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ABSTRACT

This research was aimed to study the preparation of poly (I-lactic acid) (PLLA) capsules
encapsulating urea in order to control urea release. The capsules were prepared by the solvent
evaporation technique in water/in oil/ in water (W, /O/W,) system.

At the first stage, low molecular weight (LMW) PLLA was prepared by condensation
polymerization in the bulk system of which the optimum condition was using p-toluene sulfonic
acid as catalyst at 2 % wt of monomer at 140°C for 6.5 hours. The obtained PLLA molecular
weight was approximately 3,000 g/mol. and could be used for urea encapsulation. Moreover,
commercial PLLA with the molecular weight of 30,000 and 80,000 g/mol were also used in the
preparation of PLLA capsules. After that, the optimum condition for the preparation was studied. It
was found that the optimum condition for the preparation of water (urea solution) in oil (PLLA
solution) (W /O) emulsion was using polyvinyl alcohol at 0.3 % wt of PLLA as surfactant in W ,
and the W :O of 4:6. Then, the W /O emulsion was dispersed in 3 %wt. (of the total solution)
sodium dodecyl sulfate aqueous solution containing sodium chloride. From the encapsulated urea
determination, it was found that the encapsulation was about 60%. The obtained microcapsules were
spherical with smooth surface. At the last stage, the urea release control of the urea capsules was
investigated by in vitro testing. The capsules were immersed in water at various temperatures for 60
days. It was found that the capsule remaining weight slowly decreased in accord with the increasing
time while the urea amount in water increased and the capsules were swollen and gradually
degraded. The urea releasing rate and the degradation of PLLA depended on both PLLA molecular

weight and the temperatures. The degradation of LMW PLLA with 3,000 g/mol was faster than that



of PLLA with 30,000 and 80,000 g/mol. In addition, the increasing of the temperatures enhanced
the higher rates of urea releasing and PLLA degradation as well.

From the results, it can be concluded that the PLLA capsules encapsulating urea can be
successfully prepared by the solvent evaporation technique in the W /O/W, system. The urea release
of the prepared capsules can be controlled to serve various applications depending on the applied

PLLA molecular weight.

Keywords: poly(l-lactic acid), capsule, encapsulation, urea, solvent evaporation
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Spraying nozzle

Drying chamber

1]

Cyclone

Drug-loaded

Solution or suspension of Microparticles

the drug in a polymer
d' = ] 9y
NINN 2.5 msmafmLmﬂcgaimﬂszmumiwuum [58]
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3.1 Msal

M99 3.1 aainlFlunmside

GRETGYY gasiail VS HNARAR/S MY
ATALDALAAAD C,HO, Sigma-Aldrich

L- Lactic acid

(LLA)

WedLeaALAAANIBEA (C,H,0)), Nature Works
Poly(I-lactic acid)

(PLLA), M, = 30,000 N33/ 1ua

WedLeaALAAANIBEA (C,H,0)), B.C. Polymer Marketing
Poly(I-lactic acid)

(PLLA), M, = 80,000 N33/ 13

W1 Ingoudalutinuoda CH,CH,SOH Carlo Erba

p-Toluene Sulfonic Acid

(p-TSA)
anolsvlosy CHCI, RCI Lab Scan
Chloroform
lanaoTstimu CH,CI, RCI Lab Scan

Dichloromethane
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GRETGYY gasiall USHNARER/S MY
a a 4
wod hilauoanogod (C,H,0), Sigma-Aldrich

Polyvinyl alcohol
(PVA)

Tasaen Tandadaa
Sodium dodecyl sulfate

(SDS)

NaC,, H, SO,

Sigma-Aldrich

a a as a A g
NOOOONHLDNAUADTIADINDT
Polyoxyethylene lauryl ether

(Emulgen 150)

C,H, O

58771124

Kao Chemical

weodleNauyesineawames
Polyethylene sorbitol ester

(Tween 80)

C.,H,0

647712426

Sigma-Aldrich

lamnasziiluwudan lag
Dimethyl-aminobenzaldehyde
(DMAB)

C,H, NO

Sigma-Aldrich

ONIUDA
Ethanol

(EtOH)

CH,CH,0H

RCI Lab Scan

nialalasnanin

Hydrochloric acid

HCl

RCI Lab Scan

~
gi3y

Urea

NH,CONH,

=2 o J a d
ANHINUNWIUYY

Tamden leason las

Sodium hydroxide

NaOH

RCI Lab Scan

Tmdeunanlsa

Sodium chloride

NaCl

RCI Lab Scan
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3.2 gUnsamazin3esiie

3.2.1 ginsel

1.
2.

10.
11.
12.
13.
14.
15.
16.

[ J a 4 .
FATUATICHNOAINDT (polymer synthesis apparatus)

Tnnos (beaker) U11A 25, 50, 100 LAz 600 HAAANT

. NIZVONAN (cylinder) YUIA 50 UaAaAT
. 9781599 (funnel)

. Foudnas (spatula)

. WNLAIANANT (stirring rod)

. UMIANAINAIT (magnetic bar)

. ¥aoAneaA (dropper)

o a 4
. 1M95 1uLn®3 (thermometer)

V1150151195 (volumetric flask) Y119 50 ttag 100 Yaaans
itler (pipette) ¥UIA 5 Uaaans

1151030 (hot plate)

Lﬂémﬁf;ﬁ (balance)

é’auqigapmﬁ (vacuum oven)

élﬁm (oven)

2
T99ANAU (desiccator)
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A A ' Ay
IRFRNR) 5“11! 1o
insesiamanuiiunsa-me S 20 Mettler Toledo
(pH meter)
nIoaanlosuFsaaunuilanans e DSC 4000 Perkin Elmer
(Differential scanning calorimeter, DSC)
A o a a 4 .
lﬂi@\u'ﬂ@ﬁillﬂﬁ"l')LﬂJ@ﬁﬂ'f]Zu'lllal‘;]ff]i TGA 4000 Perkin Elmer
(Thermo gravimetric analyzer, TGA)
Y J v
naoaganssaunuylduaa SK-100EB Seek
(Optical microscope, OM)
NADIANITAIDIANATOULLUADINTIA JSM 6510 Jeol
(Scanning electron microscope, SEM)
wsesgI-ambaminIns W Talines UV 1601 Shimadzu
(UV-vis spectrophotometer)
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wieayiFeniudiesudususaalning- NEXUS 470 Nexas

a 4
T ladwos (Fourier transform infrared

spectrophotometer, FTIR)
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HINevif: Sasndnszriedu W, : 01 4:6

A Y v /2 A7
PVA nanuuuvy 0.3 Lﬂ@it%H@IﬂﬂHWUﬂﬂlm PLLA

v Y
PLLA 1imiin Tauana 3,000 n3use lua



36

= a A = d g’l
3.4.2.6 M3ANMINAVRIMIIANNAR I BIALNAAD 15A IUFUaNTazaIwVRIAT
AAUTIAIRI (W)

A S A 3} . A Y
mmi}mgﬁaummmmmiumiazmﬂm (water solubility) NABUUNEYN
9

[ = ' £ qul gJ Yy X o Y a A 9 =
Ay giseduriieevazarweenu luguit w, 18 sz ldlse@nsnmlunsiuese

. v & & S m Yo = a A &
(% encapsulation) anad A4y TuduaeuiivelamimsAnyinavesnsiaunae NaCl Tudu
Y ]

9 Y 1 '
Msaza1eiues PVA (W,) iiloanmsazatovesgize luduiih daingsiomnlszaniainlu

= Y+ = =3 v A
mawssuungainile TaslanglumsAnyidnsnan 3.12

4 a 4
M51an 3.12 anzlumsmsen PLLA unilgaruilegEeTaomunde Imaounas lsaasly

q

a130018 PVA (W,)

il
W, Urea (NT) 2.000
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NaCl (N31) 5.850 5.850 5.850

Wi PLLA ﬁﬁ”mﬁﬂimaqa 80,000 N3U¢0 11

P

=< a A /2 2 @ o
AT AALITINININ 3 lﬂ@imﬂ!@]IﬂElu'lwuﬂsll’fl\ia']iaga']ﬂﬂqwuﬂ



38

3.4.2.8 MIANHINAVIIANNAINTVUVDIAITAZAEY SDS

a

a a a 1 1 Id
NAMIANEIFHAVOIATOAUTIAIAIFUAA ) WU SDS Wuensanusafand

~ = Y+ = [ o’j os.:} csy o =2 Yy 9

nmangaulumswisuunilyganuilegse auiuluduaeutiszimsAnyinavesnnududuy
=2 a A Y 9 1 [ Y A
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Qunnll ﬁymﬁﬂimafgamm PLLA 07U 594 | 109w | 2094 | 3094 | 409U | 60w
(o9FNsaIed) (NFuso lua)

15 3,000 36.13 30.59 26.55 25.28 16.03 9.42 7.11
30,000 37.91 33.26 30.41 28.44 21.24 17.03 16.14

80,000 42.32 38.49 37.67 35.74 29.00 2491 21.88

25 3,000 36.13 29.46 25.89 24.92 11.61 7.65 4.56
30,000 37.19 32.39 29.56 26.92 17.64 14.75 11.75

80,000 42.32 38.05 35.99 34.89 25.67 18.22 17.19

50 3,000 36.13 28.86 24.28 24.98 9.02 3.99 1.62
30,000 37.19 32.09 28.21 26.51 15.76 11.82 4.54

80,000 42.32 37.90 33.74 32.14 24.01 16.00 14.85
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M35yl aonndon UauMIoNIIDUNIATANIAUEURD AD BURD 0 (a-x),

PUAD 1 (In (a-x)) Hag BUAD 2 (1/(a-x)) NQAUHYUNMINATDL 15 DIF AT

whwviinTuana PLLA (nSude Tua)

JeyTIa
() 3,000 30,000 80,000
0 1 2 0 1 2 0 1 2

(a-x) In(a-x) 1/(a-x) (a-x) In(a-x) 1/(a-x) (a-x) In(a-x) 1/(a-x)

0 36.13 3.59 0.0277 3791 3.64 0.0264 42.32 3.75 0.0236

5 30.70 342 0.0326 33.26 3.50 0.0301 38.50 3.65 0.0260
10 26.55 3.28 0.0376 3041 341 0.0329 37.67 3.63 0.0266
20 25.28 3.23 0.0396 28.44 3.35 0.0352 35.74 3.58 0.0280
30 16.03 2.77 0.0624 21.24 3.06 0.0471 29.00 3.37 0.0345
40 9.42 2.24 0.1062 17.03 2.84 0.0587 2491 322 0.0401
60 7.11 1.96 0.1406 16.14 2.78 0.0620 21.88 3.09 0.0457
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m3Usuliaenndon UauMITNIIDUNINTANIAUBUN A DU O (a-x),

PUAD 1 (In (a-x)) Hag BUAD 2 (1/(a-x)) NQUHYUNMINATDL 25 DIF AT

TN

whwviinTuana PLLA (nSude Tua)

(W) 3,000 30,000 80,000
0 1 2 0 1 2 0 1 2

(a-x) In(a-x) 1/(a-x) (a-x) In(a-x) 1/(a-x) (a-x) In(a-x) 1/(a-x)
0 36.13 3.59 0.0277 37.91 3.64 0.0264 4232 3.75 0.0236
5 29.46 3.38 0.0340 33.11 3.50 0.0302 38.05 3.64 0.0263
10 25.89 3.25 0.0386 30.28 3.41 0.0330 37.66 3.63 0.0266
20 24.92 3.22 0.0401 27.64 3.32 0.0362 34.89 3.55 0.0287
30 11.61 2.45 0.0861 18.36 291 0.0545 25.67 3.25 0.0390
40 7.65 2.03 0.1307 15.47 2.74 0.0646 18.22 2.90 0.0549
60 4.56 1.52 0.2193 12.47 2.52 0.0802 17.19 2.84 0.0582
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Preparation of Poly{l-lactic acid) Capsule Encapsulating Ferfilizer
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Absiract: In this work, pely (l-Hacdc acid) (PLLA) microencapsulated urea as femilizer was
prepared i water in oil m water (W/OW) system. PLLA used as capsuale shell was prepared by
polvcondensadon of I-lactc acid with p-folusne sulfonic acid as a catabyst at 140 °C. The prepared
PLLA was used to encapsulate wurea. Firstly, the aqueons urea sohifion was dispersed in oil solution
of PLT A and chlaraform containing polyvinyd alcohal (PVA] a: 3 stabilizer with stiming at 800 rpm.
Secondly, the water in oil emwlsion was subssquently dispersed in PVA aqueous solution by stmng
at 200 rpm o form WONW emulsion. Then it was stimed for approximately 12 hours to evapamte
chloroform in the system resulfing in the formadon of PLLA microencapsulated area. It was Gmally
cenirifozed and dried in vaooum oven. The influsnce of water and oil phass m@tio oo the formation
of capsuls was studisd The obtined capsuls was abserved with an optical and scarming alactron
INICTOSCO0pes.

Introduoction

Bolv{l-lactic acid) (PLLA) iz biodepradable, aliphatic polyester derved from renewable
resources. It is preparsd Som lactic acid which is produced by bacterial fermentation of several
plant sources such as com starch or sugarcane available in Thailand It & well knewn that the
utilization of cooventional (pemochemical} syothetic polymers, noprenewahle materials, created
some epvirommenm@! concerns. Therefore, biopobmer as PLLA is sustainable altematwve to
petrochermical-derived products nsefol in many applications especially i contralled release system
such as PLIA film loaded with dexamethasope, 2 stercidal anti-inflammatory dmag [1] and
paclitaxel-loaded PLIA microspherss [2]. To develop agnoaifaral prochection, fertilizer is one of the
main fyctors. Therefore, the improvement of the utifization of fertilizer is inferssting m onder to
increase azriculhmal products. Urea is important fertilizer dwe to its high nitrogen cootent (4674
and comparatively low cost. However, about 20-709% of nitrogen escapes to the eovironment due to
large surface area when it was directly wsad It 5 not onby large economic and reseurce losses bt
also causes very senouns eovironmenta] polfations [3]. To avoid or decrease the kss of fertilizers
with a peod coomrolled-release, encapsulated urea with biodepradable pobymer shell would be
applied. Starch, a pebysaccharide, was wsed as a polymer shell encapsulated urea However, the
hydrophilic starch capsule shells gave a short dme %0 maimtain the shape and envelope the fertilizer
under the ramfall or larze water. Grafted-starch with more hydrophobic pelymer such az PLLA is
able to improve palymer shell property having less water swelling [4].

In this wark, urea was encapsulted with low molecular weizht PLIA by simple water in ail in
water {WO'W) process. The influence of urea and PLTA compesition on the preparation of capsule
was stodied.

o L s ol oniee of ISl iy =8 repraducesd o ermmitieed ey e o by ans mees witheds e wrise parmimien I TTF
Hmr-. i 124 |E'|'_-r_1 Cirphd B Pl 155?.2‘-:
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Experimental Procedure

PLLA was preparsd by polyvcondensafon using p-toluene sulfomic acd (p-TSA) (2 wi'c of
monomer) as catbyst. Lactic acdd (100 g) was charged to the reactor at 140 =C for water removal
abanet 3 hours. After that, p-T54 was added to star the palymerization with zentle stimins rate for
6.5 howrs using vacmm pump. Number- and weight-average melecnlar weights (M, amd AF,
mespectvely) of PLLA was determined using a gel permeation chromategraph (Water 2414, Water,
USA) with two poly{styrene-divieylbenzens) gel cohmnms (Phenogel 5 x IFand 5x 107 4, 78 mm
id ® 30 cm, Phenpmenex, USA) connected in series. The flow rate of chloroform as eluent was
maintained at 1.0 mL'min with colamn temperature of 20 =C and the clution was monitored with
meffactive mdex detector The columns were calibrated with six standard pelbystyrense samples (2.5 x
1760 = 10°, MM = 1.05-1.15). PLLA microencapsulated urea were prepared by W/OUW
process as shown in Fig 1. Urea was firstly dissolved m water (1:1) as water phase before added to
PLLA zolutions (in chiproform) comtaiming palywvinyl alcohol (PAVA) (0.3 wilc base on tofl
solufion) a3 oil phass. Under stimng at 800 rpm for 5 min, the water in oil phase (WO} was
obtained Secondly, the WD emulsien (10 witt of urea PLLA related to tofal vohmme of sohaion)
was then poursd to PVA (1 wi?e) sohution before strred at 200 rpm for 5 min to ebtain WO
emmlsion. The recipes of WAO'W enmulsion preparation were shown m Table 1. Finally, chlorofiorm
was removed by overmizht evaporation fo form the PLLA capsule. The prepared capsules were
obzerved by an optical microscope [OM) (SE-100EB & SE-1MET. S2ek Sesk Inter Co. Lid,
Thailand) and scapninz eleciron micmscope (SEM) (T5M-65100 JEOL, TEOL Lid, Japan) fo
imyestizate the mner stracture and surface of the micrecapsules, respectvaly.

N ——
A0 rpme s 08
PLLAPYAS 5 i - -
CHIL, . .
Tk Phsise WD Phase

Fig. 1 Schematic of PLIA mirmeencapsulated urea preparation by WO'W process

Table 1 Facipes for the preparation of PLLA micreencapsalated urea by WO'W process

Experimeant
Inzredisnt

I 2
PIIA (&) o 6.0
VA (mg) IR 30.0
Urea (Z) 05 10
Water (g) 0.5 10
Chlomoform  (g) 100 10.0

PVA Sohution (1 wi?a) 0.0 £0.0
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Eesulis and Discnssion

PLLA microencapsulated fertilizer was prepared by a simpls WOUW process. In this work,
urea was salected as a model of polar ferfilizer and PLLA, biodasradable polymer, was used as a
pobymer shell. Fertilizar capsule was prepared for releasing control in the agrmcultaral application.

Morzover, it can also prevent the degradatton of fertilizer existing in wetness condition to
increase its shelf life. For these putposes, low molecofar weighf PLIA having shori temm
depradation should be enough and samable to use as a ferilizer capsule shell. Low molecolar weizht
{Afn approccimately 3,000 g/mel} FLLA was ebtained from simple polyvoondenzation of lactic acid
with p-T5A caralyst.

Fig. 2 Optical micrographs of urea droplets dispersed in PLIA solafion: experiment 1 (3) and
experment 1 (b} and PLLA micreencapsalated area” experiment 1 () and experiment 2 (d)

To encapsulate wrea with PLIA  in the first step. urea was dissolved in water and then added in
oil phase consisting of PLLA, chloreform and PVA_ The water phase was dizpersed m oil phas= as
small droplets stabilized by PUA forming WAD system  The influence of weizht rade of waser and
oil phase was smodied. In both conditions {10% apd 40% of water phase), tooad distmbutons of
waier droplet sizes were obiained and the sizes (approximarely from 1-50 pm; pot measured doe o
broad dismrinsiions) were almost the same as shomm in Fig 2a and b This is gensral phenomena
for the preparation of mooomer droplet using low speed agitation unlike ulfrasomication or
membrane epnlsifcation teckmigoe which give monodisperse droplet. It is expecied that the droplet
zire of experinvent X (40 witc of water phase) should be larger than that of experiment 1 (10 wi%s of
water phase) in order to reduce the surface area of the droplet when the same amount of PVA was
used. However, the sizmificant change of the droplet size with ammmt of water phase was oot
obsarved. I may be due to the amount of PVA is excess and enough to stabilize water droplet even
though the sarface area is inreased.

In the second step, WO'W emalsions were prepared. The core-shell particles were obfained in
both conditions (Fig. 2o and 2d). Smaller core size and single core was ebserved with lower amount
of water phase whila larger and multicers was obfained m another case acoording to their recipes.

As well-known, micrecapsules with oil cores and solid polymear shells have been prepared by
precipitation of the polymer fom the internal phase of an oil-in-water epyalsion. Femoval of the
good sobvent of polymer resulfs in phase separation of the polymer within the swmlsion droplst,
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leading to the formation of a polymerc shell sumoumding the peor selvent [5]. Using this
mechanizm, the fertilizer capsules were formed by the precipiation of PLLA chains at the droplet
sarface encapsulating wrea afier evaporation of chioroform. After chloroform evaporation, uoeven
surface and nensphencal particles were observed m the case of lower water phase as shown io Fig.
Ja and 3c. This indicates that low amount of core is pof able to mainf@in the particle shape after
chloroform removal dae to ofs large free volome The PLLA shell is sasily to shrink resulting in
nanspherical particle. In anather case, less free vobime after chioroform remeval was obtainsd. Less
shrink of PLLA shell was faker placed lsading to the formation of spherical particles (Fig 3b and
id) simdlarly with W/OW droplst before chloroform evapomation. Therefore, PLIA
microencapsulated wea &5 successfully prepared using 40 witc of water phase However, broad
capsule size dismibarion still ebsenved relating to the particle size in Fig 2.

Tig. 3 Optical micrographs (experiment 1 (a) apd experiment X (b)) and SEM micoemaphs
(experiment 1 (¢} and experiment 3 (d)) of PLLA mucroencapsalated urea after chioroform
EVATOTATion

Comclazions

Polymer capsule with PLLA chall and urea core was prepared by W/OW syztem. In the step of
W0, using 0.3 wit of PVA, the same droplet size was observed even though the amount of water
phaze was moreased fom 1) to 40 wi'le (noresse of surface area)). It indicass that PVA exising in
oil phazs is enouzh to s@abidize water droplet. After chloroform removal, the capsule was formed
due to the precipHation of PLLA ar the droplet surface. Larger free volums was obfamed for less
waier phase resaling in ooospherical pariicle formation. On the other tband, spherical capsule was
prepared for larzer water phase dus to less free volume insids the pardcle preventng the shrinkage
of the capsule.
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(Limit of Quantitation; LOQ)
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adeft Abs
1 0.0001
2 0.0030
3 0.0000
4 0.0010
5 0.0011
6 0.0020
7 0.0032
8 0.0010
9 0.0010
10 0.0010

AUpE  0.0013

219 LOD =mean + 3SD
=0.0013 +3(0.0118)
=0.0367
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