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ABSTRACT

The crosslinked poly(methylmethacrylate) (PMMA) heat sensitive
col or-devel oping microcapsul eswere prepared by emulsion polymerization,
in which leucocompound was used as core material and methyl
methacrylate and unsaturated hyperbranched poly(amide-ester) aswall-form-
ing materials. The microcapsules were characterized by Malvern particle
size analysis, scanning electron microscopy, Fourier transform infrared
spectrophotometry (FTIR), thermo-gravimetric analysis (TGA), differential
scanning calorimetry (DSC) and densitometry. Triton X-100 was used asthe
emulsifier of emulsion polymerization. The effectsof theemulsifier content
on the particle size distribution and morphology of microcapsuleswere dis-
cussed in detail. The FTIR analysis of leucocompound-containing
microcapsules demonstrated that |eucocompound was successfully
encapsulated inthe crossinked PMMA matrix. TGA results showed that the
prepared microcapsules had good thermal stabilities. The DSC analysis of
the resultant microcapsules indicated that the glass transition temperature
of the microcapsules was 123.8 °C. The resultant microcapsules had
narrower particle size distribution, smoother surface and higher heat
sensitive color- devel oping density when emulsifier mass fraction was 0.6%.
© 2009 Trade Sciencelnc. - INDIA
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Theheat-sengtiverecordingmaterid isanove digitd
imagerecording material. Duetoitsuniquefast record-
ing speed, good imaging quality, s mpleand inexpen-
siverecording device and low noiseasrecording, the
heat-sengitiverecording material hasbeen widely em-
ployedinaseriesof fiddsincluding facamiles, printers
andlabeldY, etc. Thecolor-devel opingin the heat-sen-

sitiverecording material liesin the reaction between
leucocompound and the devel oper. However, because
of very strong activity of leucocompound it ishoped to
coat |eucocompound with aprotective matrix or wall
of synthetic or natura polymersby microencapsulation
technique and to control the rel ease as the occasion
demands?. In other words, the sensitive
leucocompound isfirst isolated from the external me-
diumin order to avoid the adversereaction and then
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released into the outer phase of microcapsule by con-
trolling process according to the characteristic of poly-
mericwal 9,

Many methods have been devel oped for microen-
cgpsul ation technique. Among these microencgpsul ation
approachees, theemulsion polymerizationisoneof the
most feasiblemethods®7. Thekey for themicrocapsule
preparation by emulsion polymerizationisthat theor-
ganic phase containing coremateria isdispersedinto
finedroplets And then polymerizationisinitiated onthe
surfaceof coremateria to formmicrocagpsules. Henceit
isessantid to sdect theadequateemulsifier®. AndMMA
isamonomer whichisincommon useby emulson poly-
merization. PMMA isathermoplastic resinwith excel-
lent physical and chemical propertiessuch asabrasion
res stance, water repdlency, high degreeof trangparency,
etc., and wideagpplicationscontaining adhesves, paints,
drugs and so onl®. Moreover, the attention to
hyperbranched polymers(HBP) israpidly growing due
totheir uniquephysica and chemicd propertiessuchas
low viscosity, high solubility and possessing high density
of functiona termina groupsto beaccessiblefor chemi-
ca modification®*2, Therefore, HBPsareattractivefor
someagpplicationssuch asadhesive, cross-linking agents
and viscosity modifierd*3'4, Asaresult, crossinked
PMMA withunsaturated hyperbranched poly(amide-es-
ter) (UHBP) ascross-linking agent hasmany advantages
such as non-toxicity, high degree of transparency,
compact property.

In this work, heat sensitive color-developing
microcapsules with the crosslinked poly(methyl
methacrylate)(PMMA) aswall-forming materia was
prepared by emulsion polymerization, in which unsat-
urated hyperbranched poly(amide-ester) was used as
the cross-linking agent and Triton X-100 was used as
theemulsifier. The effectsof theemulsifier content on
the particle size distribution and morphology of
microcapsuleswerediscussed in detail. Theaim of the
study isto gain abetter understanding of thefundamen-
tals of crosslinked PMMA with unsaturated
hyperbranched poly (amide-ester) asthecross-linking
agent applied to preparation of heat sensitive color-
deve oping microcapsules, which laysthefoundation
for further studiesof crosdinked PMMA microcapsule
such asits application to the heat-sensitiverecording
materid.
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EXPERIMENTAL

Materials

Methyl methacrylate (MMA, distilled under
vacuum prior to use) purchased from Tianjin Huadong
Reagent Factory was used asawal -forming material.
Ammonium persulfate (APS) purchased from Beijing
the Third Chemical Reagent Factory was used asan
initiator. Triton X-100 purchased from Shanghai
Tianlian Fine Chemical Reagent Co. wasused asan
emulsifier. Poly (vinyl alcohol) 224 (PVA 224) pur-
chased from Junsei Chemical was used asthe protec-
tivecolloid. Ethyl acetoacetate obtained from Tianjing
Damao Chemical Reagent Factory and ethyl acetate
obtained from Tianjin Meilin Chemica Co. wereused
as the high and low boiling point solvents for the
leucocompound, respectively. Theleucocompound
used as a core material was 2-Phenylamino-3-me-
thyl-6-(di-n-butylamino)fluorane and was obtained
from Jiangsu Longsheng Co.. Benzyl p-
hydroxybenzoate obtained from Jiangsu Longsheng
Co. was used as adeveloper. All the purchased re-
agentswerein analytical grade. Hyperbranched un-

saturated poly (amide-ester) (UHBP) (M, 3775)

produced accordingto the literature was used asthe
cross-linking agent!®.

Prepar ation of microcapsules

Inatypical synthesis, 1.2 g of theleucocompound
was previously dissolvedin 1.2 g of ethyl acetoacetate
and 5.6 g of ethyl acetate. The prepared solution that
became an oil component in the system was poured
into 32.0 g of agueous sol utions containing 1.8 g of
PVA 224 and the desired amount of Triton X-100 (see
TABLE 1). Themixturewasthenvigoroudy agitated at
6500 r/minfor 12 minwithahomogenizer (BME100L,
Shangha Weiyu Co.) to obtain o/w emulsion. Theo/w
emulsionwaspoured into afour-necked flask equipped
with amagnetic stirrer (Tokyo Rikakikai Co., Ltd.), a
thermometer, and anitrogen gasinlet and outlet. Then
theflask wasimmersed into a70 °C oil bath and the
nitrogen gas was bubbled through the solution for
deoxygenation. Thestirring speed wasfixed at 5001/
min. After 20min, 9.6 g of freshly distilled MMA and
0.6 g of the cross-linking agent (UHBP) was poured
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intothereactionflask and stirred for 15 min. Then 0.06
gAPSwasadded into thereactor. The polymerization
wascarried out at 70 °C for 5 h. The obtained micro-
capsuledurry wasfirst washed with distilled water and
recentrifuged threetimesat 16000 r/minfor 20 min,
and then washed with ethyl acetate to remove free
leucocompound on their surfacesand dried for at | east
24 h under reduced pressure at ambient temperature.

TABLE 1: Recipesof aqueousphasefor the o/w emulsion?
preparation

Sample PVA  w(emulsifier)®  Aqueousphase
No. 9 (%) 9
1 18 0.1 320
2 18 0.3 320
3 18 0.6 320
4 18 0.9 320

3o/w emulsion: 40.0g. "based on o/w emulsion

Char acterizationsof microcapsules

The particle size and itsdistribution were mea-
sured by zeta potential and particle size analyzer
(Zetasizer 3000HS, Malvern Instruments, UK). Be-
fore measurement, the samples were diluted with
deionized water at 1:5000 volumeratio. The morphol-
ogy of the microcapsul es was observed by scanning
el ectron microscopy (SEM, JSM-5400, JEOL, Ja-
pan). Themicrocapsul eswere sprinkled onto adouble-
Sided tape, sputter-coated with gold and examinedin
the microscope using the accel erated voltage of 30
kV. The IR spectra were recorded with a Fourier
transform infrared spectrophotometer (Vector22,
Bruker Co., Germany). The samplewereground with
dried KBr powder, and compressed into aplate. The
KBr plate was scanned by aFTIR spectrophotom-
eter. Thethermo-gravimetric anays swas determined
by thermo-gravimetric anayzer (TGA, Perkin Elmer
Co., USA). About 5 mg of sample was put into a
cruciblefor thermo-gravimetricanalysis. The heating
rate was 20 °C /min in a stream of nitrogen with a
flow rate of 20 mL/min. Therecorded temperature
rangewasfrom 50 °C to 850 °C. The glass transition
temperatures (Tg) of dried sampleswereinvestigated
by differential scanning calorimetry (Diamond DSC,
Perkin EImer Co., USA). All samplesof each about 5
mg were primarily heated from 25°C to 160°C at
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20°C/min heating rate and then were cooled to 25°C.
Second, the samples were reheated to 160°C. The
Tg of the sample was determined from the second
cyclewherethehighest point of theinflection wastaken
astheTg. All operationswerecarried out in astream
of nitrogen with aflow rateof 20 mL/min.

Heat sensitive color-developing properties

The heat sengitive col or-devel oping property mea-
surement was performed by aconventiona method!¢.
The mixture containing 1.0g of microcapsuleand 0.5g
of devel oper suspension wasdipped onapolyethylene
terephthaate (PET) film, spread homogeneoudy witha
wire bar and dried completely by adryer. The protec-
tivecolloid, PVA, played therole of abinder between
the PET sheet and themicrocgpsulethinlayer. Thethick-
ness of the coating layer was ca. 15 um. The color
yield of color-produced microcapsul eswas eval uated
asthetransmission density. And then thetransmission
density by using athermal printer with changing heat
energy applied to athermal head was measured using
an X-Rite-310 denstometer (Michigan Co., USA).

RESULTSAND DISCUSSION

Effects of the emulsifier content on the particle
sizedistribution and mor phology of micr ocapsules

To study theeffectsof theemul sifier content onthe
particle size distribution and morphology of
microcapsules, theemul sifier content was changed from
0.1% to 0.9%. In the experiment, the other reaction
conditionsdo not change and only theemulsifier con-
tentincreaseinthereaction system. Figure 1illustrates
the particlesizedistribution of themicrocapsulesat dif-
ferent emulsifier contents. AsshowninFigure1, the
mean sizesof themicrocapsulesfor 0.1%, 0.3%, 0.6%
and 0.9% of emulsfier contentsare250.6, 222.0, 189.7
and 200.5 nm, respectively. Astheemulsifier content
increasefrom 0.1%10 0.6%, the mean Size of resultant
mi crocapsule becomes smaller and size distribution
becomes narrower. During the emul sification process,
theemulsfier can decreasetheinterfacia tensonof the
system, whichtheorganic phaseiseasily dispersedinto
finer droplets. Moreover, theemulsifier canenwrgpthe
surface of dispersed droplets to prevent dispersed
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dropletsfrom coal escing!*”. And during theemulsion
polymerization process, theemulsifier moleculesform
emulsifier micellescontaining corematerial and wall-
forming materids. Polymerizationwasinitiated onthe
surface of core material to form microcapsules.Asa
result, themean s ze of resultant microcgpsulebecomes
smaller and sizedistribution becomes narrower with an
aopropriateincreasein emulsfier content. Astheemul -
sifier content increasefrom 0.6t0 0.9%, themean size
of resultant microcapsule becomesbigger and szedis-
tributi on becomes broader. This can be explained by
that excessive emulsifier micelles contain excessive
monomers. Therefore excessivemonomerscan bere-
acted rapidly on the surface of the coresto cause coa-
lescenceamong the particles.
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Figurel: Particle size distribution of microcapsules pre-
pared at different emulsifier contents
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Figure2: SEM photogr aphsof microcapsulesprepared at different emulsifier contents
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Figure 2 showsthe scanning el ectron micropho-
tographs of the microcapsules prepared at different
emulsifier contents. The SEM image of theemulsifier
content of 0.1% was shown in Figure 2a. Such par-
ticlesexhibited anirregular shape with evidence of
particle aggregation. Figure 2b and Figure 2c showed
the image of the microcapsules prepared with the
emulsifier contents being 0.3 and 0.6%. The
microcapsul es reveal ed smooth surface and spherical
shape and good dispersibility. Figure 3d showed the
image of the microcapsul es prepared withthe emul si-
fier content being 0.9%. A rough surface and the co-
agulation among the particleshad been observed. The
results of scanning electron photographs were basi-
cally consistent with those of the particledistribution
measurement.

Structureof microcapsules

FTIR Spectroscopy results for the samples are
shown in Figure 3. Figure 3a corresponds to No.3
leucocompound-contai ning microcapsules, and Fig-
ure 3b and Figure 3c to leucocompound and the No.3
polymer shells, respectively. In the spectrum of Fig-
ure laand Figure 1b, N-H stretching at 3350 cm!,
=C-H gtretchinginthe phenyl ring at 3040 cm?, C=C
stretching and =C-H out-planerocking vibrationin
the phenyl ring at 1550 cnmr?, 1520 cm* and 750 cnmr
1,690 cm? are observed, indicating that the
leucocompound is encapsulated in the
microcapsules®®. In addition, as shown in the spec-
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Figure3: FTIR spectra of (a) leucocompound-containing

microcapsules, (b) leucocompound and (c) thepolymer shells.

trum of Figure 3aand Figure 3c, the peaks at 1390
cm*and 1440 cm* areattributed to thet- CH, vibra-
tionand CH,-O vibration of MMA, respectively. The
peak with wavenumber of 1640 cm'* correspondsto
the amide bond stretching of UHBP™. Theresults
confirm that the shells of the microcapsules are com-
posed of MM A and UHBP as expected.

Glasstransition temperatureanalysis

The DSC thermograms of No.3 leucocompound-
containing microcapsulesand theNo.3 polymer shells
aredepictedin Figure4. Asitisshownin Figure4,
the glass-transition temperature (Tg) of the
microcapsules and shellsis 123.8 and 132.6°C, re-
spectively. Evidently, the T, of theleucocompound-
containing microcapsulesislower thanthat of theshdlls.
Thisisdueto aplasticization effect of corematerias.
The coremol eculeismuch smaller than shell polymer
molecule, whichwould increasethe movement of poly-
mer segment and result into a decreased T, The T,
would have an effect on the heat-sensitive col or-de-
veloping property of the resultant microcapsulestl,

100 11Il;l I:iltl 130 1;'—2- 180
Temperature (1T )
Figure4: DSC ther mogramsof (a) L eucocompound-contain-

ingmicrocapsulesand (b) The polymer shells

Thermal stability of microcapsules

Figure 5 shows the TG curves of the
leucocompound, No.3 leucocompound-containing
microcapsules and the N 0.3 polymer shells. Asshown
inFigure5 and TABLE 2, the onset temperatures of
the thermal decomposition process for the
leucocompound, leucocompound-containing
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microcapsules and the shell sare 360, 308 and 293°C.
The onset temperature of thethermal decomposition
process for the leucocompound-containing
microcapsulesisdightly higher thanthat for theshdlls.
Thisresult seemsto be caused by thethermally stable
leucocompound itself. Inaddition, the onset tempera-
tures of the thermal decomposition process for the
leucocompound, leucocompound-containing
microcapsules and the shellsare higher than the T, of
theleucocompound-containing microcapsules, whichis
especialy fit for the application of the heat sensitive
microcapsules.
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Figure5: TG curvesof leucocompound, leucocompound-con-
taining micr ocapsulesand the polymer shells

TABLE 2 : Pyrolytic characteristics of leucocompound,
leucocompound-containing micr ocapsulesand the polymer
shells

First pyrolytic  Second pyrolytic

Material stage stage
Tl, ons&ta Tl, endb TZ, onseta TZ, endb

(°C) (°C) (°C) (°C)

leucocompound 360 422 549 796

microcapsule 308 426 426 643

Shell 293 426 426 536
aTL onset? TZ' o - ONSEL temperatures of the first and second

pyrolytic stages, respectively.

le,end’ TZ.end : End temperatures of the first and second

pyrolytic stages, respectively.

Heat sensitive color-developing properties

Figure6illustratesthe heat sensitive color-de-
vel oping density of the resultant microcapsules at
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different emulsifier contents. Asshown in Figure6,
the values of density have no change below 95°C
at the emulsifier contents being 0.3% and 0.6%.
This is confirmed that the walls of resultant
microcapsules are compact. And when the
microcapsules prepared at both 0.3% and 0.6%
are heated above 95°C, the color-developing den-
sity valuesincrease with the increase of the tem-
perature. Thisisdueto when thewall of the micro-
capsuleisheated aboveits glasstransition tempera-
ture (112.1~123.8°C, see Figure 4a), the trans-
mittance of thewall material increasesand acolor-
devel oping component contained in the core and
outside of the microcapsul e transmitsthewall of
the microcapsule to develop acolor. In addition,
the color-developing density value from the
microcapsules at theemulsifier content being 0.6%
is higher than that from the microcapsules at the
emulsifier content being 0.3% at the sametempera-
ture. Thisoutcomeis consistent with the research
of therelation between particle size and sustained
release rate by Yamamoto et al.'l. The reason
should bethat the mean sizefrom the microcapsules
at theemulsifier content being 0.6% issmaller than
that from the microcapsul es at the emulsifier con-
tent being 0.3%, and smaller particle size
mi crocapsuleswould havelarger total specific sur-
face area, therefore causesits density to be higher
than that of larger particle size microcapsules at the
sametemperature.
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Figure 6 : Heat sensitive color-developing density of
microcapsulesprepared at different emulsifier contents
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CONCLUSIONS

Thecrosdinked poly(methylmethacryl ate) heet sen-
sitive col or-devel oping microcapsul eshave been syn-
thesized by emulsion polymerization£~inwhich the
leucocompound isused as core material and methyl
methacrylate and unsaturated hyperbranched
poly(amide-ester) aswdl-formingmaterids. TheFTIR
analysisof leucocompound-contal ning microcapsules
demonstratesthat theleucocompound issuccessfully
encapsulated inthe crosslinked PMMA matrix. TGA
results show that the prepared microcapsul eshad good
thermal stabilities. The DSC analysisof the resultant
microcapsulesindicatesthat the glasstransition tem-
perature of the microcapsuleswas 123.8 °C. The re-
sultant microcapsules have narrower particlesizedis-
tribution, smoother surface and higher heat sensitive
color-deve oping density when emulsifier massfraction
was 0.6%.
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