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Abstract

In order to comprehensively utilize the local characteristic agricultural and forest resources and
give full play to their ecological and economic benefits, walnut shells are used as the basic raw
material, and potassium permanganate is used to modify them. Fourier infrared spectroscopy and
scanning electron microscopy are used to characterize the chemical properties and morphology of
the walnut shell adsorbent. The adsorption capacity of walnut shell adsorbents for different heavy
metal ions in the unit system and multi-system artificially simulated wastewater was investigated.
Through single factor test and orthogonal test, the best process conditions for the modified walnut
shell to adsorb Pb2+ in wastewater were screened and optimized, the adsorption effect of waste-
water containing multiple heavy metals collected in the mining area and surrounding areas has been
verified. The results show that: 1) Walnut shells have a certain adsorption effect on Pb2+ in the si-
mulated liquid. The adsorption rate of Pb2+ on walnut shells modified by potassium permanganate
is significantly higher than that of unmodified walnut shells. 2) In a system with a normal temper-
ature of 25°C and a solution volume of 50 mL, the optimal process conditions for Pb2* adsorption
on modified walnut shells optimized by the Lo(34) orthogonal test are: particle size 100 mesh, ma-
terial-to-liquid ratio is 10:1 g/L, pH 3, the initial concentration of Pb2+ is 20 pg/mL, and the ad-
sorption rate reaches 99.75%; 3) The walnut shell powder modified by potassium permanganate
has a good adsorption effect on multiple systems containing multiple heavy metal ions in the solu-
tion, but the adsorption efficiency of different heavy metal ions is different. The order of the ad-
sorption rate of various heavy metal ions is: Pb2* > Cu2+ > Zn2+; 4) Modification walnut shell has a
good adsorption effect on low concentration mining wastewater containing multiple heavy metals,
but its adsorption mechanism and many related issues need to be studied in depth. It can be seen
that the modified walnut shell can replace other adsorbent materials for the treatment of heavy
metal polluted water bodies to a certain extent. The material is cheap and easy to obtain, green
and pollution-free. In-depth research and promotion and application can promote the rational use
of agricultural waste and turn waste into treasure.
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Table 1. The standard curve of copper, lead and zinc and their correlated coefficient
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Figure 1. The Fourier infrared spectrum
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Figure 4. Effect of pH on the adsorption of Pb?" in wastewater by walnut shells
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Figure 2. SEM image of modified walnut shell
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Figure 3. SEM image of walnut shell before modification
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Figure 5. Effect of particle size on the adsorption of Pb?* by walnut shell
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Figure 6. Effect of initial concentration on the adsorption of Pb?* by walnut shell
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Figure 7. Influence of the input amount of walnut shell adsorbent on the adsorption of Pb%*
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Table 2. Factors and levels of orthogonal experiment
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KT A *(ir:]?nj)(d B zf;r//ll_ﬁ) ke CpH fii D Pt()u fﬁi;&lﬁ
1 60 6 3 10
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Table 3. Orthogonal test results and range analysis
2 3. EXRIGERFRE
e acy A B c D Wt 22 (%)
1 1 1 1 1 96.65
2 1 2 2 2 99.21
3 1 3 3 3 99.73
4 2 1 2 3 99.05
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Continued

2 2 3 1 99.32
6 2 3 1 2 99.75
7 3 1 3 2 99.48
8 3 2 1 3 99.66
9 3 3 2 1 99.61

¥IE 1 98.53 98.39 98.68 99.52

¥ 2 99.37 99.39 99.21 99.48
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Blkife A/ 100 H, RAPERGEL 10:1 g/L, pH 3, PO WIAEHE A 20 pg/mL, IR R B 280 SR ded, - R B
KA 99.75%
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ECERZ R FEXT PO* A Cu? WS R SR T, TR PRI B 97% LA b, WE A B 2R AR R
NEIEF] 10 g/L B, XF Pb** . Cu*. Zn®HIWRFf &, 43514 99.006%. 98.764%F1 94.482%. HXifi
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Figure 8. Adsorption effect of modified walnut shell on heavy metal compound polluted wastewater
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HHH KA TR o e E RE SR TR B &, IR, 2% 3.4 gtk
AR T 22, APRiAEy 100 H B SEskTe, bRy 10:1 (/L) E, A IR pH
MHTEEW FEBEAT IR REG, Z5 RIS 40 Hbml W, AT IX R R 2 IX SR AR R RK &5 A AN S5 B ) B 5 R
BT, IR IR E AT B DAk s eV HEBRE[41] (L% 5), B0 bl B B < 5 B bn LU ™ E . ek
Bk FERS K b i BB B T B — e IR, R SRR ARIA S 43% DA b, EMRIREESRAT T, W]
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Table 4. Comparison of heavy metal content and adsorption effect in wastewater from non-ferrous metal mining areas and

surrounding areas
4 AESERVERALXEEKTHESRESERMMBERLER

SKRE Cu Fe Pb Zn Cd
0.912 3.088 0 0 0
KAV R
0.222/75.65 0.198/93.58 0 0 0
0.372 7.320 0 11.870 0
HHTITIE A K
0.110/70.43 0.951/87.01 0 0.832/92.99 0
) 0.134 8.110 0 19.050 0
Kiwr
0.069/48.51 1.302/83.94 0 2.860/84.98 0
‘ 0.306 3.192 0 11.686 0
HGTUTIE I H K 1
0.119/61.11 0.286/91.04 0 2.720/76.72 0
0.376 3.802 0 37.810 0
R
0.081/78.46 0.271/92.87 0 3.061/91.90 0
0.358 3.102 0 1.610 0
Zw
0.073/79.61 0.210/93.23 0 0.311/80.68 0
0.760 21.020 0 2.168 0
h—H
0.040/94.74 0.181/99.10 0 0.220/89.85 0
0.540 2.584 0 0 0
ZE AL
0.036/93.33 0.146/94.34 0 0 0
) ‘ 0.660 222.400 1.629/100 57.540 1.033
Higlnky
0.032/95.15 12.480/94.38 0 3.300/94.26 0.586/43.27
0.288 3.136 0 41.140 0
S = I
0.032/88.89 0.136/95.56 0 0.051/99.87 0
0.334 13.692 1.300/100 38.340 0
Ky EHm 2#
0.166/50.30 2.584/81.13 0 3.090/91.94 0
) 0.572 2.902 0 0 0
Ky A 3¢
0.066/88.46 0.200/93.11 0 0 0

ViR SRR, B AT RO RS AR E SRR SR, AN mg/Ls B TAT 07 BT TR O ), R
W ERE TR SR, ) FRBEAESBITRNERE, BA0A%, 0 FRRi.
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Table 5. The special emission limit for water pollutants unit (mg/L)

5. KSR RIHMIRE B AI(mg/L)

. o FRAE
e 75 S B \ —
HAEEHE ) B2
1 SV 0.2 0.2
2 S 0.2 0.2
3 g 0.2 0.2
4 VR 0.01 0.01
4. Wi

PR AZ A e IR K R ) E R S T R LA IR B B E 5 1245 R 5 AT N A S L 45 AR BA[42]
[43] [44]. IEEHZMESIRETHZ IR RT, ZHH CRIERFIR AT E, raes ke w4
WIS, AS[RIZH53 AT e 43 R B AEAS [R) 2R 2R (R M A0 b, ] R B AR R 2R B g s P o |,
BTSRRI Z D, BRTEAH 5iGtE R O fER JIM5RTS, R PR, 5538 W P & 4
/1>[45] [46].

bk R TR E B A=, 2017 SEFERIAE] 300 £ 7 to MR, TR T oK R SR AL S
A, I HAE A HE A FT AN 2 R DS E YT, 2018 it i AZ AR PR AR IL 260 2R, F77 XK
Rk 5000 76 RMB [47] [48] [49]. #ZtkFe R BRRIEFEY), WERERLT4ER. P4
AR R AR RSy, RINZ AL, TEAR AR R L T 576 B [50]-[60]. ik, & 3FH
PNIEFWER, AMUAT LR T, @ DIEK = EE, IREEFMe, SRS Z 5.

B se el 2 F07 15, A AR SRR A VA O A ST JE A R R AT O, SRR, ok
JE B Rk TS P> (IR B AR I B4 TR ek, 50 P s S NS 7 BT 45 AR . MR DN AR 56 1
SRR T A Y, BOMEAZ BTN pH BRI A, & NI VE R TR, 4R TAAR N 50 mL, PbP*IR
FE 20 mg/L, MMERZMESEINE N 0.3 g I, 7£ pH =2~6 (TR A, FHXHARH Ph? frIm i AR L AR
Ky RECHEAZBRFEXT P> [ bt 2 NI BE VA pH (I3 KT, pH = 2 15, T34 8.18%; 4 pH =
6 i, WP, 1A% 81.37%.

R KNI I PO HIRCRAE — BRI . SEEREOUR, AR AR, LR R
Ko LB FASEIGSE AT, 7E PO UREE D 20 mo/L. IETRAARIA 50 mL. iREEA 25 CHIfk
A, WHMEEA RN 0.3 g, MREMEZBRFEIRZH 20 HIg/hE] 200 B, ot Ph* [ R 4
FH 55.37%4 N %1 90.21%, AN [FPRLAR W A4 R (0 B A5 SR 22 S B s i el AR Bk 52 kA 40 H i/ 3
100 HEF, HXFEB A PO™ 0 b SRR Wi TP, WP RILE] 99.52%, Rt 200 H Btk
(IR it 22.(99.78%) 1% A 35 25 o BHULFTANR, RO S AE KA N I L T, TR B e 77 B 2 38 54,
HXHAmE PO N R B, AT RS Bl LR AN E s TR SRR PO* I, R
IS H PR ARG I, W] B85 IRRIR 1K 20T 85 40 B ook Ja 3R A3 Joth Ak 2 6 145 5C[51] [55], %4h
RG] 75 A% 5 N (AR 5T 45 SEABALA[56], (AT Ay 520 o PEAZ B 7 W VAR P B 4 s B I OGS R 3%, A it
— BT

FH SRR TRy R AE MR B 57, SRR b B4R . B S =R E SR B AT IR ARG, B R O
MR R 3GI,  DieHEAZ Bk Se X VAT b 26 48 B (RO B S i s, LR PR SR (/N A PO >
Cu® > Zn®, WIRER T [F 4 B e U R T R A T Sa Gr B TS, %50 45 15 M 7T
&5 FAHAL[61] [62] .
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5. &hig

R4 DA BRI 25 S K it ie, T DARIB 1R H LR 41

1) BidkFexd B 4R B P ) PO* A —E R ER, SR R v S RS, Xt P I
U TR

2) (EH Q5 C) KIETAATA 50 mL R R A, R Lo(3%) 1E AR I K 1 B PEAZ Bk 72 Bl PR
R E T 24 . Fife 100 H. BHBREE )y 10:1 g/l (R 0.5 g). pH 3. PO WILGIKE N 20 pg/mL,
W Bt 2 49 99.75%.

3) e B R B SO A R S A ARG R S 2 P S 1 22 O AR R I BT IR R AR
TR 4 B T IR B AR AT BE R — e I ZE S, FORHES . BRI RN IR E R B TR R KN
N: Pb* > Cu® > zZn*.

4) BT PEA R IX R 10 DX K A e SR G L, R FH e R S R Bk SR R B A e
BT KR 4 R RS, SEPRR 4 SRR, SRRk T & 2 R AR IR R X R K A 5%
LFIIMBRAVE R, PR IR BE I 8 B A dB 5B PR AMC B, WIMEBOR TR, HAR
U F oL FE R S A ) P A1

E&WE

T 2 5 v R YR A RV RS 2 3 15 H (XJ2018GKQO16); HE e 4k th 5 % VA4 5 ) F L8 e 0o 8 B T3
H (2 RHIT[2012] 9 5);  Vrf itk 24 B 5 A 986 =2 R B I H (IR [2016] 91 ).
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