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ABSTRACT

Véi nhitng tinh chat vieot tréi, hydrogel di thu hit s quan tém ciia cdc
nha nghién civu trong va ngodi nude béi kha nang dé ché tao va da dang
cdc g dung trong nhiéu linh vuec. Trong nghién cvru nay, hydrogel dwoc
tong hop trén co sé polyvinyl alcohol (PVA), chitosan (CS) va carbon
hoat tinh (AC) theo dinh huong iing dung logi bo ion dong trong nurée
thdi. Céc tinh chdt dic trung cia hydrogel dugc khao sat qua cac phirong
phap phan tich va danh gia vat liéu, bao gom quang phé hong ngoai,
nhiéu xa tia X, kha nang trirong nmeée va hap phu ion Cu (). Khd ning
trirong nuée cia hydrogel dat dwoc t6i da la 497.1% khi ham heong
carbon hoat tinh trong mdu hydrogel la 2% khoi lwong carbon. Cac mé
hinh ddng nhiét Langmuir va Freundlich dwoc dwa vio nghién ciru dé
danh gid kha ndng hap phu ion Cu (1) cia hydrogel va cdc théng sé thiec
nghiém cua qua trinh khdo sat hoan toan khop voi mé hinh. Hydrogel
PVA/chitosan/carbon hoat tinh dat dwege @6 hap phu ion Cu (II) t6i da la
212.766 mg/g ¢ moi truong trung tinh.

TOM TAT

Abstract — Hydrogels have attracted the attention of domestic and foreign
researchers due to their outstanding properties such as simple fabrication
and diverse applications in many fields. In this study, hydrogels were
synthesized from polyvinyl alcohol (PVA), chitosan (CS), and activated
carbon (AC) towards removing copper ions from wastewater. The
characteristic properties of hydrogels were investigated by analytical
methods, including infrared spectroscopy (FTIR), X-ray diffraction
(XRD), water swelling behavior, and Cu (l1) ion adsorption capacity. The
maximum water swelling capacity of the hydrogel was 497.1% when the
active carbon content in the hydrogel sample was 2 wt%. The Langmuir
and Freundlich isotherm models were used in the study to evaluate the Cu
(I1) ion adsorption capacity of the hydrogel and the experimental
parameters of the survey process completely matched the model. The
PVA/chitosan/active carbon hydrogel achieved a maximum Cu (I1) ion
adsorption of 212.766 mg/g in neutral medium.
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1. GIOI THIEU

O nhiém ngudn nudc do viéc xa thai tir cac nha
may hoa chit ra ngoai méi truong cang ngay cang
tré nén nghiém trong. Nudc thai tir cdc nha may
chira ham lugng I6n nhitng kim loai nang nhu Cd,
Cu, Cr, Mn, Hg,...(Bayat et al., 2018). Nhiing kim
loai va ion kim loai nay tich tu lai, gy anh huong
nghiém trong dén moi truong séng cua dong thuc
that va con nguoi. Nhiéu bénh tat nguy hiém khé
diéu tri ciia con ngudi do ngudn nude 6 nhidm gy
ra nhu: t4, ly, thwong han, nhiém khuan E.coli, cac
bénh ngoai da. Nghiém trong hon la viéc nhiém
khuan tir thudc trir sau, chat phong xa trong nguon
nudc thai lam tang nguy co bi ung thu (Al-Othman
et al., 2012). Bé ddi pho vai van dé 6 nhiém ngudn
nudéc, nhiéu giai phap da dwoc dua ra nhu sir dung
mang loc, phuong phap két tia, phuong phap trao
d6i ion, phuong phap dién hoa (Cavaco et al., 2007;
Lakshmipathiraj et al., 2008; Punzi et al., 2015;
Gorzin & Bahri, 2018). Tuy nhién, cac phuong phap
trén doi hoi chi phi nang luong cao, can nhleu chat
xuc tac, thiét bi phic tap dong thoi dat tién va kho
tién hanh trén quy mé 16n (Zhou et al., 2016). Trong
khi do, phuong phap st dung hydrogel dé xtr Iy nuée
thai c6 nhiéu diém nol bat nhu kha nang hap phu ion
kim loai hiéu qua, ciu trac hoa hoc cua hydrogel
tuong dbi bén vimg, dong thai tiét kiém nang lugng
sir dung va chi phi thip (Kenawy et al., 2014).

Trong s6 nhiing vat liéu hap phy, carbon hoat
tinh, chitosan Ia nhitng vat liéu c6 tiém nang ddi dao,
dé ché tao, gia thanh thap va da duoc st dung nhiéu
trong cac nghién cttu hap phy. Carbon hoat tinh co
dién tich bé mit I6n, 6n dinh hoa hoc, kha nang hip
phu ndi bat va duoc tng dung hiéu qua trong viéc
loai bo chit hiru co va cac phirc chat 6 nhidm ra khoi
ngudn nudc (Vineeth et al., 2020). Kha ning hip
phu ion kim loai cua carbon hoat tinh phu thudc vao
dién tich bé mat riéng va do xp cua carbon (Gorzin
& Ghoreyshi, 2013; Chedly et al., 2017). D¢ tang
kha nang hap phu ion kim loai, nhleu nghién cau
huéng dén viéc ché tao composite nham két hop
carbon hoat tinh véi nhiing hop chét khac nhu
CoFe;04_AC (Abdeen et al., 2015), goethite AC
(Adebayo et al., 2020), MOF_AC (Muiioz-
Senmache et al., 2020).

Trong nhimg nam gin ddy, chit hap phu
chitosan da thu hat nhiéu sy quan tim nghién ctu
boi nhitng dic tinh nhu than thién moi truong, dé
phan huy sinh hoc, hap phu kim loai va ion kim loai
tt, ddng thoi gia thanh ré, nguon vat liéu doi dao,
dé tong hop. Nhd cac nhom chire phan cyc trén bé
mat nhu nhém amin (-NHz) va nhom hydroxyl (-
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OH), chitosan thuan loi twong tac véi cac ion kim
loai 6 nhiém trong ngudn nudc dé hap phu va trao
ddi ion d& dang nhu cac ion Cu 2*, Cd 2*, Pb?*. Do
d6, viéc két hop carbon hoat tinh va chitosan tao nén
composite két hop vat liéu vo co va hitu co, ting
cuong kha nang hap phuy ion kim loai, cu thé 1a ion
Cu (II) 1a dinh huéng ma nghién ciru nay hudéng dén.

Chitosan va carbon hoat tinh s& tao thanh ciu
trac hydrogel trong méi trudng axit. Dé tang tinh 6n
dinh hoé hoc va tang cudng co tinh cho hydrogel,
poly(vinyl alcohol) (PVA) dugc dua vao chu trac
cua hydrogel. PVA 1a polymer c6 tinh twong thich
sinh hoc cao, dé phan huy va c6 kha ning truong
nudéc tét (Li et al., 2015). PVA c6 chtra cic nhom
chtic hydroxyl (-OH) nén dé dang hinh thanh lién
két hydro véi nhom amin cua chitosan nén ting
cuong co tinh cho hydrogel. Ngoai ra, trong nghién
clru nay, glyoxal dugc st dung nhu tac nhan dong
ran dé khau mach PVA va chitosan dé tao ciu trac
bén vimg cho hydrogel. Hydrogel trén co s&
poly(vinyl alcohol), chitosan, AC, dwoc tong hop va
duogc khao sat cac tinh chat qua cac phwong phap
phan tich nhu FTIR, XRD, UV-vis. Ngoai ra
hydrogel dugc danh gia kha nang truong nudc va
kha nang hap phu ion Cu (11). Hiéu qua déng rin cua
glyoxal ciing dwoc khao sat nham tao ra hydrogel co
kha ning hap phu tét. Cac mé hinh hp phu ding
nhi¢t Langmuir va Freundlich dugc dua vao qua
trinh nghién ciru dé khao sat do hap phu téi da cua
hydrogel.

2. VAT LIEU VA PHUONG PHAP
2.1. Héa chit

PVA (My = 125 000 g/mol, d6 thily phan 98-
99%) va chitosan (My = 5000 g/mol, d6 deacetyl
80%) dugc mua tir hing Himedia, An D¢. Carbon
Ketjenblack EC-600JD va glyoxal dugc mua tu
hang Wako, Nhat Ban. Cac hoa chét khac voi do tinh
khiét > 99% dugc mua tir hang Xilong, Trung Qudc.

2.2. Bién tinh bé mit carbon Ketjenblack

EC-600JD

Pau tién, mau carbon duoc ngdm trong dung
dich HCI 6M ¢ 60°C trong 2 gio dé loai bo cac tap
chét. Sau d6 mau duoc loc, rira voi nude cat dén khi
pH 7. K& tiép miu duoc sdy dé loai bo 4m & nhiét
d6 110°C. Budc tiép theo, ldy mau carbon di dugc
sdy kho dem di chirc hoa bé mit bang dung dich
HNO; 6M ¢ 70°C trong 1o vi song Sharp R-
205VN(S), cong suét str dung 180W. Sau thoi gian
2 gio, mau dugc l4y ra, dem loc rua sach dén trung
hoa. Sau d6 mau duoc Say kho qua dém & nhiét do
110°C (Bui et al., 2018).


https://journals.sagepub.com/reader/content/16d22b999b2/10.1177/0263617416686976/format/epub/EPUB/xhtml/index.xhtml#bibr7-0263617416686976
https://www.sciencedirect.com/science/article/abs/pii/S1383586607003607?via%3Dihub#!
https://www.researchgate.net/profile/Ali-Asghar-Ghoreyshi?_sg%5B0%5D=P4RerLSC6JeLcylhbJC8NXSKeDi5U6sVLm4yj-KT1v-GRv8pGSfTOGTEHBtdFDNV6FbphNQ.73eqxBbY1V5sh3vXugwgvv2Mtlu2kZA4H4lvR6KyScrXSUYn_nIBSVM6GrKBUsApFGtQQVrarJdTaZec2HKptg&_sg%5B1%5D=P4MqJJM1UX3r8mungM_q3XSbHbIuEPoIky1oPLzVVGToNmH6d4hejxDsSuLT4czR31-APGQ.6jSSph1zDU04e7VGtnoh7dadnxhYpIhokLg3H3ngry_UmEU3-NfwQlnoLVDx4RybfS2ZcxJWyDURxW9mn0y5iw
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2.3. Tong hop hydrogel PVA/CS/AC

Chitosan dugc ngam vao dung dich acid acetic
1% qua dém & nhiét d6 phong va sau d6 duoc khudy
trén bép tir gia nhiét dé dugc dung dich ddng nhat.
Dong thoi, PVA ciing dugc cho vao nudc cat, khuy
va gia nhiét & 80°C cho dén khi PVA tan hét dé dugc
dung dich dong nhat. Sau d6 cho carbon vao dung
dich PVA, tiép tuc khudy dé carbon phan tan déu
vao dung dich. Ha nhiét 6 dung dich xudng mic
dudi 60°C, cho dung dich chitosan vao va khudy déu
dung dich. Ké tiép cho chat dong rén chitosan vao
va tiép tuc khudy dé glyoxal ddng nhat véi hdn hop.
Sau d6 tién hanh d6 khuén va déng rin mau & nhiét
d6 80°C.

2.4. Phwong phap phan tich va danh gia tinh

chét

2.4.1. Quang phé hang ngogi bién doi Fourier

(FTIR)

Phuong phéap quang phé hdng ngoai FTIR dugc
sir dung dé dinh tinh nhém chirc ddc trung cua cac
phan tir polymer chitosan, PVA va cac nhom chic
phan cyc trén bé mat carbon bién tinh trong cac mau
chitosan, PVA/CS, PVA/CS/AC. Thiét bi duoc sir
dung 1a Frontier FTIR/NIR tai Vién khoa hoc vat
liéu thanh phé H6 Chi Minh, Viét Nam. Quét trong
pham vi 4000 — 450 cm* véi bude quét 1a 0.2 mmy/s.

2.4.2. Nhiéu xg tia X (XRD)

Chu trac ciia cic mau PVA, PVA/CS,
PVA/CS/AC duoc phén tich bang phuong phap
nhiéu xa tia X (XRD) véi thiét bi EMPYREAN, gbc
nhiéu xa tir 5 — 80°, budc quét 1a 0.026 mm/s.

2.4.3. Khao sat dj truong nuoc

Hydrogel sau khi téng hop duoc cét thanh mau
¢6 kich thuée 1x1 cm va khéi luong We. Sau d6 mau
dugc ngdm trong nudc cit & nhiét do phong. Sau
thoi gian At, mau duoc Iy ra va lau sach bé mat
bang vai kho rdi can lai khdi lwong mau Ws (ASTM
D570-98). Coéng thirc tinh ty 1€ truong nudc dugc
tinh nhu sau (Song et al., 2020):

Ws—We

SR =
2.4.4., Kha ndang hap phy ion Cu (11)

Thi nghiém khao sat d hap phu ion Cu (IT) duoc
tién hanh biang cach ngam mau hydrogel trong dung
dich CuSO4 & nhiét do phong trong 24h véi nong do
ion Cu(1I) thay doi trong khoang 60 — 220 mg/L. Sau
qué trinh hip phu, ndng d6 ion Cu(ll) trong dung
dich duoc x4c dinh véi sy hd trg cia may quang pho
UV-vis (UV/UV-NIR Horiba Dual-FL). Luong hap

x 100% 1)
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phu dugc tinh dwa vao cong thirc nhu sau (Peng et
al., 2019):

_ (Cp=O)V
- m

(@)

Trong d6, Co va C (mg/L) lan luot 1a nong do
ban dau va néng do can bang cia ion Cu(ll) trong
dung dich ngam mau. V (L) 1a thé tich cua dung dich
CuSO4 va m (g) 1a khéi lugng cia hydrogel 1am chat
hap phu.

Panh gia kha nang hip phu ion Cu(ll) cua
hydrogel véi cac nong do dung dich ban dau khac
nhau duoc khao sat v6i mod hinh dang nhiét
Langmuir (3) va Freundlich (4) (Yan et al., 2019).

c_ ¢ 1 @)

(4)

a4

Trong d6 qo, (mg/g) la dung luong hap phu cuc
dai vab (L/mg) la hang sb LangmUIr lién quan dén
nang luong hap phu. K (mg/g) la hang s6 Freundlich
lién quan dén kha nang hap phu cua vat liéu va 1/n
l1a hé sb Freundlich.

3. KET QUA VA THAO LUAN
3.1. Panh gia nhém chire diic trung cia miu

b

Ing = l InC + InK

Theo Hinh la, phé hdng ngoai cua carbon bién
tinh thé hién cac dinh hip thu dic trung cho céc
nhom chiic phan cuc ge“in trén bé mit carbon. Dinh
3421 cm! twong tng v&i nhém chiee -OH, dinh 1569
cm? twong tng véi nhom chire C=0 va dinh 1159
cm? twong ing cho nhom C-O (Bui et al., 2018).
Theo Hinh 1b, phé PVA véi cac dinh 3282, 2918,
1720, 1085, 1422, 834 cm* lan luot dic trung cho
cac nhom -OH, -CH,, C=0, C-0O, C-H, C-C trén
phéan tt PVA (Zhang et al., 2009). Theo Hinh Ic,
phd hdng ngoai cia mau chitosan c¢6 dinh hap thu tai
3607 cm dic trung cho nhém -OH, dinh hap thu tai
3075 cm™ dic trung cho su ubn cong -NH, (amide
IT), dinh hap thu 2815 cm™ dic trung cho nhom —
CH; dao dong kéo dan do vong pyranose gay ra,
dinh hap thy 1679 cm™ va 1005 cm™ lan luot dic
trung cho nhém C=0 kéo dai (amides) va lién két
C-H trong phan tir chitosan (Yang et al., 2005;
Krishnaveni & Ragunathan, 2015). Khi so sanh ph
FTIR cua miu chitosan (Hinh 1c¢) véi phd FTIR cua
PVA/CS/AC (Hinh 1d) thdy ring khi thém chitosan
vao PVA thi cic peak & vi tri 3689 cm™ ciia nhom
chitc —OH trong PVA va chitosan dugc tang cuong
o trén mang PVA/CS/AC (Zhang et al., 2009; Choo
et al., 2016). C6 thé giai thich diéu nay 1a do su
tuong tac gilta caic nhom -OH véi nhau va nhom -
OH v6i NH; 1am peak bi dich chuyén sang 3689 cm
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! trong khi peak -OH & PVA la 3282 cm™ va &
chitosan 1a 3607 cm™. Vi tri 3319 cm™ cua nhém -
NH, trong mau PVA/CS/AC c¢6 su dich chuyén so
vé6i peak 3075 cm™ cua miu chitosan nguyén chat
ban dau (Nowruzi et al., 2020). Diéu nay ching to
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¢6 sy lién két gita cac nhom chirc caa chitosan véi
PVA va glyoxal véi nhau. Ngoai ra, co sy gia tang
cuong do tai dinh 1241 cm™ biéu dién cho céc lién
két chéo C-O-C, hinh thanh bai phan ting déng ran
cua glyoxal (YYang et al., 2005).
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3.2. XRD

Trén gian d6 XRD ctia mau PVA nguyén chat
(Hinh 2a), thay xuat hién 2 peak nhiéu xa dic trung
nam trong ving khoang 19-20° va 40-41° (Abdeen
et al., 2015). Cac peak nay dic trung cho ban chat
ban tinh thé cia mang PVA, cdu triic nay 1a do cac
lién két gitra cac phan tir va lién két hydro noi phan
tu.

T
2000

T T T T T T T T
2500 3000 3500 4000

-1

cm

Hinh 1. Phé hdng ngoai FTIR ciia AC (a), PVA (b), CS (c) va PVA/CS/AC (d)

Sau khi téng hop, anh XRD cia PVA/CS va
PVA/CS/AC (Hinh 2b, 2¢) van thé hién cac dinh
tinh thé dac trung, tuy nhién cuong do dinh c6 phan
bi yéu di. Thé hién qua viéc cac peak tii hon va it sic
nét hon. Diéu nay chi ra ring cac nhoém amino va
hydroxyl trong chitosan tao phic véi hydroxyl cua
PVA din dén céu tric vo dinh hinh cua phuc hop
polymer.

.

Intensity

Angle (2Theta)

Hinh 2. Gidn dd nhidu xa tia X ciia cic miu PVA (a), PVA/CS (b), PVA/CS/AC (c)
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3.3. Khao sat ty |¢ trwong nwéc ciia mau

Trong thir nghiém truong nudc nay, mau
hydrogel thir truong 1a cac mau dwoc téng hop lan
lwot véi khdi lwong carbon bién tinh cho vao lan luot
12 2% (M2), 5% (M5), 10% (M10) so v6i khéi lugng

B, ¢ -
(]
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PVA trong mau. Sau khi truong nuéc, mau ting
khéi luong déng ké, va miu sau truong c¢6 mau nhat
hon so v6i Mau ban du. C6 thé quan sat sy thay doi
hinh dang va mau sic cia mau M2 trudc va sau khi
truong ¢ Hinh 3.

Hinh 3. Miu hydrogel M2 truéec (a) va sau (b) khi ngam trwong nuwéc 24 gio:

Sy thay ddi ty 1 truong nuéc ciia cac mau khac
nhau duoc thé hién trong Hinh 3. Trong khi mau M2
¢6 ty 1é trrong nudc 16n nhat, khoang 497.1%, mau
M5 va mau M10 c6 ty 1& truong nuéc thip hon,
tuong (ng khoang 230% va 174%. Diéu nay cho
thdy su sut giam ty 18 truong nudc c6 lién quan dén

600

viéc ting lugng carbon. Lugng carbon ting dan dén
ty 1& truong nudc giam. Piéu ndy c6 thé giai thich
rang do hat carbon da phan tan vao trong 15 x6p co
trong hydrogel, 1am can trg sy khuéch tan cua cac
phan tir nuéc vao mang hydrogel khién cho kha
nang trrong nd thé tich cua hydrogel giam.

400 +

é A
14 e
) 200 + *»—*
A ° o ®
.
A L o - & "
g r'.
/™
L ¢
T T
0 50 100

T
150

MZ‘
a2
A
M5
. o —o
ot M10
- W PO a
T T
200 250 300

Thei gian (Pht)

Hinh 4. Ty 1§ trwong nuéc Cia cac miu hydrogel c6 ham lwgng carbon khac nhau

3.4. Khio sat kha niing hap phu ion Cu(ll)

Mau sir dung dé khao sat la mau M2. Tién hanh
ngdm mau vao dung dich CuSO4 & 5 nong d6 ion Cu

182

(1) khac nhau 60 mg/L , 90 mg/L, 120 mg/L, 170
mg/L, 220 mg/L. Dung dich sau khi ngdm dugc do
UV-vis dé xac dinh d6 hap thu ¢ budc soéng 635 nm.
Nong d6 cua dung dich dwoc xac dinh dua trén mdi
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nhiét Langmuir and Freundlich dugc sir dung dé

quan hé gitra do hip thu va nong do theo duong ’
khao sat qua trinh hap phy ion Cu (II) cua hydrogel.

chuan (Hinh 5). P hap phu ion Cu (11) cua hydrogel
duoc xac dinh theo cong thiic (2). M6 hinh dang

0.12

y = 0.0005x+0.01322
R2=0.9914

0.10

Absorbance
o
o
@
1

o

o
>
1

0.04

0.02 T

T T T
100 150 200 250

Cc

Hinh 5. Pwong chuén thé hién méi quan hé giira nong dd va dé hap thu quang ciaa dung dich CuSOa
tai buéc song 635 nm

Bang 1. P9 hap phu Cu?* ciaa hydrogel PVA/Chitosan/Carbon

Nong dd Cu?* ban dau Nong d9 Cu?* sau khi bi hap phu Do hiap phu
Co (Mg/L) C (mg/L) q (mg/g)
60 452 318
90 68.8 453
120 93.5 56.8
170 135.5 73.9
220 179.2 87.5
Bang 1 cho thay luong ion Cu (II) duoc hap phu khi nong d6 ban dau caa ion Cu (II) tang tir 60 mg/g
vao hydrogel tang theo nong d6 ban dau cua ion Cu den 220 mg/g.
(ID). b6 hap phu tang tir 31.8 mg/g dén 87.5 mg/g
Béng 2. Cac hé s6 ca phwong trinh ding nhiét Langmuir va Freundlich
Langmuir Freundlich
q(Mg/g) b (I/mg) R? 1/n K R?
212.766 0.003911 0.999 0.7337 1.9929 0.996
21 46
@ y=0.0047 x +1.2018 " ®) y=07337x+0.6896 &
29 R? = 0.999 44 R? = 0.996 '
19+ g
42
1.8 -
o o 40 »
O 174 =
- 384 ) [ ]
1.6+
154 u 3.6
144 " 3.4 '
4‘0 6‘0 BIO 160 ‘IéO 1';-0 16‘0 1&‘30 3.6 3‘8 4?0 4?2 414 4?6 4?8 5?0 5‘,2
q InC

Hinh 6. Phuong trinh ding nhiét Langmuir (a) va Freundlich (b)
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Phuong trinh hap thy dang nhiét Freundlich cho
qua trinh hap thu Cu?* ctia hydrogel 1a: y = 0.7337 x
+0.6896, c6 hé sb twong quan 16n R2=0.996 (Hinh
6b). Tir phuong trinh nay tinh dugc cic hé sé dic
trung ctiia phuong trinh Freundlich: 1/n =0.7337 va
K = 1.9929 (Bang 2). Khi xét mo hinh ding nhiét
Langmuir, hé sé twong quan R? = 0.999 gan véi 1
(Hinh 6a), chung to s liéu thuc nghiém khép véi
moé hinh Langmuir. Diéu nay thé hién ring ion Cu
(IT) da hap phu don 16p 1én bé mat cua hydrogel
(Amin, 2009). Qua phuong trinh ding nhiét
Langmuir, d6 hap phu ion Cu(ll) t6i da ciing xéac
dinh duoc véi gia tri 1a 212.766 mg/g (bang 2). Két
qua nay kha ndi bat khi so sanh véi cac nghién ctu
trugc d6 vé hap phu ion Cu(ll). Hip phu bang
carbon hoat tinh thi d6 hap phu ion Cu(ll) téi da
khoang 104 mg/g (Demiral & Giingor, 2016; Huang
et al., 2019), hap phu bang amiang tring thi do hap
phu tdi da khoang 90 mg/g (Liu et al., 2013), va hap
phu bang hydrogel PVA-chitosan thi do hap phu tdi
da khoang 65 mg/g (Song et al., 2020).
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4. KET LUAN

Trong nghién cGu nay, mang hydrogel
PVA/CS/AC véi chit dong ran 1a glyoxal da dwoc
tong hop thanh cong. Kha niang truong nudc cua
hydrogel da dugc khao sat, két qua cho thay mau M2
v6i ham lugng 2% carbon ¢6 kha nang truong nudc
t6t nhat trong nhitng mau duoc khao sat, ty 18 truong
nuéc 1én dén 497.1%. Trong thi nghiém hap phu ion
Cu (1), m hinh dang nhiét Langmuir va Freundlich
da dugc sir dung dé danh gia kha ning hip phu ion
ddng. Po hap phu ion Cu (1) cua hydrogel dat gia
tri toi da 1a 212.766 mg/g. Dua vao két qua nay co
thé két luan rang hydrogel trén co sé PVA/CS/AC
¢6 kha ning hap phu ion ddng tir nwéc voi do hap
phu cao. Do d6, chit hap phu nay c6 tinh tng dung
cao va du kién s& dugc tién hanh khao sat truc tiép
véi mau nudce thai caa nha may.
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