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Abstract:  The  calcium  carbonate  (CaCO3)  crystals  were  successfully  synthesized  in  the  presence  of
glutamic acid used as an additive at 30 °C and at a pH of 8.5. The synthesized product was characterized in
detail  by  X-ray  diffraction  (XRD),  Fourier  transform infrared  (FTIR)  spectroscopy  and  scanning  electron
microscopy (SEM) to identify the structure and habit of the crystals. Moreover, the size and surface charge
of the crystals were measured by particle size and zeta potential analyzer. XRD and FTIR results showed that
both calcite and vaterite in forms of apparently CaCO3 crystals were obtained in the presence of 50 ppm
additive concentration at t=30 min. When increasing the glutamic acid concentration in the suspension, the
formed CaCO3 were only in the vaterite form. The SEM analysis results pointed out that the addition of the
glutamic acid significantly changed the shape of the CaCO3. At t=30 min the resulting product sample was
found to contain two types of polymorphs; larger cubic shaped calcite crystals and smaller spherical-like
vaterite crystals. Further addition of high concentrations of the additive enhanced the adsorption of the
glutamic acid, resulting in the smaller spherical-like ellipsoidal vaterite crystals. Investigation of the zeta
potential  analysis  indicated  that  higher additive concentration  (100 ppm) resulted in a positive surface
charge of the crystals, whereas lower concentration (50 ppm) gave negative electrical charge. Moreover,
filtration analysis pointed out that adding glutamic acid additive resulted in a less specific cake resistance
value (5.01 × 1011 m/kg) than that in pure media, which was 1.03 × 1012 m/kg.
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INTRODUCTION

There  is  significant  research  interest  in  calcium
carbonate  (CaCO3)  because  of  its  industrial
importance,  diversity  as  a  biomineral,  and
crystalline  complexity  (1,2).  CaCO3 typically  takes
one  of  three  crystal  polymorph  forms:  calcite,
aragonite,  or  vaterite  (3).  Calcite  is  the  most
thermally stable polymorph. The vaterite phase can
be  converted  into  the  stable  calcite  phase  under
appropriate  conditions  (4,5).  The  properties  of
CaCO3 crystals  are  determined  by  the  crystal
polymorph, size, and shape (6). CaCO3 is important
in  the  oil/petrochemicals,  water  treatment,  and
energy production. Calcium carbonate is among the
most common fillers applied in the pulp and paper
industry because of  its  easy dispersibility  and low

propensity  for  agglomeration.  Furthermore,  CaCO3

particles in the micrometer size range are used in
the  production  of  plastics  to  reinforce  polymers,
improve  their  properties,  and  reduce  production
costs. In addition, fillers and pigments made using
CaCO3 crystals  with small  particle  size have wide-
ranging  applications  in  the  pharmaceutical  and
cosmetics  industries,  for  example,  as  colorants,
abrasives in toothpaste, and coatings for therapeutic
delivery  (7).  Thus,  the  precise  polymorphic  and
morphological control of CaCO3 crystals is crucial for
industrial  processes  and  is  the  subject  of  great
research  interest.  Despite  being  present  in  small
quantities, additives can have a drastic effect on the
quality of the final crystalline product (8). Additives
influence  particular  parts  of  the  crystallization
process  through  their  close  structural  relationship
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with  the  target  system.  The  effects  of  additives
including  metal  ions  (9),  carboxylic  acids  (10),
polyelectrolytes  (11),  biopolymers  (12),
polysaccharides (13), and amino acids (14) on the
phase transformation of CaCO3 have recently been
investigated by several  research groups.  However,
to date, the effects of glutamic acid on the CaCO3

transformation process and the morphological  and
filtration characteristics have not been investigated
in detail.

The aim of this study was therefore to investigate
the effects of glutamic acid as a crystal modifier on
CaCO3 crystal  structure,  morphology,  and  size.
Glutamic acid is a biodegradable and non-toxic as
well  as  being  an  effective  crystal  modifier  at  low
concentrations.  In  this  study,  we  investigated  the
effects  of  glutamic  acid  on  the  polymorphic
transformation  of  CaCO3 from  calcite  to  vaterite
form, considering the morphology, phase structure,
particle  size  distribution,  and  filtration
characteristics  of  the  end  products.  The  use  of
glutamic  acid  as  an additive  was found to give a

significant  reduction  in  the crystal  particle  size as
well  as  significantly  improving  the  filtration
characteristics. The  results  reported  here  will  be
invaluable for ensuring adequate control of product
characteristics in industrial processes.

MATERIALS AND METHOD

Materials
Calcium  chloride  dihydrate  (CaCl2·2H2O),  sodium
carbonate  (Na2CO3),  and  glutamic  acid  (C5H9NO4)
used  in  the  experiment  were  all  analytically  pure
and  were  purchased  at  Merck.  All  solutions  were
prepared using distilled water. All experiments were
conducted at least in triplicate.

Method
The  polymorphic  phase  change  of  CaCO3 was
performed using the setup shown in Figure 1.  The
synthesis process is as follows. CaCO3 was prepared
by the reaction between CaCl2·2H2O and Na2CO3 in a
glass crystallizer with an active volume of 1.0 L at
30 ± 0.1 °C.

Figure 1. The experimental setup.

At  the  beginning  of  the  experiment,  0.2  M  CaCl2

solution (400 mL) was placed into the crystallizer.
Once  the  temperature  was  stabilized,  400  mL  of
Na2CO3 solution with a concentration of 0.2 M was
added  into  the  crystallizer  at  a  rate  of  4  mL/min
using  a  peristaltic  pump.  The  suspension  in  the
crystallizer was stirred at a rate of 500 rpm. The pH
value of the suspension was kept at pH 8.5 using 0.1
N HCl  (aq)  and 0.1  N  NaOH (aq).  At  30  and 100
mins,  20-mL  aliquots  of  the  suspension  were
removed  and  used  for  crystal  structure  and
morphology analysis.

The influence of glutamic acid and its concentrations
on  the  polymorphic  change  of  CaCO3 was
investigated  in  this  study.  The specific  amount  of
the glutamic acid (corresponding to 50 ppm and 100
ppm)  was  added  into  the  crystallizer  at  the
beginning of the experiment. The obtained crystals
were  filtered  by  0.45  μm  membrane  filters
connected  to  a  vacuum pump.  The  crystals  were
washed  thoroughly  with  distilled  water  and  the
remaining crystals were dried at room temperature. 

X-ray diffraction  (XRD) was used to determine the
crystal polymorph of the sample. The XRD pattern of
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the powder sample was collected  by a Bruker  D2
Phaser Table-top Diffractometer.  X-ray radiation Cu
Kα  (λ  =  1.542  Å)  was  set  at  30  kV  and  10  mA.
Meanwhile,  the  polymorphic  transformation  was
monitored  by  Fourier  transform  infrared
spectroscopy  (FTIR;  Shimadzu  IR  Affinity-1).  The
crystal  habit  and  particle  size  distribution  were
observed  by  scanning  electron  microscopy  (SEM;
Zeiss  EVO  LS  10)  and  Malvern  Mastersizer  2000
instrument,  respectively.  Zeta  potential

measurements  were  performed  using  a  Malvern
Zeta Sizer Nano Series Nano-ZS.

RESULTS AND DISCUSSION

XRD Analysis
Figure  2  illustrates  the  XRD  patterns  of  CaCO3

crystals with and without glutamic acid in which C
represents  peaks  from  calcite,  while  V  denotes
peaks from vaterite within the range of 10–70°.

  
Figure 2. XRD patterns for CaCO3 crystals acquired in pure media and media supplemented with 50 ppm (a)

and 100 ppm (b) glutamic acid.

XRD patterns of the crystals acquired in pure media
showed  that  calcite  was  the  only  major
crystallization  product.  All  the  main  characteristic
peaks  of  the  crystal  products  with  corresponding
faces (012), (104), (110), (113) and (022) were the
standard pattern of  calcite form (JCPDS: 05-0586).
The addition of glutamic acid to the solution led to
significant  changes  in  crystal  structure  and  new
crystallization products were formed. In addition to
the  characteristic  diffraction  peaks  of  calcite,  the
new diffraction peaks of vaterite were detected at
2θ = 21.0°, 24.9°, 27.1°, 32.7°, and 50.1° (JCPDS:
33-0268).  For the solid sample obtained at 30 min,
the characteristics peaks of both calcite and vaterite
were  seen  together.  As  time  goes  by,  the
characteristic  peak  intensity  of  vaterite  enhanced,

while that of the calcite weaken. At t=100 min, the
calcite  peaks  disappeared  completely  and  the
vaterite was the only crystallization product at each
characteristic point of the system. The XRD results
showed that glutamic acid altered the crystal form
of CaCO3.

FTIR Analysis
The  calcite  and  vaterite  polymorphs  could  be
distinguished according to FTIR spectra. The spectra
of calcite and vaterite are obviously different. Thus,
except  for  XRD  analysis,  FTIR  analysis  was
performed  to  follow  the  polymorphic  phase
transformation of CaCO3. The FTIR spectra for CaCO3

crystals with and without glutamic acid are given in
Figure 3. 
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Figure 3. FTIR results for CaCO3 crystals acquired in pure media and media supplemented with 50 ppm (a)
and 100 ppm (b) glutamic acid.

The FTIR spectrum of the CaCO3 crystals acquired in
pure  media  is  very  similar  in  the  intensity  and
position of the main characteristic absorption peak
(712 cm−1) with that of calcite form reported by the
previous studies (15-17). When the FTIR spectra for
the crystals with 50 and 100 ppm glutamic acid at
30 min were examined,  new additional  absorption
bands not in the spectrum of the crystals acquired in
pure  media  were  detected  at  1085 cm−1 and
746 cm−1 belonged  to  the vaterite  polymorph.  The
crystal products acquired in the presence of 50 ppm
additive concentration were mixtures of calcite and
vaterite, and the intensity of the calcite peaks was
weaker than the intensity of the vaterite peaks. At
higher additive concentration, intensity of the peaks
of  the  calcite  was  very  weak  while  the

corresponding main absorption peak of vaterite was
very strong. FTIR spectra for the crystals acquired at
t=100 min showed that the crystal products were all
vaterite purely. These results are supported by the
XRD patterns.

SEM Analysis
SEM analysis was conducted to explore the effect of
glutamic acid and its concentration on the surface
character  of  CaCO3 crystals.  The  CaCO3 crystals
acquired in pure media consisted mainly of smooth
and uniform cubic-shaped calcite crystals  with the
mean particle size of 32.0 μm as shown in Figure 4a.
The  similar  morphology  of  CaCO3 crystals  was
observed in the recent studies (18,19). 
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Figure 4. SEM images for CaCO3 crystals acquired in pure media (a) and media supplemented with 50 ppm
glutamic acid at t = 30 min (b) and at t = 100 min (c) and with 100 ppm glutamic acid at t = 30 min (d) and

at t = 100 min (e).

As  can  be  seen  from  Figure  4(b-d),  the
morphological  characteristics of the CaCO3 crystals
were directly related to the transformation time and
glutamic  acid  concentration.  Examining  the  SEM
image of the crystals with 50 ppm glutamic acid at
30 min (Figure 4b), the cubic-shaped calcite crystals
started  to  change.  Alongside  the  cubic  calcite
crystals, vaterite crystals with a round appearance
started  to  form.  The  formed  crystals  consisted  of
highly  robust agglomerates.  As the transformation
process continued, the cubic calcite crystals were no
longer formed, and all of the crystals were spherical-
like  vaterite  crystals  with  the  rough  surface
aggregated by many particles (Figure 4c). Moreover,
there was a significant increment in the counts of
small particles. When the SEM image of the crystal
products acquired with 100 ppm additive at 30 min

(Figure 4d) was examined, it was determined that
there  was  more  transformation  of  calcite  into
vaterite crystals in comparison to the concentration
of 50 ppm. However, the two polymorphs were still
found  together  in  the  same  medium,  and  the
obtained crystals had an irregular shape, and some
of  the  crystals  formed  irregular  aggregates.  The
vaterite  crystals  grown  on  the  surfaces  of  the
untransformed calcite crystals were in an ellipsoidal
form with a plate structure.  As the transformation
process progressed, the calcite crystals completely
transformed to the vaterite and gained a spherical
and ellipsoidal appearance (Figure 4e). The surface
of  the  crystals  was  rough  and  included  a  lot  of
spherical-like  particles  aggregated.  It  was  also
detected  that  the  mean  particle  size  of  the  final
products  was  smaller  in  comparison  to  both  pure
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and 50 ppm additive media. As shown in Figure 5,
the  mean  particle  size  of  CaCO3 decreased  from
17.9 to 14.6 μm as the glutamic acid concentration
increased from 50 to 100 ppm. It can be concluded

that the glutamic acid had a profound effect on the
controlling the polymorph, habit, and particle size of
the crystals due to its adsorption on the active site
of CaCO3.

Figure 5. Particle size distributions for CaCO3 crystals acquired in pure media (a) and media supplemented
with 50 ppm glutamic acid (b) and with 100 ppm glutamic acid (c) 

at t = 100 min.

Zeta Potential Analysis
The zeta  potential  of  the CaCO3 crystals  with and
without glutamic acid was investigated to determine

the surface charge of the samples. The results are
given  in  Figure  6.  The  zeta  potential  of  CaCO3

crystals acquired in pure media was –8.1 ± 2.1 mV. 
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Figure 6. The change of zeta potential with time.

The addition of glutamic acid to the crystallization
media led to a distinctive change in surface charge
and the zeta potential value at 50 ppm reached –6.3
± 0.8 and –2.1 ± 1.0 mV for t=30 and 100 mins,
respectively.  The  zeta  potential  value  of  CaCO3

crystals acquired in 100 ppm additive media showed
a rising tendency and the electrical surface charge
was more positive.  

Filtration Analysis
Filtration  characteristics  of  CaCO3 is  important  for
economic considerations, since this characteristic is
closely related with energy consumption during the
filtration  process.  Therefore,  the filtration  property
of the CaCO3 crystals with and without additive was
evaluated by Darcy’s Law under 700 mbar constant
pressure. The average specific cake resistance and
the  average  cake  porosity  of  the  CaCO3 crystals
acquired without glutamic acid were 1.03×1012 m/kg
and 0.548, respectively. 

When  50  ppm  glutamic  acid  was  added  to  the
crystallization  media,  the  average  specific  cake
resistance decreased to 8.26×1011 m/kg. Increasing
the  additive  concentration  to  100  ppm caused  to
significantly reduce the effect on the specific cake
resistance (5.01×1011 m/kg). This decreasing trend
in specific cake resistance can be explained by the
changes in the morphology and particle size of the
CaCO3 crystals. In the same time, the average cake
porosity  increased  from  0.589  to  0.703  as  the
glutamic  acid  concentration  increased  from 50  to
100 ppm. Glutamic acid exhibited good performance
in  promoting  the  acceleration  of  filtration  and
improving  the  filtration  properties  of  the  CaCO3

crystals.

CONCLUSION

The  present  study  investigated  the  effect  of  the
glutamic acid on the polymorphic change of CaCO3.
Specific  conclusions  drawn from this  work  include
the following:
• The  XRD  and  FTIR  results  showed  that
although  a  calcite  structure  was  created  in  pure
media,  a  vaterite  structure  was  produced  in  the
presence of glutamic acid.
• According  to  the  SEM  and  particle  size
analysis, the additive significantly reduced the size
of  the  crystal  and  changed  its  morphology.  The
mean size  of  the  crystals  decreased  from 32.0  to
14.6  µm  with  the  use  of  the  additive.  It  can  be
suggested  that  glutamic  acid  could  be  used  as  a
crystal size and morphology modifier. 
• The  results  of  the  zeta  potential
measurement  suggested  that  glutamic  acid
increased the positivity of the surface charge of the
CaCO3 crystals. 
• The  values  of  the  average  specific  cake
resistance were calculated in the range of 1.03×1012

to 5.01×1011 m/kg.
• It  can  be  concluded  that  glutamic  acid  is
important for better  understanding and controlling
the  polymorph,  size,  and  morphology  of  CaCO3

crystals.
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