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TOM TAT

Cr(VI) 1d mdt trong nhitng kim loai nang ¢ trong nudc thai gay 6 nhiém ngudn nudc
va anh huong dén stic khoe con ngudi can duoc xir 1y triét dé. Dé xir 1y Cr(VI) trong nude
thai, ngoai phuong phap két tna thuong dung thi phuong phap hép phu c¢6 nhiéu tinh vu viét
hon. Vit liéu hip phu Fe;04/SiO, duoc tong hop bang phuong phap nhiét phan mudi
Fe(NOs); trong dung méi C,HsOH, CH;COOH va chat mang mao quan trung binh SiO, c6
kha niang hap phu tot Cr(VI) trong nudc thai & pH thap khoang 2.5.

Tir khéa: Hap phu, Cr(VI), Fe;04/SiOs, sit oxit, xtr Iy nude thai.
1. MO PAU

Trong qua trinh c6ng nghiép hda, hién dai hoa cua dat nudc ta, sy phat trién hang loat
cac nganh cong nghiép dé keo theo nhiing van d¢ tic dong dén méi truong va anh huong xau
dén suc khoe con nguoi. Do do, can phai c6 nhitng nghién ctru sau rong dé ngan chan, xu ly
cac chat thai doc hai dé giam thiéu nhing tac dong d6. Mot trong nhitng ngudn 6 nhiém tac
dong truc tlep dén stre khoe con nguoi la cac kim loai nang, dac biét 1a crom trong nudc thai
tr cac nganh san xuét nhu luyén kim, khai thac mo, san xuét thude nhudém, xi mang, gach
chiu lira, thily tinh, san xuat phao diém, thudc nd, nha may hat nhén... va nhiéu nhat la cua
nganh xi ma. Trong nudc thai, crom ton tai hai dang Cr(IID) va Cr(VD). Cr(V]) 1a chat réat doc,
c6 thé xam nhdp vao co thé con nguoi theo duong ho hép, n udng hay tlep xuc voi da.
Cr(VI) c6 thé gy kich tmg da, c6 nhiéu tac hai dén gan, than, phdi..., c6 the gy dot bién
gen va dan dén ung thu [1, 2]. Theo tiéu chudn Viét Nam QCVN 40: 2011 vé nudc thai cong
nghi€p, ham lugng Cr(VI) cho phép trong nudc thai 1a 0,05 mg/L.

C6 nhiéu phuong phép xir Iy Cr(VI) nhu oxi héa - khir, két tia, dién hoa, trao doi ion,
hap phuy... Thong thuong hay st dung phuong phap két tia dé tach Cr(VI) khoi nuée thai
bang cach khir Cr(VI) thanh Cr(III) rdi tao két tiia Cr(OH); va loc két tua ra khoi nudc thai.
Ngay nay, phuong phap hap phu Cr(VI) cho thdy c6 nhiéu wu diém hon phuong phép két tiia
vi k¥ thuat don gian, c6 kha nang lam sach sau hon, hép phu truc tiép dugc Cr(VI) duoi dang
cac oxyanion Cr,O,> va c6 kha ning tai sinh vat liéu hap phu d& dang [1, 2].

Bai bdo nay trinh bay két qua nghién ctru téng hop vét li¢u hép phu trén nén oxit sat tir
va oxit silic bang cach nhiét phan hon hgp mudi Fe(NOs); trén chat mang mao quan trung
binh Si0,. Vit liéu ché tao duoc c6 thanh phan chinh 14 cac oxit st (Fe,O;, Fe;0,) trén chat
mang SiO, va dugc tng dung dé xir Iy Cr(VI) trong nudc thai.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

- Chét hoat dong bé mit BRIJ-56 (C,¢Hs3(OCH,CH,)0OH) cta hing Merck.
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- Thuy tinh 16ng (27% SiO,, 11% NaOH) ctia Nha may héa chat Bién Hoa.

- Fe(NO3);.9H,0 (98%), C,HsOH (95%), CH;COOH (99%), H,SO4 (98%), K,Cr,0;
(98%), Fe(NH,)»(SO4),.6H,0 (98%) cia Trung Qudc.

2.2. Phuong phap

2.2.1. Tong hop chat mang mao quan trung binh SiO,

Vit liéu mao quan trung binh (MQTB) SiO, duge téng hop bang phuong phéap sol-gel
véi chét tao cAu trac 1a chat hoat dong bé mat khong ion BRIJ-56 (C;sH;3(OCH,CH,);(0OH)
theo quy trinh cta tac gid La Vi Thuy Linh [3].

Hoa tan 10,5 g BRIJ-56 trong 250 mL nudc cit & 40 °C va khudy déu bang may khudy
tir cho dén khi tan hoan toan tao dung dich trong sudt. Cho tiép 22,5 g thuy tinh 16ng vao
dung dich trén va khudy manh trong 2 gio. Thém 17 mL axit H,SO, 98% dé chinh pH dén
khoang 1, tiép tuc khudy hdn hop trong 10 gio. Gia hoa dung dich thu dwoc ¢ 80 °C trong 24
gid. Sau gia hoa, san pham duoc loc va rira sach bang nudc cit dén khi pH bang 7. Mau
dugc sdy ¢ 100 °C trong khoang 24 gid va nung ¢ 600 °C. San pham vét liéu MQTB SiO,
dugc xac dinh bing phuong phap nhiu xa Ronghen XRD va do dién tich bé mit bing
phuong phap BET.

2.2.2. Téng hop vt liéu hép phu Fe;0,/Si0;

Vit liéu Fe;0,/Si0, (MFSi) dugc tong hop dua trén quy trinh ctia tac gia Hong R.Y. et al [4].

Nghién déu hdn hop mudi Fe(NO;);.9H,0, MQTB SiO, , C,HsOH va CH;COOH theo ti 1¢
mol (1,5+4):7:34:34 trong khoang 3 gio. Sau d6, hdn hop duoc c¢d quay chan khong dé bay hoi
hét cac dung mi. Nung hon hop chét rén thu dugc & nhiét do tir 400 °C dén 700 °C trong 1
gio. Vat liéu hap phy Fe;0,/Si0, dugce xac dinh thanh phén bang phuong phuong nhiéu xa
Ronghen XRD, pho hong ngoai IR va khao sat kha nang hap phu Cr(VI) & pH khoang 2.5.
2.2.3. Hap phu Cr(VI) trong dung dich bang Fe;0.,/SiO,
2.2.3.1. Quy trinh hip phu

Qué trinh hap phu Cr(VI) dugc khao sat & diéu kién tinh, quy trinh nhu sau:

Pha dung dich Cr(VI) co ndng d6 C, = 100 mg/L, thém axit H,SO, dé dat pH khoang 2,5.
Cho 0,09 g chat hap phu Fe;04/SiO, (MFSi) vao 30 mL dung dich trén (lieu hap phu bang 3 g
MFSV/L). Lic déu binh chira dung dich rdi dé yén trong khoang thoi gian (15 + 120) phit, sau do
loc dé thu dung dich sau hap phu.

Dua vao nong do Cr(VI) trong dung dich truge hap phu C, (mg/L) va sau hap phu
C,(mg/L), x4c dinh d6 hap phu Cr(VI) 1én chat hap phu rén:
(C,-C).vV

m

A:

Trong d6: A (mg/g) — d6 hap phu Cr(VI) 1én chét hap phu ran
V (L) — thé tich dung dich hip phu
m (g) — khdi lugng chat hap phu
2.2.3.2. Phuong phép xac dinh nong d6 dung dich Cr(VI)
KyCr,0; 1a hop chit Cr(VI) dugc khao sat su hap phu. Dung dich K,Cr,0; dugc chuan do
bang mudi morh Fe** (Fe(NH,)»(SO4),.6H,0) véi chit chi thi DPh 0,1%. Quy trinh nhu sau:
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Hut 10 mL dung dich K,Cr,05 cho vao erlen. Thém 1,0 mL H3PQ4 dac va IQ mL dl{ng
dich HCI (1:2). Thém (3 - 4) giot chi thi mau DPh 0,1%, pha loang bang nugc cat dén gan
30 mL. Nho ting giot dung dich mudi morh Fe* dén khi dung dich mat mau tim cham.

3. KET QUA VA BAN LUAN
3.1. Két qua do nhiu xa XRD ciia vt liéu SiO,

Ph6 XRD ciia vat liéu SiO, duoc tong hop theo qui trinh trén c6 mdt pic & goc nhidu xa
thap 20 ~ 2°, dy la pic dic trung cho vét liéu mao quan trung binh [3, 5]. Diéu nay cho thy vat
liéu SiO, thu dugc 13 loai vét liéu c¢6 cau tric mao quan trung binh. Dién tich bé mit cua vat liéu
nay kha 16n khoang (800 — 900) m*/g va c6 dudng kinh mao quén trung binh khoang 37 A.

2-Theta - Scale SIBMENS DS@QQ, X-Ray Lab., Haroi 19-Apr-2005 1

.....

Hinh 1. Phd XRD cua vit liéu MQTB SiO,
3.2. Két qua do phd cia vat liéu MFSi

Vit ligu oxit sat/SiO, (MFSi) sau nung c6 mau nau do, thanh phan hoa hoc cia vat liu
MFSi duoc xac dinh bang phuong phap XRD Va IR. Dya vao phd XRD (Hinh 2) thanh phan
cua vat liéu MFSi dugc xac dinh gobm chu yéu 1a cac oxit Fe;O, va mot phan a-Fe,O; trén
nén chét mang SiO,.
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Hinh 2. Phd XRD cua vat lieu MFSi
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Hinh 3. Phd IR cua vat liéu MFSi

Trong phé IR cua vat lieu MFSi (Hinh 3) ¢ cac pic (1081-1084) cm™, 802 cm™ va
470 cm™' twong tng vé6i dao dong clia cac nhom Si-O-Si, pic ¢ khoang 570 cm™' ing véi dao
dong ctia nhom Fe-O-Si dédc trung cho vat liéu oxit sat/Si0, [3-5].
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Hinh 4. Anh SEM cua vat lisu MQTB SiO, (a) va vét liéu MFSi (b)

X30,000 WD 7.8mm

3.3. Khio sat anh hwéng diéu kién tong hop vat liéu MFSi dén kha ning hip phu Cr(VI)

Céc mau vat liéu MFSi trong nghién ciru nay dugc tong hop & cac didu kién khac nhau
vé ti 1¢ mol Fe(NOs);:SiO, va nhiét d6 nung. Mdi miu dugc xac dinh kha ning hap phu
Cr(VI) trong dung dich Cr(VI) c6 néng d6 ban dau 100 mg/L; & pH 2,5; liéu hdp phu 3 g
MFSi/L. Két qua khao sat vé ti 16 mol Fe(NOs);:Si0, duoc trinh bay trong Bang 1, két qua
khao sat nhiét o nung dugc trinh bay trong Bang 2.

Bdng 1. Khao sat anh huong ty 18 mol Fe(NO,);:Si0, dén kha ning hap phu Cr(VI)

STT Ti 1& mol Thoi gian hdp | Nong d6 ddu C, [Nong do sau C; | Do hdp phu A
Fe(NO3);:Si0, phu (phut) (mg/L) (mg/L) (mg/g)
1 1,5:7 15 100 66,3 11,23
2 3.7 15 100 43,1 18,96
3 4:7 15 100 48,7 17,10

) Mau tong hop c6 ti 16 Fe(NOs);:Si0, bang 3:7 cho thiy co kha nang hép phu Cr(VI) tdt
nhat. Ti 1¢ gitra hai nguyén liéu Fe(NOs); va SiO, s€ anh huéng dén vi€e hinh thanh va phan
tan cac tam hap phu cuia vat liéu. SO luong tdm hap phu l6n thi vat liu c6 kha nang hap phu
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manh. Tuy nhién, khi tang ti 16 mudi sit 1én cao & mau c6 ti 1& 4:7 thi lam giam sy phan tan
cac tdm hap phu trén chat mang nén giam hoat tinh hap phu.

) Két qua khao sat trong Bang 2 cho thay vat liéu MFSi c6 kha ning hép phu Cr(VI) t6t
nhat dugc nung ¢ nhiét do 400 °C va khi nhiét do nung cao hon 400 °C thi d¢ hap phu Cr(VI)
giam. Trong qud trinh nung, xdy ra cidc phdn tUng nhiét phan Fe(NO;); tao thanh dang
v-Fe,O; va phan tng khir y-Fe,O3 tao thanh Fe;O4 1a cac oxit ¢o tir tinh manh va c6 hoat tinh
hap phu Cr(VI) cao [1,2]. Khi tang nhiét 0 nung thi ¢6 sy chuyén pha cta y-Fe,O; thanh
a-Fe,0; bén vimng nén vat lidu s& bi giam hoat tinh hip phu [4, 6].

Bdng 2. Khao sat anh huong nhiét ¢ nung dén kha nang hap phu Cr(VI)

STT | Nhiét d6 nung | Thoi gian hap phu | Nong do dau C, | Nong do sau C, | Do hip phu A
(°0) (phut) (mg/L) (mg/L) (mg/g)
1 300 30 100 51,23 16,25
2 400 30 100 35,05 21,65
3 500 30 100 55,34 14,88
4 600 30 100 72,79 9,07
5 700 30 100 75,49 8,17

Béng 3 va Hinh 5 trinh bay két qua khao sat thoi gian hip phu Cr(VI) trong dung dich
bang chat hip phu MFSi tong hop ¢6 ti 1& Fe(NO3);:Si0, = 3:7 va duge nung & 400 °C. Qua
trinh hap phu Cr(VI) dat can bang kha nhanh sau khoang 45 phut voi hiéu suat hap phy dat
khoang 80%. Hiéu suat nay tuong dwong voi két qua clia nghién ctru [1], nhung thoi gian
hép phu Cr(VI) dat can bang cua vat liéu MFSi dai hon. Tuy nhién, so vi cac chat hap phu
khéc thi thoi gian dat can bing hap phu nay di giam di rt nhiéu, cu thé 1a hip phu Cr(V])
trén than bun thi dat can bang sau 6 gid [1, 7], trén than hoat tinh 13 khoang (10 - 50) gio [1, 8].

Bdng 3. Khao sat thoi gian hap phu Cr(VI) trong dung dich

STT Thoi gian hap phy Nong d6 dau C, Nong d6 sau Cq Do hap phy A
(phit) (mg/L) (mg/L) (mg/g)
1 15 100 62,10 12,63
2 30 100 35,05 21,65
3 45 100 21,57 26,14
4 60 100 21,09 26,30
5 120 100 21,00 26,33
30
25
& 20
g 15
< 10
5
0
0 50 100 150
Thoi gian (phut)

Hinh 5. Khao sat d6 hip phu Cr(VI) ciia MFSi theo thoi gian
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4. KET LUAN

ba nghién ctru téng hop duogc Vat liéu hép phu MFSi trén co sé Fe3O4/Si02 béng
phuong phap don gian nhiét phan mudi Fe(NO;); trén chat mang SiO,. Chat mang SiO, ¢o
c4u tric mao quan trung binh tong hop dugc tir nguon silic 1a thity tinh 1ong ré tién, sin c6 &
Viét Nam.

Két qua khao sat su hip phu Cr(VI) co néng d6 100 mg/L bang vat liéu MFSi theo liéu
hap phu 3 g MFSi/L ¢ pH thap cho thiy co thé xir ly dugce 80% Cr(VI) trong thoi gian 45
phut. Véi hiéu qua xt 1y cao va thoi gian hép phu ngan nhu vay, vat liéu hép phu MFSi ¢6
kha ning tmg dung dé xir Iy nhanh Cr(VI) trong nudc thai, dic biét 1a nudc thai ctia qué trinh
xi ma & pH thap.
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ABSTRACT

SYNTHESIS OF Fe;0./Si0, ADSORBENT FOR REMOVAL OF Cr(VI)
IN WASTEWATER

Bui Thu Ha*, Ho Tan Thanh
Ho Chi Minh City University of Food Industry
*Email: habt@cntp.edu.vn

Cr(V]) is one of the heavy metal ions in wastewater affecting human health, so it should
be treated thoroughly. Besides the usual precipitation method, the adsorption method has
many advantages for removal of Cr(VI). In this study, adsorbent Fe;0,/SiO, was synthesized
by pyrolysizing Fe(NO;); in solvents C,HsOH, CH3;COOH and mesopore support SiO,. It
can adsorp Cr(VI) in wastewater efficiently at low pH around 2.5.

Keywords: Adsorption, Cr(VI), chromium, Fe;04/Si0,, iron oxide, water treatment.
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