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Abstract
Klinpituksa, P., Chaiyotha, P. and Chaisuksan, Y.
Synthesis and characterization of acrylamide/acrylic acid hydrogel

and its application for crystal violet dye adsorption
Songklanakarin J. Sci. Technol., 2006, 28(2) : 337-349

Acrylamide/acrylic acid (AAm/AAc) hydrogel was prepared by free radical polymerization in aqueous
solution of acrylamide and acrylic acid as a comonomer using ammonium persulfate and N,N,N’,N’-
tetramethylethylenediamine as an initiator system and N,N’-methylenebisacrylamide as a crosslinker at
room temperature. The hydrogels were prepared from acrylamide/acrylic acid with the ratios of 2.5/97.5, 5/
95, 10/90, 20/80, 30/70, 40/60 and 50/50. The swelling property and the equilibrium water content of the
hydrogel were determined in distilled water and in a solution of pH 3, 5, 7 and 8 for 96 hours. The result
showed that the maximum swelling and equilibrium water content of the hydrogel obtaining from AAm/
AAc in the ratio of 10/90 were found to be 3,945% and 0.9747 at pH 8, respectively. The adsorption capacity
of AAm/AAc (10/90) for crystal violet was also investigated at pH 3, 5, 7, 8 and 9 for 48 hours. It was found
that the optimum adsorption capacity of the hydrogel was in the range of 5-8. The adsorption rate was 90 %
of the sorption completion within 48 hours. The equilibrium data fitted well to the Langmuir isotherm with
the maximum adsorption capacity of 116.28 mg/g at pH 7.

Key words : hydrogel, acrylamide/acrylic acid hydrogel, adsorption, Langmuir isotherm
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Synthesis and characterization of acrylamide/acrylic acid hydrogel
Klinpituksa, P., et al.
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3. 35ms
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(Preparation of acrylamide/acrylic acid hydrogel)
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2.5/97.5,5/95, 10/90, 20/80, 30/70, 40/60, 50/50 (Iml
Tua) lusnds 1 wa. 1 1382818 1% N,N'-methyl-
enebisacrylamide (MBA) 0.25 4a., 5% ammonium
persulphate (APS) 0.2 aa. waztédn 1% N,N,N',N'-
tetramethylethylenediamine (TEMED) 0.25 wsa.
ailu 1TazansvatazaIan luduaznInezAIan W 13
azanaililul Tunnaaumfs, “uwiugudnate 3w,
wiawinl1¥lugay (incubator) figmnadl 25°C 1w
nan 24 dalu sinlalasiassanainuaenuin dalid
aANEN 3-4 W LL&?fkﬂﬂﬂﬂ’ﬂ%LLﬁx‘iﬁﬂqm%qﬁ 50°C

3.2 MIIAMINBIAI (Swelling measurement)
inlalasiaafinfandnysenm 0.01 n3w
1 lusinduuacly 1sazanedid pH 3, 5, 7 uaz 8

'
al

30103 50 wa. anndvias (27+1°C) Baanweedn
panNMNIILAEN BN IEAZIN T Gi’m‘iwﬁlmzagjﬁﬁ'saaﬂ
Fronszanwnsos udminludsinminaasudazdiotng
ﬁ"nmnﬂq 1 shluadiune 12 $alus wasfina 18,
24, 48, 72 uaz 96 dlag WAL AwImen
wasiduaniswasdvatlalasiaaan un1s (Karadag

and Saraydin., 2002; Karadag et al., 2002)

M, -M,)
M

o

%S = x 100

Wa %S = WasiamanIwesdizadaa
N8 (N5N) 2astaanasiiailay

=<
I

6

N8 (N3N) vagLaauisivIa iU

=<
I

3.3 ﬂ%mm{h uAa (Equilibrium water content,
EWC)

inlalasaafiudonsdinysesnm 0.01 niw

1 lusinduuacly 1sazanedid pH 3, 5, 7 uaz 8

U3u1as 50 ua.‘ﬁ'qquﬁﬁm dadh ! A NQaI

lalasiaaponuaznsasdisnzunse ij’ufrwﬁlmzaq'ﬁﬁa

pandlanIzaEnsasud lUds  USuimsin wga

fumldann .03 (Karadag et al., 2002; Karadag and
Saraydin, 2002)

Mt o
EWC=—5r—

t

Wa  EWC =13mmin wea

M, =3 (n3N) anslalasiaanasdfing
19 (a0 waw)

M, =w7a (n3N) saslalasiaauiefing
wiugud

34 minadu a3 Aaliletan (Adsorption of
crystal violet dye)
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1. mawnssulalasaezaarlud/nsnesasan

nnnaasanlalasiaaszaianlud/nsnazasan
(AAm/AAc) Tiasenldanuiisemesimelsiodu
wuvauyad szlasldazaiarluddonsaszasanlu
8091 % 2.5/97.5, 5/95, 10/90, 20/80, 30/70, 40/60,
50/50 (laslua) waz 1% N,N’-methylenebisacryl-
amide (MBA) 0.25 wa., 5% ammonium persulphate
(APS) 0.2 wa. waz 1% N,N,N',N' -tetramethylethyl-
enediamine (TEMED) 0.25 «a. wuhlalasiaaiilad
anwozuds 479w (Figure 1)

(B)

Figure 1. AAm/AAc (10/90) hydrogel obtained (A) and small pieces of dried hydrogel (B).
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auaeu (Table 1)
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Figure 2. Possible mechanism for AAm/AAc hydrogel formation using MBA as a crosslinker.
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Figure 3. Percent swelling in water of hydrogels at various proportions of AAm and AAc

as a function of time.
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Figure 4. Percent swelling of AAm/AAc hydrogels as a function of time at pH 3 (A),

pH 5 (B), pH 7 (C) and pH 8 (D).
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Figure 5. AAm/AAc hydrogel (10/90) before (A) and after immersing in water at pH 3 (B),
pH 5 (C), pH 7 (D) and pH 8 (E) for 48 hours.
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Figure 6. Percent swelling of AAm/AAc hydrogels as a function of pH.

Table 1. Equilibrium water content (EWC) AAm/AAc hydrogels.

Equilibrium water content of AAm/AAc hydrogels

Medium
2.5/97.5 5/95 10/90 20/80 30/70 40/60 50/50
Distilled water 0.9225 09611 09697 0.9311 0.9129 0.8954 0.8933
pH3 0.6645 0.7609 0.8750 0.6367 0.6275 0.5581 0.5586
pHS 0.9052 0.9586 09686 0.9276 0.9120 0.8927 0.8911
pH7 0.9459 09644 09728 0.9358 0.9398 0.9282 0.9235
pH 8 0.9666 0.9687 09747 09476 0.9443 0.9304 0.9301
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Figure 7. Adsorption capacity (mg/g) of AAm/AAc hydrogel (10/90) as a function of times

Condition:

50 mL of 5, 10 and 15 mg/L crystal violet solution, agitation speed

125 rpm at room temperature.
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Figure 8. Effect of pH on adsorption capacity of AAm/AAc hydrogel (10/90) for 10 mg/L
crystal violet under agitation of 125 rpm at room temperature for 48 hours.
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Figure 9. Characteristics of AAm/AAc hydrogel (10/90) before (A) and after adsorption of
10 mg/L crystal violet solution at pH 3 (B), 5 (C), 7(D), 8(E) and 9 (F) under agitation
speed of 125 rpm at room temperature for 48 hours.

Figure 10. Characteristics of AAm/AAc hydrogels (10/90) before (A) and after adsorption
of 2.5 (B), 5 (C), 10 (D) and 15 (E) mg/L crystal violet solution at pH 7 under
agitation of 125 rpm at room temperature for 48 hours.
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Figure 11. Relationship between Ceql /q, and crystal violet concentration at equilibrium (Ceq).
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Figure 12. Possible complexation process between AAm/AAc hydrogel and crystal violet dye.
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