CHAPTER II

THEORY and LITERATURE REVIEW

material that its absorb e~ apa s.greater than 15 times its own
weight in the fluids sueh &8 watar, ‘olyte solution, or body
fluid, and the absefbed . fid ard for it merely
immobilizes the fluidfby eni han by holding it in its

\

structure (2).
Many kinds g Wmwercialized since the
hydrolyzed starch-pol

V==
was first developed by the
e

opdlymer (Super Slurper)
Department of Agriculture.

but also in agriculgre : al uses.

The ﬁﬂé{?}%ﬂ%‘%ﬁoﬂ q}fr}fje 2.1 (2). 'By raw

materials usedjl HWAPs are divided into starch- and cellulose-based

¢ o Q/
o) e nita e
depend n' t " ihsolubilization ophilization

introduced into HWAPs and upon the appearance of products, i.e. in a
form of powder, film and fiber.

Commercially available products are summarized in Table 2.2.
In a point of view by raw materials used, poly(acrylic acid)-based
HWAPs are most popular in usage worldwide (2).
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-TABLE 2.1
Classification of HWAPs

1. by Raw materials

2.by Method of Inso )L/L// " -

i
a) Graft polymeri [‘;,
b) Chemical crog€linking. .mi...

c) Self-crosslink .: . qu}..‘

d) Radiation cross

e) Introduction of cr - ﬁ%ﬂ ucture or hydrophobic groups.

3. by Method of H3 v i"j
a) Polymerizat.ig-n of. hydrophilic mo mesm
b) Ca.rhoxymethyl¢ n of hydrop ic polymers.

ot ﬂ%%%%ﬁs LI pp—

polymer backbone.
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4. by Product. form
a) Powder.

b) Film.
c) Fiber.

e
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TABLE 2.2
Commercial Available Products

. Maker Name® Composi’c.ion* Form
Japan
Sanyo Kasei ~ Powder
Powder
Seitetsu Kagaku Powder
Kao Soap Powder
Sumitomo Kagaku Powder
Arakawa Kagaku Powder
Nippon Shokubai Powder
Kurareisoprene Powder
Exlan Fiber
U.S.A.
Dow Chemical Powder
Film
Powder

Grain Processmg j -
Hercules u AQUALON Fiber

TR ﬂumummmm %
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* HSPAA: Hydrolyzed Starch-Poly(acrylic acid) Graft = Copolymers;
HSPAN: Hydrolyzed Starch-Polyacrylonitrile Graft Copolymers;
HPAN: Hydrolyzed Polyacrylonitrile; PAA: Partially Crosslinked Poly
(acrylic acid salt); PVA: Poly(vinyl alcohol); PEO: Poly(ethylene
oxide)s CMC: Carboxymethyl Celluloses; MA-co-IB: Maleic acid-

Isobutylene Copolymer




Figure 2.1 depicts the structure of a partially crosslinked
poly(acrylic acid salt), a representative of HWAP. As shown in Figure
2.2, HWAP is composed of a .t.ype of mobile ion (a counter cation) as a
source of water absorption, and an ion network madt\e from electrolyte

anions in the polymer chains.
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FIGURE 2.2 Theoretical Model of HWAP Structure:
(=), Polymer electrolyte (anion)
(+), Mobile ion (cation)
(¢), Crosslinking point
(The figure is reproduced from Reference 2.)




Therefore, the absorbency is mainly dependent upon three
factors: a) the osmotic pressure; b) the molecular chain expansion
‘resulting from electrical repulsion between the electrolyte anions in
the polymer chains; and c¢) the extent of crosslinkage affecting the
degree of swelling of the polymer.

The recent devel ‘ ; ,/&P preparation process were
| S

1. . Graft

(HSPAN), the fir ‘ 3 p epared by the graft
copolymerization of loni ,;' ,é ito gela '1 zed starch using ceric
ammonium nitrate as ad iditiate y hyd olysis (USDA Method) .
© However, this process is almost not. uséd for the preparation of HWAP
because of complicated p e ] viscosity phenomenon at the

hydrolysis stage. ) <

velo@i the mod1f ied graft
copolymerization process, and industnialized in 1978. The process is

o ot e HEHIY 4R e o

initiator.
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Acrylic Ac ymerization

Recently, a partially crosslinked poly(acrylic acid-
salt) was being mainly used as HWAP because of its simple process and
. easy quality control of the product compared with the hydrolyzed
graft copolymers.




2.1 Solution Polymerization in Water

Using a redox initiator, the acrylic acid
neutralized with sodiwm hydroxide is polymerized in water as a
solvent without any additives at a low temperature. Although, this is
a simplest method for the prepafatfigniof acrylic-based HWAP, it is

- very difficult to dry the swelled ced after polymerization.
2.2

polymerization was

recently developed Japan.

more than 70% of acrylic
acid is prepared with a e of A | ful- initiator, water and
sodium hydroxide; and syed” oni |

to make a thin layer. A4S polw zeéd and simultaneously dried by

face of the conveyor belt
the heat of polymerization = lymerlzatlon.

2.3 ver'se Suspension Polymer'! tion

AU 8L ANURNINEADT o« sevre

water soluble initiator andgacrylic acid neutralized with sodium
rodroxdg. ] “defp Y| sqibbnl ol isherhe | ko Vgl ofdanic: sotvent
containing surfaétant.; it is polymérized and then crosslinked to give
a desirable property. The physical properties are dependent on the
concentration of monomer, the degree of neutral ization, the kind and
concentration of surfactants. This process is an ideal process in
the control of heat of polymerization, because microsuspensions have
lower viscosities, provide easier heat removal and can be used at

higher monomer concentrations than the solution process (3).
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Table 2.3 summarizes chemical factors affecting the physical
properties of HWAPs (2).

TABLE 2.3
Factors Affecting Physical Properties of HWAPs

Physical Property Factor

Absorbency

Water Retentio
(Gel Strength)

oss@xking o
amringhd ) (M

b) Crossllnklng Den51ty (gradlent)

ammmmmmaa

- Wetting Agent and Filler,
- Appearance: Powder, Film, Sheet, Foam.
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Although HWAPs have been mainly used only in the limited
fields of disposable absorbing materials such as diaper and sanitary'
napkin, their use is being extended recently into agriéulture and
industrial areas as shown in Table 2.4 (2). :

2. Agriculture
- Soil Co -t' ] r Retention,

- Coatings for Seed. # i
TR f e SRR

2. . o a
- Dehydrating Agents fom Fuels,

ﬁ%@@%ﬂ%@%@ﬂ@@

ludge Dewaterug

QWWﬂ@ﬁﬁmuﬁqﬂﬂﬂqﬂﬂ

4. Others:
- Swellable Toys,
Fire Fighting Fluids,
Ice Packs,
Wallpapers for Humidity Control.
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2.2 Polymerization Techniques

Polymers are macromolecules built up by linking together of
large numbers of much smaller chemical units. The small molecules that
combine with each other to form polymer molecules re known as

which they combine are termed
&r'z&tion process or reactions
Ae composition or structure

| =y

monomers, and the reactions

polymerization. Polymers ar

can be classified in
of the polymers, th addition polymers and the
llows.' They can be

g 7 the mechanism of the

corresponding pol
called step or ch
polymerization reac
be obtained under

the use of these t interchangeable.
For polymerization, i ed on mechanism is natural,
therefore, polymerizati 2an- - be: &r 2 chain or a step reaction.

that high moleculs _ i oo ! mediately in a chain

polymerization. A radieal, anionic,%er cationic reactive center, once

produced, arﬂ u& an]ﬂeﬂ‘%ﬁlw ﬂhgkﬂ riction and grows

rapidly to aq!l large size. ¢ The monomer concent.r@jion decreases

o159 QAT A Y B o i

molecule§ increases. At any instant the reaction mixture contains

only monomer, high polymer, an(i,the growing chains. The molecular
weight of the polymer is relatively unchanged during the
polymerization, although the overall percent conversion of monomer to

polymer increases with reaction time.
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The situation is quite different for a step polymerization.
Whereas only monomer and the propagating species can react with each
other in chain polymerization, any two molecular species present. can
react in step polymerization.  Monomer disappears much faster in step

polymerization as one proceeds slowly to produce dimer, trimer,

tetramer, and so on. The mo 1lar weight increases throughout the
course of the reaction an higt

obtained until the end of

lar weight polymer is not

5 Long reaction times
n-'_i‘

are necessary for ersion and high molecular

weights (4).

For the pur organic polymerization,

free radicals c ts containing odd or
unpaired electrons( ion comprises four main

reactions: (i) initiatio or, e.g., a peroxide,

decomposes to form pri ra .j opagation, in which a free
radical adds monomer molecEEf . ion to form a large polymeric
radical; (iii) tammaﬁiml. ““in ic radicals react to
form a dead polymers: 3 a polymeric radical

abstracts an actiﬁ ( rmﬂi compound to terminate
the growing radical fnd form a radl 1 which may initiate a new chain

reaction. T}ﬁeuﬂ’}% Wg% &ﬁfgd in the following

equations (4, 84 -

sy ANTUNNIINGIAY

d = 2R’
R+ M — k, —> - RM’ eq.1
Propagation:
RM '+ M k, —> RM, °

RM 4+ M —— k —> RM_, . eq.2
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Termination:

eq.3

eq.4

essentially insoluble. , ‘w ich are larger than

those in a true emu ~: ion, are then polymerlzed e dispersion of which

is maintain m spending liquid,
which is alm:H ﬁ:ﬁ ﬁm&n ij j:nt.s which hinder
the coalescence of the dropletsiduring polymerization, a.the details of
vion 2 Yol i 3 o i) i) ) Bhmerization
initiators or catalysts soluble iﬁ the monomer phase are generally
used. According to the particular monomer employed, hard or soft
spheres, beads, pearls or less often irregular granules, which '
normally separate easily from the aqueous phase when stirring is
discontinued, are formed. Aside from cast resins and the synthetic
rubbers, suspension polymerization has become the most important

commercial method for polymerization of olefinic monomers. Despite
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the prominent industrial role of the method, relatively few
publications have appeared and the scientific aspects have been little
explored (8).

Reasons for the industrial development of suspension

polymerization are clear. . importantly, the large heat of

polymerization can be ~ ' 5 ; granules easily filtered
products can be ob 3 e any polymers, otherwise,
- -’ ET——

difficulties to bre the ] iard adhesive or rubbery

lation of latex and

ently avoided.
Several | x', >n are carried out in an
aqueous medium. _ from the suspension and
pearl polymerization, 1t ifferent types of end products.
' tion is presented in Table

An outline of these pr !
las been little used outside the

2.8 '18Y,

nﬂ %‘é’é‘j% %I%ZW E}ﬁ% ﬂoﬁmer in the form of

droplets and &erves as a hea} exchange &edium. It ivhe vehicle for

wocn o o g i e
additionqo i i agents. e most important types of

additive are:

(a) water-soluble organic polymers (so called protective
colloids), and

(b) inorganic cqmpounds in the form of water-insoluble
powders.




Polymerization Processes in

queous Dispersions

Examples of commercial

polymers and copolymers

B 0 S
In aqueous f of polymer
Process Monomers phase ' \ -
. | /Y \ NN\
Emulsion Largely water Initiators, Wale g -:l'l;~- ’} Latex ff particles
polymerization insoluble emulsifiers, e B, %? g:;”f!tg - 0.05-0.2 microns
etc. e »ﬁhéggégﬁ;  ‘} \
Dispersion Largefy water Initiator and >1% Wa -LLF;fﬁiEE?:' twscous, latexlike
polymerization insoluble water—-soluble dispersions,
‘ — polymeric dis;ﬁ : 10 microns
sant, e.g., PVl g ]"‘
Bead-type Largely water <1% water—solublID Monomer-soluble Clear beads
suspension insoluble polymer ‘jr X1 e
polymerization inorganicﬂ;ﬂﬁ‘I oﬂﬁﬂj w EJ ’] ﬂ ‘j
Powder-type Polymer Wit : P ';.T& ’ —‘01 ﬁ ? 1 réJ
: suspension insoluble su:ﬂnﬁg q ﬁ:imbﬁ f] oﬂz[:js El
polymerization in monomer agents azo compounds

Methacrylate and acrylate,
ester, vinyl acetate,
styrene, butadiene

Vinyl acetate

Styrene, methacrylate,

acrylate, vinyl acetate

Vinyl chloride,
high-acrylonitrile,

fluoroethylenes

o1
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Surface active agents may be added in small concentrations.
A survey of the materials used as suspending agents is given in Table

2.6 69Y.

If a layer of water-insoluble liquid monomer is poured over

water and then the liquids are
After the agitation is ozn ‘ )

again unite to form a homoge thls coalescence does not

ed, monomer droplets are formed.

monomer droplets rise, and

occur instant.aneously.' 7 1 droplets move about among

each other for so ~ on.'colli ‘they may rebound 1like

billiard balls : , ( : intain the originally
spherical deoplet whidl dR - _’ ‘: 3 of S‘%: interfacial tension.
The lower the int i Fi0 e mol ily are the monomer

droplets deformed u I ywing water as judged by

the int.énsit.y of aglits *: ” , ‘ ‘or forming lens-shaped or

elongated drops. ' h and,ja high surface tension has the
effect, of greatly 1ncreas1’n;—‘t$§' y of the large spherical drop.
In that case, On‘_“_])OlllSl(;;l a defa rmat; or f spherical drop can
hardly occur, but | Ehere is tead which leads to

rebounding. Wh‘é] ﬁie Int sion E# low, the tendency to
maintaine.a spherical g is compar%wely low. A deformed drop on

collision w11ﬂtﬂ E} WW% ﬂ %ger surface area.

Thus, a low inferfacial t.ensmn leads, wlth aglt.atlon, to breaking up

the mo:ﬂeﬁ q ﬂdﬁl mw tﬂ\ﬂ ETfTﬁnEl of course,

gives

Under the unique conditions of pearl bolymerizat.ion, the
droplets easily blend with one another without change of size. Among
good suspending agents are found polymeric substances such as starch,
proteinaéeous materials and poly(vinyl alcohol), which are only very

weak surface active substances. Pronounced surface active agents such
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TABLE 2.6
Materials Used in Suspension Polymerization

Suspending agent Monomer suggested

1.Natural polymeric agents:
-Carbohydrates: starcl
tragacanth, pectin

. //ﬂaturated esters of organic
ﬁ, such as acrylate esters

such as acacia,
- -Proteinaceous m: vinyl chloride,
gelatin, isingl
-Alginic acid % (=R | methacrylate.
-Starch with buf : /i
2.Modified natural ‘ .
-Methyl cellulose. T Acrylic and vinyl esters.
-Methyl hydroxypropyl c; «
with o.os—o.gl}y@f‘r:_ op; de.
group per C n_z_— ‘le, etc.

-Carboxymethy1 tglu S 0C , 1 ca)ounds.

salt.

oo P4 1)1 5 Wl 'ﬂlﬁ%

3.Synthetic polymeric agent.s.

RIS W00, .

of poly(methacrylic acid). homologs.
-Above at pH 5.5-8 with buffers. ‘Acrylic.compounds.
-Sodium salts of copolymers of Dichlorostyrene, acrylonitrile,

1 compound: vinylidene
inyl chloride,
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TABLE 2 6 (continued)
Materials Used in Suspension Polylerlzablon

Suspending agent Monomer suggested

.methacrylic acid with

/ﬂthylmethacrylate.

ated po lymerizable

styrene.
-Salts of copolymer

crotonic acid, wi compounds generally.

and maleic anhydride. .
-Polymers of 1t._&agiﬁ, f pounds including
maleic, citracedic, & Lic crylic. compounds.

also partial es‘grs or
-Sodium salts of cepplymers of 1-g, Polymerlza.ble vinyl compounds.
ettt it Elc@ ‘HIEH@‘ﬁ WEINYS

(b) Contalnlngqh itrogen:
SRRl NN T
-Polymerlc reaction products of Acrylic, vinyl esters and

met.hylmethacrylaté with ammonia. mixtures.
-Above at pH 5.5-8 with buffers. Aérylic compounds, homologs.




TABLE 2.6 (continued)
Materials Used in Suspension Polymerization

20

Suspending agent - Monomer suggested

-Polymethacrylamide witl 1 NaH_P
- "‘

-Poly(vinyl alco o™ 77/ L 0N sylic and vinyl esters.
-Poly(vinyl acet. vf ) . Vinyl acetate.

-Sulfonated polyst Eh iny1 chloride with less
0.5 SO_H group per ri - ~ ~winylidene chloride.

-Reaction prodo

alcohol) with %l

aida. m

Low molecular comno

e A NI S P i o

e.g., octyl lactate. general ly.

TR A TR Y

-Partial esters of polyalcohols Vinyl chloride, vinylidene
with fatty acids, e.g., penta- - chloride and other vinyl
erythrityl iaurate. compounds.

zable vinyl compounds.
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TABLE 2.6 (continued)
Materials Used in Suspension Polymerization

21

Suspending agent. Monomer suggested

2 ﬂg chloride.

-Phthalate esters

5.Condensation p:y 3 "
~Urea-formalde v f iny1 e loride, vinylidene

-Water-soluble p chloride polymers
6.Inorganic agents:

-Powders such as erlzable vinyl and
sulfate,talcum,al idene compounds.
-Addition of powders prad Polymerizable vinyl and
precipitation toget b lidene compounds.
monomers. - :

-Tricalcium pho Sk merizable vinyl and

vinylidene compounds.

‘Eiiii:iiﬁﬂiﬂﬁ% NI o e

R AR

-Bentdhite(colliodal clay). Polymerizable vinyl and
: vinylidene compounds.
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as wetting agents and soaps are not useful alone as suspending agents.
However, in certain cases they may be used in combination with other
agents for reducing bead size, e.g., along with strongly dissociated
inorganic salts which raise the surface tension of the water phase,
thus compensating to some extent for the wetting action. The surface

icient in the case of some monomers
#/ for  carrying ‘out. suspension
7 &gﬁ also in polymerization in
fon stabilizers.

activity of salts alone is

such as lower acrylie
polymerization. Salt :
combination with regu

It is
the aqueous phase
action in suspe
which exist betw
But, if the thin
poly(vinyl alcohol)

this reason, it L' polymers serving as

suspension stabilize completely insoluble in
the monomer pha;se. D e 1t.yampart.ed to the aqueous
phase is directly 1mgprtant. in del 1ng the process of coalescence.

ﬂHﬂ?ﬂﬂﬂiWﬂﬂﬂ

case of the inorganic matena?é used in a fine

-l AERLrRT Ve s rsator e

wetted by the aqueous phase. When two monomer droplets approach each
other, their recombination may be prevented by the powder particles
which lie between them. This can be observed distinctly under a

microscope.
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Additions of surface active agents to the aqueous phase
have great influence along with powders as suspending agents, because
of the reduction of surface tension. Very small additions of such
surface active agents can promote the f ine dispersion of the insoluble
powder without changing the surface tension of the water very much.

If these wetting agents are only used in an extremely small

concentration, they are prac J /' orbed completely wupon the
powder surface, so th ‘e free 1ng wetting molecules are

present in the aqueow u@better dispersion of the

suspending powder, sm a.rp formed.

rform their function
during the whole celirsg of £he™pc rizat : The most critical
phase of each po 78 o}f Y : that when the droplets
contain enough dis, : ey ' come syrupy; and because of

be broken up as readily by

the agitation as when they wene,r ! ure monomers. At this stage
also, the droplet.fl are not" yet’." j l)g: solidified to prevent
sticking togethar om oot = It-ispossible that this critical

phase is also ij ‘ , esﬂln interfacial tension

between the aqueous and organic phases occurring during the progress

of polymeriz ﬁl&Tﬂ roduct may possess
widely diffﬁy}a‘r:eg ﬂ S\B Tﬁnsmn. en the polymer is
insol m ﬁ!{ of course
WY a1 b N 1AL

2.3.2 The Monomer Phase

Generally, those monomers which are insoluble or only
slightly soluble in water are polymerized by suspension processes.

However, where the solubility of the monomers or the products is too
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great, electrolytes such as alkali salts of strong acids, which have a
salting-out effect, may be added. Mixtures of different monomers also
may be copolymerized in suspension where a difficultly soluble monomer
acts as an extracting agent for a second more soluble monomer. In this

way, copolymeric pearls from relatively water-soluble monomers may be

obtained, especially in the presence o salts. Similar action can be

exerted by plasticizers whic ccasionally added initially
to the monomers in or&ziutaml;fom pearl formation.

In pear monomer phase usually
contains the ig8olved/ ymer izable: }'W’tiator or catalyst.
Practically, the sa in ordinary bulk and

solution polymeriza g [ of ,unsaturate " ‘monomers, 1i.e., organic

Inverse S SUSpensio c which recently have

attained commerc .'E N b concentrated aqueous

ﬂorganlc solvents. The

technique mﬁ il 1 %ith acrylamide, methacrylamide,
acrylic amdﬁﬂ yldc El iw &je’iﬂgondi"g acids, and
quaternary ammomum monomers such as ﬂaternlzed et.hylammoet.hyl

metmalw’]aa NRBH WASE TR o e

mlxtur Generally 50-80% monomer in concentrated solution with

solutions of monome :s dlspersedm hyd.rophobl

water is dispersed along with water-soluble initiators such as
persulfates, hydrogen peroxide, and redox act.iVators of these. As
external phases one may use aliphatic hydrocarbons or less frequently
toluene, xylene or chlorinated hydrocarbons(8).
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This process provides many advantages, due to the
compartmentalization of the reactive loci it associates a high
polymerization rate to a high average degree of polymerization, low

viscosities and good heat removal(10).

Heide, W., Hartmann, amvakaris, C.(11) disclosed an

inverse suspension polym for the preparation of bead

polymers of water-sol t.urated monomers, such as
acrylamide, methacryl : : wmethacrylic acid, alkali
metal and ammonium. “of 1 _ X . The monomers can be
employed in the > n’ | " :
another, so that - 7 %olymers are obtained.
Preferred monomers # 3,y rylic acid, acrylamide
and/or methacrylami. ' J

another in any ratio

The polymerlzatlgn i ried out in the presence of
crosslinking agen il contain two or more
ethylenically amples of suitable
crosslinking agent ¢ eneblsa“ylamlde poly(ethylene
glycol diaci'ylates) dandapoly(ethylerie’glycol dimethacrylates), each of

wich is afflobg g YV TARM BVQAF) Bvire = motecutar

weight of fron#‘I126—8500 trlmgt.hylolpropﬂe trlacrylaag, trimethylol-
rorr NG 6 e 59 WA, Briire s
diacryldte, butanediol diacrylate, hexanediol diacrylate, hexanediol
dimethacrylate, diacrylates and dimethacrylates of block copolymers of
ethylene oxide and propylene oxide, adducts of ethylene oxide and/or
" propylene oxide with trimethylolpropane, the said adducts being
diesterified or triesterified with acrylic acid or methacrylic acid,
polythydric alcohols), such as glycerol or pentaerythritol, which are
diesterified or polyesterified with acrylic acid or methacrylic acid,
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and triallylamine, tetraallylethylenediamine, divinylbenzene, diallyl
phthalate, poly(ethylene glycol divinyl ether), trimethylolpropane
diallyl ether, butanediol divinyl ether, pentaerythritol triallyl
ether and/or divinylethyleneurea. Water-soluble crosslinking agents -
are preferably used, for example N,N'—methylenebisacrylamide, poly
(ethylene glycol diacrylates), \i]y(ethylene glycol dimethacrylates),

pentaerythritol triallyl etl na Wnylurea. The crosslinking
agents are used in an amm,_ fro _,.ﬂ( to 5%, preferably from 0.01
“The nix rm :::m:onomers.
M : -

to 2%, by weight, based
The polymeri rie l out in the presence or

absence of the conventi - ﬂ A 1 regulators. Examples of
suitable polymeri 11360 : | compounds, such as
thiolglycollic aci ‘mgr _i : ( 1s, s. 2-mercaptoethanol,
mercaptopropanol and i formic acid

and ammonia.

potassium perowdiﬂlfﬁfe,' : , ich & dibenzoyl peroxide,
dilauryl peroxide, gl—z—ethylhexyl eroxydicarbonate, dicyclohexyl

peroxydlcarboﬁ,u E]:fg %ﬂ-ﬁﬁcwm ﬂ ﬁperoxydlcarbonate,

tert-butyl perpivalate, tert- butyl perbenzoate, tert-butyl permaleate,

OACY WS e /) L Wi 11310134

ammonium sulfate, ascorbic acid, sodium methylsulfinate, disodium
bisulfite and soduim bisulfite. Azo initiators, such as
azobisisobutyronitrile, 2,2 "—azobis- (N,N '-dimet.hyl isobutyramidine)

dihydrochloride, 2,2 "—azobis-( 2-amidinopropane) dihydrochloride, 2,2 o
azobis-(N,N : ~-dimethyleneisobutyraniline), 4,4 "_azobis( 4-cyanopentane

carboxylic acid) and 2-carbamylazoisobutyronitrile, are also suitable.




27

The polymerization initiators can be used either alone or as a
mixture. The rate of decomposition of peroxides which decompose at
high temperatures can be reduced by using organic metal complexes,
such as copper acethylacetonate, so that the de_composit.ion rate of the
peroxides can be adapted to the particular polymerization temperature

chosen. The polymerizat.ion Ws are used in an amout of from

0.01 - 5%, preferably f weight,, based on the monomers

used in the polymenzaﬂ!un——: J

=
For the 1

the monomer conce 3t d

e dissolved in water,

ion being from 10% by

to the saturation ony aqueous solution is then
suspended in an ali c}rpe : yitable aliphatic hydrocarbons
are C_-C, alkanes, € ne, cycl_ehexéne, heptane,
n-octane, isooctane, as well as mixtures of
the oil phase in th ‘ : ispension >#ization is cyclohexane.
The weight ratio ‘phase in the inverse

suspension polymernat.ion is from

o AHUANYDIHEIDG wrton 1 o

aliphatic hyﬂrocarbon, inorganic suspen‘g,-ing agents Iﬁed on modified
e AR IR IT R TR B ™
inorganic suspending agents, which have a low hydrophilic-1lipophilic
balance(HLB), are the agents conventionally used in inverse suspension
polymerization processes. The mineral component of these substances
is formed for example, by bentonite, montmorillonite or kaolin. The
finely divided minerals are modified by treating them with salts of
long-chain amines, e.g. C-C, Aamines or quaternary ammonium salts, the

amine salts or the quaternary ammonium salts being incorporated
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between the individual layers of the finely divided minerals. The
unquaternized or quaternized ammonium salts used for the modification
preferably contain 1 or 2 C,,-C,, alkyl radicals. The other
substituents of the ammonium salts are C ,~C, alkyl or hydrogen. The
content of free ammonium salts in the amine-modified minerals is not

more than 2% by weight. Fi divided minerals modified with

ammonium salts are commer® .

The inorgan@di T a@the inverse suspension

polymerization also i ilica } _has been reacted with

organosilicon compo & 4 ilable organ silicone compound is, for

example, trimethyl

ided inorganic minerals

s with the aliphatic

The object of m
is to improve the
hydrocarbon used as

polymerization.

the inverse suspension

o r*#—-‘.‘.ﬂf’ ;

3entenibe “and ¢

structure, e.g.

amines results

hydrocarbon and t.hﬂ
particle size is abou} 1 am, in general from 0.5 to 5 um. The silicas

reacted wit l'ﬂ1 mﬁj cle size of from
about. 10 to ﬁr EE'he mﬂ finely merals are wet Dby
both tﬁ monsequently
accumu":i Wi&ﬁm'ﬁtﬁe jj‘ﬂuj e and the

organic phase. They prevent coagulation when two aqueous monomer

er}Ef ine particles. The

droplets collide in the suspension.

The stability of water-in-oil suspensions which contain a
modified finely divided mineral as the suspending agent and an

aliphatic hydrocarbon as the oil phase can surprisingly be increased
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by adding from 0.1 to 5% by weight, based on the monomers used, of a
nonionic surfactant, so that the polymerization batches do not undergo

coagulation or agglomeration.

The nonionic surfactants which are used in the inverse
suspension polymerization pr
Examples of suitable nonionic ; are C_-C,  alkylphenols which
are oxyalkylated with&e oxi propylene oxide. Examples
of commercial produc - : 7 ; 1phenols which have been

reacted with from 4 51es bf. e ene.oxide per mole of phenol.

ave an HLB value of from 2 to 16.

Other nonionic surfaftafité Ahich are used aceording to the invention
are oxyethylated C , / AN
which are partially T4 Lth C,,fatty acids. These may -
additionally be h Fre 2 ) 7 oles of ethylene oxide.
Examples of suit attyral palmityl alcohol, stearyl
alcohol, Amyrist.yl ry alcohol, 0X0 alcohols and
unsaturated alcohols, e;gﬂ,‘,—,le‘w: ohol. The fatty alcohols are
oxyethylated t.q:_kuch a degree shat, §§‘ uble in water. In
2 2-20 moles of ethylene

ving t& HLB value stated above.

general, 1 mole lcohol 1s 1
oxide in order to _Eivhain :

¢ o Q
Exanﬂ u | € 1 &Jaidntls ynich fafe pirkTally esterified am
may be o t.hylat.ed are glycerol sobitol, mannit.ol and
e R TN R Y e
with cl@ acids, e.g. oleic acid, stearic acgj or palmif.ic
acid. The esterification with the fatty acids is carried out so that
one or more OH groups of the polyhydric alcohol remain unesterified.
Examples of suitable esterification products are sobitan monooleate,
sorbitan tristearate, mannitol monooleate, glycerol monooleate and
glycerol dioleate. The stated fatty acid esters of polyhydric

alcohols, which may contain one or more free OH groups, can then be




30

reacted with ethylene oxide and/or prop&lene oxide. From 2 to 20 moles
of ethylene oxide are used per mole of fatty acid ester. The degree
of oxyethylation is known to affect the HLB value of the nonionic
surfactants. By a suitable choice of the oxyethylation, it is possible
to prepare surfactants which have a HLB value in the stated range.
The nonionic surfactants can he
one another. This permf 52,3\;@:

example, it is possib '103 St

ither alone or as a mixture with

r of possible variationss for _'

s having different degrees
of oxyethylation, ether with oxyethylated
fatty alcohols or rivatives. From 0.2 to
3% by weight, bas e polymerization, of a

- i o ‘ ' A :},. 4
nonionic surfactant. ' use v-‘.r“:_at.ablllzmg the suspension.

As is usftal . polymeni n processes, the inverse

suspension polymerization i eaf‘ t in the absence of oxygen,
preferably in a nitrog ospheré. The polymerization is. carried
out at from 35 to 100 'gﬂj@r;{r = or superatmospheric pressure.

The polymerizati?ﬁl is most simply car ht.. the boiling point of
the particular aldphatic b on | particular - aliphatic
hydrocarbon mlxburg In carrying out the poﬂllmerizat.ion, a water-in-
0il suspension can f irst be prepared from the aqueous monomer solution

o ahp@m@@%ﬂm WARAS: o i

suspending nt and the ngmomc surf acl:.ant, are &(ﬁed to promote
s R S AGAIMAIIY | BAGY o0
inorganic suspending agent and the nonionic surfactant can be added
both to the aqueous monomer solution and to the aliphatic hydrocarbon.
- However, it is also possible to adopt a procedure in which the
aliphatic hydrocarbon, the inorganic suspending agent and the nonionic
surfactant are initially taken in a polymerization vessel, and an
aqueous monomer solution is added with vigorous mixing so that a

water-in-oil suspension is formed. The polymerization can then take
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place. In another polymerization procedure, only one part of the
aqueous monomer solution is first dispersed in the aliphatic
hydrocarbon, the polymerization is initiated, and the aqueous monomer
solution is then run in at the rate at which the polymerization

progresses. In this procedure, a water-in-oil polymer suspension

forms above a water-in- o’l n r. suspension. This gives bead

polymers which have a p rom 1 um to 2 mm, preferably
from 50 am to 1 mm, &ng on t & react i ion conditions. When the
It »t. ‘Mng bead polymers can be

ntrifuging) from the

polymerization is cg
isolated (for ex
water-in-oil polr However bead polymers, which
still contain wat first be dried (for

example by means of i " ) and then separated off

Depending on ‘belymerizabin conditions and the monomers

used, the polymers obt.aj.qu._};ay?’ - molecular weights, which
: ntscher K values are from

50 to 300 (meas 5% i chloride solution at
25°C and at a polymer conén’c.ra ion o A'O.I%)ﬁj The 1low molecular
are iseful, for exafiple, as sizes. High molecular

wiae w808 AT AR T Sirte. st eonare

polymers of ag'l’yllc acid and of acrylamg copolymeri,of acrylic acid
i GRS 3 R 48] Bnaniwenny
acrylaté hydrochloride. Crosslinked polymers, for example copolymers
of acrylic acid and 'methylenebisacrylamide, 'a.re used. either as
thickeners in printnig pastes or as a water-absorbing l;zaterial in
diapers, depending on the degree of crosslinking. In order to achive
rapid water absorption during use as an absorbent for water, the bead
polymers can be dusted with finely divided inorganic materials, e.g.

bentonite, montmorillonite, kaolin, chaina clay and silica as well as
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with a thermally treated synthetic silica. Amounts as small as 0.2%
by weight, based on the bead polymer, are sufficient to increase the
rate of water absorption of the polymer compared with the untreated
material.

Contrary to the case ntlonal suspension polymerization

where the polymerizatio che latlvely well understood, no

initiated polymerizati “ acry ! _the presence of low
“emulsifier concentr 4 o i¢ s ant, ethoxylated stearic
acid, with 8 mole % based on the continuous

phase, white spirit) inverse suspension process

with the following reacti ﬁr— DS jown in Figure 2.3. _First a
water-in-oil t.ype emulslo_ﬂ s, fom jssibly a double emulsion, i.e.,
the organic mediun ; microe } ﬁ an aqueous medium and

(77zecs
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FIGURE 2.3 Schematic representation of acrylamide polymerization
in inverse suspension.

(The figure is reproduced from Reference 14.)
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this latter emulsified in turn as drops in an organic medium) which ris
unstable and tends to separate when stirring is stopped. Following
the start of the reaction, the inversion of phases occurs (the monomer
containing in aqueous phase becomes the continuous phase) and is
accompanied to a marked increase in the viscosity of the medium which
of ya whose properties are those of a
W r stirring, the gel breaks
ro3 0. mm in size, which remain

eriz ' ‘_ ion(14).

attains the consistency

viscoelastic ity. At hig

into small particles

as such at the end o

2.5 Literature

inverse suspension ' Eion : low.

Aoki, S., and a&ﬁ_ﬁ. H.415)" Amanufactured self-crosslinked
alkali acrylate homopolymerg ,whxo' a water absorption of 500 g/g
dry polymer by di&persmg 8 49%1 : ion of alkali acrylate

Ljon initiator in hexane
and polymerizing f cg 6 hours at >ein t.h&resence of a sorbitan
fatty acid ester with'am HLB value ofsbetween 3-6, without an addition

of a crossllﬂ%’g V] ﬂ%ﬁw&’;ﬂlﬁpomred nontacky

when wet and a pH of 7.4 ]Jl a form of 0 25% slurr A

YNNI NW']’MEI’W@EI

Obayashi, S., his coworkers(16) synthesued an alkali

containing a water-s Tluble‘

metal acrylate polymer by suspendlng an aqueous solution of acrylic
acid and an alkali metal acrylate in cyclohexane containing a
surfactant with an HLB value of between 8-12 and inverse suspension
polymerizing the mixture in the presence of a water-soluble radical
catalyst. The suspension was polymerized for 3 hours at 55-80°C to
give a granular polymer with absorbency in deionized water of 1250
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times ité weight, and in saline solution 120 times its weight. After
5 minutes in deionized water or saline, the absorbency was 300 and 25
times its weight respectively. The polymer showed no change in
absorbency during long storage in the powdéry state.

In 1981, Kao Soap Co..k __,18)_‘ patented the synthesis of

water-absorbing self-cro nke )om acrylic acid by inverse
suspension polymerizaé 60&5 m,hours, using potassium

persulfate(K_S _O_),

5.0, rate as an 1initiator,

dispersing medium a A" enulsi ively. ™ The processes gave

powdered copolymer Havi ¥ - stion: % NaCl solution.

Polymers sho { fox A\ ion were prepared by
and/or their alkali
metal salts with or wit “crossii ng agents in water-in-oil
suspensions in the presenéx’%i' “, s factant having an HLB of
between 6-9. The process’ié«‘gélﬁﬂ, itomo Chemical Co., Ltd.(19)
was carried out by=dispersins a cOompoSition—o water 30 parts, NaOH

Lt A

2 1 parts and 0.0085 parts
of N,N —met.hyleneb naleimide in a mlxt.urFf 0.9 parts sorbitan

mono laurate mﬁimi t_60 Cﬁd stirring for 3
hours at 60 age diameter of

20 ua and water absorptlon of 620 g/g in 12, seconds, compared with 50 u

tanctH|afh vt Mt o140 73 th  Boh B o simitar

product, Brepared in the presence of sorbitan monostearate(HLB 5.1).

6.7 parts, acrylic

Polymers with high water absorption velocityj were also
developed by Sumitomo Chemical Co., Ltd.(20). Crosslinkeci poly(acrylic
acids) and/or their alkali metal salts were contacted with mixtures
of hydrophobic solvents and H,0, separated from the solvents, dried,
and pulverized to give polymers with a high rate of H,0 absorption.
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For example, 6.7 parts NaOH in 30 parts H,0 was mixed under ice
cooling with acrylic acid 15 parts, K,S, 0, 0.052 parts, and 0.0085
parts of N,N'-methylenebisabrylmide, and polymerized for 3 hours at
60°c with 0.9 parts.‘of sorbitan monolaurate and 66 parts of hexane.
The polymer was separated from hexane, mixed with 0.5 parts of-

poly(oxyethylene nonylphenyl ether) with an HLB value of 14.5, dried,
#;/@u grain size) had 620 g/g H,0

Makita, M. & V 21). prej rylic water absorbents

and pulverized.
absorption within 10 s

which are useful as's Hrticles ane *wk riculture by inverse

suspension polymeriZ: ' fof aque s so lut ms of alkali salts of

: wmtented a process for
preparing a highly - wate inverse suspension

polymerization od using an aqueous lution of a  monomer

containing an i ‘;nm %‘ :' rylic acid, water-
soluble mlgﬂzj | ﬁﬁ ﬂiﬁnﬁﬁlom, hydrophobic
organic solvent and d1spersm§ agent..
AR ANN I UR1INYIAY

%ramm, J.R. and Bailey, K.M.(23) improved a process for
producing an alkali metal acrylate or ammonimn‘acrylate polymer having
excellent salt solution absorbency of the type characterized by
suspending an aqueous solution of acrylic acid and an alkali metal

acrylate or ammonium acrylate, ‘t.he mole ratio of the acrylic acid to

the alkali metal acrylate or ammonium acrylate being 50/50 to 2/98, in

114045490
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an alicyclic or aliphatic hydrocarbon solvent containing a surfactant
having an HLB value of 8-12, subjecting the resulting suspension to
inverse suspension polymerization in the presence of a water-soluble
‘radical polymerization initiator and, if necessary, crosslinking the
resulting polymer with a crosslinking agent, the improvément which

‘comprises conducting the polym

\ ,)uon in the presence of a water-

Cabestany, W veloped ~water-insoluble hydrophilic
acrylic acid-alkali At.e copolym " with a water absorption

-.; e solution absorption

capacity of 60 g/g b N polyr erization.

Han, Y-K & . (P8 “Synthesized! acrylic-acid based high-
s W ension polymerization of
acryllc acid and foll egl, ing reaction in a bench scale.
The water a.bsorbency of the rhad several hundred times its
weight. . ‘ c
and field test, ', oth " . crops such-as soybean
and red pepper gre 1 0 to J]}O% compared with the
conventional seeding _method depending on the class of soil and the

ovcera ] )8 3 et Ty PB)G i ort o e o 1

the increasédll of water retsnt.mn of 3011 which helps the seed

“RRTRIN I UANINNAY

onditioner in the pot
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