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Adsorption of Phenol and Copper Ions by Mushroom
Residue Activated Carbon
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2. Shanxi Municipal Engineering Graduate Education Innovation Center, Taiyuan 030600, China)

Abstract: Activated carbon from spent mushroom residue was prepared by composite modification of alumi-
num sulfate and nitric acid, and characterized by infrared spectroscopy and isoelectric point. The kinetics and i-
sotherm of adsorption of phenol and copper ions on activated carbon were analyzed by fitting. The experimental
results show that the activated carbon has an aromatic conjugate structure and the surface is rich in various
functional groups, which is conducive to the adsorption of phenol and copper ions; the adsorption of phenol
and copper ions by activated carbon satisfies the second-level kinetic model, and intra-particle diffusion is not
the main step to control the adsorption rate; the adsorption of phenol by activated carbon is a preferential ad-
sorption of self-release heat, and the adsorption of copper ions is a preferential adsorption of spontaneous heat
absorption, which is in line with the Freundlich isotherm adsorption model; the two-component isothermal ad-
sorption still meets the Freundlich isotherm model, and the adsorption of phenol and copper ions on activated

carbon is synergistic; the adsorption mechanism of activated carbon on phenol is mainly hydrophobic bond
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force, and the adsorption mechanism for copper ions is mainly ion exchange and coordination.

Keywords: mushroom residue; activated carbon; phenol; copper ions; isothermal adsorption model
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W 0% T TS U B S ok 10 B 12 g Sl i 5 MR A S 20 mL 1.2 g« L' I BRRR 48 VA W
FEoriRAG S HHE 15 h 5, BT 100 mL HEs 72 800 C Lyl rpfiie 1.5 h ¥ 20 2%k IS 15 PR AR Y T
5 1,25 mol « L 'SR AIARRE 1+ 5 By Lbl e IR & %8 20 h 5. & T 100 mL Hi#sh . 78 800 C
S rpagee 2.5 he SeRYE, FOKUEZE i LT OBy R L 2F 100 H . SR A pH EEASIL I E MRAC 1955
Hi 5 . oK Fl TENSOR 27 B2T SMGI% A5 #r MRAC 16 B fE . 8 400~4 000 em ',

1.3 MRAC HEENIE

FRIC— 2 #E 1) MRAC & T — &4 100 mL IR, 20 A 50 mL — 5@ Jit 5 Wk B A 2R B 4 25
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2.1 MRAC &5 #r . ) . . .
211 M Zebirsbi#(FT-IR) 44 MRAC g FT-IR g 00 200 3o #o0
B, aniE 1 R, B 1 o S BEEL B IR T ATA: MRAC 78 3 412 K1 MRAC fty FT-IR £ [
em TAME 1 A—OH %Rz, 1 620 em™ ' Ab g R B C=0, Fig.1 FT-IR characterization
C=CHMgEiRahEma.1 430 cm "2 C=0,C=C—H diagram of MRAC
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I SCHR R E ) AR AR R S5 FL A 8. 5. IR, R il R PR IS 1 MRAC FE K Wi b 26k, 7T R 5 MRAC
Tl GH B ZAMB I HLEMA S MRAC 5 m S B AF TR ERNE T IS &
JE O A PR AT LA I MRAC 8 7K 1 A ] 0 B 0 7K 1 35 e 0 2R 1

2.2 MRAC XBKHPEE HEFER
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Fig. 2 Effect of pH value on MRAC removal of phenol and copper ions
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Fig. 3 Change of adsorption capacity of MRAC for phenol and copper ion with time

http: // www. hdxb. hqu. edu. cn



210 A R e Al CA R B 2R O 2021 4

— 9B S E R T R B A R T AR ORE P RO R i1 DA

In(q.—q,)=1In g.—k;t. (D)
t/q.=1/Ckyq?) +t/q.. (2)
qt:k,‘tl'/z—’_l. (3)

KD~ g, Jyt W2 MRAC B W 25 45 5 by S — 208l g 2 W B 380 30 55 ko Sl 008l g 2 WY
TR R s ey S BIUREL AL I 38 8 T g i M JREJE 30 B2 I R
K — 98 12 9 sh 1RO N T B R G [ 3 AT LA L AR AN 1 iR, R 1 o R
5 HE.
# 1 MRAC K5 J1 2% W5 S 5
Tab.1 Adsorption kinetic fitting parameters of MRAC

v ety o/ 1 — B ) R | Y Eh R | %@T*ﬁ%}i‘fﬁﬁfﬁ@ |
mg * I ki q./mgeg ! ky  q./mgeg ' ki I, r ks I, I
10 0.15 0.42 0.98 1. 14 3.35 1. 00 0.12 2.85 0.93 0.04 3.13 0.95
- 20 0.15 0. 57 0.97 0. 88 6.68 1. 00 0.14 6.07 0.92 0.05 6.38 0.92
=B 50 0.14 0.76 0.84 0. 65 16. 61 0.99 0.16 15.90 0.93 0.10 16.06 0.91
100 0. 14 1.16 0.99 0.41 33.22 1. 00 0.35 31.79 0.93 0.09 32.66 0.91
5 0.13 0.13 0.94 1. 20 1.68 1. 00 0.12 1.19 0.94 0.02 1.54 0.94
T 10 0.18 0.51 0. 96 1.02 3.33 0.99 0.14 2.75 0.98 0.02 3.20 0.79
15 0.19 0. 69 0.97 0. 81 4. 97 1. 00 0.13 4.35 0.96 0.03 4.80 0.92
20 0.17 0. 85 0.94 0.62 6.63 1. 00 0.19 5.79 0.94 0.05 6.30 0.95
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> _ 6
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Fig. 4 Isotherm of MRAC adsorption of phenol and copper ions
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2 U 5 R AT RS Freundlich 45 i W B B A C S0, AN oo /g 5 oo HOAR G Il 22 9 A EE 45 0% 3¢

A 3R A% Langmuir 45 Ji W BEASE R (9 AH G #2 WHEREA S
%%g[ LEERNEE 2 R, Tab. 2 Fitting parameters of adsorption isotherm

i1 2 2 9] 4. Freundlich 5% jig W% [t T/K 44y Langmuir 5 %! Freundlich #% 7Y
T . e - max/mg * g ' KL r Ky ng r
FLRYRE % BT 47 bk MRAC 1% B 2% B vos. 15 KM 126.58  0.50 0.56 5.71 1.23 0.97
Wl B AR IR AT LA (P2 >>0.97). T HET 47.62 0.15 0.77  6.25 1.07 0.99
DA ok Bl M R A o AR 161. 29 0.32 0.42  5.12 1.12  0.97
L SRR AR I MRAC XEAR B B2 T 298,15 WET 3144 0.33 0.40 8.29 1.08 0.97
BB 3 oA 2 2 W B, H MRAC w0515 KE 232.56 0.18 0.41  4.17 1.08 0.98
LENG A e, WG B A5 A 24T R AE Bk o WET 16. 31 1.19 0.86 10.00 1.31  0.99

: s . e 270. 27 0.13 0.37 3.57 1.08 0.99

e (IS RT 1 B MR R 30815 e 5y 5 0.32 0.73 15.16 1.02  0.97

B 358 25 5 W% B MRAC 25 3 28 Ty 1Y)

TESH0 K {F R A5 0 32 T 2 30 0 B AL 18 B P IS ) MIRAC X6 24 T 11 W B o o8 A 0% A o R 2 — il
PG 33X T R AR H T B T T R I AR K B VA AR B B s K M B AR MRAC 55 2K 1y 22 (8] 1) 51
VIS5 AR I 1 o N S i 253 =1 (v L O R P R o =7 A = 1]
MRAC W [t 4 25 F B RHAE S50 Ko (B & TR A 5 B 6. 25 s 3 15, 16, Rtk FHl A Fl T MRAC
Xt ) S ) O T 3 A R e e — A R A S R X T RE R TR B T 4 T Bl B R, A
5 MRAC (25 A %Ot i it

2.2.4 BRWRAFE  RIFESHOT DA IR X R BT 1 R e SR AR A 3T A R RE AR TR (AG) I 3R

AG=—RTIn K.. (6)
M In Ko 5 1/T MG RERFEEE ARSI AH 5478 AS. 1
In K.=AS/R—AH/RT. (7

K6, (DHF R KM HEEES. 314 J » (mol « K) ' K. 2k W Jfit -5+ %
TS 2 B W R 12 S 80 AG, AH R AS, g 3 iR,
3 MRS

Tab. 3 Thermodynamic parameters of adsorption

H 4y AG/K] » mol | AS/] + (mol + K) ! AH/K] + mol !
293.15 K 298.15 K 303.15 K 308.15 K
7K By —4.25 —4.05 —3.60 —3.26 —67.95 —24.22
el B8 T —4.47 —5.20 —5.80 —6.97 160. 63 42. 67

M 3 Al AR &R S5 s MRAC W B 2R 3 1 AG<<0, AH<Z0. At s MRAC Xof 4% By 114 10 Fff Sy
I B O SRE » ifik BE T AR T MIRAC X 2% 3 (4 W . 20<<| AH [ <C40, Bl MRAC X fifd 1k 2 1 25 B
LA B B Ay = o A2 R RO SRy Al g 7K P A AT B 2 MIRAC W R Al 56 4 ) 2 AL e el WO 5 | 55 R 3
HEAE . WAL AS<TO WTREZ th T RN IS B 1 B2 T R L R B MRAC X 24 M A9 18 B 2 i [T A 45 )

TE 4 6L 44 F - MRAC 25 R4 B F 19 AG<<0, AH=>0. [H 1t MRAC X 4 5 -7 g W Bt o B 2% 19 7%
PR TH A AT MRAC X 5 255 1 MR, 1 2508 55 W R 55 T 26 i 45 18 — 2. Xl g2 th T MRAC
TN A B 1 I PR A A 25 W B B8 58 4t N2 5 VR D SRy 32 TR A 1 A 2% W B A R A7 L s A
AHZ40, [F)#£ 2 B MRAC X 255 10 0 B LA 27 W B O 3 5 28 AS™>0 R B 1 778 MRAC 1 Fff 4
BRI SRR 7R MRAC T8 A 7K 73 5K Az BB & T 7K 23 5~ A B8 ZR PR B L 4 B 1 /08 o A1 kG
T K 5T 5 L B MIRAC 2 187 (9 i B9 2 1] T 9 T 9 L2 4 o=
2.3 WAL EIRRM

ffi | Langumir, Freundlich, Modified Langmuir, Extended Freundlich, Sheindorf-Rebuhn-Shein-
tuch 8¢ 5 A5 B WU 73 TR G Ve Ve B A5 TR R R AT UL

W 43 Modified Langmuir 45 75 W B A5 750 S

qoi= qmnx.lKL.z‘O(‘.z/ﬁ[.z
o 1+K1,./pc,i/7]1.1TLKL.]'(OC.]/UI‘.].
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W 4H 43 Extended Freundlich 253 W B 55 70

KF IEC Ivl/””’+>rl
qe.j - ‘r. - - . (9)
oei T yipd;
M 2H 4y Sheindorf-Rebuhn-Sheintuch £ J& 1 [ 455 5 K
qei =Kr oo Caipeita o) (10)

T (8) ~ (10) 2 g JJg WULH 3 94 T FP W B - A i) MRAC %F35 9 @ BB 25 mg » g ' 5 pesi s oo, 20 1)
SRy RUZEL 3 V5 VR W A SP-AE BE e  7sg BFRI R VR B mg -« L5 K Ko, 43 918 Langmuir 453 0%
B ASS TR X B ZH A S VR TS e i) BLA S ECK s Ke o Ky one 4300 Freundlich 45 i W% B A5 78 X6) #
HPEW PG i) WG SEKe onesps g, NBIEREG 2y HIUA BB RS a0, N
159 X MRAC W FfF5 344« i i 5 4%
25 CF X4 43 45 il W B S 50 U5 45 2R n gk 4 PR,
FA LS SR S B B 45

Tab. 4 Fitting results of adsorption parameters of two component isotherms

T A B W
Langmuir Quax — 26. 24 , K, =0. 31 0.92

Freundlich Kyr=5.46,n=1.72 0.98

7K Modified Langmuir ma=17. 74,9, = —2.46 0. 90
Extended Freundlich x1=—3.00,y;=5.37,2;,=—2.13 0.98
Sheindorf-Rebuhn-Sheintuch aiq=17.23a;,=—7.94 0. 82

Langmuir Quax —17. 33, K =2. 36 0.94

Freundlich Ky=16.96,n:=1. 36 0. 95

(I Modified Langmuir a1 =0.25,7.,=12.57 0.98
Extended Freundlich x1=—9.01,y;=—3.73,2,=1.03 0. 35
Sheindor{-Rebuhn-Sheintuch a1 =—2.56,a;,=1.60 0.71

Hi# 4 AT Freundlich 45 W ML MRAC W B B L i B 590 4 7K 38 6 26 i IR R 8008 #0045
HOR P HLS (=0 95) » Bl MRAC X XU 73 35 980109 W2 BE AT O 22 J2 W Bt s HL me (ELE R T 1, 360 MRAC
X IR W i T R R R ATS DA (I S R B s 5 PR S e B — 20 73 Freundlich A5 R W B AL o K o ne {EAH
L AU 0 S IR R ) K o {ELSE R B AR 0 5 B 0 1 TR 5 i G T 2080 SR 49 s o — 38 ¢ B O B [ R
R RS H TR B AT LS R I A R A L ELER B TR R R B AR U R BRI
[ A7 B 1y 3L A L. DRI TR A I 5 o A R R OR 38 98 . Extended Freundlich 45
VR R AR TR 5 iy B A 45 0 K00 DL 45 ROR B0 » L BE 55 B — 21 0 v 2R 0 2 R B A2 Freundlich 2538 K
BB R A 56, Modified Langmuir 45 i M BT X0F R 5 1 FY) 45 i W% B 5 40 400 28CR e T RE 55 8 IE &R
BEKA K. Sheindorf-Rebuhn-Sheintuch 25 Jif W B 452 B4 X P B 75 e 9 $00 & 45 SR 29 50 22, m] gt il
MRAC L 1y W B A3 X6 25 5 L i 5 1) W82 Bf B O AN L 45 0 A7 . AN &2 Sheindorf-Rebuhn-Sheintuch
25 kB R A5 5 ) B L.

3 g

D UM sy Hr 45 R R W MRAC £ifi & % H 3L RS Z M B e 1. 45 f o5 I 25 R £ .
MRAC HA & B0 0 55 & 45 0. BRIk, MRAC X 25 B i 25 1 10 08 R 28 S e g » ol DA ok 3] [ 58 4 o
GB 8978 —1996( 5 7K £ 45 HE A A v ) X6F A5 35 24 15 ) 6 - 00 A Joft o2 vk B 1) oK

2) MRAC XJ R Wy i 25 5 0 W BfEt 2 — 2 gl g 2 A, J2 Wy 3 Ak 2= 2L W) VR TRy 45 51 . BLUBORE N 9™
FCAS 2 4 ) WO o 38 2% 14 = 2 20 R 3 A o R A T ) R B Sy 1B A B ) R T A B A R B Sl
S WA O B B 294 G Freundlich S 3 0 B2 AL

3) Freundlich 4§ J W Fh A 7060 XUZE 43 55 1L W B 7 4006 RO B0 R 540 B8 178 MRAC | i)
Bt 22 30k b [0 46 FH . S A0V W s MIRAC S 25 19 4 B85 149 8% 4TS J2 1 6 1

4) MRAC XiJ il 524 1) 05 BEATL 3 5 2 oAy i 7K B g T X 440 B3 ) WA o L 380 o 2 Oy 3 3¢ o i v 2
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