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CASTEP calculation of surface property of gibbsite and analysis of
crystal surface combination
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Abstract: Based on the theoretic calculation of crystal faces (001), (100), (010), (011), (110), (101) and (112) of gibbsite
by CASTEP program, the relationship between unfold character of crystal face and chemical bond strength of surface of
gibbsite was investigated. The mechanism of precipitation and growth of sodium aluminate solution and crystal surface
combination mode were studied. The combinations of same faces and different faces of gibbsite were investigated. The
results show that the energy state of gibbsite is more stable when faces (001), (101) and (100) are mainly unfold faces,
while the energy state would be instable when face (010) is mainly unfolded. Whereas the calculation result of electric
structure shows that the front valence electron of face (001) of gibbsite is active correspondingly. That is there may be
some activity points on this face. It is found that from bond population calculation results, the bonding strength of AI—0O
bond of faces (011) and (011) of gibbsite are stronger than that of face (001). If the proportion of unfold of (001) surface
is decreased and the proportion of unfold of (011) and (011) surfaces is increased to same possible extend, the bonding
strength of AI—O bond of gibbsite would be more strong.
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Fig.1 SEM images of Al(OH);: (a) Single crystal of AI(OH)s-1; (b) Single crystal of AI(OH);-2; (c) Crystal seed of AI(OH);-1; (d)

Crystal seed of AI(OH);-2
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Fig.2 SEM images of AI(OH);: (a) AI(OH);-1; (b) AI(OH);-2; (c) Al(OH)3-3; (d) Al(OH);-4; (e) AI(OH)s-5; (f) AI(OH)5-6; (g)
Al(OH);-7; (h) Al(OH)s-8; (i) AI(OH)3-9; (j) Al(OH);-10; (k) AI(OH);-11; (1) AI(OH);-12; (m) Al(OH);-13; (n) Al(OH);-14; (o)
Al(OH);-15; (p) AI(OH);-16; (q) AI(OH);-17
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Fig.3 Calculation models and parameters of gibbsite and (001), (100), (010), (011), (110), (101) and (112) slab of gibbsite

M H, HAPEEAEI010)H slab JRJZH 2 A
Al A4 BT 3 ANy AR

AR CASTEP R )7 SRR BEIE ATV, 78
GGA-PWI1 JE41KF, XA S (001). (100).
(010)~ (011)~ (110)~ (101)FI(112)[H E4¥ slab A At
AT IR . 2125 slab (130 2 R JE 480 1.5 nm.
JURTARAL R R S A Kb B — 3 AR EAE D, 7
SERACALIN H 7 B MU TT % Pulay % FEIRGTT & .
WRHOEIE BFGS JNEATIU, ZRa % Bt R A
Lk, BOE ISR B RE R 1.0X107 eV,
PP E RS R Eo BUN 260.00 eV

2 HESERSVE

21 IBitkmaE

WRIERMIMAETH AKX y=EqNEwu (X, y 4
T NA AIOH); M Ea AL T LA R I RE, N A
KA S AIOH); 24, Egw I H N A A(OH),
R NLRER, Eou WA EEDS AIOH); IE
'), WHEAEALEI(001). (100). (010). (011)+ (110).
(101)FI(112) [ ¥ 22 [ fig



F19GE 1

FAT, A SRR R CASTEP w5 5 I i 8 5 00 A 183

Kl 4 17~ 3 GGA-PWO1 R4 K TS i A 8 Ak 4
1(001)s (100)s (010)s (011)~ (110). (101)AI(112)MH
L slab B IR) SRR TN [ AE

-11.36 0.35

¢ — Total energy  10.30
= — Surface energy a
1137} {o2s
- *
g 1020 3
=, e
2 -1138+ &
% 0.15 5
— w
.g 10.10 §
= -11.39¢ _005‘1:5
V2 a

40 L 1 L L 1 L L
(001) (100) (010) (011) (110) (101) (112)
Gibbsite surface
4 GGA-PWI1 FEAUK-F-THH 42 slab BRI B fE
IR E
Fig.4 Total energy and surface energy of all surface slab

models calculated at GGA-PW91 basis set

HE 4 AT, SR BBEE DN KRKIR N
Ero (gibbsite) < Ery (001)<Ery (101)<Ery (100) <
Eo (011) ®Eoq (110)<Ermoq (112) <<<E7o; (010) R [T HEK
KANFREFFEME, B Eg, (gibbsite)<Eg, (001)<
Esu (101)<Egy (100)<Esy (011)=Egy (110)<Egy (112)
< Egy (010)o 3K slab BRI R, A ALERFI(001)
T BE R AR T e 240 eI, (101)AA(100) [ 1 2 i e
WA BN, /8T 0.035 eV/nm?; (011). (110)F1(112)
IR R AELE 0.068 & 0.080 eV/nm® 2 [d], W] kT
(001)« (101)AI(LOO) [ IR AH AR, [FIIRF, (011)F1(110)
[ Ae JLFAHSE, 20004 0.068 08 F1 0.068 33
eV/nm®, (112)[f K fEHR 0.064 91 eV/nm®, i (011)
FI(L10) [ IR T AERS /1N (010) IR AE R A, ik
0.317 76 eV/nm®. WA ZRP, XFKKEHEA
AR A, (001). (101)F1(100) [ k3= 22 & §% T IS R g
HREBON T, #(010)H 2258 2 KK AR 1 gE
T RRE R AT BEAHRT 220 B34k, mTEAHED, (011). (011),
(112)F1(010) I 5 5% (1) J LA BN, BRI &R
AER IS FATIR b AR R R REPEAR K.

2.2 BFEH
1E GGA-PWO1 417K, MEAL L SIORS [ S e &l
1.0X10* eV, PR IEAER Eu A 260.00 eV 14

PR, AR 2 H001). (100). (010). (011).
(110)s (101)FI(112)[H FE= slab Ay L7454, P S
PR Bk aedt, & 6~9 Bon oyl h &1k R A%
Bl e s AR R A R AT

A S L, R RE R R T AE SR A K00 1) T Y 27
KAE D o i, 1T BE B RN 2R 1T A B3¢ [ (0 10) T Y 9% K
REIRAG, RIAUSELER(00D)THI IR R R G, A7 AEHR
D12 RS E M, (R AT i 200 RN R ER, 1T
(010) I AT £k FEL - P Ab BB AR, RIS (010) i [
REAR i, RS e, EEMEO10)E Wk, s mm]
Re A AT LS AR BV i R A [FE A IR BRI AR 125
TR AR K IR TO R AR A T OGS LR L
MR BER KD KREREN  Eremi(100)> Egeri(101)>
Erermni(011) > Egrmi(110) > Eperni(112) , 1, [ 4% 7] 4 U]
(112)~ (100). (101)~ (O11)AI(110) [ /iy e A Ha T 035
PEEZ(001) A, (HZEIE = 1 (0 10) [ R v& 1

6 n UL, ZA LE (001). (100). (010). (011).
(110)~ (101)FA(112) 1 2525 S PR 1) &% R IX 1) B 23 A
JU L W RO S A E AN R R B R 22 5o 9, &
FALERII(001). (100). (010). (011). (110). (101)F
(L12) 11 s PrfE e X YE I 2350 K. =7~0 eV, —8~
0eV, —9~0eV, —9.3~0eV, —9.5~0 eV, —8~0 eV Fll
—9.5~0 eV, Il EEAE S Hh: 34, 28, 27, 39,
30, 41 f133eV. HIE 7~9 v I, SEAAHI(001)H
(1) 5 i o 4 s AR AR 48 At s e, TR,
/N TAOD AR, Z56 001 M =+ A
- ARENE, [N, T2t 7 s okt Jf A
i%s ZAEALER010) M I REBRIER /N, BEHI010) IR A

Fermi energy/eV

(O(I]I) (IE}O) (OiO) (Oil) (110) (I(I]l) (1Il2)
Gibbsite surface
5 SFEALEIREIE A slab B TROKAEL

Fig.5 Fermi energies of gibbsite and its surface slab models
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Fig.6 Density of states (DOS) of gibbsite and its surface slab models: (a) Gibbsite; (b) (001); (c) (100); (d) (010); (e) (011); (f)

(110); (g) (101); (h) (112)
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