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Tém tit
Trong cbng trinh nay, nano oxit sat duoc téng hop bang phwong phép phén hay nhiét gel
Fe3*/PVA. Péc trung céu truc vét liéu duoc xéc dinh bang gian dé nhiéu xa tia X (XRD) véi
pic ddc trung ré nét nhét xuét hién tai goc 26 = 33,2° va 35,7° cho thay sw tén tai cia nano
oxit sét véi kich thuéc trung binh 25 nm, phuong phép Brunauer, Emmett, Teillor (BET) cho
théy dién tich bé maét riéng cia vat liéu dat 47,317 m2/g; phéan tich nhiét trong luong (TGA)
cho théy sw tao pha tinh thé a-Fe,Os xay ra trong ving nhiét do trén 400°C; phwong phép
kinh hién vi dién tr quét (SEM) cho théy vét liéu cé kich thuéc nano véi cac mao quan phén
bb kha déng déu. Vat liéu téng hop duoc nghién clru khdo sat kha ndng loai bé mot sé kim
loai ndng (Pb, Cd) ra khéi méi truong nudc. Két qué chi ra rdng vét liéu téng hop cé khé
néng loai bé Pb rét tét trong khi viéc loai bé Cd ra khdi méi truong nwéc thi kém hiéu qué
hon. Hiéu suét xt ly Pb cé thé dat 99,9% trong khi hiéu suét xi ly Cd chi dat 67,7%.
Tor khod: Nano oxit sat, Polyvinyl Ancol (PVA), kim loai néng.
Abstract
In this work, nano iron oxide was synthesized by Fe3*/PVA gel calcination method. Material
structure characteristics were determined by the diagram of X-ray diffraction (XRD ) with the
appearance of typical peaks at 26 = 33.2° and 35.7° and the average size of nanopatrticles
at 25 nm, Brunauer - Emmett - Teillor method (BET) with the specific surface area at 47.317
mZ/g; thermogravimetric analysis (TGA) method with the crystalization of a-Fe,O3 at above
400°C; scanning electron microscope (SEM) method with the presence of nanoparticles and
their fairly uniform distribution. The synthesized material was applied to study the removal
possibility of some heavy metals (Pb, Cd) from the water environment. The results showed
that fabricated material has high removal ability towards Pb, while removing Cd from the
water environment is less effective. The performance can reach 99.9% for the removal of Pb
while only 67.7% is for Cd.
Keywords: Iron oxide nanoparticles, polyvinyl ancol (PVA), heavy metal.
1. Gidi thiéu
Trong nhirng nam gan day hwdng nghién ciru ché tao nano sét va ung dung trong X ly moi
trwong dwoc nhiéu nha khoa hoc dac biét quan tam. Nano oxit sat dwoc tdng hop bang nhiéu cach
khac nhau: phwong phap déng két tia (coprecipitation), phwong phap vi nhi (microemulsion),
phwong phap thay nhiét (hydrothermal), phwong phap lang dong dién héa (electrochemical
deposition) va phwong phap phan huy nhiét (thermal decomposition),... Wei-Xian Zhang la mét trong
nhirng nha khoa hoc di dau trong linh vuwc nghién cu tbng hop nano st va tng dung dé x ly cac
hop chét clo hiru co nhw: TCE, PCBs, CCla,... Ong ciing da thanh céng trong viéc x& ly cac dan xuét
clo cla etylen béng nano séat va x& ly cac hop chét clo hitu co bang nano sat phu kim loai [4], [7].
Chengyin Fu va cong sy da c6 nghién ciru tdng hop va trng dung nano oxit sét tlr (FesOa) vao linh
vire y sinh [3]. Diana Kostyukova va Yong Hee Chung da cé nghién ctru tdng hop nano oxit sat bang
phwong phap phan hay nhiét s dung dung méi Isobutanol va di tir tién chét FeClz, thu dwoc a-
Fe20s kich thuéc trong khoang 11 - 22 (nm) [5]. Mohan Lal va S.R.Verma da cé6 nghién ctru tbng
hop va xac dinh d&c trwng cAu trdc vat liéu bang phwong phap déng két tia st dung PVA thu dwoc
vat liéu kich thwéc khodng 20 nm [6]. Zuolian Cheng va cong sw ciing ¢é nghién ctru tdng hop va
xac dinh dac trng cAu trac vat liéu, rng dung x ly kim loai ndng trong nwéc thai. Trong nghién ctru
nay nhém tac gid st dung phwong phap dong két tha dé téng hop vat liéu vi thé vat liéu thu dwoc
la & dang y-Fe2038].

Tap chi Khoa hoc Céng nghé Hang hai S6 60 - 11/2019 51



CHAO MUNG KY NIEM NGAY NHA GIAO VIET NAM 20/11

Tai Viét Nam, da c6 mot sé nghién ciru tdng hop nano oxit st va rng dung trong xt ly moi
trwdng nhw xt ly Cr, Pb cho hiéu qua nhét dinh [1], [2].

ng dung nano oxit st trong x& ly mdi trwérng con rat nhiéu tiém ndng nghién cru mé réng
va phat trién. Trong nghién cru nay, chung téi phéi hop véi Vien khoa hoc Vat liéu, Vién Han Lam
Khoa hoc Viét Nam tién hanh tdng hop nano oxit sat bang phwong phap phan hady nhiét gel Fe3*/
PVA di tr dung mdi PVA, s dung Fe(NOs)s va xac dinh d&c trung cau tric vat liéu bang cac phwong
phap hoa ly hién dai. Vat liéu sau tdng hop dwoc nghién ciru khao sat khd nang &ng dung dé loai
bd mot s6 kim loai (Pb, Cd) ra khdi mdi trwéng nwérc.
2. Thwc nghiém
2.1. Héa chat va thiét bi st dung trong nghién ctru

- Fe(NO3)z , NH4OH, CH3COOH, Polyvinyl ancol, HNO3z, NaOH c6 dd sach phan tich (loai PA);

- Dung dich chuén Pb, Cd (Merck);

- May khudy tir: PROLABO C-100;

- May do pH: pH24 hang Aqualytic - Buc;

- Thiét bi ICP- MS 7800 hang Agilent.
2.2. Tién hanh thuc nghiém
2.2.1. Ché tao vét liéu nano oxit s&t bang phuwong phép phan hiy nhiét gel Fe3*/ PVA

Nguyén liéu ban dau dé tao gel 1a dung dich mubi Fe(NOs)s & dang tinh khiét phan tich. PVA
duwoc hoa tan vao nwéc cét tao dung dich PVA 5%. Dung dich mudi Fe(NOs)s 1M dwoc 14y theo ty
I& hop thire (voi ty 1&é mol Fe3*/PVA=1/3), dwoc khudy trén véi dung dich PVA va diéu chinh pH cla
hén hop bang NHs, axit axetic vé pH4. Qua trinh gia nhiét dwoc thue hién trén may khudy tir & 80°C
cho t&i khi hdn hop tao gel. Gel cé d6 nhét cao, trong sudt dwoc say kho tao thanh khéi xdp, phong.
Vat liéu nay dem xac dinh gian dd phan tich nhiét TGA dé xac dinh nhiét do nung phu hop réi dem
nung & nhiét d6 thich hop thu dwoc bét min. Qua trinh téng hop gdm céac budc tao gel, say gel,
nung san pham (Hinh 1).
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Hinh 1. So’ @6 ché tao méu oxit Fe-O3 bang phwong phdp phéan hay nhiét gel Fe*/ PVA
2.2.2. Nghién ctru déc trung cau tric cla vat liéu

Gian dd phan tich nhiét TGA dé xac dinh nhiét do nung thich hgp dwoc do tai Vién Khoa hoc
Vat Liéu, Vién Han Iam Khoa hoc Viét Nam.

Gian dd nhiéu xa tia X (XRD) dwoc xac dinh trén thiét bi D8 Advancer - Bruker, v&i dng phat
tia X bang ddng v&i buwdc séng K. = 1,5406 A, goc quét 20 twong ng véi mdi chat, tbec do quét
0,039/s tai Khoa Hoéa hoc, Trwdng Pai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi.

Anh hién vi dién t& quét (SEM) clia mau vat liéu dwoc chup trén thiét bi Scanning Microscopy
do phéng dai 200.000 I&n tai Vién Khoa hoc Vat liéu, Vién Han 1am Khoa hoc - Cbng nghé Viét Nam.
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Dién tich bé mat vat liéu dwoc xac dinh bang phwong phap dang nhiét hap phu - giai h&p phu
(BET) trén thiét bi Autosorb iQ Station 1 tai Vién Khoa hoc Vat liéu, Vién Han Iam Khoa hoc - Céng
nghé Viét Nam.

2.2.3. Nghién ctru dnh huéng cla thoi gian dén hiéu suét xd ly

L4y Ian Iwot 50 ml dung dich cac kim loai (Pb, Cd) néng d6 1 mg/L cé pH = 6,8 cho vao 2 cbc
thay tinh dung tich 250 ml, thém vao méi cbc 0,25 g vat liéu nano oxit sat, khudy & tbc dd khong ddi
trén may khay tir trong 10 phut. Loc 14y dung dich dem phan tich ham Iwong kim loai con lai trong
dung dich.

Tién hanh céac thi nghiém twong tw & cac thoi gian khac nhau: 20, 30, 60, 120, 180, 240, 300 phdt.
2.2.4. Nghién ctru dnh huwéng cta pH dén hiéu qua xw ly

Chuén bj cac dung dich kim loai (Pb, Cd) ndng d& 1 mg/L & cac pH khac nhau: 3, 4, 5,6, 7, 8
(diéu chinh pH béng dung dich HNOs ho&c NaOH loai PA).

L4y 1an Iwot 50 ml dung dich cac kim loai (Pb, Cd) ndng d6 1 mg/L & cac pH trén cho vao 2
cbe thay tinh dung tich 250 ml, thém vao méi cdc 0,25 g vat liéu nano oxit sat, khudy & téc do khoéng
ddi trén may khay tir trong 60 phut. Loc Iy dung dich dem phan tich ham lwong kim loai con lai trong
dung dich.

2.2.5. Nghién ctru &nh huéng ctia ndéng do kim loai ban déu

L&y 1an lwot 50 ml dung dich céc kim loai (Pb, Cd) & cac néng doé khac nhau: 0,1; 0,25; 0,5;
0,75; 1 mg/L da diéu chinh pH vé 5 cho vao cac cbc thay tinh dung tich 250 ml. thém vao méi céc
0,25 g vat liéu nano oxit sat, khudy & téc dd khong déi trén may khay tir trong 60 phut. Loc lay dung
dich dem phan tich ham lwgng kim loai con lai trong dung dich.

2.2.6. Nghién ctru dnh hwdng cda luong vét liéu

L4y 1an lwot 50 ml dung dich cac kim loai (Pb, Cd) néng dd 1 mg/L & cac pH = 5 cho vao 2
cbc thay tinh dung tich 250 ml, thém vao méi céc 0,1 g vat liéu nano oxit sat, khudy & téc dd khong
ddi trén may khay tir trong 60 phut. Loc 1y dung dich dem phan tich ham lwong kim loai con lai trong
dung dich. Tién hanh thi nghiém twong tw & cac lwong vat liéu khac nhau: 0,1g; 0,25g; 0,5g.

Ham lwong kim loai (Pb, Cd) trong dung dich dwoc xac dinh béng phwong phap ICP-MS trén
thiét bi ctia Vién Méi trudng, Truwéng Dai hoc Hang hai Viét Nam.

Hiéu suét x ly kim loai dwoc danh gia théng qua dai lwong phan tram kim loai dwoc tach loai
ra khéi moi trwdng nuwérce.

H= Co—-C

%) (1)
3. Két qua thwc nghiém

3.1. Két qua khao sat dic trung céu tric caa vat liéu

3.1.1. Gidn dé TGA cla gel Fe3*/PVA sau khi say kho
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Hinh 2. Gian @6 TGA cua gel Fe**/PVA sau khi sy khé
Gian d6 phan tich nhiét ctia gel sau khi sdy khé dwoc chira & Hinh 2. Két qua cho thay, &
khoang nhiét dd nhé hon 240°C cé su gidm 64,11% vé khéi lwong do qua trinh méat nwéc két tinh,
phan hdiy mét phan gbe nitrat va PVA. Trong khodng nhiét do tlr 240-400°C ¢6 sw gidm 32,39% khdi
lwong 1a do sw phan hiy PVA va gbc nitrat con lai. Trén 400°C dwéng TGA hau nhw ndm ngang
chirng t6 sw tao pha tinh thé a- Fe20s xay ra trong vung nhiét do nay. Dwa trén gidn dd phan tich
nhiét ching téi tién hanh nung mau vat liéu & 500°C dé phuc vu nghién ctru tiép theo.
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3.1.2. Gian dé XRD ctia méu vét liéu

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - F1:3

/o 1=2.703

d=2.521

d=1.345
d=1.260
d=1.226

C
A A Y A Y A T A T T T R R T

SA Y

o T T

»

0 30 40 50 60

2-Theta - Scale

WFile: MaiQNU F13.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.5 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: .
[Al1) Left Angle: 32.570 ° - Right Angle: 33.620 ° - Obs. Max: 33.113 ° - d (Obs. Max): 2.703 - Max Int.: 155 Cps - Net Height: 117 Cps - FWHM: 0.379 ° - Raw Area: 86.00 Cps x deg. - Net Area: 46.09 Cps x deg.
[M)01-089-0599 (C) - Hematite, syn - alpha-Fe203 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03200 - b 5.03200 - ¢ 13.73300 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3¢ (167) - 6 - 301.

Hinh 3. Gian d6 XRD ctia mau vét liéu
Gian dd XRD cho thay tén tai cac pic dac trwng tai géc 26 = 24,1°; 33,2°; 35,7°; 40,8°; 49,3°;
54,1° clla mau vat liéu twong ng voi sw tdn tai cia don pha a-Fe20s. Trong do, pic dac trwng ro
nét nhat tai goc 20 = 33,2° va 35,7°.

Theo phwong trinh Scherrer:
0,89 1
U r—— 2
p.cosf
Trong do6:
7: kich thwéc hat trung binh;
L: buwéc séng cuvet bang déng (A = 1,5406A);
B: dd rong nra vach phé cuc dai;
0: géc nhiéu xa.
Tw két qua phan tich XRD xac dinh dwoc dwdng kinh trung binh tinh theo phwong trinh Scherrer
la 25nm.

3.1. 3 Anh SEM cla mau vat I/eu

Hinh 4. Anh SEM ctia mau vit liéu

Anh SEM cho thay trén bé mét vat liéu cé cac mao quan phan bb kha ddng déu. Vat liéu tdng
hop ¢6 kich thuwéc nano c& khoang 20 - 50 (nm).
3.1.4. Bé thi BET ctia méu vét liéu

Két qua cho thay vat liéu c6 dang mao quén trung binh, hé théng mao quan déng déu, dién
tich b& mat riéng cla vat liéu a-Fe-0s do dwoc theo phwong phap BET la 47,317m?/g.

Vi nhivng d&c trng trén cla vat liéu cho thay vat liéu tbng hop duoc la nano oxit sat dang
a-Fe20s, kich thwéc trung binh 25nm, dién tich bé mat riéng cdia vat liéu twong dbi 16n (47,317 m/g),
h&a hen kha nang xt ly cac chat 6 nhiém trong méi trwéng.
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Multi-Point BET Plot
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Hinh 5. Bé thi BET cta méu vat liéu
3.2. Két qua nghién ciru dnh hwéng cua thoi gian dén hiéu suét xi ly
Ké&t qua nghién ctvu anh hwdng clia thoi gian dén hiéu suét x& ly dwoc thé hién trén Hinh 6.
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Hinh 6. Anh huéng cida thi gian dén hiéu suét xa Iy
Két qua cho thay hiéu suét xr ly tdng nhanh trong khoang thi gian t&» 10 dén 60 phut. Sau
60 phat hiéu suét x& ly gan nhw khéng thay déi va duy tri & hiéu suét 99,9% dbi véi Pb; dao dong
t 53,8% dén 68,4% dbi voi Cd. Két qua cling cho thay vat liéu co khad nang x& Iy kim loai Pb tbt
hon so véi Cd trong maéi trwdng nuéce.
3.3. Anh hwéng cua pH dén hiéu suat xw ly
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Hinh 7. Anh hwéng cda pH dén hiéu suét xi ly
Hiéu suét xtr ly Cd gidm dan khi pH tang tlr 3 dén 5 va hiéu suét xt ly tdng dan khi pH tang
tir 5 dén 8. pH thich hop cho qua trinh xt ly nam trong khodng 6-8. O’ pH = 8 hiéu suét xt ly dat téi
dala 67,7%.
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Hiéu suét xr ly Pb tang dan tir pH = 3 dén pH = 6. pH thich hop cho qua trinh x& Iy cling ndm
trong vung axit yéu, trung tinh va kiém yéu (pH tir 6 dén 8). Hiéu suét xt ly téi da 1a 99,9% tai pH =
7. Hiéu suét x&r ly Pb kha cao tuy nhién hoan toan khong phai do hién twong tao hydroxit kim loai.
B&i €, & 20°C d6 hoa tan cda Pb(OH)2 dat 0,0155 g/100mL; cia Cd(OH)2 dat 0,026 g/100 mL trong
khi nghién c(ru tién hanh & viing néng d6 thdp 1 mg/L vi vay Pb va Cd déu tén tai dwdi dang cation
kim loai tw do Pb2*va Cd?*,

3.4. Anh hwéng cua lwong vét liéu dén hiéu suét xir ly

O pH = 5, thoi gian x& ly 60 phut thi hiéu suat x& ly phu thudc vao lwong vat liéu. Sy phu

thudc nay theo ty 1& nghich trong khodng nghién ctru.
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Hinh 8. Anh hwéng cua lwong vét liéu dén hiéu suéat xi ly
3.5. Anh hwéng cia néng dé kim loai ban dau dén hiéu suéat xa ly
Két qua khao sat anh hwéng ctia ndng dd kim loai dén hiéu suat xt ly dwoc thé hién trén Hinh 9.
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Hinh 9. Anh hwéng cta ndng dé kim loai dén hiéu suét xw ly
O pH = 5, th&i gian xt ly 60 phat, lwong vat liéu st dung 0,25 g thi khi tdng ndng d6 kim loai
ban dau tir 0,1 mg/L dén 1 mg/L, hiéu suat xt ly ca Pb va Cd déu giam. Diéu nay cho thay, & nong
do thap clia cac kim loai trong méi trweérng nwéc khd néng xt ly cac kim loai la tét hon.
4. Két luan
Vat liu oxit s&t tbng hop bang phwong phap phan hidy nhiét gel Fe3*/ PVA Ia vat liéu mao
guan trung binh, don pha a - Fe20s3, ¢ kich thwdc nano véi dwdng kinh trung binh 25 nm, dién tich
bé mat riéng 47,317 m2/g. Vat liéu cé kha nang x& ly cac kim loai Pb va Cd trong méi trwdng nwéc,
tuy nhién kha néng xt ly Pb tét hon Cd. Thoi gian x& ly thich hop la 60 phat, pH thich hop tir 6-8
dbi v&i ca 2 kim loai. pH ti wu cho x&r ly Pb la 7 va Cd 1a 8. Hiéu suat x(& ly phu thudc vao lwong vat
liéu theo ty I& nghich trong khodng nghién ctru. Khi cac kim loai (Pb va Cd) ban dau & néng do6 thap
hon thi hiéu qua x& ly tbt hon. Hiéu suét xt ly dat tdi da 99,9% dbi v&i Pb va 67,7% dbi véi Cd.
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