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VIR A G HEAT K b 3, B SR 2k U8 Uk 4 /1N, R FH AR HE Ky XK B 5 15 i D A 35 98, 2 s
YK PERE, Aol R, JFimgkierh &8 Rk, 8083 20%~40%, AR el
WA AN o B AL A5 00 R FH S5 2 Ui A JURE A B M 5 B T FeSO, il A, SR I £ 1% FeSO, 1R B i
i ik FeSO, MEAT 2RI I 1y, f 3 B 7 25000 T 20 A A B 9% Y . B AR Y DU s AR R K A B A
B S5k Je 1 A EORE, 45 T R AFIREL (PFS) K il M A Wi BR &k (MPFS), K H A 1 40 /K
FOTRAL 3, BE4 % 7 IREE T 2 A AL BT ], SCSEPR T 2SRk VR O MU AL A . (H R, il TS Ak
T2 Ze, PRV H & LBERh & AREZ 400, Hill&RAE s, £ 2 RIEREH
Je, BRI RO ANME, HUL, TR R R R Ak e A BB R 5 TR IR AL R iR

SRR e A KR =k, BA RS IRE YR T . WANG P WF5e 20, Ab3g
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I8 T H K DAEH AL B A2 S8 g, e s S 56 28 4% T SR Ak U8 X S PR a0 K IR AR Ak B
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1.1 LI

ARSI T SR FH B 5 AR UG | 1 AR K B DR SORL S U6 H B BV R i AU R KA B, R K Ak
FRELAL 3 000 m’-d™", R IR & T V& +/K A7 R Ak + D% 48 i 1o i+ A<t + 25 00 v SR Ak I Al A A B T
o EAUE KA ) EoK, ke TR AR (TCOD) i (8 579+92) mg-L™', ¥ fif 14 1k 2% 75 Al it
(SCOD) A (6 294+56) mg-L™' A fiff 5% I ok FH B9 0060 15 U B B3 R &0 B %, 15 T8 BT & Wk B o
(59.3+2.5) g' L', FFumik e B 7 5 i {70 3 .

1.2 FMEkRERMESE

W MR R AE 105 C T HETHFES J5 o 100 H bR J7 L0, SR FH HEGHE & 4 & 7 % (ICP-
MS, [ Agilent A 7)) #ATICE M, R X LG FREIE(L (XPS, K-Alpha, 3% [EHFEE KA
A AT ERICE M AT, R X FHZPOEOEIE (L (XRD, Smart lab 9 kW, H A% Rigaku)'™ | 9
i 7 W34 (SEM, TESCAN MIRA LMS, #7575 TESCAN) #H4T W AHSS #9124, R MLk 2% TAE
vl (b JRAE) X SR Ak P HEAT IR IR R 22 £k (CV) . TP (CA) K B Ak 24 BEAT (EIS) 43 #7252,
1.3 REHEHCFHRATE

3 A 7 T T AR BT AL (3% 528 7, RTK-BMP-I) BIF 5% 25 i 2k Jg XoF 385 406 19 7K K 480 4k B4 B 11 5%
W, PEE ADNIRERN A, PR A FAIA 5. 10, 20 gL ZFiiEk R Y S2 80 4, H4 0 g
HAR BN 20 mL PR A8 B0 75 Y FN 230 mL i 400K K o [l SE R A A BN 1.25, 2.5 F 5 g SRk
o P IR R pH=(7.0+0.3), FLAE K 5 min i 52 N 45 PR FF R IR BT, ) FH 7K I i 45 ) 38 A 52 56 3
BRI R (35+1) C.
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1) TR Mo ASBIEGE Al 25 2k e rh 4% ®1 FWMKENERTESH
KBRS R 12.67%, U8B 25104k U8 th A HL Table 1 Metallic element analysis of Fenton sludge
P& AR AR, EEMRREAETH  BRx Shbmg g )RR TR 53 /%
Yro IFwiEkYE b TR AL 1 R . OF Fe 381.79 38.18
kP & A RENERITR, Kb Fely® Mg 3271 3.27
TR, o BRUR TR Y 38.18%, 1 SR Bk e Ca 24.08 241
HATAR e B [ SR I o 80 58 2 B9 X 1l AR 2 . 14.83 1.48
il % 3 48 P K A B B S ek Ye AT e B Al 13.98 1.40
LR K] Fe B9 BT 0 B0 26.90% . FTFFHEN Zn 251 025

SXoF Y] It Rk 40K T 2 s ) K Ak e ) S Ak
PeHEAT T 001, Horp Fe M43 800 39.30%, X 5 ARHFST 1Y 45 RAHI

) BILRM B M. Ak — B SRR I b Fe MAFAEIE A, K XPS % 251 4k e vk 47 4>
Mr, RH CHRuEE( 248.8 eV JEAT M FEALIE , 431§ WA 1(a) Fizn, Fe2p AYHE 40 314 & 4o
E1(b) Fros . Wi 1(a) Bias, SFfekle ) EZu R C. O, Fe. Ca. Si. Hi Fe2p HRE 441
UL, 45 BEAE 724.48 eV Ml 710.68 eV &b Y B Fe2pl/2 1 Fe2p3/2 Wy H5AF g , Jf H 7E45 & fE b
Fe2p T4 8~9 eV AL L T Fe iy LA B, Fe2p3/2 [ Fe2pl/2 W AU TT %5 H 5 B Tk, % Fe2p3/2
HEAT WL 5 B 2 AN, 255 RE 0 711 eV 1 713 eV, 450 Sk /T 44 5 Bk (11D 0 T A4
I8k (D, 45500, IRWek e dh i DL Fe™ TR (0, Ud A 2505 2k 8 B A S5k k38 J5U A 1E R 4R
AL 7
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Fig. 1 XPS spectra of Fenton sludge
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Fig.2 XRD pattern and SEM image of Fenton sludge
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HErF R R, 28k T DUA SR kIR AL /8, (R R A AL i 2 LA TR . %
Wk (ZV1) W] LU S a5 AR R i i g U Ve A, A e 9 7 AR T BRI SN A% N I &4 T
PR 2 QMRS NI A HLAY A B A O e Bk AT LS Ak G0 A 40 b 18] B 422 W 4% 38 2ok
B, OMIREERZ RN R TR, WAOELEAVR (VFA) MR, #IaEw i RitEae, M
AR 2 22 7K B IR AR A BB, SRRk PT D S AL B SR TR, R 400 I %) st R v S T % A
AA PTG (DL COD it), M {2 o 1 K IR S A B B2 b A L i R 0, AR R, Y
pH=7, T=25 C i}, & WA AY AR F R E T . E R /Fe’ =274 mV, E, (IR /Fe’")=
=287 mV, E(BEEKH /Fe’)=-314mV, A i Jf i #bk ey, MMim T AR E RN, K% T
IR RGBT 5 R A AR AR, 2R gk Je DL JC 8 B &8k (FeOOH) MR X AE7E, 16
HEAA &£ R AL 3 KA LY B s 7 .

4) AL 2R BT . 18] 3(a) S SRk R IR PR B . AT UL, JFIRARJERE S AE-1.28 V AL B
LA, VRN —2.46%107° A 7E-1.03 V AR H B 1 AN SR, WEHL IR 0.0016 Ao X 156 B 25 il
BRUE P ) AR AR T LGB A T R AR R R N, B A R R . R, R SRk Ve 4R i &=
IRAATH AR A, AT DAE i 5 A0 ki J5 A FH A5 F (i Fe(TID) 8 itk Fe(ID), A B2 #F K 43 Bl
Yy AR, TR R R K Y IR AR AR RE

K HLAb 2 TAE Sl A7 H I 3L (CA) D ] DA DA B 5 () H T3 32 i 1 (EAC) R b4 v 7
71 (EDC). 1 & 3(b) A %1, 2% 2k J8 i) EAC F1 EDC 43 %1 &y 62.45 pmol-g ™' 1 4.59 pmol-g™'. #£ 5 Y
EAC & T EDC 1t W Z5 0 2 U 1) S Ak i it 3% M o3 32 8 DA AT 32 32 ' I S AL ST AR AE . T2 2R DY
WF9E 20, JRIEHY EAC 1 EDC 43514 (0.4217+0.027 3) pmol-g ™' F1(0.0023+0.000 1) pmol-g ™', Z=HFHI
IR, 15 e 3L A ) ik 1) EAC F1 EDC 439l 24 3.65 pmol-g™' 1 26.82 umol-g s & #ki5 e 3L 4E
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Fig. 3 Electrochemical characteristics of Fenton sludge
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D) XA LY BR A FE I o B 4 BB 1 $ 00 5 2k U X i 4% K IR ST Ak ik R v i A PR AR A
HL¥) (SCOD) LBRBySEm o I aviz AT 01, A RO B AT, SO 7Kk SCOD & Wi ik . 3 7]
B SR H T 0K 75 e 5 22 0 N A, AR RR B i 4 = . OB AT A 10 KA, N AR K
FERRAE . W HRAH W A% 17K SCOD Ji 2 ¢ i 4 2 525 mg'L ™', SCOD % %K 59.88% ., 475 i #k
PALINE K 5. 10 f120 gL iF, S 7K SCOD & #4051 2 271, 1989 F1 1 867 mg-L™',
SCOD ZBr#5 51K 63.92% . 68.40% F1170.34%. SXFHELAAH L, $ 5. 10 F120 g L™ A9 25F i gk e
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e 0 3 4R R K R fb ik f2 v SCOD iy e bk, HARJR#maikZ , MRHEgUR g . XrTaEEH
TR 51 & RSk E AR EAE R, IS 1T A HLY IR ff . WANG 452 22 1 J5 gk

3200 100
—=— X IR —E— XA
2800 | —o—5g- Lk 90 ——5g- LBk
—A—10g- L4k —— 10g- L2k
N —*—20 g - L™ kI8 g0 | ——20g- LBkl
= 2400 S
£ g 70 b
g 2000 g
9] 8 60
< o]
X 1600 2
H 50 +
1200 2l
800 1 1 1 1 1 1 1 30 1 1 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Fif [ /d i a)/d
(a) IREU N7 7K SCOD (b) REAZ I #+SCODERER

B4 FEmsRRmyEREKREELIIZEPENDERNE MW

Fig. 4 Effect of Fenton sludge on organic matter removal in anaerobic digestion of papermaking wastewater



3584 ok L B ¥ W Fl6 &

Ye XIALIL I AR DR AL E ), S5/ T, MR 0.6, 1.2 fil2.4 g, COD XFR3E4 5
PEm T 209%. 27.5% F136.0%. FHE T N THRIAUECK , A58 B R H 0 55 Br i 4% 5% K B o 2 2% |
AR ZE, PRI, Rk Ui X IR AR b ) AR 2 A SR A X A 2%

2) Xt HBE = i A RE R o TR S S BT SR AR VR XoF ks 4 R K DR AR T AL A R R R R AR 4 oy
HIEI . FERRE BTN B, 4 2 RNy 5 B A B B Joe r 4 43 1) oh 326,15, 352.10, 377.70 F1390.64 mL,
Xt BAMEL, #ms, 10, 20 gL' ZFW0 4k e 1Y 256 4 F b = o R e T 7.96% . 15.81%,
19.77%. = BUVBIESE B, SRS il LIAR SE RSP0 K i DR ST b B, MR s 1 g L
1S gL' B, Bbe =B SRR T 13.7% fil 22.5%. 25 [a) B B9 ) IR & AL IR RO st 2k, &3
Hbe = 8 T 13.4%~18.2%

IR AT Al i B v VR A A 1 A8 AT DA R) 422 R R N A B AT AR A o SRk Ue X i 4R % K IR A
HAE R A A Rm anE Sb) s . TR P be . A bRk . &R AR h 78.84%
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Fig. 5 Effect of Fenton sludge on methane production in anaerobic digestion of papermaking wastewater
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Fe & ik %) 38.18%, TEM AN Fe*, LUTER FeOOH M R AF1E

2) SRR e B A B AR R AR, A2 Hi T BB ) RS FE T BB 1 4R 62.45 pmol-g ! I
459 umol-g ™', FRMHERIe HA T, Hit, HAMRERAHEME RN

3) SF A% e NT G B T 5 AR K R AT AR, & 5. 10 #1120 g L' BF, SCOD Bk %
AR T 4.04% ., 8.52% F110.46%, ey i o3 B T 7.96% . 15.81% F1 19.77%., J5 U4k e 1%
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Analysis of Fenton sludge fraction and its effect on anaerobic treatment of
papermaking wastewater
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Abstract A large amount of iron sludge was produced during the advanced treatment of papermaking
wastewater by Fenton technology, and it is difficult to dispose properly. However, Fenton sludge contains a
large amount of ferric iron, which has a high utilization value. In this study, the elemental composition, phase
structure and electrochemical characteristics of Fenton sludge were analyzed. The results showed that the iron
content in Fenton sludge reached 38.18% and mainly existed in the form of amorphous FeOOH. Fenton sludge
had redox characteristics and a certain electron transfer ability. The electron accepting capacity and electron
donating capacity of Fenton sludge were 62.45 pmol-g™' and 4.59 umol-g', respectively. The effect of Fenton
sludge on anaerobic treatment of papermaking wastewater was studied by batch experiments. The results
showed that the removal efficiencies of soluble chemical oxygen demand increased from 59.88% (control group)
to 63.92%, 68.40% and 70.34%, respectively, at the dosages of Fenton sludge of 5, 10 and 20 g-L™'. The
methane yield of the reactors increased by 7.96%. 15.81% and 19.77%, respectively. Moreover, the proportion
of carbon dioxide and hydrogen in the biogas decreased, and the proportion of methane increased. The higher
Fe*" concentration was detected in the effluent of experimental group than that in control group. This indicated
that Fenton sludge in the reactor induced the dissimilatory Fe(III) reduction, thus promoting the anaerobic
digestion of papermaking wastewater.

Keywords Fenton sludge; component analysis; papermaking wastewater; anaerobic digestion
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