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Abstract

With the rapid development of chemical industry, large amounts of harmful waste water and
waste residue including pesticides, paint and chemical fertilizers are discharged, which leads to
further deterioration of copper pollution in the environment. Therefore, adsorption is an effective
technique to reduce and eliminate excess metal copper in the environment. Among them, because
of its low preparation cost, good adsorption performance and environmental friendly and so on,
biochar is widely studied and used. In this experiment, a wide range of coconut shells from Hainan
Province was selected as raw material to prepare the biochar respectively at the temperature of
500°C, 600°C and 700°C (recorded as T500, T600 and T700). The effect of the initial concentration
of the solution, the dosing of biochar, pH value and adsorption time factors on adsorption of Cu(II)
in water by biochar was studied. Research conclusion shows that: 1) The coconut shell biochars
prepared at the three temperatures all have good adsorption effect on Cu(II) in water. Under the
same conditions, the adsorption capacity of the three biochars is: T700 > T600 > T500. 2) When
the initial concentration of solution is 60 mg/L, the dosage is 0.2 g, pH is 4 and the adsorption time
is 3 h, the maximum adsorption capacity of T700 is 8.6833 mg/g.
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T PER R, SECEEMWAE. AR 200 R KRR K EHR, IE T IR G . s G
TEIRES P DU A AT B, DR Y5 e — BV E S IBE AW E 48, HEN AR, a4 & =l
bR, R NP A R0 R, BEARAITE RIS i E AR BN T R s . UET, EBREK
Hh Ik B T WOTVE R R B BTSRRI oy BA AR [1] [2] [3] [4] [5], (HIXUE4bFR Ty
AR . B AR IR S A & B RA AL . 2 A, T AP0 W b 4
PSR T B, Be ik £ I PR AR 0 o AEYR B R IE — ORI . BRI,
WAV BRAENHF I ARG B N AT S AEYIR BB R ML, LRI E T2
R E RER], 11-OH. -COOH. NH, LA 5 &R, DAL, AR AT 55 1 iR Bt 1t B A0 4040 ik
Re. VIR T H5AZ LAY BRI G Y aE S S AR YIIe R, XYl 1R 58 1)
VERRVE HVA K SE RIUBE, R, At 2B BRG] [7] [8] [9]. RAIASFIF MM RL G R,
AR LB RE o B3R AR DA R SR Ty Ay 5 55 U7 T A RN [RI[10] o b Ah, FAfigbiat FEE o) A2 4 a1 o A
AR, 30 AW 7 2 B R B T T B AIG,  THAR Rsy, Ay LeERTAR . FLBRAE
S ) 2 bR BE A R [11] [12] [13] [14].

Tk 4k LEE[IS]RFFEAE 200°C . 300°C. 400°C. 500°C NI FH/NEZEREFF#RBI LR, HoMrHxtis
IKH CUP MR AR . S5 RR W, MRS FT R AL IR BE i, FEAT Pu s fLIR I N, #2707 AR W aR i b 3R i
S, TN T %5 Cu(I) B B &L o FEAT AR [ 1618 F E KR AEFFAEAS [FIELZ(200°C L 350°C . 700°C) T fill %

DOI: 10.12677/aep.2022.121004 28 SR AT T


https://doi.org/10.12677/aep.2022.121004
http://creativecommons.org/licenses/by/4.0/

A4 % (BC200. BC350. BC700)Wfff Cu™, ¥RUHEARIVILAARE . W R R[E pH 24 T Xk
BivERE. SHIRFRT, BEE RACIEFERIIEIN, HRAFK S EARN pH BRI, X =FAEYRIT Cu® 1
W Bt &E #7: BC500 > BC700 > BC200; 8475 2] BC200. BC350. BC700 1 5 AW it &3 51 v 17.1.30.6+
27.2 mglg. FEHEIE[ITIWFFC/INERERT 3% AEEFER . AW IGIMER 4 FAMIRIEA IR . AN [H W P
B, AR[E pH E. ANREBIIEKER T ESEE Cu® IR INEFE . 45 5 R IVNEREFFR . FE5ERANE I
HXT Cu M IEAE 10 h JR ik BP8T, AWm & 8 g/L, VEWWIUA pH N 6, /NEREFT R . AT RITK
H Cu? 2 B2 A 96.12%A11 92.10%. BHERSREE[18]WF 7T T #EIRE 298.15 K. pH 3~6 41, Bibkd
F2EEIRI P CuP* 7 20 min Py RIATIS B0 PP, Rk BRI R 0.15 /L, SRR EN
153.846 mg/g. Gong R. M.. Annadurai G.55 [E4M#2 40t tHAE4E58[19]. BREZ[20]. R T [21]5 A 5 ATk
H128 A R I HR B BEEAT T HB IR AT . Saito Z5[22]40 W45t AE MR AT N, T B 2 A B K,
W PR R SRR AT o R B R I, DRI VR pH R T AR PR PR RIS RS, Xl el 23]
W FE 45 R BV pH BN, AR R W B B 4 R R B e S Ak, G PR TR 5 PR B 0 A A R
TEFAIT RN, WP i i 3 3 [24]

gk LRTIR, RIHAY RAE R M BB S8R K, BT AR, WESEE 5 T4, KK
R, 5T BRI SRS, A S Tl K A B L. Hak, HFHIRIOMEEE,
HZRLNEZFY), HIHFRR T BIRAR S . ERRREH S E SR, R AL B LB R 7K
W T TR O T IR AR R, T AR R IE A —Fh SR B0 TS P B IR, AN AE &40 8 7K
hE SR, ARG BT AR E T AR FE A PR N A R A B K o CuP* 4
BEES AR, WP X S R TS R KR B E 5P IR HEROR SR . TR, R AR A B B 4
JEE VB AR A B K R ) Cu® B AT B S o [R5 A 3R I HHs s X = 8 (AR MR 34, TR e « A2
RAE” GHEMHAWEA— M. BeifAdEE FEMa4E, By TasemsdEym, 3FH T
B B 4 (AT ST A b o D3 st B 5 BEURAL A A 3, AR SCOE I TE AN [ B T BRI A e A A 5 1) 4 A
W, WEFEHE A Cu(I) BB s, DUE AR R 7o b B2 B /K b o 4 B AR A B AR AR
2. M55
2.1. W& R*E

BB I R B R PR R ZE R 7 JE AR, K e G, RS R E N/ Lem x 1 em
JEE T 100 mL HtwN, HBHEARESE T S d, RAERETHRBRAEETH] % 55 30 min THERZ
330°C, fHiE 60 min, FHLA%RE 10°C/min X 4 5 FHE 4 500°C 600°C A1 700°C, fHIE 150 min, A EHZ=
R, 2> BIkRic A T500. T600. T700. 4R JE FHIWFERRTEEEY 5], Fiid 100 HARMER G, st A7 T
THERE AT, A .
2.2. IR

L FAE % KT (GH-200) . R ik B 25 22 (SHZ-D (1)) JE FI SO 4 (PinAAcle 900T). S E IR IR %%
(THZ-9213) . M J¥ it (DELTA320) . I #f f* (JHZ-10-12) . F& /5 ¥ iR 28 (AI-708P) . Ht A & X T 5 46
(GZX-9246MBE).
2.3. WA E

2.3.1. EMIRER
MRSEAE PR P2 SR 52 . FREGER /0 Ve i T M SE, ON Dok, TR IR R, BEEIR
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Table 1. Carbonization yield of coconut shell charcoal
= 1 WEERRL TR

THEAN R T il 26 (KR 7

€]

8 72 2 W e 500°C 600°C

700°C

RALT= 2 (%) 36.38 32.1

30.62

HIe 1 mIRn, MRFEm i)™ 5 5 MR AT 5% BEAE BRACIR 3N, WSS K7 S B WA, Rl
PRERR BRI AR AR HTR D . RV AR 2 B A S RO AR, X5 oA~ B it o4l SR —
o TSI TS T BRI FEAE 350°CHY, AR (172 3 47%, T HVRIELEEIA F) 700°CHY,

IR R M 2] T 28%.

2.3.2. Cu(INBIME /5 3%
1) Cu(I)Ay e ih 28 1) 22 i)

R PR AE I K 324 nm 4k, DARBZEIK 92 L, Wl 5E < FE A 0.00 mg/L+0.10 mg/L+0.20 mg/L
0.50 mg/L. 1.00 mg/L. 2.00 mg/L HARiEEH IR G, Cu()briE 2826 o R 7E 0.999 DL E, wTLL

FHRASI i /2 73T 2R, IRZERN.

LA Cu(U)iRk B AR R, WROGEE AR, ZxthlbruE 2, nlsl 1 PR,

0.4 ]
0.3
" y = 0.0797x + 0.0044
2 02- R%= 0.9994
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Figure 1. The standard curve of Cu(ll)
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W BB A R

xV 2

e g B, mglg: Co NWRBHETIAW T Cu(IikE, mall: C WG Cu(IikE, mglL;
VOREBRAARL, Ly WORAYIRINE, g.

2.33. Xt

AR R N R AR, 43 4E 500°C . 600°C Al 700°C 454 Rl % £ 4% T500. T600 F1 T700.
%S0 SR FH B DA 2 e, I AR PSS, BEFT T500. T600 Al T700 7EAN R Cu(INWIARk L. A
VIRFEINE . VEHT46 pH AE W BB [) 45 DY AN R38R 7K H Cu(1) W5 B8R 1) s

2.3.4. MEFHZE

1) AN[E] Cu(In) ek 5 5 Wi B 25 S e 52 e

L4 0.01 mol/L ) NaNO; A5 5t FL A5 L 1 AN [A] Cu(I) /)46 ¥R £ (10 mg/L+ 20 mg/L.40 mg/L 45 mg/L.
60 mg/L. 80 mg/L. 100 mg/L. 120 mg/L), %A )54 AIFREL 0.2 g kiffid 100 H BB E Dk, BAE] 25 mL
AN Cu()IRFE W, 1 0.4 M NaOH. 0.1 M HNOs. 0.01 M NaOH LA & 0.01 M HNO; i35 pH
N 4.0 +£0.1, £ 30°C T LA 250 r/min [FEETEERY 3 h, 3E, WE R Cu()iRzE, B ARG
WREXT K Cu(Il) 2= B R R 5

2) HEMRAIN RS

LA 0.01 mol/L f¥] NaNO3 Jy 75 5t FL ot B il 1) 4 2 9 60 mg/L 1¥] Cu(l)¥a, AR5 43 i FREUAN [R] J5d
#(0.059. 0.1g. 0.2g. 0.49g. 0.6g. 0.8g. 1.0g. 1.2 g)kifeid 100 H A 4%, % AF] 25 mL 60
mg/L f¥) Cu(I)¥& 7%+, /1 0.1 M NaOH.0.1 M HNO;.0.01 M NaOH L4 2 0.01 M HNO; %5 pH 4 4.0 £ 0.1,
£ 30°C N LA 300 r/min A IEIRRY; 3 h, 8, MR Cu(l) R EIKEE, WA FEEY R
XK Cu(Il) 2 B3R 1 5

3) W4 pH AEGS R Bt 25 SR s i

A 0.01 mol/L ¥ NaNOg 415 st HLfif ot e il 4 46V B 2 60 mg/L (1) Cu(I)ia W, #R)5 73 sl FREL 0.2 g 1
Fifzid 100 H RS A, FNF] 25 mL 60 mg/L ) Cu(1)¥&W 4, 1 0.1 M NaOH. 0.1 M HNOs. 0.01
M NaOH L& 0.01 M HNO3 75 pH & 3. 3.5. 4. 45, 5. 55. 6, 7£30°C FLL 250 r/min ({54 H H IR IR
¥ 3h, 1, WEIEE T Cu(l) MR EIREE, BEFERA [FEIAE pH EXT K H Cu(ll) 22 BRBUR 152 .

4) W BRI TR %o MR B 285 SR ) 2 i)

LA 0.01 mol/L ¥ NaNO3 15 55t FEL 5 T il 1) 4k ik £ /9 60 mg/L 1) Cu(I1)i i, SRJ5 43 AR 0.2 g 1)
hifdid 100 H AR, $NE 25 mL 60 mg/L [ Cu(I)# i+, A 0.1 M NaOH. 0.1 M HNO3. 0.01
M NaOH Ll & 0.01 M HNO3 15 pH & 4.0 £ 0.1, 7£ 30°C T A 250 r/min {145 # 15 %% 0.5 h.1 h. 1.5 h,
2h. 3h. 5hy 7h, 9h, EUE, JEFERBS Cu()f R EIREE, WA FIWR B )7k o Cu(1) 22 5%
EQIEAIP

3. BRE
3.1. R Cu(1)¥NE R EE X = R ¥R IRk 5 Cu(11)RIRZIE

T500. T600 F1 T700 X 7K H AN [ Cu(H) 4] 4 B b = s ma an i 2 s .
T500. T600 Al T700 57K H A& Cu(I) WA E £ R U 3 s
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Figure 2. Effect of initial Cu(ll) concentration on the adsorption of
three biochars to Cu(ll)
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Figure 3. Removal rate of initial Cu(ll) concentration of the solution
on the adsorption of three biochars to Cu(ll)

3. ZHEMIR I ARG Cu(ll)BY R FRE

B 2 50, AEYRIKE Cu(l) MRS Cu(l)VIZEIRE %Y1k, T500. T600 A1 T700 % /K
Cu(IT o VR 52 A A s 22 0 B 4 VA VA A Ak P38 I 386 m » e 1<) 3 T 601, BB W04 Cu(N)¥R 3,
SAER IS K Cu(In) 125 B2 ) 2 00 BRI 3 . ARG R B R e A YR ' — e, BTbA
RESR AL IR A s A PR 7E— @ MR G P, BEE TR Cu(l)WIaIR B AW s, IR b &t 7E 1%
BN, EBRFAA /RN IR EEN, (HAE, HEYIR WA BIAP A fE a2 BRI -
WP B G, WRON BRI, BRI B, Hd, SREYIRAE Cull)RIEE IR BRI #A Bek
FIZBRER, KA Cull) M O R el . Horfr, T500 7EMI 4G A 100 mg/L s 5 7K F Cu(1) f e bt &
ISR, N 7.36 mglgs T600 A T700 7EHTLAMR AN 120 mg/L B X 7K A1 Cu(Il) 1w it fE il Bl 5 ok, 43901
o4 7.725 mg/g A1 9.025 mg/g. T500. T600 1 T700 FEAISITEYIUEAIE A 20 mg/L BHA R K LBRE, 7
WA 98.4%, 98.7%71 98.9%.
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Figure 4. Effect on different doses on the adsorption of three biochars
to Cu(ll) in water

4. TEEDZIRINE X = FE IR Mk & Cu(I)EYF2NE

T500. T600 F1 T700 7EA R#FH0E XK H Cu(ID =R & 5 Araw.
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80 |
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Figure 5. Removal rate of different doses the solution on the adsorption
of three biochars to Cu(ll) in water

5. ZMEYIRAENEIRME TR F Cu(Il)BERRER

Hi 4 A1, T500. T600 Al T700 X 7K H Cu(I) AW bt 5842 e it 5 50 n 2 FX) J8 m T 364 4% =2 Bt
Y. AR EON A R ERUDR, AR BRI R RE AT Cu(ll) didE, BRI T A
E I BRI BLG  HRE A WTHEINS SRS Cu(I) AR P B DR AR R B R %S o 3K AT g5 I B
TP RIE | 45 A A nd Z 18] (R e LS ANHE Fe 1 P A5G [25] - |1 P 5 R, B R B IHEK, ¥ H Cu(ln)
MIRERREPREIE K, RSB TRE. REEZ BTSRRI, &5 6 EA IR A
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Rrghn, Rk, B ST 1LBRSMpE 8 n[26] [27]. SLI0ERRI: S3mEN 0.2 g K, T500.
T600 F1 T700 F M B & 1535 8 K, 435914 6.073 mg/g.6.896 mg/g A1 8.689 mg/g. 244 i 0.4 s} T500.
T600 A1 T700 XF 7K Cu(I i R FRF LA RIH K, LT EHWM . 2865 B =MAYRBOINEXT Cu(ll)
WY B, AT LARf 2 T500. T600 Al T700 Hf % n&E A 4 g/L.

3.3. FREIBHR pH EXT =PRI MIZK S Cu(I)RIF N

T500. T600 A1 T700 7EAA pH AE T ¥ K H Cu(ll)¥ i e bt & i 52 m an 1<) 6 A o

» (3] (=2}
1 L 1 n 1 L

e
o0
£
~ —=— T500
g 1 —e—T600
3 -
= / —4—T700
2 .
1 T T T T T T T
3.0 35 4.0 45 5.0 55 6.0
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Figure 6. Effect on the pH value of the solution on the adsorption of
three biochars to Cu(ll)
6. TREIAK pH EXT =FER MMk T Cu(I)BIFZI0

T500. T600 1 T700 7EA [ pH {E F 7K Cu(INZE RPN E 7 Fis.

90

pH

Figure 7. Removal rate of the pH value of the solution on the adsorption
of three biochars to Cu(ll)
7. B pH EX =REIRRT Cu(Il) B ERRE

6. 7 w1, S5mAI 4T, T500. T600 A1 T700 5 7K o Cu(ll) ey W Bi8 A0 2 (4 R # S2 t
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F pH KGN, & TRE; HH 2 pH 1F 3~4.5 I, WX Cu(l) WL ELAs &, 24 pH
7E 4.5~6 I}, WPt &M R BRFAAAER /NS . BE%E pH BT 5, T500. T600 Al T700 3K TH FT i (1 £ H i
MRMANE R BR S BRI, B pH AR SEAF T ES B FKME28]. LB IERY, =M
AWRAE pH Ry 3~6 I, XK Cu(I)E RAFIIZBRACR, EH AL —E i, T700 7€ pH 2y 5 B IR B 25
BOEAERRA, H6.303 mglg, FMFHILT] 84%, %W S N MK pH TSR S8, X XTF T700
L TS bR e A B &

3.4. A[ERMIEFE)X =i P W pzk e Cu(1)BSRZ N
T500. T600 A1 T700 7E A [F] W B i E] R 5% Cu(I)¥E W M &= e dn i 8 Al .
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Figure 8. Effect of the adsorption time on the adsorption of three bio-
chars to Cu(ll)

B 8. 7[R MRt E) Xt = Fp A Ak IR Bk B Cu(I1) B2

EHP& 8 W%, T500. T600 A1 T700 X 7K Ht Cu(ll) Fry Wi bt 5 R A2 it 5 W B IRF [a] £ 38 o 5 39 00 98 J= 38
BT RE. K, fE&RYIN05~3 h 2, =FAEYmxKd Cu(ll) kbt eeeth, EmM1hjE, i)
MR ki —F s, WIEMIEE K 76 3 h 5, =MAEVRKEM T REEARRERE. BTER
B URES AR R R B R, AAFAE TR G IR,  [RIHIR B B2 i 3 K . (H B TR AL fCA PR, B
55 % BT D) 3 A, W PEEASE m ANBRIT A o 0 A LR, R B DU FE G N, ATk B P A [29] . S
AR, IR TR 3~9 h P, ZER— B[R, Cu(1) iR Bt & 2K /MU >4 T700 > T600 > T500.
LieE I8, EHAMZATAHE T, T700 ZEMCPHI T 3 h, 7K e Cu(In) iR B 2% R e -

4, gEip

A S5 DL R 44 SRVR )2 AR e A A JE AR, 43 7IAE 500°C L 600°C Al 700°C 2644 T il % AE 4 7% T500.
T600 A1 T700, B 5t = Ffr i FE£ 1] % (BB 72 A MR AEAN [FIWI AR IR BE . AR R BN & o VI 46 pH (8 DL
BB ) S5 R X K Cu(U) IR BRI - B ST 4518 1 R -

1) =R R AR SE AR K R Cu(N)#R B BT IR R, TEARFI SRR, =Rk
IR B RE /7 T700 > T600 > T500.

2) 7E/KH Cu(I)WIEEE v 60 mg/L, B~ 0.29, pH M 4, WLEHIHAI DY 3 h i, T700 () KWk
B A %) 8.6833 mg/g.
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