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Degradation of humic acid by microwave—Cu loaded activated carbon catalytic
oxidation
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Abstract: The catalysts of Cu/powder activated carbon (PAC) and Cu/granular activated carbon (GAC) were
prepared and used to degradation humic acid (HA) in microwave catalytic oxidation process. The catalysts were
characterized. The effects of catalyst dosage, H,O, dosage, pH, microwave power and irradiation time on the
degradation rate were studied. The mechanism of HA degradation under microwave—catalytic oxidation combined
with H,O, was suggested. The results showed that degradation rates of HA reached 93.91% and 91.59% using
Cu/PAC and Cu/GAC as catalysts, respectively under the optimal conditions of Cu/PAC dosage of 1 g/L, H.O,
dosage of 0.9 mL/L, pH 3, microwave power of 400 W, irradiation time 4 min, and Cu/GAC dosage of 8 g/L, H,O,
dosage of 1.5 mL/L, pH 6, microwave power of 400 W, and irradiation time 4 min, respectively. A synergistic effect
of catalyst, microwave, and H,O, contributes to the high degradation rate of HA.
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155, PRAEREEAC ARG 21817, S5 mdh ot ml HT 7K
HA AR BRI XL
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AT T 2 o0 Tl 7K oo 35 S5 X R A A L0190,
X IRARS K AR B ) R K AR B AT HLTS S i) B A it
TR ATAEUNEG R 75 545 H A Rk e
TIRE RN EA, ECEAT SRR e T AR AL B
(S R ) 5 BT e, AR EAR TR, W T -
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2.1 #RI5IRF

JEFERR(HA =90%, BT+ T 5f), NaOH, HC, H,SOs,
CuSO4-5H,0 i1 30% H,0, 35 73 Hrafi([E 245 45 14k 23
FIHBRAR), 0.45 um JEAE, 200 H (75 pm)ky ARG =
(PAC, REMERML ARG R A ), @1.5 mm x5 mm
PRLIEPE R (GAC, 7 LK RIS MR A BR A &)).

22 LIERESIINEE

IM-A B R (5 B T R 2 B & A IR A A,
TU-1901 54— W53 66 BET(Ab 508 B i P A AR A PR
FAEAT]), 101 B ARG KT RAA AL TR EB BRI
#8)7), PHS-3C %Y pH ih( L ELAAER) ), 24t
P70D20TP-C6 HYBE N ()~ A 22 AL e 2 G B A
Al), SX2-4-10 YLy df (I Ak 5 1L B 4 ) b i i A B
Al JSM-6490LV AU T R AUEE(SEM, HANH
T, V-Sorb 2800MP M bt FTHIAR 43 B A (b 3 4%
R R A D).

2.3 EHFIRHIE

4 PAC 1 GAC 7 5l B TIRFE 5% 5 12
24 h, HE BT /KRE ¥ 2 pH=6.5~7.0, A 105°C
AT Sh B IEE,

Fr—E® GAC Ml PAC 433 E TIRE 03 Al 0.2
mol/L ] CuSO4 ¥ 1215 24 h, WiT, BT 105 CHE
FErPHET 4 h, FED 3R 300 CRRERE 3 h, SEGRE
PR A7 Cu/GAC Al Cu/PAC.
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2.4.1 JEEBE R W C

HERAFREL 100.0 mg JEFEEL, M 500 mL 0.2 mol/L

NaOH ¥, fiHes8 5], MR GEIR 76 A a k. H 5%k

BRI T KEE pH £ 7.0, FH 0.45 um OUERHIE, HIRE
200 mg/L [FIEFEBR BHR, B B ALK E 10, 20
F1 30 mg/L WL
2.4.2 JBSHE BRI AR I

O £ J A R VA T FH 28 T /K B BGR B 1,00, 2..00,
4.00, 6.00, 8.00, 10.00, 15.0, 20.00, 30.00 F140.00 mg/L f{]
TR, S A—1T WL Yet ETHPE B 254 nm A0 &
FE TR TN ZE K (7 B IO, BAROG BE A A
B T B R VR B D AL AR AR bR A e, A5 bR T AR
Y=34.447X+0.0053 (R*=0.9998).
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el B2 30 mg/L I EBRISEAUIE K 1 L, H 5%k
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A B — s B YRS K RE F SR AT WL 43 Yt B T AE
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VA, AR RAE T R0 € BRI B, IR £ R
7=(Co—C)/Cox100%, XH Co NYIIGIETHIRKIE, CH
JRSL I B TR AR
2.5 EUFIRIERE
2.5.1 SEM FA1E
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BAHT GAC I PAC Bk R HOIR, RI-FHEAGE, 1M
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F WA SR > B S A 21 A B R R R T, 2
ERES, TERARIEAME T, AR TELS = Jm i m
TR RURE (BT, T sl — i A A IR LA T
2.5.2 EDS 73t

N T HRMEAI R T 22 e R AR, X 5 e
(FIEALT] Cu/GAC F1 Cu/PAC HEAT EDS 737, 45 S n &
2 fis. MERTLLE H, C, O, Al, Si Al S & il # ik
HE WG, SR S A A TE I Cu g, R
B (A 700 2R T I A 3R T 3R = L= 4. Cw/GAC M
Cw/PAC PR EL I 739008 0.19%F1 2.53%,
PAC L Hi#HAHI =i m T GAC, XZ&RN PAC (L
M. FLRFIFLAEE GAC K(E 1), i fhaE
Z 1) Cu YLBE PAC K. A0 HA RIF AR
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Fig.1 SEM images of catalysts before and after Cu-doping
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Fig.2 EDS spectra of Cu/GAC and Cu/PAC catalysts
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1 NAFEMEALTIR BET LRI FLAAMFLEA.
B AN, 3R Cu Jo o AR IS 1 o RIRIORLTE P ok 1 L 3R
TR R, S H T T R 1 B 48 il R ke, SR
T HR 73 FLTE A PR 2% T e, o5 TS I R IR FLIE &5
M, RO TIEHE R R AR, SR GAC FLE
AL B L AT FRA, PT BB B T SR 3R 0 0 AR
TERTRLIE VR 1 R T SO FLIE I FLEE |, AL LA
BEAK. T3S 1 PAC AL FL S S sk i
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F AT, 7] i G A8 10 A 22 i 2 )l ) TR 0 o
gE, RAYFLAMESER, FifERmAR. L1
R ATIGIN, 1IX A Bh T3 S Cu/PAC (1R B B
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Table 1 BET parameters of catalyst derived from
N adsorption experiment

Catalyst Specific Pore volume Pore
surface area/(m*/g) /(cm®/g) diameter/nm
GAC 192.916 0.038 6.437
Cu/GAC 196.456 0.034 5.547
PAC 465.376 0.374 7.066
Cu/PAC 545.089 0.431 7.238

S TR R AR TR B R A B, R R B A S B
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3.1 TR N E 3T B FARR K PR FE A FZ N

AL AR B0t 65 FE R 2 B 2R s L] 3. eR ]
AT, TR 2% Bk 20 X B A 745 o 2 484 o Sl Rk
8 0 5 #1722, Cu/PAC F1 Cu/GAC HIFINE 43l R
1 F1 8 /L, FEBEIR 2B 240 ik 93.91%F0 91.59%. iX
FEFUN AR AT {21 HoO, 43 7= 26 -OH, 1 Ji i R S Ak
Bk, AL, TRk I R AR AL AR T P A KR RGO
I e A TR S o, 7 A B 2 A Ol ] L1 R B R
AR, AR BN &, RSB R 25 B e 1
AR, S3CHRI72085 0800, SRR AT RE R = AR 2
AR E AR S A, (RG>, JRRRAS R E.
It Cu/PAC F1 Cw/GAC [P BN 4> AIE 1 AT 8 g/L.
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Fig.3 Effect of catalyst dosage on humic acid removal rate
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mL/L, J& 58 R 25 1 91.05%42 51 51 94.09%; Cu/GAC
AEACTIRT , HoOn BN 0.5 mL/L 34 % 1.5 mL/L i,
JETEIR PR ZH 83.14%HE i 91.56%. iX/2H T H.0,
PEACB BRI B4RV R B AE R T, A2 2% Fenton [
FEAE KR B A LRE S 1-OH, SR 7K 1) 3 B A
VIR B 0 70 S I A e A 2 AR B g . R
GREH K H0, BN IR L b % EAZIE, K2R
Rt H0, K4 B HEE R, 2)], M
#il-OH = A= 21,

95
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g
g 90+
s
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Fig.4 Effect of H2O2 dosage on humic acid removal rate
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A H0, BEINEIRAT T 08 iy I AR £ R 3. R 2
Cu/PAC Fift/. HLRTAUK, BELERLALLE K % i)
SIMIEIFI, WY, Cu/PAC 5 H0, IIAT R B fil
SR, A H.O0. /=4 2 -OH. Ll Cu/PAC A
Cw/GAC NEWFIE, FfE H0, #INE /5008 0.9 Al
1.5 mL/L.
3.3 pHIEXEERR AR FERI SN

MK S ATLAEH, 7EEER pH Ja P (2~10),
Cu/PAC FMEALTINT T B IR I L B 35 s, pH=3 B LBk
K, 15 94.05%, pH {EH 3 3EInE| 10 i, JHEHERR
ZBRFEEAT N, B ET 87.84%; 1 Cw/GAC fEf#
A AT, RHERR 2 B2 hE pH 38 i Je tRodi
a1 2%. pH=6 I Cu/PAC Fll Cu/GAC X Ji JE 2 5]
HAREMERE, ik 89.65%. AT WEHE M RAML ft
RER SR ERRE, AR = R R
H0, X pH E &M, FA 535 TR L.
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Fig.5 Effect of pH value on humic acid removal rate
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Fig.6 Effect of microwave power on humic acid removal rate
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WIGEARFE N 30 mg/L WIS THIR L /K, 2~ AL 4
min Ji, LA Cu/PAC F1 Cu/GAC AEALT A 6 FE R 1) 2%
B3 IE 94.07%F1 90.33%. L34 R JE SR VI UG
FERIEBRE, 4 min iAo b 2RI [H]

M 7 BATE Y, R ACHE 1 min B, BIEEHE /N
(RSB E IR 25 W R B 5 mind PRI A6 IR FE K IV B B IR 2%
BRI, X2 BN E I — AL 1 -H 0, 14 R A7 AE
B — e A B TR V7 R PR S 79 e 2558, R A 8
B TR 25RO ULEE 8, BT UL 1 min PG PR AT 25 bR

2] 24%~28%JE R, "Bt 5 min B X BRREALHE &
2%~8%, FI WL SIATIAM B o 5, ELR SRR 4G VR
FRA, WP RS TE 1 min N, LML AL
Al F R0 60% I TR, 5 min I S — AL E AL I 22 B
RILFEL 30%, AT WAIIRIR R SR K, AR & &
%, WLPHPRER BRI, TR EE SO — A A SO
b — B AR T B R ,  Aiple — R Ao S A R T PR R 5 22
SRR R B E IR 2 B 2 1H [T+

100
| CwPAC 1 g/L
X
= 90 - Microwave power 400 W
g H,0,0.9 mL/L
g L 272
= H 3
S s’
B
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g 701 HA initial concentration/(mg/L)
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Fig.7 Effects of HA initial concentration and microwave irradiation time on humic acid removal rate

100
o L Cu/GAC 8 g/L
N
S 90 |- Microwave power 400 W
g H,0, 1.5 mL/L
5] L
= H 6
: sop "’
&
2
=]
g 701 HA initial concentration/(mg/L)
.2 —=—10
E
E —e—20

60 - —a—30

| | | | | | |
1 2 3 4 5
Microwavw irradiation time/min
100

L 1 min 5mm§

80 B Catalyst adsorption ;
L Microwave—catalyst-H,0,

Humic acid removal rate, /%

u/GAC
Catalyst

K8 AL S R (B3 400 W)~ Ak S A X
JEEFELIR 2 BRI 5 )

Fig.8 Effects of catalyst adsorption and microwave (400 W)—
catalytic oxidation on humic acid removal rate
(Cu/PAC 1 g/L, H202 0.9 mL/L, pH 3,

Cu/GAC 8 g/L, H202 1.5 mL/L, pH 6)
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BP9 mIn, RGO B R R E R 2 R AN
4.82%; HLHH HoO X JEFE R I 25 Br 3 AN =7, N 13.88%,
X2 KA BN HaO, MUK AE 355 1) Fenton S,
AR TERRIREJIA PR 500 Cu/PAC W P Fi B R 25 Bk
EWAE, N 30.11%, MHE+H0, R FERE B2 H

B Ho0, IR 13.88%3 28 34.24%, 3 J2& K Nl ipl 4% 8
{5 BE R P 7K )R FE T 51, AR 3E Fenton BLHEAT, PRI
L TR LR R, +Cu/PAC BEA 1R A8 5 R
(% Br3 B Cu/PAC I ) 30.11%3 51 E 67.7%, 1X &K
N AR T R T E O e B R TR i A s B — e Ak
JEE FERR I THBE. HaOo+Cu/PAC 1641/ FH I 165 B R 1) 25
R L B o0, IR T 61.76%, 38 WA (b7 T g ik
H,0, 53 r= 4 8% -OH.

1. Microwave 2.H,0, 3.MicrowavetH,0, 4.PAC 5. Cu/PAC

- 100 ¢ Microwave+PAC 7. Microwave-Cu/PAC 8. H,0,+PAC
S [ 9.H,0+CwPAC  10. Water bath 4 min+H,0,+CwPAC
3“ 80 | 11. Water bath 30 min+H,0,+Cw/PAC
g | 12. Water bath 60 min+H,0,+Cuw/PAC 7 77
i 60 L 13 Microwave+H,0,1PAC 72
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g | 10, 7
2
e L
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Treatment process
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Fig.9 Humic acid degradation by different treatment processes
(Catalyst 1 g/L, H202 0.9 mL/L, pH 3, microwave power 400 W,
irradiation time 4 min, water bathe temperature 60 ‘C)
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TER—H O~ AL FRIA 22, (A5 AT I 25 42 i )
VERR I 2B %, H] PAC Al Cu/PAC AAEAL 71 5 5 % )
FREFR T HIE T2%F1 94%, AT WA S BT ) 48 8 vk 4 7k
FU AR £ 304 AR 1 2 0] T L IR T 2 B R A TR e, A
B . H00 M Cu/PAC =2 Wir[EI1E FH 1) B R
F2 R F(94% ) = T+ H0, (34.24%), HyO,+Cu/PAC
(75.64%) AR +Cu/PAC (67.07%). Ti—H,0,—# 4L 71
R PAC NAEALFRIRT 3R T AL A, AT LA
RIN, EIRAREAN TR 2R T 22 bl e RS TR B FA iR 3 T
— € HEA AR IR IR M DI Re, (H A RE AT HAE 15
FARR LB, RN H0, B, (AT S AT i) K
P2 Ha00 43 fifr=E-OH 0%, JAFHE mMa L5 4L
2R 212324, ] WL, 7E AR SRS 1) Arkipe — P A S A P o
FATRIR B R, st HaO, FIVEALTR = 35 535 [F I 27, 3
IR Ty REXT 5 FE IR 114 e 2850 2 B A e e PEAE .

T 8 R S T R PR /K PR AE 1.5 min N T /= 2
AL 100 °C . 75 200 o M 1 S 1 B 65 BT 1)
W, BEAT T KNS ELSEEE. KIE+HL0,+Cu/PAC AbFHE 4,
30 A1 60 min I}, JEFERR (1) 2 BR 253 1N 65.23%, 71.15%
T 73.71%(B 9), AT WL FEXT B A R 25 bR — € s,
{BAE 4 min KIS TA] A, TR 25 BR 3N 65.23%,
AR TR R N B EBRFE(94%), is—HE A A AL RCR
e

4 %

KRR beik il % 7 53 Cu Bk ARG MR
(PAC)FIIURL IS 1 % (GAC) B R AL 751] , LGS i BR AR SR
OB TR B, WEF0 T 0 — 2 R v T R P A S A &
LB R . HOo BoNE . pH {H. IR,
AR FHRF ) 45 D8] 2 0T e A I3 0 1 P s i) RN B AL, 79
LA ik

(1) A E AP R IR A R, 10 Ho0
AR FE 4 FHOGT T8 A 1% v 20K A ks A .

(2) T — B A SR A 25 A 43 1 Cu/PAC #E0m
& 1 g/L, HO0, #h& 0.9 mL/L, pH 3, i T% 400 W,
L I (8] 4 min A1 Cu/GAC #EIHE: 8 g/L, Ho O i 1.5
mL/L, pH 6, I 400 W, ki ] 4 min. %5644
IR 2B E 5 A 93.91%F1 91.59%.

(3) A TE PR R LU AR S P e P R B R e
AR R IR 3%, H Cu/PAC HIZCR @R T
Cuw/GAC, BT Cu/PAC kife/h. HLERR. HEim
FUK, BETERIE A E A 4 R 557K HoO, TR RS
SIRIRTFI, A SN, BROKHE v A AR s i e 1) 2
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