Nghién ctru khoa hoc céng nghé

NGHIEN CUU TONG HQP VA KHAO SAT CAC YEU TO ANH
HUONG TOI KHA NANG HAP PHU PHOSPHAT CUA VAT LIEU
HYDROXIT LOP KEP Zn-Al

NGUYEN THI THU HANG O, PHUONG THAO @, NGUYEN THI NANG

1. PAT VAN DE

Phti dudng 1a mot hién twong 6 nhiém trong d6 nudc thai khong qua xir 1y va
phan bon tir nong nghiép dugc cho 1a nhitg ngudn chinh giy ra hién tugng pht
dudng song, h6 va bién. Cac hoat dong cua con nguoi di lam ting dang ké toc do
chat dinh dudng xam nhap vao hé sinh thai trong nhiing thap ky qua. Ngay nay pha
dudng da tré thanh mot nguy co 6 nhiém trén dién rong can dugc kiém soat ddi véi
ca ngudn 6 nhiém diém va khong diém. Hon nita, phospho thuong dugc coi 1a thu
pham chinh trong céac truong hop phti dudng & cac hd bi 6 nhiém ngudn diém do x4
nude thai. Viée loai bé phosphat khoi nudce thai da duoc nghién ciru rong rai trong
nhiéu thap ky, trong do6 hap phu la mét trong nhitng c6ng ngh¢ hiéu qua va kinh té
nhit. Viéc phét trién chat hap phu chi phi thap, co dung luong hap phu cao trong xir
1y nudc thai da dugce nghién cuu trong nhitng ndm gan day [1, 2].

Vit li€u hydroxit 16p kép (LDH), duogc goi la dat sét anion, va cdc san phém
nung cia chung da duoc nghién ciru rong rii nhu chat xuc tac, chat hap phy, phu gia
polyme va chit 1am cham qua trinh chay. Céng thirc chung ctia LDHs c6 thé duoc
biéu thi bang [Mi> "My (OH)2][A™ Jxa yH20, 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™ la anion 16p d6i xen phu can bang dién tich duong trén cac 16p, x
1a ty s nguyén tir (M**/(M*" + M*)). Véi dién tich bé mat twong doi 16n, bé mat 16
x6p va kha nang trao dobi anion cao, cac vi tri hép phu chon loc [1, 2, 5]. Chung t61
da tién hanh nghién ctru tong hop va khao sat cac yéu to anh huong dén kha nang
hép phu phosphat cua vat liéu hydroxit 16p kép Zn-Al.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu, héa chit

Hoa chat phan tich phosphat: KHPOs 99,5%, HCl 37% (Merck),
(NH4)6sM07024.4H>0 99%, NH4VO3 99% (Sigma-Aldrich).

Hoa chét tong hop hydroxit 16p kép: Zn(NOs3).6H20 99%, Al(NO3)3.9H,0
99%, NaOH 99%, Na>CO3 99,8% (Merck).

Céc hoa chat khac: NaCl 99%, NaNOs 99%, (NHa):Fe(SO4)2.6H20 99%,
K>Cr207 99,8%, H2SO4 95-97%,... (Trung Qudc).
2.2. Quy trinh téng hop hydroxit 16p kép LDH Zn-Al

Hydroxit 16p kép Zn-Al dugc tong hop bang phuong phap dong két tua sur
dung Zn(NO3)2.6H20 va AI(NO3)3.9H20 theo ty 1¢ mol cua Zn*":AI*" 1a 2:1. Dung
dich NaOH va NaxCOs3; nong d6 0,1 M dugc nho dong thoi vao hon hop dung dich
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mudi Zn?>" va AI*" trong diéu kién pH bang 10. Trong qué trinh nho tir tir dung dich
NaOH va Na»COs, dung dich dugc khudy déu lién tuc. Két ta sau d6 dugc u trong
18 gi ¢ nhiét 3o 60°C, duoc loc va rira b?mg nudc khir ion va etanol tdi khi pH 1a
trung tinh. Vat liéu LDH sau khi dugc tao thanh, séy kho ¢ 90°C hodc nung & cac
nhiét do khac nhau: 200, 400, 600, 800°C, toc dd tang nhiét d6 1a 30 phut, thoi gian
nung 6 gio [3, 4].

2.3. Phwong phap phan tich

Trong nghién ctru, ndng d6 phosphat dwoc xac dinh theo phwong phap do phd
amonimolipdat-vanadat theo TCVN 6202:2008 ISO 6878:2004.

Cac phuong phap phén tich hinh thai bé mit vat lidu va dic trung chu tric
dugc su dung gobm: chup anh bang kinh hién vi dién tir quét SEM, pho nhiéu xa tia
X (XRD) va pho hong ngoai bién doi Fourie (FTIR).

2.4. Tinh toan két qua
Tai trong hap phu dugc tinh theo phuong trinh:

g, = C=CIV (s (1)
m
Trong do:
Qe: tai trong hap phu (mg/g);
Co: ndng do dung dich trude khi hip phu (mg/L);
Ce: ndng do dung dich sau khi hap phy (mg/L);
V: thé tich dung dich hap phu (L);
m: khi lwong vat liéu hap phu (g).
3. KET QUA VA BAN LUAN
3.1. Hinh anh bé mit va dic trung cu tric cia vét liéu LDH Zn-Al
3.1.1. Hinh dnh vt li¢u hydroxit lop kép LDH Zn-Al

Hinh 4nh bé mat vat liéu hydroxit 16p kép Zn-Al dwoc chup bang kinh hién vi
dién tur quét thé hién trén (hinh 1).

Hinh 1. Hinh anh bé mit vat 11eu LDH Zn-Al thong qua kinh hién vi dién tir quét
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Tur hinh anh thu dugc cho thay hinh thai cia LDH dang phién, kich thudc hat
khong dong déu, bé mat vat li¢u tao tha‘lnh g0 ghé chung té vat liéu LDH c6 cau truc
kha x0p, co6 tac dung nang cao dién tich bé mat riéng.

3.1.2. Giin dé nhiéu xa Ronghen

Két qua phé XRD (hinh 2) thé hién rét & su tuong df)ng cua vat liéu hydroxit
16p kép Zn-Al tong hop duoc véi két qua di duge cong bd [1, 2, 4]. Tuong Gng véi
cac pic dbi xung sac nét dac trung dugc gan tai cac vi tri (003), (006); cung vai cac
pic khong ddi xtmg va kém sac nét hon dugc chi ra tai cac vi tri (012), (015), (018),

(110) va (113), co6 thé khang dinh hydroxit 16p kép Zn-Al di duoc tong hop thanh
cong.
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Hinh 2. Gian d6 XRD cua hydroxit 16p kép Zn-Al
3.1.3. Pho héong ngoai FTIR

Pho hong ngoai FTIR dugc thuc hién cho mau vat liéu hydroxit 16p kép Zn-

Al Trén pho ctia LDH Zn-Al duoc thé hién & (hinh 3) xuét hién dai hép phu & vi tyi
553,47 cm™'; ?82,95 cm™! dic trung cho céc ’lién két ctia cac kim loai va oxy lién két
M-O. Céc pho dao dong tir 1358,60 cm™ dén 1641,13 cm™ dic trung dao dong cia

nhom CO3”". Ving 3438,46 cm™! viing dic trung cho nhém OH- trong cau tric LDH.
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Hinh 3. Phé hong ngoai FTIR cua vit liéu LDH Zn-Al
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3.2. Két qua nghién ciru cac yéu t6 anh hwomg dén kha ning hip phu cia
vat licu LDH Zn-Al

3.2.1. Anh hwong nhigt dp nung

Dé khao sat anh huong cua nhiét do nung dén kha niang hap phu cia vat
liéu LDH Zn-Al. Tién hanh hap phu 0,2 g vat liéu LDH dugc nung & cac diéu
kién nhiét do 90°C, 200°C, 400°C, 600°C va 800°C véi 50 mL dung dich chuan
phosphat 50 mg/L. Két qua dugc thé hién nhu trén (hinh 4). Tai trong hip phu
phosphat 16n nhat (11,12 mg/g) dugc quan sat khi vat liéu duge nung ¢ 200°C.
Kha ning hap phu cao hon 1,16 1an so v4i vat lidu chua nung & 90°C. Ngoai
nhiét do nay, kha nang hép phu cua vat li€u giam nhe & nhiét d6 400°C, giam
manh sau khi nung & 600 dén 800°C.
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Hinh 4. Anh huéng ctia nhiét d6 nung t6i kha ning hip phu cua vat liéu LDH Zn-Al

Diéu nay duoc 1y giai 1a do cac vat liéu LDHs khi bi phan hiy bang nhiét s&
trai qua qua trinh bu nudc tu phat va tai tao cdu trac khi ching duoc thém vao moi
truong nudc. Su két hop anion xay ra dong thoi trong qué trinh nay lam ting kha
ning trao d6i anion cua hop chét. Gian d6 XRD chi ra rang pha LDH hoan toan bién
mat va dugc thay thé bang pha ciia cac oxit kim loai sau khi nung & 200°C trong 6
gior (hinh 5). Két qua pht hop véi dit lidu phan tich, trong d6 giai doan dau tién da
duoc quan sat khi nhiét do tang 1én 200°C 1a sy mét khoi lugng. Su chuyén ddi pha
nay rd rang la nguyén nhan dan dén sy gia ting dang ké sy hip phu phosphat boi vat
liéu LDH dugc nung vi ba Iy do sau: (1) dién tich bé mit cao hon thu duoc trong cac
hat nung, (2) cac ion can trd chu yéu la COs> duoc giai phong tir tién chat, tao ra cac
vi tri hoat dong hon cho su hap phu phosphat va (3) su két hop phosphat xdy ra
trong qué trinh tai tao LDHs. Tuy nhién khi nung & nhiét d6 cao hon khong khién
cai thién hon kha niang hap phu phosphat. Dicu nay c6 thé duoc giai thich do hdn
hop ZnO va ZnAlOs loai spinel dugc tao thanh trong diéu kién nhiét do cao thay vi
giai doan bén trong giai doan dau, chi c6 thé tai tao lai trong cac diéu kién thich hop.
Theo tai liéu tham khao [4] khi tdng nhiét dd nung dién tich bé mit giam do do khi
nhiét d6 nung vuot qua 300°C, diéu nay s& lam suy yéu sy hip phu bé mit.
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Hinh 5. Gian dd nhiéu xa XRD ctia LDH Zn-Al 1an luot tai cac nhiét do 90°C,

200°C, 400°C, 600°C va 800°C

3.2.2. Thoi gian cin bang

Thoi gian hap phu c6 anh hudng rat 10n téi tai trong hap phu cua vat liéu. Tién
hanh hap phu 50 mL dung dich chuan phosphat 50 mg/L véi 0,2 g vat liéu LDH Zn-
Al-200 lic tai cac khoang thoi gian 30, 60, 120, 150, 180, 210, 240 va 300 phat. Két
qué thu dugc nhu trong (hinh 6).

Tai trong hap phu (mg/g)
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Hinh 6. Tai trong hép phuy cua vat liéu LDH Zn-Al-200 tai cac khoang thoi gian

khac nhau
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Két qua cho thiy tai trong hip phu cta vat liéu LDH Zn-Al-200 cao nhat
(11,26 mg/g) tai khoang thoi gian 1a 240 phut.

3.2.3. Anh hwong ciia pH

pH cua mdt dung dich n6i chung dong mét vai tro quan trong trong phan tng
hoa 1y & bé mat phén cach nude - ran. Anh hudng cua pH dén kha nang hép phy
phosphat dugc nghién ctru voi 0,2 g vat liéu LDH Zn-Al-200 hap phu 50 mL dung
digh chuén phosphat 50 mg/L ng véi cac gia tri pH thay doi: 2, 4, 6, 8, 10 va 12.
Két qua dugc thé hién trong (hinh 7).
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Hinh 7. Anh huong ciia pH dén kha ning hap phu ciia LDH Zn-Al1-200

Tir két qua cho thiy vat liéu c6 dung lugng hap phu tt nhét tai khoang pH
bang 4. Nguyén nhan 1a do méi truong c6 tinh axit anh huong bat lgi dén sy hap phu
phosphat cia LDH Zn-Al-200, ¢ pH cua dung dich < 3 vat liéu LDH khong bén.
Trong khoang 4 < pH < pHy,. bé mit vat lidu sé tich dién dwong, ciing tai khoang
pH nay ion phosphat ton tai chii yéu & dang HoPO4~ va HPO4> nén c6 lgi cho su hap
phu. Nguoc lai khi pH > pHpzc bé mat vat lidu tich dién 4m khong thuan loi dé hap
phu anion nhu phosphat (theo mét s6 nghién ciru truéc, PHpze cua vét liéu LDH Zn-
Al xdc dinh dugce 1a 7,96). Ngoai ra trong mdi trudng kiém con c6 su canh tranh hap
phu cuia OH™ nén kha nang hip phu cua vat liéu giam di.

3.2.4. Anh hwong ciia cdc anion canh tranh

Trong nudc ludn ton tai mot s6 anion nhu CI-, CO3%", NO3~ va SO42". Su canh
tranh clia cac ion nay trong qué trinh hap phu phosphat ciing c6 thé 1a mot trong
nhiing nguyén nhén lam giam hiéu suat hap phu phosphat cia vat liéu LDH. Tién
hanh thiét ké day thi nghiém, moi thi nghiém can 0,2 g vat lidu hap phu trong 50 mL
dung dich chuan phosphat 50 mg/L tuong tmg vdi cac khoang nong dg cac ion dugc
nghién ctru nhu sau: CI, CO5* lan luot 1a 100, 200, 500, 750, 1000 (mg/L); S04,
NOs™ lan luot 1a 10, 20, 50 75, 100 (mg/L). Trong khoang ndng d6 khao sat, clorua
va nitrat gin nhu khong canh tranh hip phu véi ion phosphat do luc twong tac giira
cac ion CI', NOs~ voi LDH yéu (anion 3- manh hon anion 1-) dan dén CI, NOs~
khong canh tranh, sunphat bit dau anh huéng déang ké khi c6 mit véi ndng do > 20
mg/L, cacbonat 1 ion gy can tré 1on nhat. Mitc d6 anh hudng cia cac ion dén kha
nang hap phu cta vat liégu LDH Zn-Al-200 1an luot nhu sau Cl- < NOs~ < SO4* <
CO5*". Két qua dugc thé hién (hinh 8).
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Hinh 8. D) thi biéu dién murc d6 anh huéng cua anion CI-, COs2, NOs~ va SO4>

3.2.5. Khdo sdt véi mdu thuc

Pé danh gia hiéu suét xtr 1y phosphat cua vat li¢u LDH. Tién hanh hép phu 1,0
gam vat liéu LDH Zn-Al1-200 véi 100 mL mau nudc thai biogas, lac trong 240 phiit.
S6 liéu phan tich cac chi tiéu héa Iy mau nude thai biogas thé hién trong bang 1 cho
thdy, ngudn nudc thai c6 ham luong COD, phosphat cao hon so v6i gidi han cho phép
theo QCVN 62-MT:2016/BTNMT nudc thai chin nudi. Két qua nong do phosphat
sau xir 1y 1a 18,10 mg/L hiéu suat dat 83,81%. Nhu vay c6 thé thdy hiéu suét xir 1y
phosphat ngoai viéc phu thudc vao khéi lugng vt lidu 1a bao nhiéu, thé tich mau
dem hap phu, thi cac anion canh tranh, pH, cac hop chit hiru co trong miu ciing c6
anh hudng rét 16n t6i hiéu xuat xir Iy cta vat liéu, phu hop véi két qua khao sat.

Bang 1. Két qua phén tich cac chi tiéu hoa 1y d6i voi mau nudc thai Biogas

Chi tiéu

pH COD

PO4*

NO3~

COs* ClI S04

Két qua (mg/L)

~7 322,40

111,76

167,48

120,39 | 153,10 | 31,63

Dué6i day 1a két qua phan tich EDX cua vat liéu trudc va sau khi hap phu
phosphat (hinh 9 va hinh 10).

B

ra

Bl Mau LDH Zn-Al Chua HP

14 18 LY

Hinh 9. Gian ¢6 EDX biéu dién thanh phan cua vat liéu LDHs trudc khi hap phu
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Bang 2. Két qua (%) khoi lugng cac nguyén td ¢6 trong mau LDH trude khi hip phu

Nguyén to C 0 Zn Al
(%) Khdi lugng 8,52 40,88 43,27 7,33

Nhu vay Ehén tich EDX da xac dinh dugc sy c6 mit cua cac nguyén td Zn, Al,
C va O trong mau.

M Mau LOH Zn-Al Sau HP

ra

Hinh 9. Gian d6 EDX biéu dién thanh phan cuia vat liéu LDHs sau khi hap phu
Bang 3. Két qua (%) khdi luong cua cac nguyén td trong mau LDH sau khi hap phu
Nguyén t6 C 0 7n Al P
(%) Khbi hrong 17,02 43,10 33,48 6,16 0,24

Phan tich EDX da xac djn}} duoc sy c6 mét cua cac nguyén t6 C, O, Zn, Al, P
sau hap phu. Ching t6 su trao d6i anion phosphat da dugc dién ra. Tu két qua phan
tich nguyén to ciing cho thay ty 1¢ Zn:Al = 2,26 gan bang voi ty I¢ hon hop kim loai
ban déu.

Két qua ban dau khao sat, tai trong hap phu cuc dai (Qmax) cta vat lieu LDH
Zn-Al so sanh v6i Qmax ciia mot so vat liéu khac dung de loai b phosphat thé hién
trong bang 4.

Bang 4. Qmax cia mot s6 vat lidu da duogc nghién curu dé loai bo phosphat

V;i;}f:ézzph?ygu Qmax (mg/g) Tai liéu tham khio
Tir vun st oxit 8,21 [6]
Tt quang goethite 27,00 [7]
T alginate/goethite 37,30 [7]
Bién dbi tir lingocellulosic 2,31 [8]
Xt 1y soi gb bang sat clorua 3,00 [9]
Xt 1y soi gb bang CMC/Fe 4,30 [10]
Fe-Mn oxit dang hop kim 33,20 [11]

LDH Zn-Al-200 78,74
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Tir bang 4 cho thay tai trong hdp phu cia vat LDH Zn-Al 1a cao nhat 78,74
mg/g. Cao hon gap tr 2,11 dén 34,09 lan so v&i mat so loai vat liéu khac. Do do6 vat
liéu LDH Zn-Al 1a vat li€u tiém nang dé iing dung trong thuc tién xur 1y phosphat.

4. KET LUAN

- LDH Zn-Al dugc tong hop vai ty 16 mol Zn>":AP* 1a 2:1. Vit liéu da duoc
nung & cac nhiét dd khac nhau tir 200 dén 800°C.

- Vit liéu hép phu tdt nhat tai nhiét do nung la 200°C.
- Thoi gian dat can bang hap phu 1a 240 phut.

- Moi truong pH t6t nhat cho sy hip phu phosphat cua vt liéu LDH Zn-Al-
200 la khoang 4.

- Mirc do anh huéng ciia mot sd anion thuong ¢ trong nudc thai lan luot 1a
ClI'<NO; < S04+ <COs*".

- Tai trong hap phu cuc dai dat 78,74 mg/g cao hon gip tir 2,11 dén 34,09 lan
s0 v&i mot sb loai vat liéu dd duoc nghién ciru dé loai bo phosphat trong nudc thai.
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SUMMARY

STUDY ON SYNTHESIS AND DETERMINATION OF FACTORS
AFFECTING PHOSPHATE ADSORPTION ON Zn-Al LAYERED
DOUBLE HYDROXIDE MATERIAL

In this paper, a layered double hydroxide (LDH) materials with a Zn/Al molar
ratio of 2:1 were synthesized successfully by co-precipitation method. Materials
were chacracterized by X-ray diffraction (XRD), fourier transform infrared
spectroscopy (FTIR) and field emission scanning electron microscopy/energy
dispersive X-ray spectroscopy (FESEM/EDX). The effects of different calcined
temperatures, initial phosphate concentrations, contact time, pH values and co-
existing on phosphate adsorption were investigated from batch tests. Our results
indicate that adsorption capacity of Zn-Al LDH is the best at calcinned temperature
of 200°C, the equilibrium time attained within 240 min and the optimal pH was
approximately 4. The effect of common coexisting ions including chloride,
carbonate, nitrate and sulphate on the simultaneous adsorption of phosphate was in
the order of CI"< NO3™ < S04 < CO3™.
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