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Abstract—Monitoring of the cycle of crystal formation and dissolution gives important information for manipulat-
ing solute concentration and solution temperature for the preparation of mother solution in crystalization processes.
In this study a direct monitoring technique using a quartz crystal sensor is applied to the crystallization of potassium
bromide solution, and the monitoring performance is investigated. The experimenta results indicate that the monitoring
shows the detailed process of crystal formation and dissolution, and there is a hysteresis of 0.98 °C between the initia
tion temperature of crystal formation and the completion temperature of dissolution in the first measurement. In addi-
tion, it is demonstrated that the application of the technique is smple and efficient for the control of crystalization

processes.
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INTRODUCTION

Because the introduction of seed materid to a quas-gable super-
saturated solution induces the initiation of crygtalization, monitor-
ing the date of crygdlization solution is important for finding the
optimum moment of the seed introduction. The moment controls
the Sze digribution and shape of crystd product, which are prime
factors of the product qudity. The solution monitoring is mostly
conducted indirectly by detecting solution temperature and andyz-
ing its chemica compodtion. However, the indirect measurement
is prone to make errors from sample handling and inaccurate chem-
icd andlyss

A direct messurement technique of supersaturation with an inter-
digitd transducer and a surface acoudtic wave sensor was devel-
oped by Loffelmann and Mersmann [2002a, b]. By lowering the
temperaure of the sensor surface, subcooled solution produces crys-
ta on the sensor surface to reault in the decrease of the wave fre-
guency of the sensor. It was found that the frequency reduction is
proportiond to the mass of the crystd formed on the sensor surface.
A dmilar technique using a quartz crystd sensor was utilized in
the monitoring of crystd formation [Kim et d., 2003]. The initia-
tion temperature of crysta formation is found with the sensor. The
role of mechanicd agitation for the crysdlization and dissolution
of metd lactate in dcohol solution was invesigated by Ceo e d.
[2002], and the number of surface crystas of sodium fluoride was
edimated by using a modd to compare the crygdlization of solu-
tion bulk and surface [Kim and Kim, 2001].

Inthis study, adirect monitoring technique using the quartz crys:
td sensor is applied to the cryddlization process of potassum bro-
mide to monitor the crygdlization and dissolution of solute and to
measure hysteres's between the temperatures of the crystdlization
initigtion and the end of crystd dissolution. The behavior of super-
saturated solution near the temperatures of aryddlization and dis
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solution isimportant to determine the moment of seed introduction
for the control of crygtdlization product qudity and to find the opti-
mum condition for mother solution preparation.

EXPERIMENTAL

1. Experimental Setup

Two sts of liquid drculaion systems for sat solution and cool-
ant are indaled in the experimenta apparatus as shown in Hg. 1.
The solution temperature is maintained in athermodat, and the solu-
tion is drculaed through the left hand sSde of the sensor module
demondrated in Fig. 2. The coolant flows to the right hand sde of
the module where a quartz crystd sensor isingdled in the middle.
The coolant temperature is adjusted in a heat exchanger cooled by
cooling water drawn from another thermodtat. The temperature is

Fig. 1. Experimental setup.
1. Persona computer
2. Frequency counter
and A/D converter
3. Sensor module
4. Osctillation circuit
5. Thermometer

6. Temperature indicator
7. Perigtaltic pump
8. Heat exchanger
9. Thermogtat
10. Magnetic stirrer



100 0.J Joung et al.

Quartz Crystal
Oscillator
0 O —
saturated cooling
KBr solution water
— -
0O f 0
- -

O-ring ——

Fig. 2. Schematic diagram of sensor module.

manipulated by controlling the flow rate of the cooling water. The
reason to use a heat exchanger is that coolant temperature control
is eader than direct temperature adjustment using the thermodtat due
to the large heat trandfer area of the heat exchanger. An oscillation
circuit contained in the box benegth the sensor module is directly
connected to the quartz crystd sensor to prevent possible weeken-
ing of the eectric Sgnd from the sensor. Temperatures of the sdt
solution and the coolant are measured with a platinum resstance
thermometer of 1 mm in diameter (Okazaki, Japan, modd PT100).
The measured temperature is diplayed with an indicator, and dec-
tric temperature output is provided to an A/D converter for the trans:
mission of temperature detato a PC. The ostillation is counted by
using a home-meade frequency counter, and resonant resstance is
measured with a built-in amplifier in the counter. The digitd signds
of resonant frequency, resonant resistance and two temperature mea:
urements are provided to a PC for data processng.

An AT-cut quartz crysd having a base frequency of 8 MHz (Sur-
ny Electronics Co., Koreg) is usad in this experiment. The dec-
trode of the crystd is Slver finished. The sensor, which isacircular
disc of 9mm in diameter and 0.2 mm in thickness, is placed in ver-
tica podtion in order to prevent the sedimentation of crysds and
foreign suspended particles. Potassum bromide (Kanto Chemica
Co., Inc.,, Japan, gpecid grade reegent) isused as cryddlization solute,
and ethandl (Kanto Chemicd Co.,, Inc., Japan, spedid grade resgent)
isused asacoolant.

2. Experimental Procedure

Saturated solution of potassum bromide is prepared a a tem-
perature of 20°C in aglass battle of 500 mL in volume, and is put
in athermogtat. Though the saturation temperature of the solution
is 20°C, the experiment is conducted a 22°C in order to prevent
arygd formation in connecting tubes. The bottle is placed on top
of an immersion-type magnetic dirrer to agitate the solution. After
its temperature settles down, the solution is introduced to the left
room of the sensor module. When the sensor frequency is dable,
the coolant is fed to the right room of the module. The flow rates
of solution and codlant are the same at 7 mL/min. Whilethe solution
temperature is maintained a 22 °C, the coolant temperature is low-
ered about 5 degrees from 22 °C at the rate of 0.29 degrees per min-
ute and raised back to theinitid temperature a the rate of 0.33 de-
grees per minute. This procedure is carried out twice with the same
rates of coolant temperature variation. Along with the measurements
of resonant frequency and resistance of the sensor, temperatures of
the solution and coolant are collected and stored in a PC for data
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Fig. 3. Variation of resonant frequency and resstance with tem-
peratures of coolant and potassum bromide solution.

andyds of the experiment.
RESULTSAND DISCUSSION

The variation of resonant frequency with coolant temperature is
described in the [ eft two plotsin Fig. 3. While the solution temper-
aureismantaned a 22 °C as shown in the bottom of right hand
Sde, the coolant temperature is lowered by 4.6 °C and raised back
and the same procedure is gpplied again. As the coolant tempera
ture is reduced, the urface temperature of quartz crystd sensor de-
creases and crydtdlization occurs on the surface. The quartz sensor
is S0 thin that the solution in contact with the sensor is reedily cooled
to produce the crystd. When the carygd is formed on the sensor
aurface asillugrated in Fg. 4, the resonant frequency drops and is
raisad back with the evation of coolant temperature due to crystal
dissolution. The resonant resistance increases as the crydd is pro-
duced, but the variation is not much because the crystd is o sparsdy
located on the sensor surface that the horizontal movement of the
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Fig. 4. An SEM photograph of potassum bromide crysalson sen-
sor surface.
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Fig. 5. Resonant frequency variation curve with coolant tempera-
tureand hyseressmeasurement of thefirs cycle of exper-
iment.

quartz plate of the sensor is partly retricted.

Because the decrease of resonant frequency indicates crystd for-
mation, monitoring the frequency gives the temperature of crystd-
lizetion initiation. The behavior of subcooled solution is directly
observed from the frequency measurement. As the coolant temper-
aure is lowered, the frequency decreases as shown in Fg. 5. The
section marked “A” of dow variation indicates the frequency drop
caused by sensor cooling. When the cryddlization begins, fast de-
crease denoted with “B” of the frequency occurs to demondrete
large buildup of crystd mass on the sensor surface. On the other
hand, the frequency of section C increases with rise of the coolant
temperature, which meansthat the formed crystd on the sensor sur-
face dissolves back in the solution. After the completion of the crys:
td disolution, the dow increase of frequency in section D isof sen+
or temperature variaion.

Theintersection of two Sraight lines drawn from sections A and
B gives the initition temperature of crystd formation. Likewise,
the intersection of lines of sections C and D shows the completion
temperature of crystd dissolution. The difference between two tem-
peratures, which is0.98°C in this case, isameasure of the hystere-
gsin the process of cryddlization and dissolution. This informa
tionis useful for manipulating solute concentration and temperature
of the mather solution in the crydtdlization process. The comple-
tion temperature of arysd dissolution is 18.7 °C, which islower then
the saturation temperature of solution. Though the saturation tem-
perature is 20 °C, the actud solution temperature in the experiment
is 22 °C. Because the flowing solution insde the sensor module has
extra cgpacity to dissolve sdt and the dissolved sdt from the sensor
urface is trangported to the solution, the dissolution is completed
before reaching the saturation temperature. Therefore, the dissolu-
tion temperatureislower than the saturation temperature.

The same andysisis applied to the second cycle of coolant tem-
perature manipulaion, and the outcome is described in FHg. 6. The
shape of the curve is Smilar to the previous result, but the hystere-
dsis0.76 °C in this cyde. Though the codling rate and duration of
sensor for cryddlization isthe samein two runs of experiment, the
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Fig. 6. Resonant frequency variation curve with coolant tempera-
tureand hysteress measurement of the second cyde of ex-
periment.

amount of crystd at the second run of experiment is more than the
firg asindicated from the frequency varidionsin Fg. 3. Note that
the firgt run utilized a bare sensor, whereas the second used a one-
cycle sensor. It indicates thet the sensor surface of crystd dissolved
from the firg run is eeder for nudegtion than a fresh sensor. Be-
cause the crystd formation and dissolution rates in the second run
are higher than thefird, lesshysteresisisyielded.

CONCLUSON

A direct monitoring technique usng a quartz crysta sensor is
goplied to monitor crystd formation and dissolution in potassum
bromide solution and to measure hysteress between the initiation
temperature of crystd formation and the completion of dissolution.
The experimenta outcome indicates that the monitoring shows a
detailed process of cryddlization, and hystereses of 0.98°C and
0.76 °C depending on the rate of crystal formation and dissolution
areyielded. In other words, the direct monitoring technique can be
utilized to manipulate the temperature and solute concentration of
the mother solution in acryddlization processfor high qudity crys
td products. It is aso shown that the proposed sensor issimple and
efficient to usein practicd crygtalization processes.
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