ISSN 2415-8844 (Online) VISNIK FARMACIT 1 (93) 2018 ISSN 1562-7241 (Print) 23

TEXHONOrIA NIKAPCbKUX MNMPENAPATIB

Recommended by Doctor of Pharmacy, Professor V. I. Chueshov
UDC 615.011:615.453.3 https://doi.org/10.24959/nphj.18.2193

V. D. Rybachuk, O. A. Ruban

National University of Pharmacy

The study of the kinetics of drying natural zeolite granules
in a tray dryer

Determination of the main drying parameters for choosing the optimal ones is obligatory when developing the drug
technology, which uses wet granulation operations.

Aim. To study the drying process of natural zeolite granules obtained by the wet granulation in a tray dryer for
substantiation of its optimal modes.

Materials and methods. The objects of the study were granules of natural zeolite with the size of 0.5-1.0 mm
obtained by wet granulation using a NG-12 laboratory granulator made by Mariupol factory of technological equipment.
As a binder 7 % starch paste added to the granulated mass in the amount of 25 % was used. The drying process was
carried out in a tray dryer at the temperatures of 50, 60, 70, 80, 90 and 100 °C. Duration of the drying process was
5,10, 15, 20, 25, 30, 40, 50, 60, 70, 80 and 90 min. Determination of the moisture content of granules was carried out
by the weight loss when drying. The moisture content (gram of water/gram of a dry material) was determined taking
into account the difference in mass before and after drying. The drying rate was determined by the amount of moisture
removed from unit surface per unit time.

Results and discussion. The study of kinetics of drying natural zeolite granules has shown that the rate of the
process depends on the moisture content of the material, the level and duration of the temperature effect on the experi-
mental objects. The optimal drying time for natural zeolite granules in a tray dryer and similar apparatuses by design
and functionality is 25-30 min, and the optimal temperature mode is 60-80 °C.

Conclusions. The kinetics and basic parameters of drying of natural zeolite granules obtained by the wet granula-
tion method in a tray dryer have been studied. The optimal temperature and time modes of drying have been deter-
mined. The data obtained can be used when developing the technology of granules and tablets with natural zeolite.
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B. O. Pubauyk, O. A. PybaH
BuBYeHHSA KIHETUKM CYLUKM rpaHys LeoniTy NPpUpPOAHOro B CyluapLii NonmnYHin

Br3Ha4eHHSA OCHOBHMX MapaMeTpiB CyLLKM 3 METOK BUOOPY HanbinbLL ONTUManbHUX € 060B’A3KOBUM Npu po3pobLi
npenapary, TEXHONOoris Akoro nepeadayae NpoBeAeHHSA onepadin BOrororo rpaHynioBaHHS.

MeTa. BrBYeHHs npouecy CyLUiHHS rpaHyn LeoniTy NPMPOAHOro, OTPMMaHMX LUNSXOM BONOroro rpaHynioBaHHS B
cyliapui NonuYHin, Ans obrpyHTyBaHHSA ONTUMANbHUX PEXUMIB CYLLIKW.

Matepianu Ta metoaun. O6’ekTOM AocnigKeHHs Oynu rpaHyny ueonity npupogHoro poamMipom 0,5-1,0 mm, oTpu-
MaHi LUMISIXOM BOJIOroro rpaHystoBaHHs 3 BUKOPUCTaHHSAM nabopatopHoro rpaHynsTopa HIM-12. 3sonoxysad — 7 %
KpoxmarnbHWI KnencTep, AogaHun B kinbkocTi 25 %. Temnepatypa cywku — 50, 60, 70, 80, 90 Ta 100 °C. TpusanicTtb
npouecy cyuwinns: 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90 xB. BusHayeHHs1 BOMOroBMICTY rpaHyn NnpoBoaunu 3a
BTPAaTOK Macw Npw BUCYLLYBaHHI. BmicT Bonorn (rpam Bogw/rpam Cyxoi pe4oBUHMW) BU3HaYanm 3a pisHULEo macu Ao
Ta nicnsa BuCyLLyBaHHS. LLIBUAKICTL CyLLKX BU3HAYarnu 3a KinbKicTio BUAAnNeHoi BOrorn 3 OAMHULI NOBEPXHi 3a OONHULIKO Yacy.

Pe3ynbraTti Ta ix o6roBopeHHs. [JoCAiAXeHHs KIHETUKI CYLLKX rpaHyn LeoniTy NPMPOAHOro Nokasarno, Lo LWBWA-
KiCTb MpoLuecy 3anexuTb Bif BOMOrocTi MaTtepiany, piBHs Ta TPUBArOCTi BMNMBY TeMMepaTypy Ha ekcrepuMeHTanbHi
06’ekt. OnTUManbHa TPUBAaNICTb CYLUKW rpaHyn LEeorniTy NMpUpogHOro B CyLlapLi NonMYHi Ta y noaibHux Ao Hei 3a
KOHCTPYKLIEt0 Ta crnocobom yHKLIOHYBaHHS anapatax ctaHoBuTb 25-30 xBunuH, a ontumarbsHa Temnepartypa — 60-80 °C.

BucHoBku. [locnigxeHi KiHeTMka Ta OCHOBHI NapameTpu CyLLUKW rpaHyn LeoniTy NpUpoaHOro, OTpMMaHuX MeTo-
[OM BOSIOroro rpaHyrnioBaHHA B cyLuapLi Nonu4yHin. BuaHadeHi onTumanbHi TeMnepaTypHi Ta YacoBi PeXVMU CYLLKW.
OTpuMaHi AaHi MoXyTb ByTK BpaxoBaHi Npu po3pobui TexHomnorii rpaHyn i TabneTok 3 LeorniToMm NpUpoaHUM.

Knro4voei croea: yeonim npupodHuUll; 2paHyru; cywKa; cywapka nomnuyHa
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B. . Puibauyk, E. A. PybaH
U3yyeHne KWNHETUKM CYLLKU rpaHyn LeonuTa NpupoaHoro B CyLIUriKe NofIo4YHOro tuna

OnpeneneHre OCHOBHbIX MapameTPOB CYLLKM C Lienbio Bbibopa Hambonee onTrMarnbHbIX SBRASETCS 06a3aTenbHbIM
npu pa3paboTke TEXHOMNOrMK Npenapara, kKotopasi npegycMaTpuBaeT NPOBEAEHNE OnepaLii BIIOXKHOTO rpaHyNMpoBaHUs.

Lenb. /3yyeHune npoLiecca CyLLKy rpaHyn LeonuTa NpMpOoAHOro, Nomy4YeHHbIX NyTEM BMAXHOMO rpaHynMpoBaHus
B CyLUMIIKE MOMIOMHOrO TWNa, s 060CHOBaHWUSI ONTUMAanbHbIX PEXUMOB CYLLKM.

Martepuanbl n metoabl. O6beKTamMy UCCNENOBAHNS CITY>KUNU rpaHyIbl LeonvTa npupogHoro pasmepom 0,5-1,0 mm,
MorMyYeHHbIe MyTEM BIAXXHOIO rpaHyNMpoBaHWst C MCMonb30BaHeM nabopartopHoro rpaHynstopa HI-12. YenaxHutens — 7 %
KpaxmMarbHbI knerncTtep, nobaBneHHbIN B Maccy B konmdectee 25 %. Temneparypa cywkum 50, 60, 70, 80, 90 n 100 °C.
MpopomkntensHOCTb Npouecca cywikn — 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80 1 90 mnH. OnpegeneHne Bnaroco-
JepXxaHusl rpaHyn NpoBoAMMM Mo noTepe Macchl Npu BbicylunBaHun. CoaepkaHue Bnaru (rpamm BoAbl/rpaMm Cyxoro
BELLLeCTBA) ONPEeAENsnU C yHETOM pasHuLIbl Macchl 40O U NOche BbicyunBaHUsA. CKOpPOCTb CYLLUKM Onpeaensny no Konu-
YeCTBY yAaneHHoW Brarv ¢ eavHULLbl MOBEPXHOCTU B €OUHMLY BPEMEHM.

Pe3synbraThl n nx obcyxaeHue. ViccnengosaHne KMHETVMKU CYLLKM FpaHyn Leonuta NpupogHOro nokasarno, 4to
CKOPOCTb MpoLecca 3aBUCUT OT BNaXHOCTU maTtepuana, ypoBHSA U NPOOOMKMTENbHOCTM BO3LENCTBUSA TeMnepaTypbl
Ha aKcnepuMeHTanbHble 06bekTbl. OnTUManbHas MPOAOIMKUTENBHOCTL CYLLKU rpaHyrn LleonuTa NpupoaHoro B CyLLMI-
Ke MONoYHOro Tvna 1 B NogobHbIX e Mo KOHCTPYKLMK 1 cnocoby cyHKLMOHMPOBaHMS annapartax coctaBnsieT 25-30 MUHyT,
a onTUManbHbI TeMnepaTypHbIi pexum— 60-80 °C.

BbiBoabl. ViccnegoBaHa KMHETMKA U OCHOBHbIE MapaMeTpbl CYLLUKM FpaHyn LeonuTa NpuMpOLHOro, NomnyYeHHbIX
METOOM BITaXHOrO rpaHynuMpoBaHug, B CyLUMIKe nonovHoro tuna. OnpegeneHbl onTuManbHble TeMnepaTypHbie 1
BPEMEHHbIE PEXMNMbI CYLLKN. MonyyYeHHble AaHHble MOryT ObiTb MCNONb30BaHbI NP pa3paboTke TEXHOMOMMU rpaHyn
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1 TabneTok ¢ LLeonMToM NpUpPOaHbIM.

Knroueenie crioea: yeonum rnpupoOHbIU; epaHyribl; cywkKa, cywursika rnosio4Has

Drying is the process of mass transferring, and it is
in removing moisture (water or other solvent) by evapo-
ration from a solid, semi-solid or liquid matter. In the
broadest sense, the moisture contained in the solid ma-
terial can be classified as free and bound moisture. The
moisture retained by the material only as a result of a
mechanical bond is called free. The superficial moisture
and the moisture filling pores and large capillaries in the
material when it is wetted are bound mechanically with
the solid material. This moisture is easily removed from
the material and is usually called external moisture. The
bound moisture is the moisture retained by the material
by any additional (except for a mechanical bond) forces,
such as physical adsorption, chemical interaction, forces
of capillary or hygroscopic coupling, etc. When drying
this moisture should be torn off from the material, con-
suming extra energy. Physically and chemically, solids
are bound with the moisture absorbed by the surface of
small capillaries (adsorption moisture) or penetrated into
cells of an organic material due to diffusion (structural
and osmotic moisture). Chemically, solid materials are
bound with the hydrated moisture (crystallized moistu-
re), which during the drying process is usually not re-
moved. Unlike the external moisture, the moisture firm-
ly bound with the material is called hygroscopic [1].

During the drying process of granules at first free
moisture evaporates due to the heat transfer from the
environment. Then the bound moisture moves to the sur-
face of the solid and then evaporates from the surface
of the material. The removal of the surface moisture de-
pends on several conditions, such as temperature, rela-
tive humidity, the flow rate of the air, the contact area
and pressure. The transfer of the bound moisture is a
function of temperature, humidity and primarily the phy-
sical nature of solids [2].

In the process of wet granulation certain bonds pro-
viding plasticity of the material and allowing the change
in the shape of the granules without their destruction
form between the particles. To obtain the finished product
it is necessary to strengthen these bonds, giving rigidity
to the structure obtained during the granulation process.
This is achieved by removing the liquid phase or trans-
forming it into the solid one in the process of drying gra-
nules, which leads to the intense crystallization of solid
components inside the granule. The final moisture content
of the product largely determines its technological proper-
ties (hardness, compressibility, hygroscopicity, etc.) [3-4].

The process of removing the liquid phase proceeds
at a certain rate, which depends on the form of the mois-
ture bond with the material. Furthermore, duration of the
drying process is determined by the structure of the ma-
terial, the size of the initial and the final moisture of the
material, as well as its temperature. For granules that are
further tableted, transported and stored the drying pro-
cess is very important [4-7]. Determination of its main
parameters for choosing the optimal ones is obligatory
when developing the drug technology, which uses wet
granulation operations.

The aim of the work was to study the drying pro-
cess of natural zeolite granules obtained by the wet gra-
nulation in a tray dryer for substantiation of its optimal
modes.

Materials and methods

The objects of the study were granules of natural zeo-
lite with the size of 0.5-1.0 mm obtained by wet granu-
lation using a NG-12 laboratory granulator made by Ma-
riupol factory of technological equipment. As a binder
7 % starch paste added to the granulated mass in the
amount of 25 % was used. The drying process was car-
ried out in a tray dryer at the temperatures of 50, 60, 70,
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Fig. 1. The dependence of the drying rate on the moisture content of the material and the temperature

80, 90 and 100 °C. The method of the experiment was
as follows: first, granules were made by the standard
technology of wet granulation, weighed and put in trays,
then the trays were placed into a drying chamber previ-
ously heated up to the experimental temperature. Dura-
tion of the drying process was 5, 10, 15, 20, 25, 30, 40,
50, 60, 70, 80 and 90 min. After each time period some
granules were sampled, and their moisture content was
determined. In each experiment 5 parallel measurements
were performed, among them the average value was found.

Determination of the moisture content of granules
was carried out by the weight loss when drying using the
method of the State Pharmacopoeia of Ukraine (SPhU),
paragraph 2.2.32 [8]. The sample of approximately 2 g
was placed in a dry weighing bottle, weighed, dried in
a drying chamber at 105 °C to constant weight, and weig-
hed again. The moisture content (gram of water/gram of
a dry material) was determined taking into account the
difference in mass before and after drying.

The rate of drying “R” was calculated by the formula:
S dX

A dt

where: R —is the drying rate, g.w./cm?; S — is the weight
of'adry solid, g; 4 — is the exposed surface area for dry-
ing, cm?; X — is the solid moisture content, g.w./g.d.m.;
{ = time, min.

Results and discussion

The study of the kinetics of drying natural zeolite
granules showed that the rate of the process depended
on the moisture content of the material, the level and
duration of the temperature effect on the experimental
objects (Fig. 1-2). According to the experimental data the
most intense evaporation of moisture occurred within
the moisture content of the material of 0.5-0.3 g.w/g.d.m.
for the first 20 min of the experiment. It should be also
noted that the rate of evaporation was different for al-
most all samples from the first minute of the experiment.
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Fig. 2. Dynamics of change of the drying rate in time
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Fig. 3. The dependence of the moisture content of granules on the time and temperature of drying

With the exception of heating modes of 90 °C and 100 °C,
the curves of dependence of the rate changes on the
moisture content were characterized by several periods
of the rate variation: decrease (the moisture content of
0.48-0.3 g.w/g.d.m. and 0.15-0.05 g.w/g.d.m.) and the re-
lative stability (the moisture content of 0.3-0.15 g.w/g.d.m.
and 0.05-0.03 g.w/g.d.m.). It corresponds to evapora-
tion of moisture from the surface of the material and
from its deep layers, respectively. The maximum drying
rate was observed for the heating modes of 90 °C and
100 °C, the minimum rate was when heating at 50 °C
and 60 °C.

Analyzing the dependence of the change in the mois-
ture content of the material on the drying time and tem-
perature (Fig. 3) it is possible to distinguish two main
periods of the moisture evaporation. The first period of
20-25 min is characterized by the most rapid and sig-
nificant decrease in the moisture content from 0.5 to
0.15 g.w/g.d.m.; during it mostly free moisture, which
is on the surface and in the upper layers of the material,

is removed. After reaching the critical moisture content
(approximately 0.15-0.1 g.w/g.d.m.) the second period
begins; within it the moisture is removed from the in-
side of the material. For the first conditional period the
dependence of the average rate on temperature is typi-
cal. The drying rate during the second period with the
temperature change is almost unchanged (Fig. 4).

Taking into account the data of the optimal moisture
content (0.03-0.05 g.w./g.d.m.) for granules and tablets
containing natural zeolite given in our previous work
[9] it should be concluded that the optimal drying time
for natural zeolite granules in a tray dryer and similar
apparatuses by design and functionality is 25-30 min.
In addition, taking into account the properties of acti-
ve substances and excipients, the optimal temperature
mode is 60-80 °C. Decrease in the heating temperature
of the drying chamber results in an unjustified increase
in the drying time, and an increase above 80 °C leads
to destruction of the excipients of the composition, in
particular potato starch.
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Fig. 4. The average drying rate curves
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CONCLUSIONS

The kinetics and basic parameters of drying of natu-
ral zeolite granules obtained by the wet granulation me-
thod in a tray dryer have been studied. The effect of the
moisture content of the material, the temperature range
and duration of the process on the rate of the moisture

mined as 0.03-0.05 g.w./g.d.m. Based on the analysis
of the data obtained duration of the drying process of
natural zeolite granules in a tray dryer and similar appa-
ratuses by design and functionality has been substantia-
ted; it is 25-30 min at the temperature mode of 60-80 °C.
The data obtained can be used when developing the

removal has been studied. Based on the data obtained
and our previous studies the optimal level of the mois-
ture content for natural zeolite granules has been deter-
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