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Abstract

A urea/ natural rubber (NR) capsule providing long duration-siow release of
urea was successfully prepared by a direct use of NR latex for urea encapsulation followed
by coating the capsule with alginate. The phase separation between the NR capsule
matrix and the urea took place when the rubber was vulcanised and, ®onsequently, the
urea release was higher than that from the non-crosslinked NR in which urea particles
were captured. The result agreed well with the capsule morphology studied under
microscopy. Moreover, the crosslink density of alginate, inital urea concentration and
additives, ie., surfactanis and chitosan, were found to have significant influence on the

release of urea from the capsule.
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NR natural rubber

HA high ammonia

RVNR Y-radiation vulcanised NR

%TSC total solid content

%DRC dry rubber content

MST mechanical stability time

SDSs sodium dodecyl sulphate

DAB dodecyltrimethylammonium bromide
BHAC benzyldimethylhexadecylammonium chloride
phr parts per hundred of rubber

DMAB p-dimethylaminobenzaldehyde

Zn0 zinc oxide

T™MTD tetramethyi thiouram disulphide

MBT 2-mercaptobenzothiozol

S suiphur

-BHP t-butylhydroperoxide

oM optical microscopy

SEM scanning electron microscopy v
TEM transmission electron microscopy
CTC critical transfer concentration

PS polystyrene
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phr
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BINIUAY

urea

ZnQ (zinc oxide)

stearic acid

TMTD (tetramethyl thiouram disulphide)
MBT (2-mercaptobenzothiozol)

S (sulphur)

wax

H1ILAY (sealant)

100
150

1.5

0.25

0.5
15

50

gos A Wild wax, gns B ld wax)

[ A ool .
AN 2.2 ; qm‘m‘ﬂ compound ENLNEMEN urea TmeAS sandwich

phr
NI 200
ZnQ 6
stearic acid 3
TMTD 0.5
MBT 1
S 30
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NR latex 1 beaker AUAIY magnetic stirrer
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AU capsule NIARAANNI rinse ﬂimaaﬂ[mﬂﬁgwm’lu beaker MUITUINAU

- Q i o ¥ d o
dry capsule T oven 11 50 C aAauthlUurluunnauwinedn urea release

W50 urea release
(DMAB method) (9)

Wi dry urea/ NR capsule (1g) Turndu (50ml) Turapfifnils

IAIBNENTaYate indicator laaazans p-dimethylaminobenzaldehyde ({DMAB)
(16g) Ty 95% ethanol (1L) Wa239LAN concentrated hydrochloric acid (HCI)
(1ooml) wulildle melu 1 Hay

pipette g capsule (5ml)  LAnd1Tazae DMAB (5mi) #aly 10 ud
uaau1lUdm absorbance laald UV/Visible Spectrophotometric (Jasco
UVIDEC-850 Spectrophotometer) ﬁ A 440nm UMW urea release
wilAn calibration curve

v e A4 ¥ 4o e
n5a4 capsule AWAXLATY  LaNUFEUUINAUNWLY capsule Tws 9@ urea
release TUIUABNT AUATENIEIUAY absorbance 1418

o 4 ¥
plot A5IW U89 cumulative urea release NUILEELIAMLY capsule Tuin
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- N 4 e : .
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vulcanisation methods

6.1.1 sulphur prevulcanised NR latex

° - or &, =,

11 wuleanising agents Tumsw 2.3 Tagludnsniiu powder ais3amily
-4 [ EPRr I o &

50% dispersion U1 usleeld ball mill aunszNals particle MdnUsznn

5Uum

A ¥ s g o
HEN ingredients NIUALAINULUILN latex (muqmﬂums’m 2.3) N7 reflux
o a
f60°C fluan eh

WUY sulphur prevuicanised NR latex Madundy w1 cast dry film uu
glass plate i room temperature & fim \Jufwdng irluugly toluene
Uil equilibrium swelling  udaSeudfiomiviindow nas swell 9zl
Yeswelling Hourlannduny degree of crosslink (10}

M1TN 2.3 qu‘ﬂﬁm’%au sulphur prevulcanised NR latex (10, 11)

phr
NR latex (60% DRC) 167
vulcanising agents -
{50% dispersion)
-8 2
- Zn0O 0.4
- ZDEC 4

6.1.2 peroxide prevulcanised NR lafex (10, 12)

NEN 70% t-butylhydroperoxide (t-BHP) (5.6x10~2 mol/ig rubber) nu

d178za18 1% non-ionic surfactant (synperonic F68) (19) ﬂ'aﬂﬁ)lﬁu
&

emulsion i 83lU HA concentrated NR latex (1679)



- Ry fructose (1phr) adlu mixture WdNIlWAR reaction 1 60°C 3h

g . . = o & = Y
- IR %swelling 284 dry film 11 cast 1A latex §  wuuLA=INULE 11.6.1.1 (10)
6.1.3 ‘Y-radiation vulcanised NR (RVNR) latex
U1 HA concentrated NR latex 1 irradiate 638 Y-ray 910 80Co source
A o L L J - 4
(Gammacell 220) AdninIuNaNUUTHaAaduE (wus.) Taeld iradiation

= a
conditions AiLdAIlUAIINY 2.4 wazW) degree of crosslink WBIENIUAS Lag
swelling method (13)

#1311 2.4 : Irradiation conditions ‘ﬁ"[’ﬁmfsw Y-radiation vulcanised NR (RVNR) latex

NR latex Concentrated HA

Radiation source 80Co, 3.6x1014 Bq

Temperature { C) 25

Dose rate (kGy h-1) 6.2

Total dose (kGy) 4, 14, 22

Sensitizers a) n-butyl acrylate 5phr <
b} CClg 0.5phr

6.2) surface characterisation %84 crosslinked NR latex Inanaiia phase transfer

o a 2 A P ws ol a
winalla phase transfer anldAnwuRNaUSaLgUANIANRTR98YN AN
crosslink seRas199 1aWA sulphur, peroxide Was Y-radiation systems

¥ L
- WY 6%TSC prevulcanised NR latex {(15g) U AU (45g) WAz styrene
monomer (30g) 4 flask
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Uld titrate saw aqueous solution 483 0.012M benzyldimethylhexadecyl-
= o o

ammonium chloride (BHAC) Ul end point 239lWU agueous phase Tu

&, o . e

fuaraddauannfienaguivles

encapsulation urea Toeld crosslinked NR latex

MayITuta 1.4

.7  coating urea/ NR capsule

capsule

7.1

° 4 o , . o .
NIMSANEILABYT calcium alginate ¥ 1Ty coating agent 289 urea/ NR

o o . . '
LAIEIN calcium alginate beads 7d crosslink density A149

7.1.1 effect #4839 immersion time

WaR aqueous solution 1B 4% sodium alginate adlu aqueous solution Y94
2% calcium chioride (CaClp) udqfisli beads atluasarans CaClp e
10s, 5, 10, 15 ¥3a 30min

ve ¥ & \ -
rinse calcium alginate beads ﬁlﬂmau’mau nNaUE dry N 60°C 48h

w L ¥ w oo
35 degree of crosslinking 289 beads lAgFIUIMUNTILLUANYDY dry beads
ar " 8’ HI-’ V ] a

(Usznneu 0.5g) waaut beads luwrnau 50 m nuuluwsaziulznTas
. @ 3’ An AA: s Qs n'l g L™

swollen beads AIHUAZUNTY  FUUMAANHIATUATLATHNIEY UAIMIUIRUN

o ‘ o ' 4 & o | | s ¥ A

mluuauh nauml.'d‘luu'maumﬂaﬂu‘lmu NIMIIUATENY swollen beads

- ar ¥ ar ol °
WANBEAKWIBAUNIEINUIMLNAN  ATUIUAT F%swelling 270

W - Wo

%swelling x 100

Wo

g ar A 1] 1]
Wo © UMBRUANILUUEUYRY dry beads nay swell

4 ar 1 A 3’ wr a‘
W o U%NNTEN swollen beads ﬂﬂuﬁ]:LLmﬂElﬂﬂﬂ%ﬂmﬂﬁu’muﬂmﬂ



7.2)

7.1.2  effect YA AMMINIUIAIFITAZAY calcium chioride

Wem aqueous solution U84 4% sodium alginate adly aqueous solution UBY
nl %W L = Val

CaClo NATMMINTY 2, 4, 6, 8, 9, 12 ®3a 18% eel¥l immersion time 10s

o 17

mewausaulu 11.7.1.1

coating urea/ NR capsule A8 calcium alginate

w38y urea/ NR capsule AMx3Sda 1.4

ﬁju wet capsule adly petridish ﬁﬁ aqueous solution Y84 sodium alginate
WiIAU capsule AINAT Juadlu aqueous solution 2ad CaClp  (lunyneaas
1eRn®A effect of immersion time wazANIINTULIEY CaCle  (HULAEINY
.7.1)

ar s ¥ dr y
rinse coated capsule ﬁlmmﬂmﬂau NaUI dry

ar 14 & ad
AR urea release WUINRY ANIDHR 1.5

18  ifeduthigfiiuasa urea release 91 urea/ NR capsule

8.1)

8.2)

concentration 89 initial urea T4

-
B3an urea/ NR capsule maiada 1.4 laeld urea 25, 50, 75 waz 100phr
NENAL HA concentrated NR latex

W38 coated capsule Tl 4% sodium alginate W&z 2% CaClo (immersion
time 3min)  YNeyda 11.7.2

M5LAN surfactant

AN 1ml 189 5% aqueous solution 189 sodium dodecy! sulphate (SDS) win
2% aqueous solution 48a¢ dodecyltrimethylammonium bromide (DAB) adlu
HA concentrated NR latex (167g}  AUWLUN 9 3h

\383 coated urea/ NR capsule mn3ada 11.7.2

10
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8.3) M7 filler (chitosan)

8.3.1 chitosan characterisation

Y war il oo a ar

- URA chitosan (tiny thin film) filpsuannriueian Biopolymer NW1INEAY

FaupIUNTIlIa tszaufing  aandu powder lewld grinder (Kenwood
CG 100) UWAITAUNIY sieve (Prufsieb JEL 2, no. 0.025)

- 11017 characterise chitosan powder LA&dA viscosity average molecular

weight, %N-acetyl uar %water uptake

8.3.2 n3l7 chitosan Tu capsule preparation

A3t coated urea/ NR capsule maifda 1.7.2  laelau chitosan powder
A lflunsSew capsule 3 38 AuA

nﬁé L -4 L ar
161 1 W&N chitosan powder (0.5phr) AU NR latex LW matrix WAINENAU urea
powder (100g) fiaule drop mixture adlu acid uaz coat I8 alginate
aad a , .
N 2 \Ad chitosan powder (C.5Q) adlu 90% acetic acid {100ml) Tnams
9 [ . .::’ = . .
waald solution Ty precipitating agent 484 coated urea/ NR capsule
g, v
3N 3 aze® chitosan powder (0.5g) W 1% acetic acid (100ml) UAUAY

CaCly (2g) avlu solution wazldiily hardening agent wad sodium

alginate (coating agent 1849 urea/ NR capsule) -

WAE7A 3 16dnwn effect 489 pH Taesulw pH was hardening agent 1y
203, 5.41 ¥i38 6.80 laaiAy 1M HC! %38 2M NaOH

9 Anm morphology 184 capsule

9.1)  optical microscopy {OM)

19 Olympus SZ-ST microscope AMAIAENY 200x

9.2) scanning electron microscopy (SEM)

14 Hitashi S-5600 scanning electron microscopy



N uanIMasnILasiInTel

X W H 4 -
N1 diAUaIAUTRNNENTITNIA

3.1)

3.2)

total solid content (%TSC) uaz dry rubber content (%DRC)

. aw X
A1 %TSC waz %DRC 783 HA concentrated NR latex Plilusudsed wame
) t ' d 1 =2 =3
Tum1519 3.1 WUnAT %TSC ¥1NNTT %DRC UTeNags 1-2% #9uanal3une
=
%819 non-rubber substances Nty NR latex (158)

AT 3.1 : %TSC Uaz %DRC w989 HA concentrated NR latex

NR latex %TSC %DRC
10 1 61.1 £ 0.1 | 599 £ 0.1
1af 2 613101 | 603105 |~

panicle size distribution

AN particle size analysis (Iﬂil‘l’ﬁ’ Mastersizer 3) U89 NR latex ('Ljﬂ‘ﬁl 2)
LERIAINTIN 3.1 FINAIINATINLEAITT NR latex particles ¥ particle size
distribution 7 broad (polydisperse) HIuTAAILA 0.2 A 1.3um  lasd
average particle size 0.75um  Geehiilddonadasiufssylily fiterature
{14, 15)

12



Intensity

.2

20

15 4

10

0_
0.23 027 031 036 042 049 058 067 078 091 1.06 1.24 1.44

Particle size (um)

=
N3N 3.1 : particle size distribution 289 NR latex (A7 2)

' ¥ w
NN surfactants ﬂﬂﬂ']q”lﬂﬁﬂﬂﬂﬂmﬂqﬂw (16)

NATRIAINNIENTUYLAY anionic surfactant (SDS) W8z non-ionic surfactant

L o
(synperonic F68) maA1 MST 283 HA concentrated NR latex (Fayl 1} WA
AINIIN 3.2 uae 3.3

nwaniuleina MST wasdnenafiniy  iiauSinanes surfactants
Wnty  mnana1iliin molecules 189 surfactants 1 2 ¥ila a@wnsaly
adsorb 9 surface 189 NR latex particles 16 lnefl adsorbed SDS 9z
ﬁua@iﬂm‘nﬁw electrostatic stabilisation ‘Lu’ﬂmz‘ﬁ, synperonic F68
MILAe steric stabilisation YU NR latex particles

13
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— 2500 4
17 2]
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=
o 4
o
£ 2000 4
5‘3 —Tf—— sample 1
= e gample 2
1500 -
1000 T T T T - 1T T T T T*

002 004 006 008 010 012 014 0.16
Concentration of SDS (%)

AN 3.2 1 uaraIANENTURaY anionic surfactant (SDS) RaAY MST
83 HA concentrated NR latex

1100 T
o 1050 - -
=
=]
e )
g
1000 S
; | —f— sample 1
= 950 et gample 2

900 7 v I v . I : s )
0.0 0.1 0.2 0.3

Concentration of synperonic F68 (%)

AT 3.3 1 navadALENdUYad non-ionic surfactant (synperonic F68)
#aAT MST Y89 concentrated NR latex

14
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oA »
3 wuadmliznauiilunisimizuy controlled release urea (14)

A s 5
LNENIATT compound ELGENTN urea Tael split feeding method ('l’ﬂzjm‘i
muad 2.1} Taawdaily

- o A lafled wax
- ga7 B 1d wax

udaem sample apniflududng  uwiludRadauSunea urea release lut
1838 DMAB (1.5) wansnssasdulumunsiw 3.4 Fauaasin urea 1z
release BANTIN samples Tadunlmeldns 2 gasnupnelu 4 W (MAAR
TaannsaanuAn absorbance 16) wazn1std wax luwnsuanlifinasanis

control N9 release 1Y urea

1##nwr morphology 284 samples 3ngas A uaz B lawld SEM 1o
micrographs 89 surface WHAIRITL 3.1 Udx cross-sectional samples Tugl
3.2

8
o
&
o0 o]
W 7 ¢
g . .
@ -
1751
Q2
=
%
= o
S 6-
ke °
=}
B A(nowax)
® B (wax)
5 —T T T T 1 T T T T Y
0 1 2 3 4 5 6
Time (days)
= ¥ d &/ a ool . .
ATIN 3.4 : USHeu urea release Tuw (faldenauis compound [GERG split feeding

(2 1.3) gns A (lld wax)  ges B (Id wax)



: SEM micrographs 184 surface 98¢ urea/ compounded NR solid Aau release

a b) @5 A (Ll wax) c,d) g3 B (H wax)




71 3.2 : SEM micrographs 284 cross-section 989 urea/ compounded NR solid
Aoy release  a) @ns A (Wil wax) b) gaT B (8 wax)

wad release ¢) 05 A (Wl wax) d) §0TB (3§ wax)




. o &
11 ‘g‘d 3.1a Wz b WUIIY surface U8INI 2 samples §i free urea aq‘lu
. o o A . -4 A
Wnanngipsazaavaalyiuusnigualtluug sample N3l wax (3U
' o ' . o
3.1d) U989 urea powder fanweizgnaninfilug wax (3U 3.1b) o
4 o qw o
1189970 shear force Tuatuz mixing process Img wax 9eMlW process ey
LTz viscosity 88

d2u 3U 3.2a uar b UMY bad adhesion IWIN urea particles Wz

compounded NR matrix finl release WaTWAI9N urea release UWA7 JU 3.2¢
1Y &

waz d 2zl8 porous structure 289N9 2 samples

sanlald sandwich method H&y urea Nu compounded NR  lmenineng 2
] J W I L 3 (-9
WU masticate &Y NIMNAS compound AINATII 112 uAIldluul AN
wazlsel urea powder nauvtIU compression MAATIU 48 1.3 wuidaly

gunnien 2 wdy Banuld uaz urea powder awAwiludaulngas

ar

psInany  WlNawInu sample TWInUSual urea release luunls

v ¥
4 HWANTT encapsulate urea MILNNEN latex

\Hanay urea USuusnag  lAun 25, 40, 50, 70 uaz 100phr (parts per
hundred of rubber) adliflu NR iatex WU latex fiap stable pgld Tnefl
laanmznau lnaduan urea 100phr  azdunAAUING urea uwauilaiazans
wagfifunmue

lannaamestasnansinanadly 90% acetic acid Toald capillary tube
wuilé product uidafrndnenrAouininay A3y wet capsules 4z
Aofuldiadaduioiy  damlduianiu free urea tnzagaeuanasing
AU AILERIAIE optical micrographs 7il 3.3

{89910 urea aemeldineluln  Semnarilgaudendaunns urea Tuflu
JEWIItURRUMSIATEN capsule  lpariinsin urea loss ludumau acid
precipitation wuindlald initial urea HUSNN 25, 50, 75 uae 100phr Qi
urea WAdaly capsule LAY 24, 48, 66 LAz 80phr
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53U 3.3 : optical micrograph 284 urea/ NR capsule (urea 100phr)

5 wWawea crossiinking 183 NR latex 7% encapsulate urea

5.1)

UM capsule ¥a3 urea fertiiser MMNUNENIsTINIRlAATY loeld acid

. . v oo a o oW
precipitation method 1@m’1msﬁﬂmﬁ%ﬂm’m HHNARAAATINTT release A

:J = Qr =y . .
urea 911 capsule Awsanle 919 crosslinking NR latex

WRYUEY sulphur prevulcanised NR latex (10, 17}

wuAnwleeld sulphur prevulcanised NR latex @383 uncoated urea/ NR

P [ o ' 2 o
capsule wWisuheunuullald non-crosslinked latex wWuIUSnnuuag urea N

= A .
release 91N capsule AHIUNIN sulphur prevulcanised NR latex ¥A7NU1ANIN

AINTIN 3.5

m o | PERY ] ! A e
tanInAaasflaaaInnigsenulidn valcanised NR ity

a e ar . o @ o
solid 1IaUNT NANAU urea powder 1o coventional method 9zYiNlH urea N

release 971 miﬁHﬁ.ﬂ}ﬁ\m%ﬂ@m:@gumﬁ-’ffﬂ (An)

FU 14 0 MG T g NI g

@il 979217-21 Duuva lTo wy @ nnaula
L 1 NTHNWA 10300

1413.208-0455 RT3 298-0476
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240
220 F
] ..... e c e ® 0
o*®
Bb 200 T
=b [
E 4
¥ 180 4
71
g S
b S
8 1601 o ® non-crosslinked NR
5 l® ®  S-prevulcanised NR
[ ]
140
L
120 bl I I 1 T L 1 ¥ T I v 1
0 10 20 30 40 50 60 70 80 90
Time (days)
2 a4 a
NN 3.5 1Runaiand urea N release 9N uncoated capsule YWAIEINAN sulphur

. o g ,
prevulcanised NR latex Wiaueunuiiald non-crosslinked latex

2lGANw morphology 184 urea/ NR capsule % non-crosslinked uaz S-
prevulcanised NR latex ﬁauﬁmﬂug’ﬂ 3.4 uar 35 aufulding surface 189
capsule AlFAN latex 113 2 wUL & free urea agnIn (31 3.4a uaz 3.5a)
LLazl.ﬁmh@ﬁ"m'lu'am capsule finy release WU capsule TLATENTIN S-
prevulcanised NR (3U 3.5b, c) Sgwiuilpandy (3aundn) capsule Aedangn
non-crosslinked NR (U 3.4b, ¢) FIMu18ANIY non-crosslinked NR
matrix #14150 trap 181 urea 13ls 1u?1£u:17|1 S-prevulcanised NR 3¢ expel
urea 0ANN matix  anaaduielddipailasin crossiinking Tam chain
mobility €83 rubber particles MNIA S-prevulcanised NR latex particles
uwisuauednumdnanfniwidy film 1A encapsulate urea (Al capsule
Ifennnin - F9lALAA phase separation 32win9 urea Waz vulcanised NR
matrix 15unal urea release dunnn3afu
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3U 3.4 : SEM micrographs 289 urea/ non-crosslinked NR capsule

a) surface (x40} b} cross-sectional (x40} ¢} cross-sectional (x200}
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U 3.5 : SEM micrographs %84 urea/ S-prevulcanised NR capsule

a) surface (x50)  b) cross-sectional (x40) c¢) cross—sectional (x200)
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5.2) Wauad non-sulphur prevulcanised NR latex (10, 13)

t7 ' w o . A o o

Turumausalulaninis@awinng crosslink w83 NR latex wuugiusflald

@ . L i , A e . . o

sulphur lsiun peroxide waz Y-radiation vuicanisations WA crosslinked NR latex Lva1u
NA3UN urea/ NR capsule fialy

A 3 s ot
Jiald peroxide prevulcanised NR latex WHNNU urea powder Tuansdau
o o o o o
fmeldiu NR latex tRewm3a) capsule (10)  Wudnila drop mixture AINET
R Gt s a o) 1 o J A b
a9lu 90% acetic acid wAUAAWMIzAIIIUANTRREUE AR UUNUNElA
wanasily capsule Lluumﬁ‘l‘l,un‘iﬂmﬁ non-crosslinked W82 sulphur pre-
X X o | = [y
vulcanised NR latex  yanandainuinddiueasuaduannazaialalunsaudn
o 8w . & = war o e . P & . a &
Miinsaguauiulatoanu Bdunalinuly 2 nediusn femadirainau
al o . . . .
Wi2991NNaYaIN13LlE non-ionic surfactant lu peroxide prevuicanisation
system MIAfinN1T adsorb 189 surfactant molecules UW surface %89 NR
. A g w . & a4
particles  F1A surface #84 latex particles WudipauaaUGUAruwlasly
o
LUBI9TN steric stabilisation effect (111.2)

winfigafanudgwid 1fi1 phase transfer technique datiumedianis titrate
anionic stabilised latex A% aqueous solution 83 cationic surfactant (benzyl
dimethylhexadecylammonium chloride) Lﬂaﬁ non-water miscible organic
solvent (toluene) BgA78 A1lTAL sulphur WAz peroxide prevulcanised NR
latices mﬂﬁﬂﬂﬂﬁwaﬁumsﬁnm non-crosslinked, ’Y—radiation vulcanised
uaz deproteinised NR latices (1-3)  lpaiwudn latex e 5 WUy @Nasodia
complete phase transfer naAD ijmﬁu cationic surfactant (titrant) Tuaudi
critical transfer concentration (CTC) *AUNAAUIN rubber particles A0 lower
aqueous phase Lﬂﬁlauﬁ"lﬂlﬂﬂg‘lu upper organic phase (agueous phase
waeunguiiula uwaz organic phase wasuanlafiugy) 1S surface
charge LU particles AUANIIINUSNIOINEY surfactant Pudinasliaufle CTC

Tunsdifild phase transfer technique AU sulphur prevulcanised NR latex
wuhaunsarnlwWiAn complete phase transfer 18 usiLilavi phase transfer
289 peroxide prevulcanised NR latex (A28 conditions LAN) wudidifen
UWEIUYEY rubber mfniv'uﬁmﬁaué’mlﬂaq“lu upper organic phase Wan13
ﬂﬂamﬂﬂ%’h surface 84 rubber particles ‘lun‘iﬁi’?’l vulcanise At peroxide



24

A =y at 3 @ 2
wanulda3s asuudlais peroxide prevulcanised NR latex tUldlunsis3e

spherical urea/ NR capsule

| o o v & w o ! [y = '
ialiuATaanysaliudslald NR latex 71 crosslink fe Y-ray Ba3andn Y-
radiation vulcanised NR (RVNR) tatex uATHY urea/ NR capsule 8naag (13, 18, 19)

Slanmandld phase transfer technique U RVNR latex Tuadendy [neld
styrene monomer (T organic solvent wuinfim complete phase transfer
n81AB crosslinked rubber particles Lmﬁauﬂ“’wam lower agueous phase
(L'\J?‘mummjmﬂu‘lﬂ) U swell uaz disperse kUL homogeneous ag‘tu upper
styrene phase ’ﬂ’lmfuﬁﬂmman styrene phase ﬁﬁ swollen rubber particles
atl wahN 1% benzoyl peroxide (BPO) 1ilu initiator T¥LAin polymerise WUy
bulk 71 70°C  18h azld material (Huraude andu Fadofnwlanld
transmission electron microscopy (TEM) 18 morphology 33U 3.6 (18, 19)

1T Um

79U 3.6 : TEM W&as morphology 184 polystyrene (PS) 1§ RVNR particles (14kGy)
waanld phase transfer/ buik polymerisation (1%BPO, 70°C 18h)
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ngU drudsAadufiiiu rubber Hanwaunily particle Fefuunalairindy
(polydisperse) N3zA18AENY random 14 polystyrene (PS) matrix (d’m‘m:\iﬁﬁ)
il particle wiandufuiusnoundan Tomnilasann1adn crossiink
JEWIN polyisoprene chains 971 morphology Avutivnlmalarindld
RVNR latex (iU matrix a9 capsule 81ANA control urea release g
M3l RVNR latex i crosslink density sinoru @avinlaleeld iradiation
dose AIAU

A ar ' - e o o
wanandan TEM garudniruiiiaiifiieey rubber particles fHdauian
Y as o U o ] [ .
faNIaUaANBLLUTUARE membrane #dAILLIY protein-lipid complex tayer

Fid L7 " - L3
manfigauiivgly (15, 20)

nnuduillaviliinn idea Tun13ld RVNR latex particles Tl Ps @iy

brittle plastic

- - X o P . o o
§ toughness LAWY ﬂa'lmﬁuaanmsmmnnuwmmunwu‘i] 2541%)

niuldin RVNR latex 1 irradiated #78 dose 69 lunmansadean urea/
NR capsule 1aed acid precipitation wudra@ e ity spherical
capsule st UINew urea ﬁ release 97N uncoated capsule AINEATD
weealamina v 3.6

450
9008008 o ® ] ® [ ] L
400 ........... -
A A A A A A
o W
E ss0f8 - @ ol ] o o
@ ﬁﬁ n 8 " " " "
q ] M*#
]
: wet g
2 300 M A
o -
% uﬂ g non-crosslinked NR
250 @ ¥ RVNR 4 kGy
A RVNR 14 kGy
® RVNR 22 kGy
200 v T T T T T T T T T T
0 10 20 30 40 50 60
Time (days)
o o
ATIN 3.6: UIN16U urea 1 release 31N uncoated capsule U84 urea/ RVNR latex
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oA A . B PO o
wuinfiald RVNR latex ifl crosslink density LANTY UTINT6Y urea release 9z
cu' ; é 3 o A’ L a ar s
VANTY 9T ULWIIe rubber particles WU YiNlW trap urea Tilsasas
NANTINAADNARARADINUNAINNATIN 3.5

.6 wWaYad coating ¥8Y urea/ NR capsule (10, 17)

PNUANIINAREINAT Y capsule 784 urea/ NR s product W capsule
Anwaiznay 1une 2-3mm  LiedmiSumns urea 7 release 3N capsule
WUIN urea MINNATE release aaNaN capsule Melusstziian 3-4 U
(N3 3.5)

ILANAT coat wet capsule 2839 urea/ non-crosslinked NR (W84910 rinse
feninndu) lneigy capsule asluansazantuay sodium alginate (1-4%)
wdrgusialusiazats 2% CaCly aYnIWifin gl WU coated capsule
azdl tack avinlwusias capsule laRadu uasns coat capsule fag calcium
alginate 1 YMIWARIINT release 183 urea AAAIALNININ wAsTNIATZELIAY
17 release u’m%uﬂuﬁoﬂ‘szmm 2 \hau Iﬂﬂﬁ UINT8L urea ﬁ release fAHd
dinamnadntunas sodium alginate andu  Aans 3.7

Urea release (mg/g)
N
3

_W.

0%
1%
2%
3%
4%

+ b H O ®

ggggﬂ'.ﬂii a5 B A a &

40 50 60 70 80 90
Time (days)

o o
NN 3.7 UIN6 urea release 97N urea/ non-crosslinked NR capsule 11 coat Imeld

sodium alginate AMNINIUANN S (1-4%) \WTHUNAUAY uncoated capsule (0%)



agent (calcium

6.1)

‘J w < ¥«
nuansnaaadnils lkauladnenanad crosslink density 284 coating
Ao e
alginate) NURBDDATINNT release ¥BY urea N capsule (14)

A . . . _ = o
LUENITN literature (21, 22)  32Y71 sodium aliginate §M%130LAR gel Al
. . . @ = . , P , ¥
divalent cations 11U CaClo 16 1aafi calcium alginate ifinauazlyasaneun

A g Jrd . . .
Turtush sodium alginate azaneun AR crosslink density 989 calcium
_ = & oo o w alg o o
alginate 9IAITUUNUAVULVHDULDD CaC|2 Y\’L‘ﬂuam’;amagiuaﬁa:a’m

, o A A o _ . - _
CaClo (immersion time) @ILNBUT alginate AINEINNLU coating U84 urea/

NR capsule A5 ¥ aNalaEATIAUAT control NNT release 189 urea AANATN

capsule

KANTIAN®I crosslink alginate beads (14)

al =
\Wa drop @1983aT8 4% sodium alginate adbudIIATAIY CaCly 1A

AMdNTUAIs lauA 2, 4, 6, 9, 12 uaz 18% Laad immersion time 10s
W e o ] Y

2zl6 beads 189 calcium alginate NAURAWMZNEN Aoutla 2uim 3-4 mm

Aozl 3.7

27




2| w . ' d a = a9 o o
\Wansaaedin %sweling  Wud1 beads Niedunifialdansazany CaClp 1y

ko a4 o r ar
ANty 2 83 9% WawnudUn 3-4 U swollen beads dzumAnaan
o ar [ ¥ ar -
Tuagueanlt 12 uaz 18% CaCly WAIINUTUY 18 U swollen beads 94

-4 a = ar ' = a w

NWWUﬂﬂﬂ'ﬂLLﬁ‘éﬁﬂﬂ‘lNLLﬂﬂ LAWY Y%swelling ¥1 plot AUAMULANTULR
E 3 v o

a@sazatl CaCly WanTimaaaduaadlunTW 3.8 Wannswaniulsiniia

9 L d:l J a d ] J|
ANNLENT UIBdaTazand CaCls WWHIU %swelling HANGAAY  IUITIN

= J
calcium aiginate beads NUSNN0U crosslink N1NAU

6000
5000 - i
50 4000 -
§ 1 X
& 3000 -
&Q ] |
2000 -
1000
]
0 — r r - rr 7+t 1 - °r > 1 1 - 17T
0 2 4 6 8 10 12 14 16 18 20
% Calcium Chloride
-
TN 3.8 1 wauBIANNLTNTUIRIETAzA CaClo Pldilly  hardening agent 284

alginate beads F8 %swelling 7184 beads (immersion time 10s)

XYooy o . .
uannieilfdRnwINaTad immersion time s degree of crosslinking 283
& W
alginate bead Wtuillfviaas1Tarane 4% sodium alginate sl 2% CaCly
falilunaisieg laun 10s, 5, 10, 15 uar 30min  KAZNINIINABDIIA
%swelling enuABEAL  TARMUFUWUETERIN %swelling AU immersion
o = o~ A e ¥ &
tme &inT N 3.9 (Inel beads N immerse Wi 10s aurlUuduinauss
wanaanmely 2-3 ) aRuladn %sweling amas  (USNIw crosslink
& A a0 X . . &
NINWU) \Waly beads ag‘lumsaxmﬂ CaCls WU (immersion time NNYY)
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100

% Swelling

90

80 A

60

NN 3.9 :

6.2)

5 10 15 30
Immersion time (min)

HATE4 immersion time 284 alginate beads luansazane 2% CaCly Ay

hardening agent #a %swelling U89 beads

o
WNAUad crosslink density ua3d alginate Y1 coat LU urea/ NR capsule {14)

Y15 coat urea/ non-crosslinked NR capsule ﬁLﬂ?ﬂNJw laaRnwn effect
1aIANNINIUIDIETAZE1Y CaCly WAz immersion time wulBEIAU 111.6.1
Warnn1siaUSnamad urea 7 release 9N coated capsule  MARITNAABY
wamslunsw 3.10  asiulddnuSane urea ﬁ release 8aNIMN coated
capsule Teranandalimsasany CaCly, ATmnadndugedy 1dasmn
crosslink density 984 calcium alginate (coating agent) mn%u ﬁo‘l‘fumi
vary crosslink density 984 coating agent Iﬂﬂ%ﬁifﬂ’lﬁ]‘l’ﬁ'ﬂmﬂuﬂ%mmﬂﬁ

release U84 urea 91N coated capsule &

3’; i o L d & ar
NUULAYIINTTIA thickness Y897UYBY dry calcium alginate lagrdinuulmzay
= [ .
dry coated capsule I8z dry capsule Y1 remove LB17UYaY coating agent
' , & A \ ' o
aan WU thickness 149U coat MAUTEMI 0.25mm Wn9gnu
|J a k4 2 *LV
Inglaaunumnududurasansazans CaClp nbd
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360
] 8 2%
M 4%
320 ® §%
i A 9%
— gl @3 g A aQ o} a] a g 8B 3
Cy #W . 12%
E 280 o 18%
K’ _ZI
%
8 240 ERE .EEE ] MM M N M
)
i d
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= 200
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Emm Im NN | a H n ]
o0 oG O O [+] Q 0o © o 0
160
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Time (days)

TN 3.10 ;. warasANdNduTaIaITarant CaCly NI hardening agent 189

P !
sodium alginate 91 coat UU urea/ NR capsules  simSu1quuey urea

< ‘ )
11 release 310 capsule 'luizﬂ:nmmﬁﬁ] (immersion time 10s)
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Urea fertiliser encapsulation using natural
rubber latex

P. Tangboriboonrat and C. Sirichaiwat

Urea fertiliser encapsulated using natural rubber latex for the controlied
release of urea has been prepared. Factors affecting the release rate of urea,
for example, the type of rubber matrix, the concentration of sodium alginate
used as the capsule coating agent, and the initial concentration of urea, were
investigated. The lowest rate of urea released from the capsules was achieved
using coated urea—unvulcanised rubber, from which the release was prolonged
| for ~50 days. The maximum urea concentration incorporated in the coated
capsules was ~ 80% and the morphology of the prepared capsules was studied

microscopically.

PRCPA/1268
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INTRODUCTION

Agriculture is an important area of study for health,
environmental pollution couatrol, nutrition, and devel-
opmental issues. It is thought that current agricultural
,systems may be unable to support the exploding
world population in the future. The popular method
of increasing crop yield is to use fertilisers, particularly
fitrogen." Urea is usually used owing to its high
Eﬂtrogen content and low cost. However, because it
s highly soluble in water, less than half of the fertiliser
dpplied is recovered in crops and the remainder is
lost as atmospheric and water pollutants.~” There
lias therefore been considerable interest in improving
the efficiency of fertilisers using controlled release
fechnigues.

It has been found that incorporation of urea in a
iubber matrix may prevent both the high leaching
lpsses and seedling damage associated with high
toncentrations of free urea.”” Natural rubber {NR}
as been found to be a suitable material for use as
n encapsulant of the fertiliser because of its avail-
ability, biodegradability, and low processing cost.?™5
In addition, many microorganisms are reported to
attack untreated NR in both unvulcanised and vul-
tanised forms.® Using conventional rubber mixing
tquipment, NR has been used as a controlled release
device to produce a slow release urea via a matrix
ystem, which is relatively simple to prepare and free
from any catastrophic failure when subjected to rough
anding. However using a conventional method of
mixing, the rubber did not contact well with urea
particles, but a specifically devised split feeding tech-
nigue, in which additional masticated NR was added
10 the previously mixed NR-curatives—urea master-
atch to provide an in situ enveloping uncured
sncapsulant in the vulcanisate, was found to give a
superior product having considerably reduced urea
xtraction rates. The rubber--urea matrix under high
Watering regimes gave better yields and more efficient
ltilisation of nitrogen compared with control and
mmercial urea treatments. Many factors such as
lhe method of preparation, crosslink density, mould-
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ing temperature, and pressure were found to influence
the rate of urea released from the rubber matrix.*®

Since NR occurs in nature in a latex form, it is of
interest to study the preparation of urea fertiliser
directly encapsulated by a NR latex. If successful. the
process would be very practical both in terms of
improvement of crop yields and of utilisation of NR
latex, of which Thailand 15 a major exporter. In the
present work, the effects of crosslinked rubber {used
as a matrix) and urea-NR capsules coated with
sodium alginate have been investigated and the influ-
ence of the concentration of coating agent and urea
on the amount of urea released from the prepared
capsules has been measured. Micrographs of the
capsules obtained are presented.

EXPERIMENTAL

The preparation of urea—NR capsules invelved mixing
100 g urea powder (Merck, Darmstadt, Germany;
pure) with 167 g commercia T,bjgh ammonia preserved
NR latex concentrate having ~ 60% dry rubber
content (DRC) (Thai Rubber and Latex Co. Ltd,
Thailand). The mixture was then dropped via a 2 mm
diameter capillary tube inte 100 mL 90% aqueous
solution of acetic acid. The capsules obtained from
the acid precipitation were rapidly immersed in dis-
tilled water for 30 s to leach out the acid before drying
at 60°C. The capsules (1 g) were then immersed in
50 mL of distilled water at 25°C. Samples of water
(5mL) were taken at intervals to determine the urea
concentration released by the p-dimethylaminoben-
zaldehyde (DMAB) method developed by Potts®
using DMAB from Fluka, Switzerland {Puriss) as the
indicator for spectrophotometric measurement, using
a Jasco UVIDEC-650 spectrophotometer. The cap-
sule sample was then resuspended in 50 mL water
and the amount of urea relcased in the aqueous
medium was determined. This procedure was repeated
until the value of urea released into water was con-
stant. Urea release was expressed as the amount of
urea (mg) per weight of dry capsule sample (g)
averaged over at least three determinations.
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“Tom
1 Optical micrographs of urea-unvulcanised
natural rubber (NR) capsules (initial urea
concentration 100 parts per hundred rubber,
(pphr}) a before and b after release of urea

Crosslinked NR latex was prepared by mixing
167 g NR latex with a 50% dispersion of vulcanising
ingredients (commercial grade), i.e. sulphur, 2 parts
per hundred of rubber (pphr), zinc diethyldithiocarba-
mate (4 pphr) and zinc oxide (0-4 pphr). Sulphur
prevulcanised latex was prepared at 60°C for 6h
and was used to encapsulate urca by the process
described above.

The wet capsules of urea—unvulcanised NR were
dipped into an aqueous solution (1, 2, 3, or 4%) of
sodium alginate (Fluka, AR grade) and then gelled
by immersing in a 2% calcium chloride solution. The
coated urea—NR capsules were dried at 60°C before
determining urea release as previously described.

The morphology of samples was studied using
optical microscopy (Olympus SZ-ST) and scanning
electron microscopy (Hitachi S-5600).

RESULTS AND DISCUSSION

Since solid NR was capable of enveloping urea ferti-
liser and thus acting as a controlled release device for
a slow release urea, it was of interest to extend the
study by preparing urea encapsulated directly by
using NR in latex form. To obtain a suitable prep-
aration technique, the following mmportant factors
were investigated.

Effect of crosslinking

‘When urea powder was mixed with both unvulcanised
and sulphur prevulcanised NR latex during capsule
preparation, it was observed that the wet capsules
obtained were white spherical particles having smooth
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—
! mm

2 Optical micrographs of urea-sulphur
prevulcanised NR capsules (initial urea
concentration 100 pphr) a before and b after
release of urea

and tacky surfaces. After drying at 60°C, the presence
of considerabie amounts of free urea on the surface
of the dry capsules was evident {Figs. le and 2a).
Figure 3 shows the cumulative release with time of
urea from the capsules for vulcanised NR compared
with unvulcanised rubber. The same trend was found
in both types of capsule, i.e. when the capsules were
immersed in water, almost all of the urea was released
in a few days. It is suggested that the free fertiliser
present on the surface ®f the capsules (as a result of
blooming phenomena) quickly dissolved to give high
values of initial leaching rate.
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3 Cumulative release of urea from capsules
prepared using (+) non-crosslinked and
{®) crosslinked NR matrix v. time (initial urea
concentration 100 pphr)
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a capsule surface { x 30} b cepsule cross-section { x 30); ¢ capsule
cross-section ( x 160}

4 Scanning electron micrographs of urea-
unvulcanised NR capsules before release of
urea (initial urea concentration 100 pphr)

The urea refeased from the vulcanised NR capsules
was higher than that from unvulcanised NR. As has
been reported previously,” based on the experience of
incorporating urea into solid NR on a two roll mill,
‘pure’ rubber absorbs urea faster than ‘non-pure’
rubber (ic. rubber that had been previously mixed
with vulcanising systems). This suggested that the

Plastics, Rubber and Composites Processing and Applications

2 capsule surface { x 37'5); b capsule cross-section { x 30); ¢ capsule
cross-section { x 150)

5 Scanning electron micrographs of urea-sulphur
prevulcanised NR capsules before release of
urea (initial urea concentration 100 pphr}

pure rubber had a particular ability to wet the urea
during milling and hence the urea particles may not
mix well with vulcanised NR and be more easily
gjected from the urea-vulcanised NR capsules.
Figures 4 and 5 show scanning electron micro-
graphs of capsules prepared from unvulcanised
and sulphur prevulcanised NR latex, respectively.

1996 Vol.25 No.7
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6 Scanning electron micrographs of urea-NR
capsules after 30 days release of urea (initial
urea concentration 100 pphr): a2 unvulcanised
NR and b sulphur prevulcanised NR x 255

A substantial amount of urea on the surface of the
capsules before release can be seen in Figs. 4a and 5a
and the distribution of urea particles in the rubber
matrix can be seen from the cross-sectional surface of
the capsules in Figs. 4b and ¢, and 5b and c¢. It was
evident that the capsules cobtained were monolithic
systems from which the release pattern of urea
depended on many factors, e.g. the geometry of the
systern, the matrix material, and the loading agent.®
The urea particles appeared to be expelled from the
NR matrix and the vulcanised rubber tended to form
a smooth surface of the inner part of the capsule
(see Fig. 5¢). This matrix was free from porosity
compared with the unvulcanised rubber (Fig. 4¢), in
which the urea particles were captured. It is prob-
able that the crosslinking reduced chain mobility,
mncreased the rigidity of rubber particles, and conse-
quently the vulcanised rubber moved less f{reely to
encapsulate urea. In addition, the phase separation
between the matrix and the urea could occur when
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7 Optical micrographs of urea-unvulcanised NR
capsules coated by dipping in 4% aqueous
sodium  alginate solution {initial urea
concentration 100 pphr) a before and b after
release of urea

the rubber was crosslinked, which would promote
high urea release within a short period. The micro-
graphs agreed well with the curves of urea release
shown in Fig. 3. When the morphology of the capsules
after 30 days release was examined (Figs. 1h, 25,
and 6), those using unvulcanised and vulcanised NR
showed a highly wrinkled and porous capsule surface
{see Figs. 6a and b).

Effect of coating

Sinece the split feeding mixing precedure was better
than conventional procedures in slowing the release
rate of urea from the matrix, presumably because the
raw rubber added at the last stage of mixing enveloped
the urea particles as an internal sealant, the present
work was extended by coating 100 ¢ urea encapsu-
tated with 167 pphr unvulcanised NR. Tt was thought
that this would improve the barrier wall. Since the
basic criteria for selection of the ceating material are
that it must be non-reactive, essentially immiscible
with the material being encapsulated, and capable of
being rapidiy hardened to form a film,'° sodium
alginate was found to be suitable. After acid leaching
the wet urea-rubber capsules were dipped into 1, 2,
3, and 4% aqueous solutions of sodium alginate to
form a coating, which was hardened by aqueous
calcium chloride as described above. After drying, the
alginate coated urea~-NR capsules obtained were gen-
erally spherical, having a smooth surface without the
presence of urea as a result of blooming (see Figs. 7a
and 8a). In addition, the surface became less tacky
and the capsules did not adhere to one another. It
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a capsule surface { x 37'5); b capsule cross-section [ x 30); ¢ capsule
cross-section { x 150}

8 Scanning electron micrographs of urea-
unvulcanised NR capsules coated by dipping in
4% aqueous sodium alginate solution before
release of urea (initial urea concentration
100 pphr)

was remarkable to note the increase of homogeneous
distribution of urea in the rubber matrix {Fig. 8b
and ¢) compared with the uncoated capsules (Fig.
4b and ¢).

Plastics, Rubber and Composites Processing and Applications
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9 Effect of sodium alginate concentration on
cumulative release of urea from non-crosslinked
NR matrix capsules v. time (initial urea
concentration 100 pphr)

The effect of the sodium alginate concentration on
the urea release at various time intervals is shown in
Fig. 9. It is apparent that the presence of the coating
agent reduced the amount of urea release from ~9%0%
to ~30% of the incorporated urea in the Initial
period, ie the higher the concentration of sodium
alginate, the slower the urea release. It was observed
that the coating technique could be used to prolong
the duration of urea release from capsules by up
to 50 days.

Figure [0 shows SEMs of the coated capsules after
release. The capsule surface was wrinkled as for the
uncoated capsules, but there were considerably fewer
pores on the surface of the capsules.

Effect of urea concentration

To study the effect of urea concentration on the
amount of released urea, urea—unvulcanised NR cap-
sules coated with 4% sodium alginate were prepared
by varying the initial urea concentrations, Le. 25, 50,
75, and 100 pphr. Since the urea could be partly lost
during acid precipitation, the concentration of initial
urea was higher than the urea incorporated in the
prepared capsules, i.e. they contained 24, 48, 66, and
80 pphr urea. Figure 11 shows the effect of initial urea
concentration on the cumulative amount of urea
released from the coated capsules with time. It was
found that the released urea increased with the
increase of initial urea concentration in the capsules.
Tt is suggested that the amount of urea released is
dependent on its hydrophilicity in addition to its
solubility in water. Thus, the desired amount of urea
release can be controlled by manipulation of its
concentration in the matrix.®

CONCLUSIONS

Natural rubber (NR) latex was used to prepare urea—
tubber capsules by anr acid precipitation technique.
The simple binding of fertiliser into a NR matrix,
which resulted in a high release rate of urea from the
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a capsule surface { x 27); b capsule surface ( x 180); ¢ capsule cross-section { x 36); d capsule cross-section { x 180)
10 Scanning electron micrographs of urea-unvulcanised NR capsules coated by dipping in 4% aqueous
sodium alginate solution after 30 days release of urea (initial urea concamtration 100 pphr)
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capsules when immersed in water, was not suitable
for use. Coating the urea—NR capsules with sodium
alginate had a pronounced effect on slow release urea
fertiiser. Microscopy showed that sodium alginate
could be used successfully as a barrier, to give a better
distribution of urea in the rubber matrix and conse-
quently a more efficient release of urea compared
with the uncoated samples. In addition, the rclease
rate of urea was proportional and inversely pro-
portional to the concentration of urea and sodium
alginate, respectively.

Further investigations concerning the effect of fillers
and the diffusion through NR film wil] be published
in the future.
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Phase Transfer Technique for Surface Characterisation of
Fresh Field Natural Rubber Latex
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ABSTRACT

Phase transfer technique, using benzyldimethylhexadecylammonium chloride as a
titrant and toluene as a solvent, was extended to characterise the surface of fresh field
natural rubber latex. The critical transfer concentration (CTC) values of the fresh latices
tapped from 6 different biological clones were directly proportional to the nitrogen contents
derived from the indigeneous proteins. The values of CTC and nitrogen contents of the
latex samples collected in rainy season were higher than those collected in winter. The
effect of seasonal variations was supported by the zeta potential. However, neither clonal
variations nor seasonal changes was detected by mechanical stability time (MST)

measurements. -

*To whom correspondence should be addressed.



INTRODUCTION

Natural rubber (NR) latex tapped from Hevea brasiliensis has been commercially
available and exploited for a great variety of manufacturing products due to its attractive
properties unmatched by most synthetic rubbers e.g., strength, elastic and dynamic
properties (1). Being a natural product, it is not surprising that the composition of NR latex
varies. It was reported that besides cis-1,4-polyisoprene in the rubber particles, the non-
rubber substances such as carbohydrates, proteins, lipids and inorganic salts are
constituents of the exuded latex (1, 2). These substances are reported to have significant
influences to the variable properties of NR such as thermal oxidative stability, vulcanisation
properties (1-3). The amount of non-rubber substances in Hevea latex is dependent on
biological clones, soil conditions, climate and seasons. Practically, large variations of usual

rubber grades can be compensated by blending of latex from various sources.

The non-rubber substances exist in various parts of NR latex e.g., in aqueous serum
or at the surface of rubber particles. Many works have shown that the NR particles are
stabilised by a complex layer of proteins and lipids (1-8). However, up until present, there
is no complete understanding of the particle-serum interface. The previous study of
proteins on the surface of rubber particles has not caught much attention as compared to that
present in serum or in the other fractions. Electrophoresis only showed that the latex
particles are amphoteric in nature with an isoelectric point (pl) at pH 3.8 (9). The study of
enzyme deproteinised NR revealed the presence of residual proteins or amino acids bonded
to the NR molecules (4). Recently, phase transfer technique has been employed for the
surface characterisation of y-radiation vulcanised natural rubber (RVNR), non-crosslinked
NR and deproteinised NR (DPNR) latices at pH greater than pl (10-12). This technique,
originally developed for determination of the surface charge of crosslinked synthetic latex,
involves titration of the anionic stabilised latex with an aqueous solution of cationic
surfactant in the presence of a water immiscible organic solvent (13). The surface charge of
the particles is calculated from the amount of the added surfactant at the critical transfer
concentration (CTC). For the RVNR latex, the negatively charged latex particles (pH~9)
could be transferred into the organic phase by titration with cationic surfactants whose
molecules bear either two long alkyl chains or one long alkyl chain and a benzyl group. In
addition, the solubility parameter of the solvents must be close to that of the natural rubber.
At CTC, the transfer of crosslinked NR took place immediately where two phases were
noted, i.e., the upper organic phase containing the swollen rubber particles and the lower
rubber-free serum aqueous phase. When the technique was applied to the study of non-
crosslinked NR latex by using benzyldimethylhexadecylammonium chloride as a titrant, it

was found that the latex particles completely transferred and a direct correlation existed



between the CTC and the difference between the solubility parameter of organic solvent and
that of natural rubber. Phase transfer of non-crosslinked NR latex resulted in three phases,
the additional phase being the destabilised and suspended rubber at the interphase between
organic and aqueous phases. The observed phenomenon was explained in terms of the
denaturation of the proteins, linked with rubber chains, by the added cationic surfactant
(10). Due to the remaining proteins, this feature was also found when the DPNR latex
(treatment of NR latex with enzyme) was subsequently studied (12).

Since our previous results indicated the efficiency of phase transfer technique for
characterisation of the NR latex particles surface, this technique has been extended to the
study of freshly-tapped NR latices in order to understand the original nature of the surface
structure of rubber particles. The effect of clonal and seasonal variations on the CTC values
determined by using the phase transfer technique has also been explored. The data obtained
were then compared with the zeta potential and mechanical stability time (MST).

EXPERIMENTAL
NR Latices

Fresh-field latices from 6 different clones, i.e., RRIM 600, GT 1, PB 5/51, RRIC
110, KRS 25 and SONGKLA 36, cultivated in the same area were obtained from
Chachoengsao Rubber Research Center (Thailand). The latices were tapped at 4 a.m. and
collected at about 8 a.m. and preserved by the immediate addition of ammonia solution
(0.7% by weight). To study the effect of seasonal variations, the laticegused were collected
in winter (January) and rainy (June) seasons. Since the trees shed their leaves once a year

during summer months, the tapping is normally suspended.

Total solid content (%TSC) and dry rubber content (%DRC) of the NR latices were
determined according to the methods described in ASTM D 1076-88 (14).

Phase Transfer Procedure

Latex sample (15g, having 0.6% solid content) was diluted with distilled water
(45g), and the pH of the mixture was found to be ~ 9 without any adjustment. Toluene
(30g) was added and the mixture was titrated, while stirring, with 0.0121M aqueous
solution of benzyldimethylhexadecylammonium chloride (BHAC), using a burette. The

titration end point was observed when the mixture became translucent. Stopping the



agitation at this point immediately caused a phase separation with the appearance of a clear
rubber-free serum aqueous phase.

The quantity of surface charge was calculated directly from the critical transfer
concentration (CTC) by the following equation :

CTC=—YXxC
I0xTSCxm
where
CTC = critical transfer concentration

(mole of used cationic surfactant per gram of dry latex)

v = quantity of used cationic surfactant at titration end point {ml)
C = surfactant concentration (mole /1)

TSC = total solid content of latex (%)

m = weight of latex sample (g)

Electrophoresis Measurement

To determine zeta potential, the NR latex was diluted with 10-3 M sodium chloride
solution, then the pH of latex was adjusted by adding 1 N aqueous solution of sodium
hydroxide or hydrochloric acid. The zeta potential of the dispersion was determined by
using particle microelectrophoresis apparatus, Zetasizer 4 (Malvern)gvithin 20 min after
mixing and pH adjustment.

Mechanical Stability Test

Mechanical Stability Time (MST) of NR latices was measured according to the
method described in ASTM D 1076-88 (14) except that the %solid content of the fresh
latices was less than that indicated in the ASTM (55%) as presented in Table 1.

Determination of Nitrogen Content

Nitrogen contents (%N) of the rubber sheets, cast from NR latices and dried at 50°C
for 24 h, were determined by using Kjeldahl method as described in ASTM D 3533-90
{(15).



RESULTS AND DISCUSSION
General Characteristics of NR Latices

The solid content of the fresh field NR latices from 6 clones, i.e., RRIM 600, GT 1,
PB 5/51, RRIC 110, KRS 25 and SONGKLA 36, was determined. The data in Table 1
indicated that the total solid content (%TSC) and dry rubber content (%DRC) varied in the
range of 27-40% and 23-35% respectively. The highest solid content was found in PB 5/51
whereas SONGKLA 36 indicated the lowest value. Results obtained were not surprising
because it was reported that many factors including clonal origins, seasonal variations,
tapping intensity and age of the rubber plants exert strong influences on the foliage and
yields of rubber and non-rubbers of latices (16). It was also found that the average value of
the difference between %TSC and %DRC for all latices was about 5% due to the presence
of non-rubber substances (1, 2, 10),

Table 1 : Solid contents of fresh field NR latices from 6 clones

Clones % TSC %DRC
RRIM 600 359+ 0.2 29.1 0.5
GT 1 3521 0.1 30.1 £0.7
PB 5/51 40.2 £ 0.1 324+ 04
RRIC 110 29.8 + 0.1 258+ 0.2'
KRS 25 385+ 0.1 347+ 0.1
SONGKLA 36 27.1 £ 0.1 22810.1

The particle size of these latices was analysed by using a laser particle size analyser,
Mastersizer X (Malvern), which calculates the average particle size from the measurement of
the sample diffusion and diffraction. The size polydispersity of all latices was observed
with the volume average particle size of about 0.8 um and the average diameters of the

particles from 6 clones were not significantly different.



Surface Characterisation of Fresh Field NR Latices

Phase transfer technique was used to characterise the surface structure of fresh field
NR latices from 6 clones by determination of their CTC values. The relations between the
CTC and the nitrogen contents of the latices are presented in Figure 1.

Results showed that CTC values and nitrogen contents of almost all of NR latices
(except RRIM 600) varied in related manner. It should be noted that the nitrogen contents
generally indicated the quantity of proteinaceous materials, which mainly existed at the
surface of NR particles, in NR latex . This part of proteins could generate electric charges
which contribute to the stability of NR latex particles. Therefore, it is reasonable to
basically assume that the CTC values could be used to indicate the quantity of charges on
the surface of rubber particles derived from the proteins attached to the particles.

However, apart from the proteins the negative charges on the surface of NR
particles were attributed to the adsorption of natural fatty acids resulted from hydrolysis of
phospholipids present in the latex. The amount of fatty acids in NR latgx has been found to
increase during storage as measured by the MST values (16). It is of interest to study the
contribution of fatty acids to the CTC values obtained in this work. The freshly-tapped NR
latices were, therefore, concentrated by using commercial centrifugation method until
%DRC was ca. 60. The CTC values of the concentrated high ammonia (HA) latex were
determined over the period of storage (100 days). The data are plotted in Figure 2.




The results in Figure 2 clearly indicated the influence of storage time on the CTC
values of the NR latices. The CTC values rapidly decreased over the first 40 days and then
significantly unaltered thereafter. This trend was completely different from the increase of
MST during storage of the latices, as presented in Figure 3, which was believed to be a
consequence of phospholipid hydrolysis (16).

At this stage it is not unreasonable to presume that the CTC values of the latices
were mainly affected by the charges derived from proteins while the fatty acids influenced
on the MST. The addition of small amounts of fatty acids, carboxylate, sulphate or
sulphonate surfactants was reported to be able to enhance the mechanical and chemical
stability of latex by adsorption at the rubber surface and thereby making the indigenous
soaps more effective as stabilisers (17-20). The mechanism of phase transfer technique
stated that one of the optimum conditions for a complete transfer the NR particles was the
adsorption of added cationic surfactants on proteins at the surface of rubber particles (11).
The efficiency of adsorption, indicated by the CTC values, depended on the alkyl chain
length of the surfactants. This mechanism could be used to explain the results obtained in
this work. Initially the cationic surfactant might be adsorbed on the protein-lipid membrane
without any effect from fatty acids. The latter hydrolysis products of lipids, would be
adsorbed on the chains of remaining proteins and would impede the exposure of proteins to
the surface of rubber latex particles. The concentration of cationic surfactant required for
adsorption and neutralisation of the proteins causing phase transfer would be lowered and,
hence, the decrease of CTC values during the initial storage period. The constant CTC
values after 40 days of storage might be due to the complete hydrolysis of lipids providing
the unchanged of surface structure of rubber particles, i.e., the latex has reached maturity.

The appearance of the fresh field NR latices at the end point of phase transfer was
the same as that found in the case of high ammonia concentrated NR latex (10}, i.e., the
mixture of NR latex and toluene became translucent and after stopping agitation three phases
were noted; the upper toluene phase containing the soluble rubber, the destabilised and
suspended rubber at the interphase between toluene and water, and the lower rubber-free

serum aqueous phase. However, it is of interest to remark that the end point in the study of



fresh latices was easily detected comparing with the concentrated latex. In this case, the
lower aqueous phase has become instantly very clear and the quantity of rubber coagulated
in flask was quite low. This might be due to the unchanged structure of protein-lipid
membrane and the lack of gel effect caused by storage hardening. Therefore, the phase
transfer technique can be conveniently employed for characterisation of the freshly-tapped
NR latices.

The zeta potential of the latices from 6 clones at pH ~10 was measured and the data
are presented in Table 2. It should be noticed that this technique relates directly to the
movement of particles in aqueous medium under influence of an applied electric field and,
therefore, it can be generally employed as a powerful method for measuring the surface
charge on particle and as an index of colloidal stability.

Table 2 : Zeta potential measured at pH ~10 and MST of fresh NR latices from 6 clones

Clones Zeta potential MST
(mV) (s)
RRIM 600 60.2 0.5 341 16
GT 1 63.3 £ 0.6 324+ 8
PB 5/51 67.1 £ 0.4 M3+ 6
RRIC 110 622 +04 328+ 9
KRS 25 62.9 £ 0.7 312+ 8
SONGKLA 36 63.5+0.5 319+ 15

Results from Table 2 indicated that the zeta potential values between 6 latices were
slightly different and the surface charges on the latex particles in each rubber clone could not
be significantly distinguished by the measurement of zeta potential. This incapability was
also found when measuring MST as shown in Table 2. It must be noted that solid content
of the fresh latices used for MST measurement was only about 27-40% (Table 1) instead of
55% of concentrated latex as indicated in the ASTM.



Seasonal effect was then investigated while other variables such as hereditary, soil
or climate were eliminated by collecting the fresh field NR latices from the Hevea trees
planted in the same area. The solid contents of 6 clones of the latices collected in winter
(January) and rainy (June) seasons were firstly determined and, as expected, both %TSC
and %DRC collected in the rainy season were higher than those collected in winter. This
could be due to higher dissolved nutrients in the soil in the wet season thus producing
higher chemical constituents. The effect of seasonal variations on the CTC values and
nitrogen contents of these 6 latices were explored and results are presented in Figures 4 and
3 respectively.

From the Figures, it can be seen that the CTC values and the nitrogen contents of
almost all of latices showed the same trend and they were dependent on seasons, i.e., the
latices collected in June (rainy season) gave higher values than those collected in January
(winter). As already mentioned, this might be because of the high activity of plant
metabolism in the former season. Consequently, high amounts of rufber and non-rubber
substances, including proteins, as indicated by nitrogen contents, were produced. Thus, it
was reasonable to state that the phase transfer technique could suitably be used for study on

the effect of clonal and seasonal variations of fresh field latex particles.

Values of zeta potential of the latices collected in both seasons are displayed in
Figure 6.
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As evident in Figure 6, the absolute values of zeta potential of all NR samples from
different clones collected in rainy season were higher than those collected in winter. In
general, the higher the absolute value of zeta potential corresponded to the greater amount of
negative charges on rubber particles. The evidence from the zeta potential measurement,
therefeore, supported the CTC values in Figure 4 and the nitrogen contents in Figure 5 that
the NR latices in wet season produced higher negative charges derived from proteins on the
rubber particles. It should be noted that the MST of these latices were also measured in our
experiments but the seasonal variations in MST, if they exist at all, are small in magnitude
(16).

CONCLUSIONS

The phase transfer technique could suitably be applied for surface characterisation of
freshly-tapped natural rubber (NR) latex. The end point was easily detected and the phase
separation was complete. For different biological clones, the CTC values of latices were
proportional to the nitrogen contents indicating the amount of negative charges derived from
proteins. Both clonal and seasonal variations affected the CTC and nitrogen contents of all
latices while only seasonal variation provided a significant difference between the zeta
potential of the fresh latices. The variations in the MST of these latices were insignificant.
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Research and Development of Natural Rubber Latex :
A Novel Approach

Pramuan Tangboriboonrat
Department of Chemistry, Faculty of Science, Mahidol University, Bangkok 10400

A novel research and development programune on natural rubber latex was
initiated. The work centres around the applications of the phase transfer technique which
invoives a transfer of the negatively charged natural rubber particles to an organic phase by
titrating” the latex with appropriate cationic surfactants in the presence of an organic phase.
This teéhnique allows the surface properties of natural rubber particles to be characterized as
well as provides novel methods for preparing rubber-toughened plastics or natural rubber/
synthetic rubber blends. An understanding of the surface characteristics of natural rubber
particles is important for the improvement of natural rubber latex properties, particularly those
connected with its consistency.

Also swdied was the preparation of controlled release system using natural

rubber latex. A controiled release urea fertilizer system has been developed.
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Encapsulation of Urea Fertiliser
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Abstr:i_ct

Urea fertiliser encapsulated by using natural rubber latex was prepared for a
controlled release of urea. Factors affecting the release rate of urea, ie. the
concentration of sodium alginate used as capsules coating agent and the initial
concentration of urea were investigated. The lowest rate of urea released from the
capsules was achieved with the coated urea-rubber from which the release was
. prolonged for ca. 50 days. The maximum urea concentration incorporated in the coated
capsules was about 8G% and the morphology of capsules prepared was also studied
under optical and scanning electron microscopes.

Introduction

Urea is the major synthetic fertiliser used in agriculture due to its high nitrogen
content and low cost (1-2). However, less than half of the fertiliser applied is
estimated to be absorbed by the crops while the rest is lost, causing water
contamination (2-8). Various technologies are currently being explored to control urea
release in order to supply nitrogen to crops at slow rate and prevent both the high
leaching losses and seedling damage associated with concentrations of free urea. One
such technology is encapsulation of the urea in a rubber matrix (3-8).

. . -

Natural rubber (NR) has been found to be a suitable material for use as an
encapsulant of the fertiliser because of its availability and biodegradability (3-7). Also,
many microorganisms are reported to attack untreated NR in both unvuicanized and
vulcanized forms (5). Using conventional rubber mixing equipment, NR has been used
as a controlled release device to produce a slow-release urea by means of a matrix
system which is relatively simple to fabricate and free from any catastrophic failure
when subjected to rough handing. The rubber-urea matrix, under high watering
regimes, gave better yields and more efficient utilisation of nitrogen compared t0
control and commercial urea treatments. Many factors such as the method of
preparation, crosslink density, moulding temperature and pressure were found (O
influencz the rate of urea released from the rubber matrix (3-7).

* To whom correspondence should be addressed.

T Present address: National Center for Genetic Engineering and Biotechnology,
National Science and Technology Development Agency,
Rama 6 Rd., Phyathai, Bangkok 10400 THAILAND
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Since NR occurs in nature in latex form, the preparation of urea fertilizer
-girectly encapsulated by using NR latex is initiated. The present work reports a method
5o which the urea is physically incorporated in NR matrix and- the urea-NR capsules is
subsequently coated with sodium alginate. The influence of concentration of coating
Jgent and urea incorporated on the amount of urea released from the capsules prepared
are investigated. Micrographs of capsules obtained are also presented. '

Experimental (9)

Urea powder (100 g) (Merck, pure) was mixed with comunercial high ammonia
preserved NR latex concentrate (167 g} having ca. 60% dry rubber content (DRC)
(Thai Rubber & Latex Co., Ltd., Thailand). The mixture was then dropped vie a
capillary tube with 2 mm in diameter into 90% aqueous solution of acetic acid (100
ml). The capsules obtained from acid precipitation were quickly immersed in distilled
water for 30 seconds in order to leach out acid. The wet capsules of urea-NR were
dipped into an aqueous solution (1, 2, 3 and 4%) of sodium alginate (Fluka AR) and
then gelled by immersing in 2% calcium chioride solution. The coated urea-NR
capsules were dried at 60°C. Then the capsules (1 g) were immersed in 50 ml of
distilled water at 25°C. Portions of water (5 ml) were taken at interval for
determination of urea concentration released by DMAB method developed by Potts (7,
10} .using p-dimethylaminobenzaldehyde (DMAB) (Fluka, AR) as the indicator for
spectrophotometric measurement (Jasco UVIDEC-650 spectrophotometer). The capsuie
sample was then resuspended in water (50 ml) and the amount of urea released in the
aqueous medium was determined. This procedure was repeated until the value of urea
released into water was constant. Urea release was expressed as the amount of urea
(mg) per weight of dry capsule sample (g) averaged over at least three determinations.

The morphology of samples was studied by using optical microscopy (Olympus
SZ-ST) and scanning electron microscopy (Hitachi S-5600).

Results and Discussion (9) e

When urea powder was mixed with NR latex in the preparation of the capsules,
‘it was observed that the wet capsules obtained were white spherical particles with
smooth and tacky surfaces. After drying at 60°C, the presence of considerable amounts
of free urea on the surface of the uncoated capsules was clearly evident (Figures la
and 2a) while the urea-NR capsules coated with 4% of sodium alginate showed
smooth surface without the presence of urea as a results of blooming (see Figures 3a
- and 4a). Furthermore the coated surface became less tacky and did not adhere to one
another.

Figure 5 shows the cumulative release with time of urea from the coated
capsules as compared to that of uncoated ones. It was noted that almost all of the
urea from uncoated capsules was released in a few days which can be explained that
the free fertiliser present on the surface of the capsules quickly dissolved to give high
values of initial leaching rate. This would lead to an improvement of the barrier wall
by using sodium alginate which is nonreactive, immiscible with the material being
encapsulated and capable of being rapidly hardened to form a film (11). Tt was clearly
seen that the presence of the coating agent reduced the amount of urea release from
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Figure 1 Optical micrographs (x20) of the uncoated urea-NR: capsules (initial urea
concentration 100 phr) a) before and b) afrer the release of urea
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Figure 2 Scanning electron micrographs of the uncoated urea-NR capsules before the
release of urea (initial urea concentration 100 phr)
a) capsule surface (x40) b) capsule cross-section (x40)
c) capsule cross-section (x200)
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b)

Figure 3 Optical micrographs (x20) of the urea-NR capsules coated by dipping into
4% aqueous solution of scdium alginate (initial urea concentration 100 pho)
a) before and b) after the release of urea



Figure 4 Scanming electron micrographs of the urea-™R capsules coated by dipping
into 4% aqueous solution of sodium alginate before the release of urea
(iniual urea concentration 100 phr)

a) capsule surface (x50) b) capsule cross-section (x40)

c) capsule cross-section (x2C0)
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~90% to ~30% of the incorporated urea in the initial period, or in anotherword, the
higher concentration of sodium alginate. the lower urea release. It was also exciting to
observe that the coating technique can be employed to prolong the duration of urea
release from capsules up until 50 days:

Figures 2 and 4 show SEM of the uncoated and coated capsules (using 4% of
sodium alginate) before release. The distribution of urea particles in the rubber matrix
was observed from the SEM of cross-sectional section surface of capsules (Figures 2b-
¢ and 4b-c). It was apparent that the capsules obtained were monolithic systems from
which the release pattern of urea depended on many factors i.e., the geometry of the
system, the matrix material and the loading agent (12). It was remarkable to note the
increase of homogeneous distribution of urea in rubber matrix of coated (Figures 4b-c)
as compared to the uncoated capsules (Figures 2b-c). After release, the surface of both
capsules was wrnkled (Figures 1b and 3b). However, the pores on the surface of
coated capsules were remarkably decreased.

The effect of urea concentration on the amount of released urea, the urea-NR
capsules coated with 4% of sodium alginate were prepared by varying the initial urea
concentrations i.e., 25, 50,75 and 100 phr. Since urea could be partly lost during acid
precipitation, the concentration of initial urea was higher than that incorporated in the
capsules prepared i.e., they contained 24, 48, 66 and 80 phr of urea. Figure 6 shows
the effect of initial urea concentration on cumulative amount of urea released from the
coated capsules with time. It was found that the released urea increased with the
increase of imitial urea concentration in the capsules. This could be explained thai ihe
released amount of urea is dependent to its hydrophilicity as well as its solubility in
water. Thus, the desired amount of urea release can be controlled by manipulation of
its concentration Iin matrix (7). '

Conclusions

Natural rubber latex could be used to prepare urea-fubber capsules by acid
precipitation technique. The simpie binding of fertiliser into NR matrix which resulted
in high release rate of urea from the capsules when immersed in water was not
suitable for use. Coating the urea-NR capsules with sodium alginate had a pronounced
effect on slow release urea fertiliser. Microscopic studies showed that sodium alginate
could successfully be used as the barrier to give a better distribution of urea in rubber
matrix and consequently more efficient release of urea as compared to the uncoated
samples. Moreover the release rate of urea was, respectively, proportional and inversely
proportional to the concentration of urea and sodium alginate.
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UREA FERTILISER ENCAPSULATION
USING NATURAL RUBBER LATEX
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Department of Chemistry, Faculty of Science,
Mahidol University, Rama 6 Road,
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)
'

Urea fertiliser encapsulation using natural rubber latex was prepared by acid precipitation technique for a
controlled release of urea. Factors affecting the release rate of urea, for examples, the type of rubber matrix
and the crosslinking density of calcium alginate used as capsules coating agent, were investigated.
Microscopic studies showed that the alginate couid successfully be used as the barrier to give better
distribution of urea in-rubber matrix and consequently a more efficient release of urea compared with the
uncoated samples. The lowest rate of urea released from the capsules was achieved with the coated urea-
unvulcanised rubber from which the release was prolonged for ca. 50 days. The maximum urea
concentration incorporated in the capsules was about 80%. The release rate of urea was proportional and

inversely proportional to the crosslinking density of rubber matrix and alginate gel, respectively.
-

Experimental
The preparation of urea-NR capsules involved mixing 100 g urea powder (Merck, pure} with 167 g |
commercial high ammeonia preserved NR latex concentrate having ca. 60% dry rubber content (DRC) |
(Thai Rubber & Latex Cc., Ltd., Thailand). The mixture was then dropped via a 2 mm diameter capillary .
tube into 100 mL 90% aqueous solution of acetic acid. The capsules obtained from the acid precipitation !
were rapidly immersed in distilled water for 30 s to leach out the acid before drying ar 60°C. The capsules {
(1 g) were then immersed in 50 mL of distilled water at 25°C. Samples of water (5 mL) were taken at i
intervals to determine the urea concentration released by the p-dimethylaminobenzaldehyde (DMAB) !
method using DMAB (puriss) from Fluka, as the indicator for spectrophotometric measurement, using a |
Jasco UVIDEC-650 spectrophotometer. The capsule sampie was then resuspended in 50 mL water and the |
amount of urea released in the aqueous medium was determined. This procedure was repeated untl the |
value of urea released into water was constant. Urea release was expressed as the amount of urea (mg) per |
weight of dry capsule sample (g) averaged over at least three determinations. Crosslinked NR latex was ;
prepared by mixing 167 g NR latex with 50% dispersion of vulcanising ingredients (commercial grade), |
L.e. sulphur, 2 parts per hundred of rubber (pphr), zinc diethyldithiocarbamate (4 pphr) and zinc oxide (0.4 ;
pphr). The sulphur prevulcanised NR latex was carried out at 60°C for 6h and was used to prepare |
encapsulation of urea by the process mentioned above. ‘

|
i
|
i
|
H

The wet capsules of urea-NR were dipped into an aqueous solution of sodium alginate (Fluka AR grade) |
and then gelled by immersing in a calcium chlonde solution. The coated capsules were dried at 60°C |
before determining urea release. i
The morphology of samples was studied using optical microscopy (Olympus SZ-ST) and scanning“
electron microscopy (Hitachi S-5600). !

281
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Results and Discussion
Effect of rubber matrix
When urea powder was mixed with the unvulcanised or the sulphur prevulcanised NR latex during capsule
preparation, it was observed that the wet capsules obtained were white spherical particles with smooth and
tacky surfaces. After drying at 60°C, the presence of considerable amounts of free urea on the surface of
the dry capsules was evident. The cumulative release with time of urea from the capsules for vulcanised
NR compared with unvulcanised rubber showed the same trend i.e., when the capsules were immersed in
water, almost all of the urea was released in a few days. It suggests that the free urea preseat on the
surface of the capsules (as a result of blooming phenomena) quickly dissolved to give high values of
initial leaching rate. The urea released from the vulcanised NR capsules was higher than that from
unvulcanised NR.

SEM micrographs of capsules prepared from unvuicanised and sulphur prevulcanised NR latex indicated a
substantial amount of urea on the surface of the capsules before release. The distribution of urea particles
in the rubber matrix observed from cross-sectional surface of the capsules revealed monolithic systems
from which the release pattern of urea depended on many.factors, such as, the geometry of the system, the
mairix material and the loading agent. The urea particles appeared to be expelled from the NR marrix and
the vulcanised rubber tended to form a smooth surface of the inner part of the capsule. This mairix was
free from porosity compared with the unvulcanised rubber in which the urea particles were captured.
Effect of coating

Urea encapsulated with unvulcanised NR was coated with calcium alginate to improve the barrier wall,
After drving, the alginate coated urea-INR capsules obtained were generally spherical with smooth surface
without the presence of urea as a results of blooming. In addition, the surface became less tacky and the
capsules did not adhere to one another. It was remarkable to note the increase of homogeneous distribution
of urea in rubber matrix compared with the uncoated capsules.

It is apparent that the presence of the coating agent reduced the amount of urea release, i.e. the higher the
concentration of sodium alginate (or calcium chloride} used and the longer the gelling time, the slower
urea release.
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