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Assessment of Scientific Skills by the Use of an Experimental Package of

Synthesis of Super-absorbent Polymer from Malva nut
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Abstract

This research aimed to determine the percentage of students that passed the evaluation criteria of nine scientific
process skills by the use of an experiment package of the synthesis of super-absorbent polymer from Malva nut.
Forty-four grade 11 students participated in the study. A teacher graded answers in a laboratory manual regarding the
package and observed the students’ behavior. The use of the package revealed the scientific process skill in which
students showed the highest success rate was observation skills at 94% and the skill in which students showed the
lowest success rate was manipulating and communicating data at about 2%.

Keyword: Scientific skill Polymer Malva nut
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Water absorbency of Saponified Cissampelos pareira-g-Poly(acrylic acid)
. . T
Chaichana Thothong*, Warittha Juntaseang*, and Karntarat Wuttisela*
*Department of Chemistry, Faculty of Science, Ubon Ratchathani University,

Varinchamrap, Ubon Ratchathani, Thailand, 34190

Abstract

A pectin-graft-polyacrylic acid hydrogel was synthesized by a graft copolymerization
reaction among pectins extracted from Cissampelos pareira leaves, ammonium persulfate, acrylic
acid, N,N’-methylene bisacrylamide, followed by saponification with NaOH. The effect of the
amount of reactant, temperature, and time of initiation and saponification step on water
absorbency was studied. The maximum capacity of swelling was 824 g/g in distilled water with 1
g of Cissampelos pareira, reaction temperature at 80 °C, 50%(v/v) acrylic acid, 0.001 g MBA, 1
M NaOH, 0.01 g APS. The analysis of FT-IR confirmed that sodium acrylate is grafted on the
pectin of Cissampelos pareira leaves. The result of SEM showed hydrogel pore more than native
Cissampelos pareira.

Keyword: Cissampelos pareira, water absorbency, pectin-graft-polyacrylic acid

Introduction.

The superabsorbent polymer (SAP) has a three-dimensional network structure that is able
to swell and retain the aqueous medium in its network. It can be used in applications such as
disposable diaper, water crystal, water-blocking tapes, etc. (Buchholz, 1998). SAP has been
synthesized by various techniques; however, the most general synthetic route is the FRP process
of making hydrophilic homopolymers or copolymers with the help of a bifunctional crosslinker
and a saponification agent. The original synthesis of SAP from homopolymers crosslinked with
polyacrylic acid was developed by Kern in 1938 (Buchholz, 1996). Recently, research on making
the SAP copolymers by grafting onto various natural polymers (NP) or bioSAP has been
increasing because of the added value of its biodegradability of the NP. The vinyl monomers are
grafted onto various NP, such as, starch-grafted-polyacrylic acid (Fatang, 2006), agar-grafted-
polyvinylpyrrolidone (Prasad, 2006), nata de coco-grafted-polyacrylic acid (Puspitasari, 2006),

etc. Polymerization is mostly done under inert N, atmosphere because oxygen inhibits highly

t
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reactive radicals (Garner, C. M., 1997). In contrast, Pourjavadi and Zohuriaan-Mehr (2002) and
Wauttisela, K., Panijpan, B., Triampo, W., and Triampo, D. (2008) had shown the effectiveness
FRP process in the presence of air (Pourjavadi, 2002; Wuttisela, 2008).

‘ Cissampelos pareira is a NP which is climb plant in the family Menispermaceae. It has
uronic acid about 70-75%. It can form gel after extracting in water. Gel strength increases in
sugar, Caz+, NaOH. It can form gelation both crude extract and dialyzed fractions (Singthong,
2005). It is widely used for dessert and medicine (Sankaranarayanan, 2010). From its properties,
we optimized crosslink Cissampelos pareira-g-poly(acrylic acid). In our studied, the influence of
polymer factors; i.e., amount of reactant, temperature, and time of initiation and saponification
step on water absorbency is discussed.

Material.

Dried leaves of Cissampelos pareira (CP) were collected at That Village, Ubon
Ratchathani Province, Thailand. Acrylic acid (AA, from acros organics), sodium hydroxide
(NaoH, from Carlo erba), ammonium persulfate (APS, from Carlo erba), N,N’-methylene
bisacrylamide (MBA, from Sigma) were of analytical grade and used as received.

Preparation of gelatinized Cissampelos pareira

The dried leaves were slice into small pieces. The pectin was extracted by using the

solid:solvent ratio about 1:5. The solution was poured into the cheesecloth and squeeze to extract

pectin. The filtrate forms a pale greened gel in color. The fresh gel should daily preparation before

use.
Preparation of hydrogel

The 5 mL of distilled water was added to a test tube containing the mixture of (0-2 g)
fresh gel from Cissampelos pareira (CP) and (0.0025 — 0.2 g) APS initiator. The mixture was
stirred at a varied initiation time (0-30 min). 5 mL of (40-100%) AA monomer, (0.0005 - 0.005
g) MBA crosslinker, and 5 mL of distilled water are then transferred to the mixture of CP gel and
initiator. The gel forming within 2 minutes and the solution should be stirred for a total of 5
minutes. This was to keep the propagation time constant. The gel was milled into small pieces by
a blender. The gel granule was saponified using (0 — 3 M) NaOH for varying saponification time
(0-30 min). The reaction temperatures were varied from 60 — 100 °C for both the polymerization

and saponification steps. Homopolymer was removed by washing 3 times with 200 mL of distilled
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water. To dewater, the gel dried in an oven at 70 °C for 24 hours. After grinding, the dried
product was stored in a desiccator.

Tablel. The polymerization factor

Polymerization factor Range Constant
CP content (g) 0.01-2 1
APS content (g) 0.001 - 0.01 0.1
Reaction temperature (~C) 60— 100 80
MBA content (g) 0.0005 - 0.005 | 0.001
Concentration of acrylic acid (%) 40 - 100 50
Concentration of NaOH (M) 0-2 1

Swelling measurement

The water absorbency of copolymer was measured by soaking 0.1 g of samples (m,) in
100 ml distilled water for 24 h and measuring the weight gain (m,). It was calculated according to
following equation 1:

m, -m
water absorbency = —*—L

m,

(1)
Characterization of hydrogel

FTIR spectra of hydrogel were taken in KBr pellets. The transmission FT-IR spectra were
then recorded using a Perkin-ElmerSpectrum RX I FT-IR system. The surface morphology of the
sample was observed using scanning electron microscopy. Dried powder were coated with a thin
layer of gold and imaged in a SEM instrument (JSM-5410LV, JEOL, Ltd).
Result and Discussion

Water absorbency properties of Crosslinked Cissampelos pareira-g-Poly(acrylic acid)
was systematically investigated by studying the effect of various parameters such as amount of
Cissampelos pareira, amount of APS and MBA, reaction temperature, concentration of AA and

NaOH, and time for initiation and saponification step.
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3.1. Characterization of Cissampelos pareira-g-Poly(acrylic acid)
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Figure 1 IR Spectra of (a) Cissampelos pareira-g-Poly(acrylic acid) and (b) native Cissampelos
pareira

The FT-IR spectra (Fig. 1) of the Cissampelos pareira-g-Poly(acrylic acid) in the range of
400 - 4000 cm ' were taken in order to proof of grafting Cissampelos pareira (CP) to Poly(acrylic
acid). Fig 1a and 1b, they also exhibits absorption bands at 3430 and 1654 cm'l, which indicate the
presence of ~OH, and C=0 groups, respectively. However, C-O-C bending of CP was disappear in
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Fig. 3. Effect of amount of CP on water absorbency
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The reaction of graft copolymerization on Cissampelos pareira (CP) is to generate
radical sites on the CP backbone. The CP had hydroxyl groups that would act as the site to initiate
free radical. The effect of CP content from 0.01 g to 2 g on the water absorbency is shown in
Figure 3. As can be seen, the water‘abgorbcncy decreased with the increase of CP content from 1 g
to 2 g. Higher CP content resulted in increasing the viscosity of the system. The maximum water

absorbency of about 472 g/g used 0.1 g of CP.

700 oI
) e 3h
0001 AT 4 24h
5 600 7 T e
S / It T
S 55014 T
= 500]% R

Water absorbenc
(o)
Lo
<

0.00 0.02 0.04 0.66 0.08 0.10

Amount of APS (g)

Fig. 4. Effect of amount of APS on water absorbency

The swelling capacity of the hydrogel prepared with various amount of APS initiator, is
shown in Figure 4. The water absorbency increased with the increase of APS content from 0.001 —
0.01 g and sharply decreased with upwards of 0.01 g APS content. The more the APS content, the

higher free radicals resulted in decreasing the polymer chains according to eq. 2 (Sperling, 1992).

A (2)
20k k(1)

The maximum swelling 631 g/g is obtained at 0.01 g of APS content
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Figure 5 showed the swelling capacity of the superabsorbent with various reaction

temperature in keeping all other parameters constant. The water absorbency increased with

increasing reaction temperature. The maximum water absorbency (507 g/g) was reached when the

. ! i o
superabsorbent was synthesized with reaction temperature at 80 ~C. It could be due to the

temperature higher than APS dissociation temperature about 70 °C (Zhang, 2006). When the

o, N VICH COUR: | . . .
temperature was above 80 ~C, the APS dissociation increases resulting in the increase in the water

absorbency.
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Fig. 6. Effect of MBA content on water absorbency

Crosslinker play an important role to connect free radicals between two grated-PAA chains. The

effect of variation in MBA content from 0.0005 — 0.005 g is investigated (Figure 6). It exhibits the

effect of MBA content on the water absorbency of CP-g-PAA. The water absorbency initially
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increased with increasing MBA content from 0.005 g to 0.001 g until reaching a maximum value
of water absorbency and then slightly decreased. The finding correspond to Flory’s theory (Eq.3),
higher crosslinker content results in lower water absorbency cause higher the crosslinking density
(Flory, 1953), the space between the CP-g-PAA chains decreased and, consequently, the polymer

could not expand to absorb and hold a large quantity of water. Therefore, the maximum swelling

825 g/g is obtained at 0.001 g of MBA content.

S13 2

Q" = (i2v,s™ + (2 — x1)v1 3)

V./V,
where ( is the degree of swelling, 1/Vu is the charge density of polymer, 5 is the
ionic strength of solution, (1/27x1)/V1 is the polymer—solvent affinity, VE/VO is the

crosslinking density. According to Eq. (2), when the ionic strength of saline solution
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Fig. 7. Effect of concentration of acrylic acid on water absorbency

The relationship between concentration of acrylic acid and water absorbency is shown in
Fig.7. The water absorbency increased with raising the concentration of acrylic acid from 40% to
50%, and decreased with upwads of 50%. With the increase of concentration of acrylic acid, the
viscosity was enhanced. This led to the increase of water absorbency. The water absorbency reach

a maximum value about 825 g/g with 50% of acrylic acid correspond to agar-g-PAA (Wuttisela,

2008).
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Fig. 8. Effect of concentration of NaOH on water absorbency
The effect of the concentration of NaOH on water absorbency is illustrated in Fig.8.
Concentration of NaOH increases with the increase of water absorbency because NaOH reacted
with ~COOH of acrylic acid to form carboxylate ion (-COO Na') with the increase of osmotic
pressure. The best water absorbency of saponified CP-g-PAA superabsorbent is 824 g/g. When the
concentration of NaOH was higher than 1 M, the absorbency of CP-g-PAA decresed because

carboxylate ion attracted itself to fix crosslinking density (Li, 2007)

m A0B8B06

Fig. 9. SEM micrograph of (a) native CP (b) CP-g-PAA product
The most important properties of hydrogen is to have porosity for penetration of water
(Bao, 2001). SEM micrograph of native CP is shown in Fig. 9a which observed smooth surface
and has less holes than CP-g-PAA (Fig. 9b). BaO (2001) obtained the same results that the surface

morphology of superabsorbent hydrogel has an coarse surface.
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Conclusion:

The best water absorbency of saponified CP-g-PAA superabsorbent about 824 g/g found
to be 1 g of Cissampelos pareira, reaction temperature at 80 °C, 50%(v/v) acrylic acid, 0.001 g
MBA, 1 M NaOH, 0.01 g APS. The analysis of FT-IR confirmed that éodium acrylate is grafted
on the pectin of Cissampelos pareira leaves. The result of SEM showed hydrogel pore more than

native Cissampelos pareira. The surface morphology of hydrogel was coarser than native natural

polymer.
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