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Adsorption Characteristics for Humic Acid by Binary Systems Containing

Kaolinite and Goethite

NIU Peng-ju', WEI Shi-yong'** , FANG Dun', DAN You-meng'

(1. Department of Chemistry and Environmental Engineering, Hubei University for Nationalities, Enshi 445000, China; 2. Key
Laboratory of Biologic Resources Protection and Utilization of Hubei Province, Hubei University for Nationalities, Enshi 445000,
China)

Abstract ; In this study, the binary systems of kaolinite-goethite mixture ( KGM) and kaolinite-goethite complex (KGC) were prepared

by different methods, and the surface properties and humic acid adsorption of the samples were investigated. Results showed that the
specific surface area ( SSA) of the samples followed the order of goethite > KGC > KGM > kaolinite, and the SSAs increased
significantly for KGC while slightly for KGM when compared to the average value of kaolinite and goethite. The isoelectric point (IEP)
of kaolinite, goethite, KGM and KGC appeared around 3.2, 7.9, 6.1 and 6.7, and the Zeta potential at pH 5.0 was —13.9, 38.2,
14.3 and 19.7 mV, respectively. The adsorption kinetic data for humic acid were well fitted using the pseudo-second-order kinetic
models, suggesting that chemisorption was important in the adsorption process. Both one-site and two-site Langmuir models were
suitable to describe the isotherm adsorption data ( R* 0.962-0.993) , and the correlation coefficients of two-site model for the binary
systems were relatively higher ( R* >0.989). The R*values of Freundlich model fiting the adsorption data were low for the four
samples, especially for the two pure samples. This indicated that the adsorption with various sites and mono-layer model was important
in adsorbing humic acid onto the binary systems. At the initial pH of 5. 0, the adsorption capacity (gq,,, ) of kaolinite, goethite, KGM
and KGC was 6.02, 61.83, 35.13 and 42. 10 mg-g ™', respectively. The ¢, values of KGC and KGM increased to different extents
when compared to the average of kaolinite and goethite. Thermodynamic parameters indicated that the adsorption of humic acid were
endothermic for the four samples and non-spontaneous for kaolinite while spontaneous for the other samples.

Key words : kaolinite-goethite mixture; kaolinite-goethite complex; surface properties; adsorption; humic acid

JEEFE R A AL AR SRR R S OSSR T B R AL T AL )
eI AR 50% A A7 IR AS R TR AR i, ARSI ) I 0 T L H Ak AL
B REE BRI RS EREM , WOAR B R TR

T ey ZEMERE N 2 A5 Ao Yol - 352 (K YR B H: 2015-12-01; f&iTHHA: 2016-02-25
LR | KSR RE R 6 B0 3RS AR, R L ARG EﬁnIﬁE- 5 R BHE 4T H (41261060, 41561053) 3 LW %

WYERVEIR | AEJIRRE | PREE O RE A T B 2 IR 45 I TR S e % F I 4 i
R SRR 2 SR, H TR 205 ) T

El]ﬁl}ﬂ"ﬂgiﬂgf%"mw”sj. %E*jﬂ%%ﬁ%ﬁﬁﬁz[ﬂﬂ@*ﬁ YEE R FMB25 (1991 ~),%,ﬁﬁ;ﬁﬂ%ﬁ£,f%ﬁ%ﬁrﬂ%iﬁg
b2 5358, E-mail ; niupj1986@ 126. com

HAE, AT el AR A 3 s AR 174 9 T R, 2 T ) - 3 s AIEEZ A, E-mail ; weishiyong2007@ 126. com



6 4] MR . e A | BT BRET S T O AR B IR R A 2221

PR FORL W i R IR R TIVE . R Ak
SEAER 5 S BE B AE 3R A DR L . SRR
A RIEREE RN P 51080 R, BF 5% B ) % 1)
BRI A R B AR, T IR DA T - 3 o [ A 4 3 1Y
HOERAE 22T R, A Bl PR - 498 fiss AR % v 7 W8 R/ ft
W | R/ DLVE . EARE R | USRS A A ot
P IXAEARM A7 | - eI S 4 A 2 5

FISET Z 0 T4 L R kel
B TFER LT AR TR LY
BRI, LR —MAE 7 ~30 m* g™ 5 R
el FE MR BEHE ( =A1—0H ), fikKFEH
( =Si—OH ) Fl Lewis fR &0, Hitf =A1—OH 2
BOEERA R 45 ; FFHL AN (IEP) — M 7E pH 3 ~5
[i) , 3 v i WA o 3R TR R — 2 Y AT AR A
o SRR I R I R R AR, N £
BRI SERFPE A 252, MR (a-FeOOH ) J&
s S TN T =R 7 ol = S T < DA N a
ETIOF A N e L e R ¥ 7 SR ]
DineH FZ R MPESIREL (| =Fe—OH ) M ZA
MR8k I, FL TEP 3@ % 7 pH 6.5 ~ 10 [H], F 1
FRIL T | e S B M S HOR R M
PR TR A K22 LR Y4
FRERH D AL A | ARAE I A= A0 BB S5 T2 B [A] 1Y
BEWR. ARV, A S 76 -89 R 0 I
e (SRR Y E R L7 BL R f et S N 1E- A ]
TR EFRICR | AVUTMAS TS R TR b
ﬁ$%[25~33].

H i e e A R A o B — Gl 5 5 R 5 ot
MPEREEC A 2 a5 R A
R S5 A BAE T IR H5 0. L3 rp o
AAERS Bz R A E RS, BT A
THAFRPRE; (HA AR 2o WA
A AL BRI B R E A 0 AR 1
TG YR SR AR R I AR A 5 2R HIAS [F]
(RH AR B 2 Tl 2 1 P 0 A - R — ook, —
S I A B = 25 S R R 5 e e TR BRI
BFHES , RSm I A-SH T IR EY (KGM); —
RAE RIS A BIFRT A Fe'* Fil Fe® " R, V1T
HpH JE#E— & R T 24k, B 55 & e 2o 5
RIS AE AP (KGC) . SR, LT i =X ot
TR R LSRR T AR Y S AR S5 R
HH AR W R R, X SERIFST A B IR A PR A 1 5
HORRIRAETE A A A 1) o 5 I8 3 o A A T 72, DA
AR | PR A S B A (B A R RE B

1 #RE5FE

1.1 S5

AW BT A2 BT 4l (AR) 2818
IR A K Y B SRR 4K RGN AS 4. s
AT T 2R 4 i 08 A B ) ARl T A e Wi v
PEPCRIAR/INT 2 wm B RRL. K = 08 A il £ Bl
IR, B A K Ve E LIE R B S RN T 6
pS-em 5 ,50°C HET BB 100 B, R AET
TH2%. FEFE (H16752) T Sigma-aldrich 24 H],
HRIE Vermeer 255 HEFE (0 7 Be 40 85 . 2 4l W 50 R
FHAB ALK /3 B SRR UL TE W) 3 WK, SR e A A
% FH /0 Sk 1 8 4 K 0 P R W, 2 A B AT A% (M,
8000 ~ 14 000, USA) 17T, B £ BTSN
BUEW S Z/NT 6 pS-em ™' ¥ m 4 re 5 T
50°C HET ORAE T TS,

1.2 K&

T B H . % 100 mL 1 mol 17" FeCl, b/
WA 1 LSRR SRS R 6 mol - L~
NaOH ¥ % pH =6. 0, A 1 mol-L~" FeCl, iAW 6
mL. 10 min J5 ] 1 mol-L~'NaOH I WOEHA £ 14 pH
P E 6.0, 4K ERE 1 L, B EEHER,
55°C &ML S d. B0 BRI, 2K R
FZHFE/NT 6 pS-em ™. FESL 50°C HET, B S A
100 Hf, 7 T TS s -mib aiRe
(KGM) Ayl 5 . BUR A G FAT R By AR B 4% 1. 0
g T 100 mL ¥RHEEFR T, LA 50 mL 2818 K B P
UG 0. 05 mol-L~" NaOH 5 HCl YA WOK 27
pH JH % 6.0, BIA R 200 mL, # ik 2 d, R &
B30 d. HAL RS AT i hl s k. ke
FA A AP (KGC) il 45 . HUS. 0 g & £ ki kE
F 1L BRMBERR P A 100 mL ZE53K , Pk 5]
Je R A 30 min. BEHIEFESME T I EIF R
A 100 mL 1 mol-L™" FeCl, %W (580 1938
W m A IS A B R R 1 1) AR & i
6 mol-L™' NaOH A £ pH = 6.0, R J5 fn A
1 mol-L™"FeCl, % 6 mL. P=¥J7E55°C #4k5 d It
FIREE 30 d. AL IS A 19 i 25 7 k.
ERA Fe( 1) BYRMARRIGTER AT HEAT.
1.3 FESHT

FARFR K 2: 1#9 HNO, (95% ) 1 HF (40% )
TR KRS, 10 000 r-min ™' AYHLE T 2.0 20
min , X5 F ICP 5 {% ( Vista-MPX ICP-OES) ] &
IR PR P RO R S R Bk BT



2222 EZ

B % 37 %

{24 B FeOOH #eB A i b AT k & E. Lh R 1E
M1 #E Quantachrome Autosorb-1 %l 4> H 2fy b Fe 1h]
YA EEAT  BE A 80°C AL FRLZY 4 h, SR )G 1E
77 K £ N AT N, ST 25, M4 £ 45 BET
T ERES A LR AL RESL R I AL Zeta HL
7 Ko K BEAX ( ZETAPALS ) il 5 , #REX 7 153 0. 01
g BBERAE S, IIA 15 mL 0. 01 mol-L™" KCl iF¥#,
AU, 24 h N 0.01 mol-L™" KOH A1 HCI
IR AR A B TR IR pH {E A B E 3 4.5,
6.7.8.9 &4, 0.0l mol-L™" KCl BB ERZE
20 mL, R A4 BUE B 2 mL B 2 H: Zeta
HLA.

1.4 WZRSCE:

BRI A8 . FREL 2 ¢ WA T 1 L YRR
FRef A 200 mL . 0. 01 mol-L ™" KCl ¥4k , #7543
U 0.01 mol-L™" KCI ¥ K 2 17 AR B0 2=
800 mL, #it #5514 F FH 0.01 mol-L~" KOH #f HCI
WOk BRI pH EH M E 5.0, 2R 5 H 0.01
mol-L ™' KCI I ERZE 1 L, 3152 g- L™ B WkE
BRI, FRECT o SABRRAE ST 1 L SRR
A 200 mL., 0.01 mol-L™" KCI ¥k, #7705 H
0.01 mol-L~" KCI ¥R B 72 W AT 2 800 mL,
PEFE ST 0.01 mol-L™" KOH iAW B IF 1Y
pH {E ] 2 9. 0, i ] MR 7 53 5 ff, SR )5 1 0. 01
mol+L™" HCI %K H: pH 18 2 5. 0 (HCL 15 i Wb 4
ST LA ISR U ), RIABUERE 1 L,
AR g L OIS T

W RSl 2 S8 . B 100 mL, 2 g+ L~ B4
BIFI T 500 mL BEARrh  BFE S R A 100 mL |
200 mg- L~ AYSHELERVA . SO R R H T AR A ik
FERN T gL' SRR IR YR B 100 mg-L~". #Ei%
FE B B[] 5 TR, ST RPFE10 000 - min ' G T
BUDA B, BUE T, FH TOC 0 5 {30 58 1 7 1 Ak
R . Rl 2 R i I i Yk B =2 2 3R O e i Xof
HR AR 1 R B, S B AR 3 IR IO

GRS BT 2 oo L7 W W BT
T 10 mL 7 A 50 mL B0 AR [RMA B
TIRYAWE , JH 0. 01 mol-L ™" KCl /AW # 2 Sk F N
20 mL, IR T PRE SR YN 1 g L7 A
IR BRI 25,10, 20, 30, 50, 100, 200
300, 500 mg-L~". 7£25°C . %# 250 r-min "' 551
TR 24 h. HARE RS RN 8l ) 24505

T2 B S A T 2 g L I
TEW 10 mL A 50 mL .08 H A S mL, 200

mgL‘IB’\JﬁEﬁME/%(&,FH 0.01 mol-L~" KCI ¥ i
PE 2 SRR 20 mL, B 77 0 R R Y
R gL SABIR AR h 50 mg- L7 1R
SETRBE (439 10, 20, 30 F140°C) . %% 250
remin < S R HRY 24 he AR LIRS BRI B )

2 ZR5iTie

2.1 BESHT

A -EH R IR A (KGM) AT A9 (KGC)
Ky AKE i TH R T A 5 4 B0 R 48. 7%
146, 4% . AL, R — IR R AR B R AR
i 50% , 75 KGC H )& BT KGM. =ie A |
B, KGM Fl KGC By b 3= 1w #2435 oy 16. 62,
51.24  34.15 f139.57 m*-g~". =&AL R I
Fhali ) 5 1 L 32 AR & B A HRaE Bg
KGM 1 b 35 T R4 30T 195 b 4 9 S5 1) - 24948, 6 A
KGM Hr sl Ay 55T 8w 2 8] 38 B AR %A B B
MR e LB, KGC Ay b 3w A v 1
KGM, HEZ 4. O 4 A fei8 W3 1
i ST A AR R T B, 76 125 W A A AE 25 T T8 i)
RN 55 A B T /NI B0k R R R R A H
AR QFE KGC It 72 b, R A B kL kg
F SN AR AT S A = W A T R AL
BRI FE B /NFLBR , S50 b 2 T AU R0 ),

FEAH BRI Zeta A5 pH R HTZE LI 1.
FA AT AHERET . KGM I KGC Y %51 45 (1EP) 43
MA3.2.7.9. 6.1 F16.7. Bk AHED F2iY)
JR) TEP 5 B4 i3 Fodde— 35722 KGM Al
KGC ¥ IEP A~ F W4y it i TEP [A] , {H &R & F HAF
W, X FEE T ook b —E A Ok
AL AE R U A R, BB TR SR A b 2E R T
BeE A2 KGC 1Y IEP B8 5 T KGM, X
JER KGC A B8 2 1 Sk 0k A 9 7 = 08 Ay
. AE pH 3 ~ 9 YU N, 4 FhAE S 09 2K
Zeta HAOTHERBE pH b5y T 45 22 F A1, H b 08 4 A1
FHERE3R1H Zeta WAL LT 2.3 ~ =39.1 mV
M 51.7 ~ =21.5 mV,KGM Hl KGC Ffi Zeta HL{
AL T 28.9 ~ —=29.2 mV F132.1 ~ -31.5
mV. W YFE R Zeta HLAL3Z pH A2 0] 0 )& F
FE A 3R TP M R R T Ak R L i R AR
FHUS202 MR ZR pH T FES RIERIE A 1L
YERIDRES . 25 B0 AE FHE 5 , Bl FE 5 R 1H Zeta
H RN AT . BT R IEAR B FEAR Y Zeta HELAV AR



6 1 MR . e A | BT BRET S T O AR B IR R A

2223

AR B 2R B 4 BIRE O 22 1 19 0 I 9% B R IO ik
W >KGC > KGM > =8 £, pH =5.0 B, &£,
EHERm™ . KGM Ml KGC (¥ R T Zeta HL 43 K
-13.9.38.2,14.3 f19.7 mV. "W, pH=5.0 i
4 iR i 2R TAT 04 A7 R D0 PR S AN [R] 330 i 2R T
(1A R P B 7 A T LR ).

—u— ke

Hifi/mV

3 4 5 6 7 8 9
pH{E

1 ##MRME Zeta B 5 pH HIX R i 2
Fig. 1

The pH-Zeta potential curves of the samples

2.2 BRSO R (W R Bl 2

S5O B [ XoF A9 5 R B 50 2 1 s ) DL IR 2.
W] 30 min P, W B 25 o0k I Ao () B K T 20 ) v
7E 30 ~ 120 min [H], 0 B 25 50 Bl A 1] 228 < ATS SR AN W
ThiE5 5 7F 120 ~240 min [8], W% B} 25 2 Fif B (i) ZE 4 17
Fh B WA gz, WS )5 240 min LUS )
B b TP, T8 3 I B AR AR, R Tl
IR B HRRAS AR5 v 1 S5 e A7 0 o 2 38 12
W BFF B[] A 24 h.

TEFHIE— RN 2 8y 1 AR A {52 A
BRI s 12 B E UEAT T 3G, PR AL Y 28 K45

60

50

40

30

ge/mg-g” !

20

—u— G —e— FHET
—o— KGM —o— KGC

1 1
0 100 200 300 400 500
#/min

B2 BWHE., $H4E RE T AR 30 2 R 2k
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Table 1  Kinetic parameters of humic acid adsorption by the samples
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Table 2 Equilibrium isotherm parameters of humic acid adsorption by the samples
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Table 3 Thermodynamic parameters for the adsorption

of humic acid onto the samples
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