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Abstract

Phenols are highly toxic organic compounds that pose great harm to human health and the eco-
logical environment. The intermediate products produced during oxidation reactions are also
highly toxic and difficult to treat, with complex components, large amounts of wastewater, and
high chromaticity. Therefore, it is necessary to analyze and study the degradation of phenolic sub-
stances. This study selects activated carbon (AC) as the carrier. The activity of persulfate was fur-
ther improved by loading cobalt ion on activated carbon. The cobalt loaded on activated carbon
was characterized and analyzed by X-ray analyzer (XRD) and Scanning electron microscope (SEM)
The effects of cobalt loading, cobalt loading on activated carbon, Sodium persulfate, reaction time,
reaction temperature, pH of wastewater and initial concentration of wastewater on the degrada-
tion of phenol containing wastewater were studied through experiments. The results showed that
when the cobalt loading was 6%, the cobalt loading on activated carbon was 1.2 g/L, the Sodium
persulfate was 0.9 g/L, the reaction time was 100 min, the reaction temperature was 50°C, the pH
of wastewater was 3, and the initial concentration of wastewater was 90 mg/L, the COD removal
rate could reach 95.98%, which was of practical significance.
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BEAT )T, AT A0 NS S S PR K #EAT 34 3] [4] -

FI T A A R & R K A BRI VE A 28R R . RO W Bk, RS B HEOR LU
FAMBIAREES] [6]c — LW A AEEE T A TS 5, A REMI R o e F R [7]. 1 HA )
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LRAANBHE AR A ), SRIRN(N S0 AR, REMMEZL THMRAF), EM(CHOH, AR, K
TR AR R R A PR A F]), 482K — R4 (CeHsK O,y AR, KT KR BRI RN A PR A 7)),
TKLIE(CHeO, AR, EHERAF—)), WKASER(HNOs, C.P., Mt =234k T) ), AAHI(NaOH,
AR, REH A TIRA) ), HEE(AYS0s AR, FEREAL TR ERAT), HEEERA(K.Cr0;, AR,
REETT RN ), IRRER(H,S0, AR, T =240 1)), BifEK(HYSOs, AR, THPRAL T
MAERAF), £BETFKMHO, LREH %),

B E: BT R (FAL004B, RS E R EAERAMRAF]), BMABEER(78-1 B, &ixTh
S BRI TR A E]), RS2 s Al K L (Exceed-Cd-08, S B TR R BA R A F]), Hi#
AT (BGZ-76, i RINA R A R ERIT &) ), 16 /K2 H HFE(SHB-3, MM IES) ),
B B (XMTA,  BURRE FE(XE ), GBS OHL(300 mL) (TDZ5-WS, 3 R AX 5236 3 A 23 T R A TR
AFE]), BAEHMAA(6B-12, VLI BAEIARH AR A ), KRR % (SHA-B, & Iniii sREIH
HEIEHRAF), pH HH(pHS-3C, EHEACIRCEA R AF), LI WA EiHUV-51008 &, |
HICHHX R A IR AT]), EEHBIMEEA: 50 mL &, 250 mL &), 500 mL 2 & . 1000 mL
HEM 50 mL HETEHH(E T) @16 mm x 150 mm JHMAE (4 1) B HET 50 mL B4R (% 1)+ 100 mL
BEMRCET) 200 mL BEAR () 250 mL B (T 500 mL BEAR (1)« 300 mL #0045 . BiaE#E. 100
mL BRI CET). BELME . U8R BRE 1) BIETHRQ ). BT b A JERSE.

RIS : X L HT(XRD) (DX-2700B, FHZ4RJ7 A WA R, HfiH T BiMEEs SEM
(KYKY-EM3900M, i a4 S B A PR A 7).

22. IWAR

2.2.1. COD mutrifEph%k

ARG COD Rl g 77325 2K PR v il 73 506 BV (B SXbw i H-T399-2007) [13] .

1) COD Ar#EyAE B A HERI AR I T SEAE 105°C~110°C Ak~ Ff) F vk B AR 25 4 48 25 — H R A 4
[CeH4(COOH)(COOK)] 1.2754 g i TR B 17K, #HF % 1000 mL H&EMT, HEBETKMBEERZL, 1L
¥ COD B>y 1500 mg/L.

2) A5 COD Wl 5E Vi BBl 2 (K E A2, fir LA COD Fritk 2 411487 FH ¥ : COD 1843 5l 25 mg/1.50 mg/I.
100 mg/l. 150 mg/l. 200 mg/l #1250 mg/L, F/KAERFERIAZ ERE, £ 440 nm b FER % B2 2|
FrAERiZE, bRuEdZE N A=0.0029C +0.0018 (R?=0.9994).

2.2.2. FEMERABEHHIE

TG I 28 TR /KIR I 2 KT, SR 5 FHAR MR IZ VA 20 h DL LB TH 44 R AN FLBRAK 7, B 2%
TR S Rl E v BIE PR K pH ANAEAL, FEMEAR P 105°C NHLF. AERIFRIL 5 g AL 3 TER,
N B — 7 (I B VA T (NN A R B () B A4 e AL A i s BT o), SRJSRE B HE 20 h, FHZRTRK .
ToK GRS ApEBESE, T 105°CHIMAR T, T EH NG, 76 500°C 5 34 Hh B 2 h.
P15 ZIAS [F] 44 2 (1) PR R T BUEG (T 302 2%, 4%, 6%, 8%, 10%).

2.23. R, FEMRAHH RIS RERMN R E K FEFERR AR LRI

AR AR AL SR K, R BIKAE N BRCK RS, EER AR, Hr 7308 CsHeO,
RN 94.11. HTRKFIS T EE(COD)Ee HARm =4, BTl L COD HIARF NKFIEIR.
HH T E . TR R A R RN R OS] SOSR P  RAKE pH DA R KR
FEESRA ¥ S e Al
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2.2.4. ETE
i) 50 mL FEETE I AR N 30 mL AN [R) R BE IR 2R 2 7K, AR5 T I0N — 5 B R AR R 7 28 el it
FR4H, F NaOH F1 HNOg 5 Wi 4h pH, £ — € i B /K IR IR IR #8 th O IR T S SR TR],
NEEH G, FH0.45 um FBERERT S8, SRJGAE 440 nm AW E HIROLHE, 115 COD &%, COD % itH
JIEWR
=< %100% )

0

X y——COD HIAZH (%);
Co——COD MM E(my/L):
C—4bH 5 COD FIK % (mg/L).

3. ERP5SVHE
3.1. XFEEsCIe

30 mL ¥R 20 60 mg/L FA R ERK, 70 33 ROk 2, 0 6%3 1M 0 48k, I AR R £4 %% 40 mg,
FEJRW pH O 6 HIIEHL R, T 35 CHIZKIIEIRIR G & SN LR ZAAARIR), ABERSR LA 1. diE 1
ATEVEH, R ARER AT COD A AR T Rl A A R i o bl O AR 3, SUMIE A 3% B 3 )
RFACT FIEE R, U B3 R B oxe 4 o F A B A R i P R R AR SR BB R 4 T TR B B B T
K R ALBRACR LETE MR R4 o AR A 26 PR R R O S 20 ) R v e, ik e S et I AR Y
(¥7, COD ARFHHELHA . PRI UE K =750 Ak ot FH P ol R B R B IR K

oo e MR
e PR B
s PUETARhY

T T T T T
20 40 60 80 100

SN A (min)

Figure 1. Comparison of experimental results
B 1. 3R

3.2. A HEIRER B K ERBRAF N

B SRR PRI A K BRSO R L 20 RIS 2 WTAE L, MBS SRR ETE 2%~6%I, COD 4%
R R I KT kN, 4 SN 6% COD [FAR Ry 20.14%, M 4% 61 2k E>6%0 COD
(10 £ 26 i 5 ol A7 B PR KT IS K . IX AT g A2 DR FE Sk B <6% I, BhREI S B S BiE R b, ik
BT RGBS MBES NS EER, WEMHREER, BioiEsimtoRffLs, & mas kR m
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Figure 2. Effect of cobalt loading on the degradation of phenol wastewater

[ 2. $hoa R E XA ED R K P AR R A ST

3.3. FEMEIR B SN B R B 7K B RS R O 2 Ml

T 7 BB BN B AR K B R RCR OS2 LK 3. 1A 3 W LA Y, IR G B U &

2 /006 T 15 A T B R A S5 Sy P K B AR SR BRI S, B T M R S BB BN B n, COD IR
R TE o i MR SRR BN R B DR, B TR ER D, SRR BN TR L RE 1A TR, {3 SO, -
FEAR BRI, IR R B AR SR B A o B S T R S R B BN B, SRR RE S 3R, AT
IR K B AR A BT G o . 2 PR R BB BN SO 1.2 g/L Y, COD RE/AKN 16.42%, FEfFHR
Bl MM ERT 1.2 9/L B, BTN 2 i FAR 1 H I BB RIE AL RE T, AR 2R 1 7K
(10 B2 A AR R AR . T LA B A A R 35 P e S R B 3 & 1.2 gL
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Figure 3. Effect of cobalt dosage on the degradation of phenol wastewater
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3.4. BHRBR AN B X A R K PR AR R B R

TR R B F N 0 25 P K PR AR s L] 4. B IR 4 ATRAE Y, BB S B R BN =2 1 3
COD MRFMEET. Ui mBRMNBIM R DI, 241 SO, - 8b, A KM (1 B AR RCR IS, B
FEL IR ER BRI, COD A 2B MK, M TS 8y 1 7K B i R B G 5t o i AR B3 in 5 0.9g/L
B, COD RFHALN 15.67%, FEMFACRENTF. MHINEKT 0.99/L B, BN 4 1 SO, - 5+
ZRIS,05 KAERM[14], RN XU RHTR, S0, - b, AT 288 1 PR PR . BT LAk
g fE o B BR A5 N & 0.9 gL

SO, -+SZO§’ - SOi’ + SZO§’ . 2
|

35

30
< 25
go |
(&)

20 /'

1 u
15 1 '/

0.2 04 06 08 LO 1.2 L4 16
RN E (g/L)

Figure 4. Effect of sodium persulfate dosage on degradation of phenol wastewater
B 4. S ERER AR N2 X KBS PR 7K PE RS SR B 720

3.5. [ R BsfiE] %o AR B 7k B RS SR B S Ml

SN IS ) Xof 2 By 1 7K B R s WL P 5. B I 5 T CUR TR RS R AR I B, P R S A
XIS BRER AN R AE T RIFHITEAGAER, TERJE MBS E Y, COD AR Z M BEAK, AT 150 B X 2K My 1 B4 At ikt
R, YR MNEEIK T 60 min 5, COD RELNS T, X2 i T Mk SR B A B i FE, AT B A
X I R ER AN I RE 7, AT AR S N 2 o 2 S RE N [B] 3% 2] 100 min B}, COD R #F M AKHN 12.45%,
B MR ACR B MR BIKT 100 min B, COD RBAF AL E B ISR =, X2 B T8 AR B IE 2P
i, TR (AL, A R R B R SRR H ke, AT ASE LW T = o BT D3 A A PR SRR ]
4 100 min.

3.6. [ RRBE XA B 7K B RREUR AR

SNk ot 2 I 7K R A R s DL K] 6. fR I 6 mTDUE S BRI E I TH R, COD A& R i%HT
BEAIC, TMIRFERRET, COD RFHm, FFMRSCEzE, Ui bR B BRI i B R A L e Re 0 A 2 s A
TPk vy I B R AT A AR R, O IRy 1) PR AR S R B . E 20°C~40°C I, BfIRBE TR, COD AREIR
TRPEAG, AT U8 A6 R 1) P A R s M KT 40°CHE, COD RFZENG K, 4R EEE 60°CHY,
COD REFEmMIKN 8.73%, FEMRR m it 1 4R EEAE 50°CIHf ) COD R%E S 60°CH FIRFMEAK, ¥
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Figure 5. Effect of reaction time on degradation of phenol wastewater
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Figure 6. Effect of reaction temperature on degradation of phenol wastewater

B 6. & RLE X R R /KRR UR OS2

3.7. pH X FE R 7K BE RS R AR

pH i 2 PR K B A R s LI 7. B 7 ATUER H, pH X 2R PR K B R RO A ORI R . 2
pH 7£ 1~3 i, COD REZFEH pH BT FEAC, 2RI P /K B B AR 8 R BRIk, 24 pH 24 3 IF, COD 3
AN 3.52%, PEMSCREIT . XAEFONTERRIESRAE T, B 7GR B S A B e, R B
BREREN B AT — 5 AL RE J1, N T RE I R AR, 24 pH KT 3 Bf, COD RFBEHE pH 1 KMz sy
Ko WIS R K 0 B AR R B PRI, 2 R TR VBOR T B v, Hs i B R TS A 6 10k 55« 17 24
pH KT 7 B, Z8W K B AR Ok i 22, 3 5 M S 38 B R T Tty vl s M 0% . 243 A
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FORMEIRSES , IR AL R f AT, 5 S,00 FAAERR R RAE R, 5 B0 I B BN E Ak 1R
959, AT AR B PR 7K R R AR SOR PR . BT AR B (1) pH A 3.
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Figure 7. Effect of pH on the degradation of phenol wastewater

B 7. pH X 2K P K BE AR R RO ST

3.8. KRB /KHNIE R BE X B RRBUR AR

TR IR K I UR TR Bt A S R s LS 8. H ] 8 MTLAE Y, BEE Ry WILG IR 7, COD 4
FRIBHIIE R, R PR K (R B AR AR R AR . MoK I P AG IR B 10 mg/L BF, COD RFHAKN
2.07%, ZE R K0 PR Rt o 4R EEAR T 70 mg/L I, 2R BB/, T P At i A it iR
BAFRA I SO, - AR 2, PR AR, IR R K B BOR B o IR EE = T 70 mo/L I, 2Ky & B
%, TG P S B T A BR R AN A 1 SO, - XTI 2>, B4 Ak T B T ARG, 2R3 I K e gt A SR AR 22 [ 15]
B2 90 mo/L M9 N E] 110 mg/L i, COD REFAALLECT2%, AW LK FEMRRBCRZEAN K. BRI
JERAR, MFRBURELF, HIR TR, TobrE X, BT AR BRIP4 2 90 mg/L.

3.9. MM XRD M SEM RIES 4947

9 MIEME R 5 E MR SR X R ATH (XRD) B, b a AE TR, b s itk fEs . @i
a5 b WX EL AT DR, S5 R GRS AT B RELE 20 40N 20.86°, 32.92°, 36.5°, 48.26°, 54.88°AbHi
PUHTROAT ST, I IS R 53R 5 Co304. C.04 Al IR HUXT EL, & EH 20 4351 20.86°, 32.92°,
36.5°, 48.26°/& C030, I, 54.88° 7% Co,0; [, FrLALE K], Co F LA Cos0, T A A T TH 1t %
., HAE/DEK Co,0s[16].

K] 10 itk ar 5 E R RO B HE T B (SEM) I8, Jhr a TR TEIR, b TR R A
HH 1 10(a) 7T LA HVE R R A KRS S HIFLER, BRMENEHE 5, 11 10(b) it s %
T S AL R 38 50 03 A 25 4H/IN R AR SSURL, 17 HORLAR AR/, IX AT RE/Z C0,03+ C0304 ATICKLIE 3 A 8 T-7i% 14
IRARTH B LB T MR O RRS, A SRR E ,  IX AT RE SR H M R 2 i IR T A BRI VS 4
IR TH S FLTE AL 1) 5 R REIAE rn il 0 A P 3 F ) o J8E— 2D IE S 1 VS 1 R Jh 3R T
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Figure 8. Effect of initial concentration of phenol wastewater on degradation
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Figure 9. XRD of activated carbon (a)and activated carbon loaded cobalt (b)
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Figure 10. SEM of activated carbon and activated carbon loaded cobal
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3.10. FEMEIR B SHE T TRER R P AR AR RO AL IR S 4

P 11 R R BB A T BR IR 5 B A R I I AL BRI o 3 PR SR 701 5 I T R 2 2 TR P 2%
PESR IR, R0 AGIERESE [ . ML M Bt SR AVE B e BV AR Eh AR S T, TR PR R AR T A
BARLAAN e W T AR VE M A ni A BRR ER AR AL T [17], I ARER S LS SR 2R S,05» 8,05 ISR
RS HL T A, SHE-O-O-8 W, AR B H12E (SO, - ). R E R b iRl BE PRI s AL TR R
SO, -, EEAMMEMMEIERE, RABREKIERCE, AR RK X SIER . Bt
RESTHIBRIRAR B 3K KB S BN T E I, 0 o —E AR b iE R B 7 E A
FAR # 7 SO; - I, IR X 2Ry IR /K34 RE RS 21— 52 MR B4 I (18]

Lﬁ BN
AC+S,0;>AC+S0;:

AC-Co*+8,0:>AC-Co*+S0+S0;-
AC-Co**+S,0:>AC-Co*+S0;-

/N

CO,f1H,0 SO”

4

Figure 11. Reaction mechanism

B 11, RRHFE

4, LEip

1) @I IR IR I ) % 15 BT 1 e A7 B T A R R BN A SO - B AR R K U R AR, I
HEF—EmI0ae 1, AT DG SRR B & 8 3 s s s A S & EmE . SIANETES
R SEUKMERI ks g im @, 1w S s rE A A

2) I X B A (XRD) A3 LT S A (SEM) X & 1 3¢ 7 Ak I R AE 20 B, UIESE T IS MR iR
Do 1 &

3) e . TEPE R RS S BREREATI S LT, 0 SR R K B R R AN

4) HEEEEN 6%, IR ATy 1.2 o/L WBIERPIH R Y 0.9 o/l S [A] 9 100 min,
SR E Y 50°C FEAKE pH N 3. JE/KHIAHEAEE Y 90 mg/L Bf, COD ) £EFRZFE 1] 15 95.98%, A A SLPR
BRI L.

SE
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