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Preparation of ion exchange membranes
of polyvinyl alcohol grafted with acrylic
acid and acrylamide for hydrochloric
acid recovery via diffusion dialysis
process

Abstract.

Diffusion dialysis is a functional separation process for recovering
inorganic acids from acidic wastes based on an ionic membrane. In
this work, a new type of ion exchange membranes was prepared by
grafting polyvinyl Alcohol membranes with acrylic acid and acryl
amid together using grafting “from” copolymerization method
adopting direct thermal heating. Fourier-transform infrared (FTIR)
spectroscopy, combined with light microscope and porosity test
were used to confirm the grafting process. The grafted membranes
with different concentrations and ratios were evaluated by testing
the ion exchange capacity (IEC), swelling (Smax), and grafting
degree (DG), The prepared membranes exhibited IEC values
between 0.71 and 2.51 mmol/g, swelling values within 71.69 and
4573.58%, grafting degree values in the range of 97 to 291.37%.
Hydrochloric acid was recovered through the prepared membranes
at room temperature and at 70°C. The polyvinyl alcohol membrane
grafted with acrylamide (100%) at a concentration of 10% w/w

showed a high acid permeability and good selectivity at room
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temperature. The acid dialysis coefficient and separation factor were

evaluated (Uy+=0.0049m/h, S=106.09) were better compared to the
commercial DF-120B which has a permeability and selectivity
(Uy+= 0.0040 m/h, S=24). Hence, the best permeability was
recorded by polyvinyl alcohol grafted with acrylamide and acrylic
acid (70:50) while adopting the process at 70°C. The acid dialysis
coefficient and separation factor (Uy+=0.0150 m/h, S=34.13) were
better compared to the commercial DF-120 which has a
permeability and selectivity (Uyz+= 0.0090m/h, S=18.5). The
prepared membranes in this paper showed excellent selectivity and
good acid permeability that suggests their use in recovery of

hydrochloric acid from acidic wastes by diffusion dialysis.

Keywords: ion exchange membrane; Polyvinyl alcohol; Acrylic
acid; Acrylamide; Hydrochloric acid; Diffusion dialysis.
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Introduction 4asial) .1
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spectroscopy
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Bl (358y Al A1 Al Alaialy aall g 5805 o Laiy
comanl Lol 8 o gaaligll lilous 5 e Aisle Ciltina JSES Gl Vis/UV
Adsorption test jalaaty) i) 11.3

Cum cgabaaty) Hlas) P e LuieY) & A1l aoal) cligl 3<15 cas
O (mes sl adall LIV 83l sasy 8 Aeadied) 2ueY) Caay
24 330 HC (e (¥0a] Jslaay ety alay pdln (A sl 4K e e W)
ve Vis—UV dgldas ahadinly L3l apall yled 5815 Cusd S el

Amax = 470.

Results and discussion 43Uy miliit) .4
FTIR duysd Jusals slpaall cind dndy) LdLka 1.4

Cada Jiey (PVA-g-AAC/Am 5 PVA cLial FTIR Gkl (4) JSal zuas
ol dals [29] PVA clie i (e 4dla) a8 PVA-g-AAC/AM clic
FTIR Cada add (2) Jsaall Jiey Cumy coliiall apnlsd 2y diliadll Lds sl
G5 4asV) dglle Jdail Zagy ((PVA -PVA —g-AAc/Am) (piliall
Sl 5yall Ayl (335 lady dapeddd gya 8 PVA I clie o) an ¢ hpeall
(AmM) 2l J3SY15 (AAC) @bl SV aasy "from” daadadl)

Compound Light Microscope wS;all Agall gl 2.4

MY\ Suag ‘;x; g\.u \} dS.uu ew\ e ).uu u.m A;J\) s(AAC/Am
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Gl JiG falue je slie 4 Jle PVA-g-AAC/AM clie Capai (K4
coLial) sale 3 LSl ligd ALy L) Ll Gyl e Leliad 2l Jladl)
Llee aladinly Lpcaeall Ll e 4y pae D) (mlea) saleind Gadall) () <; diag

[31-30] (PVA-g-AAc/Am) ¢Lisl aulic DD Lais¥ L 330l

. (1099.37477)
(1244.99371)

1
|
|
1 (1411.82865)

\4\(1637.48978)

(1733.92617)

Transmittance (a.u.)

(3528.60726) — VA

= PVA-g-AAC/AM

(3649.15273)

1600-1800 cm™

1
3000-3750 cm™*

T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm™)

asadail) aag 38 PVA ¢Lial IR Gl :(4) Jsad)
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) v Y COH e )eid] 1)
{AAC) S5 s
xadl) 0
el oSS dalill -NH2 80 bollaial piaill (33155 v _
-NHz
L) Y 3 pliaall ye3) linall ubg liiall blataYl GladlgH (xiad v v CH, gliaall o)

O piame 4398) PVA st (§ Alze b LSS 1a) 399 aodli
el S el wualal ey dadll Jglo 31335 o ¢ all )] v v -C=0 JuuuSs3,SUl o5
el 3,515 el S naond daslill JuanS e, SU1 ) dollaied bl

ol L3, SU daslill -N-H Lol 3l slionil 38193 dad v _ “NHa
“CHa bisal 3y sl 33155 a3 v v CHa oabiaal o)
PVAJ &ulill -C-0 8yaj Lollaial (33155 2ad v v C-0 4
e U UKl ) —OH ) 8305 il 385 2
oLl praet 2oy el 54 alil Laadls a (PVA - i -OH JeeSty kgl )
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