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Pb*'y Cd™\ Ni"7EBUEGIOR S 4E R b B35 4 I Y

A, AR, BRIk, A
VI B £ 5025 T B 5 R TR B S 110168

H B NIRRT 4 E (RCA-NC) S7KIEWT Pb> . Cd>" ., NiZ B BA— % B8R K How 4 e, AR 2
RIECRHR A KL i (NFC ) IRl R R A U5 81 RCA-NC, W SEM. XRD Al FTIR X RCA-NC #2544
AT T RAEHT . S5RFTW, BIARBRILAN) RCANC MY AT R 4E, FORGEFHEHN, I RANEMEE NFC [
INFREE At o PR — IR SO0 s SR, TERER AT, 20 mg' L' (9 Pb>'. Cd*'. Ni*'7€ RCA-NC H1 ¥ £ BRZ5y
B 93.88% . 90.41%. 91.28%; TEFHES T (Ca®*. Mg*. Na'., K. BHES T (CI'. CO). AHWMLIL 3 RESIRET
REERRT, TZHWMEE 1140 P> Cd*'> Ni*', P Z2BRRIE 71.7%~93.88%, Pb*", Cd*". Ni*'f£ RCA-NC |-y [
¥4 Langmuir SRR FHFE — s F12F, WMIHLEE 20 B T35 . R BB 455 B i e e ) o

KR UMYORET AR EpWt; EamEET

BEE TR, A2y, Ml . RIS TS S H #3342, HEiHRECA 80% MKz 2H 4 mis 4,
WILHE SR Pb. Cd. Ni S5Pgiiic, MEAWIREme, S rs BB Tk T3 WA LLSCRIEY
X AR R RO AEAE E D, I, BT A R IRIEAE S 2 e 5 @R R IR
Z—
YKL YEZR (nanofiber-cellulose, NFC) 1 P85 A A RIS ATRE, EA AW Fef . R AR SR
FULHHERI S A RRERIE, A5 5EER e G, MEaEsF MR sEY. Wik, il
PP A LR Mk, 75 NFC RIS I AREL . GG B REAT A RS PEM O sk 52T+ NFC (Rt
PERERCA AT TE A ZHANG S5V INIRTIR R A R BT R LT 48R b, R Hxt Cu® iy W b 75 5
(0.727 mmol-g ") M L B TATAKLT4EE (0.286 mmol-g '), WAFA 06 L PIIE IR A T 45 IR & 3%
B NFC |, SUHSASARETAER RO Pb™ . Cd™ . NI IIEBRA5 T35 95% LA b,

SRR DB RN ZHIHMER, 8 A ZRBIHE TGS, AR 4 BT
R AT REAATESE B R RIVERT, SEma M BRI B 6 o8 - A PP AT i, ERIOC TRl EAK e 4 R
(acrylic acid modified rice nano-cellulose,RCA-NC) X Hi—8 4 & B I S A B A I S WOHAE SEBR K
IR PERE . PR, ASEFSR LAREHCN RGN #S NFC I NG IREA T3] RCA-NC, LA RCA-NC Ak
B, HEAHRDE T PBY. Cd L N E SR B TR B R P R SE R OC R, RIS S
FTIR JEEFIES) F 2 A TWRRLEE, &3 Pb* . Cd* . Ni*fE RCA-NC AYZpRpiee, s xig
W EBHIRIAFI, i RCA-NC TESEPRE 4 V5 ek rh i i — 2 2%, R NFC &AW At
BHITFAAEHELIR I

1 MR5REE

1.1 PERAFHERTIZ

B RS R AR EN LR PR AR BE 0.4 em A4 G T TE. Foor T4, HL 30 g RIS &)
TR TR, IMAZER/KIZH 24 h B A B TR A 43 R 2% B9 NaOH ¥, i EAEKI R
Yris BHEA: 2024-07-23 FAHHEA: 2024-12-17
EEWE: U THHUFITESLCH H (LIKZZ20220081)

F—1EE: wR (2002—) , &, W-EAFIEA, BT A K I PR, hanhx0109@163.com BRIBIE{EE : 45 (1980—),
2, Wi, BUR, W5 iE KA BE, fairy_ben@163.com
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W, T80 C A FHFERN 4 he ROVEEHAHIBI )G, FIHE S B RE T4 R oy B Bux i
WA, BRGSO R A 4R R B R 5% 1Y HL,O, IR, 7E 50 °C THEHk 24 h ZEH,
e I T RO

16 1 L 2B kP —EFEN Na,CO, Al NaHCO, IF, TERMEE/REL N 7. 3 MM [n b H s
FIREHLEIFANA 1 mmol-L™' i TEMPO i5#1 0.1 mo-L™' f NaClO,, fE 50 °C &M T4t 12h, HRA
B ZWRTE N =PI EOR BERC e, BRI R ECN 5% WEIFR. FSRIMEFRONAZ)
EEIHLAEA %0k 100 MPa, #4153 Y5 TSRS
1.2 geReFHERKE

B 10 gNFC i HZH8 3 H07E 1 L 87K, A 2 mmol- L SSBRRE 51 &, 1E 40 °C KB In#k
S THERE 15 min, RIASKI 0.1 mol- L' (Y HNO, #AZR pH 1HZHK 1.0, HZ57E 40 °C S FIIA 200 mL
PRI THAR Y 2 h J&, SRAA IR HlE, 3079 RCA-NC, REERERHE TS,
1.3 BUMLREFHERFTAE

KA F BAEE (Gemini-500 K ) MLELHOMEFT 5 9K EF 48 2 A ROIE S s (] X SR Y

(D8 B4 ) M B PERT S KT 2R 1) RS54 s (R B ZE MR (1850 7)) S3rele ik BT S 4K 474

RIVEREHAL
1.4 & Pb? Cd* NP ISR %

BRI . EULAR ISR A RAE 200 mL K, SRR TR AT I ARS R B T 4R B A
fitt, FHIDAZEIRKZ 1L, S3IBEEEN 100 mg L™ /Y Pb™ . Cd*". NP, a2k ir ESE s T
VWA 100 mg- L' S Bk BRI RRIH] . B 50 mL WEIMSZE0 s e S 4B BT KRR LS T 0.45 pm
WS UE, DA B0 DIE MO, ARYE TR  S e EE TR ERR N e, A5 EIAR B A I Y
Pb*" . Cd* . NiZ'WkJE., ZrmiRaE=t (1) F=t (2) AT Pb* . Cd* . NiZ AU fie:

C,-C
Q=—"—"xV M
m
R="C 100% )
Co

K R AEBRR, %; O NWWMHE, mge'; C, MBRRPIRIEIRE, mg L' C, ISR ER R
EEEETRERE, mg L VAERIER, L; m WMH5IAE, g
1.5 Pb*.Cd* Ni*" B—{kRIRMI B

RCA-NC W4 i 251 252 m R A SR aG pH . IR BMEH IRt . SR 3 IIE 3 7K
IEAS R I AR S TR R T A A5, TR 2 F 558 Pb* . Cd™ . Ni*' (bR
ST Pb?, CdY . NPRTRIFRIEL N 20 mg L',
1.6 HEBTFTRENYIX Pb* Cd* Ni*" B—{Rk REIR RN

rHILL 20 mg L' B PHES T (Ca®" Fl MgZ TR AV . Na'fl KRS LA M Ca** . Mg™", Na',
KIRAIR) FIBTE TR (CU . CO™) NI Seivil, fEAS AR B TR R AT, ikt 3 FheE
EJRET (FREWREN 20 mg L") BYMSCE, 19580 15 H5E9 R R . WM 75 min f5, W% EiE® S
NiZ*, Cd*. Pb* ¥k, [RIFE, /3% COD B} 500 mg-L™' 1 1 000 mg L™ FYREBARAA WL TH%E
K, B 75 min J5, R IR Ni®TL Cd, PHTHREE.
1.7 Pb*.Cd* Ni*"’REERBITZF M

Bl 20 mg L' A9 Pb*, Ni**, CAREIEM, ¥ pH A 6.5, K 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 g Y
RCA-NC 7 3IMATRGE T, SRR 25 °C, AEMEE 75 min J5UHCEE 0.45 pm BETIER, folngm b=
Pl 4w B R
1.8 RHIERRL

B 54 250 mL BRI, 20900 A 10, 20, 30, 40, 50 mg-L™" ) Pb* VA 100 mL, 75 &V
pH } 6.5, JINA 0.7 gRCA-NC, 7E 25 C 5 FAKBRHIRIRZ 90 min, $EEGES LK, WE Poy™ WRE .
RCA-NC W fff Cd*, NP4 A 2 7 ke b, (5520 5K Cd™ . Ni¥ % RCA-NC £ & 48k
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0.5g F10.9g, [AIN N pH 254 4.5, FIF Langmuir(zX; (3)) 1 Freundlich WHHEERAEL (=X (4)) %) |
IRSCREE I TG
C_C 1 )
g a ab
Krf: a WEKME, ¥4 mgg'; b WSWHACHHEEL, Lmg'; g A FHEIRKE, mge'; C.H
AR, mg L
logC.
n
. K W Freundlich MR 4L, mg-g's n WWRIHHEG g A FEWRIHE, meg's
1.9 IRHIEhFIE
B34S 250 mL HEIEHR, 20 I ARIEE B 20 mg- L' 9 Pb** . Cd* . NiZV&W 100 mL, 4351
3IAMHEERETIMA 0.7, 0.5, 0.9 g B RCA-NC JHREHS] . %W pH, Pb™" . CA™ AW pH HEEN 6.5,
Ni*VAW pH JHEE N 4.5, 78 25 C /K EIRIRY , #EIRIRECY 180 rmin™'c 43Jl#F 10, 20, 30, 40,
50, 60, 70, 80. 90 min HJFEHRES LiEHR, MWEELEEFHREIFITHE RCA-NC Xf Pb*, Cd*. Ni*'f¥
WetiE . Al FE—2 (X (5)) FNEZZiah J12eiml (X (6)) X iR fEs SR T2l .

Ing. = InK + (4)

In(g. — q) =Ing. — kit ©)
t 1 t
r_ L 6
@ kgl g ©

K. g, AP, megs g, TR  INZEABIRRM R, mg-g™s k. k HE—GL WSl
EERFEL, min™'; ¢ HIRFHTE], min,

2 #R5HE

2.1 BUMERAHERIRAE
1 4 NFC fil RCA-NC ) SEM E /. 5 NFC #Hlt (& 1(a) ) , RCA-NC £F4EnAiiss, doRE

(a) NFC (b) NFC

(c) RCA-NC (d) RCA-NC

El1 NFC #1 RCA-NC B SEM &
Fig. 1 SEN images of NFC and RCA-NC
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K], PIZE LA RETE EE (K 1(c)) , M HrikR
TG | AIFRIREE ARSI, WAL ke o H
KAAE NFC i, HIE 1(b) A1 1(d) PTIL, etk
JE A4 ZR EARAE/N, B 600~800 nm [ & 70~
100 nm, ARG F4 B /IMB A B 55 J6 B I g
Ty R 22 IR G54, LRI AR A4S NFC IR,
[ FA AR/ NURIH LE R TRIARAS K, AR T S 2
W BT

Syt S R uE MRy, R XRD X
HIE P AT 504, B 2 ATAT, NFC firifii
1E 20=1630, . 22.580 4t
(110) .

SRR A YEE T R
(200) &4, 5 NFC #8H, RCA-NC

NEC |

HIRTHTIETE 26=16.40 4EAb 2P 4E R T A (110)

BRI, T 20=20.43 4EHBAF4ER T AL (200) f
TR UG, R OHE S5 3R 0 S AR G 4 e A A
b WIS L (nAi=2dsing) , SN H,
AIfd NFC 9 fh i el iR o A8 K,
RCA-NC (A7 SHIEAE 20=20 W25 47 b i R 58 16,
MR R AT (D=K/Bcost), Btk Ferh N R
JiT NFC @ik, miRRSHAR/N, AH AR

ST ARY

ERAEMUR R, SRR T, R

RCA-NC M R = T NFC, UiPH el 5 Y
PRI b EEA gt

NFC il RCA-NC £L4M6i% (FTIR ) WnE 3
fli7n . NEC 1% B i 7E 3 344 cm™ 1 908 cm™' 4k
H 2 ANEHIEIE, Hh—OH 72 1m 1Y 25 thR 30
W5 2901 cm ™' Ab FRERAE I X B H R TH ) C—H
B, 1000~1 250 cm ™' AbAIGE STy | BE, RIE. B
FEETH A C—O #A ¢. RCA-NCFE 1313 cm™!

J55 RCA-NC i

Ages, Hk, mephE

0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80
20/(°)

2 NFC #1 RCA-NC #J XRD &[]
Fig.2 XRD patterns of NFC and RCA-NC

WeE/em™!

4000 3500 3000 2500 2000 1500 1000 500

3 NFC 1 RCA-NC i FTIR £
Fig. 3 FTIR spectra of NFC and RCA-NC
=1 PO IEATSEUR SR EE

Table 1 Orthogonal test conditions and results for
Pb*" adsorption

= SEnal: : (5% = 2+
A1L370 om™ AbiBL THRRAER g c=0 def  opm DU TR SRR R
PR, YEMTR IR M 5] A . RCA-
R o : . 1 1(5.5) 145) 10.5) 81.0%
NC Hf&aishd S5 elcMEnT NFC mGIEAHIL, U
] RCA-NC {/5ELA NFC H9%5H 2 1(5.5) 2(60) 2(0.7) 86.0%
2.2 E_EQE%¥%B$ 3 1(5.5) 3(75) 3(0.9) 86.3%
Wit 3 NE 3 ACFIERS SR e Pb™ . Cd™ . 4 26) 1@5) 207 83.3%
Ni* W R A A . 6 1~3 SWIEAS SRR 451 I 5 2(6:5) 2(60) 3(0.9) 92.6%
G R ZE R SR, P CdL NiTIR 6 2(6.5) 3(75) 1(0.5) 83.0%
S A PSR = | S R 1) s ) 8 4 R IE 7 3(7.5) 1(45) 3(0.9) 77.0%
S >I B ERF 18] 5 W B AR ) >4 i pH>R B 7] 45 o 8 3(7.5) 2(60) 1(0.5) 76.6%
Tty WIUR pH>IR BRI (E]> IR BRI . 24 pH 4% 9 37.5) 375) 207 87.0%
i, WD H'H RCA-NC SRIAH REM 44 ] K 0.844 0.811 0.802 _
Wk, SESEE T RETESRMN; 4 pH 85 L 0.870 0851 0561 B
i, HaJE BTSRRI A S L 0502 0554 osss B
RCA-NC =/ Jf 1310, it Cd* iy T4 BAL R ' - :
i, FLIREAS R KIE RCA-NC |, —BEmi] 0068 0.043 009 -
elitsg A,C,B;
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R2 CA"EXXERFHRER =3 NiVIERZSER KM RER
Table 2 Orthogonal test conditions and results for Cd** Table 3 Orthogonal test conditions and results for Ni**
adsorption adsorption
o) WilhpH WA E/min - RIS INE/g  Cd A e WilhpH  WEBREHE/min  WEESIBINE/E N A
(A) (B) ©) P I (A) (B) © PRI
1 1(5.5) 1(45) 1(0.5) 67.0% 1 1(4.5) 1(45) 1(0.5) 86.8%
2 1(5.5) 2(60) 2(0.7) 75.5% 2 1(4.5) 2(60) 2(0.7) 90.5%
3 1(5.5) 3(75) 3(0.9) 82.5% 3 1(4.5) 3(75) 3(0.9) 90.9%
4 2(6.5) 1(45) 2(0.7) 72.0% 4 2(5.5) 1(45) 2(0.7) 85.0%
5 2(6.5) 2(60) 3(0.9) 89.8% 5 2(5.5) 2(60) 3(0.9) 86.8%
6 2(6.5) 3(75) 1(0.5) 90.4% 6 2(5.5) 3(75) 1(0.5) 85.2%
7 3(7.5) 1(45) 3(0.9) 65.0% 7 3(6.5) 1(45) 3(0.9) 82.0%
8 3(7.5) 2(60) 1(0.5) 81.0% 8 3(6.5) 2(60) 1(0.5) 82.0%
9 3(7.5) 3(75) 2(0.7) 82.0% 9 3(6.5) 3(75) 2(0.7) 84.3%
k, 0.750 0.680 0.795 — k, 0.894 0.846 0.847 —
k, 0.841 0.821 0.765 — k, 0.857 0.864 0.866 —
ks 0.760 0.850 0.791 — ky 0.828 0.868 0.866 —
R 0.091 0.170 0.030 — R 0.066 0.022 0.019 —
F WM B;A,C, FWRNGT ABC,

X BRRCR s B i 2504 FEIEAS SR R AR B PR AT, 4553k, Pb™ . Cd™, Ni* Bk
Rl ik 93.88% . 90.41% . 91.28%.
2.3 FTRIRMEAR

1) AFBETXHR— Pb™ . Cd™ . Ni¥WRFIRCRAGEM . 7E FIRIERS S P RAS I e R A5 T, 403
PL 20 mg- L™ (IFHES FIRA (Ca> +Mg> IRATA . Na'+KIRGTER LI Ca* +Mg™ +Na™+K " IR G
FHES T (CL COY) N R, B HME 7YX — Pb* . Cd* . NiZ'W PR AR . 538
& 4(a) F1 4(b) s, YHABES TAEAERE, Pb* . Cd* . N&'EMRIGH T T, HAESA COZ BT
FEFEEE Fe K, W FREZE 71.70% . 53.25%. 47.67%. 4y Hrikh, L HRME T (Ca®'. K, CI,
CO,” %) 5 Pb™", Cd*" . NI fAEARFIRER M s e, FECEROW MOS8, Pb™ . Cd™ . Niv bR

100 [z Pb>* 100 Z2Pb>
%% ENCd K9 e
3 Ni?* gy i NP
80t 7 ol O
7
& 60F s 60+
Vil o T
Ho40 F H#o40 F
20 20 F
0 0 2
Na'+K* Ca*+Mg*  Na+K+Ca>+Mg* Cl- €O
(a) FEAFEFHES TXF RBRR A (b) FEAFEBHES X 22 BRI

4 FHEFAABETFXT Pb*\ Cd*'\ Ni*'TRHIFNG
Fig. 4 Effects of co-existing anions and cations on the adsorption of Pb**, Cd*" and Ni**
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FREL [FIE, WSIESFRKAEAR . 45K, H 100 -
T B A2 Pb> . Cd> . NiZ AR, s 7 7
it BT ONATAE Ca¥', Mg IR EE T PbY, 80 |
Cd*", Ni*"ZEB5% (83.56% ., 73.67% . 64.26%) ik
F Na", KIHA7EE (90.88% . 79.80% . 69.90%). s 60F
2) IR — Pb | Cd> . N WEHHICR %
40

M, KA EEER ARG E R ERER], AT
DVS 4R B AR ESRAR AR, Sd s ) A
M B T P I AR RIVREEUTERE, 548 or
LA X RCA-NC W[t Pb*", Cd*. Ni¥'RYRZ I, !
ZEIRANIEL 5 Fn. ALUL, Po™ L BRFIEAAZ I 300 1000
PEARIEE . R B k500 mg- L™ HAEA DL (me - 17
i, Cd** . N BRI/ ME FIE, Cd 2 E5 HEENAIR Ph* . Cd*\ N TRHIEN
BB T Ni2tL YA R E W EE 255 1 000 Fig. 5 Effects of co-existing organic compounds on the
me LI, NI AR FIEZE 60.78%, 1% adsorption of Pb*", Cd*" and Ni*"
F CA I ZBRF (70.53%), PO Iy ZEBRFRICH B
Ak TR RTRE S, R AR AL,
XEEFEFLL 5 RCA-NC R RILIE i &5
1 RCA-NC HA 0RO sl b, 75
Pb>, . NP R A4, Cd . NP o
Mo grfie )1 55 TR, KBRFRIE TR M
Pb>'7E RCA-NC W INTe BT8R, 3252
S, ik, Pb* RERFTCH AL

3) Pb*", Cd*". NIFTRAIRRA AR, 52 20 f
PREa R oK PHAAMU R &G — M ES R T,
XL 4 B AW R R T BE A B s O T T s oo 1o
il . 76 pH 2~ 6.5, WEBFAFIEISA 75 min (IZR1PF T, W BRI
55 20 mgL” B Pb7, &V NIRRT Bo RAKFRESEETRIHRLS
RCA-NC 1y KERFR o L5 R AN 6 frvm e 7l Fig. 6 Comparison of adsorption effect of heavy metal ions in
UL, TERAERMRAE T, SHR—RRML, —ooik mixed system
i Pb” . N EBRE TR 70% LAy, 1 Cd™
CRER 10% Zodh . BEMERI BN, Po* . Cd*' . Ni*' KERFBWEH . BB ek 2
0.8 g i}, Po™ MRBRFASCENAIEE, ARELPm R FIE NG, Po™ ABRR W W As{k, i Cd*. Pb™ i
FBRFJIAWEE I, kR, FFIREFIRERIEO RN, AR S5, PO s tae o,
o G A, ARSI BN, R PO SRR, [FIRA RO G 2, NSRS RE
I Cd* . PO RBREA TR
24 NHMIERZ

K178 Pb* . Cd'. NIV WEHHREINEGETR, % 4 WHESEL 459RKY], Langmuir SHRZAHOCHEH
i, HAHSCRE (R) YT Freundlich S8R LE 1 R, B Langmuir LAV FF45 Pb* . Cd™. Ni*'fE
RCA-NC MR, Rk, #EWr Pb* . Cd* . Ni¥'#& RCA-NC | Bsr-F 20, B 4 nfhl, Pb*,
Cd™. Ni*'y I/n{H (0.657. 0.598. 0.602) <1, FKHWIFE RCA-NC WM 75 & H ottt . FIH
Langmuir J7FH53] Pb>", Cd* . N2 B RWMHE4M 31 7.51, 7.23, 743 mg-g ™', ZSIE407 F FER D %R
Tl HEVEDRAFAE R, RBUHIT P> BRI 2R 56.776 mg-g ', ZSBRRATIk 98.29%; TIRFFRE!S |
FHE AN K IV E DR AR AT 4 2 ARG, A LXT Po™ . Ni* Y KB 28 553 00 186.7 mgrg ™' il
123.4mg-g"'. FRGEEEI, ARIE RCA-NC X H 48 B T B MR

100

EERE%

40
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08 0.6 0.7
0.7
0 05l 0.6+
= = o 05
S 0sy o04r = 04l
2 04 o &
s 03} S 03¢ & 037
o’ o’ O 02t
02} oal s
0.1} 0.1}
0 s s s s . 0.1 ' ' ' s ' 0 . . . . .
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
C/(mg-L™) C/(mg-L™) C/(mg- L™
(a) Pb* LangmuirZs g Wi B ih 2 (b) Cd* LangmuirZs g i fif ih 2 (¢) Ni**LangmuirZ:3i W fff £k
3r 3.
2 21
o1t .1t
5 5
0r ok
1} “1t
-2 ) - )
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
InC, InC, InC,
(d) Pb>*Freundlich5:iz W it ih 2 (e) Cd*Freundlich %5 it h 28 (f) Ni*Freundlich 57 W it ih 2
&7 RCA-NC %} Pb**, Cd**. Ni**Langmuir & Freundlich Z5E}Mirhsk
Fig. 7 Langmuir and Freundlich adsorption isotherms of Pb**, Cd** and Ni** on RCA-NC
2.5 WMiEhh=E % 4 Langmuir # Freundlich Z52RMIEIS %
K 8 &1 RCA-NC X Pb**. Cd*". Ni*'Wg[ffzh Table 4 Simulation parameters of Langmuir and Freundlich
FIFREIINLR , G5RRIIE G SRR isothermal adsorption
RiF. 2 5N IR A S8 ksl - Langmuir 0% bt Freundlich i H
Ve —— — NYREETN N NS L35 )i 12
A, WE sl ) B R M O AL R, X PbY " dmge) bLme) R K(Lg) 1m R
Cd”" . Ni*'HUALHRL T1E—Gah Ji-a il Rtk Pb>* 7.51 1037 0995 15363 0.657 0.740
e TRV B =] )
- [& Kﬁj\j Egmig © liiC:A NS\%‘%@IE\ EE‘ ri ’ cd* 7.23 1.045 0.998 14.870 0.598 0.780
jik R SARIRILA, [H
FTIR *H XRD lzhﬁim/\%%ﬁ F ﬁ?ﬂﬁ&—t ’ Ni** 7.43 1.118 0.991 15.011 0.602 0.750

I, Pb*, Cd*". Ni*'fE RCA-NC g ifipia 3
PSP, Cd*, Ni*'5 RCA-NC REEREAIZS S, MIMEEE RCA-NC £ifi; S RCA-NC /=
AT RCA-NC RILLEEREHIML H 5 Pb*" . Cd* . Ni¥ UH T FAC a0,
2.6 BUMAKALEETT Pb?, Cd? N HITR 43I

2.3 ZIURRINSIRH, Pb* . Cd™ . N USEFIRITRE 3R Po* >Cd*>Ni*", TP SR £ oK
FEFFEY R (BC) FIAREEA4H5c (DMBC ) WG, 255 RN 52 FraE )] Pb> >Cu* >Cd* >Ni**, 5Kl

2r 2r
1} 1t
~ OF ~ Or
¥ i
w-“_l' ~ -1
k=1 k=1
= 5l g L,
-3t 3t
3 -4

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
t/min t/min t/min

(a) PO 2 Sy (b) Ca“ iz Sy (c) N2l 2
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12 . 12 1
10 b " 10+ 10
8t 8l gt
s 6} T 6} T 6t
4 41 4t
2t 2t 2t
0 0 0

0 10 20 30 40 50 60 70 80 90 100
t/min

(d) Pb> 2R 2l Jy ¢

0 10 20 30 40 50 60 70 80 90 100

(&) CA*ME— 2l 1 ¢l

0 10 20 30 40 50 60 70 80 90 100
t/min t/min

() N fE =23y Jy 24 p

8 RCA-NC ¥f Pb™. Cd*. Ni*'WRMizhI L
Fig. 8 Adsorption kinetics of Pb*", Cd*" and Ni*" on RCA-NC

SR RIR I AV E R I SE R R T
W B >4 P> >Cu*>Cd*/Zn*" . B BHXT T AN [A]
A ARE, Pb* . Cd*. Ni*'HfEfese 4 i H.
X PO B M RE sk . TN E SR B TR
S TRE ) SH A BETA G, SR A E
SIRBETFHAYMESEOLE 62, ik, KEETF
RN, TESER TR S 4 RCA-NC 1
7R HE 4RSI ASHER, HKEE T
PREEEREAAAE; HIR, KT
BopKy BRI E SR T, oW fae e ;
wha, EaEEFRHR RSO, WRHRE TR
AN, SEEE, TR GYBARE, M4
JBIGIRTE Pb*'<Cd*' <Ni**, [Fitt, Pb* ilse 4 bt
AE 1o, Cd*. Ni7#es5 . M iR Hg,
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Table 5 Fitting parameters of quasi-first-order and quasi-
second-order dynamic equations

HE—H8h i W28 )1
EEEET
q/(mg-g") K/min' R* g¢/(mgg”) K/min' R
Pb** 4580 —0.012 095  7.48  0.006 0.990
cd* 4110  -001 091  7.191  0.001 0.991
Ni?' 4240 —0.098 092  7.205  0.001 0.995
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Table 6 The physical and chemical parameters of
Pb*", Cd*" and Ni*
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THIEET ﬁ%ﬁj gﬁgﬁi WO T pm
Pb* 207.20 7.71 2.33 119
Ni?* 58.69 9.90 1.80 69
cd* 112.40 10.10 1.69 95
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1) SEM. XRD F1 FTIR Z3#7#H] RCA-NC FWELT4 /0 B34, (H PN - E8E asH R & Aoy
TEEBAEWPHEAET Pb* . Cd* . NiZ ZLBR50 50 93.88% ., 90.41% . 91.28%.
2) H5H—KRZMIL, HEEZE T SAAIWINERT Pb> . Cd*, Ni¥' LBRREA AT Ff%, Pb>' 2k

%A 71.7%~93.88%

3) Pb*, Cd*', Ni*'EZE FIHAFaIIAR T, SefWMHIEIFFA Pb*™> Cd*™> Ni*',
4) WIHAEEITERI, Pb™ . Cd™ . Ni*'f£ RCA-NC iyl FEAF 5 Langmuir MR, DI
JEWRR R 3 s BB AR S HE sl Sy, R AR R BB AR R . R ERE
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Competitive adsorption of Pb**, Cd**and Ni**on modified nano-cellulose
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Abstract To investigate the adsorption effect of Pb*", Cd*", or Ni*" alone in aqueous solutions as well as their
competitive adsorption by acrylic acid modified rice nano-cellulose (RCA-NC) , the nanofiber-cellulose (NFC)
was prepared from rice straw, then the graft modification with acrylic acid was implemented for the RCA-NC
preparation. The microstructure of RCA-NC was characterized by means of scanning electron microscopy
(SEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). The results showed that
the carboxyl group introduction to RCA-NC led to denser apparent-distribution of fiber, more regular bundle
structure and not complete alteration in the crystal structure of NFC. The adsorption tests of Pb*", Cd*", or Ni**
alone demonstrated that their removal rates at an initial concentration of 20 mg-L™' by RCA-NC were 93.88%,
90.41%, and 91.28%, respectively. In the mixed system containing cations (Ca**, Mg*", Na‘, K"), anions (CI,
CO,”), organic matter, and the three heavy metal ions, the competitive adsorption ability followed the order of
Pb** > Cd** > Ni*', and Pb*" removal rate ranged from 71.7% to 93.88%. The adsorption of Pb*", Cd**, and Ni*
onto RCA-NC conformed to the Langmuir isothermal adsorption and quasi-second-order kinetics. The
predominant adsorption mechanisms were identified as ion exchange, surface functional group complexation
and electrostatic adsorption.

Keywords RCA-NC; competitive adsorption; heavy metal ions
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