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Decomposition of 2,4,6-Trinitrotoluene (TNT) by Gamma Ray lrradiation

Byungjin Lee' - Myunjoo Lee

Division of Radiation Application, Kovea Atomic Energy Research Institute

ABSTRACT : The purpose of this study was to evaluate the potential of a gamma irradiation to decompose 2,4,6-trinitrotoluene (TNT)
in an aqueous solution. The decomposition reaction of TNT by gamma irradiation was a pseudo first-order kinetic over the applied initial
concentrations (25~100 mg/L). The dose constant was strongly dependent on the initial TNT concentration. The removal of TNT was
more efficient at pH below 3 and at pH above 11 than at neutral pH (pH 5-9). The required irradiation dose to remove over 99% of
TNT was 40, 80 and 10 kGy, individually at pH 2, 7 and 13. The dose constant was increased by 1.6 fold and over 15.6 fold at pH 2
and 13, respectively, when compared with that at pH 7. When irradiation dose of 200 kGy was applied, the removal efficiencies of TOC
were 91, 46 and 53% at pH 2, 7 and 13, respectively. Ammonia and nitrate were detected as the main nitrogen byproducts of TNT and
glyoxalic acid and oxalic acid were detected as organic byproducts.

The results showed that a gamma irradiation was an attractive method for the decomposition of TNT in an aqueous solution. However,
regarding the application of high energy radiation for the TNT decomposition and mineralization, an application of an acidic pH below 3
to the solution before irradiation should be considered.
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¥%7} 25, 50, 75, 100 mg/Ld @} zZ+z+ 12, 22, 30, 39
kGy Q1 Aoz ZAH S

ZALF 7] mE INT AA 37 A8E 27 5=
8 ZAMGE 757] 939 Fig 19 A9 4 3)g o
8% plotg Fig. 2] YehhRom, 2+ S5 2APYSE
Table loff VebfiZlth o]e] 23tH TINT AAEEY A4
2IgF ZAFFHRY FAE INT 27] BE #A0
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~0.1924 kGy' W 7] BEI FLFE ZANST}
Bl ez vt o 9 994489 Re B
099 o139 3BHL 7HABE Fepd 2Ab) 9@ TNT
9 AAWS 4 @AM ol RAVAEE WeAg
HEE ez WG & AYTh EF INTY 27l5Es)
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099990 2 HFHE AL Yeiuted, o3 L9 E2 9
_%7]%59} ZAMES BA 7 power functionlE HPHE
AL b 2Ab 9% PCBs (polychlorinated biphenyls)9]
2ol BF ATFVAME ZoHE £ AT
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Fig. 1. The removal of TNT at different initial concent-
rations with an increasing irradiation dose (initial
conditions; DO =5.89 mg O»/L, pH= 6.8).
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Fig. 2. Initial concentration dependency of the radiolytic decom-
position rate constant (dose constant) by a gamma
ray irradiation (initial conditions; DO = 5.89 mg Oy/L,
pH = 6.8).
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Table 1. The change of the dose constants with an increa-
sing initial concentration of TNT (initial condi-
tions; DO = 5.89 mg O./L, pH = 6.8)

Initial Concentration Dose Constant (d)

2
(mg/L) (kGy™) R
25 0.1924 0.9970
50 0.1055 0.9963
75 0.0756 0.9965
100 0.0592 0.9940

3.2. pH Halo| E TNT EMHSE

ek ZAbe] S TNT Ea&] Al Al&9 27] pH7}
INT EdEge] wXe FFS sy 9ded HC,
HSO4 18] NaOHE o] &3to] Alg¢] pHE 747 1~13
oz 2FW F e AR sEch Iy
NaOHE o]&3le] A|8¢ pHE 100132 3T 7S
A8 Mol @ @AM HE oz A Pon,
pH7} E&45 A59 £ 42 o AAI, At 3
#E5E ML AR foixle ALE etk o+ pH
139 29714 AN TNT7 7R soiA7] fEel
Aoz ALEHIAT o]o] pH Hsto] WE TNTS E/4dHs}
2 #AI7) 98] INT ARY pHE 77 11, 12, 132
2 2% F AL A B2 INT 2 TOC 5EHsE
ZAVEA T B3 pH 138 A& & dols INTS ok
2 NO,-N¢ NO;-N¢| Fx=dstel Uvel o8 3= #
3l& ZAMSHA T
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2ol NaOH FY £ oF 1520 ZAFAHIYE A 7]
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< HL3AE wole 9008 F Fo] TNTZF 33| A
A"e Aoz vtk 2=y pH 118 F 883 dof
+ pH 129 13 FAEsge dEdt v =3 &£E=2
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AET B2 F5ER AE2HJL, o) WE A F 15
£ ol 5383 Z71e & 158 o) F& MM Frlshe
Aoz vehgth AMY F49 oA FhEe TNTY
nitro group @l 93t AAP Ao FAHACE

TNT 100 mg/LE 3 A8 o] FoE pHE =
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ooz A FUEIRAL, AW @E UV 3%
E4WgE Hotste Ao BrFsdgnh old INT A&
o} o]¢] pHE 1322 ZFF A|E I3 EF759] NaOH
S AV AR Z5O] tiEte 5w 84 § UV §3E
£ &3slen olF Fig. 4o depffdch ool &sd
TNT peak’} Jehll= 230 nm H#29 §3%7F NaOHE
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Fh gl ':q“"l} Z frse Aoz UENon, NaOH
FY F 15 2] AHHAE W Al&E TNT 9949 UV
scanol A= VERER] 9kd 450 nm 2 B39 g%

7 AA FIFRAAL, Aol BHge] wel MM Yol
+ AeZ Yegrh 190~220 nm @99 FFEE ¥
WA 308 AFHFo] JHE A FUHEIAIA, 308 o Fo=
MM Faste Aoz JeRon, ¥ JA] F 600 2
o] ZFHHYL Wil 350 nm B2 FBEI} AT Zv}
ste ALZ uehgth ey ojsh ol Ajgtol 7349}011
me TNT 557} Zaets, INTEZREE g8 24482
a2 g opdAgAL BV FUMSIE R E BFEa A8
¢ TOC 2 A3 Wyt gl Aoz Jehgtl (data A
). ol= pH 139 2718 ZANA TNTY E73= A
FHA g stpEee] 95t TNTZF & f71E3=
AEHAZ HEQA A2 AEHAT. o9} 2o FFIA
ZAdM Y {71EF JteRee] B} dFEe 1 Ty
E2<2 RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine)¢] 7}
ool B3 ATFNME Rug u glon, of AT
50T o]d9 223} pH 129 #9749 Z7A)M RDX
7t FAeRE H9ee Ru'9s9.

rr

120 3.0

100 25 Z
e TNT (pH 11) o
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- 40 31.0 ‘é‘
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Fig. 3. The removal of TNT and the formations of nitrite/
nitrate nitrogen with a reaction time at alkaline pH.
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Fig. 4. The change of UV absorbance with a reaction time
at pH 13.

ZmA ZAle] 23 2,4,6-Trinitrotoluene (TNT)2] £-5f 5
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A 8559 YPBL 54 pH #2 (pH 5~-8)A=
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Hg3te Aol g3 A

o] Zruba zAlel g INT 28] A &el9) pH7k TNT
2ol nAE FFL 2AN A% 2R Pt
] o] 49 7] TNT H%+ 100 mg/LE AF3}Y A,
ga9] pHE: H:S04 HCl 18T NaOHEZ o] &3te] ztz}
1~1328 23¢ & Zwhd 20 kGyE AL, o
E Aoz TNTY TOCE £A435te Fig. 59 Yeh sl
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o] Wl wlel@ Aoz ZAS YT HCIE pH 23A2
LIRS B pH 3 olste]l e pHelA TNT 2 TOC
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anion)o] A4E1A T, o|FA AAHH Ch- o 4 (HFH
®)9 g3 o] INT E TOC Eajoll o] &= ojof &
H-/-OHE A3 f22 Aoz Azslch

CI' + OH+ — HOCY k=4.3x10° L mol'sec’ (4)
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Cl- +CI —>ClL-~ (6)
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Fig. 5. The removal of TNT and TOC at various initial
solution pHs (applied irradiation dose = 20 kGy,
initial conditions; TNT = 100 mg/L, TOC = 38.3
mg/L, DO = 5.8 mg Oy/L).
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34. TAIRF BItol 2iE HEk

H,S049 NaOHE Al&3le] pHE Zhzk 2, 7, 13208 %
B AIRE dFLE INT 80 tg 2AE 2719 9
Fe At Ak of | TNTY Z7E5EE 100
mg/LZ 93, FAEL 10~200 kGyE FHg3gdon,
ZAFE A5 E Ao R st TNTS TOC 83 97 =
< F18E 59 TNT 4858 B489

34.1. TNTS| 2342} TOC MAH

Fig. 63} Table 29 pH 2, 7 28X 138 FLsEL o
FAE F7tel WE TNT AAG o) e zAb3+E
Zt e Attt ool 93 TNTE ZRAlgo] F713d) ot
2 343 Zade Ao vegon, 484 pH 5 pH
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Fig. 6. TNT removal with an increasing irradiation dose at
pH 2, 7 and 13 (initial conditions; TNT =100 mg/L,
DO = 5.89 mg O/L).

Table 2. Dose constants at pH 2, 7 and 13 (initial condi-
tions; TNT = 100 mg/L, DO = 5.89 mg O»/L)
Dose Constant (d)

.. . 2
Initial solution pH (k Gy']) R
2 0.0939 0.9999
7 0.0591 0.9932
13 over 0.9210* -

* In the case of pH 13, TNT was not detected at over 10 kGy
dose. Therefore, to calculate a dose constant, the detection limit
(0.01 mg/L) of a HPLC method for the analysis of TNT was
applied to the residual concentration of TNT at 10 kGy.

oF 1.6 ul, 156 ¥l o]o] Friste Aoz et o
o} Zo] pH 13 FHELIAUE ZFo TNTY AALE7}
7td WE AL 4] AFS v o] F @Gr)g =
A OH-o &3 TNTY 7t5=8siek dubd 2AF Al A4 H
E e d AHF 317 59 BAEF JAF Aoz
AtEE At :

Fig. 7€ TNT A|89] %7] pHE H,S0:8} NaOHZ A&
st Z+z+ 2, 7 183 1322 FHLEYS o AN E7)
of M& TOC ZAE HoFrh old 93 40 kGy of s}
o] zAVE E9dAE pH 138 FLAPe A9 47
we &2 TOC/H AAHYLH, pH 7€ FHE3AS 3
S 71g =4 £E2 TOC/I AAHE A2 Y
a8y 40 kGy o4 ZAMZIME pH 28 H&3AE
Aol TOCHt A&y oz ZAasto] 200 kGyE #8319
o 90% o] TOC/t AAHE A2 XAlE w4
pH 13& A&3HE A%le o ol TOC7H AAFHA
e Aoz vegth pH 28 HLIAAS B9l 2AF
o] F7istel wet TOC/ A&HeR AA=E AL pH 2
o Z A AN F71ER B E AA AL 0)EE F
7AD&= glE H-/-OHY A¥Fol 3775997 o
2 Aoz #uHATY T3 pH 138 A L3519 F 9ol
40 kGy ©)3te] ZA}ZdA TOC/} 718 WE £53 AA

" A2 A 24 A F €718 pH 2HANA 78

o



TOC (C/Cy)

4

0 , . !
0 50 100 150 200
Dose (kGy)
Fig. 7. TOC removal with an increasing irradiation dose at
pH 2, 7 and 13 (initial conditions; TNT =100 mg/L,
TOC = 383 mg/L, DO = 5.9 mg Oy/L).
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Fig. 8. The removal of the total nitrogen with an increasing
irradiation dose at pH 2, 7 and 13 (initial condition;
TNT=100 mg/L, TN=18.5 mg/L, DO=5.9 mg/L).
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Fig. 9. The removal of the organic nitrogen and the formations of ammonia, nitrite and nitrate nitrogen with an increasing
irradiation dose at pH 2, 7 and 13 (initial conditions; TNT = 100 mg/L, TN = 18.5 mg/L, DO = 5.9 mg/L).
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Fig. 10. The formations of glyoxalic acid and oxalic acid with an increasing irradiation dose at pH 2, 7 and 13 (initial

conditions; TNT =100 mg/L, DO =5.9 mg/L).
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