CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Background and History of Microencapsulation Techniques
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made it 5oss1ble to transform white paper, familiar to every consumer as writing paper,

about 60,000 t to about

into copy paper without altering its outward appearance. This transformation is based
on a sophisticated technology, which essentially involves coating the back of a paper

sheet with microcapsules with a diameter of about 3 to 8 micrometers.



These microcapsules contain dye precursors, for example leuco dyes, which are
dissolved in colorless solvents and then converted into the visible color by a chemical
process during copying. If such a coated back (CB) sheet is brought into contact with a
paper sheet treated on the upper surface with an electron acceptor (coated front (CF)),
a copy is obtained on the upper surface of the CF page when pressure is exerted during
writing on the upper surface of the CB page, as illustrated in Figure 2.1. The effect is
: # e causes the microcapsules to break
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ressure-activated release of encapsulated dye precursor to give a color

reaction on paper coated with an acidic clay.

Development of the microencapsulation process was the technical
breakthrough that made carbonless copy paper a commercial reality. The original

method of NCR manufacturing carbonless microcapsules involved a process called



coacervation. At that time, the capsule walls were produced using natural water-

soluble polymers, for example gelatin, gum arabic or essential cellulose. The
microcapsules containing a colorless dye precursor (3,3-bis- (p-dimethylaminophenyl)-
6-dimethylamino phthalide) were affixed to the under surface of the top page and
released the dye precursor upon rupture by pressure from tip of the writing tool. The

liberated dye precursor then reacted with an acid clay (attapugite) coating on the top
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required, physical properties and detailed and overall economics on manufacture.

The microencapsulation systems can be extensively characterized in terms of
active ingredient content, process efficiency, process loading, particle size, particle

morphology, swelling characteristics and release profile of the entrapped material. The



release of encapsulated active ingredients from polymeric particles is governed by a

number of parameters e.g. capsule surface area, wall thickness, and physicochemical
constitution of the wall material in relation to each environment. Both the
encapsulation efficiency and the availability of the encapsulated material can be
optimized by suitable selection of the wall material. The ability to control the particle

size in order to produce particles in a desired size range is also an important

consideration.

The technique of mi : ation haswgained popularity because of its
potential applicabilit The microencapsulation

processes have been food additives, cosmetics,
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‘odor masking’, or masking of the chemical properties (pH or catalytic

activity) of the active component.



d) Protection of the immediate environments of the microcapsules from the

active component — for example, reduction of gastric irritation in
medication, as with ‘coated’ aspirin.
e) Controlled release of active components for delayed (times) release or

long-acting (sustained) release. [7-9]

23 Core Material

A core material, w i ; pe ific.material to be encapsulated,
plays a significant rol e process as well as the
polymer used as a wa nonreactive with the wall
material and the man and insoluble solids, water
immiscible liquids, soliiti Lz . . solids in liquids can be
microencapsulated. The s f active constituents, stabilizers,
diluents, excipients, and rele rators. [10,11]
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an important contribution in this aspect. [5,12,13]

In the carbonless copy system described, the solvents must meet the

following requirements:



1. The color former should be dissolved as quickly and completely

as possible without being chemically altered or influenced.

2. In the production of the carbonless copy paper, the still moist
paper sheets pass through infrared and/or hot air dryers, with the
result that temperatures of over 100°C are reached at the paper

surface. The solvent must not evaporate at these temperatures;

otherwise ild up inside the microcapsules and
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6. The solvent should, as far as possible, be odorless in order to
avoid annoyance to the users of carbonless copy paper,

especially in close rooms.
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7. The solvent should be toxicologically safe so that the end user is
not adversely affected and environmental pollution is kept at as

low as possible during disposal of the used paper.

Figure 2.2 shows the oils usually employed for microencapsulation.

These oils are requiring to dissolve the color-forming agents and also to realize the

requirements. The most wé y “the “elass composing the aromatic
hydrocarbons are partial | kylated biphenyls, alkylated
diphenylmethanes, chlq atiod tra nd, alky ated naphthalenes. The
chlorinated paraffin occu wing to their high viscosity and

reactivity, it cannot be used gwithout £
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Figure 2.2 Oils used to dissolve color former in carbonless copy paper microcapsules.
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Table 2.1 Physical properties of some solvents for carbonless copy paper

Properties Solvents

Diisopropyl | Phenylethyl | Terphenyl, partially | Chloro-

-napthalene’ | -tetralin’ hydrogenated" paraffin’

Color Colorless Colorless

Beginning of boiling 350 NA®

Viscosity (25°C) 160

mPas

Density (15°C) g/ml l / ‘rﬁ ﬁ\\\\ 1.00 1.16

Flash point (°C) ll ‘;ﬁ A\\\ 180 >200

Pour point (°C)

w"' 'll
idnds *'..--:_.l""
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Diisopropylnapl hthalene has become particutarivawellaccepted in the market

sombined all required chemical

for carbonless copy _ ; il {l

J

and physical properties w1th very low tox1c1ty and environmental compatibility. The
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accordance withithe regulations apph(?ble
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° Rutgers Kureha Solvents.

g Exxon Chemicals.
° Monsanto
‘Ic Chemical & Polymers

e $ . . . oy
not available owing to decomposing prior to boiling
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CH(CHa),
= 7N
/\ P
(CHa),HC Diisopropylnapthalene.

Figure 2.3 Chemical structure of diisopropylnapthalene.
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black copies are obtained' o -‘1 g. Figure 2.4 shows the

consisting of the solutio solvent. The composition

of the color former conft 0 -f - o1 hmendations, so that blue or

apsulated. Various colors such as
blue, black, or red can be obtaine 7 g Suitable species. A typical example of a

color former is cry

' ng opens upon reaction
with the color-devel¢ “f
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stal Vﬁl& lactone C\’%’and bensoyl leuco methylene blue
c

(BLMB) are t tu& g m a mﬂ;c]fﬂhjboth blue and black
copies. CVL belo to the class co r1s1n the trﬁn 1-methane s and is, in the
water-a ﬂ’l Qﬂlg 1111 action with

the CF page, which is treated with a proton releasing layer (for example, clay mineral
treated with acid, such as kaolin or modified phenol resin). During this procedure, the

phthalide bond is cleaved, leading to a leveling out of the angular molecular structure

and hence to the formation of the chromophore.
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The CVL has poor light-fastness, resulting in rapid fading of the copy

172}

on the CF page. To prevent this, BLMB is added as a second component to the dye
precursor solution. The BLMB undergoes cleavage by acid catalysis and by the action

of oxidizing agents, such as oxygen, to give the thiazine chromophore of methylene
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blue, which has good light-fastness (see Scheme 2.1). Since the oxidation with
atmospheric oxygen takes place slowly, BLMB has only a low development rate,
which is compensated by the rapid reaction of the CVL. The CVL ensures rapid color

development while BLMB gives a very light-fast copy. [14,15]

U

Autlanguingnns..
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fluoran group, which is used in all formulations for achieving black shades. Flourans
are related to the triphenylmethane phthalides and are obtained by insertion of an
oxygen bridge slightly differing with respect to the substitution pattern of the

molecule.
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2.4 Wall Materials

The microcapsules wall can be chosen from a wide variety of natural and
synthetic polymers. Each wall polymer has its own particular encapsulation efficiency
and release property. The stability of the compounds against oxidation is also

influenced by the chemical nature of the wall polymer.

3@ such as molecular weights,

solubility, glass/meltin llinitysezeactivity, film formation and
diffusibility are alway, '_ stant param \\\ g suitable wall polymers
l -,‘ A 'v : .‘ "

when considering the

Physicochemical

A part of typical coating
materials commonly u apsulation methods is suggested in
Table 2.2. [13, 15-17]
Table 2.2 Representative j

and “applicable microencapsulation

processes.

a) Water Soluble ‘i‘., : j._‘
Wall Material m Proc&es

Ceacervation Solvent Air Pan | Spray

ﬂ u ' ,J V] H | 5;)“1&]‘ ’Jﬂn on | Coating | Drying

Gelain  © Vel val v & v | v

Gum Rkab | 3V Vit v

Starch v v

Poly(vinyl pyrolidone) v v v

Carboxymethyl v v v v v
cellulose
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Table 2.2 Continued representative coating materials and applicable microencapsulation

processes.
Wall Material Processes

Coacervation Solvent Air Pan | Spray

Evaporation | Suspension | Coating | Drying

Gelatin v v v v v
Gum Arabic | v v v
Starch v v v
Poly(vinyl- pyrolidone)/ S v v v
Carboxymethyl i v v v
cellulose L <
Hydroxyethyl . & T v v v
cellulose ' ﬁ;.;3
Methylcellulose F J;E . v v v
Arabinogalactam 7 v v v
Poly(vinyl alcohol) ; bl p o v v v
Poly(acrylic acid) v v

b) Water Insoluble Resins

o Q!

Wall Materialﬂ u ' '

q Spray

Drying

Ethylce!ulﬁi I gl v
Polyethylene
Polymethacrylate v
Polyamide (Nylon)
Poly (ethylene co- v
vinyl acetate)
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Table 2.2 Continued representative coating materials and applicable microencapsulation

processes.
Wall Material Processes

Coacervation Solvent Air Pan Spray

Evaporation | Suspension | Coating | Drying
Cellulose nitrate v v v v
Silicones T : 4 v v
Poly(lactide-co-
o v

glycolide)
Waxes and lipids ' -4, 407
Paraffin / ks .‘ v v v
Carnauba 4 jod | v v v
Spermaceti ! @E_.i; v v v
Beewax ) .:‘Tii* v v v
Stearic acid v v
Stearyl alcohol v v
Glyceryl sterates v v v

- UHANENSNENS

=
_).
=2
ce
N

i) mmnazwwﬁ ¥

Cellulose acetate
phthalate

Zein v v
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2.5 Technology of Production

Methods for preparing microcapsules have been developed and improved
significantly. They may be classified into 3 major categories that are physical methods,
chemical methods, and mechanical methods. There are a number of techniques used in

the industry and laboratory to produce the microcapsules. The choice of an appropriate

microencapsulation technique end use of the product and the

the KEFing product. These major

summarizing=bricfly in Table 2.3. In this review,

processing conditions inv
microencapsulation procedurg

only techniques related tosff 0 d interfacial polymerization

technique will be describ@d 13 / ~

Table 2.3 Summary of m@jogh

Process Principle

1. Physical Methods

1.1 Coacervation/PhaseSeparation | The solvation of p6 ym eric solute(s) in a medium
- c‘_ -
—_— :

I

(using aqueous and hidn-2 soatervated droplets to deposit

] J

and coat the disper ed phase.

1.2 Solvent Evﬂoyoﬁﬁj Q'{l | nj:lﬂ SEJ ’] ﬂ ‘j

olution containing core material is

QRN TN IR

the solvent is removed

vehicles)

from the dispersed droplets to leave a suspension

containing polymer microcapsules.
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Table 2.3 Continued summary of major microencapsulation processes.

Process Principle

2. Chemical methods
2.1 Interfacial polymerization | Various monomers are reacted at the interface of

two immiscible liquid phases to form a film of

ulates the dispersed phase.
2.2 In-situ polymerization pre-polymer is  further
at where it becomes water
phase is emulsified. When it

fion, surfactant is added to
\ mer to migrate to the

here it forms a wall around
| is hardened or cured by

agent.

3. Mechanical Methods
pray cd '_u the suspending and

N :
sating zone portion of the

|

3.1 Air suspension .4

coatingﬁlamber of air suspension apparatus.

eI HE A f,m:m 20050 o e
AN IIINeT oﬂ;::‘f;::

substrates, in the coating pan while rotating.
3.3 Spray drying A core material is dispersed into a coating solution
and then the mixture is atomized into a hot air

stream to remove the solvent from the coating

material.
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Various microencapsulation processes give rise to the formation of

microcapsules with various characteristic size ranges as shown in Table 2.4.

Table 2.4 Microcapsule size ranges produced by various production procedures.

Production Process Size Range (um)

Coacervation/Phase se / > 1-5000
. e —

Solvent evaporation / N 1-5000

Interfacial polymew ‘ NN . 2-2000

Air suspension 50-1500

Pan coating 200-5000

Spray drying 5-800

2.5.1 Coacervation v

In ___ ....... om thod initially employed
s N .
by Green and Schlei CF 1 re r'r sitive dye microcapsules

for the manufacturing of carbonless paper. They desctibed the macromolecular

aggregation ﬁjﬂ ﬁﬁtw E},Vﬁw mﬂ ?f fully  solvated

macromoleculeq] oacervation in the presence of a liquid or solid core material (i.e.,
. . ¢ = o

G 0L G N TR R A R

and in different media. Generally, the core material used in the coacervation must be

compatible with the recipient polymer, and be insoluble (or scarcely soluble) in the

coacervation medium.

There are two types of coacervation procedures: simple and complex.

Simple coacervation involves only one type of polymer with an addition of strongly
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hydrophilic agents to the colloidal solution. For complex coacervation, it uses two or
more types of polymers. A schematic diagram in Figure 2.5 shows a simple

coacervation process. [9, 22-24]

Gelatin Solution Core Materials

4&
.:ef

.,,;v
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Generally, these microencapsulation processes consist of three steps, as
shown in Figure 2.6, carried out under continuous agitation.

1. Formation of three immiscible phases: the liquid-vehicle phase, the
core material, and the liquid polymer coating.

2. Deposition of the coating.

3. Solidification of the coating.
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In step one, the three immiscible chemical phases are found. The core
material is dispersed in a solution of the coating polymer. The solvent for the polymer
is the liquid vehicle. The coating material, the immiscible polymer is the liquid state, is
formed as coacervate droplets of colloid-rich phase by utilizing one of the methods of
phase separation or coacervation, that is, by simple or complex coacervation,

temperature change, addition of a nonsolvent, or polymer-polymer in compatibility.

O OF AR _
1= P
. ‘ o &

) i
AUEIREMINGINg

Figure 2.6 General process description of coacervation technique

core 88 Coacervation droplets /A coating 7\ harden coating
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In step two, the liquid polymer coating (coacervated droplets) is

deposited around the core material by controlled physical mixing of the coating (white
fluid) and the core material in the liquid manufacturing vehicle. Deposition of the
liquid polymer coating around the core material occurs if the polymer is adsorbed at

the interface formed between the core material and the liquid manufacturing vehicle.

This sorption phenomenon is a prerequisite to effective coating. The continued
deposition of the coating is pro 1’

/ of the total free interfacial energy
of the system, which is bro ﬁe coating material surface area

during coalescence of th

Step t

usually induced by ] i :: lest 1 methods to form rigid

s 'E:‘_;. I n
phase-inducing polymer ogby cha fp’, pH
AT N

action of various monomers at

U

o immiscible liquid phases to orm a film of polymer that

encapsulates ﬁ cﬁeﬁ ﬁsﬂjﬂlw‘%‘, Wtﬁ ﬁ]ﬂﬁ are employed, one

dissolved in th@Jaqueous disperse phase containing a solution or dispersion of core

e LA GALLELY E LR 1ML A

continuus phase. The water-in-oil (w/0) emulsion formed requires the addition of a

the interface between

suitable emulsifying agent as stabilizer. Figure 2.7 shows a diagrammatic
representation of the process, which is often referred to as interfacial polymerization.
The monomers diffuse together and rapidly polymerize at the interface between the
phase to form a thin coating, and the product of the reaction is neutralized by added

material such as an alkaline buffer. [12]
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The degree of polymerization can be controlled by the reactivity of
monomers chosen, their concentration, the composition of either phase vehicle, and by
the temperature of system. Variation in particle size of dispersed phase controls the
particle size of the product. The reaction between the monomers is quenched by
depletion of monomer, which is frequently accomplished by adding an excess

continuous-phase vehicle to the emulsion.

Aqueous disperse phase co

monomer A + core materi

of the reaction

Water-in-oil emulsion

QR ATOANN  ETE

containing monomer B + emulsifying

agent

Figure 2.7 Schematic representation of microencapsulation of a droplet by

interfacial polymerization.
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This process does not require special equipment, but the presence of a
reactive component limits the kinds of liquids that may be encapsulated.
Representative examples of wall materials are polyamide, polyurea, polyurethane,
polyphenylester, and epoxy resin. The interfacial process utilizes wall formation by
interfacial polymerization reaction of two monomers dissolved in an organic and/or

aqueous phase as shown in Figures 2.8. [15, 19, 25]

ll Water soluble monomer

wil soluble monomer

Figure 2.8 L;Tﬁ,—ﬁ:—.r..—-:i ilation of a droplet by

interfacial polymeriza_ m
ﬁeﬁéﬁl%ﬂ%%fw Gbjdfie P Snulifing the core

material in to tHéldispersion phase and merely contmulng the agltatlon with heating as
QY NI T 317 T P e -
hydroph@bic liquids by selecting a suitable emulsion state. When the polymerization
reaction is very rapid, it is desirable to gradually add a monomer after the
emulsification. The monomers A and B are polyfunctional and capable of causing
polycondensation or polyaddition reactions. An advantage of this process is that the

properties of microcapsules can be modified by the combination of monomers.
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Monomer A Monomer B
Hydrophobic liquid Hydrophilic liquid

o/w Oil-containing microcapsules

v/0 Water-containing microcapsules

.’ ﬁ\&\ ing and heating at 40 —-80°C

Figure 2.9 Schematigidia ?.. =i polymerization method of
Iy

microencapsulation.

In th V. “ the interfacial reaction
o] r'l

he microencapsulation. Figure 2340 shows the possible side
reactions. Oby; ﬁ m pected when there
are side reac@nﬂn mm E]vjﬂj‘or B, or between
additi § icularly the
side ﬂcﬁj&ﬁ ﬂﬁm}lﬁﬁ ?ﬂ\gjwt ﬂ ffects the

microencapsulation and limits the usable core material. For example, certain dyes and

can significantly affe !

perfume are attacked during the process and cannot therefore be encapsulated by this
process. The monomer in the solvent phase can be hydrolyzed at the interface. In other
words, the monomers whose rate of hydrolysis is faster than the interfacial reaction are

unable to produce microcapsules.
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~  (3) Additive agent

Monomer A ~~

I(l) ~

Core material ~~< X

2)

Interfacial polymerization reaction

Monomer B

Figure 2.10 Side reactions “affect polymerization technique for

microcapsulation: (1) side 1 e coré mateial and monomer; (2) hydrolysis

The addi of the syste an also give rise to side reactions.
’ & j' 1 .
However, the materials ‘with/8 e reactions can be utilized in the

microencapsulation if theysdo Aot ; ion of interfacial polymerization.
ﬂ' G
It has been prev1

on the organic c;-__ ) cl aterials present in the

at the interfacial reaction takes place

| YF X :
aqueous phase hav on ‘ those in the solvent

phase. Nevertheless ““ ose present in the aqueoum phase can affect the

w31 )(i10) 1111101 it
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Microcapsules have many useful functions and have been employed in many
different fields of technology, frequently connected with applications in which the
contents of the microcapsules are released under controlled conditions into the

surrounding environment. Microencapsule-base products are used in the graphic arts,
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in pharmaceutical technology as drug delivery systems, in cosmetic and food industry,

in adhesives and coating industry, as well as in agriculture in the field of

microencapsulated pesticides. [26, 27]

2.6.1 Food Industry

®

L4 ncapsulation in coating that
lows release in the digestive

® Us 10 ¢ an elisity of solid materials;

[ ]
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microenﬂapsulated nutrients from degradation during processing, handling and reaction
with other components in the formulation. Furthermore, they are also for feeding
supplements in the aquaculture industry and can be potentially used as a replacement

of feed. [29-32]
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Types of microcapsules which have been developed are:

(1) Nylon cross-linked protein membrane
This was the first capsule type to be used in feeding experiment
with marine organisms (i.e. rotifiers, Artmis nauplii, mollusca, crustacea and larval
fish). The method for preparing nylon-protein-walled capsules is based on a process of

interfacial polymerization, which occurs at the surface of aqueous droplets of protein

This icrocapsuie sists of an aqueous core
encapsulated within a ( shich“has been used for crustacea,

complex coacervation to

incorporate lipids in experi  with 9 nd'spat of oysters.
12
et
VAT
2.6.3 Agricultural IndusJ_ e

- F o
gl

el

Ag ‘Qf_‘,;. ; , o

ize land and to protect

S
plants from insects. 'I controlled release of the substance which can limit the

e T S
Y ¢
TSN INYNA Y
3 .
Controlled release, for example aspirin, by the microcapsulation
method (i.e. Phase separation and coacervation) had been reported by D’Onoftio et al.
(1979). 1t is an example where drugs can be encapsulated to improve their product

performance by taste or color masking to prevent oxidation, and enhancing other

product characteristics. [33]
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2.7 Isocyanate Chemistry

2.7.1 Primary Reactions

The chemistry involved in the synthesis of a polyurethane elastomer is

centered on the isocyanate reactions. The high reactivity of isocyanate toward

‘ V ed positive character of the C-atom
ce co itrogen, carbon and oxygen,

he isocyanate group can be

nucleophilic reagents is mainly

in the cumulative double

especially in aromatic syst :
represented by several

ectrionic struetuie o

are illustrated in Scheme 2.2. [34]

C = ) ®
R—N=€—=0 = \ O =-» R—N—C=—/=0
» LA A
il e d
Scheme 2.2 %%t ) o;.{ iC 1€ 1socyanate group

AR N
ﬂ . ..-'"-PE"-" ¥ -

¢ positive charge at the C-atom

h. be delocalized onto the

=5

oxygen atom, nitro -yfs’?o romatic group. This explains
g g group p

why an aromatic iso€yanate has a distinctly higher réactivity over an aliphatic

isocyanate. Fuptiiepmeor, Tnmlﬁwfw uTﬂms also influence the
positive char;ﬂ yﬂg\tg group: an electron wﬁdrawing group in the para or
ortho pesiti 'uvT es ﬂ\ i i ﬁrﬁ qT ﬁuﬂ reactivity.
The mﬁ ﬂortanaejon o‘goggﬂsm formation oﬁarbamic acid derivative

through the insertion of an acidic H-atom from the nucleophilic reactant to the C=N,
which is illustrated in Scheme 2.3 This nucleophilic reaction is strongly influenced by
the catalyst: e.g., acid compounds (mineral acid, acid halide, etc.) slow the reaction,
whereas basic compounds (tertiary amines) and metal compounds (Sn, Zn, Fe salts)

accelerate the reaction.
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O=—0

H
R—N=—C=—=0 + HX —>» R—N

Scheme 2.3 Formation of carbamic acid derivative

When the nucleophilic| teactants are OH containing compounds,

carbamic acid ester, or uretha :H form ctivity of the hydroxy group

decreases in the order of primary-hydroxy, sewroxy, and phenol, which is

very unstable. The ad(( i

group can be regenerat Jmpératures, as shown in Scheme 2.4.

N

brium reaction and the isocyanate

If the ontaining compound, the

reaction between thefiuele - RE———
vigorous. As a result, “ ea linkage is formed as shown in Hj eme 2.5.
‘o | Q .
AUYINENINYINT 0
- =qlc_—__ 3 por Mo . F R R
ARANATUNNAINEAE

Scheme 2.5 Urea linkage formation

The reaction between isocyanate and water is a special case of an
alcohool/isocyanate reaction. In this reaction, the primary product is the carbamic acid,
which is not stable and will decompose to the corresponding amine and carbon

dioxide.
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The amine formed will then react immediately with the isocyanate
group in the system and forms a urea. This reaction is very important for the formation
of polyurethane foam, since the carbon dioxide acts as a blowing agent. However, this
reaction can also create problems in the storage of isocyanate. Moreover, to obtain a
high molecular weight linear thermoplastic polyurethane, it is essential to completely

exclude water from the reaction system, as illustrated in Scheme 2.6 .

Scheme 2. ibrbetw ler and isocyanate.

y Res
S

The ureBane and w

active hydrogen. Even t}p the reactivitygof these compounds is lower than the

g el SIS IS I EIDT) S st

the isocyanate u%lder more rigorous reaction condltl which results j injan allophanate

ot I FON LTI G Bt

are form!d between 100°C and 150°C. Due to their low thermal stability, allophanates

2.7.2 Seconda

]

pr%)us reactions still contain

and biurets will dissociate into starting components above 150°C, as shown in Scheme

2
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0 0
R—H—C—NHR' R—N=—=C=—0 —= R—N—C—(0OR

H
O==g—N—R

Allophanate
0 (©)
R—H—C—NHR' R—N=—C=—0 ~——= R N CI NHR'
p=g
Biuret
The formafic ates and biure a esult in the polyurethane
cross-linking. Since the ate ag elev. emperatures, a small amount of
excess isocyanate functigiality i .", used 1n the merization to promote cross-
linking while the polymer \
e
-
In addition to these se }' etions, isocyanate can also react with
itself, especially in the s oF S ocyanate can dimerize and
trimerize to give ureidic | Lf‘. shown Scheme 2.8.

Dimerization is Iimitedm aromatic isocyanates and it is in}mited by ortho substituents.
For example, 2,.4- an. Ef | - di e%! i I dimerizes slowly at room
temperature. kﬁleu, rrﬁjzﬁﬂ ﬁ a eﬂ:ﬂﬁiﬁtﬁctim above 150°C.
However, isocyanura ﬁi' fo i heating b liphatic and
aromati iﬁ/gtalﬁlﬁ si‘ ﬁﬁﬂ b%i‘zll:]ﬁﬂd
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C
—C= —_— / \ Uretidinedione
2R—N—/C—0 ——— R—N N—R
AW
ﬁ
(0]
R
I
)
3R—N=—=/=C=—=0 — ' Isocyanurate

Scheme 2.9.

R—N=—C=0 |+
Y )

-nE p - u"lj
Scheme 2.9 Formation'of Carbodiimide
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NEAC—N—R + CO,

ANEINENITIUIA T o e

react reversibly with an isocyanate grofip to form a ugetoneimine as Scheme 2.10.

RN TUNRTININD

Y
s

NR

R—N=—=C=—=N—R + R—N=C—0 ——>» R R

Scheme 2.10 Formation of uretoneimine
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The most widely used diisocyanates are shown in Table 2.5. The
aromatic isocyanates are more reactive than aliphatic isocyanates, which can only be
utilized if their reactivities match the specific polymer reaction and special properties
desired in the final product. Furthermore, the reactivity of an isocyanate group can
vary dramatically even for the same class of isocyanate. The structure, substituents,

and steric effect can all influence reactivity. For example, in 2, 4-toluene diisocyanate,

the isocyanate group para to the times more reactive than the other

s
nsocyanate isomers. The

Two of the oSt A ,‘ : ates are TDI and MDI. TDI
consists of a mixture o .
commercially availablé isomers with various ratios,
although the pure 2, commercially. TDI can be
synthesized in a variety of ed by the phosgenation of the
corresponding diamine, as is synthetic route often starts
with toluene via nitrationy hydrogenation * pho genation to generate the
diisocyanate. The ,’, : *n ortho-, meta-, para-

nitrotoluene isomers athe d'by se@al distillation steps.

;'A CH, CH,4

fue PNy
WINIAS
ARAINTAUININE A

Hydrogenation

CHg CHj
Phosgenation

Scheme 2.11 Synthesis of toluene diisocyanates
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The starting materials for MDI are aniline and formaldehyde, which are reacted
using hydrochloric acid as a catalyst, followed by phosgenation of the corresponding

diamine as shown in Scheme 2.12.

NH,

HCHO *
Scheme 2. ene diisocyanates
Aliphatic isocyanate; om the corresponding aliphatic

diamines via the phosgenation pri 1atic diamines are, in many cases,

available through ring*hydrogenation of the correspondin; > qromatic amines, such as

& a ek alal &
o

0-aive diamino dicyclohexyl

W
|

the hydrogenation of .l?“
! J
methane. The most “important aliphatic isocyanates “are 1, 6-hexamethylene

¢
diisocyanate (ﬁu Bﬁwﬁﬁw‘ﬂ’ta ethyl-cyclohexane
(IPDI) and 4,#‘- iisocyanato dicyclohexylmethane (H,,MDI). These aliphatic
AR T e e
9



Table 2.5 The most widely used diisocyanates.
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Diisocyanate Structure

] s . .o H
4,4’-methylenediphenyl diisocyanate NCO—@'CL@—NCO
(MDI)

H,C CH,

s OCN CHs
2,4-,2,6-toluene diisocyanate (TDI) 1 ll
W\
— NCO

1,5-naphthalene diisocyan

4,4’-dicyclohexylmethan dii§o

(H,,MDI)

3-isocyanalomethyl-3,5,5-

trimethylcyclohexyl isocyan

(isophorne diisocyanaiE AP ——t e 56 H,C—NCO
M

s ]

Para-phenylene diisocymate

Cyclohexyl diiﬂy%tg’ﬂj ‘Vl El 7 ‘j “W

2,2,4-trim

et examethylene ¢
qﬁ ik Vi) ﬁmaﬂw

3,3’-toluene-4,4’-diisocyanate @ @

CH3 CH3
3,3’-dimethyl-diphenylmethane-4.,4’-
H,
diisocyanate NCO— c NCO
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2.8 Literature Review

Ichikawa, [35] studied the polyurethane-urea microcapsules prepared by an
interfacial polymerization method with various core-to-wall ratios. Tricresylphosphate
and cumenphenetyle were used as core materials; triisocyanate monomer and

hexamethylenediisocyanate were used: vall-forming materials. In this work,

dynamic mechanical measurem i ' on the microcapsules coated on a

for the mechanical p( T discussed in term of a

morphological change™ of gficiocapstles! perature of tan o peaks

decreased with incre aimoiings lof © materials wi hout affecting the apparent
activation energies. the glass transition were
estimated at about 100 ke . > glass transition region of
the microcapsule wall po roducing the core material.

Thermal expansion of micro ncreasing the core-to-wall ratio.

The shift factors were found to-deperid resto-wall ratio and the morphological
change described in'term.of the dependencesof € —and-C-on#he core-to-wall ratio.

]

Dobashi, et al. %ﬁ] studied the structure of polyurethane-urea microcapsules

containing phﬂ%ﬁj A'J fﬁ)% ﬁ)wm ﬂfjas a wall-forming

material. Micrdeapsules with a dra%}eter of the order of 0.1 mlcron have been
1nves@ %}fn‘ﬁﬁ ﬂ ﬁmnﬂ %ﬁlq ﬂ E]q ﬂlﬁmn small-
angle X%ay scattering (SAXS), viscosimetry, and electron microscopy. Static light
scattering and SAXS were used to investigate in the concentration range of 1 x 10°-5
x 10" g/cm3 and 1x10°-0.14 g/cm3, respectively, gave the same z-average radius of
gyration (Rg= 110 nm). The hydrodynamic radius R, = 143 nm as determined by
dynamic light scattering is close to the viscosity radius R, = 151 nm obtained from

intrinsic viscosity measurements of the microcapsule suspension. By assuming the
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microcapsule as a solid sphere, the radius of gyration estimated from R, was R, =

0.78R, =112 nm. The agreement of R, and R, as well as R, and Ry, strongly suggests

g.cal
that in a wet form, the protective colloid has stuck tightly onto the surface of the
microcapsule. The number-average radius R,, obtained from electron microscopy was

R

g, cal,e

=91 nm, being slightly smaller than those obtained in the wet state.

y cattering of poly(urea-urethane)
@ethyl)phosphate as the core

viously published data for

Dobashi, et al., [37] ¢
microcapsules in suspensi |
material. These results
microcapsules with th ‘oré. materials. The z-average
radius of gyration R 2 attering and 120 + 8 nm from
ultrasmall angel X-ray se@ttesings v hi 1Ol ide Wi the calculated value of R, from
dynamic light scatterin—g |

Hong and Park [38] s capsules containing migrin oil
as core material, 1,4-diamino __ ;

(DAA) as penetrator, one of three

different compositi' 0 6shexane diamine (HDA),

N4

and 2,4-toluene diisoe "i cts of dimaine type on

structure, thermal prope 1es particle size distribution, mommlogles loading content
and release ﬁ ﬁ i crocapsules were
investigated. Eaﬂ al II-H YL ﬂzﬁ ?Ijr]ni can describe the
rough iﬂ 31 3 gﬁ‘ft of EDA-
basedﬁ‘ﬂ;lﬁﬁaﬁi ﬁ“ﬁj‘n tﬂg jjp es“Seem to be

related to wall thickness of the microcapsules from different compositions, irrespective

av]

of the size of emulsion globules.

Hong and Park [39] studied the morphologies and release behavior of polyurea

microcapsules containing migrin oil, 4,4-diamino anthraquinone (DAA) prepared from
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different molar ratios of isophorone diisocyanate (IPDI) and toluene diisocyanates
(TDI) as wall materials in an emulsion polymerization. The transmittance (%) of a
spectrophotometer used for the measurement decreased with the content of aliphatic
IPDI in the wall; the completely dissolved microcapsules in dimethyl acetamide
(DMAc) by UV/Visible increase the wall thickness due to its inferior reactivity to

aromatic TDI. Morphology results showed that polyurea microcapsules from the

higher TDI had rougher surfacestha )lrbase polyurea microcapsules which

demonstrated the relation of the te 1 A Ae¥ia the polyurea wall.

AULINENINeINg
ARIANTAUNNIINGIAY
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