Nghién ctru khoa hoc céng nghé

NGHIEN CUU KHA NANG UNG DUNG VAT LIEU NANO
COMPOSITE TU TINH TRONG XU LY MOT SO CHAT O NHIEM
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1. PAT VAN DE

Nhiing nam gém day, vat liéu nano thu hut duoc nhiéu su quan tam tr cac nha
khoa hoc do déc tinh vu viét ciia chung nhu dién tich bé mat 16n va hiéu ung luong
tir kich thudc. Céc hat nano duoc coi 12 mot trang thai riéng biét cua vat chit. Trong
linh vyc nay, vat liéu nano tu tinh va cu thé 1a cac hat nano oxit sit Fe;O4 (IONPs)
duoc nghién cuu va tng dung ngay cang rong rai trong cac linh vyc khac nhau bao
gém: xtic tac, luu trir dit liéu, chit long tir tinh, va dac biét trong linh vuc y dugc hoc
va xtr Iy méi truong do doc tinh thap va kha ning twong thich sinh hoc cao [1, 2].
Céc hat nano oxit sit tir d duoc chimg minh c6 kha ning hap phu cac kim loai ning
trong moi truong nudc [3], hay dugce sit dung nhu mot tac nhan xuc tac quang hoa
cho qua trinh quang phan hity mot sé thuéc nhuém va hop chat 6 nhiém hitu co
trong nudce [4, 5]. Mt khac, cac hat nano oxit st ciing c6 han ché dang ké 1a tinh d&
bi an mon hoa hoc va ¢o it nhom chie trén bé mit [6]. Do vay, dé khic phuc ciing
nhu nang cao dic tinh cia vat lidu, giai phap duoc sir dung nhiéu nhat 1a bao phu cac
hat nano oxit sit boi vat liéu pht hop. Lép pha nay khong chi bao vé 15i tir tinh, ma
con cung céip thém cac nhoém chie trén bé mat vat lidu [6, 7].

Hydroxyapatit (HAp) 1a mét dang canxi phosphat ty nhién dugc ung dung rong
rai trong linh vyc y sinh va xu Iy moi truong do tinh tuwong thich sinh hoc cao va
khéng doc hai boi thanh phan twong ty v6i thanh phan vo co trong xuong va ring
nguoi [8]. Ngoai kha ning loai bo kim loai nang trong méi truong nudc theo co ché
trao di ion, hydroxyapatit véi cau tric 16 xp ciing da dugc chimg minh c¢6 hiéu qua
trong hap phu cac chat 6 nhiém hitu co va thuéc nhudém trong nuée [9-11]. Chitosan,
mot polysacarit tu nhién cling 1a mét vat liéu dugc cac nha khoa hoc cht y do so hitu
nhiing déc tinh wu viét nhu: khong ddc, twong hop sinh hoc, phan huy sinh hoc va
chéng vi khudn, va c6 thé dugc coi 1a chat hdp phu hiéu qua vé chi phi, diy hira hen
dé loai bod cac anion nguy hai va mot s6 cac chat 6 nhiém hitu co trong nude thai [11,
12]. Tuy nhién, chitosan ciing c¢6 dic tinh khong mong muén nhu d¢ bén co hoc kém,
khdi lwong riéng thap, dé két tu hoic tao keo, ddn dén nhiéu kho khan trong tmg dung.

Véi nhitng wu diém ndi bat ctia cac hat nano oxit sat va kha ning hap phy hiéu
qua cua hydroxyapatit, chitosan trong méi trudong nudc, trong nghi€n cliru nay,
chung t6i tong hop cac hat nano oxit sat, vat liéu nano composit giita hydroxyapatit,
chitosan véi oxit sit. Khao sat cac dic tinh, tinh chit cta vat liéu téng hop duogc. Sau
d6 danh gia kha ning xir 1y cia cac vat lidu nay véi mot sb tac nhan 6 nhidm méi
truong, nhu 2,4-diclophenoxyaxetic axit (2,4-D) va chrysoidin (2,4-diaminoazo
benzen).
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Héa chét

Sat (III) clorua 99% (FeCls, Fisher), sat (II) sulfat 99% (FeSO,.7H,0, Merck),
kali hydroxit 99% (KOH, Merck), amoni dihydro photphat 99% (NH,H,PO,, Trung
Qudc), canxi nitrat 99% (Ca(NO;),.4H,0, Trung Qudc), 2,4- diclophenoxyaxetic
axit 96% (CgH¢ClL,05, Merck), chrysoidin 99% (Ci2Hi3CIN4, Trung Qudc), axit
axetic 99% (CH3;COOH, Merck).

2.2. Tong hop nano oxit sit

Céc hat nano oxit sit tir (IONPs) duogc tong hop bang phuwong phap thuy nhiét
theo quy trinh nhu sau: hon hop cua FeCls va FeSO,.7H20 duoc hoa tan vao 100
mL nudce ct. Sau do, dung dich KOH duoc thém vao trong diéu kién khqu lién tuc
(pH ~ 12). Hdn hop nay tiép d6, dugc chuyén vao binh thay nhiét 15i Teflon, thuc
hién phan tmg thuy nhiét & 150 °C/7 gio. Sau khi két thic phan tng, san pham duoc
loc loai bo ion, sdy & 80 °C/12 gid.

2.3. Tong hop compozit IONPs/hydroxyapatit

Vit liéu compozit IONPs/hydroxyapatit dugc ché tao theo quy trinh sau: cac
hat nano oxit sat tir duoc phan tan trong dung dich Ca(NO;), nho thiét bi siéu am.
Dung dich NH,H,PO, va KOH duoc thém tiép vao hdn hop dén pH ~ 12. Chuyén
hdn hop phan tng vao binh thily nhiét 16i Teflon, tién hanh phan tng & 150 °C/7 gio.
San pham sau phan tng dugc loc loai bo ion, va siy & 80 °C/12 gio.

2.4. Tong hop compozit IONPs/chitosan

Vit li€u compozit IONPs/chitosan dugc ché tao theo quy trinh sau: cac hat
nano oxit sit dugc phan tan trong dung dich axit axetic da hoa tan chitosan bang
thiét bi siéu 4m. Sau d6 nhoé tir tir dung dich KOH vao hdn hop. San phdm sau dé
dugc rira bang nudce cat dé loai bo ion, sdy & 50 °C/12 gid.

2.5. Cac phwong phap khao sat dic tinh caa vat liéu

Vat liéu sau khi téng hop dugc s€ dugc do nhiéu xa tia X trén thiét bi Bruker
D8 Advance X-Ray. Po quang pho hong ngoai bién doi Fourier trén thiét bi FTIR
Jasco-6300. Hinh thai bé mat cua hat vat liéu dugc phan tich trén thiét bi SEM/EXD.
Dién thé Zeta cua cac hat vat liéu dugc xac dinh trén thiét bi do Zeta phoremeter IV
(CAD instrument-tation) va tinh chét tir cua vat liéu duoc dic trung béng do tur hoa
bado hoa trén hé thiét b tir ké mau rung (VSM).

2.6. Khio sat kha ning hip phu 2,4-D

Mot luong 0,100 g vat liéu hip phu dugc phéan tan déu v6i 100 mL dung dich
2,4-D d biét trudc ndng do trong bé rung siéu 4m 5 phut, lic déu trén may lic véi
tbc d6 300 vong/phut trong 30 phit. D& nghién ctru cac duong hap phu dang nhiét,
cac thi nghiém duoc tién hanh trong thoi gian 12 gid, tai nhiét do phong. Céc hat vat
liéu dugc tach ra khoi dung dich bang phuong phap 1i tim. Nong d6 2,4-D con lai
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trong dung dich dugc xac dinh trén thiét’bi sdc ky long khéi phé 3 ‘lﬁn tor cuc
(Agilent 6430 TripleQuad LC/MS/MS). Ti€n hanh cac thi nghiém véi nong d6 2.4-
D lan Iuot: 10; 15; 20; 25; 40 va 60 mg/L.

2.7. Khao sat kha ning hap phu chrysoidin

Mot lwong 0,100 g vt liéu hip phu dugc phan tan déu voi 60 mL dung dich
chrysoidin c6 ndng do 400 mg/L trong bé rung siéu 4m - trong 5 phit, sau d6 lic déu
trén may lic véi téc do 300 vong/phut - trong 30 phut. Dé yén trong 12 tiéng tai
nhiét d6 phong. Cac hat vat liéu duoc tach ra khoi dung dich bang phuong phap li
tam. Nong do chrysoidin con lai trong dung dich duoc xac dinh trén thiét bi quang
ph6 UV-Vis (Thermo Scientific - Genesys 10S), tai budc song cuc dai A = 450 nm.

2.8. Tinh toan két qua
Dung lugng hip phu cua vat liéu ddi voi 2,4-D va chrysoidin dugc tinh toan
theo cong thirc (1):

V(C, — C,
go = ®

Trong d6: Co (mg/L) va Ci (mg/L) twong tmg lan luot 1a ndng do ban dau va
sau khi bi hap phu gﬁa 2,.4-D va chrysoidi~n, W (g) 1a lugng vat liéu hap phu da su
dung, va V (L) la thé tich ctia dung dich mau thi nghiém.

3. KET QUA VA BAN LUAN
3.1. Két qua khao sat tinh chit cia vat liéu

CAu trac va thanh phan pha cua oxit sat tir (IONPs), hydroxyapatit (HAp), va
vét liéu nano compozit oxit sit tu/hydroxyapatit (IONPs-HAp), oxit sit tir/chitosan
(IONPs-CI) dugc danh gia tir két qua chup nhiéu xa tia X, duoc trinh bay trén hinh
la. Gian d6 nhiéu xa tia X da chi ra réng vat liéu oxit sét tr ché tao chu yéu thudc
pha tinh thé Fes30s, dic trung boi cac dinh nhiéu xa tai 20 = 30,1°% 35,5% 43,1°
53,1°% 57,1° va 62,5°% twong tng véi mat phan xa lan luot: (220), (311), (400), (422),
(511) va (440) [13]. Véi vat liéu compozit Fe;0,/hydroxyapatit, cac pic nhiéu xa tai
20 = 25,9°% 31,8°% 32,2° 32,9° 34,1° 39,7° 46,8°, 49,7° va 53,1° tuong ung vdi cac
mat phan xa lan luot: (002), (211), (112), (300), (202), (310), (222), (213) va (004)
déc trung cua hydroxyapatit dé dang quan sat thay trén gian do nhiéu xa [14], pha
tinh thé ctia Fe3O4 chi c6 thé quan sat rd tai pic nhidu xa 20 = 35,5°, duoc giai thich
do su xen phu cac dinh nhiéu xa voi HAp, va ti 18 thanh phan ciia oxit FesO4 trong
vat liéu it hon so voi hydroxyapatit. Véi vat liu compozit Fe3Oa/chitosan, trén gian
d6 nhiéu xa tia X chi xuét hién cac pic nhiéu xa dic trung ctua FesO4 do chitosan ton
tai trén vat licu ¢ trang thai v dinh hinh.

Phd hdng ngoai cua hat nano oxit sét ti, hydroxyapatit va compozit oxit sat
ti/hydroxyapatit duge so sanh trén hinh lc. Tren phd hong ngoai cua oxit sat tir, cac
bang song hip thu manh tai 589 va 474 cm’ tuong tmg v6i dao dong cua lién két
Fe-O trong Fe;0y4 [15]. Dbi v6i phd hong ngoai cua hydroxyapatit, cac bang song
ha”ip thu & 473, 568, 604, 962, 1038 va 1095 cm™ dic trung béi cac dao dong cua
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nhém PO4* trong cau triic hydroxyapatit. Ngoai ra, bing song dic trung ctia nhom
hydroxyl (OH) con duoc quan sat thdy tai vi tri 3571 va 634 cm™ [16]. Phd hong
ngoai cua vét liéu compozit Fe;Os/hydroxyapatit gan nhu twong tu phd hong ngoai
ctia hydroxyapatit do cac dai biang song dic trung cua oxit sat tir va hydroxyapatit
gin nhau, dan dén hién tuong trung, chip bing séng - nguyén nhan chu yéu do vét
liéu compozit c6 thanh phan chi yéu 1a hydroxyapatit. Vi chitosan, cac bing song
hap thy dién hinh déu xut hién: 3403 cm™ 1a dao dong cﬁa lién két O-H tring voi
dao dong cua lién két N-H, bang séng hap thu 6’ 1601 cm™! 1a dao dong clia lién két
C-N; bang song hap thu & 1151 cm™ va 897 cm™! dic trung cho dao dong cua cau C-
O-C. Ph6 hong ngoai cua vit liéu compozit F6304/ch1tosan tuong tu voi phd hong
ngoai cua chitosan ngoai trir bang song hap thu & 581 cm™ cho thiy sy hién dién cia
oxit sit tir trong vat liéu.
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Hinh 1. Ké~t qué khdo sat dac tinh vat licu: a) Gian dd nhiéu xa tiq X;‘ b) Budng cong
tu tre cua vat liéu IONPs, IONPs-HAp va IONPs-CI; c) Pho hong ngoai

Tinh chét tir cia IONPs va vit liéu compozit IONPs-HAp, IONPs-CI duoc do
tai nhiét do phong. Puong cong tir tré ciia IONPs, IONPs-HAp va IONPs-CI dugc
biéu dién trén hinh 1b. IONPs c6 tir ¢ bdo hoa Ms = 77,20 emu/g, két qua nay
tuong déng v4i cong bd cua D. Morillo [3] va W. Wu [17]. Tir d bdo hoa cua vat
lidu compozit giam xudng 19,18 emu/g véi IONPs-HAp va 17,88 emu/g v&i IONPs-
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CI, do su c¢6 mat cia hydroxyapatit va chitosan da bao boc cac hat IONPs trong vat
liéu compozit lam giam tur tinh cta vat liéu [7]. Tuy nhién, cac hat vat li€éu compozit
nay van c6 kha ning tach ra khoi nén mau mot cach nhanh chéng thong qua mot
nam chdm bén ngoai, nén co thé tmg dung thu hdi nhanh vt liéu trong linh vuc xur
1y moi trudong.
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T

g
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Hinh 2. Anh chup SEM cua vét li¢u IONPs, IONPs-HAp va IONPs-CI

Trén hinh 2 1a anh chup SEM cua vat li¢u ché tao ¢ 46 phan giai cao. Co thé
quan sét thdy cac hat Fe;O4 v6i kich thudc ~ 100 nm, hinh dang hat gan cau, va kha
dong nhat. Tir anh chup SEM cua vat liéu compozit c6 thé thdy cac hat nano Fe;Ou
duoc phan tan d@)ng déu trén bé mat vat liéu. Trong khi hinh dang cia vét liéu
compozit IONPs-HAp c6 dang hinh que, ¢ kich thudc chiéu dai > 150 nm thi kich
thudc cua cac hat vat liéu compozit IONPs-CI lai tuong ddi 16n 89,86 + 0,25 um.
Dién thé bé mat trung binh cia hat nano oxit sét tir, lidu compozit [IONPs-HAp va
IONPs-CI x4c dinh tir phép do dién thé Zeta lan luot 1a: -36,61; -28,51; -10,02 mV.
Tir két qua chup SEM va két qua do dién thé Zeta cho thiy phuwong phéap tong hop
vat li€u dung trong nghién ctru véi vat liéu compozit IONPs-HAp cho vét liéu voi
kich thudc ¢& nano va dién tich bé mat cao, co kha nang phan tan va on dinh tbt
trong hé phan tan, trong khi compozit IONPs-CI chua dugc t6i wu dan dén kich
thudc hat 16n, dién tich bé mat thip do d6 cac hat ciia chung & dang huyén phu dé
két ty, giam hi¢u qua trong linh vuc xir Iy méi truong.
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3.2. Khi ning hép phu 2,4-D va chrysoidin trong méi truéng nuéce

Hinh 3a d6 thi biéu dién mbi twong quan gitra ndng d6 dau cua 2,4-D va dung
luong hip phu cta cac vat lidu khao sat d6i véi 2,4-D. Dung luong hip phu cua cac
hat nano oxit sat tir d6i voi 2,4-D ting theo chiéu ting nong do 2,4-D va bdo hoa &
néng d6 2,4-D trén 25 mg/L va gia tri nay dat cyc dai ¢ khoang 2,0 mg/g. Tuong tu
v6i vt liéu compozit IONPs-HAp, dung luong hap phu ting nhanh theo chiéu ting
ndéng d6 2,4-D va dat bdo hoa & gia tri khoang 7 mg/g v6i nong do 2,4-D trén 25
mg/L. Tuy nhién véi vat liéu compozit IONPs-CI, dung luong hap phu ting theo
chiéu tdng néng d% 2,4-D va van chua ¢ diu hiéu dat bdo hoa voi khoang néng do
2,4-D khao sat. Két qua khao sat kha ning hap phu chrysoidin (hinh 3b) ciing chi ra
rang kha nang hap phu ¢ ddi véi chrysoidin cua vét liéu compozit tang 1én dang ké so
v6i cac hat nano oxit sat. Co the gidi thich sy khac biét nay la do vt liéu compozit
IONPs-HAp va IONPs-CI c6 cau trac 16 x0p, lam ting dang ké dién tich bé mait
riéng cta vat liéu. Bén canh do, hydroxyapatit va chitosan ciing cung cdp mot luong
16n cac nhom chirc trén bé mat vat lidu (nhom hydroxyl/phosphat ctia hydroxyapatit,
va nhom hydroxyl/amino cta chitosan). Két qua nghién ciru budc dau cho thay tiém
nang ung dung cua vat li¢u compozit 161 tir tinh cua hydroxyapatit va chitosan trong
viéc phat trién vat liéu hap phu hiéu qua, chi phi thap va than thién v&i méi truong.
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Hinh 3. Do thi biéu dién két qua khao sat kha nang hap phu cua vat lidu:

a) B0 thi bi€u dien moi twong quan gitta nong do 2,4-D va dung lugng hap phu;
b) Do thi biéu dien dung lugng hap phu chrysoidin cta cac vat li€u thit nghiém

4. KET LUAN

- Céc hat nano oxit sét tir, vat liéu compozit oxit st tu/hydroxiapatit va oxit
sat tu/chitosan da dugc dicu ché thanh cong bang k¥ thuat thiy nhiét.

- Két qua phan tich thanh phan pha, ciu tric cho thiy cac hat nano oxit sit tir
¢0 hinh thai dong nhat, kich thudc hat trung binh khoang 100 nm, c6 dién thé bé mat
am 16n, phan tan tot trong vat liéu compozit véi hydroxyapatit va chitosan.

- Nghién ctru kha ning hip phu cua vat li€u véi viée loai bo 2,4-D va
chrysoidin trong nuéc, két qua chi ra rang hiéu qua hap phu cua va vat liéu compozit
IONPs-HAp va IONPs-CI ¢6 hiéu qua vuot trdi so vai hat nano oxit st tir ban dau.

Loi cam on: Chung t6i xin tran trong guti loi cam on toi Phan vién Hoa - Moi
truong va Khoa H~0'a hoc - Pai hoc Khoa hoc Tw nhién/ Dai hoc Quoc gia Ha Noi
da tao diéu kién ho tro thuc hién nghién curu nay.
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SUMMARY

RESEARCH ON THE APPLICATION OF MAGNETIC COMPOSITE
NANOMATERIAL IN TREATMENT OF SOME ORGANIC COMPOUNDS IN WATER

Iron oxide nanoparticles (Fe3O4) were synthesized by hydrothermal method,
and coated with hydroxyapatite and chitosan by simple methods. After synthesis,
these materials were characterized via physicochemical methods: X-ray diffraction,
Fourier transform infrared spectroscopy (FT-IR), vibrating sample magnetometer
(VSM), scanning electron microscopy (SEM/EDX) and Zeta phoremeter. The results
show that the iron oxide particles were synthesized with nano-size, the material after
coating with hydroxyapatite and chitosan still ensures the magnetism. These
materials continue to be evaluated the ability to remove 2,4-D and chrysoidine in
aqueous medium. The results show that the synthesized composite materials have
the ability to selectively adsorb 2,4-D and chrysoidine, thereby showing the potential
application of magnetic composite materials in the field of environmental remediation.
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