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Abstract

The Mg-Al LDH-PVA/Alginate beads was formed by entrappment of Mg - Al layered double hydroxide powdered
into polyvinyl alcohol and calcium alginates for phosphate removal from aquoeus solution. A Scanning Electron
Microscope (SEM) and an X-Ray Diffractometer (XRD) were used to analyse the properties of Mg-Al LDH-
PVA/Alginate beads. SEM images showed that the surface of Mg-Al LDH-PVA/Alginate beads was heterogenerous
topography with interminglement of Mg-L LDHs powders and PVA/Alginate polymers. The optimum LDHs content in
beads was 8 % (mass/volume); pH of solution did not effect to the phosphate removal. The kinetic reaction reached
equilibrium around 8 hours of reaction time with 96.05 and 92.32 % phosphate removal at 10 and 25 mgP/L,
respectively. The adsorption kinetic study showed that adsorpion process followed pseudo-second order kinetic. This
study approved that Mg-Al LDH-PVA/Alginate beads have high potential for phosphate removal as adsorption media.
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1. MO DAU

Hydroxit 16p kép (Layered Double Hydroxide -
LDH) 1a nhom vét li¢u khoang sét anion ciu tric
nano, dugc ung dung rong rai trong nhiéu linh vuc
nhu 1a xuc tac, xu ly moéi trudong, y hoc, v.v. va dang
duogc cuia nhidu nha khoa hoc trén thé giéi quan tim
nghién ciu. LDH c¢6 cong thuc chung Ia
[M** . M**"(OH),]" (A" ),-mH,0. Trong d6 M*" 1
cation c6 s6 oxi hoa 2, M*" 1a cation ¢6 s6 oxi hoa 3,
x 12 ty 18 mol M? +/(M2++M3+), va A la anion xen cua
hoa tri n. LDH mang dién tich duong dugc can bang
boi cac anion va nudc dan xen [1, 2]. Nho vao dac
tinh dién tich bé mat 16n va kha nang trao d6i anion
cao, nén trong nhimg niam gan dady LDH d3 duoc
nghién ctru va ting dung xtr Iy chit doc hai oxyanion
bao gdm phdt-phat [3-7], nitrat [8-12], cromat [13-
16], selenat va asenat [17-20] trong nude. Co ché XU
1y doc chat oxyanion trong nude bang LDH chu yéu
1a hap phuy va trao dbi anion. Nhin chung, tat ca cac
cong trinh cong bd ¢ trén déu cho thay higu qua loai
b6 hop chat oxyanion trong nudc cua bot LDH, tuy
nhién, do d6 tham thap va lugng bun sinh ra qua 16n,
nén vat liéu LDH dang bot khong phu hop ting dung
trong hé thong loc clia cac quy trinh xir Iy nude va

nuée thai. Dé cai thién han ché trén, LDH dang hat
dugc d& nghi st dung.

Ngam “vat liéu chuc nadng (functional
materials)” trong canxi alginat, itmg dung xir 1y chét
6 nhiém trong nudc va nudc thai dang dugc cac nha
khoa hoc trén thé gidi quan tdm do tinh don gian va
hiéu qua [21, 22]. P xbp cua Ca-alginat cho phép
chat 6 nhiém khuéch tan vao bén trong cac hat va
tiép xuc v6i cac vat liéu chic niang [23]. Ngoai ra,
alginat 1a chét khong doc, phan hay sinh hoc va gel
khong tan trong nude [24]. Tuy nhién, do d6 bén co
hoc va dd 6n dinh hoa hoc cua canxi alginat trong
nudc kém, nén nhanh chong bi bién dang, dé cai
thién yéu diém nay canxi alginat dwoc phdi tron véi
polyvinyl ancol (PVA) [25].

Nghién ctru nay dugc thuc hién nham nang cao
hiéu qua st dung LDH trong qua trinh xtr 1y doc
chét oxyanion trong nudc. Bot LDH s€ dugc ngam
trong canxi alginat pha tron véi PVA tao thanh cac
hat LDH-PVA/alginat. Xac dinh cac dac trung cuia
vat liéu bang phuong phap phan tich ciu tric va
hinh thai hoc. Nghién ctru xir Iy P-PO4> trong nudc
cua vat liéu LDH-PVA/alginat. Cac mo6 hinh dong
hoc hép phu biéu kién bac 1 va bac 2 duoc st dung
dé phan tich két qua thuc nghiém.
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2. THUC NGHIEM
2.1.Diéu ché bjt Mg-Al LDH-PVA/Alginat

Bot Mg-Al-LDH dugce diéu ché bang phuong
phap dong két tua tai pH 1140,2. Dung dich 1 chta
Mg /AP ¢6 ty 18 mol 3:1 duoc nhd déu xubng
dung dich 2 chira hon hop NaOH 1 M va NaCl 1 M,
khudy 400 vong/phiit va nhiét d6 65 °C. Duy tri pH
dung dich (1120,2) bang NaOH 2 M. Két tua duoc
gia héa ¢ nhiét 6 65 °C trong 18 gio, rira bang nudc
cat dén khi trung hoa, séy tia ¢ nhiét do 65 °C trong
24 gio. Nghién va nung két tia ¢ nhiét do 200 °C
trong 8 gio bang 16 nung Vulcan (M).

2.2. Piéu ché hat Mg-Al LDH-PV A/alginat

Hat Mg-Al LDH-PVA/Alginat dugc diéu ché
bang cach ngdm bdot Mg-Al-LDH trong
PV A/alginat. 100 ml dung dich natri alginat va PVA
dugc khudy & nhiét do 70 °C trong 5 gid. Thém vao
dung dich x gam Mg-Al LDH (véix =0, 2, 4, 6, 8,
10 g) khudy lién tuc. Hbn hop ddng nhét dwoc nho
déu dan qua 6ng xylanh c6 duong kinh trong bang 4
mm xudng binh chira 500 ml dung dich CaCl, 0,3
M, gia héa hat trong 8 gio sau d6 rira bang nudc cét
dé loai bo hoan toan luong Ca®" con du, thu dugc
cac hat Mg-Al LDH-PVA/alginat c6 x% Mg-Al
LDH.

Hinh 1: Hat Mg-Al LDH-PV A/alginat

2.3. Xac dinh cac dic trung vat liéu Mg-Al LDH-
PVA/alginat

Phén tich cAu tric va thanh phan pha cua vét liéu
bing phwong phap nhidu xa tia X (XRD) véi birc xa
CuK, (1 =1,540596 A) & 40 kV va 30 mA goc quét
20 tir 5° dén 70° trén thiét bi D8-Advance-Bruker
AXS (buc) va hinh thai hoc SEM cua vit li€u duoc
hup bang thiét bi JEOL (Nhat Ban).
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2.4.Nghién ciru kha ning hiap phu P-PO,” ciia
hat Mg-Al LDH-PVA/alginat

Céc thi nghiém hap phu P-PO,> ctia cc hat Mg-
Al LDH-PV A/alginat dugc thuc hién trong cac binh
tam giac 250 ml, c6 nut dady & nhiét do phong
2842°C, ¢ pH cua dung dich (6,8). Phan tich ham
luong P-PO,” bang phuong phép thiéc clorua [26] &
budc séng 690 nm trén thiét bj quang phd so mau
cua hang HACH (My).

Thi nghiém dong hoc hép phu duoc thuc hién
bang cach ngdm 3 gam hat Mg-Al LHD-
PVA/alginat vao 100 ml dung dich P-PO,* ndng do
10 va 25 mg P/L, hdn hop dung dich dugc lic lién
tuc & tbe d6 250 vong/phut, mau dugc léy trong thoi
gian 1/2, 1,2, 3,4, 5, 6, 12, va 24 gio. Dung lugng
hap phu P-PO," dugc ciia hat Mg-Al LDH-
PV A/alginat dugc tinh nhu sau:

g, =S 0

m

Trong d6, ¢, (mg.g™") 1a dung lugng hap phu P- PO,
ctia vt liéu tai thoi diém 7, Cy (mg.L’ N 1a nong do P-
PO,” trong dung dich ban dau, C (mg.L") 14 ndng
dd6 P-PO,” tai thoi diém 7, ¥/ (L) 1a thé tich dung
dich va m (g) 1a khdi luong vat liéu Mg-Al LDH-
PV A/alginat.

3. KET QUA VA THAO LUAN

3.1. Pic trung céu tric cia hat Mg-Al LDH-
PV A/alginat

Ké} qua phén tich phé XRD xac dinh cau trac
cia mau vat liéu Mg-AL LDH-PVA/alginat (ty 1&
mol Mg/Al = 3:1) dugc trinh bay trong hinh 2.
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Hinh 2: Pho XRD cua vat liéu hydroxit 16p kép:
(a) bot LDH, (b) 8 % Mg-Al LDH-PV A/alginat va
(c) 0 % Mg-Al LDH-PV A/alginat

Pho XRD cho thay hat vat lidu ¢6 cic pic phan
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xa dic trung ctia vat liéu hydroxit cau tric 16p kép
tai cdc goc 20: 11,5° (003), 23° (009), 34,7° (009),
60,5° (110) phu hop vai ket ‘qua cua cac cong bd
trude day cua cac tac gia vé chu tric tuong dong cua
vat liéu hydroxit cdu trac 16p kép [2, 27-29].

bic trung hinh thai cta cac hat LDH-
PVA/alginat dugc xac dinh bang phuong phap hién
vi dién tir quét (SEM) va duoc trinh bay trong hinh
3, két qua cho théy bé mit cta cac hat 8 % Mg-Al
LDH-PVA/alginat khong déng nhat néu so sanh véi
bé mit cia cic hat 0 % Mg-Al LDH-PVA/alginat
diéu nay chimg to bot Mg-Al LDH di tron 1an vao
PV A/alginat.

Hinh 3: Anh SEM (a) cua céc hat 0 % Mg-Al LDH-
PVA/alginat bar 1 pm; (b) cua céac hat 8 % Mg-Al
LDH-PVA/alginat bar 1 pm

3.2. Anh huéng cia lwgng Mg-Al LDH, pH dung
dich va thoi gian dén qua trinh hiap phu P-PO,*

Anh huéng cta lugng Mg-Al LDH dén qué trinh
hap phu P-PO,* trén hat Mg-Al LDH-PVA/alginat
dugc trinh bay trén hinh 4. Két qua trén hinh 4 cho
thdy, khong xay ra qua trinh hap phu P-PO,> dbi voi
hat 0 % Mg-Al LDH-PVA/alginat, trong khi do, qua
trinh hdp phu P-PO,” trén hat 2 % Mg-Al LDH-
PVA/alginat dat 72,16 va 55,95 % tuong Ung véi
noéng do P-PO,” ban dau 1a 10 mgP/L va 25 mgP/L,

Péng hoc hdp phu phot-phat trén...

diéu nay cho thiy tiém nang xir Iy P-PO,’ clia Mg-
Al LDH. Khi ting lugng Mg-Al LDH trong hat
PVA/alginat thi ting hap phu P-PO,>, tuy nhién, qlia
trinh hap phu P-PO,” ctia cac hat Mg-Al LDH-
PV A/alginat khong ting tuyén tinh va phy thudc vao
khéi luong Mg-Al LDH chira trong hat. Hat 8 %
Mg-Al LDH-PV A/alginat hip phu P-PO,> dat 96,00
% va 92,34 % tuong ting véi nong do P-PO,> ban
dau 1a 10mgP/L va 25 mgP/L. Vi véy, hat 8 % Mg-
Al LDH-PVA/alginat s¢ dugc st dung cho cac
nghién ciru tiép theo.
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Hinh 4: Anh huong cua % Mg-Al LDHs dén
qué trinh hap phy P-PO,>

Tir nhitng két qua trinh bay trong bang 1 cho
thdy, pH cua dung dich anh huong khong déng ké
dén qua trinh hap phu P-PO,> cia vat liéu. Dai
luong hip phu cao trong khoang pH tir 5 dén 9. Két
qua nay cling phu hop nghién ctru cia Han va nnk
(2011) [30] hap phu P-PO,* trén hat 8 % Mg-Al
LDH-PVA/aliginat khong bi anh hudéng bdi pH
dung dich. Do vdy, cac thi nghiém tiép theo s& duogc
thuc hién 6 moi truong (pH = 5,6).

Bdng 1: Pai lugng hap phu P-PO,> &

cac pH khac nhau
pH Dai lugng hép phu q., mg.g’
10 mgP/L 25 mgP/L
5 0,3270 0,7848
5,6 0,3266 0,7807
6 0,3247 0,7777
7 0,3224 0,7776
8 0,3172 0,7770
9 0,3169 0,7769

Vc’gi diéu kién pH dung dich 5,6 va st dung vat
liéu hap phu la hat 8 % Mg-Al LDH-PVA/alginat,
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dong hoc hép phu dugc thuc hién. Két qua nghién
ctru trinh bay trén hinh 5 cho thdy, trong vong 8 gid
thi nghiém, hip phu P- PO4 dat khoang 96,05 va
92,32 % twong tmg véi néng d6 ban dau 1a 10
mgP/L va 25 mgP/L, sau 8 gio, luong P-PO,> hip
phu trén hat 8 % Mg-Al LDH-PVA/Alginat tang
nhung khong dang ké. Vi vay, chon thoi gian dé héap
phu P-PO," trén vat liéu 8 % Mg-Al LDH-
PV A/alginat dat cin bang 1a 8 gio.

100
é.
Q, 80
60
X
40
20 =@ 10 mg P/L
== 25imgP/L
0
0 4 8§ 12 16 20 24
t,h

Hinh 5: Puong cong hép phu P-PO,* trén vat liéu
8% Mg-Al LDH-PV A/alginat

3.3. Pong hoc héip phu

Nghién ciru dong hoc hép phu nhim dua ra
nhitng thong tin vé co ché hap phy. Do 1a nhing
thong tin quan trong dé nang cao hiéu suit qua trinh.
Dé giai thich co ché hip phu P-PO,” cua vat lidu 8
% Mg-Al LDH-PVA/alginat, mo hinh dong hoc biéu
kién bac 1 (pseudo-first-order ctia Lagergren (1898))
va md hinh dong hoc biéu kién bac 2 (pseudo-
second-order cua Ho and Mckay (1999)) dugc su
dung dé phan tich két qua thuc nghiém.

Phuong trinh dong hoc biéu kién bac 1 (2) va
dong hoc biéu kién bac 2 (3) dang tuyén tinh dugc
mo ta nhu sau [31, 32]:

k,
lo =1lo - 2
g(q. —q,)=logg, 2303 ()
L 12+it 3)
g, kq. q.

Trong do: g, la dung luong hép phy tai trang thai can
bang (mg. g ) g: la dung luong hap phu tai thoi
diém ¢ (mg. g"), k; 1a hang sb téc do cia mo6 hinh
dong hoc biéu kién bac 1 va k; 1a hang s6 tbe do cua
md hinh dong hoc biéu kién bac 2.

V& d6 thi biéu dién log(g.-q,) theo ¢, thu duoc
phuong trinh dong hoc hip phu biéu kién bac 1 dang
tuyén tinh nhu sau: log(g.-q,) = -0,2017 ¢ - 0,7043
v6i R’ = 0,9182 va log(q.q,) = -0,2529 ¢ - 0,1562
v6i R? = 0,9965 tuong tmg v6i ndng d6 P-PO,> ban

Nguyén Thi Kim Phwong va cong sw

dau 1a 10 mgP/L va 25 mgP/L. Tir phwong trinh (3),
biéu dién t/q; theo ¢, thu duoc dd thi mo ta dong hoc
biéu kién bac 2 dang tuyén tinh nhu sau: #/g, =
1,4724 + 2,9080 ¢ (R° = 0,9998) tai ndong do 10
mgP/L va t/q, = 1,0423 + 1,1796 ¢ (R2 0,9991) tai
nong do 25 mgP/L. D6 thi tuyén tinh va cac tham sb
dong hoc hip phu P-PO,™ trén vat liéu 8 % Mg-Al
LDH-PVA/alginat xac dinh theo dang tuyén tinh
dugc trinh bay trén hinh 6 va trong bang 2.

& 10mg PL ©25mg PL (x)

R*=09963

log(qe-q)

13 (b)
4 10mg PL O25mg PL

t/qy

R*=0,9998

t,h

Hinh 6: D) thi tuyén tinh dong hoc hdp phu P-PO,*
trén hat 8% Mg-Al LDH—PVA/algin,at: (a) dong hoc
hap phu bac 1 va (b) ddng hoc hap phu bac 2

Bdng 2: Céac tham sb dong hoc hap phu P-PO,>
trén vat liéu 8 % Mg-Al LDH-PV A/alginat

Tham s 10 mgP/L | 25 mgP/L
Ge.n(mg.g") 03311 0,7789
Phuong  |q. i (mg.g’) | 0,1976 | 0,6979
trinh biéu 1
kién bac 1 k; (h) 0,4645 | 0,5824
R’ 09182 | 0,9965
Phuong  |ge im (mg.g") | 03439 | 0,8478
trinh  biéu 1
Kién bc 2 ky(gmg'h™) 5,7433 1,3338
R’ 0,9998 0,9991

e, w12 dung lugng hép phu cén bér}g do tir thue nghiém;
qe, unn 1a dung luong hap phu can bang tinh toan theo ket
qua hoi quy tuyén tinh cua cac phuong trinh dong hoc).
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Trong phuong trinh dong hoc hap phu biéu kién
bac 1, gia tri k; 12 0,4645 h™ va 0,5824 h™' tuong
g v6i ndng d6 P-PO,> ban dau 1a 10 mgP/L va 25
mgP/L, diéu nay cho thay toc do hap phu P-POs> &
ndng d6 25 mgP/L nhanh hon so véi tbc d6 hap phu
& nong d6 10 mgP/L.

Trong phuong trinh dong hoc hap phu biéu kién
bac 2, gia tri k, 1a 5,7433 va 1,3338 g.mg'.min”,
tuong tmg véi ndng d6 P-PO,> ban dau 1a 10 mgP/L
va 25 mgP/L, cho théy tdc do hép phu P-PO, &
ndéng do 10mgP/L cao gap 2,1 1an so véi tbe do hip
phu & ndéng do 25 mgP/L. Gia tri R’ cia phuong
trinh dong hoc biéu kién bac 2 1a 0,9998 va 0,9991
tuong ung voi nong dd P-PO,> ban dau 1a 10mgP/L
va 25 mgP/L, diéu nay cho thdy mé hinh dong hoc
biéu kién bac 2 rt hgp phu d& mé phong dong hoc
hiap phu P-PO,” trén hat 8 % Mg-Al LDH-
PVA/Alginat.

4. KET LUAN

P téng hop duoc hat Mg-Al LDH-PV A/alginat
dé xir Iy P-PO4” trong nudc, xac dinh cac dic trung
cia vat liéu va tinh chét ha"ip phu cua vét ligu. Két
qua cho thay, hat Mg-Al LDH-PVA/alginat c6 kha
nang hip phu P-PO,> trong nudc rit cao va khong bi
anh huong boi pH ciia dung dich. Qua trinh hip phuy
tuan theo mé hinh dong hoc biéu kién bac 2. Hat vat
liéu Mg-Al LDH-PVA/alginat co do bén cao va dé
dang tach khoi dung dich sau hép phy, co thé noi
day 1a vat lidu loc hap phu rat thich hop tmg dung
xtt Iy P-PO,” trong nudc va nudc thai.
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