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Effect of brine—ammonia reverse precipitation on crystal growth
of magnesium hydroxide
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2. Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Reverse precipitation method was applied to synthesize hexagonal flaky magnesium hydroxide by
using brine of salt lake and ammonia as raw materials. The effects of magnesium ion concentration, reaction
temperature, feed rate and aging time on the crystallinity, particle size and chloride content of magnesium
hydroxide were studied, and the crystal plane growth of magnesium hydroxide was comprehensively reflected.
Herein, characterization analysis of the samples was carried out by SEM, XRD and laser particle size analyzer.
The results showed that, with the increase of Mg® ion concentration and reaction temperature, it was favorable
for the crystal plane growth of magnesium hydroxide (001). The increase of Mg”* ion concentration and the
prolongation of aging time made the chloride content of magnesium hydroxide increase. Its particle size was
greatly affected by reaction conditions, crystal plane growth and polarity. Hexagonal flaky magnesium
hydroxide with (001) crystal face size of 13.1-19.4 nm, particle size D5, of 1.64-9.32 pm, and chloride content <0.1%

could be prepared by brine—ammonia reverse precipitation. These results could not only provide a scientific

Yo is B #3:2022-03-15; f& [2] B # :2022-05-05

EETA . B R E SR B H (2018YFC1903805) ; 7 1 44 # R FHE £ 101 %8 B35 H (2020-GX-A1)

BAEEE PAIF(1973— ), 5 282, W LA 0, RS T7 0 R R A 5 A B 5 SRR s IR SR A R N S T RERRLIT &
E-mail: luoxianping9491@163.com



152 Herskttyhs 1

2023 % 4 A

basis for regulating the growth of magnesium hydroxide crystal planes prepared from bischofite in salt lakes,

but also offer a useful reference for using salt lake resources to prepare high —purity, high —value —added

functional materials of magnesium hydroxide.

Keywords: salt lake brine; ammonia reverse precipitation; magnesium hydroxide; crystal growth
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Fig. 1 Schematic diagram of Mg(OH), growth unit

and its arrangement in (001) and (101) plane®

1&g il & S AAREE R D7 ik, 8 E DL NaOH
BOVER] AR BRAE T SR LB 2 i A KR 2
M 5] 52 B, X DA ) HOE S0 7 0 2 AR 45 9
A A A I B Nat (Cl-, 76 HE T )5 JE B NaCl
TR NI TR S G T oty g S AT 53 AR I S o iy 1 E S
R DL UK R U R e SR . ZOK R T8
Bl , HoK e ad AR (BRI O 7 ) A X 2242 | BE I 2% &
SAALEE AR P B AR R AR T R AR A
ML RN Be Ak, bAoA B | i A4
B, b T S g RS S AT PR R R R AR 43 A T T, FEAS
FIEFLB R OLT SR A BE kLR A | L 2 i
R RS 5 5k 52 45 2 52 i in 5 =XOxk il 8 U A A B 1Y
SEMR I 3 ] T A0 CBE DR A B w2 R
MR Z ) pH (MG AAEER N, A Mg(OH),
UKL AH ) E A, A7 R s kAR A3 DR 4
A 78 ) SV f AR A AR B i T, AR PR
FHER I 41 K 1 88 T Tolk 2% Mg(OH), F1 MgO, & BHL 7=
a2 S ) EE AR R S S S EEA
B2 SR S 2 K S A RN KON Uk A A A
BRI ARR, B Me> B MR B <3 mol/L ), BT 45 7 iy



%14 % %2 M RV ¢ B KBk B T A AR AC R 2 2 K e ol 153

R EAAEE T Y M B B =3 mol/L i), Tt B
B =0 A AL BE (BMC) A8 5 2 I i B K T 50 C, il =X 51
OB ) SR AL BE R AR b s R R AR A L ZF
FAT 38 A 9 BN S, R A X AR A B 1 A 4
i JESURAS ClE R AT

AWE5E LLER W e i K A BE A (MgCl,-6H,0)
S JORE, GE A BB A A A 20 AR e
7K 38 3 B CVE O 2, 5 K RN 5 38 i I R
IE AR ) Mg B TR EE SN B ) R R AL
IR () &5 | 46 98 BN 45 A ok &0 SR AR 8 A% 45 i R AR
M CI & RS2 R, S 5% 6 WK G086 Al %
SRR BE A T AR K 00 1 1k 25 e SE R A R SR
T80 U ) 5 R v BRI (L ) A AR AR BE T e A R
P %

1 SR BIFISLIE T %
1.1 SEWHHI5H

A2 18GR] (X S A Bl ) - B IRl 7 R W K SUBE
A1 (MgCl,- 6H,0 ) 5 45 i Ji HRG il i 7K L 220K (PG Be B

Sl Sl /NI R o Nt A S s N 1 D BNy 7
VU Z R 4 (FRTFR A EDTA, PEBE B2 ) B R38R 7
(W22 s AR D) B —FR IR 46 7R ) (I 22 SR
Al ) AR (VE B R ) RS ER AT (LLIA R ), SE e
KR B K,

F AL A TR RS (DF-101S, % M 4
IR RAER A PR T ) M5 3h 3 (YZ15, 08 & B 9 i AR B
BAMRAF) Ha T4 (ADP310C, 8 POHE 540 B
FABRAF) BOHL(YINGTAI-TDSB, K b3 2L
A R FE] ) L HE R K 5 (DK-2000-1T11, %5 3
I W f S 5 A A A BR A A ) XS £ AT 4T X
(Empyrean % | faf 2% ) 49 4 # B% (FEI-MLA650, 32
) OEKEE IR (LT3600, BR i H DG 884
[RNEID
1.2 #Hmk-SE-RENEHESENE
1.2.1  #H#H R R-F0E-B @ iE h & A a4

oAb B o 1 KRB (R IV R A
BN ) ok 2 U Bk 2 | T 2 A A5 T2 A A RS i
K, I EDTA M@ M5 Tk, S AL &
T 2,

[ mwrmen | i axa J{ sns )
: A

25 TR g ip 2
A

HEIE N, 28

SR L EIEE A

25 CTHEZE 140 °C,
XK L 1.43 )5

Wi i 285

(]

)

7

155 5

itk

H5 ‘

I 2 e
VN
EYaIA

—ur )

s

i

SR ULTE

i

S BLvE

3 7K 5
K

— R

|

A AR
B P 1105 CTH 12 h

B2 pk-2E-REAMEHESEUENTZRE

Fig. 2 Process flow chart of preparation of magnesium hydroxide by

brine—~ammonia-reverse precipitation
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Fig. 3 Magnesium hydroxide prepared by different concentrations of magnesium
ions(T=45 °C, V;q =5 mL/min, t=0.5 h)
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Table 1 The crystal characterization parameters of magnesium hydroxide prepared with

different concentrations of magnesium ions (7=45 °C, V =5 mL/min, #=0.5 h)

BB IR/ (mol - L) iR e I 7 B At RS /fm Tooi/Tiox v Dsy/pm Do/ pm
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(110) 0.257 38.5
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1.5 (101) 0.391 222 0.73 2.69 1.64 5.16
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Fig. 4 Magnesium hydroxide prepared at different reaction temperatures
(C(Mg*)=1 mol/L, V =5 mL/min, ¢=0.5 h)
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Table 2 The crystal characteristic parameters of magnesium hydroxide prepared at
different reaction temperatures (C(Mg*)=1 mol/L, V=5 mL/min, =0.5 h)
SV ik HE/°C i AT e I 5 i I RS /nm oo/ Lo Tool1 1o Dsy/pm Doy/pm
(001) 0.572 14.3
35 (101) 0.437 19.8 0.75 2.89 3.75 9.78
(110) 0.287 33.8
(001) 0.490 16.8
45 (101) 0.375 23.2 0.73 2.74 6.09 16.50
(110) 0.257 38.5
(001) 0.522 15.7
55 (101) 0.412 21.0 0.75 3.09 5.57 13.75
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65 (101) 0.364 24.0 0.81 3.54 6.31 14.93
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75 (101) 0.350 25.0 0.78 3.10 5.83 13.88
(110) 0.271 36.2
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Fig. 5 Magnesium hydroxide prepared at different feeding rates (C(Mg*)=1 mol/L, T=45 °C, =0.5 h)
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R3 AEHMEEHNENSELERGE

$4E S8 (C(Mg*)=1 mol/L,T=45 °C,t=0.5 h)

Table 3 Crystal characteristic parameters of magnesium hydroxide crystal surface prepared at
different feeding rates(C(Mg*)=1 mol/L, T=45 °C, t=0.5 h)

#E L BE/ (mL - min™) i THT HUERTE SIE N /mm Tl T m Ds/pum Do/ pum
(001) 0.540 152
2.5 (101) 0.433 19.9 0.72 3.43 9.42 23.82
(110) 0.258 383
(001) 0.504 163
5.0 (101) 0.397 21.9 0.77 3.28 6.09 16.50
(110) 0.276 35.4
(001) 0.538 152
75 (101) 0.391 222 0.78 2.99 3.20 8.20
(110) 0.277 352
(001) 0.532 15.4
10.0 (101) 0.405 214 0.75 3.04 228 5.97
(110) 0.244 41.0
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Fig. 6 Magnesium hydroxide prepared at different aging time (C(Mg*)=1 mol/L, T=45 °C,V=5 mL/min)
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R4 E R E S &S S L5 RIS H (C(mg*)=1 mol/L,T=45 °C, V=5 mL/min)

Table 4 Crystal characteristic parameters of magnesium hydroxide crystal surface

prepared by different aging time (C(mg*)=1 mol/L, T=45 °C, V=5 mL/min)

s AL ] /h i T 2 0 4 TE R SF mm Too/ Lo Too/To Dsy/pm Do/ pm
(001) 0.490 16.8
0 (101) 0.375 23.2 0.73 2.74 3.51 9.42
(110) 0.257 38.5
(001) 0.484 17.0
1 (101) 0.396 219 0.73 2.89 3.29 9.18
(110) 0.265 37.1
(001) 0.453 18.2
3 (101) 0.380 229 0.73 2.96 4.19 11.74
(110) 0.273 35.8
(001) 0411 20.2
6 (101) 0.324 27.3 0.70 2.63 3.49 12.06
(110) 0.241 41.5
(001) 0.426 19.4
12 (101) 0.353 24.8 0.72 2.87 2.17 5.53
(110) 0.233 43.4
25 MUEHENDT
ZEE b N SRR R EAL B LS L RIAS N
ClI & a2 AL A v 86 88 3 B 1.5 mol/L,
F T BE R 65 °C, BERFE E N 5 mL/min , R AL i )
F 1 h BB, Hl S A, Mtk d , TR At AE -
BEES R E N 1.5 mol/L, 2N TR 65 °C, BRAk At 3
H 1 h WA RN RS Had 3 T
FACEE A FA XA rY &SR AR BE AR A R AT A
JeRAL , KB AL 41 B 15 A AL EE D XRD AT 5 4
555 EF F (PDF#83-0114) 117 5 4 5 A — 3% (I,
7)o 454 SEM AJ A H IR A A ) A R AL PDF#83-0114
R BRI TT (LFE 8 (a) )/ MO AL S LL S-L Lo |
BeRs MR (LB 8(b)), A5 AREREE (LI 8(c)) o)

AL AR R R B AR A DR
T VHBEFES, ARG (001) TH SRR SE R
13.1 nm, W58 Lb Loo/Tio 2} 0.83,C1- 5 54 0.026 8%,
K Dsp=3.955 wm,De=8.318 wm, HKife />4t s)
(W% 35),

B7 SEWXEMLARN XRD B
(C(Mg*)=1.5 mol/L,T=65 °C,V=5 mL/min,¢=1 h)
Fig. 7 XRD pattern of magnesium hydroxide
optimized group (C(Mg*)=1.5 mol/L, T=65 °C,
V=5 mL/min, =1 h)
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(a) =4 SEM EI%
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(c) Pifbdl EDS [ i%
E 8 S®|M#EMNSEM KaitER(ZTAH:C(Mg*)=1.5 mol/L,T=65 °C,t=1 h;
L4 .C(Mg*)=1.5 mol/L,T=65 °C,V=5 mL/min,#=1 h)
Fig. 8 SEM and energy spectrum image of magnesium hydroxide (Blank Group:
C(Mg*)=1.5 mol/L,T=65 °C,t=1 h;Optimized Group:C(Mg*)=1.5 mol/L,
T=65 °C,V=5 mL/min,#=1 h)

x5 SEUEREBESH(C(Mg¥)=1.5 mol/L.T=65 °C.V=5 mL/min.t=1 h)
Table 5 Crystal characteristic parameters of magnesium hydroxide crystal
surface(C(Mg*)=1.5 mol/L, T=65 °C, V=5 mL/min, =1 h)

7 mai RS SE SRS /mm Lo/l Too/ 1o Ds/pm Doy/pm
(001) 0.621 13.1

Mg(OH), (101) 0.464 18.6 0.83 3.68 3.955 8.318
(110) 0.336 28.4

3 &5

S IE A A (Mg B S Ry i B 2 e} ik
JFEFNBR AT 8] ) X6F 5 B S ST B 45 b B R A (AR
T ISR RSE T ER Ik K -2k R ] L TE i A A
AALBERY T AR RO, FEERT .

1) B Mg vk A S g i B2 i v, AR T
AL EE(001) fh i A AR . Mg Wk B 9 3188 K Bk
A B TR] Y S A fif A5 7 ) SR AL BE P CLEE G R,
R 4l

2) SRR RIAR 32 RN S A B i AR R B

PERE ALK, 38 2k 5R A b 7K -2 3 S 1) DL TE RE 5 Tl 2%
25 (001) SRR 13.1~19.4 nm, Kif2 Dyl
1.64~9.32 pm, Cl & 1 <0.1% M)/~ f ROk & A4k EE
A g AT A R 4 R W K SR S R A AL
i T AR R B R R 22 ARl O Sy R0 5 90 5 5 v
afi | e B R 0 SR A EE D RE R R AT 25 A 2
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