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ABSTRACT: Huge amounts of MgCl,-6H,0O are produced annually as a byproduct or waste from KCI production in the Qinghai
province of China. An ecological and economic way to solve this problem is transforming the abandoned MgCl,-6H,0 to valuable
MgCO;-3H,0 whiskers. The formation and phase transformation of MgCO;-3H,O whiskers were studied in the crystallization
process, in which MgCl, and NH,HCO; were precipitated in the presence of sodium dodecyl sulfate (SDS) at S0 °C. Results
showed that porous spherical MgCO5-3H,0, MgCO5-3H,0 whiskers, and flocculent rod-like 4MgCO;-Mg(OH),-4H,0 were
formed with decreasing concentration of SDS as the crystallization proceeded. When the concentration of SDS was lower than the
critical micellar concentration (6.5 mmol-L™") at 60 min, SDS was beneficial for the growth in the [010] direction to form one-
dimensional MgCO;-3H,0 whiskers with a high aspect ratio, good uniformity, and a smooth surface (length, 60—70 um; aspect
ratio, 110—140).

1. INTRODUCTION

30 million tons of MgCl,-6H,0 are produced annually as a
byproduct or waste from KCl production in the Qinghai
province of China."” The huge amount of MgClL,-6H,0 is
usually discarded back into the saline lakes,"”” which not only
limits the effective and comprehensive utilization of magnesite
resource but also causes land occupation and environmental
issues. Therefore, it is an ecological and economic way to solve
the problem by transforming the abandoned MgCl,-6H,0 to
some valuable Mg products.

As one of the high value-added functional materials,
MgCO;-3H,0 whiskers could be effectively used as reinforce-
ment fillers in the fields of plastics, coatings, rubber, glass,
ceramics, and printing industries due to their excellent
physical, chemical, and mechanical properties.3’4 Thus, it is
much expected to obtain MgCO;-3H,0O whiskers with a high
aspect ratio and good uniformity.>*

MgCO;-3H,0 whiskers are often prepared by crystallization
through the reaction of MgCl,-6H,0O with carbonate salts in
aqueous solution.”®™” During crystallization, the crystal size
and behavior of the product can be tailored by introducing
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surfactants which has an impact on the progress of
crystallization.”'? Tonic surfactants are more frequently used
than nonionic surfactants because of the strong ionic
interaction between crystal sites and surfactant head
groups."' ~"® For example, Singh et al.'' found that the
prepared CuSO,-SH,O crystals were flake-like in visual
appearance and formation of layers in the presence of sodium
dodecyl sulfate (SDS), whereas it formed prismatic structures
and had smooth faces without any surfactant. Shen et al."”
reported that the increasing SDS concentration caused the
morphologies of CaCOj aggregates to change from the flower-
shaped calcite to hollow spherical calcite and then to solid
spherical vaterite. Wei et al.'® also reported that CaCO,
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Figure 1. XRD patterns of solid phase generated at different times of crystallization process without SDS: @-4MgCO;-Mg(OH),-4H,0;

O-MgCO;-3H,0.

formed very small (0.5 ym) prismatic crystals in the presence
of SDS, whereas it formed flat sheets or even flower-like
structures if polyvinylpyrrolidone was present along with SDS.
But only a very few reports” had discussed the effect of SDS on
crystallization of MgCO;-3H,0O whiskers. For example, Yang et
al.” showed that the presence of SDS in the mixed aqueous
solution was an important parameter for the morphology and
size of MgCOj;-3H,0 whiskers. The morphology of MgCO;-
3H,0 whiskers changed from rod-like to bundle-like with
increasing SDS concentration. The above study mainly focused
on the effect of SDS concentration, reaction time, and
temperature on the morphology of MgCO;-3H,0 whiskers.
However, the systematic understandings of the formation and
phase transformation of MgCO;-3H,0 whiskers in the process
of crystallization with SDS were still unclear.

In this work, MgCO;-3H,0 whiskers were prepared by the
reaction of MgCl, and NH,HCOj in the presence of SDS at 50
°C. The effect of SDS on the formation and phase
transformation of MgCO;-3H,0 whiskers was investigated
by monitoring the pH value and the concentration of SDS in
solution, determining the critical micellar concentration
(CMC) of SDS, analyzing the composition and morphology
of the solid phase in the process of crystallization. Besides,
MgCO;-3H,0 whiskers with a high aspect ratio, good
uniformity, and a smooth surface were prepared successfully.
Moreover, the formation and transformation mechanisms of
MgCO;-3H,0 whiskers were studied on the basis of above
investigations.

2. EXPERIMENTAL SECTION

2.1. Experimental Materials. Chemical reagents, MgCl,-
6H,0, NH,HCO,;, aqueous NH;-H,O, SDS, toluene, and
acridine orange were analytical grade and purchased from
Sinopharm Chemical Reagent Co., Ltd., China. All chemicals
were used directly in the experiments without further
treatment. The water used in all experimental work for
solution preparation, dilution, washing, and so forth was 99.9%
double distilled water (conductivity < 0.1 uS-cm™).

2.2. Crystallization. The experiments were performed in a
batch stirred crystallizer (1 L). MgCl, solution (100 mL, 0.5

mol'L™") and desired quantity of SDS powder (0 or 0.7S g)
were poured into the reactor and stirring at 350 rpm, and then,
the solution was brought to 50 °C with the aid of the
circulating water. Subsequently, the pH adjusted NH,HCO;
solution (100 mL, 1 mol-L™", pH = 10) via NH;-H,O solution
was titrated into the reactor by a peristaltic pump and
completed after 60 min. After the titration procedure, stirring
continued for 90 min. Solid and liquid samples were taken at
different times during the experiments. All the samples were
filtered immediately with membrane filters (0.45 ym) after
sampling, and crystals were washed with deionized water three
times and dried at 35 °C for more than 12 h.

All the crystallization experiments discussed in this work
were carried out with an identical concentration of MgCl, and
NH,HCO; solutions at 50 °C. Several trial runs had been
conducted with and without SDS to analyze the different
growth processes of MgCO;-3H,0 crystals.

2.3. Measurement of CMC of SDS with Different pH
Values. The CMC of SDS at different pH values was
measured by conductivity method'*™"¢ for its good stability
and sensitivity. The experimental procedure was described
briefly below. The NH;-H,O solution with desired pH value
was prepared at 50 °C. Then, a certain amount of SDS was
added to the solution and continuously stirred for 1 h to
ensure well-mixed. After that, the electrical conductivity of the
solution was recorded using a conductivity meter. The
electrical conductivities of every solution were measured
three times to assess the accuracy and reproducibility of the
apparatus and procedure described above. The recorded
conductivity data were plotted against the corresponding
concentration of SDS, and the obvious breaking point at a
certain concentration was considered the CMC of SDS with a
certain pH value.

2.4. Measurement of Concentration of SDS in
Solution. The concentration of SDS in solution was measured
using the acridine orange method.'”"® This method was based
on the extraction of a yellow-colored complex (dodecyl
sulfate—acridine orange complex) from aqueous solution into
toluene, which could be quantified using UV—visible spec-
troscopy. The method was described as follows: 100 uL of 1%
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Figure 2. XRD patterns of the solid phase generated at different times of the crystallization process with SDS: @-4MgCO;-Mg(OH),-4H,0;

O-MgCO;-3H,0.

Table 1. Composition of the Solid Phase Generated at Different Times of the Crystallization Process with and without SDS

reaction time (min)

solid phase (without SDS)

solid phase (with SDS)

15 amorphism MgCO;-3H,0

30 MgCO;-3H,0 MgCO;-3H,0

60 MgCO;-3H,0 MgCO;-3H,0

90 MgCO;-3H,0 MgCO;-3H,0

120 MgCO;-3H,0 MgCO;-3H,0, 4MgC0O;-Mg(OH),-4H,0
150 4MgCO;-Mg(OH),4H,0 4MgCO,;-Mg(OH),-4H,0

acridine orange was added to 100 uL of SDS solution and
shaken for 2 min. The yellow-colored complex was then
extracted using 5 mL of toluene by shaking for 3 min and
settling for S min. The toluene layer was collected and then
analyzed using UV—vis spectroscopy against a calibration curve
to determine the concentration of SDS.

2.5. Characterization. During each experimental run, the
pH values of the solution were monitored by a pH meter
(Denver instrument UB-7, Germany). The electrical con-
ductivities of the solution were recorded using a conductivity
meter (Mettler Toledo, FE38-Standard, China). Spectroscopic
measurements were obtained using a spectrophotometer
(Shimadzu, UV-2600, China). The compositions of samples
were analyzed by X-ray powder diffractometer (XRD, Bruker
D2PHASERX, Germany) using Cu Ka radiation, operating at
40 kV, 30 mA, and a scanning rate of 0.02°-s7! from 10 to 80°.
The morphologies of samples were observed by scanning
electron microscopy (JSM-ITSOOHR, Japan), and the size of
particles obtained from counting 100 crystals observed in SEM
images.

3. RESULTS AND DISCUSSION

3.1. Effect of SDS on the Phase Transformation of
MgCOj;:3H,0. The XRD patterns of the solid phase generated
at different reaction times of crystallization process without
and with SDS are shown in Figures 1 and 2. As could be seen
from Figure 1, at the beginning of crystallization process
without SDS (15 min), the corresponding XRD pattern had no
obvious diffraction peaks, indicating that it was the amorphous
phase. When the reaction time was 30 min, there were some

weak diffraction peaks of MgCO;-3H,0 (JCPDS 20-0669),
indicating the poor crystallization. From 60 to 90 min, some
diffraction peaks (JCPDS 20-0669) could be seen and then
become stronger in the XRD patterns indicating that the
MgCO;-3H,0 crystals gradually crystallized. As the reaction
time extended to 120 min, the diffraction peaks of MgCOj;-
3H,0 crystals became weaker illustrating that the crystallinity
was decreased. When the reaction time was further prolonged
to 150 min, the diffraction peaks of MgCO;-3H,0 disappeared
and were displaced by the diffraction peaks of 4MgCO;-
Mg(OH),-4H,0 (JCPDS 25-0513), which indicating the
transformation happened.

In contrast, at the beginning of crystallization process with
SDS (15 min), all of the diffraction peaks in the XRD patterns
were matched with the standard JCPDS 20-0669 of MgCO;-
3H,0 (Figure 2). It was verified that the presence of SDS
promoted the formation of MgCO;-3H,0 compared with the
amorphous phase in Figure 1. At the reaction time of 30 min,
the diffraction peaks of MgCO;-3H,0 (JCPDS 20-0669)
crystals decreased, indicating lower crystallinity. This case
might be due to the change of the crystal morphology caused
by the decrease of SDS concentration during the titration
process. From 60 to 90 min, the solid phases obtained with
SDS were also MgCO;-3H,0 crystals, but some of the
diffraction peaks, for example, (101) at 13.6° and (002) at
23.1° were obviously much stronger than these crystals
obtained without SDS. This case indicated that SDS might
promote the growth of special faces of crystals. The diffraction
peaks of MgCO;-3H,0 crystals also became weaker with the
time elapsed but some of the diffraction peaks of 4MgCO5-

14623 https://doi.org/10.1021/acsomega.3c00459
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Figure 3. SEM images of the solid phase generated at different times of the crystallization process without SDS: (a) 15; (b) 30; (c) 60; (d) 90; (e)

120; and (f) 150 min.

Figure 4. SEM images of the solid phase generated at different times of the crystallization process in the presence of SDS: (a) 15; (b) 30; (c) 60;

(d) 90; (e) 120; and (f) 150 min.

Mg(OH),-4H,0 (JCPDS 25-0513) generated earlier at 120
min and then the diffraction peaks of MgCO;-3H,0
disappeared completely after 150 min. Solid phases generated
at different times of crystallization process without and with
SDS are listed in Table 1 for a clear comparison. It was verified
that SDS apparently enhanced the formation and trans-
formation of MgCO;-3H,0 crystals in the whole crystallization
process.

3.2. Effect of SDS on the Morphology of MgCO;-3H,0
Crystals. Although the effect of some surfactants on crystal
morphology was well discussed in the literature,"*™ " the
specific system was not explored systematically. Hence, the
effect of SDS on the morphology of MgCO;-3H,0 whiskers
was briefly discussed in the formation and transformation
process. The morphology evolutions of the solid phase without
and with SDS were examined by SEM observations (Figures 3
and 4).

As can be seen from Figure 3, at the beginning of
crystallization process without SDS (15 min), the morphology
of the corresponding solid phase was amorphous. When the
reaction time was 30 min, it could be seen that several porous
and flower-like MgCOj;-3H,0O generated from the amorphous
grains. From 60 to 90 min, the whisker-like MgCO;-3H,0
crystals obtained and grew larger with the increased time.
However, these whisker-like MgCO;-3H,0 crystals had

irregular size and low aspect ratio. For example, the length
and the aspect ratio of the crystals obtained at 60 min were
21-27 pm and 20-25, respectively. Meanwhile, the length and
the aspect ratio of the crystals obtained at 90 min only
increased to 26—36 pum and 32—38, respectively. As the
reaction time extended to 120 min, some lamellar and floc
crystals generated gradually on the surface of the rod-like
MgCO;-3H,0 crystals. Then, all the rod-like crystals were
displaced by lamellar and floc crystals with the reaction time
further prolonged to 150 min, indicating complete phase
transformation from MgCO;-3H,0 to 4MgCO;-Mg(OH),:
4H,0.

In contrast, at the beginning of the crystallization process in
the presence of SDS (15 min), the morphology of the
corresponding solid phase was porous spherical MgCO;-3H,0
which consisted of nanosheets. The average diameter of the
spherical crystals was S pm. It was illustrated that SDS could
promote the formation of porous spherical MgCOj;-3H,0 by
adjusting the arrangement of nanocrystals. This case might be
because the first surfactant structures that formed in a
surfactant solution were spherical micelles.'””" Then, the
spherical crystals decreased and became cracked while some
rod-like crystals appeared at 30 min. This case leaded to the
decrease in crystallinity as can be seen in the XRD pattern of
MgCO;-3H,0 crystals (Figure 2). From 60 to 90 min, all the
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MgCO;-3H,0 crystals were whisker-like with a high aspect
ratio and smooth surface. It was illustrated that the SDS
promoted regulation growth of MgCO;-3H,0O crystals along
the one-dimensional direction.” The most prominent effect of
SDS was observed at 60 min when MgCO;-3H,0 whiskers
formed with the length of 60—70 ym and aspect ratio of 110—
140. However, further increasing the reaction time up to 90
min resulted in a reduction of the length and the aspect ratio of
the crystals, and they decreased to 40—50 um and 100—110,
respectively. With the reaction time extended to 120 min, the
smooth surface of MgCO;-3H,0O whiskers became rough and
was covered with some lamellar crystals. When the reaction
time further extended to 150 min, the obtained products were
flocculent rod-like 4MgCO5-Mg(OH),-4H,0 with an average
length of 10 pm, indicating complete phase transformation.
This case might due to a spontaneous process which named
Ostwald ripening”' occurred from the outside to inside of
MgCO;-3H,0 whiskers with the extension of the reaction
time. The large particles on the outer surface of whiskers grew
through the consumption of small particles. Flocculent rod-like
crystals finally formed when the small particles were
completely eroded.

Compared Figure 3 with Figure 4, it could be seen that the
SDS had a promotional and structure-direction effect on the
formation and transformation of MgCO;-3H,0 crystals.
Especially, SDS was obviously beneficial to the formation of
MgCO;-3H,0 whiskers with a high aspect ratio, good
dispersity, and smooth surface. The prominent effect of SDS
on the MgCO;-3H,0 crystals was consistent with the XRD
result.

For further exploring the effect of SDS on the formation and
transformation of MgCO;-3H,0 crystals, the CMC of SDS in
the crystallization process was determined in the following
section.

3.3. Determination of CMC of SDS in the Crystal-
lization Process. It is well known that the concentration of
the surfactant used in the crystallization process is a critical
parameter.”'' The effect of surfactant usually changes with
increasing or decreasing its concentration. As crystals form
various self-assembled structures in the presence of surfactants
in solution, it is important to figure out whether the
concentration effect of surfactants is related to the appearance
of such structures.

The CMC>™*° of the surfactant is the concentration at
which monomeric surfactant molecules can thermodynamically
self-aggregate, forming the molecular aggregates called
micelles. In other words, the CMC of surfactant is the
concentration at which the micelle makes its appearance. It was
reported that the CMC of surfactant was different with various
pH values.”*™*® Jiang et al.”® proposed that the pH was a
complex factor which affected surface properties of dodecyl-
trimethylammonium decanoate. Mitra et al.>” found that the
CMC of quillasja saponin increased monotonically with
aqueous phase pH in the pH range of 3.0—8.8, and the
increase in CMC was most significant at pH = 8.8. Song et al”®
explored the effect of pH on the CMC of TX-100/DDAO
mixed surfactant system. Results showed that the CMC of
binary TX-100/DDAO solution decreased with the decrease in
pH in the range pH > 5.03 while increased with the decrease in
pH in the range pH < 5.03.

Therefore, the pH value of MgCO;-3H,0 crystallization
system was tracked and monitored along with the reaction
time primarily. As Figure 5 showed, the pH value increased

9.5

NH_HCO, addition completed

15F

N N B
0 15 30 45 60 75 90 105 120 135 150

t/(min)

Figure S. pH value in the MgCO;-3H,0O crystallization system at
different times.

sharply from 7.3 to 8.5 and then increased smoothly from 8.5
to 9.0 with NH,HCO; addition time of 0—60 min. After
titration, the pH value had a slightly decrease and then keep at
8.9 after 63 min. In a word, the pH value was in the range of
7.3=9.0 in the whole crystallization process. Therefore, the
CMC of SDS in NH;-H,O solution was determined,
respectively, at pH = 7, 8, and 9 by the conductivity method.

Before above work, the experimentally obtained values of
CMC for SDS in water at different temperatures were
compared with some of the literature” >° to assess the
accuracy of the using determination method. The gradual
decrease in the slope and a break in the plot gave the value of
CMC as given in Figure 6. The result (Table 2) showed that
the experimental data agreed well with the published CMC
values.

900

750

600

450

300

Conductivity/(us-cm™)

150

0 2 4 6 § 10 12 14 16
Cgps/(mmol-L™)

Figure 6. CMC of SDS in water at different temperatures.

From Figure 7 it was noticed that the slight increase of
CMC took place with the increase of the pH value. For
example, the CMC merely increased from 6.487 to 6.498 to
6.514 mmol-L™" as the pH value increased from 7 to 8 to 9.
This case might be due to the narrow change of pH values was
not enough to influence the CMC. In other words, the CMC
of SDS has no significant dependence on pH values in a
narrow range of 7—9. It is decided to use the average CMC
value of 6.5 mmol-L™" in the whole crystallization process.

3.4. Formation and Transformation Mechanisms of
MgCO;:3H,0 Whiskers. The structure of MgCO;-3H,0
crystal is formed by twisted [MgOg] regular octahedrons
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Table 2. Comparison of Experimentally Obtained and Literature Values of CMC for SDS in Water at Different Temperatures

CMC (mmol-L™") for SDS

temperatures (°C) experimental literature literature™ literature* literature™
30 7.483 7.68 7.97 7.04 8.3
40 7.671 7.08 7.37 8.7
50 7.918 7.80
900 with a relatively stable one-dimensional rod-like structure if
there is no external driving force.
750 However, it was concluded from the foregoing discussions
"7; that the crystallization process in the presence of SDS could be
2 600 divided into three stages: (I) formation of porous spherical
= 450 MgCO;-3H,0, (II) transformation from porous spherical
= MgCO;-3H,0 to MgCO;-3H,0 whiskers, and (III) trans-
z 300 formation from MgCO;-3H,0 whiskers to flocculent rod-like
5 4MgCO;-Mg(OH),-4H,0. The concentration of SDS had a
150 significant effect on the formation and transformation of
MgCO;-3H,0 crystals. The above stages are shown in Figure 9
0 . . A . 1 A L . where the solid line indicated the concentration of SDS and
0 2 4 6 8 10 12 14 16 18

Cgps/(mmol-L")

Figure 7. CMC of SDS in NH;-H,O solution at different pH values.

connected in a common vertex connection.””*’ For example,
the [MgOg] regular octahedrons are connected by Mg—O and
C—O bonds along the [100] and [001] directions with a
common vertex or common prism (Figure 8a,b). In the [010]
direction, the [MgOg] regular octahedrons are connected by
the Mg—O bonds in a common vertex manner (Figure 8c).
According to the Pauling rule,”'?" the growth surfaces of
[MgOg] regular octahedrons connect by the vertex-sharing or
edge-sharing, especially the planes-sharing, will reduce the
stability of the coordination crystal structure and sequentially
decrease the growth rate. Therefore, the growth unit of
[MgOq] regular octahedron will spontaneously grow fastest
along the [010] direction. MgCO;-3H,0 crystals will form

the dotted line indicated the CMC of SDS during the
crystallization process.

It can be seen from Figure 9 that at the beginning of stage
(1), the initial concentration of SDS in the solution before
titration was 10.2 mmol-L™!, which was much higher than
CMC (6.5 mmol-L™"). Thus, the SDS existed in the form of
micelles before crystallization. When the NH,HCO; solution
(pH = 10) titration started, MgOH" ions were formed by Mg**
and OH" ions, and the MgOH" ions were attached with the
SDS micelles surfaces for their strong negative polarity. Then,
the regular octahedral growth units of [MgO] were formed by
MgOH" and CO,* ions. The growth units entered from the
surfaces into the micelles and formed nanosheets via synergism
and cooperation.”” Besides, the nanosheets took the micelles as
the templates to form spherical structure through aggregation
and superposition. Moreover, the nanosheets could only grow
along two-dimensional directions to form porous spherical
MgCO;-3H,0 due to the inhibition of SDS micelle on the

Figure 8. Crystal structure of MgCO;-3H,0: (a) in projection parallel to [100], (b) in projection parallel to [001], and (c) in projection parallel to

[010].
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11 whiskers. The scheme of formation mechanism of MgCO;-
10 ! 3H,0O whiskers is illustrated in Figure 10b.
! ° At the stage (III), the MgCO;:3H,0 whiskers gradually

o E izﬂ transformed to flocculent rod-like 4MgCO;-Mg(OH),-4H,O0.
o8 - This case could be explained by the structural stability of the
s, : § g two hydrated magnesium carbonates. In the crystal structure of
g ---------------------------- E----E-E-- 4MgCO;-Mg(OH),-4H,0,” there are two different [MgOy]
< 6 , MG ' octahedrons formed by the octahedral-coordination of Mg**
& st E E (Figure 11). The two coordination octahedrons are joined by

4t E i

3t i :

| S D

0 15 30 45 60 75 90 105 120 135 150
t/(min)

Figure 9. Concentration and CMC of SDS during the crystallization
process.

crystal plane. The scheme of formation mechanism of porous
spherical MgCO;-3H,0 is illustrated in Figure 10a.

With the titration of NH,HCO; solution, the concentration
of SDS decreased gradually toward the CMC (6.5 mmol-L™").
At the beginning of stage (II), the concentration of SDS (6.31
mmol-L™") was lower than CMC at 30 min. The SDS micelles
gradually disintegrated and the inhibition of them on the
crystal plane weakened accordingly. Meanwhile, some of the
regular octahedron growth units of [MgOg] grew along the
[010] direction spontaneously. Therefore, the porous spherical
MgCO;-3H,0 cracked and broke, while some rod-like
MgCO;-3H,0 appeared. At the one-third time of stage (II)
(60 min), with the further decrease of the concentration of
SDS, the SDS micelles disintegrated completely and directional
arranged on the MgCO;-3H,0 crystal nuclei surface after
adsorption. This case created a separation of active ions from
the surface, which could inhibit the growth, agglomeration, and
secondary nucleation in the [100] and [001] directions. As a
result, it could promote the growth in the [010] direction to
form one-dimensional MgCO;-3H,0 whiskers with a high
aspect ratio and smooth surface. At the two-third time of stage
(II) (90 min), the inhibition effect of SDS weakened due to its
continuously consumption, which resulted in a reduce of the
average length and the aspect ratio of the MgCO;-3H,0

Figure 11. Crystal structure of 4MgCO;-Mg(OH),-4H,0.

[CO,] triangles or co-vertices or co-edges, and the total
number of vertices is less than that in the structure of MgCOj-
3H,0 (Figure 8). Pauling rule’”" points out that in the
coordination structure, the distance of the central cations is
lengthened by the reduce of the number of common vertices.
Moreover, the Coulomb repulsion of the central cations will be
weakened, which can lead to a strengthen of the structural
stability. Therefore, the structural stability of 4MgCOj;-
Mg(OH),-4H,0 is higher than MgCO;-3H,0. MgCO;
3H,0 was in a metastable state of hydrated magnesium
carbonate at 50 °C. The unstable MgCO;-3H,O would
eventually transform to the stable 4MgCO;-Mg(OH),-4H,0
when the reaction time was extended at 150 min.

4. CONCLUSIONS

The phase composition and morphology of solids obtained
during the crystallization process using MgCl, and NH,HCO,
as raw materials were investigated without and with SDS at 50
°C. The presence of SDS showed obvious promotion in the

0_ o .
Lo o 311
() ﬂ.. .e () &.‘. .’..
(a) © g. .‘? ) o :.
°o &, Q0 oo: <3 °
o Fooog [ XX]
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Figure 10. Schematic representation of morphology evolution in the MgCO5-3H,0 formation process: (a) formation of porous spherical MgCO5-

3H,0 and (b) formation of MgCO;-3H,0 whiskers.
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regulated formation and transformation of MgCO;-3H,0
crystals.

The measured average CMC value of SDS in the whole
crystallization process was 6.5 mmol-L™". When the concen-
tration of SDS was much higher than CMC at 15 min, porous
spherical MgCO;-3H,0 was obtained using SDS micelle as a
template. When the concentration of SDS was lower than
CMC after 30 min, SDS micelle gradually disintegrated and
promoted the growth in the [010] direction to form one-
dimensional MgCO;-3H,0 whiskers. MgCO;-3H,0 whiskers
with a high aspect ratio, good uniformity, and smooth surface
(length of 60—70 um and aspect ratio of 110—140) were
prepared at 60 min. When the reaction time was extended to
120 min, the MgCO;-3H,0 whiskers would gradually
transform to flocculent rod-like 4MgCO;-Mg(OH),-4H,O0.
This case was because 4MgCO;-Mg(OH),-4H,0 had stronger
stability due to its less number of vertices in the structure
compared with MgCO;-3H,0. These findings could pave the
way for controllable crystallization of MgCO;-3H,0O whiskers
with a high aspect ratio, good uniformity, and a smooth
surface.
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