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Abstract [ Objective] During the treatment of wastewater from caprolactam production, complex sludge is generated. This study
investigates the detoxification and reduction efficiency of wet oxidation (WO) under various conditions, as well as the compositional
changes of volatile fatty acids ( VFAs) and dissolved organic matter (DOM) in the oxidation solution with increasing temperature.

[ Methods] The removal efficiency of detoxification and reduction was evaluated by measuring the total chemical oxygen demand
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(TCOD,,) and volatile suspended solids (VSS) of caprolactam sludge before and after the WO process. Gas chromatography ( GC)
equipped with a chromatographic column and flame ionization detector (FID) was used to identify and quantify VFAs, while ultraviolet-
visible absorption spectroscopy (UV-Vis) combined with three-dimensional excitation-emission matrix (3D-EEMs ) and fluorescence
regional integration ( FRI) was employed to analyze the composition and changes of DOM at different reaction temperatures.
[ Results |

sludge with a moisture content of 97. 8% increased by 23.3% and 19. 7%, respectively. Under the conditions of 97. 8% moisture

The result showed that, compared to sludge with a moisture content of 86.8%, the TCOD., and VSS removal rates of

content, a reaction temperature of 260 °C , a reaction time of 1 hour, and an initial oxygen pressure of 1 MPa, the maximum removal
rates of TCOD, and VSS reached over 70% and 95% , respectively. Acetic acid accumulated with increasing reaction temperature , and
the acetic acid/volatile fatty acids ratio reached a maximum of 89.6%. The 3D fluorescence spectrum-regional integral revealed two
characteristic fluorescence peaks of caprolactam sludge oxidation solution located at excitation wavelength ( E)/emission wavelength
(E,)=220~235 nm/375~410 nm and E /E  =290~315 nm/375~405 nm. As the reaction temperature increased, the fluorescence
peaks shifted to shorter emission wavelengths, and the main components of DOM were identified as tryptophan-like substances, fulvic
acid-like substances, and soluble microbial metabolites. UV-Vis analysis combined with 3D fluorescence spectrum showed a decreasing
trend in UV absorption coefficient at 254 nm (s, ) , UVt absorption coefficient at 355 nm (55 ), specific ultraviolet absorbance at
254 nm (SUVA,,, ), and humification index (HIX) , while ratio of absorbance at 254 nm to absorbance at 365 nm (E,/E,) and ratio
of absorbance at 300 nm to absorbance at 400 nm ( E,/E,) showed an increasing trend. [ Conclusion] WO demonstrates a significant
treatment effect on caprolactam sludge, there is no requirement for prior dehydration. After treatment, as the temperature increases,
both the concentration and molecular weight of DOM in the oxidation solution decrease, and the degree of humification and aromaticity
also declines. Temperature has a pronounced effect on promoting acetic acid production, and acetic acid can serve as a potential carbon
source for denitrification in subsequent wastewater treatment processes.
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caprolactam sludge dissolved organic matter (DOM) ultraviolet-visible absorption spectroscopy

three-dimensional excitation-emission matrix integration(3D-EEMs-FRI)
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Tab. 1 Basic Physicochemical Properties of Sludge

EiEL) Hfe

FIKE 86. 81%+0. 90%
SRR A (TSS) / (mg-kg™) 126 600+3 500
R VR E A (VSS)/ (mg-kg™")
VSS/TSS
TCOD,,/(mg-L™")

TR T R (SCOD, )/ (mg-L7")

63 360+3 200
0.512 7+0.030 0
96 000+2 800

350+200
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S K (E) ¥4 200~ 600 nm, £ K4 5 nm, F95 3
FE4 2 400 nm/min, il S 67K A B 800 £l
5 254 nm Kb EAMNE G (UVA,,, ) <0. 05 LIS H]
AR/ PR BB 3 UE SN (IFE) |, DARR 47K A k25 1 %
ST D CEHE P T3 1E 0 bR hr S B, X6 A
WK MPEE SR 2 I3 —1k(R. U)Y, Z)F
FIS3 Hi T E A, 8 Delaunay — ffi HA R
P& it FRI#AT = 45666 1E | %5 DOM H
ARG, H X5 A4 B A DX 3 N EL A A B AR
(1) DOM FEATIARFRFL 438 2 AL AN 6] X 38 11 SR F 5
SREE (D, ) LIRS R |53 (P, ) H AR X3
@, , F P, Al ELE &, (D,,) FIEP,,
(Pr.)o
2 REWERSITIE
2.1 EAEXTRERXEMEBIRAZNE

K R 15 VK 2 5 M P A0 kR RN A DA T
4252 M T Ye A B ARCR | P LR 58 AN ] 5 7K 3R 11
SR PHAL AL | R AN 2 PR

F2 KRR AKERAR &M

Tab.2 Experimental Conditions for Different Moisture Ratio

TCOD,/

Y& iy

(mg-L7)
96 000
64 000
32 000

16 000

R HA R A

60 g J5Lie 86. 8%
40 g JFJ8+20 g 7K 91.2%
20 g JFJE+40 g /K 95.6%
10 g KB +50 g /K 97.8%

WE 2 s, BEE 5T & KR 5, VSS M
TCOD,, M EBRFEM T AFEEN ET-, HES
JKE M 86.8% T+ & 97.8%, TCOD,, % & F M

BN i B Ry 260 °C 5 [
R [E] 2 60 min; 2 4R
EJEHN | MPa; ¥ % R
300 r/min
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Fig.2 Organic Matter Removal and Reduction Efficiency

of Sludge with Different Moisture Ratio
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Fig.3  Sludge before and after Reaction
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Fig.4 Effects of (a) Reaction Temperature; (b) Time on TCOD, and VSS
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Fig.6 UV-Vis under Different Reaction Temperatures
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Tab.3 DOC and Spectral Parameters under Different Reaction Temperatures

RIHE/C DOC/(mg-L™") 0ys5,/m o355/m  SUVA,g,/(m-Lemg™") E,/E, Ey/E, Eys3/ Ens HIX
180 2 841 9 270 1497 3.303 8. 550 8.556 0.225 0.853 7
200 2 499 8233 1152 3.295 9. 867 10. 670 0. 266 0. 860 7
220 2097 7 485 979 3.569 10. 310 11. 200 0.299 0.840 5
240 1 803 5758 691 3.193 11.330 10. 250 0.274 0. 806 2
260 1650 4 433 403 2. 687 15. 600 12. 500 0. 250 0.748 1

DOM Fr R #4rH DOC 4%, Pt DOC w] 3k 3k
PR DOM B BE | T a,e, F1 @y 5 DOM AHXT 1
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SIS 38 B BT e 2 BR 2 AU 4 A T
Hw BRI AR X, 2 W) ot Ay o D't g i
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I A e KA BE R — 22240 . 2 M08 W] U435
HJE T 2 R BT IR RSO0 . S8 BRI AL
98 ,E_ N 220~235 nm,E_ K 375~410 nm, 2K JEHE
FRDECIERE 55, E, 9 290 ~ 315 nm, E,, N 375 ~ 405
nm, OGN B L 3 5 A VLY 4 F S5 AR b A
O, BN Ik BE 3G A 45 2 Fhak S I i % S
T , X8 H 5 5 4o F W AL A T R
HL T R G AR 56, an 2 BLIR X AN 2 R R X
FFEIRAAL Y B 3 AT HIX R T
Rk A3 i T30 7 7 e R B A o O B Yy 38
T FEAR , DOM 43080/ )N, AT A AL PERG 58, 55 UV-
Vis 7 B SEEE R — 3L
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0.646 831
500 0.554 500 713500
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300 Fi 0218 300 v 0.140
o 0.109 -3 0.070
200 300 400 500 600 0.000 2%50 300 400 500 600 0.000
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(d)240 C
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(e)260 C
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Fig. 7 3D-EEMs under Different Temperatures
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YR A DX 3 AN DXV a2 10 I DA (R 2R
TR TR AR o L KT A
IV (9 ZEAARFIBUME 220 °CJ5 P IR R (B AR SIX
S o EA R L T X AT BB X I AN X 3 V
PR IER A G, TRE R THR I T2 Bk
IS R R I Al b 28 (o R AN o] VA Pl A o i A R
W, KT BN T, REERTE S
FRIE AR L, HBE IR B AL S B,/ B, A

Bl XIRIVAERE T /N A PUR , b i B3 28 6
AR DRI 5 FLR DX 3 0 K oA AL 43 it by /s
S FABLER AR H A 43 1 SR AR Sl A5 X 4 IV
At g . ¥ @, W 31T DOC H —fk
1 mg/L, & B 240 C 1 @,,/c(DOC) [ 38 835
(nm*-L)/mg [ {E K, A 180 C[19 000 (nm’-L)/
mg ] 1 2 %, Holk oy 220 °C[37 666 (nm*-L)/mg],
BLHATE 240 C A7 DOC A Eb B HLad etk

B8 AR EEABS M H DOM /) FRI 434

Fig. 8 FRI Distribution of DOM in Samples after Treatment under Different Temperatures
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