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Tém tit. Ion chi trong mau dugc lam gidu bang vat liéu TiO»/FesO, nanocomposit — chat hap phu pha ran
v6i ki thuat chiét pha ran, sau d6 dugc giai hip phu va xac dinh bang phuong phap phd nguyén tir. Tinh
chat ciia vat liéu TiO2/Fe304 nanocomposit duoc phan tich bang cac phuong phap SEM, EDX, XRD. Cac
diéu kién chiét pha ran st dung vat liéu TiO2/FesO, nanocomposit nhu pH ctia dung dich, khdi lugng cua
vat li€u, thoi gian hép phu, néng dd chat giai hép phu duoc lan luot khao sat dé dat hiéu suit hép phu va
giai hap phu cao nhat. Két qua cho thiy khi str dung 150 mg chat hap phu trong 60 phit & pH 8 va nong do
chat giai hap phy HNO3z 2M thi hiéu suat hap phu dat 100% va hiéu suat giai hap dat 94,5% véi nong do
ban dau cuia ion Pb?* 12 200 pg/L. Véi cac diéu kién t6i wu, ion chi dugce xac dinh bang phwong phap phd
nguyén tir GF-AAS véi ndng do chi theo dudng chuan tuyén tinh trong khoang 5,0+40,0 pg/L (r?=0 9998)
Gidi han phat hién va giéi han dinh luong ciia phuong phap 1an luot 13 0,9 pug/L va 3,0 pg/L; hi¢u suét thu
hdi cua phuong phap khoang 92,1%. Phuong phap duoc img dung dé xé4c dinh ion chi trong mau nudc.
Tir khéa. TiO2/Fe304 nanocomposit, chiét pha ran, chi, GE-AAS.

1. MO PAU

Chi 1a mot kim loai doc c6 thé gay ton hai cho hé than kinh, dic biét 13 ¢ tré em va phu nir mang thai. Chi
c6 thé tich tu trong co thé ngudi gay nén cac ngd doc mén tinh nhu ton thuong da day, thiéu méau, céc tac
hai ndo b, ... Ngoai ra, chi con la tdc nhan c6 kha nang gay ung thu, anh huong dén sirc khoe va céc qué
trinh trao d6i chat ciia con ngudi. Hién nay, viéc sir dung chi va cac hop chét cua chi trong cong nghi¢p
nhu san xut pin ac quy, chat nhugm cho son, gbm s, vat ligu chdng phong xa hat nhan, nhya PVC, san
Xudt hang gia dung, do choi tré em, ... d thai ra méi tredng sdng mot lwong chi khdng nho, anh huong rat
I6n dén moi truong séng, phé hiy he sinh thé&i va gy ra nhiing tac hai nang né déi véi sic khoe cua con
ngudi, [1-3]... Vi nhitng tac hai nghiém trong cta chi dén méi truong va siec khoe con ngudi ma viée kiém
soat va xac dinh ham lugng chi trong cac mau, dic biét 1a mau nudc 14 rat can thiét. C6 nhiéu phuong phap
xac dinh chi nhu phwong phap quang phd UV-Vis [4-6], phuong phap AAS [7-9], phuong phap ICP-OES
[10, 11], phwong phap ICP-AES [12,13] ... Thong thudng, cac phuong phap nay can phai thuc hién budc
chiét va 1am giau ion chi trudc khi phan tich. Tuy nhién, viéc chiét, lam giau va xac dinh chi chinh xéc &
nong do thap véi sy co mat cia nhiéu ion doi hoi phai sir dung phuong phép cé tinh chon loc cao hon.
Nhitng nam gan day, viéc két hop phuong phap phan tich phd hap thu nguyén ti véi cac ky thuat 1am giau
ion chi trong mau rat duoc chl trong phat trién nhu chiét diém dam may [14,15], in dau phan tir [16,17].
Dic biét, ky thuat chiét pha ran duoc st dung rat nhiéu dé chiét va 1am giau céc ion kim loai & ham luong
vét nho vao tinh hiéu qua caa ki thuat nhu kha niang 1am giau va tinh chon loc cao, sir dung it héa chit nén
khéng gay anh huong dén méi truong [18,19]. Vi rat nhiéu wu diém vuot troi nhu vy, trong bai nghién
ctru nay vat liéu TiO/Fe3O4 nanocomposit duoc tong hop va ng dung lam chét hap phu dé 1am giau ion
chi. Chi sau d6 duoc xac dinh bang phuong phap GF-AAS. Phuong phap nghién ctru duoc Gng dung dé
xé4c dinh ham luong vét cua chi trong cac mau nuée ¢ khu vuce thanh phd HS Chi Minh.

2. THUC NGHIEM

2.1. Hoa chit va thiét bi

Tt ca hda chét Ia loai tinh khiét phan tich gom c6 Titanium dioxide Degussa P25 (TiO, P25, Sigma Aldrich
>99,9%); FeCls.6H,0 (>98%); FeS04.7H,0 (>99%) cua Prolabo Company; dung dich chuan goc Pb (1000
Hg/L) caa Merk Company, HNOs 65%, va mot sé loai hoa chat khac. Cac dung dich thi nghiém duoc pha
bang nudc khir ion.
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Thiét bi phan tich bé mat cua vat liéu SEM S-4800 (Hitachi, Nhat Ban), thiét bi phan tich nguyén t6 EDX
Micro Analyzer H-7593 (Horiba, Nhat Ban), thiét bi phan tich trang théi tinh thé XRD 6100 (Shimadzu,
M), may quang pho hap thu nguyén tir GF-AAS 300 (Perkin Elmer, M), can phan tich OHAUS PA 214
(M¥), tu sdy va cac dung cu thiy tinh trong phong thi nghiém.

2.2. Tong hep va phan tich tinh chat caa vat liéu TiO./FesO, nanocomposit

Vit liéu TiO2/Fes04 dugc tong hop theo quy trinh sau [20,21]: Can 1,0 g TiO2 cho vao céc thiy tinh chia
50 mL nudc khir ion, khudy trong 30 phat dé phan tan déu TiO; trong nudc. Tiép theo, can 0,1 g
FeS0,..7H;0 va 0,2 g FeCl3.6H,0 hoa tan trong 50 mL nude khir ion réi cho tir tir vao cbe thay tinh chira
TiO, di phan tan & trén, thém NaOH 1,0 M dén pH 12 va khudy lién tyc trong 2 gio & 70 °C dé thu duoc
két tua, rira két tia bang hdn hop ethanol va nudc (ti 1¢ 1:1) cho dén khi pH dung dich vé khoang khoang
bang 7. Két tua sau d6 duoc siy khd ¢ 100 °C trong 5 gior dé thu dugc vat liéu nano TiOz/FesO..

Hinh thai bé mat cua vat liéu TiO2/FesO4 nanocomposit duoc phan tich bang thiét bi SEM S-4800 véi dién
&p gia toc 10 kV. Thanh phan nguyén t6 cua vat liéu duoc phan tich boéi EDX Micro Analyzer H-7593.
Thanh phan pha tinh thé cua vat liéu duoc xac dinh bang bang may do nhidu xa tia X XRD 6100 véi birc
Xa CuKa.

2.3. Ky thuat chiét pha riin va phuong phap xac dinh chi

K§ thuat chiét pha ran duoc &p dung dé lam giau ion chi dwoc thuc hién theo quy trinh sau [18]: Can m
(mg) vat liéu TiO2/Fes0,4 nanocomposit cho vao dung cu chtra, thém 10 mL dung dich chuan Pb?* 200 ug/L
vao, diéu chinh pH 8 bang NaOH 1,0 M rdi lic trong 60 phat. Vat liéu duogc tach ra bang nam cham, phan
dung dich duoc phan tich bang phuong phap AAS dé xac dinh hiéu suat hap phu. Tiép theo, 5 mL dung
dich HNOs 2,0 M duoc thém vao vat liéu hap phu chi (TiO2/Fes0s — Pb?*), dem siéu 4m trong khoang 10
phut dé giai hap phy cac ion Pb* ra khoi vat ligu. Cudi ciing, vat liéu dwoc thu hdi bang nam cham, dung
dich rira giai chira ion Pb?* dugc phan tich bang phuong phap GF-AAS (SMEWW 3113B: 2012) [22]. Mau
trang duoc thyuc hién twong tu trong ciing diéu kién nhung khong chira dung dich chuan Pb?*.

Hiéu suit hap phu duoc tinh theo cong thic 1.
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Mau nude dugc ldy tai cac dia diém & Thanh phé H6 Chi Minh, sau d6 duoc loc qua méng 0,22 um va diéu
chinh vé pH <7 tru6c khi phan tich. Qua trinh lam giau ion Pb?" bang k¥ thuat chiét pha ran rua giai va xac
dinh ion Pb?* trong mau nudc dugc thuc hién theo phuong phép trén.

3. KET QUA VA BAN LUAN
3.1. Tinh chit caa vat liéu TiO,/Fe;04 nanocomposit

Hinh 1 thé hién trang thai bé mat cua vat liéu TiO (hinh 1a) va TiO»/FesO, nanocomposit (hinh 1b). Hinh
1b véi thang do 400 nm cho thay ring céc hat TiO, FesO4 phan bd kha dong nhat 1an nhau véi kich thudc
trong khoang 30+40 nm. Hinh 1c thé hién thanh phan nguyén t6 trong phd EDX, két qua cho thay vat liu
TiO2/Fes04 nanocomposit chira cac nguyén t6 chinh cua vat ligu voi thanh phan 1a Ti, O, va Fe. Hon thé
nira, két qua anh xa nguyén té cho thay sy phan bé rat dong déu giira cac nguyén t6 trén bé mat vat ligu
(hinh 1d). Hinh 1e cho thay gian d6 XRD cua vat liéu TiO»/FesO4 nanocomposit chira tat ca cac peak dac
trung cua FesO4 va TiO; [23,24]. Trong do, peak dai di¢n FesO4 xuit hién & céc géc 2 = 35,75°; 41,28°;
48,08° 56,32° va 62,64° trong dong mot so peak vai dir lieu phd chuan JCPDS cards No. 89-3854. Va
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peak dai dién TiO2 thé hién & goc 20 =25,34°; 27,46°; 54,32° va 68,96° trong ddng mot sé peak vai dit liu
phd chuin JCPDS cards No. 21-1272. Biéu d6 x4c nhan sy hién dién cua c4c pha tinh thé trong vat liéu hap
phu di tong hop. Nhu vy, véi két qua vé trang thai bé mat, phd nguyén té EDX, anh xa nguyén té, va gian
dd XRD cho thay rang vt liéu TiO2/FesO, nanocomposit di duoc tong hop thanh cong véi dang hat dong
déu chira thanh phan chinh ¢ dang tinh thé, sin sang cho viéc hap phu dé lam giau ion Pb?* trong mau.

$-4800 10.0kV 7.7mm x120k SE(M) 400nm | S-4800 10.0kV 8.0mm x120k SE(M)

Intensity
WA

10 30
Fe Kal TiKal 2-Theta

Hinh 1. a) SEM ctia nano TiOz; b) SEM cuia vat li¢u TiO/Fes04 nanocomposit; ¢) Pho nguyén to EDX;
d) Két qua anh xa nguyén t6; e) Gian 6 XRD cua vét liéu.

50 70

3.2. T6i wu héa diéu kién lam giau chi caa vat liéu
3.2.1. Anh hwéng cia pH
pH ¢6 vai trd quan trong trong viéc hap phu céc ion Pb?* 1én bé mat pha rin cua vat liéu. Trong dung dich,

dién tich cua vat liéu nanocomposit 1a &m néu pH > pHpc (diém ding dién) va dwong néu pH < pHpzc [25].
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Do d6, & pH > pHpzc khi ¢6 sy ton tai cua bat ky cation nao trong pha nuéc, ching co thé dwoc hip phu trén
bé mat nanocomposite. Theo [26], pHpze cua TiO, khoang 6,2, diéu niy c6 nghia 1a khi pH > 6,2, bé mat
vt liéu TiO, mang dién tich am, dé dang hap phu ion Pb%. Va pH,. ciia FesOs khoang 3+4, c6 nghia 1a khi
pH > 3,5 bé mat vat liéu FesO4 mang dién tich am [27]. Dua vao pHp. ctia vat liéu, trong nghién ciru nay,
pH dugc khao séat trong khoang 6+10 véi ndng d6 dung dich Pb? 1a 200 pg/L, khéi lwong vat liéu 1a 150
mg. Két qua & hinh 2 cho thay hiéu suat hap phu ion Pb? ting dan khi pH cua dung dich thay déi trong
khoang 6+8 va hiéu suat hap phu dat cao nhat & pH = 8. Khi pH ting 1én trong khoang 9+10 thi hiéu suat
hip phu giam, diéu ndy cd thé do cac ion Pb?* bi két tia Pb(OH), nén khdng thé hap phu lén bé mat vat
liéu. Do vay, pH 8 dugc chon cho cac khao sét tiép theo.
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Hinh 2. Anh huéng cua pH
3.2.2. Anh hwéng cia khéi lwgng vat liéu
Khoi luong cuia vat liéu TiO/FesO4 nanocomposit cling 1a mot yéu td quan trong doi véi sy hap phy céc
ion Pb?* trong dung dich nuéc. Khoi lugng vat Wliéu’c"y pH t6i vu duoc khao §ét trong khoang 59+200 mg voi
10 mL dung dich Pb? 1a 200 pg/L. Nhu c6 thé thay trong hinh 3, hi¢u suat hap phu cao nhat khi st dung
150 mg vat liéu. Do d6, khoi lugng 150 mg vat liéu hap phu TiO2/Fe304 nanocomposit dugc chon cho céc
khao sat tiép theo.
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Hinh 3. Anh huong cua khéi lwong vat liéu
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3.2.3. Anh hwéng cia thoi gian

Thoi gian cling dong mét vai tro quan trong trong qua trinh vat liéu TiO2/FesOs hép phu chi. Trong nghién
ciu nay, thoi gian duoc khao sat tr 5+90 phit. Ket qua ¢ hinh 4 cho thay hi¢u suat hap phu dat cao nhat
sau 60 phut. Do do, thoi gian 60 phut dugc chon cho céc khao sat tiep theo.
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Hinh 4. Anh huong cua thoi gian hap phu.

3.2.4. Anh hwéng cia nong dé ban diu

Kha nang hap phu ciia vt ligu phu thudc vao ndng do ban dau ciia ion Pb?*. Thi nghiém khao sét duoc tién
hanh vai cac nong do ion Ph?* khac nhau trong khoang 1+40 mg/L. Hinh 5 cho thay kha ning hap phu cua
vat liéu dat tdi da & nong do ion Pb?* 5 mg/L, khi ndng do chi ting 1én, kha ‘ndng hap phu giam dan. Diéu
nay duoc giai thich 1 do dung lwong hip phu cua vat lidu da dat mirc cao nhat, khéng thé hap phu thém ion
Pb?* nén hiéu suat hap phu giam dan.
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Hinh 5. Anh huéng cua ndng do chi.

3.2.5. Anh hwéng ciia ndng d9 dung dich giai hap phu

Thi nghiém khao sét anh huong cua dung dich giai hap phu dugc thuc hién o nhiét d6 phong bang céach sir
dung 5 mL dung dich HNOg3 véi cac néng d6 khéc nhau (0,5 M; 1,0 M; 2,0 M; 3,0 M; 4,0 M). Céc dung
dich ndy lan lugt dugc cho vao vat liéu hap phu chi TiO2/Fes0s—Pb?* (sau khi da loai dung dich sau hap
phu), dem si€u &m trong khoang 10 phit dé giai hip phu cac ion Pb?* ra khoi vat liéu. Vat liéu duoc thu hoi
bang nam cham, dung dich rira giai chira ion Pb?* dugc phan tich bang phwong phap GF-AAS. Két qua ¢
hinh 6 cho thay khoang 94,95% ion Pb?* duoc giai hip phu khi st dung 5 mL dung dich HNO3 2,0 M.
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Hinh 6. Anh huong cia ndng d6 dung dich giai hip phu.

3.2.5. Hiéu suét hap phu va hiéu suit giai hip phu
Thi nghiém dénh gi4 hiéu sut hap phu va higu suét giai hap phu duoc thuc hign véi céc diéu kign toi wu ¢
trén, s dung 10 mL nong do ion Pb?* 200 pg/L va 5 mL dung dich giai hap phu HNO3 2,0 M. Két qua duoc

thé hién ¢ bang 1.

Bang 1. Hiéu suat hap phu va giai hip phu

Sit [Pb?*] chuan, | [Pb*]con lai, | [Pb?] giai hap, Hiéu suat I_—|i.éu,suét
ug/L ug/L ug/L hap phy, % giai hap, %
1 200 Khéng phét hién 189,5 =100 94,75
2 200 Khéng phét hién 190,4 =100 95,2
3 200 Khéng phét hién 189,8 =100 94,9
Trung binh 94,95 + 0,57

3.3. Ung dung vt ligu TiO»/FesO4 phan tich ham hrgng chi trong miu nwéc

3.3.1. Pwong chuin

Véi cac didu kién t6i wu, dudng chuan dugc xay dung véi nong do Pb?* tuyén tinh trong khoang 5,0+40,0
Hg/L vé6i hé sb r2=0,9998 (Hinh 7). Phuong phap xac dinh chi bang phd nguyén tir st dung vat liéu
TiO2/Fe;04dé 1am giau ion Pb?* ¢4 gidi han phat hién 14 0,9 ug/L va giéi han dinh lwong 14 3,0 ug/L. Higu
sut thu hoi ctia phuwong phap dat khoang 92,1 %.
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Hinh 7. BPuong chuan dinh luwgng chi

3.3.2. Phan tich mau

Kha ning chiét pha rin cua vét liéu duoc ung dung dé hap phu Iam giau ion Pb% trong cac mau nudc. Céc
mau nudc dugc |y tai khu vuc TPHCM va loc qua mang 0,22 pm. lon Pb? trong mau duoc l1am giau, ria
giai theo quy trinh trén va xac dinh bang phuong phap GF-AAS. Hiéu suat thu hdi trung binh cta phuong
phap khoang 92,1+1,9%. Két qua phan tich mau duoc thé hién & bang 2.

Bang 2. Xéc dinh ion Pb? trong mau nudc

Mau Nong do Pb?* (ug/L)
Phuong phap nghién ctru Tham khao (MEWW:3120)
Stt Loai mau  EF” KQ +SD RSD% KQ+SD
1 Nudc song 10 KPH™ - P
2 Nuéc gle.ng 10 KPH ) (v6i LOD 10 pg/L)
3 Nudc thai 10 31,55+0,38 1,20

*EF: hé s6 1am giau
**KPH: Khdng phat hién ) )
3.4. So sanh phuong phap nghién ciru véi mot so cong bo khac
Phuong phéap nghién ciru st dung vat liéu Fes04/TiO, nanocomposit duwoc so sanh vai mot sé cong bd khac
dé chiét lam giau va xac dinh chi dwoc thé hién & bang 3. Két qua ¢ bang 3 cho thiy phuong phap nghién
clru 13 dang tin cay duya trén cac thong s6 MDL va RSD %, va cd thé ap dung dé phan tich ion chi trong cac
Mau nudc.

Béng 3. So sanh phuong phap nghién ciru v6i mot s6 cong bd khac

Vit liéuw/ Phuong phap RSD, % MDL, Tham khao
(Mg /L)
Amberlite XAD-8/AAS 3,1 0,86 [28]
Fes0.@Mu/AAS 6,9 1,00 [29]
MWCNTCc/AAS 7,7 2,60 [30]
Fe304@Si02-GO/AAS 11,0 37,0 [31]
PS-DVB/AAS 2,1 25,0 [32]
Fes04/TIO/AAS 1,9 0,90 Nghién ctru nay
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4. KET LUAN

Vit lidu TiO2/FesO4 nanocomposit dugc tong hop va ung dung thanh céng dé hap phu lam giau ion chi
trong mau nudce vai ki thuat chiét pha ran, chi sau d6 dugc phan tich biang phuong phap GF-AAS. Cac diéu
kién chiét tdi wu duoc khao sat dé hiéu qua chiét dat cao nhét véi pH 8; 150 mg vt liéu; thoi gian chiét 60
phut va HNOs 2,0 M. Phuong phap nghién ctru dugc thuc hién don gian, sa dung mot lugng nho vat liéu
cling nhu hoa chat khac it gay 6 nhiém moi truong, d6 chinh xac cao va gigi han phét hién thap. Phuong
phép nghién ciru hoan toan co thé &p dung dé 1am giau va xac dinh chi & ham luong vét trong mau nudc.
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SYNTHESIS OF TiO2/FesO4 NANOCOMPOSITE FOR EXTRACTION, ENRICHMENT
AND ANALYSIS OF LEAD IN WATER SAMPLE

THANH THUY TRAN"™HUU TAI VU, VAN TRONG NGUYEN, HOAI AN LE
Faculty of ChemicalEngineering, Industrial University of Ho Chi Minh City
“Corresponding author: tranthithanhthuy@iuh.edu.vn

Abstract. Lead content in water sample was enriched by TiO./Fe;04 nanocomposite and then determined
by atomic absorption spectroscopy. The properties of TiO/ Fe;0,nanocomposite material were determined
by SEM, EDX, XRD methods. The solid phase extraction conditions such as pH, material mass, adsorption
time, and eluent concentration were investigated. The results showed that with using 150 mg of adsorbent
in 60 minutes at pH 8 and the concentration of 2M HNO3 eluent, the adsorption efficiency reached 100%
and the desorption efficiency reached 94.5% with the initial concentration of Pb?* ion of 200 pg/L. Lead
ions were determined by atomic absorption spectroscopy GF-AAS under optimal conditions in a calibration
curve of 5.0+40.0 pg/L (r? = 0.9998) of Pb?* solution with method detection limit and method quantification
limit of 0.9 pg/L and 3.0 pg/L; the recovery efficiency of the method is about 92.1%. The method was used
for the determination of lead ions in water samples in Ho Chi Minh area.
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