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Abstract : Waste explosives such as useless ammunition discharged from the military and coproduced useless explosives during
the manufacturers production process have been continuously produced. These are difficult to dispose with normal waste
treatment facilities due to the dangers of fire and explosion. An open burning or an open detonation at military designated
disposal facilities is a classical treatment method for the dangerous explosives. The classical method raises various environmental
problems by the emission of hazardous materials. An air pollution by the emission of hazardous gases such as SOy and NOy, soil
and water contaminations by the accumulation of non-biodegradable heavy metals, are representative pollution examples. To
overcome these problems, various processes for eco-friendly waste treatment methods have been developed, and some processes
have already been operated in some countries. In the current report, various eco-friendly disposal processes for waste explosives
or harmful materials, and their advantages and disadvantages are documented to suggest future development directions for
reducing the hazardous substances by the treatment processes.
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Table 1. Hazardous substance discharge concentration of various waste explosives (3 g of standard sample).
Hazardous _ 20 mm 155 mm
substance Criteria INT Comp B Flare Cartridge Projectile
CO 200 (ppm) 53,333 28,774 31,252 45,298 40,067
NO« 100 (ppm) 2,361 1,281 8,454 - 8
Pb 5 (mg/Nm’) - - 97.1 2,663 0.26
Cu 10 (mg/Nm®) - - - 97,855 12.9
Zn 10 (mg/Nm’) - - - 6,040 55
Dioxin 5 (ng-TEQ/Nm®) - - 6.51 - -
ng-TEQ : Nano gram-Toxicity Equivalency Quantity.
Nm® : Normal volume (Volume at standard Condition of 0 °C, 101.325 kPa).
air pollution prevention facility
— —
- ,‘ ‘ » ‘ e
| (]
detonation chamber expansion tank setondary combustor spray dryer baghouse draft fan stack

Figure 1. A schematic of contained detonation chamber systems. The figure was redesigned to give better understandings based on the

reference [9].
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Figure 2. A schematic of rotary kiln systems. The figure was redesigned to give better understandings based on the reference [16].
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Figure 4. A schematic of fluidized bed incinerator systems. The
figure was redesigned to give better understandings

based on the reference [26].
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Figure 3. A schematic of plasma ordnance demilitarization systems. The figure was redesigned to give better understandings based on the

reference [22].
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Table 2. Reaction formula of direct chemical oxidation

Reaction name Reaction formula

Direct S,0¢> <280, (sulfate radical anion)
chemical S,04% + organic — 2HSO4 + CO, +
oxidation H,O-+inorganic residues

=, Aol 7oA g5t piksto]gHito] FafE o] A4
QL QJ—/\]—ﬂ-I:]?} 00]3‘,] O_,_ _,_OH H]—O 01]1— x];}(quo] Oﬂook
FA] AR ¥-E-E AIASHA S AIAl 9T gt AF
SWHA] F71E2 =1 oliteteta® wslsly AnE Akt

A= AAste] AHESER 23} H71&E 4% 4= Qi) 7]
Z H-&-4]2 Table 201] e 21TH29,30].

7t 871, 3893, 39 A% wh 737, fEvtA
A, A Hw‘%‘ﬂ 9 AARIR LgE AH 3kehy
A58 HFEE Figure 50 LB ATH30].

AHRIF AT A ] AA HP%ﬂOﬂHh H7|1A2 =
AL 7hEfettt §H7] R 5 kWOl =558 & AHES
of YR2EE 150°CE AL &= A she, HHE 78
59 YFEYS 580 &L & UZF(200 psig FEHS
£) FET FAZ AT 9-g7] yEAZ o] 120 psig o4
A A ol dT/AE AFoE HiEAI7]7] fIeF P E gk
At {71 &8 i 42 ASHIE Foto] 7 Ba=

o, 975 WA5H7] 9ot} ZF vhe7]= WEE AAgt

mlo

N

HS
\__O

Figure 504 7tEafH &4 ATHRE Foff AHQIE
2708 Eoldl SFHAR olFHH 474 I AkS)
A7t FFE 123 3719 A&A wEET|E o] Eof Akt
W8S APt ol Wg7lE FEY 93] Qlof i
Ado fEE A}ﬂﬁi qom Yi Ful= 171 F=o|th.

H7AY 5&Z Huskelr] 98 &3 A7 AR A
$ QEE FA5HL )loH, T3S 100 rpm ©]AFC.E 50 min

ofoz E3tsto] S| E ol&dtth 4 A& HkEY]
oA Bi&H 7tAE HIE B3] off gas PYIAZ o]E3lo] AT

oxidant make-up tank

waste oxidant

pretreatment reactor feed tank

! ! ]

-1t

1%t stage oxidizer 2nd stage oxidizer 3rd stage oxidizer

Figure 5. A schematic of direct chemical oxidation integrated systems. The figure was redesigned to give better understandings based on the

reference [31].
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AETA A3 HE APA7L 7HA= AL ¥R o8-t
o] FolEde Edclks WHOoR AES ol&ste A&
A 23R (phytoremediation) ¥} W[AJEolu #R{E °|-&5t
243} 224 (bioremediation) 0.2 EEETH33].

A&y AHHE 5% oA ¥ 1714 Rl
E49] Eofo] Eo] AHEEET, ol AEY AFAEHe R
= 5859 2307t E7Fs5] dizelth e Aol A
H|-§o] Hrh= FollA 7P & AxlS 7L Jloy, @i o
i AAAR LS ol&she Wol7] wiEol At
A s9o] ¥4 g HWolH 53] TNTS T2 UFE dHi
14 =4 H7IA 7} o2 A7E ATH34]. BE=7E3} A=
W AE5H Ay Aol A9 syt +-8 o
oFoflA 7H Wol] ARGE|AL Qli= TNTO] A& 4584 A
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o|sto] Hialefo 2 Q AH EF] Revivald] WSS AAIST
TH35].

INTZ 299" EYde AEAS} Adste Wole soil
slurry HWF3-3} soil column ¥F3-9] =7} "ol Q1o soil
slurry ¥F3-719} soil column ¥H3-7]19] FL2& Z+Z+ Figure 63}
Figure 79 FE&5F9TH36,37].

Soil slurry ¥+-5-7]19] 3¢ WHED= B8 1L0]1 44 &
Foh= o Ful= 500 mLE AANRS7] £39] 50% J=E
Aeukgo] A gsiol BETTI 7 EP] gt RAAES
Zolth. w8719 PEENS ek olefat HujulE ol§
sol WA} AR AR, ey hRert o
QO] ol T 30°CE SAS air supply FHE 5
o 9% B71E WFgl0] FRUC. TNTZ 09E £, vy
E HiA|Z con steep liquor (CSL, 1.0%), NH,CI (0.025%), ¥
polyoxyethylene sorbitan mono-oleate (H|=: Tween 80, 0.1%)
= BH&710] 3g7t & WREREE o]&5to] TNTZ ¥H &
& &2glE witel REe5 TNTO] &&=, ulE 44, &<
4ba, pHE F712 0% 45t A2lags HUHEY o
37].

Soil column ¥F2-7]9] AL Hiu HE 370 mLo|1 U|YE
3 S8 oF 290 mLo| EFS EUslol 1A w87 o)

oz
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CI : mixing motor

air supply

Figure 6. A schematic of TNT soil slurry reactor systems. The
figure was redesigned to give better understandings

based on the reference [36].

air vent

effluent outlet
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energy sources

pump
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4= 4=

Figure 7. A schematic of TNT soil column reactor systems. The
figure was redesigned to give better understandings
based on the reference [37].
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Figure 8. A schematic of HMX hydrolysis reactor systems. The
figure was redesigned to give better understandings
based on the reference [41].

Slofo] FHTh H4 sH[o)l4o] 7Hd ATh(weight of a 10%) -84
2 FSjo] EG F 16417k o4 FATH3S). 100-150°C o]
Al HREE T HiE T oA ER, FAMY, dEUor 5 &
o 80| BHEOINI, et W o] 44t 8o
AMgO.= IRt HlA E] AlES S sjof Sk THo] SltH41].

HMX(1,3,5,7-Tetranitro-1,3,5,7-tetrazoctane) 2] 7}<=E-3f HF-3-
719] 7HFEE Figure 80 RS E=T, EolRh-s7]9) &4
A =49 SFE ot e 324 vsT1E A
857 v, Q%4 BHoINe) AP oy
H3 94 o ek

woferRo] eG4 w7 A2 40 AL AR R AG 7

Table 3. Reaction formula of anode and cathode in lead azide

Reaction name Reaction formula
Pb™ +2¢ —Pb>
Cathode 4H,0 + 4’ — 2H, + 40H"
2N3- - 3N2 +2¢e
Anode 2H,0 — 0, +4H' + 4¢"
DC power
-cathode anode

() ®)
.
®)

electrolyte solution

Figure 9. A schematic of Lead Azied electrolytic destruction
systems. The figure was redesigned to give better
understandings based on the reference [43].

destruction)& AHg3o] UFFA O w714e] 7Kslet. o]
E 5892 Ay Eslele] Sl e sl4st o
A A2 WEAA H714sH el of 349 uke
A2 Table 3 % Figure 9914 339] 72K=g UrehRoieh43).

Table 4. Eco-friendly disposal processes and their advantages and disadvantages in the waste explosives treatment

Method Advantages Disadvantages
. . . . o -1 ibility of conti i 1
Detonation - Reduction of detonation noise and vibration mpos§1b1 ity of continuous d{sp 084
. - Periodic replacement of steel inside the chamber
chamber - Blocking of fragments . .
— increase of maintenance cost
- Impossibility of continuous disposal
Static kiln - Less cost and installation area compared to - Restriction on disposal items (Small items can be
rotary kiln disposal)
- Pre-work needed
. . . . . - Installation cost and area excessive required
Rotary kiln - Continuous disposal is possible x verequ

- Pre-work needed

High temperature - Complete decomposition

- Restriction on disposal items (Chemical ammunition can

plasma - Mass disposal be disposal)
Fluidized bed . - Ammunition containing metal powder cannot be
. - Less harmful gas emission .
incinerator disposal

Direct chemical - Waste treatment facility not required

- Air pollution emission facility not required

oxidation - Mixture can be disposal

Biological - Waste treatment facility not required - Heavy metal cannot be disposal
disposal - Low disposal cost - Low disposal capacity

Hydrolysis - Waste treatment facility not equired - Waste water treatment facility required

Electrolytic destruction | - Waste treatment facility not equired

- Low disposal capacity
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