Journal of Science and Technology 54 (5) (2016) 625-631
DOI: 10.15625/0866-708X/54/5/7467

CRYSTALLIZATION IN COUETTE-TAYLOR CRYSTALLIZER:

EFFECT OF TAYLOR VORTICESFLOW ON THE NUCLEATION

AND RECONSTRUCTION OF L-GLUTAMIC ACID IN COOLING
CRYSTALLIZATION

Khuu Chau Quang', Dang Truong Giang', Nguyen Dinh Tuyet", Le Thi Hong Nhan®,
Phan Thanh Thao', Trinh Thi Thanh Huyen™ ", Nguyen Anh Tuan®*

! nstitute of Chemical Technology (VAST), 1 Mac Dinh Chi Street, District 1, HCMC
“HoChiMinh City University of Technology, 268 Ly Thuong Kiet Street, District 10, HCMC

"Email: thanhhuyenkhtn@yahoo.com, nhtnat@yahoo.com
Received: 26 November 2015; Accepted for publicatRs January 2016

ABSTRACT

The effect of Taylor vortices flow of Couette-Tayl&T) crystallizer on the nucleation and
reconstruction of L-glutamic acid was firstly intigated in cooling crystallization. Generally,
L-glutamic acid has two kinds of polymorphic crysteeluding metastable-form and stablé-
form, where thea-form is initially crystallized and then slowly txaformed into thed-form,
which is called the phase transformation. The presteidy explored that there was a significant
difference between CT and the conventional ST alys¢r as regards the nucleation and
reconstruction of L-glutamic acid. Here, the phaxaasformation determined by the nucleation
and reconstruction was 40 h in ST crystallizer,iyatas only 20 h as using the CT crystallizer,
implying that the nucleation and reconstruction_eaflutamic acid was facilitated 2.0 times as
using the Taylor vortices flow. The advantage ofl@avortices flow in CT crystallizer over the
random fluid motion in ST crystallizer with regarttse nucleation and reconstruction was
explained in term of the high energy dissipatio aylor vortices flow.

Keywords. crystallization, nucleation, crystal growth, Cdeetfaylor crystallizer, Taylor
vortices flow

1. INTRODUCTION

Crystallization is significant separation, purifiicen and particle technology that has a wide
application for a number of crystal products inie@as industries including chemicals, foods and
pharmaceuticals, etc. Therefore, the crystallizapoocesses are certainly required in order to
obtain crystal products with the high qualitiesluiing purity, shape, polymorphism, size and
size distribution, etc [1]. Despite its long histocrystallization is still not well understood ias
involves many complex mechanisms of each matetah @s nucleation, crystal growth, fine
dissolution, agglomeration, etc. Polymorphism isirgrresting phenomenon in crystallization,
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where the same material can exist in more than agstal structure due to the different
arrangement of molecules in crystal lattice. Sitmeedifferent crystal structure has the different
physical and chemical properties including bioattjwdissolution rate, solubility, hardness, etc,
the polymorphism phenomenon is crucial in any efjigation process [2].

Amino acids are valuable materials with a wide Eayilon in numerous products including
food, fine chemical, agricultural, cosmetic, andphaceutical products, etc. Thus, controlling
of properties of amino acid crystals is signifidgnimportant [3 - 6]. In the present study, the
amino acid L-glutamic was chosen as a model crystaduct to demonstrate how to design an
efficient crystallization process to control thdypoorphism. Generally, L-glutamic acid has two
kinds of polymorphic crystal including metastabléorm and stablg-form, where controlling
of each form is very complicated depending on menygtallization conditions [1 - 11]. Since
the B-form was the desired stable crystal structure,yntapstallization studies have focused on
controlling of B-form crystal product. For example, Florence et[3]l reported that the
Oscillatory baffled crystallizer (OBC) could be dg®e produce th@-form crystal product as the
continuous crystallization system. Zhang et alifdjcated that the 3D vision imaging technique
was more valuable to capture the real shape amdo§form crystal product compared to the
conventional 2D vision imagining technique duringystallization, allowing provide a deep
background mechanism of nucleation and crystal tr@sform. Meanwhile, Ochsenbein et al
[5] demonstrated that the population balance matkthod was useful to estimate the growth
rate of various surfaces and crystal sizg-6drm, so the fundamental growth mechanisnf-of
form is more understood.

Taylor vortices flow is a unique fluid hydrodynamiondition composed of a series
turbulent circular fluid motion in the gap cylindeof CT crystallizer [6 - 10]. Thus, the Taylor
vortices flow has already provided so many intémgstrystallization phenomena that are never
found in the other conventional crystallization gesses [6 - 10]. For example, Tuan et al [6 - 8]
reported that the phase transformation of GMP wgrsfeantly promoted at least 5.0 times as
using the CT crystallizer compared to that of theventional ST crystallizer. Park et al [9] also
indicated that the nucleation rate of stable pl&agéamerazine was more facilitated than that of
the ST crystallizer, allowing accelerate the phsgesformation of metastable phase into stable
phase. Meanwhile, Mayra et al [10] indicated tlmat Taylor vortices flow was really effective
to produce the spherical agglomerated battery maater

In Vietnam, although there are some researchesinglaartly with the crystallization
studies, these crystallization studies have non Ipeblished on any ISI journals due to the lack
of background and new ideas. In case of Couettéol ayystallizer, it is definitely noted that
our patent Couette-Taylor crystallizer is firstmplemented in Vietham. For L-glutamic, even
though Glutamic acid is commercial by the Vedan gany, this crystal product has extremely
low quality with regard to the pharmaceutical pradibecause the purity of this product is only
93 — 97 % less than the standard purity as 98 &6, Btea-form or -form crystal and L- or D-
glutamic acid are not clearly mentioned, implyirttatt the crystallization process of this
company is not well controlled. Indeed, this pradsgurposefully used as the raw material for
the Glutamate sodium synthesis, and of courss, ribt required having a high quality crystal
product. In the foreign countries, although thellitgmic acid crystallization has already carried
out, it still has a lot of problems. For examplee phase transformation efform into f-form
consumed a long time as using the ST crystallizbile the encrustation or blockage is often the
problems as using the OBC crystallizer [4], etcerBfiore, a new crystallization process is really
essential to develop. In the present study, thee@e aylor crystallizer with a unique fluid
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hydrodynamic Taylor vortices flow was firstly imphented to promote the nucleation and
reconstruction of L-glutamic acid.

2. EXPERIMENTAL

The Couette-Taylor crystallizer (CT) and the cori@ral ST crystallizer (ST) were
designed according to Tuan et al [6 - 8]. The tawmipee of crystallizer was controlled via the
circulating coolant from the chiller. The L-glutasricid material (98 % purity) was purchased
from Sigma Aldrich. The feed solution was prepargdlissolving the material into the distilled
water at 5°C, where the feed concentration was 18.5 (g/L). Thieand ST crystallizer were
initially filled with the feed solution at 5%C, and then operated as the batch mode crystallizat
with 4.0°C/min cooling rate.

The samples were periodically taken from the ctlyatss and quickly filtered by using a
vacuum pump. The crystal samples were then driead desiccator and analyzed to define the
shape, structure and crystal fractionBeform. Here, the shape and structure of crystatiypco
was monitored and confirmed by Video microscope dR® patterns (M18XHF-SRA, Japan),
respectively. Meanwhile, the temperature was deteloy the temperature indicator (Korea).

3. RESULTSAND DISCUSSION

3.1. Polymor phism of L-glutamic acid

The shape ofu-form and B-form crystals was clearly different as prism anekedie,
respectively, as shown in Fig. 1. Moreover, thestalystructure of each form was obviously
distinguished via the XRD pattern at’1a%, 16, 18, 21°, 22, 26.8, 27.8 degrees (Fig. 1).
Plus, the mass fraction afform andp-form was estimated via the FT-IR spectroscopy.[As]
shown in Fig. 2, the solubility af-form was always higher than thatfform in a whole range
of temperature, implying that theform and p-form were the metastable and stable phase,
respectively, and the-form transformed into thg-form during crystallization. Here, the driving
force of phase transformation was the solubility batweeru-form andB-form.

3.2. Nucleation and reconstruction of L-glutamic acid in ST and CT crystallizer

The typical phase transformation of L-glutamic awids carried out in both ST and CT
crystallizer, as shown in Figs. 3 - 4. In ST crijster, the solute concentration decreased from
the feed concentration to theform solubility after 5 h, and then invaried urd h. After that,
the solute concentration continuously decreasefl-frm solubility after 40 h. This result
revealed that the phase transformation completégl &0 h, as depicted in Fig. 3. This
concentration profile was consistent with the nfasstion of 3-form profile, where th@-form
was detected at 20 h, meaning thatdHerm transformed into th@-form and the solid product
was the mixture ofi-form andp-form. The mass fraction ¢f-form increased to the 100 wt%
when the crystallization time was over 40 h (Fiy. Bne phase transformation of L-glutamic
acid was also visually confirmed via the shapeotiigoroduct, as displayed in Fig. 3. Here, the
only prism shape af-form was observed until 5 h, while the mixture @hancluding prism and
needle was captured as the crystallization timegarom 5 h to 40 h, implying that the solid
product was the mixture af-form andp-form until 40 h. The entire needle shape of solid
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product corresponding to the py<orm was only observed after 40 h, indicating tiat phase
transformation completed after 40 h as using therg3tallizer.
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Figurel. Shape and structure @fform andp-form. Figure 2. Solubility of a-form andp-form.

In CT crystallizer, even though the phase trans&tion profile was similar to that of ST
crystallizer, as shown in Fig. 4, there was a $icgmt difference between ST and CT
crystallizer as regards the time period of phasestfiormation. That is, the phase transformation
completed after 40 h as using the ST crystallimdie it required only 20 h as using the CT
crystallizer. This result implied that the Tayloortices flow of CT crystallizer was more 2.0
times effective than the random fluid motion of &flystallizer, so the time consumption of
crystallization process was remarkably reducedsagguthe CT crystallizer. The time period of
phase transformation of CT and ST crystallizers aig® investigated with varying agitation
speed, as shown in Fig. 5(&hen varying the agitation speed from 300 rpm t0 8fm, the
phase transformation time was decreased from 4012 th as using the ST crystallizer. Yet, it
was much more reduced as only changed from 122tbth in CT crystallizer, implying that the
Taylor vortices flow of CT crystallizer was mordegftive than the random fluid motion of ST
crystallizer in a wide range of agitation speed.
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Figure 3. Typical nucleation and reconstruction Figure 4. Typical nucleation and reconstruction of
of a-form andB-form in Stirred tank crystallizer. a-form andp-form in Couette-Taylor crystallizer.
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Figure 5. Phase transformation time (a); nucleation timeafim reconstruction time (c) of L-glutamic acid
with varied agitation speed.

In order to understand the mechanism of phaseftnanation, the phase transformation
time was divided into the induction time) @nd reconstruction timegjt as described in Fig. 3.
Here, the induction time Jtwas defined as the time period of the first natiten of B-form,
while the reconstruction timegftwas the time period from the first nucleationBefiorm to the
100 % wt B-form of solid product. As such, the induction tinfg corresponded to the
nucleation rate of-form, while the reconstruction timez)treferred to the mass transfer of the
dissolution ofa-form and growth of-form.

As shown in Fig. 5(b)-(c), the induction and redamsion time were illustrated in both CT
and ST crystallizer with varied agitation speedthe ST crystallizer, the induction time) (t
gradually decreased from 30 h to 8 h as increabia@gitation speed from 300 rpm to 900 rpm,
implying that the higher intensity fluid hydrodynemprovided a higher nucleation rate [of
form, which resulted in a shorter induction timeetYwhen using the CT crystallizer, the
induction time () was significantly reduced in a wide range of @gin speed compared to that
of the ST crystallizer (Fig. 5(b)). For exampleg thduction time was 30 h in ST crystallizer, but
it was only 12 h as using the CT crystallizer a 80m of agitation speed. This result indicated
that the nucleation rate d¢f-form was more facilitated at least 2.0 times asgigshe CT
crystallizer compared to that of the ST crystatli®esides, the reconstruction timg) @f phase
transformation was also demonstrated in both diigstes, as depicted in Fig. 5(c). Here, it was
also noted that the reconstruction timg (tas much reduced as using the CT crystallizeeravh
it only varied from 8 h to 2 h as changing the &gin speed from 300 rpm to 900 rpm, while it
was varied from 10 h to 4 hin ST crystallizer. §résult indicated that the dissolution rate.-of
form and growth rate @¥-form were also promoted as using the Taylor vestitow.

3.3. Effect of fluid hydrodynamic on nucleation and reconstruction rate
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The influence of fluid hydrodynamic in both cry$itedrs on nucleation, dissolution and
growth of crystal was fundamentally investigateceré] the nucleation of-form can be
expressed as using the classical model [1]:

1671/°0°
J 0 Aexp —————— 1
exp{ 3k3T3(InS)2} .

where the induction time]tis inversely proportional to the nucleation réigas t= 1/J. Thus,
the induction time (} can be correlated with the energy dissipatiof]f6-

Int, OC-C.¢ (2)
Besides, the dissolution rateosform and growth rate ¢-form can be expressed as [6]:
M.
A 0s,kac @

From eq (3), the reconstruction timg)(tan be correlated with the energy dissipatiofas/]:
Int, 0 -0.21In) 4)

From the Eq. (2) and (4), the induction and reaoieibn time obviously decreased as
increasing the energy dissipation. According tomea al [6 - 8], the energy dissipation of
Taylor vortices flow in CT crystallizer was alwags least 5.0 times higher than that of the
random fluid motion in ST crystallizer, so the ietlon and reconstruction time of phase
transformation L-glutamic acid were certainly reed@s using the CT crystallizer.

4. CONCLUSIONS

The present study exploited the effective Couettgldr crystallization process to promote
the nucleation and reconstruction of L-glutamicdaici order to obtain the pufeform crystal
product in a short crystallization time. Here, theleation rate db-form and reconstruction rate
of a-form to B-form were significantly accelerated at least et as using the CT crystallizer
compared to that of the ST crystallizer, so thested{ization time remarkably reduced more than
2.0 times as using the CT crystallization proc@&$® advantage of CT crystallizer over the ST
crystallizer was explained in term of the higheergy dissipation of Taylor vortices flow in CT
crystallizer compared to that of the random fluidtion in ST crystallizer.
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