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Abstract
The advent of global industrialisation has precipitated a concomitant rise in awareness of the
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imperative for the conservation of water resources. However, this awareness has not been accom-
panied by a commensurate development of policies and legislation to protect these resources. This
lacuna has resulted in an escalating problem of water pollution, which has deleterious effects on
human health, and can even prove fatal. The heavy metal ion Cu2+ poses a grave threat to human
health and ecosystem stability, thus garnering significant attention from governments worldwide.
The removal of pollutants from water is an area of significant research, with a range of treatment
methods in existence. Among these, adsorption has been shown to be effective in the removal of dyes
and heavy metal ions from wastewater, due to its low cost, simple preparation, and high efficiency
of treatment. The preparation of the CMCS/MH composite aerogel adsorbents was undertaken via
the freeze-drying method, and subsequent characterisation tests were conducted. It was estab-
lished that the water resistance of the composite adsorbent exhibited an increase with the increase
in the introduction of MH. However, when the amount added was excessive, agglomeration occurred,
resulting in a deterioration of water resistance. Adsorption experiments were conducted to inves-
tigate the alterations in the adsorption capacity of the CMCS/MH composite adsorbent in the ad-
sorption of Cu?* under the influence of various factors, including pH, adsorbent amount, and tem-
perature. The adsorption Kinetics and thermodynamics were modelled during the adsorption pro-
cess. The findings indicated that the most effective adsorption outcome for Cu?** was attained when
the amount of MH was incorporated as CBM2.
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1. 5|8

PR 2 BR T AHERE IR HERE, KRG CRAP AL BOREE B . BURHIE SiEHE ) S 4E 5 2 I H
RGNS, g RS KIS Gy O RO 8P N A R ) A BRI AL 1]-[4]. 4t 5 DA R G4
PR, EREE H RKTS JAH O R EISE T ANE L ZE A 22 14000 7, 1X—fi B 00 B E 7 2 13
BeyR B BOAES]. Toil e KRk [ 50 R K R v B ST THI I o5 /KI5 B4 o) L, /KA 52 AN [R) R R RIAS [R] o
(05 Gt s, LEan A T AR YRR AR 2Bk, A RS BRI S B IS Y, BT eEles
Ffd pe /1 B AR RE TR /N, X S8y e ox B A5 I [A) ()RS AE A S B R R, IF HUe AT e 2 bl
HHCE IR IN[6]-[9]. B LA BRI Ly G2 H AT 2 75 UL i) . H FiR = AT SRS A
P2 B — 5 ik, R BRI AR 22 AL DA K e L SR T AR B 25 7K his ety — b7, T BAAr R
A 2F I B AN BRI B 10]. 32 FP 3 52 B M (Carboxymethyl chitosan, CMCS) & i i 75 5% T ME 4 T I & R i
B FRERL VRIS B — B AT A 11]-[13]. FEORER 1SS IRMEAR DY o5 . AW B R 4T DL S AT [ fid &5
R BRI, R IR R AR RIF KN, I pH U FIRIB RE J1[14]-[16]. S A ALEE
(Magnesium hydroxide, MH){EA—F RIARIKEEAT V), BAWMMZEMRe 79, HERIAK, RIE)™
2o AREAR RS 2 5

AHIFURE CMCS 5 MH 45 &l & KAtk A58 KIE P B RN : CMCS 17> T8 2800
MH KRR A B, @A T MH 199 AU BESE S8 A B U SR, 36 v] e i 8 i
BIELE CMCS MR IEDE A s aliif e, #— P ALIE S5 M AR T WA 7 Ao B4, CMCS
IR IRHE A MH (255 0] 437 £1 0 Cu Fl MB $& 4t 22 S A I IR A7 A5, AT SR 30 B 4 8 5 ol 1) vy
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2. LW
2.1. HlEFiEiE

4 1.8 g CMCS BEA 90 ml B2 &K, RN FRE LA 400 r/min FEFERFE 5 h Z 515 3] 2%H)
CMCS % 90 ml. 2 5 FR#F 0.27 g 79 MgO FFIAN 10 ml {228 7K, JRONURGHE 75 7 e WL R R 7 30
min S HAMHY5), SRIER B SI MgO /KR ZZ 12 (NN i i 45 ¥ CMCS ¥, £ 90°C iR
BER A IR FE 5 h, EiZ51F T MgO 7] LLFE 20 KA B AR i MH, 15515 %) CMCS/MH YR A 17
SRIGIMA I e Pt HE 1 h B RERRAES M E ARG BB R R NIKFE 24 h, 7ELIL 36 h AR
JEARE] T LA 9:1 1) CMCS/MH & &S BRI, 1d COMIL. £ AR E 1) 774115 C8M2. CTM3
PL A 4] CMCS.

2.2. 7K

AR i S B TN — R G BUHARE AL N mos S BEATIR S SO RE,  RIDRERE R TBON B i 3
=R, BURFREACHN mis SR EATIEAR RN, RGN S N 2 Ja FRE i RO PBS Z2ififirh— R, B
FREEACH mo; HURHATIE RSN, BUR RS OHEAE — R, BUHAREIC N ms. FJafEi A1), 2).
)Xt Frf B AT T A BIE AL

m, —m,

Mist absorption = lm— (1)
0
swelling = el ()
m,
Dissolutionloss = M 7y 3)
y

2.3. WMHRae

ARG F FLMARLEAS R [R] . RIAAUREE . pH R PR 751 P 8 DB il P 1 728 A o R B S P il o b
W B 7] 4% B = 2H 5 534074 0.05 g, AN 25 ml Bt B 4 FIHT AR R D 200 mg/L (AR B8 T+, £ 20°C
TE R R AR 4% FF LA 200 rpm FR1 2840835 — 5 (1 B [0 466 R B 7500 70 20 W PR 3P 487, 2 s IR B3 e 2%
Ja VAN e BETH AR WO RE TR FH 4 B8 1 P o vh ot 28 1 SR B P s RO B, P i B8 1 I
KIBUCH AR 425 nm, WP LBR R A U R [17] [18]:

(1) WP AT 2

C,—-C )xV
g GGl 4)
m
(2) EbrFRIEA R
R=5"C .100% Q)

0

Horh C, RIRWIIRIREE, A8 mg/Ls C, MW T IR EE, A8 mg/Ls VAR RIS i 75 A R
R, AN L m ORISR, A g.
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3.1. CMCS/MH £ &S BrIf Ko+

B 1 N K T, Hodi(a)2 CMCS/MH &AW BRI T 55 26 i 2R % (b)2& CMCS/MH & &I it
ARSI, BTG, 40 CMCS KIS R AEIKZFRIER] 1 17.3%M 1821%, XEE2HT
CMCS & B A moR /KR K S T AEK . SEH A MH 2 J5 i3 311 CMCS/MH & &% ff
TR 55 3 R K 200 B4l i) CMCS TR A BT [, i AIRAB P 12.4%F1 1589%, {H 4 MH ¥ in EL 4l
GREEHEINZE CTM3 B, WSS RN A 15.2%, X2 TR MH 28R S = £ R RS 5
SRR 26 1) A8 A 35 5 I S ek s Ja SR 2 S N 3, X ANRAGIERE T 51N MH AT DA SRR
FULE K HR B EE R AR e T, IX 32 B2 T I N 1) MIH {5 52 45 W5 PR 551 £ 2 P58 0 WAL TT o8 A A 4 5 I 830
SEUK TN R A, TS TIROKE RN, CMCS/MH &G W B 751 R 2% 28 D)2 B 4
N MH LG 38 i 5200 s B AR e 34, IO BT MH 2 B/K MR, BT UM IR B 7 J5 2 5
WRFFAC, N 10.2%F5 2% 6.3%, X AR R T IEM RS AR th A 227 A2 KV RV R B
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Figure 1. Water resistance of CMCS/MH: (a) Mist absorption and dissolution rate; (b) Dissolution rate
B 1. CMCS/MH E &R HIFFIRIM K : (a) MEERIAKRE; (b) BKE

3.2. CMCS/MH £ & S B SRSE

Figure 2. SEM of CMCS/MH: (a)-(c) CMCS, (d)-(f) COMI, (g)-(i) C8M2, and (j)-(k) CTM3
& 2. CMCS/MH 4 SEM El: (a)~(c) CMCS. (d)~(f) COM1. (g)~(i) C8M2 F(j)~(k) CTM3
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2 N AR CMCS/MH [ #TH ) SEM K, H Bl (a)~(c)2&4E CMCS, 7] LAE HE % E 7L
S50, I HRM 06, X PR RSt T RAF 1A% . Bl(d)~(D~& COMI1 RIS, MEH1]
DA H R A AR A MH B 7E CMCS 3R, fEXGIN T LR AR [F B 32 s 7 54 2 7 A W B R . B
# MH BN r3gm, 2l— ez FEe KAERRRS, BEHHEG~0)Z CTM3 REES, b
Al MH 7 #ORS R A T B RIS .

3.3. CMCS/MH £ & 58 FTIR X XRD 434f
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Figure 3. (a). FTIR; (b) XRD of CMCS/MH
[& 3. CMCS/MH & & R K378 (a) FTIR [E; (b) XRD

3(a)feXf T CMCS/MH &G W71 FTIR B 504, MBI R LG H CMCS HJIE{EAE 3400 cm ™ Ak
) 5 1 J& T--OH Al N-H 45 9R5h 1 S AW Il , 1600 em™ ARG 2 COO [ AR 45 4R, 1400
em ' AL R COO RTFR 4IRS, 1050 em ™ AR ISIE 2 C-O-C kB 4EHR30, 870 cm™' 4b
(R AT e s - T B B 28R Bl . 3698 em ™' Abf2#E MH JEA A 2 J5 IRFAEIE-OH 88, EW] T MO R
KA MH )y, HLBE S DN B 0 1S 00 AR ik 06 1 2 Pt 2 B2 36

< 3(b)s& Xt T CMCS/MH & AW 771 XRD Bl 204, HT CMCS J& TSR, Frbl RAE 20 =
217 AR ASATEIE, fEIINT MH ZJG7E 20 fAF% N 18.66°, 37.92°, 50.86°, 58.64°, 62.18°, 68.38°,
72.16° 4 BRI RFE0& 23 1) 2% MH [(001), (101), (102), (110), (111), (013), (021)f4MH[19], FHIET
MgO KK 7 KA %] 7 MH. UEBH T CMCS/MH 5 W B 75 (i 2% e 2

3.4. CMCS/MH £ & SBEX Cu* BN MIER 5

(1) AFEIFEZEXT CMCS/MH 4SBT Cu? 52

VAR pH B X W P M B3 R T Y B S A —, ANIAIY pHL AR 2 (IR B 7102 T 1 B R AR IE A
FIPIRAS s I B XS5 KA & BT AR BB TR A — 8 BRI [20] . 7EASZER HARIL =14 0.05 g FIANIF]
L) CMCS/MH & &S B 77, A 25 ml 3K E R 200 mg/L ) Cu i, 36 F A b i i
LAV pH N 24 34 4. 5 F1 6, RNTHIEIRG %% F7E 20°CHIZAE R LA 200 rpm (R F
W 5 h)a, BCEIEW 1 ml WFEOGRE I T B M S iRk AR B 48 R an 14 4(a) . AT LA
CMCS/MH 524 W B FRI%T Cu* (W B 522 il 5 V) pH LI FE i 36 oK . 24 pH (B BRI, AW R 1)
W PR AEAG, TRBR RO 22, IR A SV RAE R 2T, A TIRERIK, CMCS/MH & AW 5
FH-NH, 5 HORAERN, JRFEFER T NHY, 6 Co> Wit fE e 20 7 A ER, iR 7 Xt
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Cu® W&o £E pH EZHHE NIRRT, Co B P Rt 2 0800, X 325 th FIh B IR fE
% pH B f3G DT IZHET N, -NH, B0 5 AR FEIZHT A, CMCS/MH & B/ LWl IR B Cu £
REZ TN, BT LA Cu®* I B B BTG K, 24 pH (EHE RS 5 I, WA B OR. ERZ A pHAH
ZREESE NI, WP RS A TR, X B ER PRI X Cor IAAAETESH T, i
pH SEBRIESEAFIT, A7 27 OH A AL S B AR TE, FrbA, IR SEBG B £ pH {EON 5.

180 180
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Figure 4. Effect of different factors on Cu?* adsorption by CMCS/MH: (a) different pH; (b) different mass of adsorbent (M);
(c) different temperature

4. FEIEFEXT CMCS/MH M Cu BIFZM0: (a) AR pH; (b) FAREIRMFIEM); (¢) TRIRE

I 751 P 22 2 S W B e TR ) FE R S i — o A (R PR R B 7] ) 8 6 o R R 551 2R T P e
BHELEA R RS, I HAG KA 2 i AR R B B TR A — 8 IR IR o 7E A SLE6 T 43 S FREL =4 0.05
g+ 0.1g. 0.15g. 0.2g. 0.25g 1 0.3 g AN[H LB CMCS/MH & AW 775 25 ml. ¥ A 200 mg/L ]
MB AT IR, IR FRE R R G 4 LUR R 20°C . HRZIE 2N 200 rpm ISR Sh, 2 )5
B R3S 1 ml B2 S 50 ml 2 J5 #5840 53 S BE v SO B v H SR B vk B A5 BT 45 SR ] 4(D)
FiRo IWEH AT L i, CMCS/MH 549 B 77 2E X4 25 I B o, A B &4 0.15 g BPXET Cu?*
MR BRIE B 1k, Herbdos )2 C8M2 A7), Hi KR &L 2] [ 178.3 mg/g, X TH&ETH
BRI 75 PRI B o (L 2 R B 751 P S 4 SR 3 ), W B S T £ 2 /D 1% B B T CMCS/MH
S5 W o ) T R VO AR %) 0 i o R R 7R D PR 0 T RGN, T 2 P R B o R B R )
W AL R b, (R ZIRFE T I B iR R, WROPR R AR, BT Jo & AR W B R0 T Cu R B =
S NEE, SRR AR, FTLAESEGHRE S 0.15 g UM BRI 2N T Cu (WS B A BT 2124 F) e £
M.

SRR R — AN EENSE, E 4T LA, BN 20°C LT3 60°C K2
Hi, CMCS/MH &AW 76T Cu* (W I S KA 158 mg/g R FEE] 150 mg/g, 1t BA7E R & R A58 1)
TEERTE AR, PRI T Cu? W B & 2B RIS, (HBAIR AR, X 3BT AW
HR MH A 2 Bl 2 R 0 T s T 38 REAR AT 530 CMICS BRI PR, s 2 4 o5 90, it DA 3 AR [ i
BRSO 3 R, BT AFE A 5256 S5 e 35 20°CHE Ny fe e S T P SR HEAT 42 R SR I 5256

(2) MR FRES X CMCS/MH 54 B B Cu* (1) 5200 DL W Bt 2 3 2 3

72 CMCS/MH & A W B 751 75 AS [R] F IR B s 4 TR 5 F Cu IR 2, 75 0K & 0.05 g 1)
52 G W B SRR PR i B BRI = A, TN 25 ml IR PR 200 mg/L AR B ¥, LRSS 20°C . R
AN 200 rpm [ 2&AF T, (ETEIRIR G & IR A R, BIZESR Y K8 10 miny 20 min, 30 min.
60 min. 90 min. 120min Al 240 min I 73 5000 & WOGRE, TF 5 H o) ARV BE, 15 211 25 5L ] P

7o
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Figure 5. Effect of adsorption time (t) on Cu?* adsorption by CMCS/MH
5. DR BHEHE](H)XF CMCS/MH BRM Cu?* 898208

i 5 Faf UE 4l CMCS BABASE EL1 B CMCS/MH 552 B 771055 Cu 0I5 62 RT3 B s K
IR 5 o Het CMCS/MH & & WP FIZEXS T Cu?* (W B 32 EEAE F ZEFT 90 min PN, TT4EHY) CMCS %f T Cu?
(P B AR AR AE T 60 min, 7EIX AN [H] B B B X6 T4 55 B PR A B AR AR R . X R R
DRAE W B AR JEAT I, DR B AR A 7 LRI B 7 s A AE T S A W B 1) 2% 1T, CMCS # MH ¥4 2 5t
DAT W7 R B 7 30 PO R B 3k 2> b bl . 9 FLAB R CMICS 4 B R ik )Wl P46, P A7 B ) B R B
4 90.6 mg/g, 1 COMI ) KWL I &0 146.9 mg/g, C8M2 I KWL P& N 155.7 mg/g, CTM3 Ifck
WL B 134.2 mg/g, FILAE 4 MH IS 3G N2 — & F2 52 2 J5 W S AN K S B, IX AT eSS BT 24 MH
PRI EILLG Dy CTM3 B, MH BT IR 2 3807 5 ORS00 A EEE, Bt DA B & s fi
BEARG o 2 i i o R B (R P38, R PR M IR PR A 2 o5 400, T (IR B 0 7 s i i b, 3 FLutk
INF YA R A B8 B b, E S SRR B AR MH, fEHET 7 — B Rl S, 4R
BT N B R A BE 2B, AT R B I R B e, 5 O B P T AR, 7R R A F] 120 min 2
JE IR AR TR B TP, BB LA

TEWEFL T AR AR BB K6 T CMCS/MH 526 MR B 751056 Cu W B B2 (9 B2 2 Jig s o123k e A7 0
)G, D Wi AL CMCS/MH 5 A R B 6T Cu* W B 28 DA K IR B ATLEE o 38 R 1 3 70
SRR AR T — RS RN S AR, i — G ) R A R e T B I AR
PR BB, T A0, R B g AR I B T B O AR A ER A PR AR R [21]-[24] B IR IE A 5 51

W — R 1A

1n(qe —-q, ) =Ing, -kt (6)

LGz Sy A
t 1t

—=—at— ()
4. kg q.

Kb, g, (mg/g) W HFRILE ¢ (min) N 2RI N E, g, (mg/g) MBI Z1-F i 20RO W & Ky (min ) AN
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ka [g/(mg - min)] 2 AR — Bl 15 i s 71 A R K251, AR B2 Jaiiind bR o SR EEn AR R
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Figure 6. Kinetic fitting for CMCS/MH in the adsorption process of Cu?*: (a) P-F-O; (b) P-S-O
[ 6. XF CMCS/MH £ & WRMFI7ERS Cu> IRMHZIZMEN N FME (a) —RENNFEE; (b) MR HhFRE

Table 1. Kinetic parameters of CMCS/MH composite adsorbent during adsorption of Cu?*
& 1. CMCS/MH £ & IRMIFIZEXS Cu RS R NFRESE

P-F-O P-S-O
ki/min™! Qe/(mg-g™) R? Ko/(mg'mg '*min!) Qe/(mg-g™) R?
CMCS 0.019 87.3 0.837 0.0025 91.1 0.999
CoOM1 0.020 134.1 0.881 0.0017 142.9 0.999
C8M2 0.024 155.1 0.984 0.0011 166.7 0.999
C7M3 0.021 139.7 0.731 0.0014 144.3 0.999

M 6 HRT AE AR TIN5 Cu* (R B R 5 A A P = 2B ) R, LG 2 JE AR BT 2tk
RATHER B RS HIEAR W2 1 Fros, Ho B W 4 = 2020 77 5 H B A G RECR? 3
H0.999, T —2 3 F12E R IR R B R? 435N 0.837 (CMCS). 0.881 (COMI). 0.984 (C8M2)Al1 0.731
(CTM3), FJLABH A AUl — 030 ) 5 AR ) R B2 Tl — 43l Ty #8411, 9 B e 40l — s 7 i Y
THEAF RN AP AR M L g, 2 B EaE T SR I0 245 AR B PR B = . BT ART LS H 4548 7E CMCS/MH & &
W B 6T Cu R S AR A AL =08l 2 A, W B 2R 2 B ph Ak 2 IR P AR ), JE BB
— S I BRI B

(3) WIHWEERT CMCS/MH A EEI B Cu* (1) 5200 LUK W B #4223

I3 HIFREL =4} 0.05 g CMCS/MH E AW B, TEFHI HABKAEA BB DU, 20 BIKG PR A i 5 Bt 771
BN 25 ml WFEN 100, 200, 300, 400, 500, 600 mg/L HIHE T, ZJGEREEN 20°C HR %%
2K 200 rpm FITEIR IR 8% HH R S he SRJE TR 2 S VAR I v R B R S R A 3
s R E 7 B,

MIE 7 FaT DLE H CMCS/MH & A IR B 7% Cu® AW B B 2 B Cu 8T PR 94 3 388 in g 384 o 24
CuZ IR UG E I 100 me/L iZ#7_ETFE] 400 mg/L I, S Cu®* 5 B 25050 e b 1) C8MI2 AW B 5 A
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Figure 7. Effect of initial concentration of Cu?* (C0) on the adsorption of CMCS/MH
7. Cu® HIRNFA R B (CO)XT CMCS/MH W B ) 21

T T Cu MG IR E AN FE T CMCS/MH &AW X Cu W BRI &5, KH
Langmuir &5l 215 R Fl Freundlich S5 42 155 A0 %0 AR EAT I Bt #4120l 6, Hod Langmuir IR P45
TR BRAR B B A S, R PR Z 5 0 7 JZ W, ANt e T2 rE s, BP0 R i # e 4H
[FIER), W BRAE RWR B FR T BB — AR, B ) 2 T RN R A EAE R, T2 DL R T U R B AE
W Bt 7 ) 200 b Freundlich "R B S5 IR 42 — R 250 20, FRAEAISIR T B AR B AR BRAR BT, e W Bt
HRERZ 51 ZW, B TR A 1R [26]-[28]. P IIRIE A5 Al T -

Langmuir W b 55 i 2R A58 (R 26 VE T 2 R :

C C 1

e _ e - 8
Qe Qm " k]Qm ( )

Freundlich W Ffi4518 2R AR BY iR 2614 T RN

InQ, =Ink, +llnCe ©)
n

o, Langmuir RSP 1 C, (mg/L) AR MFERVERIIREE, O, (mg/g) W b5 (1%
&, O, (mg/g) BRI IIH KM E, ki (L/mg)h S BRI B 75 A B ot 2 [R) R 5% AT RE ) Langmuir 5 4
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