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Wet air oxidation regeneration process of flake
activated carbon and the mechanism

WU Huiling'” WEI Huangzhao' SUN Wenjing' JIN Chengyu' SUN Chenglin'™*

(1. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, 116023, China;
2. University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: A wet air oxidation ( WAO) device was used to regenerate the flack activated carbon
(AC) saturated by m-cresol. The regeneration efficiency of saturated AC was measured by adsorption
method, and the optimum reaction time and temperature of WAO process were determined through
this method. The changes of total organic carbon ( TOC ) and m-cresol concentration in the
regeneration process were measured by total organic carbon tester and high performance liquid
chromatography (HPL.C) , m-cresol concentration was influenced by the desorption and degradation
process. The degradation products of m-cresol were determined by HPLC and gas chromatography-
mass spectrometry ( GC-MS) ,which include acetic acid,acrylic acid and some stable macromolecule.
The concentration of acetic acid is the main factor that caused the change of TOC. During the
regeneration process ,the surface of AC was partially collapsed , which was determined by the nitrogen

adsorption and desorption tests. The number of surface function groups of AC especially the
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carboxylic acid anhydride and lactone increased significantly after regeneration process, which was
measured by the temperature programmed desorption-mass spectrometry techniques, indicating that
part of the AC surface was oxidized in the regeneration process. Combining the analysis of solution
with characterization results, a possible mechanism of regeneration process was proposed.

Keywords : wet air oxidation, activated carbon, m-cresol, regeneration.
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1 #5771 ( Materials and methods)

1.1 EEAH S5

SEEGI ] . MF 5T 2% ( Coconut Shell Derived Activated Carbon, AC, 5 A~ B8 0| FotR 45 44, H A2 29 3—
5 mm, JEEEEZ) 3—4 mm AL AT ) 5 [ By (A RBULFHE ARG RA R spbral) i (65
JentH REBHEABR AR e (Tl KHET s TR ik TABRA ) JOKEREREN (el R
HEHTRFE AL 2R A R A A SR S (ol KEET KRk ER ) ) (SRR (el R R
WA A BRA ) PIEIR (A2l B 258 AR A BRA F] ) S50 FHK 3 s 4l

SEHRAN R TR (ATX124 SR HAREHEA R B HLER I E 4L (TOC-VCPN H A< B HEA
Al RO IS (P1201 FGEMRFIRR BT A R 7)) A XU T H848 (101-2 e 1T Se MR
AR KB TE IR IR i (SHZ-82A K M E 48 Ha g A PR ) L& B X ( Autosorb iQ Station
2 B Quanta chrome /A 7)) AB4E/KAL( AXLC1820-2 FEEFIME % BLE: & AT FRS 7)) AR e TFHR I B 5 5
TEER FH A ( AutoChem 2910 38 [EIZZ si AU R /A R ) AU (535 — 8 DU FF BT 3 7341 R 58 (7890A GC;7000B
QQQ Agilent 2AF]) ERZHIE.
1.2 SEEik
1.2.1  HA0IE 5 (Saturated Activated Carbon,SAC) F &%

T il ¥ B A 5000 mg« 1" A4 1] FEY 7 82 R 92, VARG S22 LA 5 mL - min ™" A9 S0 8K 32 Vs Y i 226 2 o 3 17
e B2 B2 A e S 7 T TR B 1 TR 7K MR B 1Y) 90 %o, AR T e i L A 0 2538 14
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ZEEIEAE 4 C N AETE.
1.2.2 S5 IR S50

PREUR [ B AB5E5¢ 8 173 (0.1—0.8 g) THE HU I b, IFHERI S A 50 mL k¥ 1000 mg L™ )
] B B A T, SR R R HE TR B THE IR L7224 h (120 r-min™") 3k B WE BFF- £, £ Bh = 20808 A0 2 3%
(HPLC ) I 5 R ) HH 13- e B2, I fh A58 P R XS 7 e R o6 2 kDA P A8 R R e X i o 25 A AL
XTR L, BIAS3 35 2 e i) e B 25 iR Ze 1 1 s
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Fig.1 Adsorption isotherm of activated carbon

1.2.3 A HEsGR AAAE SER

RS 37 A 114 T A ST 56 P 73 R 2 o e v P 28 v A T ME B AR BT 54 0.72 ¢ MR RIERSE 2k 5 200 mL
AR A, A RIES S 3P BRIV IE A 2 MPa A/ 153 8 WK A RE T, $T R AU
3 °Cemin™" BT TR B 200 IR W EE | RIS TR BRI O | IR B S50 BT % 32 600 r-min™"'. 43
I SR AR B A, SR 28 TP UG ER AR, 1A B0y st [R] U A st Ay R i 2R R B S R, R s
RV ARG, EHRE A PR BB TS PR 7E 105 C AT 0L 2 h S BGHAREE , Irfs i ok
T HARCR AN S 5.

1.2.4 PSRN 95

SR P TR S 60 20 S A 08 e e 14 T 8036 1 B i e 1) W B S5 TR 2K 98 5 b AR T 2 2%
PF A B0 A P 25 43I0 AT P R B 52 36, 4 38 30) - 45 I 0 VAR B2 €, 43 T AR B3 o 118 R A 45 U =X
Ing,;=0.2347InC,+4.0394 | RIA]SRAGAE T v 32 i 1 B W B 45 3t g,

TEVE PRI I 50 mL 1000 mg- L™ 5] B ¥, il m, g FI-AE S B HE T B oK 1 T AR 5
AR, DL 120 remin™' PFREEIRY 24 h 5 3 I v AR € R de 2% (R IR TR
P T ] 14 S BRI 25 o g, , TR AN 1. SEPRm 25 5 B R 25 5 22 LU B AR R0R E.
AR 2 Fis.

¢ = [ (1000 - C,) x 0.05) ]/m, (1)
E =q./q, x 100% (2)

2 5L 59798 (Results and discussion)

2.1 T T R R o 0

PRIV Mk e %) ol 5000 DL 1, T e e R S ) Y 753 TR B R 6098 mg+ ¢ AC 24955 1 e I I
4[] Y B 58 4 L RFE, LA TOC =457.35 mg- 17"
2.2 FRAE RIS

(1) S A LB 1 3 1

YESE 210 °C 220 °C 230 °C 240 °C 250 °C 260 °C 270 C4% 7 ARSI, Hw &l h
] 60 min , JZ B 40 FE 2 MPa, JlZK 2 200 mL, AN 0.72 ¢( LAt  fiiFEH% 600 remin™'.
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Table 1 Data of saturated activated carbon

TGP FE HE Weight of AC(g)

18.51
(1) FFY /5 A K 6 ) Titial concentration of m-cresol (mg-T1.7") 5093
R HE KR EE Final concentration(mg-1.7") 4596
H 7K e B/ i3E 7K ¢ BE Tnitial concentration/Final concentration( % ) 90.24
KA Volume of water(L) 3.968
S K HE Concentration of water(mg-L™") 2248
[i8] P! 53 1% [t M-cresol adsorption capacity(mg-g™' AC) 609.8

JS N R X P AR ADURE R AR SR B S AN 2 B s, i 2 mT A W AR R R e v, AR
SO SR DRI T R b s | T B R R B e 4 R TR M A A T P AR SR e, (H
SR SRR R AR A MR AT 0, Y SR R EE IR F] 270 °C I 3 PR AR SR AR R T SOk 260 °C 1N
e S I

(2) FeHE Sy e i) Y e 26

PERE 0.5 h 1 h 1.5 h.2 h.2.5 h 5§ 5 AW ], e S 4 il o o SO i B 260 °C, J i 48043 JK
2 MPa, Jill7K & 200 mL, RN 0.72 g( LA T o) , BFEHEEE 600 vemin™" . S50 s 1] 5 98 M ¢ 2B 2
RERA 3 iR,

S0F o AR Efficiency 750 wof
-m 5 R e B K Loss ratio of weight
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Fig.2 Influence of regeneration temperature on the regeneration Fig.3 Influence of regeneration time on the

efficiency and loss ratio of activated carbon’s weight by regeneration efficiency

HIE 3 ATLAE R B KT 2 h B i T 722, RO s (R4 T P AR 2R 152 A K, 22
DeME A 1 s RERE W HE 2 h VB R e AR ).
2.3 AN

£ 260 °C S NHTE] 2 h BEFEHER 600 remin™ 2504, M5 3 XS IESCES, 7EFEA 2 MPa A%
T MA SAC LA KR 28 a5k AT AnT 2k B 400 45 T35 2 ¢ ( Initial Activated Carbon,IAC) , TE AR HKMT
TN SAC.FE A K Jsz 107 9 1] [a] BREURE il HPLC B2 TOC I 2 {35 AT - A T AL

(1) a] F 5 L R A MRk i A Ak

N [e) A o e b ) P o AR AR TN P 4 B 7R 204 D i A S o7 B T e 2 07 3080 5 T 0 34 P A 74
ik, A v 1] T RV 2 5 L TFH IS T B L 2R O 2 HEMTE TR AT 3 T) Y 7 100 0 B 238 K T R i o
VR0 I FE A B TR B A B R KU (. [A) R I R AT 22 B B — Bl AR R R
FHEBCGIREE T B b 205 R B 1=y T Y Ty o6 i 8 23 A2 ik B 28 Ak 5 e A DT 348 K i I o 3% P e I
W2 T F TEa) P P73 A DRI B0 B0, [T 980 2 ] ) P P e JRE Al 728 /N ) JO B 5 A /) | ) PR P ) o3 e s 36 T iy K
T[] P P53 9 0 B 2% 5 ) P T v 5 B 222 N R A B S S, DT P e L SR 1 T R s 5 4 B AR
IS5 Y T Y 1% R R T R AR AR T, R 3 ) P I R 20 24 100 min 5 3K
B J 4 T AR AR T B ] FE T A 58 6 o 08 S 1A, 1 % O A 30 min 5, BB R SR AR
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R AR T S e b G R A R P A 205.86 mg- gt AC, IR R 1K 45 9. 33 ¢ WA 1] B B 3540
B 220 5 SRR N S8 4, R T M e R T L 5 AR

ANF A R Y TOC AR AR H AN &l 4b s 50 S A HLEK 9 22 b 38R BOCh 5 B R b/
FEAEMBPAIH, TOC A5k 55 18] B 3¢ 7 745 Al A — 250, 1At ] FF o P 520 TOC Al 35 382 5L IR B 25 T
FH B (A RS B, TOC BN I8 fin . 249538 T o 28 S 07 3R B8 I, 0% P e A ISt B 1 1) Y 03 FF o o e, vl 1)
Py TG T e RS I A VA P T R S B TOC Akl I T, il 76 1 T R 46 SO b fe 4 P CO, B Rtk i
MITA TOC TR, 5 i 7RI AU R v 3507017 1 e 2% T B LAk, AT =23 TOC Pk 7t

[ a Heating Constant temperature Fb Heating Constant temperature
R 260 C 100 | ——WAO
<7800 F —o— 2% 9525 Blank experiment
2 260 C
g 80F
8 5
E oo o 2 of
N 3
S N g 40 F
2 10 C
5 A 20F
= 0

L L L ) 0 LA ) L )
0 50 100 150 200 250 0 50 100 150 200 250
f/min t/min
B4 e (a) FHEAI(D) TOC WAL
Fig.4 Changes of the (a) m-cresol’s concentration and (b) TOC in the solution
(2) Hral =y o b

M RO E 553 HT LA RS 3% i a5 1, 43 18] R 13 B3 i ook A vh el 2R U LR Ny TR« SR
ANIGEIR. /N IR BE AR AL, T THERAS A b AR Y /N o IR BTRR Y TOC {EZAS (L A&l 5 . H
H R R MR BES R 1Y TOC 283 5 TOC A8 fh s #at A —3 8142 TOC 284k iy ¥ it LA 2.1
F NIRRT TOC B3R | W] 2R AT X R4 £ 12 (8] WP e A It Bt it 7% b TOC 224k 1Y
FEJEA. @ GC-MS f5i, FRA kB = A 1A B KB, RO A T .

OH (”)

0
W VAVAVAVAVAN W\/\/W
0 NH,

@ @ ®

100 £ Heating Constant temperature
& 2% -C Acetic acid-C
—o— 4R -C Crylic acid-C
80 —— S A MLk Total organic carbon

260 C

TOC/(mg-L™1)
133 P D
(=} (=} S
T T

[}
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/min
5 /NMFTRRGIER TOC 221k
Fig.5 TOC changes caused by small molecular acids

2.4 AR AL
RGN IR GGG PR TAC, IR TARZY 1573 m™> g™ (R 2) , H 91 % LA F o AL e R T
B HALARFZ) 0.71 em™ g™ HH 81 % LA AL ALIATRAE 260 °C 24T, 285 2 h UL R v 32F
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J&i A AN PE 7k ( Regenerative Saturated Activated Carbon, RSAC) , fLERFFAE TG I 2 A8 1k | b 22 i FL L K.
LA TRET 50 % ,ix FWITEIR A A A R il M RIS & A T8 5.

R2 TR R T

Table 2 BET surface area of the activated carbon

Sample Sppr/ Sien Ve/ V..,
(m>g™") (m>g™") (em’g™") (em*g™")
IAC 1573 1434 0.71 0.57
RSAC 851.94 747.34 0.4045 0.31

2.5 RIEREHHT

SR HI TPD-MS VI e 15 P o ¢ T 1) 75 40 E BE AL ZE M U T A IR BE T 3 g B /Y €O AT o,
Xt AN ) 25 U REFT 38 5 TPD-MS SR8 B R BIRE e 100 00 AL B BB 25 51 A&l 6 s, i
6 nl %1, 5 1AC #H b, RSAC D f& 28 4+ 15 A Ak B W0 46 1% 1 7% (regenerative initial activated carbon,
RIAC) KT 7 %A H REHI ] B4 2.

B 6 RIAC RSAC il IAC CO 5 CO, ¥ TPD % [#l
Fig.6 CO and CO, TPD spectra and deconvolution for RIAC,RAC and IAC

TRt B 3 W A T L TR 7 3 e v SO UL A B OC R B R (R T 0.99, X R ULA R4 i 7 I 14
R BN T 2% 3.4 7R, X HE T A 2 3 T AU B RE AT ) S DAl B2 LR Xk 7 4 7 ) , 4 A [ e 37
Xtz A A AL B REA.

£ 3 CO TPD ik R m il A 45 1

Table 3 Results of the deconvolution of CO TPD spectra using a multiple gaussian function

IAC RIAC RSAC
FRIR T peak] Ty(K) 646.5 — —
Carboxylic acid anhydride A(ay) 9.083x107 ! — —
peak3 Ty (K) 994.1 985.1 984.7
A(as) 1.947x1071° 1.069%x107° 1.855x107°
P H: Carbonyl peak2 Ty(K) — 836.6 781.3
A(ay) — 4.187x107'° 2.491x1071°
peak3 Ty(K) — 851.7 —
A(as) — 3.239x1071° —
32 Phenols peak4 Ty(K) — 934.9 —
A(ay) — 5.267x1071° —
fiE2& Quinones peak6 Ty (K) — 1048.3 —
A(Ag) — 4.122x107"° —
peak? Ty (K) 1105.4 1107.3 —
A(ay) 3.214x1071° 3.52x1071° —
peak8 Ty(K) — 1156.4 1200

A(ag) — 2.72x1071° 6.783x10710
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Fig.7 Deconvolution of TPD spectra for the sample(a, ¢, e. CO spectrum;b, d, f. CO, spectrum)

A LA 6T 2 ak B A Ab B B R RR 5 PR ¢ RIAC A1 RSAC, R ELA 7E 960 K FF T AY PR R T 04 . []
st pi W i AR X U P AT DU 80l P A A B ) 3 P 2 TR R A 1 Bl A S S B, e LUR R P
PN TR 38 5y o 2 SR R IS L A 348 22 3 R R T U5 1 Ik o 3 1 1) 48U B o
2.6 HLERHT

IS AT A S GE P RAEZE R, 275 40 BT I 4 DU = A1k P A 3 M e e R e A S 02 4n 151 8 o
RTINS AR S R R AT LATR RN - (O3 48055 TR R 2 0 v 1 ) PR 3 12 7 5 8
A3V T e b AR BB 4 TR R B B N 5 B/ i ARSI M R R AR O, AR R A3 7 ) 3 X TR
H TOC AR AL B AT, $ETE Qe i rr, 40008 5 198 ke W B %) ) PR 52 2 A RS Ak B
B2 A A P IR R 22 v v i — 28 B N BRI /N o3 R A 2474y CO, 1 H, 0.
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4 CO, TPD jEE R E L & 4

Table 4 Results of the deconvolution of CO, TPD spectra using a multiple gaussian function

IAC RIAC RSAC
FRIERTT peakl Ty (K) 646.5 — _
Carboxylic acid anhydride A(ay) 9.083x107" — —
peak5 Ty (K) 994.1 985.1 984.7
A(as) 1.947x107'° 1.069x107° 1.855%107°
P AL Carbonyl peak2 Ty(K) — 836.6 781.3
A(ay) — 4.187x1071° 2.491x1071°
peak3 Ty(K) — 851.7 —
A(ay) — 3.239x1071° —
{52 Phenols peak4 Ty(K) — 934.9 —
A(ay) — 5.267x1071° —
fiE£2 Quinones peak6 Ty (K) — 1048.3 —
A(Ag) — 4.122x1071° —
peak? Ty(K) 1105.4 1107.3 —
A(ay) 3.214x1071° 3.52x1071° —
peak8 Ty (K) — 1156.4 1200
A(ag) — 2.72x1071° 6.783%107'°

B8 A R AT RE Y S B A

Fig.8 Possible reaction pathway in the regeneration process

3 %518 ( Conclusion)

(1) 383 2y 2 0 2 T8 ] 85 O I Tva) Y T RT3 2 e, R P o P R R 512 136 1k 2% 2 0 =X A Ak R 1 T
JEE RIS [ AR RT3 4 e P A B8R R i A5t A S b % TR BE R 260 °C ORISR 2 h R TR
2 MPa 5 FE#E N 600 r-min”'.

(2) 35 HPLC 1 TOC 5 {345 i F A= 2k A v % 18] H 8 B2 TOC Wk FE AR 4k, Horb i b TOC 284k
T2 i ] FY P I A o fp aod R B AE P A ek R b ) FH T B 0k 21 45 %, Ul W ARk s i [ e & 2B 7
PR LA BE PR R L 38 2 HPLC Fil GC-MS 8 FAE L R = W4T SRR RS IR R LA S — 2 Ko+ Heh 2
P 2 () Y T I i 11%) 2 7= . e S 7B 58 B 3, 752600 b 2% 1 AR LA R FLAR B R B0 P ¢ 1) 50 % , 45
BRI ENE 3 A R I I e 22 T AR AE R 4 WS S AT TPD-MS 15 H 28 558 T A A B0 11 355 i e 32 1T B
BE AT AR A B 0, AR R 2R N R 0 35 e oy (3%, 3% B R AR o R mp i P e 3 T S 0 1 4R 1

(3) LRG0T Ja 4R P A R A AE LA SN« OB 43 5005 T B 22 95 8 v 1) 1) FE 1 oz 1z @) 43
ARG I M AR R 18 R 8 i 10 B/ AR5 I I e R T R AR RN, AR K AT ).
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