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Abstract

The LDHs-polymer beads (MgAl-polymer beads or MgFe-polymer beads) were generated by impregnating
synthetic LDHs (MgAIl or MgFe) into polymer (alginate/polyvinyl alcohol-glutaraldehyde gel bead). A Scanning
Electron Microscope (SEM) and an X-Ray Diffractometer (XRD) were used to analyze the properties of LDHs-polymer
beads. SEM images showed that the surface of LDHs-polymer beads was heterogenerous demonstrating that of the
LDHs powders were intermingled with polymer. The adsorption of arsenic onto the LDHs-polymer beads was
investigated by performing column experiment. Maximum removal capacity (50-60 %) was found at 0.24 L.h™ flow
rate, 25 cm LDHs-polymer beads height and 300-500 pg.L™ influent As concentration. The experimental data were well
fitted with the Thomas model. This study approved that LDHs-polymer beads have high potential for arsenic removal as

adsorptive media.
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1. MO PAU

Hydroxit 16p doi (Layered Double Hydroxides -
LDHs) la nhém vat liéu khoang sét anion céu tric
nano, dugc ung dung rong rdi trong xa ly moi
truong. LDHs c6 céng thac chung 1a [M**.
M3 (OH),]* (A™)yn.mH,0. Trong d6 M?* 1a cation
hoa tri 2, M*" Ia cation héa tri 3, x la ty 1& mol
M**/(M**+M*"), va A 12 anion xen cua héa tri n. Bac
tinh rat thd vi cia LDHs sau khi nung la: (i) Tao
thanh hdn hop oxit kim loai rat 6n dinh; (ii) C6 kha
nang tai 1ap ciu trdc 16p (cua vat liéu ban dau) khi
dugc dua vao moi truong dung dich; (iii) C6 dién
tich bé mat I6n va trao doi anion rat tét. Vi vay,
trong nhitng nim gin diy, LDHs di dwoc nghién
ctu xur ly chat doc hai oxyanion trong nudc [1-4].
Co ché xir Iy doc chit oxyanion trong nudc bang
LDHs chu yéu 1a hap phu va trao di anion.

Gan day, xu huéng ngam “vat ligu hap phu”
trong polyme sinh hoc (biopolymer) tao thanh nhiing
hat hdp phu, tng dung xir ly chat 6 nhiém trong
nuée dang duoc cac nha khoa hoc trén thé gidi quan

tam do tinh don gian, hiéu qua [5, 6], dé dang tach
khoi dung dich sau phan tng. Ngoai ra, cac vat liéu
dang hat ciing dé dang dwa vao trong cot loc cua hé
xt 1y nuwéc. Ngay nay, xa ly nuéc 6 nhiém theo
phuong phap dong chay lién tuc (column
experiment) dang dugc nghién ciu nhiéu boi n6
thuan lgi cho viéc trién khai tir quy mé phong thi
nghiém ra thyc té.

Nghién ctu nay dugc thuc hién nham nang cao
hiéu qua sir dung LDHSs trong qué trinh xtr 1y doc
chat oxyanion trong nudc. Bot LDHs s& dwoc ngam
trong canxi alginat pha tron véi PVA va chit lién két
ngang glutaraldehyd tao thanh cac hat LDHs-
alginate/PVA-glutaraldehyd (polyme-LDHs). Xéc
dinh cac dic trung cta hat polyme-LDHs bang
phuong phép phan tich ciu trdc va hinh thai hoc. Bé
nghién ctu hiéu qua loai bo As bai cac hat polyme-
LDHs, nuéc nhiém As sé dugc bom lién tuc vao cot
phan tng c6 chaa hat polyme-LDHs theo hudng tir
duéi 1én trén (upward mode). M6 hinh dong hoc hip
phu Thomas duoc st dung dé phan tich két qua thuc
nghiém.
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2. THUC NGHIEM

2.1.Piéu  ché  hat LDHs-PVA/alginat-
glutaraldehyd (polyme-LDHs)

Piéu ché bét LDHs: Bot LDHs (MgAl 3:1 hay
MgFe 3:1) dugc diéu ché bing phwong phap ddng
két tua tai pH 1120,2. Dung dich 1 chira Mg*/AI**
hay Mg*/Fe ¢6 ty 1 mol 3:1 dwoc nhd déu xudng
dung dich 2 chtza hdn hop NaOH 1 M, khuay 400
vong/phit va nhiét do 65 °C. pH cua dung dich dugc
duy tri & 11+0,2 bang NaOH 2 M. Két tua duoc gia
hoa & nhiét do 65 °C trong 18 gio, rira bang nudc cat
dén khi trung hoa, sdy taa & nhiét do 65 °C trong 24
gio. Nghién va nung két taa & nhiét do 400 °C trong
4 gid bang 16 nung Vulcan (My).

Piéu ché hat polyme ngim 8 % LDHs: Hat
polyme ngam 8 % LDHs (polyme-MgAl hay
polyme-MgFe trong nhu trong hinh 1) duoc diéu ché
bang cach ngam bt MgAl 3:1 hay MgFe 3:1 trong
PV A/alginat-glutaraldehyd. Ldy 100 ml dung dich
chra 1 g natri alginat, 0,5 g PVA va 0,5 ml
glutaraldehyd khudy & nhiét do 70 °C trong 5 gio.
Thém vao dung dich trén 8 g bot MgAl 3:1 hay
MgFe 3:1, khudy lién tuc trong 1 gid. Hn hop dong
nhat dugc nho déu din qua ong xylanh c6 duong
kinh trong bang 4 mm xudng binh chira 500 ml dung
dich CaCl, 0,3 M, luu hoa hat trong 24 gi¢ sau d6
rira bang nudc cat dé loai bo hoan toan lugng Ca®*
cOn du, thu dugc cac hat polyme-MgAl hay polyme-
MgFe.

Hinh 1: Hat polyme-LDHs

2.2.X4ac dinh cac dac trung vat liéu

Phan tich cAu tric va thanh phan pha cua vat liéu
bang phuwong phap nhidu xa tia X (XRD) véi birc xa
Cu K, = 1,54051 A ¢ 40 kV va 40 mA goc quét 20
tir 5° dén 70° trén thiét bi D8-Advance-Burker AXS
(buc) va hinh thai hoc SEM cua vat liéu dugc chup
bang thiét bi JEOL (Nhat Ban). Phan tich nhiét trong
lugng (TGA) duoc thyc hién trén mady TGA Q500
V20.10 Build 36 (M§) véi khéi lugng miu tir 10-25
mg bot LDHs chua nung, nhiét do thay doi tir nhiét
d6 phong dén 800 °C, téc do gia nhiét 10 °C/phut

Nguyén Thi Kim Phwong Va cong suw

trong moi truong khi N, véi toc do thoi khi 60
mL/phut.

2.3.Nghién ctru xir ly As

Qua trinh xtr Iy As dugc thuc hién trong hé thiét
bi nhu hinh 2. Cot phan tng (cot chira hat polyme-
LDHs) dai 30 cm, duong kinh trong 2 cm. Chiéu
cao cua I6p hat polyme-LDHs nhdi trong cot phan
ung la 25 cm (twong ung 45 gam hat polyme-MgAl
hay 50 g hat polyme-MgFe). Dung dich As ¢ nong
d6 300 va 500 pg.L™ duoc bom lién tuc vao trong
cot polyme-LDHSs theo hudng tir dudi 1€n trén véi
toc do dong 0,24 L.h™". Khi nong do As trong nudc
ra (effluent) dat 90 % ndng d6 As trong nudc Vao
(influent) thi dung phan wng, lac nay cot polyme-
LDHs xem nhu bao hda. Phan tich ham lugng As
trong mau nuéc sau khi ra khoi cot polyme-LDHs
bang phuong phap quang phd hap thu nguyén tir trén
thiét bi Shimadzu AA-6800. Gisi han phat hién
(LOD) 1a 0,34 pgAs.L™ va giéi han dinh lugng
(LOQ) la1 pgAs.L™

Phan tich két qua thwc nghiém

Hiéu qua xtr ly As baoi cot polyme-LDHs duoc
tinh dugc tinh nhu sau [7, 8]:

As remov. (%) = Yo, 100 (1)

total

Trong d6, Qo (Mg) 1& lugng As xir ly boi cot
polyme-LDHs va My (mg) la lugng As duogc dua
vao trong cot polyme-LDHS. Qiotal VA Migta) durgc tinh
theo cbng thirc sau:

lotal
Qtotar = QL:O (Co - Ct )dt (2)

Mtotal = CoQttotaI (3)
v6i, Q (L.h?) 1a tec d6 dong, tew () 12 tong thoi
gian ma cot polyme-LDHs lam viéc, Co va C
(mg.L™) 1a ndng do As trong nudc vao va ra khoi cot
polyme-LDHs. v

\

Bong thay tinh

Hat polime-MgAl
hay polime-MgFe \/
Nuéc sau
khi xCr Iy
Nuéc L -
nhiém Bong thuy tinh —— 555
As 7T
»(5om)

DA

Hinh 2: So d6 hé xtr ly As theo kiéu lién tyc
(column experiment)
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3. KET QUA VA THAO LUAN

3.1. Pic trung cau tric cia vit liéu

Két qua phan tich nhiét trong lugng (TGA) cua
bot MgFe-LDH chwa nung (hinh 3A) cho thiy, su
giam khéi lugng LDH khi ting nhiét d6 ¢ lién quan
dén hai qua trinh d6 14 qua trinh bay hoi nuéc bi hip
phu vat Iy bén ngoai trén bé mat cua LDH (< 250
°C) va qua trinh loai b6 nhém OH™ va nuéc xen cai
chat ch& bén trong cau tric mang caa LDH (350-600
°C). So sénh gian dd XRD cua bot LDHs da nung &
400 °C trong 4 gio (hinh 3B) véi gian d6 XRD
chuan caa MgO, Fe,0; va Al,O; (JCPDS card No.
89-7746; 39-1346 va 86-1410) nhan thiy qué trinh
nung bot LDHs & 400 °C trong 4 gio tao da thanh
hén hop oxit kim loai (MgO, Al,O;va MgO, Fe,0)s.
Hon hop céac oxit kim loai nay da nhanh chong tai
lap ciu trac 16p sau khi dugc dwa vao dung dich dé
tao hat polyme-LDHs (hinh 3C).
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Hinh 3: (A) Buong cong TGA cua bot MgFe-LDH
chua nung; (B) Gian d6 XRD cua bot LDHs duoc
nung & 400 °C trong 4 gio va (C) Gian d6 XRD
cua hat polyme-LDHs

Péng hoc hap phu asen trong miedc...

So sanh gian d6 XRD cua mau LDH chuan
(JCPDS card No. 22-0700) vai gian d6 XRD cua hat
polyme-LDHs (hinh 3C) nhan thay hat polyme-
LDHs c6 cac dinh nhiéu xa dic trung cua vat ligu
hydroxit 16p doi voi cac mat phang mang h k |
(003), (006), (009) va (110). Cac dinh nhiéu xa rat
sac nét va ddi xing, khoang cach giira cac 16p xen
cuia hat polyme-LDHs tai c4c mat phang mang (003)
va (006) 1a 7,91 va 3,92 A, phi hop vai két qua cua
cac cong bd trudc day vé ciu trac twong ddng cua
vat liéu hydroxit cau tric I6p kép [1,9-11].

bac trung hinh thai cua cac hat polyme-LDHs
duoc xac dinh bang phuong phap hién vi dién tu
quét (SEM) va dugc trinh bay trong hinh 4, két qua
cho thay bé mat cua cac hat polyme-LDHs khdng
ddng nhat. Két qua EDS cho thay c6 su hién dién
cua MgAl 3:1 va MgFe 3:1 trong hat polyme.
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Hinh 4: SEM va EDS cua hat polyme-LDHs
3.2. Xirly As
3.2.1. Anh huong ciia nong dg ban dau

Nong d6 As ban dau c6 anh huong nhiéu dén
hiéu qua xir Iy As. Nong d6 As trong nudc cang cao
thi hiéu qua xa ly As cua cot polyme-LDHs cang
giam va thoi gian lam viéc cuaa cot polyme-LDHs
cang ngan. Hinh 5 biéu didn ham luong As trong
nudc sau xu ly theo thoi gian.

Nong do As trong nudc vao 300 pg.L™, thoi gian
dé xtr Iy As trong nude dat dudi 50 ug.L™ khoang tir
3-3,5 gio. Thoi gian bao hoa 1a 22 gio di véi cot
polyme-MgFe va 23,5 gio dbi véi cot polyme-MgAl.
Téng lugng As duoc xtr Iy boi cot polyme-MgAl la
52,1 % va cot polyme-MgFe la 50 %.

Trong trudng hop, nong do As trong nudc Vao
500 pg.L?, thoi gian d& xur Iy As trong nuéc dat
duéi 50 pg.L™ khoang tir 0,5-1 gio. Thoi gian bao
hoa la 20,5 gio d6i voi cot polyme-MgFe va 22 gio
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d6i vai cot polyme-MgAl. Hiéu qua xtr ly As boi cot
polyme-MgAl 1a 46,7 % va cot polyme-MgFe la
44,7 %.
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Hinh 5: D6 thi biéu di&n ndng d6 As trong nudc ra
khoi cot polyme-LDHs theo thoi gian (ndng do As
trong nudc vao (A) 300 pg.L™ va (B) 500 pg.L ™, téc
d6 dong vao 0,24 L/h, chiéu cao Iop hat polyme-
LDHs la 25 cm)

Nong do As sau xir Iy (ug/L)

Str dung cong thuc (1-3) dé tinh hiéu qua xt ly
As bai cot polyme-LDHs va két qua dugc trinh bay
trong bang 1. Két qua trong bang 1 cho thiy hat
polyme-MgAl cho hiéu qua xi ly As tot hon
polyme-MgFe.

Bang 1: Hi¢u qua xtr Iy As bai cot polyme-LDHs
(téc do dong vao 0,24 L/h, chiéu cao lop
polyme-LDHs la 25 cm)

Nong do x Polyme- | Polyme-
As vao, Tham so MaAl MaFe
ug.L* 9 9
300 | Miotar (MQ) 1,69 1,58
Cltotat (MQ) 0,88 0,79
As logi bo (%) 52,1 50,0
500 Miotal (mg) 2,64 2,46
Ctotat (MQ) 1,23 1,10
As logi bo (%) 46,6 44,7

Nguyén Thi Kim Phirong va cong su
3.2.2. Bgng hoc hdp phu As

Dé giai thich co ché hap phu As cua cot polyme-
LDHs va trién khai tng dung vat liéu nay trong thuc
té, phuong trinh dong hoc Thomas duoc sir dung dé
phan tich s lidu thuc nghiém. Phuong trinh Thomas
duoc phét trién dya trén phuong trinh dang nhiét
Langmuir va phuong trinh dong hoc bac 2 nghich
dao [8, 12]. Phuong trinh nay phu hgp cho nhiing
qué trinh hap phu khi khéng xuat hién sy han ché
khuéch tan gitra bén trong va bén ngoai [13].
Phuong trinh dong hoc Thomas dang tuyén tinh
dugc mo ta nhu sau [14]:

|n|:(&j _1:| — kTthX _
C Q

Trong d6: kry, 12 hing s6 Thomas (L.h".mg™); q, la
dung lugng hap phu ti da (mg.g™); X 1a khdi lugng
hat polyme-LDHs chtra trong c6t (g); t la thoi gian
(h): Q la téc d6 dong (L.h™); C, va C la ndng do As
ban dau va sau xu 1y.

Tu phuong trinh (4), vé& dd thi tuyén tinh
In [CO/C — 1] theo t, tinh dwoc hang sé6 Thomas ki
va dung lugng hip phu tdi da q.. D6 thi tuyén tinh
va céac tham sb hap phu As boi cot hip phu chira hat
va cac hdn hop oxit kim loai nay d tai 1ap ciu tric
I6p ngay khi dugc dua vao dung dich dé tao hat
polyme-LDHs duogc trinh bay trén hinh 6 va trong
bang 2.

Két qua trong bang 2 cho thay gia tri r’ cua
phuong trinh dong hoc Thomas 1a 0,9639-0,9663 ddi
VGi cot polyme-MgAl va 0,9503-0,9847 ddi voi cot
polyme-MgFe, diéu nay cho thiy phuong trinh
Thomas phu hop dé mé phong dong hoc hap phu As
boi hat polyme-LDHs diéu ché duoc tir nghién ciu
nay.

I(Th Cot (4)

Bang 2: Céc tham s6 hap phu As boi cot
polyme-LDHs (toc do dong vao 0,24 L.h?,
chiéu cao 16p hat polyme-LDHs la 25 cm)

Néng\ do x Polyme- | Polyme-
As vao, Tham so MgAl MgFe
Ho/L
300 | qgo(mg.g?) 0,018 0,018
kmm(L.mg™.h™) | 0,697 0,700
r’ 0,9639 | 10,9503
500 | go(mg.g™) 0,025 0,024
km(L.mg™h?) | 0,396 0,415
r’ 0,9663 | 10,9847

126



TCHH, 54(1), 2016

4 1A
-~ _E .
. 7 x Polime-MgFe: = 0.9503
2- R o Polime-MgAL #2=0.9639
g
= 1 X5,
S *lag
% 0 X
g ﬂ‘:‘xnnn
E -1 - Xxg
%g
2 X8
-3 : . . : |
0 5 10 15 20 25
Thoi gian (gio)
3.-B
]
2% x Polime-MgFe: 2= 0.9847
1 ><mxE o Polime-MgAl #°=0.9663
- xg
o 0 a0,
v X-0Op
8 Xx
E-l- xEPo
2 “x,8
= 7 X
>F|:|
-3 : : . . |

0 5 10 15 20 25
Thoi gian (gio)
Hinh 6: D4 thi tuyén tinh hap phu As bai cot
polyme-LDHs vai ndng do As trong nudc vao (A)
300 pg.L™ va (B) 500 pg.L™ (tbc d6 dong vao 0,24
L.h%, chiéu cao I6p hat polyme-LDHs 1a 25 cm)

4. KET LUAN

Nhin chung, hat polyme-LDHs c6 kha ning hip
phu As trong nudc rat cao. Qua trinh hip phu tuan
theo phuong trinh Thomas. Hat polyme-LDHs c6 do
bén cao va dé dang dua vao cot hap phu cua céc hé
xur 1y nudc ma khdng gy tic nghén trong qua trinh
van hanh, c6 thé noi day 1a vat liéu hap phu thich
hop tng dung xir Iy As trong nuéc theo kiéu lién
tuc.

Loi cam on. Nghién ciu nay duwoc tai tro boi Quy
phat trien khoa hoc va cong nghé quoc gia
(NAFOSTED) trong de tai ma so 104.05-2013.36.
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