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Two topics of explosive accidents were mentioned in this paper. One is ion exchange resin, the other is silver
compounds. An explosion occurred while ion exchange resin (IER) was being used in the analytical pretreatment. To
clarify the cause of the accident and go/no-go criteria of the explosion, elemental analysis of the IER, DSC analysis,
SIKAREX analysis (a screening tool for runaway reactions), and Raman spectroscopy were performed. Finally,
experiments on the same scale as the accident were conducted in an explosion chamber. When HCIO4 was added to
IER-NOs, the IER violently exploded without any heating nor metal ions such as uranium. It was confirmed that the
accident was caused by an incorrect procedure in the chemical process. From the standpoint of explosion safety,
IER-NOs in particular should be kept away from perchloric acid in the laboratory. In the silver mirror reaction using
ammoniacal silver solution, silver nitride (Ag;N) is generated, when the solution is allowed to stand. This compound is
highly explosive. Thus, for a recycling process of silver compounds from ammoniacal silver solution, it is required to
establish safety treatment of the solution. In the present study, various conditions for the safety treatment have been
investigated on a laboratory scale. When an aqueous solution of Ag,O/NH; was allowed to stand in the open air at
ambient temperature, Ag;N was finally generated, as expected.
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Fig.1 Explosion accident of ion exchange resin at Ningyo-toge
Environmental Engineering Center of Japan Atomic Energy
Agency (JAEA).
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Fig.2 Ion exchange process to remove impurities using IER:
(a) normal process, (b) process at time of accident.

156

2.2 AFRBBEOEREDE

FEH U7oA A U MR IE, B2 A o ZHukstiE - A F L
VIUE AR R UREEA RO ER AGI-X8 Resin
(BIO-RAD #:8) Cl &A1 A 2 #akitfiE (Ton Exchange
Resin : IER) TH 2, £7, Cl BoA A4 3Hpigiz, 4
~5FDOFHEAED IN-NaOH Z ¥ L, OH & IER I2#x
g5, WRIT, FERRIC 4~5 [EOFEAFED IN-HNO; & ik
ML, NO; D IER IZHE#T 2, [RIERIC LT, MERE
g% VW C, IER-CIO, = IER-CI % Yfi L 7=,

S —

T CH— Cli ~— CH™ Ci-k_
- CI(CH;)NCH; CH,N(CH,),Cl -
H™— CF&_ Ci - Cbi T~ CHT CI-E - H — CF& - H™ Cii_

CH,N(CH,)Cl - CH,N(CH,),CI-

Fig.3 Chemical structure of IER-C1 (AG1-X8, Bio-rad).
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Table 1 Fundamental analysis of ion exchange resin,
C/H/N/O/Cl ratio and oxygen balance.
Heat of
C(mol) H(mol) N(mol) O(mol) CI (mol) OB combustion
(kJig)
IER-CI 4.66 8.71 0.21 142 0.27 -194 -
IER-NO3  5.42 7.78 0.51 1.19 0.02 -217 29.7
IER-CIO4 5.04 8.24 0.36 1.31 0.15 -193 -
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Fig.4 DSC profiles of (a) IER-NO; (b) IER-NO;+ 8N-HCIO,
(c) IER-NO; + 12N-HCIO,.
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Table 2 DSC results of (a) IER-NOs;,
8N-HCIOy, (c) IER-NO; + 8N-HCIO,.
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Fig.5 SIKAREX vessel, (a) top cover and rupture disk, (b)
thermocouple glass cover, (c¢) inner glass vessel, (d) outer
stainless vessel.
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Fig.6 SIKAREX profiles of (a) IER-NO;+ 8N-HCIO, (5 mL),
(b)-1 IER-NO; + 8N-HCIO, (1 mL), (b)-2 IER-NOs + 8N-HCIO,
(5 mL).
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Fig.7 Glass vessel after SIKAREX analysis (1) IER-NO;, (2)
IER-NO; + 8N-HCIO4 1 ml, (3) IER-NO; + 8N-HCIO4 5 ml
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Fig.8 Explosion chamber for gram scale explosion test, inner
diameter 2.9 m, height 3.45 m.
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Fig.9 Temperature profile of gram-scale test (IER-NO; 10 g +
12N-HCIO4 20 g).
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Fig.10  Photographs of gram-scale explosion test (IER-NO; 10
g+ 12N-HClO4 20 g): (a) t=0s, 20 °C; (b) t = 120 s, 70 °C; (c)
t=130s, 85°C.
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Fig.11 Raman spectrum (1) IER-NO;, (2) IER-NO;,

+12N-HCIO,4 10 °C, (3) IER-NO; +12N-HC104 50 C.

TR 0D 1 A o AZHARSHIE 1
B L TR SR U, A L ASHRIE D 5 i & AL,

BLT, = befbBWns ek Uiz, i L SRR 7
T 5 LiiFEE= fr=7. (NP,NO2ClOs) 2 ARL,

FEAEETOEEMEIETHZ ENMBLILTNS, K
DD IR VREE TR SRR I T LRI TH D, mm%abfw
W5, g, @EHERE, A4 SWBIENEET D & A
FURBBIED AF L P ARV U NS EREK= b
L BN ERT 5,
ui®iéﬁiﬁmaé@®$&u,¢¥é®$mi
CROFEEPREAELT-Z ERbhoTz, IITHoT=H
%/\x%‘{ﬁﬂ% LTV 2 R T E O BT i\ 2 & DV
ST, BHEETA A 2 AZHUSIR OBUY RIS, AR
ERBOTRALBWVWEIITEERMLETH D,

3. SRILEMDRS T & IRRER

W, A~— b7 4 > A OBRHERRC KGR B A
T HERA—R " EEEAHOHANREIE L WD, e
Bt, o, ROV YA 7 VTR @R/ F ¥
ORYBLALER) % Tl, BRERFENPELFEEL TS, >0
SLBYNITIBERIEOME RN L NS TH 5, %%é%%
DERA T =X LOARF-ND, Fx ORI NV—T
THRE HEE L 7ok x IR B DB HT OFER (DSC)
%Fguxﬁﬁ‘%% WCHRBE, BENCIRE 2R LTV D,
FR (AgN), TR (AgONC), FEE4E (HCOOAg),
v o TSR (Ag(COO0),), 7 UAk4R (AgN;y), HEfL4R (AgCl)
D 6 FIEDORLA M ONE % Fhg L 7=,

)

Netsu Sokutei 44 () 2017

WHEMEMZDZ LITLY,

159

PEVVE DB T 3 K OYR S Fl D PR ELF2BR

311

a) Silver nitride (Ag,N)
85

84

—

b) Silver fulminate

(AgONC)
142 J/g 30¢

152 51 lig

g

d) Silver oxalate
(Ag(COO0),)

Heat flow [Wg]

455

2147 Jig

| —

487 lig

454

f) Silver chloride (AgCl)

-

200 300 400 500

Temperature [°C]

100

Fig.12 DSC results of a) silver nitride, b) silver fulminate,
c) silver formate, d) silver oxalate, e) silver azide, f) silver
chloride.
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Fig.13 Air drying experiment (#121101-1 — 4) aqueous
ammonia (1 g) was mixed with Ag,O of 38 mg (-1), 30 mg (-2),
20 mg (-3), 10 mg (-4).
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Fig.14 Laser ignition of Ag;N, left: before explosion, center:
under explosion, right: after explosion.

(1) )

Fig.15 Explosion photograph of 2 g Ag;N (1) 0 ms, (2) 0.1 ms,
(3) 0.6 ms, (4) 7.8 ms, with water drop stimulation.
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