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1. PAT VAN PE

Phospho (P) 1a mot chét dinh dudng can thiét cho sy phat trién cta cay trong.
O dang phosphat, n6 duoc sir dung dé san xuét phan bon nham tang nang suét trong
nong nghi¢p. Ngoai ra, phosphat cling c6 mat trong nhiéu san pham duoc sir dung
rong rii nhu chat tiy rira, chat 1am ctmng, kem danh ring, chit ¢c ché dn mon, phu
gia thuc pham cong nghiép [1]. Tuy nhién, viéc s dung qua nhiéu phén bén ciing
nhu c4c san phdm c6 chira phosphat dan dén viéc c6 mot lugng lom phosphat tich tu
trong dét hodc bi rira troi ra song, sudi, ao, ho va co trong nudc thai gay nén tinh
trang 6 nhiém phosphat hién nay [2]. O nhiém phosphat trong moi trudng nudce co
thé dan t6i hién tuong pht dudng, trong d6 co sy phat trién qua mirc cia tao, lam
cho luong 6xi hoa tan giam manh giy ra nhitng anh huéng nghiém trong dén chat
luong nude va doi sdng thuy sinh [3].

Ngay nay, viéc kiém soat phosphat dugc quan tim véi cac nghién ciru tip
trung vao k¥ thuat xu 1y nhu két tia, hap phy, trao doi ion va xur Iy sinh hoc [4, 5].
Trong d6, hap phu duoc cho 1a phuong phap hiéu qua nhat vé chi phi, thiét ké va
van hanh [3, 6]. Vit li¢u hydrotalcit (HT), con dugc goi 1a dét sét anion, va cac san
pham nung cta chiung da duoc nghién ctiru rong rai nhu chit xuc tac, chat hap phu,
phu gia polyme va chat lam cham qua trinh chay. Cong thirc chung cta HT c6 thé
duoc biéu thi bang [Mi> "M (OH)][A™ Jyn'yH,0, trong d6 M*" va M** 1a cac
cation kim loai hoa tri II va III ¢ vi tri bat dién cua cac 16p giéng brucit tao ra dién
tich dwong 16n va A™ 1a anion 16p d6i xen phu can bang dién tich duong trén céac
16p, x 14 ti s6 nguyén tir (M>*/(M*"+ M*")). HT ¢6 dién tich bé mit twong ddi 16n, bé
mat vat liéu c6 16 Xép c6 tac dung lam ting kha néng trao ddi cac anion, céc vi tri
hap phu c6 tinh chon loc dbi voi phosphat trong méi truong nude [3, 6, 7]. M6 hinh
dang nhiét va dong hoc cia qua trinh hap phu phosphat trén vat liéu hydrotalcit duoc
tap trung nghién ctu trong bai bao nay.

2. THUC NGHIEM
2.1. Nguyén vat liéu, héa chit

Hoa chit phan tich phosphat: KH,PO, 99,5%, HCl 37% (Merck),
(NH4)sM070,4.4H,0 99%, NH,VO; 99% (Sigma-Aldrich).

Hoba chit tong hop hydroxit 16p kép: Mg(NO3),.6H,0 99%, Al(NOs);.9H,0
99%, NaOH 99%, Na,CO3 99,8% (Merck).
2.2. Quy trinh téng hep hydrotalcit Mg-Al/CO;

Hydrotalcit Mg-Al/CO; duoc tong hop bang phuwong phap dong két tia st
dung Mg(NO3),.6H,0 va AI(NO3);.9H,0 theo ty 1¢ mol ciia Mg”":AI’" 1a 2:1. Dung
dich NaOH va Na,COs nong d6 0,1 M dugc nhé dong thoi vao hon hop dung dich
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mudi Mg>" va A’ trong diéu kién pH bf?lng‘lO. Trong qua trinh nho tir tir dung dich
NaOH va Na,CO; (dung dich duoc khuay d:éu lién tuc).‘Két tua sau d6 dugc u trong
24 gio & nhiét d6 60°C, duogc loc va rira bang nude dé ion va etanol tGi pH trung
tinh. Vat liéu HT sau khi duoc tao tha}nh, dugc nung ¢ nhiét 36 600°C [3, 4], duoc
xem x¢ét hinh thai bé mat va dic trung cau trac.

2.3. Nghién ctru qua trinh ding nhiét hip phu phosphat trén vt li¢u HT

Qué trinh xay dung mo hinh dang nhiét hap phu ion phosphat trén vat liéu HT
Mg-Al/COs> duoc tién hanh véi ndng do dung dich phosphat nghien ctru lan luot 1a
50, 100, 200, 400, 500, 800 mg/L, ti 1¢ dung dich chat b hap phu/chat hép phu 1a 50
ml/0,2 gam tai thoi gian can bang hap phu, & pH trung tinh va diéu kién nhiét do
phong 30°C.

Hai m6 hinh hip phy dang nhiét dugc nghién ctru gdm Langmuir va Freundlich.

2.4. Nghién ciru dong hoc qua trinh hap phu phosphat trén vat liéu HT

Mo hinh dong hoc biéu kién bac 1 va bac 2 duoc xdy dung cho qua trinh hip
phu ion phosphat trén vat liéu HT Mg-Al/COj; dya trén phuwong trinh Lagergren [8].

Céc nghién cﬁl} dong hoc cua su hép phu duogc tién hanh & cac néng 516
pl}osphat khac nhau lan luot 1a 50, 1003 200, 400, 500, 800 mg/L tai (;éc thoi diém
hap phy dugc khao sat nhu mét ham s6 theo thoi gian. Dung luong hap phu ¢ thoi
diém t, q; (mg/g), dugc tinh bang cong thirc:

qi = (Co - CYV/m (mg/g)

C, va C; (ppm) 1a ndng do phosphat & thdi diém ban dau va thoi diém khéo sat,
V la the tich dung dich (L), va m 1a khoi lugng vat li€u st dung (g).

Phuong trinh tuyén tinh mé ta dong hoc biéu kién bac 1 ¢6 dang:

log(qe - q1) = (logqe - kit)/2,303

Xay dung do thi tuyén tlnh cua log(qge - q¢) theo thoi gian t thu dugce héng s6 ti
16 k; va q. tir hé s6 goc va doan cit tryc tung ctia phuong trinh dudng thing tuyén tinh.

Phuong trinh tuyén tinh mé td mé hinh dong hoc biéu kién bac 2 c¢6 dang:

t/qe = 1/koqe” + 1/qet

O day, dung luong hap phu can bﬁng (qe), hing sb bac 2 (kz) dugc tim ra bang
thuc nghiém tir 46 doc va doan chan cua do thi t/q, theo t.

Bing Viéc so sanh hé §6 tuong quan, qéu dd thi nao cho thiy sy tuyén tinh
cung voi hé s6 tuong quan tot hon s& chi ra rang cong thirc cua Lagergren theo md
hinh d6 1a thich hop hon, dong nghia v6i qua trinh hap phu tuan theo mo ta do.

2.5. Phwong phap phan tich

2.5.1. Phuong phap xdc dinh phosphat

Trong nghién ctru, ndng d6 phosphat dugc xac dinh theo phuong phap do phd
amonimolipdat-vanadat theo TCVN 6202:2008 ISO 6878:2004.
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2.5.2. Phuwong phdp xdc dinh dic trung cua vt liéu

Phuong phap hién vi dién tr quét/tan xa ning lugng tia X (SEM/EDX): Mau
duoc quét be mat ghi trén may SEM TM4000Plus HITACHI.

Phuong phap phd nhiéu xa tia X: Mau duoc phan tich bing may do XRD
MiniFlex 600 Rigaku.

Phuong phap phd hdng ngoai (FT-IR): B6t mau phan tich duoc tron véi chat
nén KBr véi ty 1& 2-5% mau/KBr, do bang k¥ thuat chup phan xa khuéch tin ghi
trén may FT/IR JASCO, trong ving 400-4000 cm’™'.

3. KET QUA VA THAO LUAN
3.1. Hinh dnh bé mit vat liéu va dic trung cu tric cia HT Mg-Al/CO3
3.1.1. Hinh dnh bé mdt vit ligu HT Mg-Al/CO;

Hinh anh bé mit vat liéu HT Mg-Al/COs dugc chup bang kinh hién vi dién tir
quét the hién trén (hinh 1).

IMS-NKL 5.0kV 5.3mm x50.0k SE(M)

Hinh 1. Hinh anh SEM bé mit vét liéu HT Mg-Al/COs

Hinh anh thu dugc cho thdy hinh thai cia HT Mg-Al/COs dang phién, kich
thudce hat khong déng déu, c6 cAu trac hinh luc giac, dang tim. Bé mat vat liéu tao
thanh go ghé ching t6 vat liéu HT c6 cau tric kha x6p, co tac dung ting kha ning
hap phu ctia vat liéu.

3.1.2. Giin dé nhiéu xa Ronghen

Két qua XRD duoc thé hién (hinh 2) cho thiy mdt loat cac dinh xuét hién dudi
dang cac duong dbi xing sic nét va nhon & cac gia tri 20 thip va phan xa 1 rang &
gia tri 20 cao, d6 la cac phan xa co ban dic trung cua vat li€u hydrotalcit Mg-
Al/CO3 [9]. Céc dinh véi cuong dO manh tuong Umg véi cac mat (003) va (006) da
duoc quan sat va géc cta dinh (003) biéu thi khoang cach 16n gitia cac 16p gitia [10].
Khoang cach giita cac 16p doosz va doos cia Mg-Al/CO5; dugce tim théy 1a 7,519 A va
3,798 A, doos gép hai 14n so véi doos cho théy C032' da xen vao gitra hai lop. Cac
nhiéu xa hién dién tai cac mat (012), (015), (018), (110) va (113) cho théy HT thudc
hé luc phuong tng véi nhém khong gian R-3m [11].
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Hinh 2. Gian dd nhiéu xa XRD ciua HT Mg-Al/CO;
3.1.3. Phé héong ngogi FT-IR

Ph6 hong ngoai FTIR duoc chup cho miu vat liéu HT Mg-Al/CO5 trudc va
sau khi hap phu, dugc thé hién & (hinh 3) c6 thé thdy cac vach hip phu dic trung cho
HT. Dai hap thu rong trong khoang 3800-2500 cm™ dugc gan cho dao dong hoéa tri
ctia nhom O-H trong phan tir HT va clia cac phan tir nuéc hap thy giita cac 16p. Tai
vi tri 1638 ecm™ dugc gan cho dao dong bién dang cua lién két O-H va phan tir nude
hép thu trong vat liéu. Tai vi tri 1380 em’ dic trung cho anion CO5”. Pinh méi xuét
hién tai vi tri 1043 cm™ dd thi (B) dugc cho 1a cia lién két P-O d6 1a sy phirc hop bé
mat hinh cau bén trong (M-O-P) gitra phosphat va HT tirc 1a nhém hydroxyl bé mit
(M-OH) cua HT c6 thé duoc trao ddi bang sy hip phu phosphat [9]. Céc vi tri hap
thu khac ¢ viung dudi 1000 cm’! (878; 656) dac trung cho cac dao dong cua lién két
Mg-O va Al-O trong HT.
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Hinh 3. Pho FT-IR cua vét liéu HT Mg-Al/COs: (A) tru6e khi hip phu phosphat,
(B) sau khi hap phu phosphat
3.1.4. Thanh p11511 cdc nguyén to trong HT Mg-Al/CO; truoe va sau khi 11:5})
phu phosphat
Thanh phén cac nguyén td trong mau vt liéu HT Mg-Al/COj3 trudce va sau khi

hap phu phosphat dugc tiéq hanh phan tich bang phuong phap phd tan xa ning
lugng tia X (EDX) thé hién l1an luot tai (hinh 4, 5) va (bang 1, 2).
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3.1.4.1. Thanh phan nguyén t6 trong mau HT Mg-Al/CO; trurde khi hap phu

Il AIMgCO3. 600 do. Tk

Hinh 4. Gian d0 phan tich cac nguyén t6 cia mau vt lieu HT Mg-Al/COs trude hap phu
Bang 1. Két qua EDX cua vat liéu HT Mg-Al/CO; trude khi hip phu phosphat

Nguyén t6 0 Mg Al C
Téng (%) 53,1 20,1 16,3 10,3

Phén tich EDX d3 x4c dinh duoc sy c6 mit cta cac nguyén t6 Mg, Al, C va O
trong mau vat liéu HT Mg-Al/CO;.

3.1.4.2. Thanh phan nguyén té6 trong mau HT Mg-Al/CO; sau hap phu

Il MgAl sau hp. 600 do

Hinh 5. Gian d6 phan tich cac nguyén t6 cia mau HT Mg-Al/COs sau hap phu
Bang 2. Két qua EDX ctia vat liéu HT Mg-Al/CO; sau khi hap phu phosphat

Nguyén tb C 0 Mg Al p
Téng (%) 9,3 56,3 20,2 11,7 2,6

Phan tich EDX da xac dinh dugc su c6 mat ciia nguyén t6 P sau hép phu. Tu
két qua phan tich nguyén t6 cho thiy ti 16 Mg:Al ~ 1,96 gin bang vdi ti 16 hdn hop
kim loai ban dau. Ham luong Al bi giam, diéu nay cho thiy ring mét phan Al &
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dang Al(OH); da bi chuyén vao dung dich hap phu & dang lo limg. Ham lugng C bi
giam c6 thé 1a do nhom CO;™ da bi trao ddi boi nhom PO, goi ¥ co ché trao ddi
ion da dién ra. Ham luong O ting 1én dang ké cho thay vat liéu di tai phuc hoi lai
céu trac nhu cia hydrotalcit.

3.2. Két qua nghién ctru qua trinh dang nhiét hip phu va déng hoc hip
phu phosphat trén vat licu HT Mg-Al/CO;

3.2.1. Két qua nghién cvru qud trinh ding nhigt hip phu
Qua4 trinh hip phu phosphat trén vat liéu HT Mg-Al/CO; dugc md ta thong
qua hai mé hinh dang nhiét hap phu Langmuir va Freundlich.
Céc hing s6 hip phu va hé sé hdi quy mé ta qua trinh hap phu trén vat liéu HT
Mg-Al/CO; dugc téng hop trong (bang 3).
Bang 3. Hing s hap phu va hé s6 hdi quy cac phuong trinh tuyén tinh Langmuir,
Freundlich mé ta qua trinh hap phu ion phosphat trén vét liéu HT Mg-Al/CO;

M0 hinh ding nhiét hap phu HT Mg-Al/CO3
Langmuir

Qmax (Mg/g) 46,95

b (L/mg) 0,0121

R’ 0,9028
Freundlich

K 3,0765

n 2,3196

R? 0,9824

Két qua nghién ctu dang nhiét hdp phu Freundlich K¢ = 3,0765 va 1/n =
0,4311 < 1 cho thay vat liéu c6 kha ning hap phu mot luong phosphat va ban chat
qué trinh hip phu 13 twong tic hoa hoc. Cac hé sé hdi quy R? thu dwoc cho thiy qua
trinh hip phu cia vét liéu phi hop vé6i ca hai mé hinh Langmuir va Freundlich. Diédu
nay c6 nghia 1a bé mit cua vat liéu hip phu co6 15 x6p, khong ddng nhét, qué trinh
hap phu héa hoc xay ra c6 twong tac qua lai giita cac phan tir chat bi hap phu voi
nhau va tdm hap phu trén bé mat. Hang s6 n > 1 ciing ching t6 qué trinh hip phu
phosphat trén vt liéu HT Mg-Al/CO3 dién ra thuén loi. Tai trong hép phu cuc dai
cua vat liéu hydrotalcit Mg-Al/CO; dat 46,95 mg/g.

3.2.2. Két qua nghién ciru dong hoc hip phu

DPong hoc qua trinh hap phu ion phosphat trén vat licu HT Mg-Al/CO;5 dugc
xay dung theo hai mé hinh biéu kién bac 1 va bac 2 nhu biéu dién trén (hinh 6 va 7).
Hang s6 toc do hap phu va dung luong hap phu tinh tir phuong trinh tuyén tinh dong
hoc hip phu biéu kién bac 1 va bac 2 dugc tong hop trong (bang 4).
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Hinh 6. M6 hinh dong hoc biéu kién bac 1 qué trinh hap phu phosphat trén vat liéu HT
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Hinh 7. M6 hinh déng hoc biéu kién béc 2 qua trinh hip phu phosphat trén vat liéu HT

Bang 4. Hing s6 toc do hap phu, h¢ sd hdi quy va dung luong hip phu tinh
theo mod hinh dong hoc bicu kién béc 1 va bac 2 so vdi thye nghiém

Pong hoc bac 1 Pong hoc bac 2
C, e exp K a k a
(mg/L) (mg/g) 1 escal R2 2 e,cal R2
(L/h) | (mg/g) (g/mgh) | (mg/g)

50 8,375 0,0192 11,581 | 0,9232 | 0,0011 11,211 | 0,9994
100 11,711 | 0,0154 14,057 | 0,9667 | 0,00079 | 15,798 | 0,9991
200 17,497 | 0,0136 15,860 | 0,9880 | 0,00075 | 21,645 | 0,9987
400 26,532 | 0,0135 | 22,563 | 0,9885 | 0,00060 | 31,847 | 0,9975
500 33,907 | 0,0130 | 30,874 | 0,9718 | 0,00035 | 42,553 | 0,9952
800 45,950 | 0,0121 38,861 | 0,9792 | 0,00030 | 55,866 | 0,9940

Tbe do hép phu ctia mé hinh”d(f)ng hoc gia bac 2 cua vat li¢u tinh theo cong
thirc: v = k,.q.” (mg/g.phiit) dugc thé hién trong (bang 5).
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Bang 5. Téc do hép phu ciia m6 hinh dong hoc gia bac 2 cua vat liéu HT Mg-Al/CO;

C, (mg/L) k; (g/mg.ph) q (mg/g) v (mg/g.ph)
50 0,0011 11,211 0,142
100 0,00079 15,798 0,197
200 0,00075 21,645 0,352
400 0,00060 31,847 0,604
500 0,00035 42,553 0,632
800 0,00030 55,866 0,932

Khi ting ndng do chat bi hap phu kha ning tiép xuc giita chat bi hap phu va bé
mat chat hdp phu ting din dén tdc do hap phu ting.

4. KET LUAN

Vit lieu HT Mg-Al/CO; duge tong hop thanh cong bang phuong phap dong
két tiia, voi ty 16 mol Mg:Al 14 2:1. Qua trinh hip phu phosphat trén vat liéu HT Mg-
Al/CO; dién ra thuan loi, dung lwong hip phu cuc dai 1 46,95 mg/g. Qua trinh hip
phu phosphat trén vét liéu HT Mg-Al/CO; pht hop véi ca hai mé hinh hip phy déng
nhiét Langmuir va Freundlich chimg to dién ra ddong thoi ca hai qua trinh hip phu
vat 1y va hoa hoc. Qua trinh hép phu phosphat trén vat liéu HT Mg-Al/COs3 tuan theo
md hinh dong hoc biéu kién bac 2.
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SUMMARY

EQUILIBRIUM ADSORPTION ISOTHERMS AND KINETIC MODELS OF
PHOSPHATE ON HYDROTALCITE Mg-Al/CO;

In this paper, the hydrotalcite Mg-Al/CO; material was synthesized
successfully with an Mg/Al molar ratio of 2:1 by the co-precipitation method. SEM
images, XRD patterns and FTIR Spectra and Energy Dispersive X-ray Spectra
(EDX) of the material were analyzed. Equilibrium adsorption isotherms and kinetic
models of the phosphate adsorption process on the hydrotalcite material Mg-Al/CO;
were investigated. The experimental data were analyzed by Langmuir and
Freundlich models of adsorption. The phosphate adsorption on the material was well
fitted to both Langmuir and Freundlich isotherms, and the maximum adsorption
capacity was found to be 46.95 mg/g with the material sample was calcined at
600°C. The kinetic data obtained at different concentrations have been analyzed
using a pseudo-first-order and a pseudo-second-order equation. The experimental
data fitted very well with the pseudo-second-order kinetic model.

Keywords: Phosphate, hydrotalcite, adsorption, hip phu, phosphat.
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