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Abstract—The performance of supercritical water oxidation(SCWQ) was investigated for the destruction
of pyridine, aniline, nitrobenzene. Three aromatic compounds including benzene, toluene, and phenol were
also tested under similar conditions for the comparison of destruction performance of SCWO. Pyridine was
the most difficult to destroy, nitrobenzene being the easiest among the three compounds with nitrogen.
The destruction rates of the three aromatic compounds with nitrogen were slower than the other three
without nitrogen. All the major organic by-products from the three nitrogen containing compounds were
identified as having the aromatic ring structures. Virtually all(80-100%) of nitrogen from the destruction
of pyridine was converted to ammonia. Less portion(50-70%) of nitrogen was converted to ammonia in SCWO
of aniline. The ammonia yield was less than 10% of nitrogen from the destruction of nitrobenzene. Neither
nitrite ion nor nitrate ion were formed in appreciable quantities. Significant portion of nitrogen from the
SCWO of aniline and nitrobenzene is expected to be converted to nitrogen gas(N,). It appears that reaction
temperatures substantially higher than 500C and/or catalysts are required for the faster and complete destru-
ction of these nitrogen containing aromatic compounds by SCWO.
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Fig. 1. Supercritical water oxidation batch reactor system.
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Fig. 2. Reactor vessel assembly.
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Table 1. Quality control criteria

Method Frequency OC limit
Calibration Every 10 samples + 15% of initial
check calibration curve standards
Reference Each day samples =+ 10% of the true
standards are analyzed value
Internal Each sample + 10% of the true
surrogates value
Field blanks  Each day samples Target compounds
<2% of mini-
mum sample
analyzed
Duplicate Every 10 samples + 10% of RPD
injections

RPD: Relative Percent Difference
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Fig. 3. Destruction of phenol with time.
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Fig. 4. Destruction of pyridine with time.
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fA Bk ks el Fa§ Aot} o|2YE, A
25 WEZF wEaeles 329 ASHHESA| ben-
zene?d ¥uie kA, dot wme]FEst A3 G
FollE A Ao 2 gA Fal7} o) Feixe AE A F
glct. =3, AbsbE otmuel FE & FA% A7 FHd
pyridineol| A fral g A9 oF 80-100%7F YR o=
Ay NO, Y NO;y 24 EAi3hs Fae 1% ¥
gkl Aoz weA, Ba¥ pyridined] A= YF-
QA F71AMEY Z3EIE A, dRE gE
Yol g wpgchE AAAE o 4 9lch g, F2 o
Sex} Zoje] AL pyridine®] Al& Es) ¥
oz}, o] 5 HAR /AR F ot= e}
slelME dsg Ao Balch

HWAHAK KONGHAK Vol. 32, No. 3, June, 1994



390 7 -

5.0E+57
45E+5
40E+51
3.55"’5?
§ 3.0E+5-

B 25E+5- gj

3
< 20E+5 aniline CE:]::]

1.5E+51 '
1.0E+51

5.0E+4—i k ‘

00E+0L — S’ IN——

5 10 15 20
Time (min.)

phenazine

Fig. 7. Total ion chromatogram of oxidation products of
aniline in supercritical water.

3-3. Aniline2} 23l

Aniline-2 pyridine R tl= 2] £3j 5 2]1k phenolo]
Y} nitrobenzene® th= -2]A] Esixich A|Zbe)] o}
-8 7 3-& Fig 6o el gl=vl, 90%0]149] ¥3 8-
217] Sl 450 ol A= 158 HE o] uhgA|7ke] I
L8310, vhg-25 7} 500C 7} SH o 8¢9 ub-3-A
ke 2 999%9] Fart slhesich o2 EiSEs
ALE 23R G A A JHA RE s g N
Y =7 o2 odAsAstE Aefde 7§ py-
ridine} v} A2 500C Brles & g%, 3o
Zuj] Algo] IR o HQrh

Aniline® g4} & P2 AN 443] AtslsA] o
o0 Fig 7oA Rolxo] 2 7§ AAF FiHES o
Al Ao 2 velyte} o] 71-d], oF 13.6%-9] reten-
tion time-& 7}A= #3EL GC/MSEAZ 3} phena-
zinedl Ao 2 whEs], 2ol E 1087 13% Alo]d
= 709 peak7} EAlshe Zo] vl A HEsiA FAE
t}. o] 59 ¥AFFe 1A ¢49kA|4t anilineXth
retention timeo] & H o2 Ho} ¥A}g% aniline .t}
F Aoz F35

d2yolyrxe] ¥4 Ax}, £5]9 aniline®] A4 7}
$d oF 50-70% 4 Eqke] R ol A#|Y Ao
vebytct =37, pyridine] 399} w37zl 2 NO, v}
NO;" 24 EMdhe AiAe 1%7)ute A2 Jehyg
7] djFoll A3k A HAAR R HARE, dEYel,
NO,~, NO;~ 5 o|9dl= o2 eje] Ay} ExF
ot Bolol ¥ Aok diA] A9 HFel BIF
7189 AF[25]4 ¢Jstd, A=k NHY NH, radicale]
3 Aslm H, OH, NO radical®} uh-2-3}e] 37} N, 2
A== Ao] galA 2lrh Anilined] 7% sAa9t

sjetEst H32H H3E 19944 63

g4
1.0 T T T
L O Pyridine
B Aniline
0.8 E
o Nitrobenzene
D
06 = o .
o
-~
&
0.4} -
R o ]
0.2} ° 4
o
[-X-] ™
0.0 O r, | O 1 S 1 » "
[} 500 1000 1500 2000

Time (sec)
Fig. 8. Destruction of nitrogen containing aromatics at
450°C.

Ao Ao FoJA W NHY} NH; radicale] 34 =,
A7} £ 50 gle =AWl He OH radical
®al olvg} NHu} NH; radical2 3-8 A% NO radi-
cale EA% Aoy J&FHr 2 A anilines] 49
AdHE= N 7|A2 Afd 754S 73 sicka @
gl 2y o2t daale) Mo Afel I
A7 £ Agzded o & 2%(830-1130T) %}
Ababslol A alofil= whgo] g Zloly 9 F&
w3 # Aol dros AAsA 27] dFoll HA N,
9 AR AHYPHoE FHalsoo} shed], ¥ A
ol AFE-F 3 EA ubg7)e] 2 Ao <l
stod wbS-F 7| Aof tHIF Aje] AMAAY B7 s
w2}, o] Ko e F5 AFE 53t &
Qg Fast e AeZ Bezch

3-4. Nitrobenzene2] &3l

Nitrobenzene-& H1-32% 400T oA+ 13% A X9
ul-2-A17F Fot oF 99%2] Eal7} o] Fo{xm 450T o
A 358, 500C o AlE 153% o]l 99%o) 4ol ¥
87} AR}, o) § el &= Fig 8ol vheld ule}
7+o) pyridineo]v} anilineR vk whExwk A4S FF
F3ba] o2 A WS g ohe o -3 oo
maly, 2UA S5 AEHA] ved WS 2 E 7R
ggtEelg} slviete HAE R FEE] 2¥%A
o X o Hsiche AE o 5 sk

2 A¥z A6 4+ nitrobenzenex. HA s A AH3ls]
2] ot Ao w vepyrtl Ak3kg A 89 total ion chro-



ALs i $FR F7)15EES 2T 391

20E+5
18E+5 H

16E+54 (j
14E+5 NH,  phenol  NO,
O 0

8 1.2E+51
< ™
'g 10E+5- aniline
=

AN CN
= 8.0E+41 A (Cfﬁ (jfj

6OE + 4 1 ‘ dibenzofuran
40E+41 J \ (
f\

2.0E+41
Tlme (mm.)

nitrobenzene

2.(2-pyridinyl)-benzonitrile

7]

o e

0.0E+0 L~

Fig. 9. Total ion chromatogram of oxidation products of
nitrobenzene in supercritical water.

matogram?l Fig. 9¢ll v}ehd u}2} 2ol nitrobenzene
o] 9lell & aniline, phenol, dibenzofuran, 2-(2-pyridi-
nyl)-benzonitrile 5 &) 3}gEo°] A& =AUt o142
RAEEL w5 WaE e & 73 ke 3830
qled, dibenzofuran(C,.H:0) 8] AL 53] F9&
£} o] 33tEe] g31E-2 dioxina} v & #H7]E2
A7zpA] A 3}-‘=tﬂ 2SR et 47t AES
s gtes EAEeld oy Are, davt
&S AF, 2UdAFAFAME 275 abAsA 2
2 d&-Eely dioxine} WAHE rhgAde] gl AL
olujgic). wpeba] olzidk FAHES] A S A
e A4 gz fAEE o] e F2
st AR 7|29 TSN FAH AAMFH T
A+3}7} Ak o] Fol X2 o] o= A& & F Uk
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