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Accidental Explosion of Nitrocellulose and Future Tasks
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Nitrocellulose (NC), which is a nitrate ester compound having ONO, group in their chemical structure, is an
industrially useful material utilized as a raw material for explosives, lacquers, and celluloid products. However, NC is
an unstable material that has a risk of undergoing spontaneous decomposition even at low temperatures. Accumulation
of decomposition heat can cause spontaneous ignition, and numerous relevant accidental explosions have been
reported. Although the NC spontaneous decomposition has already been investigated for a long time, recent accidental
explosions like the catastrophe in China in 2015 have made the relevant studies again draw attention from the
viewpoint of the safety aspect. The author's research group has comprehensively investigated the spontaneous
decomposition behavior of NC so far, using heat flow calorimetry. In this article, the author introduced a part of our
achievement and the future tasks related to the thermal decomposition mechanism, hazard evaluation method, and

novel stabilizer of NC.
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Fig.1 Chemical structure of nitrocellulose (NC).
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Table 1 Typical accidents related to NC spontaneous ignition.

Date Place Involved products
Aug. 12,2015 Tianjin, Nitrocellulose, ammonium
22:51% China nitrate, etc. stored in a
warehouse company
Aug. 6,2013 Taoyuan, Nitrocellulose stored in a
23:18 9 Taiwan chemical plant
(Details unknown)
Aug. 13,2005 Aichi, Wet NC (28 t) stored in a
10:09 ¥ Japan chemical plant
Aug. 1, 2000 Aichi, Smokeless powder (7.7 t)
22:09 > Japan stored in a chemical plant
Sep. 3, 1984 Tokyo, Approx. 3000 movie films
Around 15:00 > Japan stored in an art museum
Jul. 14, 1964 Tokyo, NC (195 t) stored in a
21:56 Japan warehouse company
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Fig.2 Thermal behavior of NC and NC containing DPA under
different heating condition, a: heating rate = 0.3 K min !, b:
0.02 K min".
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Fig.3 Thermal behavior of NC in various atmospheres under
heating condition at 0.2 K min .
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151



Fro 2B — B LIRBE, T OfabRrERi —

ZDATH=ALTIE, ONO, FEOBSE (HX) BLY
ks (=) 12k > THERK L7 NO, 28 NC ook
ZHIEHRNVTT AT DHANERT S (1), (8), 9)
XTlE, ERLTETAFNT OHMT O, B, &
T, R LT~ LA H T T O HANNC DKREA D] E &
HESIEPEE 5, Fo, AR LT AR, (10)=X
72 EOREIE UGN K 0 RIEMAL LB 2, 26 ORIG
i, — R R Y = —5H D WITRALKEDO S L OER TR
ELRIGSTHDIMBEFIZH LW D TRV, NO, B X
UUKZR NC OZEKBE R S 5855 (Figd) B &
OHHSRIR L N AR D BEE OBFZERE R 10 &2 @
WCTHEHLINTERSHATED BTN D,

5. RAEMNDRATELERTREERROMER

NC ZZ&IE T A 720120, IEh NC 02 EE %
LT, R EHT SN b oix, ARHCEFET LR L
OEL L HDVERD D, BVIIEIZ LY NC OLREE %3
MTE5ZEIFAHEOEY Th DA, KFIFEFRETIX
NC 72 E Ol — 2 7 VHH (F25) ORTFRRRFIZIE, ABEL
R (Fig.5) 'V L WHEH 5 % Lk 2 EMIIC 45
ZEMBESNTWD, ABELEBRTIE, o7 vE ARl
7B % 338 K THMEAVL, ZOBRIZHAT D NO, =ik
B EMICmD LI2X 26V U LT v U ARIC Bk S
W5, REBEARET D E TORR (TEEER) Z28IES
LHIETH D, IHEARERDS 8 DR OB EITIE, fakk &1
Wr &4, RPEEBEZE L7217 ud7e 572V, ABEL #RBRIT,
WE S < 100 FELLE), NC oz EEREBRE L TEH
INTEHETH DD, Filt, ABEL RBRITITLE KT
MHEL L CEMARMENDH S Z NSRS
Db, I TIHIIUCEET A RO —H AR T 52
Lzt s,

NCITE, ZZRBIIC L VRETHEEZEZOND T &0 5,
0, FEAKHIZEWT, REROEECREN R Dk 72
NC % C80 # W TEHRITR L, AL — 7 IZEDLETO
B A L, 202 SEIRE (373-403 K) TR
B Arrhenius B OB ERFMEEZ RT EE LT,
ABEL #B& & [F U 338 K (T8I 25 M (FHIFFES) &
B U7=, Fig6 13, St L7=FRIEEsy 2020 &, EUy
> 7@ ABEL B R 2 OBRE R L TWS, KD
D & OIS, THIFEE R X ONHEEER ORI 134 < F
BRI R S 7euy,

FREET XX, P OBHB AL ey hThbH, Z
DY > FE, 100 FERTFLEE O HE AR O Tl 5 4 Fr
DSBS RLE R TIvH DA, THERRIL 60 4y L
TH Y, ABELARB TR D LEZEENFH WV LGS LTL
F95, ZORENS, ABEL RERTIX NC OR{LFED L
P ERIEVTHE A AR KR D 22 EME % iU 3 A
TETWRWATREMER & 5, BVRIERE R & BN Sz
WEE[R & L TIE, ABEL BRI LR VB Tl S h,
DOWERFRIAF (60 3LAT) 2 Ehh, BRIC X
S THRET D NO IR TETE 5T, NC OREFREIC
JE & B LT e NO, OB EOHEZHE L T 5
ZEMEZLND,

Z Z°C, ABEL iBRICBEE L CH s FH & — 8 LT
VN, ZAUE, 2000 4E 8 A 12 B 19:00 LEIZ HURES Ty
DONC BB LEEVIHETH D, HHREE? Ick
HE, ZOERDOFRIL, NCOBERFEATIIRL, ®E
ICEDNCOFKEENTWD, —FHT, BEHOHRERE
TIE, FHYH, FRBGFRDICESIIREL T RN
EAHA LTS, P F72, Bk X 512, NC D HK%K
KITTRIRE SO B ORI Z B2 5 573, FHeY A

152

DHFEITLOKRIER L OEMFEARL L ZNICEEL TN D
TS, FMERE NC OHRREALEEZ THXFLE
X2 WX S IcBbhd, L Lans, HimsEEc
I, THORBICZEERREZERBL TWDHZ ENHH
IRIEKITE 2T W) L OFEBRRH Y, ABEL i BRIC LY
LAEWENHER SN TV Z L 2B A RIE KO AT HEM:
FHEELTWDS, BAEEE, ZoFEHE, Bl ABEL
RN ZEERRE L THBIEEL TW W2 E 2R LT
HOTIHRVWEBbS,

BifE, ABEL #BRICET DR8I, EATHERY LIPS
NTEH PP EEOHEKSLHIELIT T O NATO &
(AOP-4178 Ed. 3) Tl ABEL READHIBEAE L TV D
X THD, HAEDEIZBWTIL, ABEL B EBRUSMT D
ONNC OLELERBFTENRE ST D2, FE
WCHEERCER SN TV HRBRIT ABEL REBROZ L V-
T &L, RIRBRITHEN NC Ot 2 B+ 2ME— 046
MTHDH LV THIRLTRIFE TRV, 2GIE,
NC ODZEEEZRET DH/ 8 FIETH DN, FExIZLT
B 72 BN LI TH O PR & W S B B I RIE»
BB, SHITEVE DR R A2 B T & SR )7
EOBRRNEAE L NZ D,

LT
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—)e
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Fig.5 Experimental setup of ABEL test.
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Fig.6 Relationship between ABEL test and C80 results. z,pz;:
ABEL test result, #cg): induction time at 338 K predicted from
the C80 measurements.
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Fig.7 DPA derivatives generated from the reaction with NO.
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Fig.8 Thermal decomposition behavior of NC containing
various stabilizers under isothermal condition at 393 K
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Table 2 NO, generation rate of NC and NC with stabilizers.

Sample NO, generation rate*

[10 ppm/g/min]
NC 8.8
NC/AKII 7.1
NC/MgO 20.0

*NO, generation rate for 20 min from start of heating at 338 K
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