2.1 (a) for categories of explosives

1A
Explosive substance, mixture or article®
2A v 2B 2c
Has it been assigned a division Is it in the pimary
according to Part I of the Yes— packaging to which ——Yes—P
Manual of Tests and Criteria? a division was asigned?b
: : Explosive in
No No Category 2
3A ) 4 3B ) 4
Go to decisi
) _ ) Is 1t an explosive article where 10 ° Ze(ltlswn
Is it an explosive article the division has been assigned ogic 2.1 ()
|  excludedby defmition? (i) in a primary packaging that does — Yes—p|
(See2.1.12.1 (b)) not attenuate the explosive effect or
' (11) without a primary packaging?
No
4A v 4C
Is it manufactured with the view ———No————»| Category |
of producing an explosive or Yes >

pyrotechnic effect?

T
No

SA \ 4 5B

Is it a substance or mixture .

that shows positive results Yes—P it ex<_:luded basgd o‘; TeRaiS ——No—P Danger

in Test series 27° = Tost senes 61 \/—\
T T
No Yes
6A v v
» Not i the hazard class explosives

-

a2 ANEs, desensitized explosives, organic peroxides and self-reactive
substances and mixtures are classified in other hazard classes, see
2.1.1.2.2.

b Unless it is for use, see 2.1.1.3.4.

¢ Screening procedures may be used to avoid testing, see 2.1.1.2.2.
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Decision logic 2.1 (b) for sub-categories of explosives

1A
2A L 2B
——No—»
|
Yes
3A *
— Yes—P»
|
No -
4A + =5 =
—Yes—P
|
No
5A *
— Yes—
l 6B \_/—\
No
6A + .
—No—» éﬁﬂ%"f“
— ™
7B
Yes > [

—

a In the absence of results from test 6 (a) or 6 (b), results from test 6 (d) may
be used to assess whether there was a high hazard event, see 2.1.2.1. If the
configuration includes attenuating features that are likely to mitigate a high
hazard event, such as spacing or a specific orientation of explosive articles, Sub-
category 2A may be assigned without the need to assess test data.
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2.1.4.2 Description of explosion hazard levels

Sub- Explosion hazard level
category

Sub-category 2A represents a high explosion hazard. An explosive in this sub-
2A category has the potential to cause complete destruction of objects and lethal or
very severe injuries to persons.

Sub-category 2B represents a medium explosion hazard. An explosive in this
2B sub-category has the potential to cause serious damage to objects and serious
injuries to persons. Injuries may result in permanent impairment.

Sub-category 2C represents a low explosion hazard. An explosive in this sub-
2C category can cause minor damage to objects and moderate injuries to persons.
Injuries would not normally result in permanent impairment.

2.1.4.3 Principles of explosives classification
2.1.4.3.1  Assigning explosives to divisions by testing

2.1.4.3.1.1 Explosives are assigned divisions based on testing of specific
configurations, which quantifies levels of blast, projections and fire. Formation
of a configuration provides a level of protection from outside stimuli and fixes
the sensitivity and hazard magnitude, which enables the assignment to a
division. The divisions therefore describe the explosive behaviour in the
particular configuration. Such descriptions reflect attenuating properties of the
packaging and article, which may include spacing, or specific orientations of
explosive articles to mitigate an explosive effect. The configuration is further
controlled by design and packaging requirements specified in the UN Model
Regulations.

2.1.4.3.1.2 Although divisions are not valid outside of the configurations to
which they were assigned, they may still be used as a basis for regulatory
measures in storage and handling when these configurations are modified. This
normally presumes that additional safety measures are taken to account for the
modified configurations, e.g. aggregate quantity limits and protective building
designs.

2.1.4.3.2 Assigning explosives to divisions based on analogy

While classification in a division or a sub-category is based on
testing in accordance with Part I of the Manual of Tests and Criteria, similar
explosives configurations may be classified without testing, where appropriate,
based on analogy to tested explosives. The use of analogy should take into
consideration whether changes to the configuration may affect the hazard posed
compared to the tested configuration, and is narrowly limited according to the
quantity, packaging and design of the explosive.

2.1.4.3.3 Assigning explosives to sub-categories

2.1.4.3.3.1 Assignment to subcategories within Category 2 builds on the

information provided by the division to better reflect the hazard of the explosive

in its primary packaging, which is intended to be retained until use. The

primary packaging is all or part of the original tested configuration. It is

normally the immediate container or the innermost packaging layer and may

include attenuating properties which mitigate hazardous effects. However, only
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flexible inner packaging such as a thin-wall plastic bag or other unsubstantial
material which provides negligible attenuation of explosive effects should not
be considered the primary packaging. As explosives are unpackaged from their
primary packaging they may present greater sensitivity or blast, projection or
fire hazards. Retaining the primary packaging until use and limiting the
amount of unpacked explosives are therefore generally important safety
measures when handling explosives. When an explosive is installed or deployed
and is later removed from use without initiation, it should be replaced in its
primary packaging or an identical primary packaging.

2.1.4.3.3.2 Multiple explosive articles may sometimes be supplied where
they are in direct contact without any intervening packaging material or
spacing, or critical orientation. Provided all applicable classification evaluation
occurred in this configuration, their primary packaging can be discarded
without affecting the classification.

2.1.4.3.3.3 Occasionally, larger explosive articles are supplied without any
packaging, e.g. in a handling device such as a cradle. In these cases, there may
be no primary packaging, i.e. the classification is of the article as such. Handling
devices that do not affect the classification can be discarded.

2.1.4.3.4 Classification of explosives in situations where they cannot be
assigned a division

2.1.4.3.4.1 Explosives in manufacturing, processing and otherwise
unfinished stages cannot be assigned a division until configured for transport,
and hence are assigned to Category 1. Similarly, explosives assigned to Category
2 when taken out of their primary packaging for purposes other than use, are
re-assigned to Category 1 (unless their primary packaging can be discarded, see
2.1.4.3.3).

2.1.4.3.4.2 The sensitivity and hazard severity of unpackaged explosives is
dependent on non-intrinsic parameters related to the methods used, including
quantity, depth, confinement, initiation stimulus, composition, physical state
such as particle size, etc. The hazards posed by explosives in Category 1 thus
vary extensively and may also vary dynamically as they flow through a process.
For these reasons, the hazard communication for Category 1 cannot provide any
details regarding the explosive behaviour. Process hazards analysis and risk
management principles should be applied in these cases to identify and manage
the risk of processes in accordance with best practices and applicable
regulations.

2.1.4.3.5 Safety related to explosives failing Test series 3 or 4

Category 1 also includes explosives that fail Test series 3 or Test
series 4 as configured, having an unacceptable level of sensitivity to stimuli
encountered during transport. The thresholds of these tests may not be
representative of the energy levels encountered during explosives processing
and manufacturing. Furthermore, these tests do not include all types of stimuli
that may be encountered, such as electrostatic discharge. Additional
investigations of the properties of the explosive at hand may thus be needed for
safe processing and handling.”
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f+4% 3 GHS ® Annex1 # Al.1 DHETHR

PTFTORIZER

“Al.1 Explosives (see Chapter 2.1 for classification criteria)
Classification Labelling GHS
GHS GHS | UN Model GHS |UNModel| GHS GHS Hazard
Hazard Hazard | Regulations | pjctogram [Regulations| sjonal Hazard | Statement
class category class or pictogram’| ord statement Eailes
division
H209
i Not . b
1 Not applicable é avplicable Danger | Explosive H210
PP H211°
1.1
4>
1.2
1.3
2A Danger | Explosive H209
Explosives 1.6 ‘
Fire or
2B 14 Warning | projection H204
hazard
Fire or
2C Warning | projection H204
hazard

a Under the UN Model Regulations, (*) indicates the place for compatibility
group and (**) indicates the place for division - to be left blank if explosive is
the subsidiary hazard.

b Additional hazard statements for explosives that are sensitive to
Initiation or for which sufficient information on their sensitivity is not available
(see section 2.1.3 of Chapter 2.1).
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{144 GHS ® Annex 3t 7 3> 1% 3.1.1 DEIE

Code Physical hazard statements Hazard class (GHS chapter) Hazard
category
) 2) &) “
H200 . Explosives(chapter2-1) | Unstable-explosive
Enstable-explosive
Deleted
H201 . . Explosives-(chapter2-H Bivisien1-1
Explosive; mass-explosion-hazard
Deleted ’
H202 . .. Explosives(chapter2-b Pivision1:2
Explosives-severe projection-hazard
Deleted ’
H203 . .. Explosives(chapter2-b Pivision13
Explesivesfire; blast-or projection-hazard
Deleted
Explosi hapter 2.1 Pivision1-4
H204 | Fire or projection hazard xplosives (chapter 2.1)
2B, 2C
H205 ) Explosives(chapter2-H Divisien1-5
May-mass-explode-infire
Deleted
Fire, blast or projection hazard; increased .\ . 1
. R . . Desensitized explosives
H206 | risk of explosion if desensitizing agent is
(chapter 2.17)
reduced
H207 Fire or projection hazard; increased risk of  Desensitized explosives 2,3
explosion if desensitizing agent is reduced (chapter 2.17)
H208 Fire hazard; increased risk of explosion iff Desensitized explosives 4
desensitizing agent is reduced (chapter 2.17)
H209 | Explosive Explosives (chapter 2.1) 1,2A
H210 | Very sensitive Explosives (chapter 2.1) 1
H211 |May be sensitive Explosives (chapter 2.1) 1
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8% 5 GHS @ Annex 3, Section 2. Tables A3.2.2 —A3.2.2.5 D&

e Amendments to Table A3.2.2

For P203, replace “Unstable explosive” with “1, 2A, 2B” in column 4.

For P210, replace “Divisions 1.1, 1.2, 1.3, 1.4, 1.5” with “1, 2A, 2B, 2C” in
column 4.

For P230, replace “Divisions 1.1, 1.2, 1.3, 1.5” with “1, 2A, 2B, 2C” in column
4,

For P234, replace “Divisions 1.1, 1.2, 1.3, 1.4, 1.5” with “2A, 2B, 2C” in column
4,

For P240, replace “Divisions 1.1, 1.2, 1.3, 1.4, 1.5” with “1, 2A, 2B, 2C” in
column 4.

For P250, replace “Unstable explosive and divisions 1.1, 1.2, 1.3, 1.4, 1.5” with
“1, 2A, 2B, 2C” in column 4.

For P280, replace “Unstable explosive and divisions 1.1, 1.2, 1.3, 1.4, 1.5” with
“1, 2A, 2B, 2C” in column 4.

° Amendments to Table A3.2.3

For P370, replace “Unstable explosive and divisions 1.1, 1.2, 1.3, 1.4, 1.5” with
“1, 2A, 2B, 2C”.

For P372, replace “Unstable explosive and Divisions 1.1, 1.2, 1.3, and 1.5” with
“1, 2A, 2B” in column 4 and delete “— except for explosives of division 1.4
(compatibility group S) in transport packaging.” in column 5.

For P373, replace “Unstable explosive and divisions 1.1, 1.2, 1.3 and 1.5” with
“1, 2A, 2B” in column 4 and delete “— except for explosives of division 1.4
(compatibility group S) in transport packaging.” in column 5.

For P375, replace “Division 1.4” with “2C” in column 4 and delete“— for
explosives of division 1.4 (compatibility group S) in transport packaging.” in
column 5.

For P380, replace “Unstable explosive and Divisions 1.1, 1.2, 1.3, 1.4, 1.5” with
“1,2A, 2B, 2C” in column 4.

For P370 + P380 + P375, replace “Division 1.4” to “2C” in column 4 and delete
”— for explosives of division 1.4 (compatibility group S) in transport
packaging.” in column 5.

For P370 + P372 + P380 + P373, replace “Unstable explosives and divisions 1.1,
1.2, 1.3, 1.5” with “1, 2A, 2B”, delete “Division 1.4” in column 4 and delete
“— except for explosives of division 1.4 (compatibility group S) in transport
packaging.” in column 5.

° Amendments to Table A3.2.4

For P401, replace “Unstable explosives and Divisions 1.1, 1.2, 1.3, 1.4, 1.5” with
“1, 2A, 2B, 2C” in column 4.

£18%5 GHS @D Annex 3, Section 2. Tables A3.2.2 — A3.2.2.5D{&1F

146



Amendments to Table A3.2.5

For P503, replace “Unstable explosives and Divisions 1.1, 1.2, 1.3, 1.4, 1.5” with
“1, 2A, 2B, 2C” in column 4.

Amendments to Table A3.2.2

Insert a row for a new precautionary statement P236, as follows:

configuration.

Code | Precautionary Hazard Category | Conditions for Use
statement class

@) (4) ©)

) ®)

P236 |Keep only in original Explosives |[2A, 2B, |... Manufacturer/supplier or competent
packaging; 2C authority to specify the division for
Division ... in the (chapter 2.1) transport.
transport

May be omitted for single packaging
where the transport pictogram displaying
the division (within Class 1) appeatrs.

May be omitted where the use of different
outer packaging results in different
divisions for transport.

For precautionary statement P234, in the row for Explosives, add the following
text to the Conditions for Use (column 5):

“Omit where P236 is used”
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f14% 6 GHS ® Annex 3, D 3 5D~ ~ U 7 ZADIETE
" EXPLOSIVES.
(CHAPTER 2.1)&

"Hazard category< Symbol< Signal word< Hazard statement<
mle Exploding bomb+ P Danger< H209< Explosives

-

o < H210¢ Very sensitives
e H211¢ May be sensitive+’

- Precautionary statements<

u Prevention< Response< Storage<’ Disposal<
P203. P370+P372 + P380 + P373.) P401.l P503.L

. ) . . In case of fire: Explosion risk. Store in accordance Refer to manufacturer/

Obtain, read and follow all safety instructions before use. Evacuate area. DO NOT fight fire | with.... supplier/... for information
p210l when fire reaches explosives.< on disposal/recovery/
Keep away from heat, hot surfaces, sparks, open flames and other ignition sources. No smoking.< Manufacturer/supplier or | recycling!
P230! the competent authority ... Manufacturer/supplier or the
Keep diluted with...| to specify local’regional/ | competent authority to specify
- for explosive substances and mixtures that are diluted with solids or liquids, or wetted with, dissolved nat.lona_l:‘mtematlor_la.l ) appropriate source of )
or suspended in water or other liquids to reduce their explosives properties! regulations as applicable | information in accordance with
... Manufacturer/supplier or the competent authority to specify appropriate material. < local'regional/l

national/international

P240! regulations as applicable <

Ground and bond container and receiving equipment..
— if the explosive is electrostatically sensitive.

P250!

Do not subject to grinding/shock/friction/....

— if the explosive is mechanically sensitive.l

__Manufacturer/supplier or the competent authority to specify applicable rough handling «

P280.

Wear protective gloves/protective clothing/eye protection/face protection/hearing protection/... |
Manufacturer/supplier or the competent authority to specify the appropriate personal protective
equipment <

&
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. EXPLOSIVES.
(CHAPTER 2.1)
" Hazard category: Symbol Signal word: Hazard statement:
u € % {re
2A Exploding bomb: - Danger I[;IgZ Explosive
u B« Exploding bomb: Warning: I[;I-‘Z Fire or projection hazard:
L] Precautionary statements:
L] Prevention- Response- Storage Disposal
P203. P370 +P372 + P380 + P373. P401.L P503.
. . . In case of fire: Explosion risk. Store in accordance with...| Refer to manufacturer/
Obtain, read and follow all safety instructions before use. | Evacuate area. DO NOT fight fire | ... Manufacturer/supplier or the supplier/... for information
P210.

Keep away from heat, hot surfaces, sparks, open flames and other ignition sources. No smoking.<
P230.

Keep diluted with....

- for explosive substances and mixtures that are diluted with solids or liquids, or wetted with, dissolved
or suspended in water or other liguids to reduce their explosives properties|

... Manufacturer/supplier or the competent authority to specify appropriate material. «

P234l

Keep only in original packaging_ |

- Omit where P236 is applied

P236.

Keep only in original packaging; Division ... in the transport configuration.|

- may be omitted for single packaging where the transport pictogram displaving the division (within
Class 1) appears.<

- may be omitted where the use of different outer packaging results in different divisions for transport.|
... Manufacturer/supplier or the competent authority to specify the division for transport.<

P240.

Ground and bond container and receiving equipment. |

— if the explosive is electrostatically sensitive.<

P250.

Do not subject to grinding/shock/friction/....

— if the explosive is mechanically sensitive.

...Manufacturer/supplier or the competent authority to specify applicable rough handling <
P280.

‘Wear protective gloves/protective clothing/eye protection/face protection/hearing protection/... |
Manufacturer/supplier or the competent authority to specify the appropriate personal protective
equiptment ¢

when fire reaches explosives.

competent authority to specify
local/regional/
national/international regulations
as applicable ¢

on disposal/recovery/
recycling!

... Manufacturer/supplier or
the competent authority to
specify appropriate source of
information in accordance
with local/regional/national/
international regulations as
applicable -
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- EXPLOSIVES.

(CHAPTER 2.1)¢
" Hazard category<’ Symbol<’ Signal word< Hazard statement<’
mCe Exclamation mark+ ' Warning«’ H204<" | Fire or projection hazard<’
[

= Precautionary statements<
- Prevention+’ Response<’ Storage<’ Disposal<

P210) P370 +P380 + P375) P401.) P503.)

i . ~ In case of fire: Evacuate area. Fight Store in accordance with...l Refer to manufacturer/
Keep away from heat, hot surfaces, sparks, open flames and other ignition sources. No fire remotely due to the risk of ... Manufacturer/supplier or the | supplier/... for information

smoking.
P230|)
Keep diluted with....

- for explosive substances and mixtures that ave diluted with solids or liguids, or wetted with,

dissolved or suspended in water or ather liguids to reduce their explosives praperties.

explosion<

competent authority to specify
local/regional/
national/international
regulations as applicable ¢

on disposal/recovery/
recycling|

.. Mamufacturer/supplier or
the competent authority to
specify appropriate source of
information in accordance

... Manufacturer/supplier or the competent authority to specify appropriate material. « '_“’iT-h 10‘3_31"'f53i0ﬂ31"'ﬂ_3ﬁ0n31-’
P234) international regulations as
applicable. «

Keep only in original packaging..

- Omit where P236 is applied «

P236l

Keep only in original packaging; Division ... in the transport configuration..

- may be omitted for single packaging where the transport pictogram displaying the division
fwithin Class 1) appears.«

- may be omitted where the use of different outer packaging results in different divisions for
ransport..

... Manufacturer/supplier or the competent authority to specify the division for transport.«

P240.

Ground and bond container and receiving equipment. |

— if the explosive is electrostatically sensitive.

P230.

Do not subject to grinding/shock/friction/....

— if the explosive is mechanically sensitive. |

...Manufacturer/supplier or the competent authority to specify applicable rough handling

P280.

Wear protective gloves/protective clothing/eye protection/face protection/hearing protection/... |
Manufacturer/supplier or the competent authority to specify the appropriate personal protective

equipment <
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Amendments to the General table of contents and Section 10 of the Manual

General Table of Contents

Line 13

13. TEST SERIES 3 (To determine if a substance is—an—unstable-explosive can be
assigned a division in the form in which it was tested)

Line 14

14 TEST SERIES 4 (To determme if an artlcle packaged artlcle or packaged substance
i ARSPE i ed psive can be

ass1gned a d1v1s10n)

Section 10
Introduction to Part I

10.1.2

The GHS hazard class of explosives covers all sectors. Class 1 of the Model
Regulations is a subset of this class and comprises explosives as presented configured
for transport. Fhe—elass—ef-explosives—also-includes—unstable-explosives—which—are
these-explosives-which-are forbiddenfor transpert:

Goods of class 1 are must be assigned to one of the six divisions, depending on the type
of hazard they present (see Chapter 2.1, paragraph 2.1.1.4 of the Model Regulations and
Chapter-2-1;-paragraph-2:-1:2-of-the-GHS) and;forsome-regulatory-purpeses—(e.g.
transpert); to one of the thirteen compatibility groups that identify the kinds of]
explosives that are deemed to be compatible. The division, and occasionally the
compatibility group, is also used as a basis for classification in the GHS hazard class
for explosives (see Chapter 2.1, section 2.1.2, of the GHS). In addition, the GHS
hazard class also comprises explosives that are not assigned a division.

[Explosives that are not assigned a division are forbidden for transport.

The general scheme for classifying a substance or article which is to be considered for
inclusion in the class of explosives is illustrated in Figure 10.1. The assessment is in two
stages. In the first stage, the potential of a substance or article to explode is ascertained
and its chemical and physical stability and sensitivity are also determined. In order to,
promote uniform assessments by classifiers, it is recommended that, using the flow chart]
in Figure 10.2, data from suitable tests is analyzed systematically with respect to the
appropriate test criteria. If the substance or article is provisionally accepted into the class
of explosives, it is then necessary to proceed to the second stage and assign it to the
correct division by use of the flow charts of figures 10.3 and 10.5. With the exception of
compatibility groups N and S, for which test data is necessary, assignment to a
compatibility group, when appropriate, is usually made without reference to testing. In|
the case of compatibility group S, the tests may be waived (where appropriate by the
competent authority) if classification by analogy is based on test results for a comparable
article.

Test Series 4 and 6 are performed as presented configured for transport. Explosives are
unique in that the type of packaging and environment frequently have a decisive effect]
on the hazard and therefore on the assignment to a particular division (see Chapter 2.1
of the Model Regulations, introductory note 4). Additional considerations may therefore
be necessary when transpert classifications in the transport configuration are used
for other sectors,

10.1.5

The test procedures allow assessment of the hazard of explosive substances and articles
so that an appropriate classification can be assigned. When appropriate this is done by,
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the competent authority.

Figure 10.1

Middle row, leftmost box: “CLASSIFY AS AN UNSTABLE EXPLOSIVE
No division assigned.”

Figure 10.2

Box 13: Is it unstable too sensitive to assign a division in the form it was tested?

Box 16: Box 16: Is the article, packaged article or packaged substance an—unstable
lexplesive too sensitive to assign a division?

Box 17: CLASSIFY as an unstable explosive.
INo division assigned.

Box 19 of Figure 10.2 is revised to read:
“Provisionally classify as an explosive. (Go to Figure 10.3)”

Figure 10.4

Box 6: CLASSIFY as an—unstable explosive. No _division _assigned.

Box 7: Substance to be considered for classification as an explosive ether-than-as-an
unstable-explosive;
[...]

10.3.1.1

The acceptance procedure is used to determine whether or not a substance or article as
offered for classification is a candidate for the class of explosives. This is decided by

determining whether a substance previsionally-aceepted-inte-the-class-ofexplesives is

either too insensitive for inclusion in this class or is accepted as an wnstable explosive

(and—considered—too—dangerous—for—transport) but considered too sensitive to

mechanical stimuli, heat or flame to assign a division; or whether the article o
packaged article are is accepted as an unstable explosive (and—considered—too)

dangerousfor-transport) but considered too sensitive to impact or heat to assign a|
division.

10.3.2.4

Test series 3 is used to answer the questions "Is it thermally stable?" (box 12, Figure
10.2) and "Is it unstable too sensitive to assign a division in the form in which it was
tested?" (box 13, Figure 10.2). This involves tests for determining the sensitiveness of
the substance to mechanical stimuli (impact and friction), and to heat and flame. The
following four types of test are used:

[...]

10.3.2.5

Series 4 tests are intended to answer the question "Is the article, packaged article or
packaged substance an-unstable-explesive too sensitive to assign a division?" (box 16,
Figure 10.2). Conditions which may occur during transport include high temperature and|
high relative humidity, low temperature, vibration, bumping and dropping. The two types
of test to be carried out are:

[...]

104.1.1

[Unless elassified-as-unstable considered too sensitive to assign a division, explosives|
iaremay be assigned te one of six divisions, depending on the type of hazard they present
(see paragraph 2.1.1.4 of the Model Regulations and 2.1.2 of the GHS). Assigning a|
division is a prerequisite for the transportation of explosives (see paragraph 10.1.2).
The assignment procedure (figures 10.3 and 10.5) applies-te-all describes how to assign
the division for explosive substances and articles that-are-eandidatesfor-this—elass|
exeept-these. Explosives may also be declared from the outset to be in Division 1.1. Al
substance or article is assigned te the division which corresponds to the results of the
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tests to which it has been subjected. Other test results, and data assembled from accidents
which have occurred, may also be taken into account. As indicated in box 39 of Figure]
10.3, there is authority to exclude an article from the class of explosives by virtue of test
results and the "explosives" definition (see paragraphs 2.1.1.1 (b) of the Model
Regulations and 2.1.1.2.1 (b) of the GHS). Specific criteria by which articles may be
excluded from the class of explosives may be found in paragraph 2.1.3.6.4 of the Model
Regulations.

and 10.7

Figures 10.6In Figures 10.6 (b) and 10.7 (b) the same amendments as in Figure 10.2 need to be made

Amendments to Section 13 of the Manual

SECTION 13
Test series 3

13.1

Introduction
This test series is used to answer the questions in boxes +8-andH 12 and 13 of Figure
10.2 by determining the sensitiveness of the substance to mechanical stimuli (impact and
friction), to heat and to flame. The question in box #0 12 is answered "no" if a "+" is

obtained in test type 3(c) and the substance shall-be—eategerised—as—an—unstable
explosive is considered too sensitive to assign a division;-consequently;the substanee
is-notpermitted-for-transport. The question in box H 13 is answered "yes" if a "+" i
obtained in any of the test types 3(a), 3(b) or 3(d). If a "+" is obtained, the substance

shall-be-categorised-as-an-unstable-explesive is considered too sensitive to assign aj

division in the form in which it was tested but may be encapsulated or otherwise
desensitized or packaged to reduce its sensitiveness to external stimuli.

13.4.1.1

Introduction
This test is used to measure the sensitiveness of a substance to drop-weight impact and
to

determine if the substance is an-unstable-explosive too sensitive to assign a division
in the form tested. It is applicable to solid and liquid substances by using two different|
sample assemblies.

13.4.1.4.1

Solids

The test result is considered "+" if a flame or an audible report is observed in at least 5
out

of 10 trials at a drop height of 10 cm and the substance is considered an—unstable
explosive too sensitive to assign a division in the form in which it was tested.
Otherwise, the result is considered "-". Borderline cases may be resolved using the
Bruceton method (see Appendix 2).

13.4.1.4.2

Liquids

The test result is considered "+" if smoke, flame or an audible report is observed in at
least 1

out of 10 trials at a drop height of 25 cm and the substance is considered an-unstable
explesive too sensitive to assign a division in the form in which it was tested.
Otherwise, the result is considered "-".
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13.42.1

This test is used to measure the sensitiveness of solids and liquids to drop-weight impact
and to determine if the substance is an—unstable-explesive too sensitive to assign a
division in the form tested.

13.42.4

Test criteria and method of assessing results

The test results are assessed on the basis of:

(a) Whether an "explosion" occurs in any of up to six trials at a particular impact energy;
and

(b) The lowest impact energy at which at least one "explosion" occurs in six trials.

The test result is considered "+" if the lowest impact energy at which at least one
"explosion"

occurs in six trials is 2 J or less and the substance is considered an-unstable-explosive
too sensitive to assign a division in the form in which it was tested. Otherwise, the result
is considered "-".

13.4.3.1

This test is used to measure the sensitiveness of solids and liquids to drop-weight impact
and to determine if the substance is an—unstable-explesive too sensitive to assign aj
division in the form tested.

13.4.34.1

Solids
The test results are assessed on the basis of:

[...]

The test result is considered "+" if the F of I is less then or equal to 80 and the substance
is

considered an-unstable-explosive too sensitive to assign a division in the form in which|
it was tested. The test result is considered "-" if the F of I is greater than 80. If the F of |
obtained for the substance under test is less than 80, a direct comparison with thej
standard RDX may be made by using the Sample Comparison Test (SCT - see Appendix
2) procedure with 100 shots on each substance. If there is 95 % or greater confidence
that the substance under test is not more sensitive than RDX, the substance under test is
not an-unstable-explesive too sensitive to assign a division in the form tested.

13.43.4.2

Liquids
The test results are assessed on the basis of:

[...]

The median drop height for liquids is calculated as for solids, and the result quoted
directly.

For samples which do not give "goes" at drop heights of approximately 125 cm, the
median height is quoted as "> 125 cm". The test result is considered "+" and the liquid
an-unstable-explesive too sensitive to assign a division in the form tested if it is more
sensitive in this test than iso-propyl nitrate. This is normally determined from the median|
height value, but if the median height obtained for the substance under test is less than
that quoted for iso-propyl nitrate, 14.0 cm, a direct comparison with iso-propyl nitrate
may be made by using the SCT procedure with 100 shots on each substance. If there is|
95 % or greater confidence that the substance under test is not more sensitive than iso-|
propyl nitrate, the substance under test is not an—unstable-explesive too sensitive to
assign a division in the form tested. The result is considered "-" if the median height is
greater than or equal to that of iso-propyl nitrate.

13.4.4.1

[This test is used to measure the sensitiveness of solids and liquids to drop-weight impact
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and to determine if the substance is an—unstable-explesive too sensitive to assign aj
division in the form tested.

13.4.44 Test criteria and method of assessing results
The test results are assessed on the basis of:
(a) Whether there is propagation of reaction; and
(b) The limiting drop height.
The test result is considered "+" if a limiting drop height of less than 0.75 m is observed
and
the substance is considered an-unstable-explesive too sensitive to assign a division in
the form in which it was tested. The test result is considered "-" if a limiting drop height]
greater than or equal to 0.75 m is observed.

13.4.5.1 This test is used to measure the sensitiveness of substances to drop-weight impact and to
determine if the substance is an—unstable-explosive too sensitive to assign a division|
in the form tested.

13.4.5.42 Solids
The test result is considered "+" if the median drop height (H50) is less than or equal to,
that of dry RDX and the substance is considered an-unstable-explesive too sensitive to
assign a division in the form in which it was tested. The test result is considered "-" if
the medium drop height (H50) is greater than that of dry RDX.

13.4.54.3 |Liquids
The test result is considered "+" if the median drop height (H50) is less than that of
isopropyl nitrate and the substance is considered an-unstable-explesive too sensitive to
assign a division in the form in which it was tested. The test result is considered "-" if
the medium drop height (H50) is equal to or greater than that of isopropyl nitrate.

13.4.6.1 This test is used to measure the sensitiveness of substances to drop-weight impact and to
determine if the substance is an—unstable-explosive too sensitive to assign a division|
in the form tested.

13.4.6.4.1 [Solids
The test results are assessed on the basis of:
(a) Whether one or more positive results are obtained in 25 trials at a particular height;
and
(b) The lowest height at which a positive result is obtained.
The test result is considered "+" if the lowest height at which a positive result is obtained
with
assembly 2 is less than 100 mm and the substance is considered an-unstable-explesive
too sensitive to assign a division in the form in which it was tested. The test result i
considered "-" if the lowest impact height for a positive result with assembly 2 is equall
to or greater than 100 mm.

13.4.6.4.2 |Liquids

The test results are assessed on the basis of:

(a) Whether one or more positive results are obtained in 25 trials at a particular height;
and

(b) The lowest height at which a positive result is obtained.

[The test result is considered "+" if the lowest height at which a positive result is obtained
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with assembly 3 is less than 100 mm and the substance is considered an—unstable
explesive too sensitive to assign a division in the form in which it was tested. The test
result is considered "-" if the lowest impact height for a positive result with assembly 3
is equal to or greater than 100 mm.

13.4.7.1

This test is used to measure the sensitiveness of substances to drop-weight impact and to
determine if the substance is an—-unstable-explosive too sensitive to assign a division|
in the form tested.

13.4.7.5.1

Solids

The test result is considered "+" if a reaction (see 13.4.7.3.3) is observed in at least 1 out
of 6 trials at a drop height of 17 cm and the substance is considered an—unstable
explesive too sensitive to assign a division in the form in which it was tested.
Otherwise, the result is considered "-". Borderline cases may be resolved using thej
Bruceton method (see Appendix 2).

13.4.75.2

Liquids

The test result is considered "+" if a reaction (see 13.4.7.3.3) is observed in at least 1 out
of 6

trials at a drop height of 11 cm and the substance is considered an-unstable-explesive
too sensitive to assign a division in the form in which it was tested. Otherwise, the result

is considered "—". Borderline cases may be resolved using the Bruceton method (see
Appendix 2).

13.5.1.1

This test is used to measure the sensitiveness of the substance to frictional stimuli and to
determine if the substance is an-unstable-explosive too sensitive to assign a division|
in the form tested.

135.1.4

Test criteria and method of assessing results

The test results are assessed on the basis of:

(a) Whether an "explosion" occurs in any of up to six trials at a particular friction load;
(b) The lowest friction load at which at least one "explosion" occurs in six trials.

The test result is considered "+" if the lowest friction load at which one "explosion"
occurs in six trials is less than 80 N and the substance is considered an—unstable
explesive too sensitive to assign a division in the form in which it was tested.
Otherwise, the test result is considered "-".

13.5.2.1

This test is used to measure the sensitiveness of the substance to frictional stimuli and to,
determine if the substance is an-unstable-explosive too sensitive to assign a division
in the form tested.

13.5.24

Test criteria and method of assessing results
The test results are assessed on the basis of:

[...]

The test result is considered "+" if the F of F is less than or equal to 3.0 and the substance
is

considered anunstable-explosive too sensitive to assign a division in the form in which|
it was tested. The test result is considered "-" if the F of F is greater than 3.0. If the F of]
F obtained for the substance under test is less than 3.0, a direct comparison with the
standard RDX may be made by using the SCT procedure with 100 shots on each

substance. If there is 95 % or greater confidence that the substance under test is not morej
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sensitive than RDX, the substance under test is not an-unstable-explosive too sensitive
to assign a division in the form tested.

13.5.3.1

This test is used to measure the sensitiveness of the substance to frictional stimuli and to
determine if the substance is an—unstable-explosive too sensitive to assign a division|
in the form tested.

13.534

13.5.3.4 Test criteria and method of assessing results

The test results are assessed on the basis of:

(a) Whether an "explosion" occurs in any one of 25 trials; and

(b) The maximum retaining pressure at which there is no explosion in any of 25 trials.

The test result is considered "+" if the lower impact friction sensitivity limit is less than
200 MPa and the substance is considered an-unstable-explosive too sensitive to assign
a division in the form in which it was tested. The test result is considered "-" if the lower|
impact friction sensitivity limit is greater than or equal to 200 MPa.

13.5.4.1

This test is used to measure the sensitiveness of the substance to friction stimuli and to
determine if the substance is an—unstable-explosive too sensitive to assign a division|
in the form tested.

13.54.5

Test criteria and method of assessing results

The test result is considered "+" if the lowest friction load at which at least one reaction|
occurs

in six trials is 250 N at 2.4 m/s or 445 N at 1.2 m/s or less and the substance is considered|
an-unstable-explosive too sensitive to assign a division in the form in which it was
tested. Otherwise, the result is considered "-".

13.6.1.3.1

If explosion or ignition occurs, then the substance is tee—thermally—unstablefor
transpert-and-shall be-eategorized-as-an-unstable-explesive considered too sensitive

to assign a division.

13.6.1.4.2

It the test result is "+", the substance should be cons1dered thermally unstables;shall-be
I : d—fo port and

therefore too sens1t1ve to assign a division.

13.6.2.4.2

It the test result is "+", the substance should be cons1dered thermally unstable—shall—be
o WE : d : and

therefore too sens1t1ve to assign a d1v1s10n

13.7.1.3

Test criteria and method of assessing results

The event is observed visually and the result is reported as one of the following
three categories:

(a) Fails to ignite;

(b) Ignites and burns; or

(c) Explodes.

The duration of the combustion, or the time to explosion, may be noted to provide
additional information. The test result is considered "+" if any explosion of the test
samples occurs and the substance is considered te—be—an—unstable—explesive too
sensitive to assign a division in the form in which it is tested. Otherwise, the test result
is considered "-".
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Amendments to Section 14 of the Manual

SECTION 14
Test series 4

14.1.1

Series 4 tests are intended to answer the question "Is the article, packaged article or
packaged substance teo-dangerousfor-transpert too sensitive to assign a division?"
(box 16 of Figure 10.2). Conditions which may occur during transport include high
temperature and high relative humidity, low temperature, vibration, bumping and|
dropping. The

two types of test to be carried out are:

Type 4 (a): a test of thermal stability for articles; and

Type 4 (b): a test to determine the danger from dropping.

14.4.1.1

This test is used to evaluate the thermal stability of articles and packaged articles when
subjected to elevated thermal conditions to determine whether the unit being tested is

too-hazardeusfor-transpert too sensitive to assign a division.

14.4.1.4

The test result is considered “+” and the article or packaged article(s) considered tee

dangerousfor-transport too sensitive to assign a division if:
[...]

145.1.4

If detonation takes place after a drop of 5 m or less, the test result is “+” and the liquid

is considered teo-dangerous-to-be-transperted too sensitive to assign a division.

145.2.4

The test result is considered “+” and the packaged substance or article(s) toe-dangerous|
to—transport too sensitive to assign a division if a fire or explosion resulted from|
impact.
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EXPLOSIVES
(CHAPTER 2.1)

Hazard category Symbol Signal word Hazard statement
2A Exploding bomb ' Dange_zr H209 E_xplosive o
2B Exploding bomb Warning H204  Fire or projection hazard
Precautionary statements
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EXPLOSIVES
(CHAPTER 2.1)

Hazard category Symbol Signal word Hazard statement
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It & 4R FIERA
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Group
AFEMS Association of Europe Manufacturer of Sporting | wic | Ji{ SR T 22 (KFF)
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AIST National Institute of Advanced Industrial | [z 7 fff 52 BE 3 A FE SRR A HF
Science and Technology e
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JEERRE PR A
CEFIC European Chemical Industry Council WAL 2 T2 e
({4:Conseil Européen des Fédérations de
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CEN Eurorpean Committee for Standardization ({A: | RifliE#E(L &K 8 &
Comité Européen de Normalisation)
CIE Chief Inspectors of Explosives T KRBT (RFR)
CLEPA European Association of Automotive Suppliers | i | B e 5 T2
({4: Comite de Liason de la construetion
d’Equipments et de Pievces d’Automobiles)
COSTHA | Council on Safe Transportation of Hazardous | fz iz etk %4 (RFR)
Articles
DGAC Dangerous Goods Advisory Council G MEE S
DGL Dangerous Goods List faki ) = b
DGTA Dangerous Goods Trainers Association fEl b L —F —a (KFF)
EOS Energetic and Oxidizing Substances I3 AF g L BLEE
EPP Explosives, Propellants and Pyrotechnics IRFMEYE . HEESR S X VK T,
EU European Union WM 5E
EWG Working Group on Explosives KN A
FAO Food and Agriculture Organization [ S o 2 S M B
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MTC Manual of Tests and Criteria SR d L OV EREe = 2 T L
NKKK Nippon Kaiji Kentei Kyokai — M A A A ER T A
OECD Organization for Economic Cooperation and | #zi%t%7 /7 a5 ek
Development
OTIF Intergovernmental Organization for International | [z sk it ok B i i i
Carriage by Rail
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UNITAR United Nations Institute for Training and | [z 3| sH 0 2R 22 AT
Research
WHO World Health Organization TH- BRL{L (e
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