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Abstract: Using waste mushroom residue (MR) as material, mushroom residue activated carbon (MRAC) was pro-
duced by ZnCl, activation. The saturated MRAC produced by adsorbing aniline wastewater was regenerated by elec-
trochemical method. The influence of current, electrolyte concentration of NaCl, electrolysis time and pH on the re-
generation effect was investigated. And the optimal regeneration conditions were explored through orthogonal ex-
periments. The results showed that, under the conditions of pH of 5, current of 300 mA , NaCl mass concentration
of 15 ¢g/L, and regeneration time of 1.5 h, the regeneration rate of MRAC was as high as 98.43%, and the repeatabil-
ity of electrochemical regeneration was good. After six cycles, the regeneration effect was stable, and the regenera-
tion rate could still reach 87.53%. FT-IR, BET and SEM were used to characterize the MRAC after regeneration
and the adsorbed aniline-saturated MRAC before regeneration. The results showed that the aniline on the surface of
the regenerated MRAC was desorbed, and functional groups such as hydroxyl groups were recovered. The BET spe-
cific surface area and pore volume of the MRAC after regeneration increased, and they were 1.54 times and 1.36
times that of unregenerated saturated MRAC, respectively. The pore size of micropores was concentrated between
0.4 and 0.5 nm, and the pore size of mesopores was concentrated at 4 nm. Electron microscope images showed that
the electrochemical regeneration process did not significantly damage the surface structure of MRAC , and the regen-

erated MRAC had abundant pore structure.

[(EETE] P54 ESHF AR5 H GES & R4UR) (201803D31046) ; 11 75 45 Fh % 1K 57 4k 51 5% 3535 H (201904D131065)

—101—



AR

Tl KA F 2022-07,42(7)

Key words: mushroom residue activated carbon; aniline; orthogonal experiment; electrochemical regeneration; ad-

sorption

R S — R B TR A T o IR VR AR 3 AR
Shy — b R B ) A T JEURERTORS 4 Ak T Hp e A R )
T Yookl (B2 R 25 54 . R )
JEH A, AT Sk P R R R R AR AR 6 N i
FNE 3R G0 7= A 200 5 AR L R 3E AIR F
WEDRE™ . KBS WoR , R e nT DA7E A SR ALK
FEAE, B B G A 4 B BURE L R B i A 26 B0 K
(SEPORZS el AS N ORGE SN E N BN & S|
N v [ BB O S 4 TS e BA A B HE TR
LR IR IS T R <1.0 mg/LU

Tl - Kb 3R e I K H B O A R B AR
B Fenton B AL L AV WIL 6T, 36 M2k (AC)
BAE I A Sl — b 28 B o K00 vk Xt I K P R g ) Ak
HELAT R AR (LR B AR AT Y AC e T Ak Y
[i) L, A K BR i T AC A A R K Ak B A S B R
Mo BHHEEFWAR, AEIE— A IR 9,82
WA E G L, AR ACE A &
AT A 45 . Bl , ACHIE SR E T LA
AL AR 2R AR AR Y A R A (AR
Gi AT IR AT AR REAE B R ABURE R e AL B B JE
A SRR A AN A ) R R b A A Ol — el
A7k B SR R ORI FE AR A
Mok, BATE A R AF T (H X B0 58 K 4 3R
F T i b 2R R Bk S AR ORI AR L A
He 9y 5 % BEE A ARk 4 P A Ak B DL R PR o AR Pk R
THOULEE ¥ AR AL R 58 e /117

S DL i A W B R, R R T O e
(MRAC) E £ W BRF 0 01, 1 S 6 JHL iR 47 fi Ak 2 P
5T WAk A TR TN A% e I A R 2Rk R R
BRI RE M), ) P L 58 S 36 e 9% 1 o A A T2 45 1 T
X bAoA AT A 4347 H Ak 2 T A i B P MRAC %
T 35 AT 55 LI 25 49 1 25 Ak, o B 98 MRAC HL 1k 2% 1
AL S %

1 LM BFAE
1.1 ###
TR BCH WA AW B A R A R &

FFE Rt B4l K , B ZMQS50001 4l k £ 48 (3£
2% B ) fT

—102—

M \HCLLH,S0,.ZnCl, ,NaCl N-(1-2%) 2 —
Jie W | R AL = 5 IR IRGR T NaOH \KHSO, 2 2
Bl 1% e, ) ) R R X fb 2 2 R A BRA R . DLk
L4 53 Hr 4k

FS200 ALKy REHL , 5 M BHML S A RS H] 5 SX2-
4-10 B 46 L B, A6 5t B K 4 AER A IR A W
HZQ-F160 %I 4 i 3R 3% 55 32 50, 0 M K5 S0 56 1% &%
AR UV=-500 43 606 BT, il e B AU A B
25 W) s FE20 05 %5 pH i, M5 i) -4 L 2 (U A8 A IR A
H) 5 MS603D ] 1 i F2 R HL U, AR 5E 38 ik R
FBRAHE .

1.2 XWHE
1.2.1 ZHBEE

SEUGREE LA 1, SV As o EAR 75 mm 5 75 mm
BB AEA . (] AR S mm A< 80 mm B 5 4l f7 SR AR 43
SAE R B BH R, AR (BT R 5 em o

A7 77
/ i —4
7 i
/ 5
# 2
- 2
7 y
7 .
7 //
. 71y

5-|—/ ’|
1—EL U LR 5 2— B AR 5 3— B ; 4—1R AT MRAC; 5—%4 T s 6— i 1%
Bl BUFBEERE

Fig. 1 Electrochemical regeneration apparatus

1.2.2 MRAC ## %

W TR IEVE LT RE B, i 60 B
(0.250 mm) i . HL 10 g J% BB K 15 40 g it 5 3 4K
H50% () ZnCL S WR & B 51 R B 12 he 2
Tt a M RHE T 600 CH i p i 4k 2 h R 5 S
5T 53 B 1% W $h IR T V% L 15 22 1R K ok &= bk
B 80 CHERE T4 12 ho i B9 RE 5 BE 15 5 60
H i e, A % B A A7
1.2.3 EBARMW %R

10.5 ¢ T 1% MRAC & T 100 mL T & ¥ i
100 mg/L {9 2 B 35 W, A 150 o/min (433 R FE 25 °C



Tl K AL FE 2022-07,42(7)

BRA.F . AMERKFRENEEEFEEREUFHE

7R B IR IR ¥ 3 h & Ik B W B OF A S R At R
MRAC U, FHZR I K Vi, 4E 80 C N AL T 12 h, &
TrHEas R . EE AT 3O TN AR 4
RO T i 4% e o ke B ) 7 AT B R B ) S BR R
124 wAiLFHA TR

PANaCl by Hi fif 57, 43 ) 7% %€ W Ak 2% 5 A i) H
Uit A B TR] R A SO JBT o v L p HOXGT I B R i 7 AN
MRAC F2E A 520

TE S % FP A 200 mL NaCliE 5 0.5 g 4 il
MRAC, ¥ 30 H J5 AT FR A S0 0 o Z Ja B i 2R 5
MRAC B, FH 268K 268,80 'CF T4 12 h,
ST 3 T AT WL B 52 56, I M 4R W2 B I S R B A
AT MRAC 1R %
1.3 DA E
1.3.1  RERE g

MG N-(1-Z558) & — i AOGE 2: (GB 11889—
1989 ) 1) 7 V5 YL v A 4 i TR
1.3.2 42 et T 39 ki (FT-IR) 547

it FH 28 EIFE R | AR = i -5 1S5 1 f FL it
RABLT AP 3 506 TN R A RL R THT B RE 141 Y e 2 R
W R B . DB REIRE S KBri A (it H 1:100) ,
TEHFG TR b 58 o0 BF I L 64T e i D5
1.3.3 ik @An X (BET) 2 #1

f# F 35 [ Micromeritics 23 7 45 7 (1) ASAP2460 %!
Fe 2 B T ACAE 150 °CTF R 45 800 W% B b B 52 565
B b B e 2 T BUR FH 2 05 BET 33155, fLBR 45 44
Barrett—]oyner—Halenda( BJH) fl Horvath—-Kawazoe (HK)
Bt B .
1.3.4 428 F ZMAEB(SEM) 5 41

i FH 1] Zeiss 23 7 A4E P2 L5 GeminiSEM -
300 737 & 5 471 4 L S BT R %) BRO0E 3R TR S 2
o AR DA ol 8 TR 1 4 5 I S AT 1 4 A 3L DA
HesRAE S M 2R O R N DA TR OR
fR g T A TR
2 #RE5iTR
21 BUFBENZWERRKR
2.1.1  FAFMA MRAC B A8 #a

TE25 CHI W #  , #A 0.5 g M Al MRAC , WF 5%
337 (50.100.150.,200.250.300 mA ) . F-A= it [a] (0.5,

1.1.5.2.3.6 h)  HLfif i il & & (5.10,15.,20,25.30
g/L) .,pH(1.3.5.7.9.11.13)%F MRAC H1 fk. 2% -4 5%

)AL I TN ES I A Al W6 - S - = A0 | WP D IVA £
HAth 5256 443 591 Ky - NaCl Tt 54 BE ly 10 /L HL N
200 mA .pH R 7 FFAE B4 2 b SRR .

100
90 -
80 |
70
60 -
50 F
40

(a) 1

MRACH /%

0 50 100 150 200 250 300 350
Hi/mA

—_
(=3
S

R s S—

®© O
(=T )
T T

MRACHH4E % /%
[« N |
~ T

W
o
T

N
S

Fsf [R]/h

100 M (©) — &

MRACH4: % /%
o
[

15 20 25 30 35
IR (g L)

100
©) ——
95
i\;\i

&
-
=il

U

MRACH4:%/%
o0
=

1 3 5 7 9 1 13
pH
B2 BERENBERNEMN

Fig. 2 Effect of regeneration factors on regeneration rate
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Table 1  Results of orthogonal test

e . \ AT \ %
ACHLE) /mA B CHfiff o3 o i e B ) /(g L) CCHLffR ) ) /h D(pH) 2 H

1 150 10 1 3 1 82.64
2 150 15 1.5 5 2 92.85
3 150 20 2 7 3 77.23
4 150 25 3 9 4 78.71
5 200 10 15 7 4 93.86
6 200 15 1 9 3 85.91
7 200 20 3 3 2 86.05
8 200 25 2 5 1 78.24
9 250 10 2 9 2 87.41
10 250 15 3 7 1 91.19
11 250 20 1 5 4 81.97
12 250 25 15 3 3 84.27
13 300 10 3 5 3 94.57
14 300 15 2 3 4 88.22
15 300 20 15 9 1 9431
16 300 25 1 7 2 82.41
K1 82.86 89.62 83.23 85.29

K2 86.01 89.88 91.32 86.91

K3 86.21 84.89 82.77 86.17

K4 89.87 80.9 87.63 86.58

R 7.01 8.98 8.55 1.62

fH2e LA, B2 0 MRAC FRA R4 N & F ik S BN

IR S+ FEL A T 5 K R > L g I ) > HL U > pHL.
Forb, pH RS T HoAl 34> IR0 L A~ 1 ARl R Y
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Table 2 Results of variance analysis
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Fig. 3 Effect of cycle times on regeneration rate
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3 1
pan PRI g LA
JF i MRAC 902.702 7 0.799 8 3.544 3
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