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Abstract: Ultrafine brucite powder was prepared by the high energy ball-milling method with brucite
mineral as raw material. The effect of ball-milling time on the lattice structure and the mean particle size
was analyzed by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR) and laser
particle(LP). The mechanism of different hydrostatic pressures on the crystal structure of brucite was
studied by the first principles calculation. The experimental results show that the crystal structure is more
casily distorted along the [001] direction with the mechanical activation, and that, with longer ball-milling

the peaks of IR spectrum in brucite exhibit blue-shift and broadening, and the ultrafine brucite powder
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with the mean particle size of 3.56 pm is obtained after ball-milling for 3 h. The theoretical results show

that the lattice constant a decreases linearly and ¢ decreases nonlinearly as the hydrostatic pressure

increases. The band gap increases with the increases in pressure, which is mainly due to the conduction

band of Mg 2p shifts to the high energy direction. The comparison of Mulliken population and electronic

density difference of brucite crystal at 0 GPa and 10.9 GPa shows that the O—H bond is a strong covalent

bond and the bond length remains unchanged with the increase in hydrostatic pressure. When the

hydrostatic pressure increasing to 10. 9 GPa, the H disorder decreases with the H :- O’ bond

rearrangement, which is consistent with the previous experimental results.

Key words: brucite; mechanical activation; hydrostatic pressure; first-principles
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Tab.1 Chemical content of brucite
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Fig.1 XRD patterns of samples ball-milled for different time
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Tab.2 Effect of ball-milling time on lattice constant of brucite

Sample Ball-milling time/h /A ¢/ A c/a
JX-1 1h 3.1425  4.7620 1.515
JX-2 2 h 3.1479  4.7696 1.515
JX-3 3 h 3.1467  4.7782 1.518
JX-4 4 h 3.1453  4.7787 1.519
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Fig.2 FTIR spectra of brucite for different ball-milling time
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Tab.3 The size distribution of the brucite
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10~20 21.97 19.20 18.16 15.98 14.58
20~30 6.54 3.67 2.99 2.49 2.92
30~40 2.63 0.52 0.09 0.06 0.12
40~50 0.09 0 0 0 0

>50 0.01 0 0 0 0

1 30~40 pm 1Y K FIORLA 38 i #5302 i 1 3
14 53 A 0 SS0ME A B v ) 3 0 R T R L 8 2 11 1Y)
U SRR 7= A 330 R B 4 1

&l 3 Sy AN [R) ER B A ] K BE A 8 A i vp 7 R AR
Do, FFH AR d 19748 Akl 2. A3 AT IR 7 Bk g
TR L KA R AR ) e 7 R A i R B [ A 2k
KRB KRR T Dy =—0.52c +5.15; By ik
PERIAE 5,15 pm B/ g 3.04 g, AT L HL AR BR
A DL 8008 N K B A R AR 1 R AR LR B AL R 3
TR TR A0 0T, ST 349 42 i R S ESF ) %) 396 i i 22 )
Vol /IN o 58 B R A UL 3 BIOAS 359 50 L B A 0 5 i o BR
B ) %) 8 00 93 A SR 7 420 4 52 o 4 A L SB0f HL A
G3 A B OK SO ) o3 BOrE B4y B Wk T35
A3 A EREE 3 h R R LT R R AN AR L U I BR
JE 3 h BRI A5 f 2 R AN K BE A R AR S R AR R
3.56 pm.

11

10F
9l
£ 8F
=
S 7F
g or
=
£ 5t
4L
3L
2 1 1 1 1 1
0 1 2 3 4
Milling time/h

B3 KSERABENFENEMFEHNESKERBRXR
Fig.3 Milling time vs. the median particle size and

the mean particle size of brucite powder
22 BERHESZREITE
2.2.1  FhIRZEH

KA Mg (OHD, W Mik)E T = M &
(CdIL, BIZ5 ), 25 [ BEH P3m1, 1 4 4k 52 i
REIZWAE, O—H 8RS 1 (c FD, nE 4

© Mg ; ; ; ; ; ;
.O v v v v v v

RN ES IRV e YR 3 <2 7N
4 KERREEN

Fig.4 The structure of brucite



546

P EAFHARKFEFR

% 48 %k

R S TR0 U SRS R ROR L IR BRE S5
WHE a=3.142 A,c=4.762 AT 5 A
F Mg, O F1 H J5 5 i 48 19 3 B A s 43 5 - (0,0,
0), (1/3,2/3,0.2216)F1(1/3,2/3,0.4303).

B 5 B[R K K T KA BB (GGA)
LS S8 e /a LGB T AR (V) 25 b il
2 B 5 AT, Bk R )N SR KA B Al AR S A
TE AR AR Bl 25 T K R Ty 38 I, A A 8 8 o i ¢ B
BN a EEPEWN o AEL MR/ . ¢ PG
b, 5S04 S — B0 i U B KB A T K R T
YERT SIEL001 107 1) B &) A= W A% 5 AL T Ak 5K

WAR—EC M E 5 AL L AR W R o /a B8
K 7 B9 38 i sk /s L 7R T 338 ) 7.4 GPa 5
c/a WIBCAE AT S L 350 B K CBE A 1 AR 5 4 A AR
TSR A R T R RS B TR E
S ¢ /a MERAERIR N 7.8 GPa I H AN 1 42
AL T BRIE TR BB ¢ /a W 2E SR AL 1L AU AL Y it i
PRER VB T 18 R 8/ BT GGA BRI
Y RN S N R (AT N ) 2K AR A R
40.7 AWy AR AT 5t M AR BLLE AN K T 7 9 1R
PR R/ g T I 40 B 2 AR A L L M 45 4 T
RIRFF AL,

4.(\
3.22+
3.20f I agl
3.18F —— GGA
3.16F 4.7
< < 4.6
S 3.12F S
3.10F 4.5+
3.08}
3.06F 4.4
3.04+
1 1 1 4'3 1 1 1 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
P/GPa P/GPa
1.52
44}
1.50 nl
1.48 40+
N L < 3gl
S 1.46 < 38-
1.44 361
341
1.42F
32
1.40 1 n 1 n 1 n 1 n 1 n 1 n 1 1 1 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
P/GPa P/GPa

s RRBKENP TAEENBRARKBMENSH ML

Fig.5 The theoretical and exprimental lattice parameters of brucite at different hydrostatic pressures
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Tab.4 The ion net-charge and mulliken population

of brucite crystal at 0 GPa and 10.9 GPa

Net Mulliken population

Atom
Charge/e s p total

Mg 1.48 0.42 6.10 6.52
0 Gpa O —1.09 1.89 5.20 7.09

H 0.35 0.65 0.65

Mg 1.56 0.44 6.01 6.45
10.9 Gpa O —1.10 1.89 5.21 7.10

H 0.32
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Tab.5 The bond distribution of H bond for brucite crystal at 0 GPa and 10.9 GPa

Bond length /A Bond angle /(%) Bond
Pressure Bond -
GGA exp GGA exp-! population
O—H 0.976 8 0.58
0 Gpa H---0O' 2.561 2.523
Z0O—H--0' 133.462 133.895
O- H 0.976 0.915 0.60
10.9 Gpa H:-0O' 2.215 2.204
Z0—H-+0' 125.974 127.120
) o y o '
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Fig.9 The electronic density difference of brucite at 0 GPa and 10.9 GPa hydrostatic pressure
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