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Abstract

Acid mine wastewater containing metal ions such as Cr(VI) will cause serious harm to the envi-
ronment if it is not treated. Microcrystalline cellulose (MCC) is a cellulose that is hydrolyzed to a
limiting polymer by dilute acid. Compared with general cellulose, it has smaller particle size,
higher crystallinity, greater porosity, internal surface area, and a stronger reaction performance.
Therefore, the experiment used MCC as a raw material, and was swollen by a sodium hydroxide
solution to examine the ability of the alkali-modified MCC to remove hexavalent chromium from
water. The results show that when the concentration of sodium hydroxide (W/W) is 10%, the ad-
sorption time is 9 h when the amount of adsorbent is 1 g, and the adsorption efficiency of Cr(VI) is
the highest when alkali is changed to MCC. In the Cr(VI) ion aqueous solution without controlling
the pH value, the isotherm of the alkali-modified MCC and MMC adsorbing Cr(VI) ions conform to
the Freundlish equation. When the Cr(VI) ion concentration is 1 mg/L, the adsorption amounts are
45.13 and 24.50 pg/g, respectively.
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1. 5|8

Cr(VI)#2 /K B 5 235 G —, FREE (8 22 DL Cr(I) BE TR0 Cr(VI B RAR I B 77 A7
fE. ML Cr(lD), Cr(VDEAHESRMBUEMBRAZR Y], HEFIER Cr(IDI 100 Z5[1]. BEEH 25
(P BE R, NATDRT L SRR T R ) BERRSR AR, KIATF R G HERR T RE R, X PR AE ™ E
fEEREE. ERYT X, BV 23 XEAEN pH RIE. A RKEELEE T &S0, Mig/K, R
111 % 7K (acid mine drainage, AMD) [2]. BRVEN LR KAFAEIR 20 W1 Cr(V)EERE &R E T, Cr(VDEARM
R RE DRIERERE Ty, W RAG A B S G B, B 2B MK BRI R 20 HE N KA R K, 036
585 NI A IEIE U I B AN AR ()™ 5 G 5

HATH T Cr(VDIERR F AW RS BV B A8 B T AR v . Ak AR AT A
PO A R AEES MoK Bk, (HFEIAT b, FFHFERERNELAR, AL 3], BES
A T IE AR IR FE RIS I KA, 20 BRI IRy i h ) Cr(VDE 59 B34 i B
BIRG GRS G, NG E RS KSR EZ R m iR ey, B Cr(VD), (1SS EsEN
KIEW AT . WA WA TR, KRR @5 M [4]. BIE 7288 R[S 2 — T H ik
BT, RN RS B B, AEERRCAOR R, AR E KRB N . SH00E. ES B LS
TRHB ARVEAH LG, WRPHBORZENLBR Cr(VD)J7 AR RS, MRS fE . 203% 32 SR i i [ A
BEFIRF Cr(VI IS &1ER, AT MZKAE T 2B Cr(V). MR P[0 %, 5 Z0mtE], 1 Bl ik £
W B FRIAP AR 22 o T B Ab B AR 2 S TR BT RY, DRI R ARG AR . PEREDIE R TR PR A ARk 2 M B
FEARARR KR TT 1A o

Tl i £ 4 K (Microcrystalline cellulose, MCC)Z£F4E X &I SRR,  be— M I2F 4 PR B /)N,
SiemfEE S, FLBRZEEOR, R BRI EIEYE, DR B Bt s ey . (B R FH 2 4 2R S B 5
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AR AR BN, XGRS, A ABIAANTIESR, FrBL, X 4EEdE T
P ISR ET S 3R MR RE A B EOR R TT 11 ( 7] BSUIET5 V5 R B BRI (8] pafb Btk [9]. A BBk . A
AP B B MCC, SNBSS ZRTMZEAZ, (HE T HERELLERIFA 2 . NaOH ¥ MCC A R4F
TARKRCR, G BT BB MCC i RFURANEA4ER, IR LRI S &, $&m 7Rk
R LR TR, AR T H AL A8 [ 10]

Pl L S A6 WF TR AP (1) MCC X B g J& Cr(VDRIWRPRROR B SR IERUIREE . BT 4 3
WRBRTIR T) S WRCB pHAEL K Cr(VIXTIR PR BCRAIREM,  ATTOABRYER (L R K B g 1 1 1 S BRI S %

2. SRR
2.1. W5

R AR e, WWE AR ARFARA R, K. OFF. 3R, PR, W, S8k
B ORBREE O AL, TEE AR IR A ] BRI, W E PR TAT IR

Al
2.2. EWSE

2.2.1. RN EAHEROHIZE

oAt it 2T 4 2 AT R A AR R ) LR D BRI R B S MBS, 3 EE N TR IR E(W/W)N 5% 10%-
15%- 20%- 25% M SE AL BNIA I % 200 mL, SRJE 704N 20 g MCC, fEZEIR FEFEWN AN, R EH
FAHIENLEEAT I8, 1920 IR0 AWK R G v 2 I8 E P, A5 HIK RS, REmt
JEHUEDF R T AT, WEF] 60°CTHE 12 AN/ HOF45 5 38D 2 79 (81 20 v 7T 5 R 4 /) 1) 5
BOIR, T & H . @ L PR, s S|SB EIRE(W/W) 350008 5% 10%- 15%. 20%-
25% il S AR AT 4E R

2.2.2. RIFWEBCRERHRE

Hs HHETZ ., 20 5 mN 100 mL, 1 mg/L FES AR1EEAE FH W, BEJS 2 AN SRR FE(W/W) N 5%
10%- 15%- 20%- 25%MIe MCC %% 1 g, @/ HEas R B 5 hy 858 e U E T 55 0
BLr, P73 E Y 4000 rpm, 43 E 15 min, B 5B RE LEBREA 50 mL FIELEEF, oA 1:1 6
. 1:1 BERR % 0.5 mL, #R%G395), Fn 2 mL 2Rk A, RGBS, 10 50805 LUK S 4
DFEWOCRE, LA B (R ES R AE VAN B o SRESRE S I = S PAT R

2.2.3. ERMIFIAENTE
M 5 RHETEHH, 4328\ 100 mL, 1 mg/L WIS bRAEfE W, BE/E 20503 0.1 g, 0.5g. 1 g+ 2 g
3 g EEANIRE(W/W) R 10%08550 MCC, SEIERE ) B FE2 B bE OB, F A 55 B9 S50 B Al o OB A AR I

2.2.4. SEERMRTEE#E

10 HHETRIM, 2500 100 mL, 1 mg/L 88 braEfS U, Bt f5 2 700\ NaOH K FE(W/W)H 10%
PR MCC % 1 g, JEISRE 1B FERS 073 BB 1 hy 2hy 3hy 4hy Shy 7hy 9h, 12h. 15h, 18h,
I AR SN S R AR S BRSO BERA E R E AR [

2.2.5. EEWM pH KOTRE

HE4s 6 RHEIEHE, #0100 mL, 1 mg/L FIE&ARMEM W, 82 pH K 2. 4. 6 7. 8. 10,
B J5 43 B I\ NaOH ¥R £ (W/W) A 10%HIBRE MCC % 1 g, SBITRE St REa iR N, 3 SR
i 7 PRI ER AR AR [
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2.2.6. FFE Cr(VDiRE TR MR

B 10 R, . AWA% 54, 25N 0.1 mg/L. 0.5 mg/L. 1 mg/L. 2 mg/L. 5 mg/L
1) EER BRI 100 mL, HZH 537N NaOH K B2 10% 8k MCC % 1 g, S H ARSI % 1
g, ISP FEAS R I S, R A S RSO FE I e B EAR .
2.3. AlFE

Cr(VD) AT IR F UV-2550 5841 - AT W2 606 B (H AR Byide A w1, g B 77 4608 — 2R BR It — WF 3ot ot
i,
3. BRI EVHS
3.1. NaOH RE %t MCC R Cr(VD)EISZNE

SEAANE R MCC 1 RIFEIKTR, T RURTE MCC X 82 et 750 i ) b FE AL 23 . 38 241
TReS, AT AN 4 R LB B A LR A . B E AR E(W/W)R 5% 10% 15% 20%- 25%
OB SR B A R, DA B B (%) WA b, S S BN TR B (W/W ) R AL AR . AP 1 ] DL
SR NI E I 5%F] 10%, HHEL MCC X85 I B & AN 30.5 ng/g 323 47.6 ng/g. AN E
10%%1) 25%H, WLFHAETIM 47.6 pg/g F55) 28.9 ng/g. HILTTA, HodE & B NaOH i &K FE (w/iw) N
10%.

3.2. MR EXER MCC M Cr(vDEISIE

TEWR BB AR ROV FE —FERI IS OL T, WA R A & BT BLEZ MBS S MCC % Cr(VI) 2 BR 343
BEE MCC H&EXT Cr(VI)TR R 2m UL 2. IEIFRATRT LA H: Bl MCC X Cr(VI) T B R A Bt
ERBCR RIS 2 TR R . AR R 0.1 g 39K 3 g i, XF Cr(VD R B R 19.1 pg/g #2513 76.3
ng/go W PR fE I3 50 AT BE AR RN R 2R 4k R MBI, TR P 775 R ) e T AR K, mT R A4S Cr(VI)
W BE TG 2 . AT, FESIMERIEBIR FEEA RIS OL T, SNt MCC #H =/ B T 75
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Figure 1. Effect of lye concentration on adsorption capacity
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Figure 2. Effect of adsorbent dosage on adsorption capacity

B 2. W70 AR 2 2o I B 2 B 220

3.3. IRBHEE R MCC M Cr(VDRISEN

ANFEIFTA] R, B MCC X Cr(VI)FIW BB LI 3. anlsl 3 o, 8/ 9 /by, Mg BT, ZSies ik
PEE I INAER, TR DU BB B SR, BI85 142, AR AN KBS AT BEAR,  FEAIR 2P F BL.
Cr(VDAEKRER P EEZUA S TR — R, ZP4EREHM L&A KRR, st A RK
X B FELT R DA 2o i r A P SR B KV B Cr(VTD o AELBRESS » MCC A EE 2R T AR AT FL RS B2 1 m
Cr(VI)R] DA 3o 28 10 W PR P A 25 ik o BB i I TR P 2 A T 502 A R DA VB B A0 e B B 751 F 45 5 AR
M. MBERERHERS, WO LRI A S AL R D, W BRI BT IR . BT HIE AT EL
BH, 9h ZJa, WSS HIR B EIE R RS, X AT REREAE I (] G, 3RS T AL SR . BL
EE LR T MCC W R 7N AR 4% (R EE I )4 9 he

3.4. B pH MW MCC M Cr(VDRIENE

pH X BN Y 347G AR AR . A 4 ATLUE H: pH A 2 IR PR B, A% 168.5
pg/g, BRI MCC X 7SN IR B S e pH R KT8 R [T B R U, R pHL B2 s i
PRI —/NEZERE, By pH AEA T 520 W 5T 2 T B o, [ B 1 52 o Y2 v A I B A ) A7 7
KA. pHEEME RS T HERESHRERER. %8 FEAR pH REFFEESARF[10]. X4 pH < 4
i, Cr(VD)EZLLHCrO, B AF7E; X pH > 7 I, FELLCr,0) KA. LiEl ZRRMER, H AL
S g KA PRRE AR A, oD SR R R ST, IR £ 4 R R T A S
HCrO, Z [ )5 71, #4382 HCrO, 544 R KM LG, BB E. kT m, BRIRER pH
A AR SRR L MCC X 75 4% B8 1 R W B
3.5. AR Cr(VDiRE T MCC M Cr(vIBI IR R

TSP A o R SR B S (R 6 Cr(VI) B8 R B8 R DL 1] 50 1) 5 R, 24 Cr(VI) B8 TR BE 32 i b
TR MCC Bt Cr(VD) 5 AR SR MCC MR FHPERE AR 2 A H . 2ot MCC BB &N 17.3 pg/g 52713
99.1 pglg, REIER MCC M 7.3 png/g $-TFE] 52.2 pg/g. Bl MCC X 75 4% AW B BE 77 B S bE R Bl ik
ML, FERFNE AN A4 R 0 RAFEK SR, TR & MCC IiE L PERE . XHie MCC 1
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Figure 3. Effect of adsorption time on adsorption capacity
B 3. IR BT Ee ) %o A B 28 A 5200
200
|
150
5 100
=2 ]
B \
=
X 50+
I\
—a
(/=
T T T T T T 1
0 2 4 6 8 10 12

pH

Figure 4. Effect of pH on adsorption capacity
B 4. pH {Ext IR HIERIFZMR

MCC Wt Cr(VI) & T RO 25 IR 2 AT 905

A LR PR PO A FE 2T o BBt MCC R MCC X Cr(VI) 251 1 W5 B 52 30 BH S fr AR 2 vk

4. &g

MELERNE 1. £ 1 4RE/R, Freundlich W I &51R 2k

1) JREMRE(W/W)N 10% 1SS AT T 25 4E 2 RD8 AL BR300 HS 1A R B 1k

BEN 47.6 ng/g. BRI MCC W /S8 I BRI 9 h, W EIA R 63.1 ng/gs #efE pH A 2, Wk

BN 168.5 ng/g; W RCRBEE W R 2 5 Cr(VIRIARIR 1 e T 3 o

2) R MCC Xt Cr(VI)HIWR R IE I R T W B 3EAT BB MCC X7 A4 A W PR 28 R B R B A
MCC 22 o GBILBRC AT LA 5 BG4 3 = A R IR B K J P 1 Cr(VTD B 5E S i
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Figure 5. Adsorption isotherm
Bl 5. IRFFmRE

Table 1. MCC adsorption Cr(VI) isotherm fitting results
52 1. MCC IRFt Cr(VD BB A ER

Linear fitting Freundlish fitting

Equation R? Equation R?
Tk MCC y=16.36x +23.88 0.9424 y=45.13x"% 0.9868
MCC y=8.564x + 13.04 0.9091 y =24.50x"" 0.9973
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