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Abstract

The paper uses rice husk as an adsorbent material to treat simulated wastewater containing mala-
chite green. The structure, morphology, and characteristics of rice husks were characterized using
SEM, BET, and FTIR techniques. Static adsorption experiments were conducted to investigate the ef-
fects of adsorption time, adsorbent dosage, initial concentration of malachite green, and temperature
on the adsorption efficiency. Dynamic and adsorption isotherm models were fitted and analyzed. SEM
can clearly observe the fibrous or honeycomb like porous structure of rice husks, and BET results
show that the specific surface area of rice husks is 0.8064 m?/g. The adsorption of malachite green on
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rice husks conforms to the Langmuir model, indicating that the adsorption of malachite green on rice
husks is a monolayer adsorption. The dynamic fitting results demonstrate that the adsorption of pea-
cock green by rice husks follows a quasi second order kinetic model, with chemical adsorption as the
dominant mechanism.
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1. 518

WEE R —DMLORE, FERIEVINAKTEM NS, BEXG IR A, 2023 FRIERFEL &N
28,337 (¢ J7, BAEA S KEREA M RIS A4 7 RE WG . e TEAFRARRER . 4. 4%,
DEPRRERREAIE, DR AN ESEENEL]. A REE —E N R,
AV TE R RER], AL R R AR AL R BT [2] .

H A5 WA R A FOKRFEFF[3] . IHEFEFT[4]. KRR 2RL5] . TE2E5E[6]. REoess, REFR
VIR BIRACRI ] E B E I EHEAL . 0 TRk, dls Bk . ROKAERSE . RAk, RWERMZ
HABNR. 204550, JFEARRE. BRESER, @EPAEAWRMA B H 5 39a 3 e, AT
DI IR 4R, JBmT DL “DARIEIR” o Hu Z8[7]LAREFe N R, i€ 7 BA 3 & FLEE M AR LR TH AR
I BLRERE 76 5 (DRHC) , FF4% AR A T AL g i, R FH 25 4 B8 1 PR PR /KA B 3 T Ao A K 7 2 0
RGUARL T A%, [FII, DO A B AR R PR (PMS) AT AR, 5T 7 e AT D0f M FF R0 (MB) IR R AL 25 B g
o BERFW], ZARD L R E BT RIEF IO BEMACR, pH JEHITE, HEEMHMEREREE, && T2 MY
BHEI P . Li [8]5F LAY IR, SR MgCl, 1 NaCOs X AW st #E 4T e, il 4% 17—l 4 MgO
P AE Y 5 % (MgO-Z%@RHBT),  MgO-5%@RHB-450/MgO-5%@RHB-600 % Cd(I). Cu(ll). Zn(l1)F
Cr(VIBEATWL AL FE, W B 25 553731 4 91.13/104.68. 166.68/173.22., 80.12/104.38 £ 38.88/47.02mg/g. Das
SE[OTLLSE IR K IR BRI, Sof I PR B R AT W PR S5, FERL SRR T, R TR e R B R
98.70%.

FL# i ¢ (Malachite Green, MG)J&—Ff =2k F e 28 (1) N A BUKIBH & 744k, 1877 “F i E %%
Hermann Fischer & i, ZMNSEEERE, W5 & @6 EI mAR[10]. MG 43138 CasNoHasCl, 4011 364.911,
& ri 158°C~160°C, 484 42,000, MG G T/K, T 4B WEREAKEE, KEHEESG. SILEAH
LRIET ORI, Hd KRS 618 nm [11]. L2472 =830 5 00T Hol s IR AR ), Horp
P T A FIR IR A B B, B A2 — 2R R B R A A ekl [12]

LA ST FEA P ge 7], R 5 B 11 R A A et [13] . JF H AL A S —Fh AR A T A 20
OB SR 0% B AR 2 A R, ARAEZK P2 IR DI B FH 2 JEVE I [14] 0 BRI AL A A o0 i AL sh D 40 i B A v
FE A, et AFIE A E IR . BhAh, MG FRBETE /K AE R BEH, h fa Rm i PR A e g v 1
kAL E RS, XM R RAL PR R, EFEIERR IR 5 RS A0 %) A 4 20 B 1) B
HiEPE. #E NGB 7S DNA A8 555655, It v . SO AN BURAL R, U A i 22 42 [15]
I, LA SEA IR ISR, 17 How i W) FET A A B i ™ B g . R EE L AT I ARE (NY5071-
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2002 o FH R AAMERIEL) h ol fLEASIIVEEMZY . BT B RO SR B, LR SR
FETRKF FRFE B I 2R T AN 1E 2 2019 £E 6 F 12 HHT S, BT T TH IRZAEXT-L 5 L8 APP ZEAT PRI,
RILCNTRESZE” | “] - MR AERE” 2 L3 APP (M8 fa A EfLAE A SR 2R I . TIAE 2017 4
FEALBRIES b, WRALE . A%E. WL Bl Bat. ol g8 sFr . B T P 1
AL 31 MR T R At FL A A . KR LR A G R A B L.

AT IR BERE TR R AL LA AT 4k, SR SEMLBET BAK FTIR S5 3R AETF BT MG 5% (1 45 AR AIE
LA e 0 A I B SR 2 IR Y ) 7557, IR RS 7ExS MG IR R HILEE

2. SERMBFG &
2.1, SRR R AN AR

2.1.1. sEBRF
SIS P A RE R B WAL ARBE, FLE AT E 2R L2 R A PR A A

2.1.2. RB{UER

SEUGFTFIAXAS : B24h - AT LA YA TH(UV-2900 Lok 524E PRI (B IR A F)  fEIR/K AR 53
(SHZ-C LRt Ry dstk) ) Ad B A e 2L 416354 (Nicolet 6700). P& A B0 HL(MH3180 Kb 44 Ak
YIRS BR AT L AR M2 AL 2 BT 7€ 1% (American Micromeritics Instrument Corporation, ASAP2460 ).
FAH i T AT (ISW-5510LV H A HiL 7 ik 3022 ) -

2.2. MBRIES %

T T R (SEM) 2 BT APEHE TE SR, # K H Japan Hitachi, Regulus 8100 #3737 & St 434
HLBE I e o I 8 FR LD AR A (FTIR) 7 AT A4 KK 3 7 S5 M AL 22 B 555 S, SR8 AR oRE i 1 3R AR
FEER K H /R B4 ] Nicoler 6700 #HATRAE . il LR AN (BET)E-195.6'C F, LA No W B 5 il
SEM B EE R AR FNALEE M, R HE R i AR AL R FE 43 #T{X (American Micromeritics Instrument Corporation,
ASAP2460) 31T RAE -

2.3. EIRKBHIF

LA G =R Rk, e E AN FREE ) MG ALK K AT 5256 . 04 K “F-FKEX 0.1000 g MG
T 1L AEMFESR, FER 100 mg/L . @40 - 1 0L G EETHE 618 nm ARG B 23] MG
ARG
2.4. IRMIsELE

HY 200mL MG #EHUE K T BRI, BONEIR/KIBIRG 28 %5, JR3% 3 E A 150 rpm, &N 25°C
HEATIR P 5258, I B EJE RO R O G B TH R BOR FE o AR A 2 (1) FI A (2) 40 il T H R B B A e B e

W B & ) kA
C,-C, )V
q-{& G €
m
ERRZEM I
n= C°_Ce)x100 @)
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o Co ARERNR K VIGHIRE, mo/l; CooA t IS ZIBELE KR, mo/l; m NWIRFIINE, g5 VA
PSR AKAAEAR, L Ce AWRFT-FATI AR AR, malls n AZRBRER, %; q N 1 g WFIREH MG
R K& mglg.

2.5. BMIFimL

W B 252305, 28 A @ T 43 i A Langmuir. Freundlich F1 Temkin 2535 28 A5 7R BIF 70 4E 5 15 T W B &R0 725
WIREK R, THEIRMZ558M, PUEFE Z RITER J1[16].

Langmuir 255 28 77 72

Se _ e 3)
qe qm KLqm
Freundlich Z&i5 2k 5 f%-
lo =logK; + 4
g qe g F n |Og Ce ( )
Temkin 252k 5 2
g, =blogK;C, (5)

A, Qe NWF-PETI R 25 5, mglgs Ce AT MG BLRUR /KR E, mo/l; K AEHZREHL,
Mm;%%%ﬁ%%@%mm@;M%ﬁmmwmﬁﬁ;%%WW%%:&@@ﬁb%TmMnﬁﬁo

2.6. MIEhHE

N T BRI WL, SR — 2250 J12F . HE %50 128 U kT N B AL =F AN [F) MG
TR K T UG IR FE 46 1 N AT A 17T .

WE— R B AR

In(q._q,)=1Ing, Kt (6)
HE ) )y
t 1 t
= )
g K,
AR RIS E/ N g R
q =K t*+C 8)

R, de NPT OB &, molgs g NIRERFTITE t IS ZIROIRER 25 5, molgs Ko NiE—Zsh 1150
B, 1Uming Ko AHE 8 5540 g/mg.ming Ko AR N BRI E 2, g/mg.min; C 251U EE
FEA I A
3. LRENH
3.1. FTIR &%

KB 1 oNFETE R B2 A AR okiE, K] 1 TR R RAE 34205 CML, 2942.4 CML, 2352.1°1, 1633.1°%,
1099.7 1 540 A5 A I AR 4 IR B e, A B8] SCRR AT &0 3420.5 CML /& -OH KIH4R1ES), 2942.4 CM &
C-H MIMH4aIRs), 1633.171 & C=0 MMZEIRs), Xt SRETH R ER SR EA IR, 1099.71 &
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Figure 1. FTIR Spectra of RH

1. FEFH FTIR ik

3.2. SEM 43#ir

il 2 fios, B a b YRGS RIS FITBOC R SEM 18], AE5e4h 2 & SIS0 H MY AP TE
P, LB T EAARE(SIO)UTARTE I Rk B 40 i JE AL FE . SEM [T A vl e WL I BUREAR 50858 F IR 454, 3X
SRR 22 N TEE T AR, RIARERORSL, REMEBIE MR R WRUERMPAHETNT, 2
DLEF YR Bt 5K 2 FLE R, St T 2B R AR I 22 AL

Regulus8100 5.0k 7.9mm x150 LM({UL)

Figure 2. SEM of RH
E 2. fEmrameiRE

3.3. BET 43#fr

N T ARFURBFRI LR TR, 2 77 K RGBT AIZRET,  3(a) AREse O IR 5 TR 2 o AR ARV
/e Bt S8t £ 1) TR SR T T U 1 2 ZRALARE, P LT BB SER I LU R I AR AL, S0
PEOL s 8 A FLMUCRSLAT DA EES G 0 7 I PGS B A S PR A6 4% . MR 1 AT, Hrpfgse
IR IR 0.8064 mP/g. MR BA H3 BT S IAH IV BUAFIR 2L, UEWIAE5¢ /& B AR 22 B ek
PREEALBRIOAFLARE, Horh H3 Y [A]PR W P St 2 B0 W 2 (AR 1 5, R ITSLES A RIS, H3
RN RIRGHI I IEERAR, P ERREGEII AN FLBORSUAEH19]. H3 R [mIFA A P ASAS R R () WP
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Figure 3. Adsorption desorption curve (a) and pore size distribution curve (b) of RH
3. FETHORH - BROR BhZE (a) FNFLIZ S Fr L% (b)
Table 1. The specific surface area, total pore volume, and average pore size of RH
1. EEMERER,. BRILEMEHFLE
Parameters RH
Specific surface area (m?/g) 0.8064
Pore volume/(cm3/g) 0.0014
Average pore size/nm 7.2053
3.4, MPIFEHEL
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Figure 4. Effect of contact time on removal of malachite green
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el 4 iz, ATLAES HAE 50 min IR PR EBRGE RSN, BEJE T 1T, AR 120 min JE RPN E IR .
WM TR B, R Te R TAAE KB MR 45 A A0, WRBPEEEARER, )5, 22T HEASLBR(A B ), X
R AR LR, TN B T S AL R AT LR MG IR JEE A BRI B0 B 5 1 i A
K, WRHEEEPA . Bk, 18 120 min /E R IR MG (1 55 H B ]

3.4.2. WRBHFRIHR fin 3 R PSSR AU R
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Figure 5. Effect of adsorbent dose on removal of malachite green

5. BRMIFHR N ERT MG BRBHZR AN
W )5 0 A W PR AR ) — AN BB K R,/ MG WIGGIR 100 mg/L, RFEAE 25°C, fitdkiE
%5 150 rpm, BT (8] 120 min ((254F T, Bn&E 5008 0.5, 0.75. 1. 1.5, 2. 25, 3. 35¢/L, H

5TAL, BEEBINERIIEM, RHWHEZE T, MG KERFZWIHHE R, XK NEEE RSN EE
s TSI R A 5, 3818 MG £ BRE . Zr i B I8 K BR R A B A e R e i BN E N 1.0g/L.

3.4.3. MG #1#a R EE* IR FHEBUR AT
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Figure 6. The effect of initial solution concentration on MG adsorption efficiency
& 6. BBANIAREXT MG IR 35 R BT 520
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TEMRFELE 25°C, FHEHAE S 150 rpm, FEFCHMNEN 1 g/L, M (A2 120 min BIZ44E T, MG ¥
SRR FEAE 50~150 mo/L 4R BE R . HIE 6 FTLAEH, MG HIZAVKEZ M 50 mo/L B4 0% 150 mg/L, "
Bt BTG N o X2 T AE [ E I BRI N &, VAR AU T TR B AR, R B N R i R A 7
BRI PR AN, R RS PR A T o o Y VT o A B PRI AN BRI 38 0, R B A o A L A, 3ty e 2 AL AR s >
D)W 750135 38R B e R 20]

3.5. WMERL

100 6
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Figure 7. The adsorption isotherm of RH to MG
7. FERX MG HIIRMF RS

T MG JeRH P & e VR MG MK Ce Z MI-FAT X R, TEAFHRE MG (10~500 mg/L)Fl
FEFER N (L g/L), Befuhit By 120 min 2644 N 3T SRR L. 4> 34 Langmuir. Freundlich £
Temkin ZFEHR . S5 R0 7 Fon, Bl RS LR, BT KR &y 76.51 mg/g, HURYE
e 2% R AT LIS H MG 7E RH W B FE 77 4 Langmuir #2789 (R?=0.9960), #iH MG 7£ RH LK
MO RN A T Z R e — M Ln /0, VR B R0 W0 B o PR B R A, >4 LU > 2 8F, T HE DAV
ft, RH [ 1/n fE4 0.2564, 78 RH 0] L% MG A —MREEF W FH[21]. R EFRZRmT 5, BEE LG
WREERISEIN, RH X MG R RSz i ig i, 3 5 B o 78 7K Hh PR A< BE A 88 ) SR 30 T AH O

3.6. MHI=NHEFE

Iy IHE MG #JHAE 9 50 mg/L. 100 mg/L F1 150 mg/L 2644~ , HEATWR P S2a6 . HRHEHLE A ¢ R4k
R2 0] LAFIWi 75 & 1T IS H MG 7E RH LW B e 5 S 1 Rl fa2a i, g5 1 8 Fisk 2 frow,  #R 4

DOI: 10.12677/amc.2025.132024 221 MRME 2= AT


https://doi.org/10.12677/amc.2025.132024

Kk 2

A THE B RAIR I & qe, #E BN FRA R SR MG IR & 23 46.73. 75.24. 82.17
mglg; XFHEERT , IR Qe exp 11EL(46.82, 72.63, 79.45 mg/g) 5 K H HE 2 5h )1 2E AR AT 51 Qe car 1 — 20
11 0 B 20 70 A B 0% B U MR RH X MG IR B AR FIAT D, X5 R4S 18 —5. kg
Hahit: RH X MG (W i 72 A6 2 I 3= 5

a0 (a) Adsorption kinetics 2.0 (P)Pseudo first-order model = 50mgiL
¢ e 100mg/L
A 150mg/L
60 1.5
B C;
E 40 4 é? 1.0 4
& g
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0 —e—100mg/L
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Figure 8. The adsorption kinetics curve of MG adsorption by RH
[E] 8. FEFRM MG RO B =N S HL & thzk
Table 2. Pseudo first-order, Pseudo second-order and intraparticle diffusion model fitting parameter
=2 E—RBHNF EZRHNFFRFRAY BEESRENESHE
Initial Pseudo first order model ~ Pseudo-second order model Intraparticle diffusion model
Antibiotic -
concentration (mg/L) Qe K1 R2 Ge K> R2 C ko R2
50 3.43 0.019 09087 46.73  0.009 09992 3339 1271 0.9472
MG 100 5.44 0.018 09832 7524 0.002 09965 33.02 4.054 0.9628
150 5.53 0.018 0.9902 82.17 0.002 09968 37.23 4332 0.9586

4, Z5ig

AV SR FAE A W B 5 B AL B = 2K e ekl f L &%, 7F MG WIS IRE A 100 mg/L, FE5%
THEAN 1.0 o/L 4T, W ALHE 120 min MG L FRFIE 72.64%. W B4R 5 FE RN B 80 1 240 A R B,
FLE A ARG TE LR AT & Langmuir A7 R B0 2B, BRI BH 508 76.51 mglg, W B 8l 12440
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