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IR 52 OB V6 P R ¥ A 1 1k 7 Ak B 3 R TS
Ve IK % 72 1R P RE
o5 AR, W35, AR, B LG, AT K

I RFE K TREERE, KD 410082

8 OFE ONARGOE ST URLIE M5 Ak B R B (PS) AL BILXG my [ ¥ e DR AR K i 7 R PR RE S L S Y
FERENRITIR (VFAs) 77 & | Wi P AL 2% 75 %0 (SCOD) . W P2 1 5T S Z W55 48 b . R 98 T A TR) 5 5 UKL I
P (GAC) 5 PS FUab FILX iy 18175 J¢ 7 R & I A fe B 46 06 o S5 23R W], 24 PS Al GAC £ 7351 24 1.50 mmol g™
(CLE R TT) F10.65 g o ' (LAB B AT I, 76 % T8 30977 Rl 5 A LE T o0k IR AL B 7 1 341.43%, J 8 R et 72
T, VFAs Rt A T 0 IRZH 42 5 1 28.43%. Hoh, ZMRAE ML BRR IR, HTTEVREER N T 48.98%; UKLk
B4 GAC R sy, SN e DRA L BEPERE T B, FLISLD AT REJE 2 4 GAC 2 iHFEC A2 LAY SO, -, B AR Jé /K A A
H ., IR E GAC T X VFAs (W Bt S BO™ MR it T B, = 4E2 6/ R0, e R R i i RO 25 v, 240k
PR« O T ok S 1 D5 AR U A VA AL B R R AR, X 5 T A e R 3 T 3 Ak PS TAR B D AT i R
IEi] DR SR B B A o0 T K RS B R 3, AT 5 75 P Y PR S0 IR PR BE o AN WIS 45 21 AT D 7 45 4K PS sk
PR ARTE v [ 75 9 IR B A b B S 2%

REE mETSYE; SAE I BREREN; IREIHAL s KRR —HESOE AT

B 5 I T Ak i R R AN IR bR, D 9 K A BB W R, TR 75 e (WAS) AE SR 75 K Ak B
REARBY RN, PR EERK, WA A HELAAR B TR AETH AL HOR AT A R AR TS e L JF e
VS A B = N v 3 E D P /Y (TR B B B S NP NN =R R A 5 NI 3 O Rl e o R R
(TS<5%), it H AR AT A H AR 7 A2 1Y VFAs 55 AT [m] S B 5 v 8 A0 AIG, o DA il 2 s i Ak ok T 75
KE M TG PRATE AR, & RN AL T a5 BB BUN, AEWREIR ™ th 8 . oReb T 54T
PRAE AR A L, KARTHIKEY AN 45 7815 IR S8 & 1 v AR W) RE IR MTUSC I, K TS KT 10% 1975
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INEIESIES
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PEATTRAL B, KR IBEE PMS H A0 M 0 1 K 5] 0.09 g-g (UL BVE E [ 1R 1t), VFAs =& 1 29.69 4
K% 311.67 mg-g (VAR 35 & P B TR AR COD 1), K854 MR 25 W Il 7E A LT i o Lt i
filk. LUO SEP &I, ©Mihfb PS nl 4 = s s AR i W2 ™~ i, 7€ PS/Fe t AT, 5 VFAs £ 77 H X
A A B, e T R BRI ] A A

ABFSE LTS K AL 3 KI5 U8 (TS=10%) HIFFE 3 42, % AR B A 4 UK 36 1 7% (GAC) 1E
h PS HITH AL, ARSI GAC i1k PS T A B X 15 Y8 /K fff 7= BR 1 BE B S i . ASHIF 5% 45 51 vl b s 195
PIRAHEE RN kRS %
1 #MRl5E%
1.1 ik

R 5 56 SR A 55 k39 T PO ®1 SREIEMR
A% K 0.5~1.0 mm, LZEEA K 1100 mz'g_lo Table 1 Main characteristics of the sludge

f [ G Je B B K VT G K AL # T K HL k75 TCOD/ SCOD/  EKE/ TS/ VS/
Pio SRR EET 4 C M AE A Ay PR melh el % % %

i%%{’(@ﬁ%%ﬂ%}iﬁﬁ%%{ﬁ%ﬁ@%ﬁ H3 e 63 000+300 9 500+300 88.28 11.323.81 10
APERNFE 1 R, mEETE 650002600 9 700+£300 89.53 10.93 4.35 5.5

1.2 LIt

R 5 N A R i GAC 5 PS X5 U IR 48005 1k 19 52 Wi, 7F 10055 56 8 a2 19 PS e AR & oh
1.50 mmol-g (LA & FE A 3) JEml b, ARBFFTE GAC &} 0. 2.5, 5.0, 10.0 F120.0 g 5 41 ) Jif
28, 522X W B GAC M XF# R 0. 0.16. 0.33. 0.65 M 1.31 gg '(WA B E K it), 94 K
PS. PS-GAC 2.5, PS-GAC 5. PS-GAC 10, PS-GAC 20 £, & BRI PS 5 GAC Y XF 1 2H FfY
ARV TR S PR S AL K 140 g B E R 10.93% 1Y [E TG 8 A 500 mL L iE i, JF
IR E i PS 5 GAC, ¥ b yE M E THRE 37 C. ## 170 rm ™ fUFEIR R HIALEE 2 h, BEJS
T 160 g & B 2R 0 11.32% [ FE . R 8Em &R B B VFAs =&, [RIEE BRI H e 1 X T VFAs
M HE, FEREA & Wi B rh (il FH 5 v B NaOH ¥ WROJH 19 TR A5 W pH 2 101, fifi HL 4R 2 4b T 0 14 & 1
ZM . SEEGTFHATT MR BURE S, BB AR S min DURIE R AR . fn, BEITH RV A% BT
BFRER T LB 14d, 984K W 5FE S pH, @Bl VFAs, SCOD., £ 15 X Z 454545 .
1.3 MEERRFGE

B R H Folin-Lowry SR . Z2 08I0 R A BER AR FR 1, k2@ Sl o = k! gk AT
WE, WA HELEERER (G om. R, TR, R & CR) 05k R SO a5 - KA
BT AL 2 AT 2 R UACRAH %L 7820A, LHERRHE AR A ). ELK AR 14 d A, REE
1578 EPS A i, N FH = 4B Pk -k 5 -3 BT 98 6 1% 1 (Horiba Aqualog, 72 [l HORIBA Jobin Yvon 2
F) FRAETS 6 & WEAR & h EPS 9 AE 4k, & 3K O 250~600 nm, KL HBE 1 onm, ORI KN
220~600 nm, 45 EIFE S nm, POk ML S AR ERLE S om, FHE R E A 1200 nm-min',
2 #ER5iTE
2.1 RGRWERRER XS E S R B 14 B8 AU S

TE AR 57 B GACHPS 4, IR I5 U6 th VFAs AR fb % &0 4 & 1(a) BT on o Bl & A [6) 7)) &
GAC 25, VFAs W RBEHA AR . SxFRAM L, s PS Xf = Bk fe A — & 1Y 31 il
YEF, Z41 K VFAs 7= i (2.76 g L) A YT HE 4 (4.08 g- L") BY 67.64%(P<0.05). k& GAC /i AR
ALBEERZRT, LR PSHIIHI/ER S8 3. 4 GACH & 5 5] 10.0 gbf, ZEEAT 2 d M
VFAs /=4 R0 1.55 gd™', AH HL T X IR 4 I8 25 48 T T 341.43%(P<0.05), H: VFAs iz K~ 2 ik #)
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Fig. 1 VFAs yield and component proportion under different pretreatment conditions

524 gL', S5XFIEA1AH LR 5 28.43%(P<0.05), 1H 4 GAC # & K 3 20.0 g B, 75 r= M FEZ
WA o BB PE PR S R BL n PS £ AR AR B B9 -OH K SO, ™Y, i B iR £ 38 BB (SRB) LA 2 iR 45
VFAs A HL (A A [ a5 2 46 07 A= i Ak 1 i BN S I FE R 2% T E AR L VFAs, 7R
AL S5 B P2 Y T aE A R AN, I R E Y. GAC A A EIRR RS, B
HARA WAk SR E e, S0E PS LLA L MAE A th L 90 Fh ik 42 0% 1 A il 2L AT o S e e i
SO, - FIHLEL A AR ('O, AT A3 UMK At 15 U8 22 A I 42 s I A4 & v il R RIS P ) o d Wk B . SR
M GAC =, S5O AMM SO, K AEFEK N, BT I B30 . ok, GAC i &
AR BT B RE AT Qb g e (PR R ) B AT A AT, TG R R & 0y VFAs . KRS BT, jsb
T 5 e B AR 5K B AL, DTS5 3075 Ve - TR PR BB 0 R B .

VFAs YE UL B I, i & 5 4 AR I 2 1) o Lotk T R BRI S AN (. BRI, B8 T ok
I 1k PS Wi &b BE X} VFAs L 52 . WE 1(b) frs, & RN, RSN 5 E S 17,
Wit PS 5 GACHIZ 5, VFAs W bR AE—2E Mk, S SWIIER FZ ), XA
B VFAs 72 & (4.08 ¢ L)1 75% 5 11%, 1 PS-GAC 10 4 (5.24 gL ™) rh 22 5t F T3
87%(P<0.05), IR i LLIRAK 4%, HAK 4 h VEAs A 5 o2l 20T B i vk 3 i) 422 w85 vl R 2 A1
., 2 GAC IEALJS 1 PS 7= A= (1) SO, - Al s Ak 5 U AR M B i s8R, $ s 1 S vy % v Al B fiff /N
AOLY R BT , s 7 R A S SRR, [k, HAMNER . TS LR
PR A LR R i L TR, R T SRR, R g 5 AR R SRR X
1o 7 1R 6 T ) 7 R 6 3 D T e Ak T A 35 R 7 R B A ST AR BN, AT e BN Rk DR IR) PS AT AT RUARE
SR A Y, Hoh L nT 42 55 34.20%
22 AN TREBRINNSE SRR RN

Pl 2 Sy v 195 6 7 IR A8 K I ot F2 v SCOD 1 28 fb A% B o B X 41 i) SCOD 78 & A IR 4K B ik
BIRLAL T LA @I, HAR& A SCOD MRS 9 d ik 8| K5 B Wikt . BIRm T, PS.
PS-GAC 2.5 J2 PS-GAC 20 41 1) SCOD Jiit f ¥k B 75 A i i B i i e 1%, S0t BRAAR L, Hodm KAE 7
MIFEAR T 10.70% . 17.23% F 29.32%. T PS-GAC 10 4175 & R 55 9 d I, SCOD 4 Ji 1 ¥k J3 4
T 49.29%, LeXF AL WL T 30.419%(P<0.05); FEES 12 d A, PS-GAC 10 41 SCOD Jifi & ¢ J& T [%
F 14594 mg- L™, {ERETXIRLL (13986 mg- L"), Al 0L, F5hl GAC B nl A3 sk is Je K it i

PS 7E GAC % 5 i} 7= 2k (9 B AT 3R S AL BE 7 1Y SO, +(E=2.5-3.1 V) F &l ot &R T3 8. hn sk A
K FHR I TR0 5ERMEEE . bl &R N5 FHEAS Y55 LY 917 s R
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TE P 0 55 Bk B0 PS A= LAY -OH 48 Ak 1 o0 PBIEs  NNPs

B, VRO R S IR S K SCOD s, Ersanco
RV JEE R AR /B GAC T 5 8,087 B _ 14000 | EEEPS-GAC 20

FA R 38 SO, -, 5 R B T o A

B R #E— 2 F A T SCOD 9 Ji Bk v BE . AT £ ooy o \

i kY GAC 1 5 SO, &L JE K IR W T 2 oo A A

5 U8 0 B R AR P 5L KRR il )

GAC X} 75 2 11" 47 BL 1 ¢ 69 1% W o o7 f 2 sovo LAMELE G B IAVE B ANH B AN
SCOD Jii ¢ JE AR A L Al 2 — ¢ Al

23 RBEWIRERFMNSESESBREEAR 2 FEFAIE KB 5F SCOD HF2
0% #E /Y 52 M Fig. 2 Effects of different pretreatment conditions on SCOD

HEIRA KSR, KRR EARS %

BE 53 R /Ny F S SR R S SR SR AL TR A A R, DR L A M R T T S 2 W R TS R T TR Y DG
e P, [ 3(a) A4S SN A IR AR R v A A B SR AR AR L . B GAC B 4R R
S RN A T R R O I W A B TR TR . AR BRI, XPHRZL . PS 41 K& PS-GAC
2.5 21 B A R AR T VR B R IO ST S R TR, RS 9 d IR Bl iR KMEH IS B W T
B s ARZRPE S GAC Bnat, S A% i i e 2 11 0 0 o 4t VA B85 A I B0 1) — 1 S B R R e 34
FEESE 12d BN hsbrl A, 4 GACH &N 5.0 1 10.0 g BF, AH X B2 7= g 1 00 32
Uf o BUEF, BN # PO R A X A T R R R AR, S O 1 A A R T
FEHR, FRAK T HAE SR & P A0 T R R, 124 GAC B A # 20.0 g B, i i GAC ¥4 [ 2%
R B TG B A LR, D T R A SIS Ue SR, DS T KRR, AT S B0
P O A R e R I R AT AN R B,

[l 3(b) Mk 2B AR S 0 o BR X B 7 R T 5 WA T BRAN, 45 SN A 20 T VR
R BN —F AT bt s, Horh, PSAh ZHEE KR 6 d 20 BT, FIEEEARR . 4K
I GAC J&, & RN 2% T 220 ot Wk B AR A R e B vh 1S 1 0 S g, HAAE 12 d ik B K .
H LT AL, FEBRPERRSE T, A PS i, AR R -OH IR T V5 U IR A B AR 2548, 501 SROM 25
R SRR FRE I, ELRO 2% i W 6 e sz Ak W w = W s ), i A A HLA AL
FREERAR, FEPS AT VFAs L, 2P i s RBME Y, GAC A A, W55 T HEY
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Fig. 3  Effects of different pretreatment conditions on the concentration of soluble protein and polysaccharide
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fif PEA ALY (DOM) [ = 4566 . MIEIHR AT LR Y, X REZH H BAY 3 A543 R A I (T IX % 4
2 25 W 5 (220/320)). B (I1 X 2 5% % W 76 11 R (240/380)) 5855 19 C i IV X 2K & & R 4 &
(270/340))2, X 3 NG AE 28 0 R[] Ak O TAL B S, WA A B R 0O R R A T ARk . PR R TR fiE
ZIREPS A A, CWEREs:, BIEKLACER V X IEFEH IR Y Tt (300/380) Y D U 2¢ S5 B 1G5 . X
UL, LA, BRERR . CEIRISY T N RN, B RE IR IS T T vk B, T REXT IR AR
REERE AT — I HIE P, PR R PERR AP B PS-GAC 5 415 PS-GAC 10417, A, B, CI%
SR PES /N TN IR . X AT RS PR AN MRS RS T . RO IR A BT AR ) A R
Wy R R4 8 . AT PS-GAC 10 2, PS-GAC 20 4 1 A W6 H1 D W45 0 i Y 47 Bt o . X 3
B, ;i v B 5T A AL A e o3 B i i e A R AL

Xof AN [) 9 Ah 3L 2% 4 6 4% 45 2 DOM. Y = ZE 5 ik A7 T AR AR 4 A B, % IR 1D X LR
KW R, VIX BRI 55 % T 18.28%. 6.27%, 1 PS4 H 11, V X /5 kb4 & 2
28.94% . 8.96%. XFKW, ZA T KEMWIEHIR S & HIRRIEY) S A &S E R &S oAy
ME AR A, T V877 MR i AR A — 2 Al /E PO, Y GAC o ik 2 10.0 g i, 11, IV IX 5 b
Ik E] 37.04% . 15.11%, 43 500 v T %4 BB 2H 0 33.92% F11 13.70%, 1 11, V X (5 e/ 4tk al
DIHED , PS Fil GAC TiiAb 32 i T V5 K fif it #2, KRB W iR a0, o 78 IR 5 W) o 0% B
IR K B PERE A 242 7+ . PS-GAC 20 4+ 1T IX (& ik B 37.30%, & F % BR 4, 1 111(17.48%)
V(5.45%) X HAR T BBl . HOE R AT BER ., GAC X 7K i 1 1) W% FFH A ) S 2 il 15 2 11 3 28 00 T 1)
D, MR YA BE ELEE R R FA DL = e K B, S 30RO % s A ML R AR R

AT, A5 Y b 3 Ak 405 ) AF 58 0 52 32 202 5 18 o 29%~5% B IRIENS U6 . WEL %56 F)
HEARFEFAEY et mislet MEe - &, 150 YR &8 1.82~3.06 g-g ' (UL B AT i, W
Pt 7 R R 8.6%~17.8% 0 FARSFPI RV T AW B XS I IR E R BEERE R e ),k B Y A ) e 4%
R 225 g g (UL RETRE R B, J598H VFAs B3Rk E R K, AR S EIS I N4,
K H GAC 5 PS4l & X HIR AW bt re i w58, &I GACH# in &tk 0.65 g-g (LA & [ 44
) B, [ A% o VFAs 77 5 A] £ (5 28.43%. AH LU TR 48 IR EH AL I W &%, 2k T Ak PS Fiil kb 2 e [
TG Ve AN = TG U WM i AT AR AR, DR FERERRUAS | B R A T T A A I R A, FESE
B 1z H AT A R8N e T A b AR R
3 %ig

1) 24 GAC ik 0.65 g-g (VLB E K TH) . PS #m &k 1.50 mmol-g (DL EAR ) B, KR
#% VFAs P= i i 7} 28.43%. Hivh, LR 4R & T 48.98%.

2)GAC By # Nk #) 1.31 g-g (VLB AR TH) B, BT SO, -#id it GAC JHFE, ARX5 IR 2 A
FIAE BB AR . FIE, GAC I VFAs iYW Bt 5 807 B 1 T % .

3) = 49640 2 B & B 19 GAC 5 Ak PS Tl b B 35 )8 1T A7 24 [ A 40 11 35 08 7 IR %) I T PR 2 )
i, PR LY &L, R N R IR A R T
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Coconut shell granular carbon activated sodium persulfate pretreatment
elevates the performance of hydrolysis and acid production from high-solid
sludge digestion
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School of Civil Engineering, Hunan University, Changsha 410082, China
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Abstract To analyze the effect of coconut shell granular activated carbon activated sodium persulfate (PS)
pretreatment on the performance of anaerobic fermentation and hydrolysis of high-solid sludge for acid
production, the optimal conditions with different doses of granular activated carbon (GAC) and PS were
explored by the yield of volatile fatty acids (VFAs), soluble chemical oxygen demand (SCOD), soluble protein
and polysaccharide. When the dosage of PS and GAC were 1.50 mmol-g™' (based on the total solids) and 0.65
g-g' (based on the total solids), respectively, the acid production rate in the early fermentation stage increased
by 341.43%. With the progress of fermentation, the maximum production of VFAs increased by 28.43% and the
acetic acid as the high-quality carbon source increased by 48.98% compared with the control group. Increasing
the dosage of GAC would lead to the decline of anaerobic fermentation performance of the reactor, which might
be due to the consumption of the generated SO, - by excessive GAC in the pretreatment process, resulting in the
reduction of hydrolysates, and the adsorption of VFAs on the surface of GAC leads to the decrease of acid
production simultaneously. Three-dimensional fluorescence analysis showed that the concentrations of soluble
substances, such as amino acids and aromatic proteins, were relatively low in the reactor with high acid
production, indicating that appropriate amount of coconut shell granular carbon activated PS pretreatment could
improve the utilization rate of hydrolyzed substrates, and improve the anaerobic digestion performance of
sludge. The results can provide a theoretical reference for the application of carbon-activated PS pretreatment
technology in anaerobic digestion of high-solid sludge.

Keywords  high-solid sludge; carbon activated sodium persulfate; anaerobic digestion; hydrolysis and

acidogenesis; three-dimensional fluorescence analysis
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