CHAPTER IV

RESULTS AND DISCUSSION

4.1 Characterization of the functional groups of the copolymers by FTIR

The synthesized copolymier: ¢ J saracterized for the functional groups

lyacrylamide, poly[acrylamide-

-d
co-(itaconic acid)], polyaciyie 1c ' compos oly[acrylamide-co-(itaconic
acid)]/silica composites z "\‘w \"Y\ monstrated in Tables 4.1-
4.2. The spectrum of the*Copg 9 fir ; ] 1] ;\ as intercalated onto both

acrylamide and itaconic 2
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Figure 4.1 Infrared spectrum of silica aerosil 90
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Table 4.1The infrared absorption of functional groups in silica aerosil 90, silica aerosil

200, and silica aerosil 300

Absorption wavenumber, cm™ for

Silica aerosil 90  Silica aerosil 200  Silica aerosil 300 Assignment

3443 (m) O-H stretching
1631 (m) C=0 stretching
471 (s) Si-O

s: strong; m: medium; w: Wed
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17 —

.!! "y
L ¥
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Table 4.2 The infrared absorption of functional groups in polyacrylamide,
poly[acrylamide-co-(itaconic  acid)], polyacrylamide/silica  composites,  and

poly[acrylamide-co-(itaconic acid)]/silica composites

Absorption wavenumber, cm™ for

(AM) (AM-co-1A) (AM)/silica  (AM-co-1A)/silica Assignment

3782 (m) 3772 (w) 3752 (w) O-H stretching

3439 (w) 3450 (s:)’-’ 7 "&5 (s) N-H stretching

2934 (m) 2940 (/ ' ‘ C-H stretching

1650 (s) 1650 C=0 stretching

1418 (s) 1452 ( 1416 .--:‘~.: 452 | C-H bending
- 2500-3300 (m) 4 - 2 2500-3300 (m)  O-Hstretching

‘ ‘ of COOH

1122 (m) 112 ({,J ) N-H bending

g - o Msw) o MTW) Si-O

~ — |
(AM):polyacrylmiﬂB j ilﬁ 'I ﬁ 'iﬂ “l j

(AM-co-1A): poly|acrylamide-co-(itaconic acid)]

wnsQ RARIBFRHBIVNYIN Y

(AM-co- I/ﬂ/sﬂlca poly[acrylamide-co-(itaconic acid)]/silica composites

s: strong; m: medium; w: weak.
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4.2 Surface morphology of the synthesized copolymers

The synthesized copolymers were investigated by scanning electron
microscopy technique to observe the surface appearance. The electron micrographs of

the synthesized copolymers are shown in Figures 4.8-4.10.

SEM photograph of the synth copolymers of poly[acrylamide-co-

(itaconic acid)], which are the p rbency, illustrated in Figure 4.8
shows that a porous structute-and-a brodd nm found in the polymer. It is
supposed that these poresay-’ s|of water pe eatlon The interaction of the
hydrophilic groups with w : COPO er high water absorption

has fine network and s , the SEM photograph of
poly[acrylamide-co-(itaconi€ a: t give less water absorption
illustrated in Figure 4.10, s o8 The water absorbency of the
polyacrylamide/silica composues‘MT_—.{@‘w at of poly[acrylamide-co-(itaconic

acid)]/silica compositu' =

The number Jf hydrophilic  groups of mly[acrylaxmde-co -(itaconic
acid)]/silica co i‘?& .lﬁofﬁ cilﬁﬁsilica composites, so
the swelling cap@sﬂ lyacrylamide/sili ite efore lower than the

°°p°lym°='-l TIRININUMNINYA Y

-
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Figure 4.8 SEM photographwefpolyfdetylamide-co-(itaconic acid)] (WA= 233+8 g/g)

o

Figure 4.9 SEM photograph of polyacrylamide/silica compgsites (WA=51+2 g/g)
_,‘) ";P:. - ry: -«‘.1

4>., M

-

Figure 4.10 SEM photograph of poly[acrylamide-co-(itaconic acid)]/silica composites
(WA=199+4 g/g)
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4.3 Effect of itaconic acid concentration

4.3.1 Effect of itaconic acid concentration (mole percent) on the water

absorbency of the synthesized copolymers

The water absorbency of the synthesized copolymer, synthesized by solution

polymerization of various concentratio onic acid (mole percent) with 1.0%wt
APS, 0.5%wt N-MBA, at 45°C, shown in Table 4.3 and Figure
4.11. o

Table 4.3 Effect of itaconic 2 / ' - ent) on the water absorbency

Itaconic acid congé

(mole percent)

bsorbency (g/g)
5142

15749

APS, 1.0%wt; -v

awfmﬂ‘imum'mmaa
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Figure 4.11 Effect of itaconic f}? g‘ ation (mole percent) on the water
e
absorbency DA
daadias - o
The water absorbency - ncTe e; /P-n _ 'ncreasing concentration of the
hydrophilic and ionic factional eroups. The Structure ot the . polymer should contain

V. AY |

more AM units than A u -U amide concentration. The
reactivity ratios of AM an‘d IA are 0.77 and 1.36, respectively [42], i.e. acrylamide

monomer molecﬁ H &}d'gp‘ﬁlﬁ %ﬁ%ﬂ "] ﬂfgactlon is short of AM

molecules as the eaction proceeds. °;l'he ultlmate chain end contams most of the
itaconic Qdﬁ)r}ﬁ\%fe] sﬁtﬁjzeﬂwr}q’a\ %ﬁ}a’q a Elmum ratio of
AM-to-IA 1n order to balance hydrophilic or ionic functional groups and chain
flexibility to produce the copolymer with the highest water absorption capacity. The
copolymer synthesized by AM: IA ratio of 97:3 with 1.0%wt APS, 0.5%wt N-MBA, at
45°C, 250 rpm, 30 min, can absorb distilled water at the highest value of 233+ 8 g/g.
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4.3.2 Effect of itaconic acid concentration (mole percent) on the absorbency

under load of the synthesized copolymers

The water absorbency under load (0.28 psi and 0.70 psi) of the copolymer,
synthesized by solution polymerization of various concentrations of itaconic acid

(mole percent) with 1.0%wt APS, 0.5%wt N-MBA, at 45°C, 250 rpm, 30 min is shown
Table 4.4 Effect of itaconic-aen ntra OnQﬂt) on the absorbency under

load
Itaconic acid concentfatio YVAEr 20SOrption Under load (AUL) (g/g) at

(mole percent)

in Table 4.4 and Figure 4.12.

0.70 psi
0 12.0
1 11.5
2 11.1
Y Y |
3 E 1.¢ m 10.7

APS, 1.0%wt; N Y%wt; at 0 rpm, 30 min.

AUL = absorbenﬂ]jggia VLEJCZ]S%’ w %J/] ﬂ i
RINNINUNINYAY
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Figure 4.12 Effect of itagonig a n-u $. \ ercent) on the absorbency
'm‘

) ercent)

under load el

45

¥ 'y f‘r .l -Jl'

The highest AUL of 0.2 re)" _ ,as,« e work at the IA concentration at

0%, which gave a valuelof 14.2 o/g. It decreased == = '; 9, and 11.6 g/g when [A
.

concentrations were sef ay 1, w1se the highest AUL of
J

0.70 psi was found in the work at the 1A concentratlon at 0%, which gave a value of

12.0 g/g and it ‘ﬂ‘ﬁﬁl"‘l Qn BW?WW‘?ncenﬁatlons at 1,2,

and 3 %, respectively were used. The %})sorbency under load decreases with increasing

o AT R UHNAT RYF
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4.3.3 Effect of itaconic acid concentration (mole percent) on the swelling

kinetics of the synthesized copolymers

The swelling kinetics of the copolymer, synthesized by solution
polymerization of various concentrations of itaconic acid (mole percent) with 1.0%wt

APS, 0.5%wt N-MBA, at 45°C, 250 rpm, 30 min is shown in Table 4.5 and Figure

4.13. ‘/4

Table 4.5 Effect of itaconic a€id ¢oncentration (ole percent) on the swelling kinetics

Itaconic acid o )
absorption time (min)

concentration

(mole percent) 1125 1605
0 56+1 64+7
1 149+7 15547
2 176+1 17945
3 23744 23946

APS, 1.0%wt; N-MBA, O 5'4; ; at 45°C, 250 , 30 min.

ﬂ‘lJEl’JVIEWIﬁWEI’]ﬂ‘i
Qﬁﬂﬂﬂﬂ‘im AN Y
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Figure 4.13 Effect of itacony .dlhd conce ¢ n percent) on the swelling
kinetics _‘_ﬂg-‘,_/j‘

L
The swelling behavior of the superabserbent polymer is a diffusive process.
After water has dif - & | ains relax and diffuse
outwardly into the liq and more volume of the

polymer increases. Beca se of the dlffuswe mechanisni, a principal factor of the

swelling klnetlcsﬁ ﬁﬂﬁ%ﬁfﬂ“ﬁ Wﬂ mrﬂaﬁgy and its shape.

In practlcal applications, notfonly is a higher absorption capacity required of
the absorﬁfﬂultla mgzm u m&lmﬂg@ He synthesized
copolymer qcan absorb water up to 14942 g/g of the dry copolymer within 15 min for
the polymer synthesized by AM-to-IA ratio of 97:3. The dependence of swelling time
on equilibrium swelling arises because the mass of liquid absorbed during the swelling

rate measurement depends on the equilibrium swelling capacity of the polymer. As the
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equilibrium swelling capacity increases, less polymer amount is used in the test so that

each sample reaches the same relative swelling extent at the specific time.

4.4 Effect of type of silica

4.4.1 Effect of type of silica \ he water absorbency of the synthesized

copolymers

The water absorbeney 6f.the cop: oly) ~ﬁ esized by the AM-to-IA ratio
of 97:3 with 1.0%wt APST0 594 \ \

types of 2.0%wt silica is'8

0 rpm, 30 min and various

Table 4.6 Effect of type offsilig

i
Type of silica — Vater absorbency (g/g)

no silica 3348

X

aerosil90 99+4
| |I|l
, 1| ‘ 1

LR wamwmrﬁf

AM-to-IA ratio, 97:3; silica, 2. :
APS, 1.0%wt; N-MBA, 0.5%wt; at 45°C, 250 rpm, 30 min.
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300

250 A

200 ~

150 -

100

Water absorbency(g/g)

50 A

no silica aerosil300

The water absorb d ¢opolymer with no silica at

the AM-to-IA ratio of9%:3 is 23348 g/g ar 31409+4, 1936, and 188+1
g/g (reduced by 14.6, Eﬂ7 .2, and 19.3% based on thm non-silica superabsorbent
polymer) in the ‘ﬁl?lj ?Tf ica aerosi ilica aerosil 200, and
silica aerosil 30,ﬂp€ﬂiﬂy. h ﬂ bSor eﬁﬂjﬁjmers in the presence
of silica ﬁr i }10 i 3 4 ijeﬂ ﬂ Ellojaﬁ; il 90 and silica
aerosil 200“ﬁ reag is Z]:gmlgr ydrophilic properties o:’%JZ hydrophilic
chain and the silica particles. The BET surface areas (m2/g) of silica aerosil 90, silica
aerosil 200, and silica aerosil 300 are 90+15, 200425, and 300+30, respectively. Their
surface areas are quite much different but the surface area does not influence the water

absorption of the copolymers.
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4.4.2 Effect of type of silica on the absorbency under load of the synthesized

copolymers

The water absorbency under load (0.28 and 0.70 psi) of the copolymer,
synthesized by the AM-to-IA ratio of 97:3 with 1.0%wt APS, 0.5%wt N-MBA, at
45°C, 250 rpm, 30 min and various types of 2.0%wt silica is shown in Table 4.7 and
Figure 4.15.

der load (AUL) (g/g) at
Type of silica \
0.70 psi
.ii--
no silica .. @\\ 10.7
aerosil 90 11.8
rosi f;ﬂ_. 7

aerosil 200 12.0

; ,,E' 4
I'I |":

1134 ok el
ammﬂimumfmmaa

aerosil 300 12.1
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Figure 4.15 Effect of type of silicaon-the abso nder load
The absorbe v_'ii- . it ‘ sized copolymer with no

silica at the AM-to-IA ra

l'
(reduced by 9.5ﬁﬁﬂ ‘f j bsorbent polymer) in
the case of copolymer containing 5111ca aerosi 1ca aerosil 200, and silica aerosil

300, resxﬁ mavqﬂ? ‘?W E]O'Tﬁﬂe synthesized

copolymergwith no silica at the AM-to- IA ratio of 97:3 is 10.7 g/g and increases to

oof973lsll6g/gand1ncrea esto 12.7,13.2,and 13.2 g/g

11.8, 12.0, and 12.1 g/g (reduced by 10.3, 12.2, and 12.1% based on the non-silica
superabsorbent polymer) in the case of copolymer containing silica aerosil 90, silica
aerosil 200, and silica aerosil 300, respectively. It may be attributed to the fact that fine
silica particles act as additional junctions. Therefore, crosslink density increased by the

increasing silica amount led to increase gel strength. The absorbency under load then
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increases slightly with the added silica. Therefore, silica improves gel strength or
absorbency under load of the polymer although the value of the synthesized copolymer

with silica aerosil 90, silica aerosil 200, and silica aerosil 300 are not much different.

4.4.3 Effect of type of silica on the swelling Kkinetics

The swelling kinetics of the coy ’wﬂesized by the AM-to-IA ratio of
5

97:3 with 1.0%wt APS, 0.5%wit-N-MB 4 ﬁm, 30 min and various types

of 2.0%wt silica is shown in Lable 45 2 gure

Type at time (min)
of -
Al 15 TEGE 225 1125 1605
no silica 236+7 23744 239+6
v;u )
aerosil 90 8 :“r;.;- 0 186+3 188+6
1] i
a2 oINSy e -
4

aerosil 300 11848  164+6  178+6 & 179+9  I8A+6  183+4

AM-to-IA fatio, ‘97:3; silica, 2.0%wt;
APS, 1.0%wt; N-MBA, 0.5%wt; at 45°C, 250 rpm, 30 min.
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= A

The copolymer synthesi 4’:": h i -to-IA ratio of 97:3 and 2.0%wt

silica with 1.0%wt APS, 0.5%wt N-MBAy ca ater.up to 12148, 119+8, and
118+8 g/g of the dry qi,:‘ hin ] .‘.1&'« silica aerosil 200, and
silica aerosil 300, resp@ively. 0 sw@ing time on equilibrium
swelling arises because thedmass of liquid absarbed during the swelling rate increases
throughout the rr%un%lt’a mgsm ﬁew;ﬂrlilnvﬁling capacity of the

polymer. The swelling absorbency value of the ahesized copolymer with silica

AR AN AUV A NEL TR
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4.5 Effect of silica concentration

4.5.1 Effect of silica concentration on the water absorbency of the synthesized

copolymers

The water absorbency of the copolymer, synthesized by the AM-to-IA ratio

1 ffect of sili /
Table 4.9 Effect of silica cgi /‘/// \'\\\\t\\\n.\

Silica concentration e y (g/g) of
(%) ’ aerosil 300
0.1 22542
0.2 21643
e '.'- —_— 5 208+5
2.0 188+1

AM-t0-1A rato, ﬂ;ux%l bl &Jﬂﬁ@‘i@lﬂ’ln‘iso rpm, 30 min.
AN AINIURIINA Y
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Figure 4.17 Effect of silica conc tr?‘tg’ ‘ the \. bsorbency
(et <%

The water absorbency o #“5"‘” v .; opolymer at the AM-to-IA ratio of

97:3 Wlth O I%Wt Sll w‘ s ‘Silica aerOSil 90, Silica
cased to 199+4, 19346, and
!
188+1 for silica aerosil 9 5111ca aerosil 200, and silica aerosil 300, respectively, at the

AM-to-IA ratio ﬂ slu Elﬂqz wﬂmwmﬁ%nw decreased with

increasing concenfration of silica. It Pay be attrlbuted to the fact that fine silica

S LA L

increasing silica amount, which led to decreased swelling.

aerosil 200, and silica et



65

4.5.2 Effect of silica concentration on the absorbency under load of the

synthesized copolymers

The absorbency under load (0.28 psi and 0.70 psi) of the copolymer
synthesized by the AM-to-IA ratio of 97:3 with 1.0%wt APS, 0.5%wt N-MBA, at

45°C, 250 rpm, 30 min and various silica

oncentrations (%) is shown in Tables 4.10-

4.11 and Figures 4.18-4.19.

Table 4.10 Effect of silica conce On O

/l m\\\“

under load 0.28 psi

g/g) of

Silica concentration (%

0sil 200 aerosil 300
0.1 123
0.2 12.6
0.5 12.9
2.0 | ‘ 2 132

AM-to-IA ratio, 9ﬁ ﬁﬂ ﬁwww /Tﬁzﬁmpm 30 min.
AN ﬁNﬂ'ﬁﬂJ URIAINYIAY
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14.0

—&— aerosil 90
—&— aerosil 200

—a— aerosil 300

AUL 0.28 psi (g/g)

Figure 4.18 Effect of silica ¢

Table 4.11 Effect of silica conce bency under load 0.70 psi

s — i v

UE0:70psi (e/2)

Silica concentration I") i
il aerosil 90 aerosil 200 aerosil 300

AUTINEMINYINT
aﬁfmﬂinmm'mmaa

11.6 11.6 1.8

20 11.8 12.0 12.1

AM-to-IA ratio, 97:3; APS, 1.0%wt; N-MBA, 0.5%wt; at 45°C, 250 rpm, 30 min.
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13.0

—e— aerosil 90
—— aerosil 200
—a&— aerosil 300

12.0 1

11.0 1

AUL 0.70 psi (g/g)

10.0 -

x.‘ y under load 0.70 psi
acasured to be 13.2 g/g and 12.1 g/g
for 0.28 psi and 0.7Q-psil respectively. at the AM-to-IA atio of 97:3 with 2.0%wt

silica aerosil 300. In ge F-"b ;' 30 ‘improve the gel strength

or absorbency under load of the swollen gel but it is Very ffective to reduce the water

absorbency. Thﬁum ﬁﬂtﬂ;ﬁdﬂaﬁﬂ' ﬂma-wlth increasing silica

percentage. The ‘additional amounts of silica probably act as non -reactive filler

e Q W AGIAT AT T Fp -

additional junctions. Therefore, silica has an effect on gel strength or absorbency under

load improvement, so that the higher the silica percentage, the higher the gel strength

will be.
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4.5.3 Effect of silica concentration on the swelling kinetics of the synthesized

copolymers

The swelling kinetics of the copolymer, synthesized by the AM-to-IA ratio of
97:3 with 1.0%wt APS, 0.5%wt N-MBA, at 45°C, 250 rpm, 30 min and various silica

concentrations (%) is shown in Table 4.12 and Figure 4.20.

Table 4.12 Effect of silica coneentratic

Silica Waiet 2 bency (g/g) at time (min)
concentration )

(%) 15 1125 1605

0.1 135+1 Ahy -2 23244 234+5 23546

0.2 13343 % /4 \ 2 v 226+6 227+1

05 124+3 pabig n 213+4 21446

2.0 12148 18643 188+6

AM-to-IA ratio, 97:3; sil' type, aero: .
APS, 1.0%wt; N-MBA, 0.5%wt; at 45°C, 250 gpm, 30 min.

ﬂuEI’J’VIEJ‘VITWEI'm‘i
AN AINIUURIINIAY




69

300
——0.1
250 1 ——0.2
M u

=5 N 4 A | €20
M -
% 200 A
2 ¢ =8
=
L
=
S 150 -
=]
[+
8
T 100 -
2

50 -

0= ;
0 ; 5 1500 2000

Figure 4.20 Effect of silica€o

The synthesized copoly ater up to 135+1 g/g of the dry

copolymer within 15 mit stlica aerosil 90. Therefore,

S ra— o

the swelling decreases 072.0%wt. The dependence

. . ) o . . .I,J . .
of swelling time on equit r1um swelling arises because the mass of liquid absorbed

during the sweFT Tfﬂﬂ%ﬂﬂﬂﬁj depending on the
ing capacity of po

equilibrium swel ymer

ammnimum'swmaa
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4.6 Effect of water temperature on water absorbency

The water absorbency of the copolymer, synthesized by the AM-to-IA ratio
of 97:3 with 1.0%wt APS, 0.5%wt N-MBA, at 45°C, 250 rpm, 30 min, and various

temperatures of water is shown in Table 4.13 and Figure 4.21.

30 | L 22848

=T A\
40 b NN 21447
| L ; \

50

60

1

%

=

5I. 1.0%wt; N-MBA, 0.5%wt; a
AULINENINYINg
PMIAIATUAMINYAE

AM-to-IA ratio, 97:3; A #5°C, 250 rpm, 30 min.
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Figure 4.21 Effect of water {émperatuge otk
A
Figure 4.21 shows that ‘...-'-»'".., ature higher than 30 °C, the water
absorption decreases his indicates a release of water-soluble materials, i.e.,
N N
the non-crosslinked co .‘f; g degree. When the gel is cool,

e

the swollen state is therf odynamically stable. The gel formed by the synthesized

o e R TN INY NS
RIAINTUNNIINYIAE
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4.7 Thermal properties of the synthesized copolymers

The synthesized copolymers were investigated by DSC technique under
identical conditions to identify endothermic peaks of copolymer. The DSC
thermograms of the synthesized copolymers of poly[acrylamide-co-(itaconic acid)],

and poly[acrylamide-co-(itaconic acid)]/silica composites are shown in Figure 4.22.

The reference T, is 165°C [43]. The T, of

—
poly[acrylamide-co-(itaconi ' we-co-(itaconic acid)]/silica
composites are far hlgheM e T, va ‘~\\¢_‘ acrylamide (165°C). It can

d with the added silica led to
increase gel strength. T e ) \’\‘ -co-(itaconic acid)]/silica
composites, synthesized with di pes ca)(a 0511 90 and aerosil 300) are

of silica aerosil 90 and silica
aerosil 300 are 90+15 and 30 ?: (48 :-_:: T r surface areas are quite much

different but the surface area does not influence thermal property.

X

)
ﬂ‘IJEIT’J'i’lEWl‘ﬁWEI'Iﬂ‘i

’Q‘mﬂﬂﬂim UAIINYA Y
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4.8 The silica retained in the gel

The silica retained in the gel, synthesized by the AM-to-IA ratio of 97:3 with
1.0%wt APS, 0.5%N-MBA, at 45°C, 250 rpm, 30 min, is shown in Tables 4.15-4.16.

Table 4.14 The silica retained in the gel, at various silica concentrations

Silica concentration Silica retained

added to monomer (%) in the gel (%)
0.1 90
0.2 95
0.5 88
20 90

AM-to-IA ratio, 97:3; Silica type,aétosil

APS, 1.0%wt; N-MBA, 0.5%wt; al45°C, 25

% sample weight = 1 g,

\Zo ,ji.",

Table 4.15 The silica retﬂed in the gel, at various types o ilica
LAk ihauwy TTRTL po
¢ o [
PRIAINIURNINY 16

aerosil 200 1.85 93

aerosil 300 1.71 86

AM-to-IA ratio, 97:3; APS, 1.0%wt; N-MBA, 0.5%wt; at 45°C, 250 rpm, 30 min.

? sample weight = 1 g.
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The percentage of silica retained in the gel at AM-to-IA ratio of 97:3 with
0.1, 0.2, 0.5, and 2.0%wt silica aerosil 90, is 90, 95, 88, and 90%, respectively. The
percentage of silica retained in the gel, synthesized with AM-to-IA ratio of 97:3 with
2.0%wt silica is 90, 93, and 86% for silica aerosil 90, silica aerosil 200, and silica
aerosil 300, respectively. The amount of silica retained in the gel is lower than the

nd that the whole amount of silica is

amount of silica added to monomer. It
not intercalated in to the pol ) surface areas (m%/g) of silica

+15 200425 and 300+30,

3
respectively. Their surface a i "erace cannot influence the

through chemical crogé‘hnkmg reactlon, 1norg > filler with hydrophilic

surface such as siliea i§ normally ncorporate during the

polymerization of the su rabsorbent as the solid crosshnlmlg sites as the polymerized
silica superabsor ﬁﬁ\ ﬁ’ l,a1 ispersed rather evenly
in the polymer Ep et rﬁjﬂ ?1 Alth he resence of silica in the
superabs E]ntribution, it
increases t eﬁ strengtgor wimol[mqoad as a comalment. When it is

assembled as a baby diaper or famine napkins, the absorbed fluid is still held within
the superabsorbent network. In this work, we tuned the combination between the
chemical crosslinking reaction by N-MBA and the minimum silica incorporation to

obtain the desirable water absorption capacity.
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On the other hand, one can mix or blend the superabsorbent with the silica
particle as an organic and inorganic composites, the resulting composites perhaps can
perform similarly as a silica-filled superabsorbent, but not the polymerized silica
superabsorbent. The performance of the silica-filled superabsorbent cannot match that

the polymerized silica superabsorbent because the loose silica can leak out from the

bsorbent and polymerized silica

superabsorbent polymer. e strength is also in the

intermediate between the zed absorbent and non-silica

superabsorbent.
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