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Research Progress on Adsorption Behavior of Gibbsite and Boehmite

ZHOU Zongke, QIN Zonghua, WAN Quan, NIE Xin, YU Wenbin, YANG Shugin

( State Key Laboratory of Deposite Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China)

Abstract: Gibbsite and boehmite are not only widely distributed aluminum hydroxide minerals in soil and water, but also
important industrial raw materials and products. Their adsorption with inorganic non-metallic ions, inorganic metal ions,
and organic compounds in the environment significantly affects the migration and enrichment of substances in the ground
environment and the adsorption and removal of environmental pollutants. Due to structural characteristics and surface
properties, their also have critical applications in the studying of efficient and economical adsorbents. Based on
summarizing the structure and surface physicochemical properties of gibbsite and boehmite, this article reviews the
adsorption behavior of various non-metallic ions, metal ions, and organic compounds on the surface of gibbsite and
boehmite, with the hope of deepening the understanding of the role of aluminum hydroxide minerals in the cycling of ground
environmental substances and expanding their industrial applications.
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Fig. 1 Structural diagrams of gibbsite observed along b and ¢ axis (CIF data were from American Mineralogist Crystal Structure Database)
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Table 1 Specific surface area and pore size distribution of gibbsite

Mineral Specific surface area/(m? + g~!) Pore size analysis Reference
4.2£0.2 — Li et al. [
165 — Giieckel et al. %]
30.09 £0.18 — Hong et al. %7
44.1 — Ruyter-Hooley et al. 1%
108. 1 — Choudhary et al. [*!
2.84 — Guo et al. [
Gibbsite 21.41 — Jiang et al. [4!]
2.19 — Katz et al. [*?]
0.92 Pore volume; 0.004 cm’/g Szewczuk-Karpisz et al. (4]
21.41 — Wu et al. [+
64.47 — Baumer and Hixon[*!
120 ~ 364 — Amadou et al. [’
11 — Schneckenburger et al. [47]
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Table 2 Specific surface area and pore size distribution of boehmite

Mineral Specific surface area/(m?” - Pore size analysis Reference
232.2 Pore volume: 1.11 em®/g Qi et al. 4
259.3 Pore volume; 0.37 cm®/g Yang and Cai®’
161.7 Pore volume; 0.29 cm®/g Yang and Cai'*]
3
35 Nverge pore i 2,80 1o Voetal. 1
160 — Sadri et al. [%]
Boehmite 95 ~ 151 Pore volume: 0.275 ~0.69 cm’/g Kalal et al. [3
114 — Yan et al. [**]
305 — Li et al. [
442 Average pore size: 2.75 nm Li et al. %]
il 7
136 +6 — Li et al. [*
220 — Islam et al. 3%
51.19 0.4 — Wang et al. 1]




553 4 JEV S AT 5 =K A R BT W AT DA B BIF 5 a0 881
gk
Mineral Specific surface area/(m? - Pore size analysis Reference
299.2 +1.8 Average particle size: 37.02 pwm Qian et al. [
43.5 — Wang et al. o)
136 — Hur and Reede %!
Pore volume: 0.40 ¢m®/g . [63]
71 Pore size: 14.4 nm Li et al.
Pore volume: 0.33 cm®/g . [63]
Boehmite 1098 Pore size; 8.0 nm Li et al.
Pore volume: 0.29 c¢m®/g . [63]
154.1 Pore size: 13.9 nm Li et al.
Pore volume: 0. 10 cm®/g . [63]
104.1 Pore size: 16.1 nm Li‘et al.
220 — Islam et al. [
170 Pore volume: 0.38 c¢m®/g Han et al. [%%]
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Table 3 Isoelectric points of gibbsite

Mineral pHigp Reference
11 Huittinen et al. [
>9.0 Hong et al. 37
Gibbsite 7.3 Nie ot l. 7
8.3 Nkoh et al. (%]
8.55 Nkoh et al. 1701
10.55 Essington and Stewart'”"
SXKEANRAFTEET R
Table 4 Apparent zero charge points of gibbsite
Mineral pH,,. Reference
7.8~9.5 Iwai and Hashimoto["?]
7.6 Szewczuk-Karpisz et al. [#]
9 Ruyter-Hooley et al. (3
9.2 Choudhary et al. 1]
Cibbsite 9.2 Guo et al. 4]
8.3 Jiang et al. [4!]
10.55 Essington and Stewart!”!]
8.3 Wu et al. (4!
8.5 Goldberg! 7!
9.3 Amadou et al. [
x5 PBAMNERR
Table 5 Isoelectric points of boehmite
Mineral pHigp Reference
9.4 Foundas et al. (%
Boehmite 10.1 Islam et al. [®*]
7.3 Nie et al. (7]
%6 PWENENBREA
Table 6 Apparent zero charge points of boehmite
Mineral pH . Reference
9 1 2
10 (0.1 mol/L NaNO, ) Sadri et al. 1%
Boehmite 9.2 Yan et al. [**]
9.1 Li et al. 1%
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Mineral pH,,. Reference
10.1 Islam et al. [58]
6.2 Wang et al. 1]
Boehmite ang et 8 :
8.5 Qian et al. (%)
8.6~9.1 Hur and Reeder! %]
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RN FAN B 2 ] 25 2 A L 16 TR LN LRI AN 28 650, Sk A L, 7 1 2R 1 0 T B B8 - T iR A e 2
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SRRV W Hh R T IR B AT, 5 =K R R I Z R EERF LT 0, T LA =K A8 A0 B pHAELAY T i W B 68 7 3
BN Watts 2552038 3o 285 BE Y2 pRUBEIE ( density functional theory, DFT) iR Cd( 1) BEAEHE 1 XUk BAAZ%
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TSGR PO A AR EE 5N TE = KA B Bu( D) AOGIERAEARL, KT Ea (1) REGS LA A RE 2%
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H, AN, =AKERAT X P (T) B — 52 R W B 3 FLNA S0 2 (fulvie acid, FA) J5 B 5 % 1 &
R B

1 IR AT T, =K R R B TR BT e R 2 b T e R B SRR T X R T KR A R 2
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SRR A LY Y W R BIF S 32 AR b TR ALBE AR A LTS e A KR A 0 R TN 0 T A
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5%, I FLWR B RERZ M = /K A 2 1T FELAT 53 B R Zeta FELOZ ') | Sadri 25 76 16 458 A3 A0 W BRE 570 25 B B 7K op
AP E B (C o Hyy N) BIBFFE D, V4 =K B8 TR 147 ) 1 by WS B 5] 308 3 A A 552 55 o JHE 2 o
AT A, 2ol S 2 B PR T F VR FH RN AR, — /KR 2 PR R 178 WO o B 0 A L 152 i A FD i 0 Ay
BN, BEEAO AU HTBOR 82 FR5CA DUBEAE T3 b (TR Al e SR B2 7EHR9T T aeh =IK48
AW B AT AU A S B0 28 SR R B, AR TR ), KRG R 2 R AT MUBE AR LA T G A W B T, LR R
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HH A 2 R T R S A = KA A XTI BT , O FLRESS B =K aR AT RS B
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ZMARNTIE Z2 BRI AE =K R A AR, I i AU DA ARl W R 1 20 BT R P R pHLEL, 8 F,
AHEAE T FER AR IS A SAEA IR XTI # A ez e, 48 rh =KAo + 38 Ak it
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PPy AT, PRIk i ok A ELVE 7 R WG RRT  ATRETE BN 28 5, IEAh T a5 25 5% B il A
X} PP #55 OP HA T i (MR 3k Langmuir BERMDLG 45 5 K B A7 6T PP A #R ) 2 A R of - B ik 2
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BNTE 24 h BERSIA B , W FiE e B4 5 E = 8h J1 5B Freundlich B | J& T A~ i, #5 50 WY pH
(BT B ARt 2 AR K AR Y Huang 25" & 0T — R -70 98 K 45 44 B S A, W A 308 1 0 S 50
R RS T HREF(F- HF HF, ) 5 ALLO H {37 5 T30 SR AIUN, B8 25 5 B A WA W e

5 =K A R TPEBARL, 24 pH (EAR T Zh A1 /Y pH, I A 3R = 5 i th T B e R0t 4
AL 22 ) TE FRLAT 8 3 R BV S 4 R fr i AR A B (WA AR RS T4 ) EA TR, AN RS T
H TR L AR | 5 S A 3 T 1Y) 8 B R A B IE L U, AT B 5 7R 1
4.2 ERBHET

PR 4 R B T R s B R RE ) o B ERAE DN SR TR P A B BRI R e
o Cr( VD) BA Bom et DU TR K, Cr (VD) # % LA CrO;~ \HCrO, Cr, 05" (BT
V) pH BRIV B ) SR A B R SR T B2 AT 10 s il 2% ve Cr WA 2 19 2 A3 0 e — A 45
ZHRTERIAE, Tslam 2 Y HITT Co( V) FEAS R 1 (W B, e g g X6 G ( VL) AR B S 7/E pH = 6
IZAE R IR BB R, 0 66.35 mg/g, ¥ AH L AR B ZR B Cr( VD) 7€ pH {EAIR T 6. 0 B 38 18 P P8 45 65 0 WO
DXEEF Y L, FE pH (A T 6. 0 i i AME 45 & Bt Vo S5 R FHEh A R Cr (VL) |, J5c K MR B 2
17.08 mg/g, KRR LIHEE(PVA) UPEFh A TS, W2 5 28 35. 91 mg/g, £ R BRAKIEW T Cr( VD) J7 1T
AEKEET, Cui 27 FIFHARPE A RA RIS A2 A 8 i Se R R gT T e Wi i Cr () e i A
FT_E I RRT AT W BT ATLE LA Kk 8 RS 5] 5 o, S 8 43 A & B, Cre () B Cr-O-Cr #1 Cr-0-Al HYJE Ak
B e A7 2T, [ A W B %) Cor (T ) 36 RS I 08 R AU B84 70 0 MR I P P %, Qi S8 BT
ZfL y-AlOOH 3, XA Cr( VI) Se KR HE R 7.92 mg/g, Li 2% FEF FH K P4 B A IR A R IR 2
U 2 BRTE Gk i Cr( VD) RS2SR B, AN R 35 1) Sl b A e BT Jo oA 220010, RSB % Ce (VL) /Y
W Rt v TR AR A, Cr (VL) W2 BREE 220 R4y 6 T %) 865 o S0 R o7 U RN G T R 4 Sy BRI B, O HL Ce (VD)
SN A R FR A R JFR Cr (T ) 152 7E B A1 10 5 Zhang 55380 o 41k 25250 (05 76 ) FH 20 1
B K,Cr0,-KA10,-KVO,-H,0 EAEWR T E V(O V) A1 Cr( V), AR PR 48 3 a2 /) B Y, S250 & B
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45 I U A 5 W S50 R B AT B BB A R R AR R X V (V) B IR B, S L R B s ) S A e O R A
B RR RERS I DI V(O V) RIRERRE & | DL S AR B TR A R A Y BOE R, R Tl A R
FRIEMECALAL R, V (V) K T A 2 4 A 2 T A 50 A2 AS AR AR A 40, (s 3R T 0 4E0F V (V) DUSUBEE A 2
R

it F A4 JE BT, B0 Ni( 1), Tslam 26 5% ( SC 8645 B3R W A % Ni( I ) 7R i — 2 (0 W B e
Ho J3—TFFEIA Ni( 1) W BRFAE AR S Ay SR T A 0 R b T i N B 4% 50, I L ZE A - S8 07 A
JE TR ( soil derived fulvic acid, SFA) ZJ5 ,SFA BEB LN 7E A 221, Ni( I1) B AEREE o SFA T2 BT
B, LA Ni( D) -SFA- 7 (1) 7 QI BfE  SFA e B by | = 026 I 285 5 vk Bl vy 5 A, i i 2 —
TETE B Al R A Tl 22 BR RN [T A A ) W2 B S 9 e B FE R LE o 0.5 o/ L BIVE EE O 11.9 mg/L By 55 1F
U pH R T #h A F i s (pH . =6.2) I A7 X Bl 1 5 BRI IR 3] 98% , W it A& rhrh
b 3 i ol i R 2k 1 S SR A T UE Y A T I BT, I LR b B e 2 R BRI R T g o ok
FEEARKMFEm ) Har 25 5@ 100 78 T 8RR AR 7E 2h WA 1 MR, 25 SR & R, 7% pH =4 ~ 8
I, B IRER RENS LUK S W IE S AEAE T A 2100 . Kalal 256 SR AR SEIERSY T I 43 XF 4t (Th) B A9
W B RE , 25 R E IR, e KA 5 29°8 57.78 mg/g., Shen AEU05E 5k DFT #1433 112 (molecular dynamics,
MD ) FEABIAN [] 7K 78 55 1 H A MR 2 T NaCl AT NaNO, W BRHZE B A7 (010 ) R THT A Mk e, 25 SR 36 B Na ™ He
TR A3 —F FBH B - B Ak ) T DA PN B 25 5 T =X TR 3R 1T

T4 B TRV TR D FE S 1 FLAT , RE AR LA DY B 25 5 W B SR B e Bh I A R TR 3 1 H— i
W B B /0 FE SN SFA (HA BRERARSE M2 1 J5 , Shih A 0t 4 257 0 W B 5 RE 8 1) b iy, AT B #h T 0m
A BT 5L 5, B S REAS O S BN e 2 it A R T, SR J5 W Bt 4 &8 2 1 R B BRAE TR W = oo R 4% &
Y, & JE S AR BT, i T Sl T, S5 A RS I AT A B R SNBSS, BB S 3R
BRI WU DT A W R
4.3 HW

BRICHLY AL, il A HLAY) B W B 3 25 h e 2 sUA HLL S YA AE LGRS %5 . 2 RE LEiiiR
( perfluorooctane sulfonate, PFOS) F14 % R ( perfluorooctanoic acid, PFOA ) VE A4 BRVE 5 2204 HLT5 Y
Yy, IR A A R A B AR L Qian A5 I SEEG T K BN A A X PROS A R B R ik A
T, 53— URF SR % AR 2R 555 PROS I PROA S5 KW FR 43 51240 49 0. 877 110, 633 pg/m? , pH {34/
DT S A JOT 1) S 4 W B 347 2 W) 55 LW B 68 U7, O B HA W25 3l PFOS Al PFOA 78 2 i A7 - i 1
BRI PROS #E HA Bt 5 A gh i 2 1m0 W BRI R % pH (B BRI | ot Bl AT 6 PROS A i
K B 8 155 T4 9 BB PR ( PFBS) |, XS B0 25 R AT 70 A J5 2 W] PFOS 7E HA Zhibb A bW ft Aok 3
BRGKMEANEA, A EF A EAEA X & F A HA B E oR T #h fe7 s, B T e HE
JF BT BRI

MIZR AT (Congo red, CR) s&—FiA B AR AT B Gt} [a] I 2 Gk B /K vh i 3 0T 3e ), gh il 42 7
ZBRKIFI Y CR AEYORNS Yy Tt B0 A8 52 A W B PE R . Zhou 261 3 5 BE M Sl B K il 46 T
Sl ST S OE A TR T R BRAK A ) CR, AR P W B 92 35 25 R DL Langmuir S5 4T 8 THA] 15
FLRIEBUR 221. 3 m/g BED A fERAT CR A B R RE RS 35 51 847. 5 mg/g, Wang 45" & AL T —Fh4>
A T 2SR, X CR BB ORI B 9 110 mg/g, Li 26157 & i T 22 5% (020) T 149 22 FLEh A, it 4t
S B S 06 2 B, % 7% (020) f 1 He B s (e 55.18% ), FE A R P 6T CRBY WG BRI BE B 4 | e R I o
oM 1298.3 mg/g, Yang %00 G R T BEAREH A AN OZh A, I FLm i s i 0 4598 78 i 2
BT CR AR BRE P W B 45 i 2 3% ] 61 A =2 4 A0 F0 225 0 2 1 %GR e KW B £ 49 0l oy 751.9 A
694.4 mg/g, Li %54 T HRTERY 305 m*/g MBI A BERE, 76 pH =3 4 1F T4 CR WLk v ik
1 962 mg/g, Wity A = B R AL AWM 53— 71, El Ashmawy 251 45535 T 247 6 /K 72 B2 X R 3
¥ (methyl orange, MO) KFRIYFENA , 45 KW SR K 2 BA7 bR ARG S, LUK &K & A, (H A Gkt
FBRICHL, M HA G b2 AR = K i B 55 /K RE b 6 CR T MO ZR30 H O 5 A W B4 i, 7E 100 °C il 2%
M JGRE TE #h 1 A X MO $5e W Bt 54 900 me/g, T 7E 200 °C il # 19 20 16 43 X CR B4 W% B 42 35 5, >
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527 mg/g, AR W P ich A% 3= A7 i ol O SRR 2 ), O EL 38 5 1 A I B S 0 3R T 2 Al X I Y R
(methylene blue, MB) L HAG — 72 (WL HEF7 , B KR FFHR 290 210 mg/g ' R, A 7 A R BFF37) 2 Bk
WP Y CR SR Yukhs e HoA B R ),

PR HLA A o Ty =X A e e N VR S AR AR, B A AL T R A DABA B T IR X
P i Ty, HL A B SR B e R BRI & 35, e 5 A ML 2 IaE il S0, 55 A AT
M RH

5 ZKABRE FREp A R MTAT S K R F

KA RN I B o R SR ) AT SR AR TR TR A S B SE AT B pH AR TE
FELA, RS R P AT R 2 1 2 R B IE ey, S5 UL A B s S SRR T AR R T A
LTS S 25 AT B T 2 g e oL A SR A RS T £ 0 W 8 P B R A 0 5 = R A s, ml g2
DRy 526 38 RS SR AN [R) 5 VA B A 2 & I MR SR B A, 358 =K R A0 FLAT SR A8 e 3 AR A B AL 4G
1y, REAE S (UL T 22 (I BTS2, SR A I

L LT, =K E0 A M I AE PR DL ) B IR SO A A, SR h 2R R ou R MR R oo R
IR R AR5 AT B UIAH G, O HL ol T HOAIR, JCi5 4% , WM RERCAS | 8 2 I 25 BR A Tk A 5
e B, RV H AT SE B 5 i 280 =R AR i LGRS R s R nd L bR H2EAT
RIS B AL BR T S35, 38 D05 245 Tlb TS & IR SE PR B9 D2k, eAh, 5 10 L =K
AT A A I 22— BOTR A R R, AR BE S = B RE , ARE G A e 2 iAo DRt 20t
T2 B SRR, LA I B 500 7 75 Qe b BT 20 e (8 S Bk B , VB Y 590 ) 8 A MR 68 ) A, DA %
Jr Ak BT 2 IR 0] A4 A9 5 A

6 #HELHERZ

AR SCHE ] B9 24 =K B A A IO 25 R A SR T ) BRAL A R S Atk L, 2304 T e (TR R85 e Ak %
B 2R BE T SR E T LA R AT g FARSCHLEL . 32408 1k, B AT TR =K AR A
PO R 10X 22 P JCHL S A ML) BT AT S A BT DLBE AT T 4R5T, R OB ST 145 57 AN AL 3%
TR RS, i A Bz s BIE TS 1 S RS Tk DURSE DI FOR S RS RITI B
FEEAM B T REEE TR T HIIGAIR, (E F AT W B 7 A OB AL T TS SR AN A2, 25 W i B B 5 sk
WAL i B Z [0 A AT i AL 5 AT 24l 5 2 I RUBE L K 22 Tl 5 05 12 9047 S A B0TR A B ER
OF  PERABRAR AR S 1A R L) B FER LTt HAT 5 TSGR M 55 20 4 B i
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