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ABSTRACT

Polymer encapsulations of three different grades of easy dispersible carbon black, Nipex 35 with particle size 14,
Nipex 90 of particle size 25 and Nipex 150 with particle size 31 nm were carried out using silica particles as a
surfactant. The encapsulation was carried out by miniemulsion polymerization of styrene/butyl acrylateas a
hydrophobe coating in presence of hexadecane. High initiator percentage wasessential because carbon black is an
efficient radicaltrap. The morphology of the prepared encapsulated particles was investigated by scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). The effect of hydrophobic coating on the life time
of the food emulsion model of soybean soluble polysaccharides was studied. Moreover the stabilityof emulsion that
prepared by different Nipexgrades were studied to find the most appropriate carbon black for emulsion
stabilization.
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INTRODUCTION

Miniemulsions are dispersions of two immiscible &g an aqueous phase and an oil phase. The piethrare of
30-200 nmsize and can be prepared by sonicatimhearing of a system that contains oil (monomestew
surface active agent (surfactant), and hydrophdbB].[ Generally, miniemulsion polymerization diffefrom
traditional emulsion polymerization in the particlecleation’s(formation)mechanism.

Miniemulsion polymerization has been used to endaps various types of inorganic materials with iried
applications in many fields [6-11]. Carbon nanogIENT) and carbon black (CB) are considered thestmo
encapsulated carbon base inorganic materials. Tiimercy of CB depends greatly on its particle esiand
dispersion or spreading. CBs are widely used t@eod formulations and provide extensive flexibilitymeeting
specific color requirements and as a reinforcingnagn various industries. Therefore, in this stady goal is to
encapsulate CB by polystyrene/polybutylacrylateotgmer through miniemulsion polymerization techrégwhich
is used to produce high efficient coating nanopkasi dispersed in aqueous medium. There are twwipal
challenges in CB encapsulation:[1] controlling #maount of encapsulated CB; and (2) degree of paiygat#on
through the encapsulation process. In addition,nys®ducing unique encapsulated coating agents Speaific
copolymer, the build-up of specific size of polynuerating particle, with aim of producing a high lified stable
hydrophobic thin film that increases polysacchaidmulsion stability, is another challenge of escégtion of CB
through miniemulsion polymerization. Soybean saubblysaccharides, an ingredient extracted fronbgipeoduct
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of the isolation of soybean, were used to prepar®del of an emulsified food product to study isbdity in the
presence and absence of a hydrophobic coating layer

The formulations of CBs’ stable dispersions in wateea long encountered problem of material scieeiteer for
pigmentation purposes or as reinforcing filler jdes in the polymers preparations [12]. Comparedother
nanoparticles that used for embedding, the prinpanyicle size of CB is relatively small and theeinparticular
forces are high; therefore, aggregates and aggiieseare easily formed, reducing their applicapooperties. It
has been reported that choosing the right cond@ntraf surfactant is essential in miniemulsion ypoérization
[13]. Consequently, to prepare hybrid nanopartibigsniniemulsion polymerization, a chemical modifion using
inorganic particles is desirable for physical mimdifion.

According to previous literature which missed valeaapplications in coating technology though irzoig
encapsulation in packaging field, This work payadtention to encapsulate cheap, healthy and aqudispersion
of inorganic material in polymer matrix as hydroplocoating. Also, it also aims to study the siapibf the
prepared hydrophobic coating on the life time afd@mulsion in order to be used in packaging ingust

MATERIALSAND METHODS

2.1 Materials.

Silica particles (Wacker Chemicals Middle Eastyr&te (98 %, Aldrich) and n-butyl acrylate(98 %dAth) were
purified two times using sodium hydroxide treatmend distilled over Cajlfreshly before used. Three types of
carbon black (Nipex® 35 of pH = 9.5, Nipex® 90 ¢f p 8.3 and Nipex® 150 of pH = 3.5 with particleesil4, 25
and 31 nm respectively) from Evonik, Germany) wesed in encapsulation through miniemulsion polyragion
technique. hexadecane (HD, >98%, Fluka) were usedceived.

2.2 Encapsulated Carbon Back through Miniemulsion Polymerization.

In three neck tube 16 g styrene and 4 g of n-bagyylate and 757 mg hydrophob (hexadecane, HD) wexed
and added to a solution of 216.8 mg amphiphilicaihanoparticles (Ludox) in 71.28 g of water.Thigtare was
degassed (vaciN followed by stirring 22 min under Nat 150 mift ). The mixture was stirred for 1hour at 800
min®. After that, miniemulsion was prepared by ultraisation for 13 minutes (Amp. 80%) with an ultragon
disintegrator Qsonica, USA. A slight stream of adgen was applied and the emulsion was cooled wéhniater.
Different types of CB (NIPEX-35, NIPEX-90 and NIPEDS0) were dispersed in 22 ml water containing 49 m
Ludox, then sonified for 5 min at 25% amplitude adbed to reaction mixture. The formed miniemulsicas
transferred to the reaction vessel. After shortadsmg, the temperature was raised to 72°C. A8achring T, an
aqueous solution of initiator (360 mg KPS in 7.2vgter, degassed under, fbr 30 minutes) was added. The
reaction was carried outat 800 rpm for 6hrs. Thennhixture was cooled to 25°C.

2.3 Preparation of oil in water emulsions from soy polysaccharide.

Soy polysaccharide was dissolved in water. Thewas stirred for overnight, pH adjustment, and @lddition of
NaNs, the polysaccharide stock solution with pH 3.3lypaccharide apparent concentration 50 mg/mL, aatkN
concentration 0.02% was obtained. The polysacchaidcentration was simply calculated accordintpéopowder
weight of soluble soybean polysaccharide. Soybdanas added up to a volume fraction of 10%. Thatore was
pre-emulsified at 20,000 rpm for 30 sec, using anbgenizer (IKA T 18 Ultra Turrax, Germany), and was
immediately emulsified using a sonification homogen (Qsonicasonicator, USA) at 60 % Amplitude Gomin.
After that the emulsion was poured in measuringndgr coated with prepared hydrophobic copolymer to
investigate its stability. For all emulsion sampthe measured volume for stability monitoring wa&s rl. The
continuous phase was inferred by (drop test) olrsgmwhether a drop of emulsion was dispersed oaneed when
added to the pure oil or pure water emulsion. Wedestinuous emulsions (oil-in-water, o/w) preferdigperse in
water and remain as drops in oil, while oil conting emulsions (water-in-oil, w/o) prefer to disgeis oil but
remain as drops in water

2.4 Gd Permeation Chromatography (GPC).

Molar masses were measured by GPC Agilent Seri@8, DHCL; 1 mL/min, RI detector, columns PL-MIXED-B-
LS (300x7.5 mm) and 10mm PS-gel (Agilent Co., USA).
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2.5 Thermal Gravimetric Analysis.

Pyris 1 TGA PerkinElmer Instruments, USA is a \aatidesign with a high sensitivity balance and jui&sponse
furnace. Measurements were performed at a heatitggaf + SC/minute under nitrogen with temperature range
from the room temperature up to 830 The instrument was calibrated with Curie-poiairslard (nickel and iron
alloy).

2.6 Scanning Electron Microscope.

SEM Ultra 55 plus (Zeiss Co., Germany) was usegl thinned dispersions from the DLS measurements weed
to prepare the samples on C-pads, air dried anttespd with 3 nm Pt. Alternatively, the powder afied
precipitated samples was applied on C-pads andespdtwith 3 nm Pt was used.

2.7 Transmission Electron Microscope M easur ement.
The inspection of polymer matrix particles (polystye) was carried out using transmission electrarascope.
The examination was carried out for very dilutepgussion of the corresponding polymer latex in Higsti water
using TEM photographs of Jeol JEM- 1230 Type an@d@releration voltage of 80 Kv. The microscopy pobf
the polymer particle samples were prepared by gddiemall drop of the distilled water dispersionsooa Lacey
carbon film-coated copper grid and was dried in air

RESULTSAND DISCUSSION

3.1Comparison of the measured particle size with different investigation techniques.

As presented in table 1 and figure 1, there is @dgagreement of particle size measurements beté&and
SEM for most samples. Some samples show smallrdiftes in particle size measurements, especialBEM,
which is likely due to dilution of SEM samples befadetection. Generally there is a narrow distidubf the
prepared polymer sizes is exhibited in this tablat £nsures the uni-modal distribution of the phe$i. As it is
known that the importance of hydrophobe is to $itabmini-droplets by decreasing Ostwald ripenihd][

Table 1.Particle size with different investigation techniques (DLS, SEM and TEM)

Sample code Monomer a (5%)08?1') (10%) Particle size (DLS) nm  Particle size (SEM) im  Réatsize (TEM) hm
PS St | e 65 30-80 30-50

PBA BA | - 81 30-70 30-40
PS/PBA St/BA75/25] = ---- 87 40-50 30-50

EM1 St/BA 75/25| NIPEX-3% 98 50-80 30-50

EM2 St/BA75/25 | NIPEX-90 93 60-90 40-60

EM3 St/BA75/25 NIPEX-150 84 70-80 40-50

EM4 St/BA75/25 | NIPEX-35 106 50-90 30-40

EM5 St/BA 75/25| NIPEX-99 117 30-50 40-60

EM6 St/BA 75/25| NIPEX-150 108 40-80 40-50

3.2 SEM micrographs of variousrecipes prepared by miniemulsion polymerization:

EM6 EM1 EM2

Figure 1.Scanning electron micrographs of prepared nanoparticles of copolymer resin

Scanning electron micrographs of miniemulsion p@siaation series in the presence and absence apsulated
CB are presented in figure 1. Spherical polymetigas were detected with narrow particle sizeriistions,
ranging from 40-90 nm. Moreover, the figure shohat tsurface of these particles is smooth and thicles have
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auni-modal dispersed. DLS and SEM results are ireagent in terms of particle size, with little detion due to
differences of measurement state (in solution éndise of DLS and solid dry state for SEM). Polypeaticles can
swell and shrink corresponding to the nature ofdbgolymer in solution during DLS measurement.He tase of
SEM, the particle can be extrovert, to give largesor highly dried under vacuum conditions toegimall sizes.

SEM of EM3, particle size 70-80nm SEM of E 4, particle size 50-90nm
Figur e 2. Scanning electron micrographs of prepared nanopar ticles of copolymer resin

As it is shown in Figure 2, the production of pobmic nanospheres or nanocapsules of unique chesticke by
miniemulsion polymerization increases its commériigerests. As it is clear, the miniemulsion pobnization
produced high stable aqueous dispersions of dofi€t- 85 nm). Moreover, a relatively narrow sigtribution,
smooth and spherical morphology of particles wdrgeoved.

100 g P

.T-‘I:I..'rn'.;

Figure 3.Ti$ion ectro icrographs (TEM) of polystyrene-co-polybutyl acrylateEM 5, X150K ,Particle size:40-60
nm in presence of carbon black

3.3High controlled particle size of hydrophobic coating copolymer :

SEM images of prepared nanoparticles of polymeanrsough miniemulsion polymerization techniques shown

in Figure 2. Extra fine particle sizes (20 — 80 nmith good particle size distributions can be conéd effective
enhancement of sonification process to producelsmallsified droplets. After the polymerization pess, droplets
of emulsified monomers were controlled polymerizedgive most of prepared polymer particles withroar

polydispersity. Ordering of particles in the polynt@yer will be enhancing complete coating of pagkg can for

model emulsified soybean soluble polysaccharides @i hydrophobic coating copolymer.
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3.4TEM micrographs of various recipes prepared by miniemulsion polymerization:

The morphological investigation of the preparedypwr resin by miniemulsion polymerization was exgeh to
include the transmission electron microscopy. Insagf@up in figure 3 to determine the size, shapkwaniformity
at the optimal conditions of polystyrene-co-polybatcrylate in the presence of carbon black.

3.5Géd Permeation Chromatography:

Gel permeation chromatography is a powerful teammiqo investigate encapsulation, insertion/intéoactof
materials. Most GPC chromatographs of emulsioresesiithin retention time, the characteristic tirhattrequired
for a particular analyte to pass through the systamges, similar to a low polydispersity indexo(fr 1.8 to 5.4) and
a range of molecular weights for prepared polyresirrthrough miniemulsion polymerization techniques
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Figure 4. GPC chromatograph of PS-co-PBA of EM5

Diversity in molecular weight was reflected in pele size of encapsulated seed. Also, it can bdieapfor further
study with its effect in coating homogeneity testl @oating quality.

The results in figure 4 ensure the dissimilaritynofnber average (Mn), weight average (Mw) and higlverage
molecular weights(Mz and Mz+1) that a polydispgyel/mer is formed (PDI = 2.78) i.e. PDI > 1. Moveo, as it
was expected the order of these molecular weigktrages of polydispersed polymer was Mn< Mw <Mz<
Mz+1.Unimodal chromatograph was illustrated in Fegu. Without any shoulder or humps from distinguis
diversity molecular weight. This is can indicatedrécession the chance of polymer chain migratiomfcoated
packaging materials to packaged item.
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Figure 5. shows molar masses indexes of GPC measurement for EM5

As it is shown in figures 4 and 5the decreased rasraberage molecular weight is related to the emed initiator
percentage, since the average number of monomatithat incorporated to a polymer chain decreasdbere are
more growing polymeric chains in the system. Furtiae, the observed large polydispersity indexi(aef as the
weight average to the number average particle sadsurelated to the formed mini-emulsion dropleysa shear
process which results in a broad droplet sizeilligion [15].
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3.6 Thermal analysis of various copolymers:

Contrary to expectations, the degradation of s\sitteel copolymers was achieved in a single steps iflay be due
to the fact that the polystyrene and PBA decomjmrstemperatures are close to each other’s.

Table 2 Thermal behaviorsof PS, PBA and PS/PBA copolymer s encapsulated CB.

Polyme | T, [ PTs | “Tsox | Weight loss at 2C°C (%) | Weight loss at 4C°C (%) | Weight loss at 2°C (%)
PS 344| 446 400 2 35 98
PBA 327 | 458| 430 4 23 97
EM1 287 | 465 421 3 17 96
EM4 278 | 479| 428 2 9 94
EM6 277 | 45 | 417 4 18 97

As can be seen from table 2, the decomposition ¢eatgres are in the range of 275-2Z0This means that the
synthesized solid-solid copolymers do not degraddose weight below 2P&. Consequently, the solid-solid
copolymers have a comparable thermal durabilityabee the lower limit ofthe decomposition tempe&i@75C)

are much higher than the expected working tempergghelving temperature) region, or the rangeotifissolid
phase transition temperature.

3.7Stability of model polysaccharidesfood emulsion:
Graduated cylinders coated with encapsulated CBlgoger were used to investigate its influence am stability
of soybean soluble polysaccharides food emulsiodehdlydrophobic coating presence essential impigeiffect
on the stability of polysaccharides emulsion madels

Table 3.Identification of water resolved of EM 1, EM2, EM 3, EM4, EM5 and EM 6 emulsions at different timeintervals.

EM1 | EM2 | EM3| EM4| EM5| EM6
2 hrs 0.1 0.1 0.2 0.1 0.3 0.4
4 hrs 0.2 0.3 0.4 0.3 0.5 0.7
8 hrs 0.4 0.7 0.8 0.4 0.9 1.3
16 hrs 0.6 0.9 1.2 0.7 15 1.9
32 hrs 0.9 1.3 15 1.1 2.4 2.4
64 hrs 11 1.6 2.3 1.6 3.7 3.9
128 hrs| 1.7 2.5 2.9 1.9 3.7 4.6
246 hrs| 2.1 3.4 3.7 2.3 4.1 53

3.7.1 Determination of emulsion type by drop test.
All emulsion samples were oil in water (o/w) emafs; where the dispersed phase was oil and thénoons
phase was water. Moreover, these emulsion types preved by drop test.

3.7.2. Stability of O/W emulsionsto creaming (water resolved) and coal escence (il resolved).

As previously mentioned, all prepared emulsionsena@iv. The stability of oil/water(O/W) emulsions ¢dceaming
which was evaluated by monitoring the incrementvater position with time [16]. In Fig. 6, it is eethat the
stability of emulsions to creaming decreases asrserjuence of increasing rate of water resolvetinhy. The
highest emulsion stability to water resolved was1Eemulsions (the smallest rate of resolved wategh tthose
EM4, EM2, EM3, EM5 and EM6 emulsions respectively.
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Figure 6: Monitoring the creaming rate

As it is shown in the table 3,there is no oil reedl for all the prepared emulsion which means tieastability for
these emulsions to coalescence is very high.

3.7.3. Stability of O/W emulsions.
As shown in Fig. 7, the stability of the prepareduésions (according to relative volume of emulsiafter
discarding the resolved water; where there is hoegblved) decreases with an increase of the &fteg emulsions
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Figure7: Monitoring the emulsion stability
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preparations. This stability was in the followingder EM1, EM4, EM2, EM3, EM5 and EM6 emulsions
respectively. Furthermore, those results are ingdéence with results obtained from Fig.6and ta&bl€inally, it is
obvious that the use of Nipex 35 for emulsion dizdtion is advisable.

CONCLUSION

Miniemulsion polymerizations were used to prepaagious encapsulated CB with copolymer combinatidns.
addition, many types CB with different particle eszand pH values were used as inorganic particies i
encapsulation reactions with the desired copolyri¢ére molar ratios were measured for different compelr
samples in the presence and absence of CB. Typa#ctle sizes 0f40-90 nm were prepared by minisionl
polymerization with narrow polydispersity. Also,etlshape and size of the prepared encapsulated|gsrtvere
investigated by SEM and TEM and exhibited a coasisspherical shape with comparable radii. Hydriydo
coating increases the life time of the food emulsivodel of soybean soluble polysaccharides mone tingoated
containers. The highest stable emulsion was thegigoed by Nipex 35. Therefore, Nipex 35 is the ngostvenient
for emulsion stabilization.
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