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(57) Giai phap hitu ich dé cap dén quy trinh san xudt chat 16ng nano siéu thuan tur sat tir tir

bun thai cia nha may xu Iy nudc ngam, quy trinh nay bao gém cac cong doan sau:

(1) tao mudi sat (III) bang cach xu ly nguon bun thai chura sét (I1I) hydroxit dudi dang
huyen phu cua nha may xu 1y nudc ngam bang axit clohydric dam dac dé tao thanh mudi
sat (III) clorua 1 FeCl;.6H,0, trong d6 huyén phu sat (III) hydroxit dugce bo sung nude dé
tao thanh dung dich loang dé loai bo silic oxit (S10,) va cac chit mun hiru co trude khi
dugc xir 1y bang axit clohydric ddm dic;

(i) tong hop vat liéu nano Fe;O, (magnetite) bang cach khir mot phan mudi sat (I11)
thanh mudi sat (II) bang KI theo ty 1& 3:1 (ty 1& mol), dé tao thanh hdn hop Fe?*/Fe3*, roi
két tua bang NaOH hoic NH,OH dén pH=9, duéi téc d6 khudy 16n hon 1000 vong/phut
trong mdi trudng khi nito va dung méi hitu co lam phdi tir (ligand); va

(iii) bién tinh bé mit vat liéu nano Fe;0, bang it nhat mot hop chat duge chon tir nhém
bao gdm axit oleic, oleylamin va tetraetyl orthosilicat dé tao thanh chat 1ong nano siéu
thudn tir sit tir Fe;04 (magnetite).
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Linh vwe ky thuit dwoc dé cap

Giéi phép hitu ich @& cap dén quy trinh xir Iy ngudn bin thai cia cc nha may xu ly
nuée ngdm (sludge in groundwater treatment plant) thanh chdt 1éng nano siéu thufn tir
Fe304 (magnetite) c6 d6 bdo hoa tir va dién tich bé miit cao.

Tinh trang ky thuit cia giai phap hiru ich

Do céu tao dja chét, cac mach nudc ngém ¢ Viét Nam thuong chira mot luong rat
16n cac hguyén t6 sat dudi dang ion sét (IT) hoa tan trong nuée. Khi nuée ngdm duge bom
1én mit dat, cac ion sét (II) gip oxy trong khong khi s& bi oxy hoa va két ta tré thanh ion
sat (III) duéi dang huyén phi lo limg sit (IIT) hydroxit [Fe(OH)s]. Cac hat huyén phu
[Fe(OH)3] nay duoc gift lai bang 16p silic dioxit (SiO2) tao thanh khdi bun nhio va dac
quénh s& dugc loai ra trong quy trinh céng nghé xit Iy nudc ngdm. Hang nam, cic nha may
va tram xr Iy nuéc ngdm phai x4 thai ra moi truong hodc chon 14p hang tram nghin (c6 thé
hang triéu) tin bun thai ndy tai cac bai xit ly chon l4p riéng, tuy nhién, nguy co gdy 0
nhiém lai cho téng nude ngém, nude mit va mit dit van rat 16n.

Vao dau nhimg nim 2000, cong ngh¢ nano bat ddu phat trién va thu duoc nhiéu
thanh qué to 16n khong chi trong nghién ciru ma con mé rong pham vi ing dung trong
nhiéu linh vire phuc vu doi sdng con ngudi. Céc nghién ctru co ban da chirmg minh vt liéu
& kich ¢& nano xuét hién nhiéu hién tuong, tinh chat vt ly va hod hoc méi ma trong céc
loai vat liéu khéi hoan toan khéng c6. Cling nim trong quy luat dy, khi kich thu6c cua vat
liéu sit tir Fe3Oq4 (magnetite) dugc lam gidm tGi c& nanomet, vt lidu sit tir cling s& xudt
hién thém nhiéu tinh chit méi, cac tinh chét ndy lam cho ching cé nhiing biéu hién dic
biét nhu: hién tugng siéu thudn ti, di huéng tir bé mit, qua trinh lan truyén song spin bi
gian doan, bé mdt riéng l6n, thay dbi nhiét 40 Curie, v.v.. Trong vai ba nim gén day, mot
sOy tréng mGi nham Gng dung céc hat nano 6xit sit siéu thuén tir Fe3Oq4 (magnetite) lam
vét liéu xtr Iy moi trudng va nude ngdm nhiém arsen da thu duge nhidu thanh qua c6 trién
vong cao. Thong thudong dé ing dung trong cdc nganh k¥ thuét, doi hoi hat nano tir phéi c6
dd bdo hoa tir 16n, ddng thoi thé hién dic tinh siéu thudn tir & nhiét do thudng va én dinh
trong moi trudong can thiét. Nhidu cong bd dya trén két qua nghién ctru thyc nghiém cho
théy gia tri kich thudc gidi han siéu thuan tir & nhiét do phong ctia hat nano sét tir Fe3O4 14
khoang 17-50nm. bé bén dinh trong mdi truong lam viéc, bé mat cac hat nano tir s€ duoc
bién tinh hay néi cach khéc 1a dugc chirc niang héa bé mat. Viée chuc ning hoa bé mit cac
hat nano tir thong qua viéc boc mdt vai 16p nguyén tit clia cac polyme hitu co, mdt sb kim
loai quy (nhu Au), hodc céc oxit v6 co (nhu SiO2, Al2O3) va xa hon nita 1a chirc ning hoa
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béng viéc gén cac phan tir c6 hoat tinh héa hoc khac nhau. Cac hat nano tir dugc boc mot
16p chit hoat dong bé mat c6 thé phan tan trong dung mdi ddng nhit nhu vay duoc goi 1a
chit 1ong tir. Nhitng hiéu tmg lugng tir do giam kich thudc va dién tich bé mat 16n cia cac
hat nano tir da 1am thay dbi mot vai dic tinh tir diic trung cta vat lidu, biéu 16 hién tugng
siéu thuan tir va xuyén hdm lugng tir ctia do tir héa vi mdi hat c6 thé dwgc coi nhu mot don
doémen tir. Dya trén nhitng dic tinh vét ly, héa hoc, nhiét hoc va co hoc, chét 16ng nano
siéu thuan tir mé ra tiém ning 16n cho nhing tng dung xtr ly céc ion kim loai nang, cac
chat mau hitu co, c4c hat huyén phu lo limg, v.v. trong nudc thai sinh hoat va cong nghiép,
xir Iy arsen trong nudc ngdm, sir dung trong thu hdi ddu mé, trong y sinh, va y duge hoc,
V.V..

Mbt sb quy trinh tbng hop vét lidu nano siéu thudn tir FesOq4 (magnetite) da biét
dugc néu dudi day:

1) Masafumi Nakaya; Ryo Nishida; and Atsushi Muramatsu, “Size control of
magnetite nanoparticles in excess ligands as a function of reaction temperature and time”,
Molecules (2014), 19, 11395-11403, d3 dung mubi sit: tri(axetyl axeto-nat), 1,2-
tetradecandiol, axit oleic, oleylamin va benzyl ete dudi dong khi nito dé téng hop Fe;04 c6
kich c& nano bang cach nung néng & nhiét do 200-300°C.

2) Shen Wu, Aizhi Sun, Fugiang Zhai, Jin Wang, Wenhuan Xu, Qian Zhang, Alex A.
Volinsky, “Fe3O4 magnetic nanoparticles synthesis from tailings by ultrasonic chemical
co-precipitation” Materials Letters 65 (2011) 18821884, dung quing sét cho két hop voi
axit HCI tiép d6 dung H,0, dé oxy héa tao thanh sat (III) clorua rdi nhé NH3 ddm dic vao
d¢é tao thanh Fe(OH)s, cudi ciing nung 1én dé tao Fe,0s tinh khiét va két hop véi FeSO4
theo ty 1& 1: 1,5 cudi cing ding NaOH dé téng hop thanh nano sit tir Fe;O4 bang phuong
phdp dong két tiia c6 hd tro siéu am & 60°C.

3) S. Yariez-Vilar, M. Sdnchez-Andvjar, C. Gémez-Aguirrea, J. Mira, M.ASefiaris-
Rodrigueza, S. Castro-Garciaa, “A simple solvothermal synthesis of MFe;O4 (M=Mn,
Coand Ni) nanoparticles”, Journal of Solid State Chemistry,Vol 182, (2009), 2685-2690,
sir dung mubi st (IIT) axetat tron voi cac mudi (crom, niken, mangan, coban, v.v.) axetat,
sau d6 hoa trong rugu benzyl (benzyl alcohol) hodc hexanol rdi ding phuong phép tong
hop dung moi nhiét dé tao ferrit sit tir MFeO4 (M=Cr, Co, Ni, v.v.) kich ¢& nano & nhiét
do 180-190°C.

4) Peng Hu, Lingjie Yu, Ahui Zuo, Chenyi Guo, and Fangli Yuan, “Fabrication of
Monodisperse Magnetite Hollow Spheres” J. Phys. Chem. C (2009), 113, 900-906, ding
mubi FeCl; hoa trong etylen glycol, rdi sir dung amoni axetat (NH4Ac) dé két taa nano
Fe304 bang phuong phép thiy nhiét & 200°C.

Céc quy trinh diing c4c tién chit da cong b & trén ¢6 hiéu qué kinh té khong cao va
khac véi gidi phdp néu trong don ding ky giai phap hitu ich nay.
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Ngodi ra, con ¢6 cac cong bd clia cac nhdém nghién ciru sau:
1) Rasha A. EIl-Ghazawy, Ayman M. Atta, Ashraf M. El-Saeed, Ahmed E.S.
Abdelmgied, and Nivin Basiouny, “High molecular weight thermally stable poly (sodium

methacrylate) /magnetites nanocomposites via emulsionpolymerization”, J. of Engineering
Research and Applications, Vol. 4, Issue 4 (Version 7), (2014), pp.83-90.

2) Nguyén Hitu Dire, Tran Mdu Danh, Tran Thi Dung, “Ché tao va nghién ciru tinh
chat tir clia cdc hat nanoFe30qting dung trong y sinh hoc”. Tap chi Khoa hoc PHOGHN,
Khoa hoc Tw nhién va Cong nghé 23 (2007) 231-237.

3) William W. Yu, Joshua C. Falkner, Cafer T. Yavuz and Vicki L. Colvin,
“Synthesis of monodisperse iron oxide nanocrystals by thermal decomposition of iron
carboxylate salts” Chem. Commu, (2004), 2306-2307.

Trong cac cong bd néu trén, céc tac gia da dung mudi sét (III) clorua (FeCls) cho tac
dung véi céc loai mudi sét (II) nhu FeCly, FeSOa, v.v. theo ty 18 tir 1:1 dén 1:3, rdi dung
NaOH hodc NH4OH dé két tia thanh vét liéu nano Fe3Os.

Céc quy trinh trén c6 thé/hodc khong st dung dung méi hitu co lam méi trudng, phdi
tir (ligand) hodic chit khtr; c6 thé/hodc khong boc v biang polyme tity theo tirng muc dich
mg dung. Tuy nhién, c4c quy trinh céng bd trén khong trung ldp vai quy trinh trong don
dang ky giai phap hitu ich nay.

Suiyi Zhu, Shuai Fang, Mingxin Huo, Yang Yu, Yu Chen, ia Yang, Zhi Geng,
YiWang, Dejun Bian, Hongliang Huo, “A novel conversion of the groundwater treatment
sludge to magneticparticles for the adsorption of metylene blue”, Journal of Hazardous
Materials 292 (2015) 173-179 1an dau tién da d& cap dén viéc dung bun thai cua nha may
nuée ngdm (sludge in groundwater treatment plant) dé téng hop nano FesOs. Tuy nhién,
nhém nghién ctru da st dung natri axetat (sodium acetate) lam phéi tir, dung mdi hitu co
etylen glycol duge dung lam dung mdi va chét khir, két qua thu dwgc chi 1a dém vat lieu
Fe304 c6 kich thude 1pm (micromet) véi d6 bio hoa tir thip chi 4-9 emu/gam, do hép phu
chit mau hitu co 12 99,4 mg/gam vit liéu, khong dat cac yéu cau k¥ thuat can thiét.

Ban chit ky thuit ciia gidi phap hiru ich

Do d6, muyc dich cta giai phap hitu ich 1a tdn dung ngudn bun thai chua sit (III)
hydroxit trong qu4 trinh xir Iy nuwéc ngim cia cac nha may va tram x{r Iy nudc ngam, dé
san xuét chit 16ng nano siéu thuén tir FesO4 (magnetite) c6 do bdo hoa tir va dién tich bé
mt riéng cao v6i chi phi san xudt thip. Chit 1ong nano siéu thuan tir ¢6 thé duoc ung dung
trong nhiéu linh vuc phuc vu doi sdng con ngudi nhur xt 1y moéi truong, thu hdi dau mé,
trong linh vuc y sinh va y duoc hoc, v.v..
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Pé dat dugc cac muc dich néu trén, giai phdp hitu ich dé xuét quy trinh s&n xuat
chit 16ng nano siéu thuén tir Fe;O4 tir bun thai cia nha may xu ly nudc, bao gdbm céc cong
doan sau:

(i) tao mudi st (III) bang cach x&r 1y ngudn bun thai chwa st (III) hydroxit dudi
dang huyén phil ciia nha may xir Iy nuéc ngim bang axit clohydric d4m dic dé tao thanh
mudi sét (IIT) clorua 1a FeCls.6H,0, trong d6 huyén phu sit (III) hydroxit duge bd sung
nudc dé tao thanh dung dich lodng d& loai b silic oxit (SiO2) va cdc chdt mun hitu co
trude khi duge xtr ly bing axit clohydric ddm dic;

(ii) tong hop vat liéu nano Fe3Oq (magnetite) bang cach khir mot phan mubi sit (I1I)
thanh mudi sat (IT) bang KI theo ty 1& 3:1 (ty 16 mol), d& tao thanh hdn hop Fe?*/Fe>*, rdi
két tia bang NaOH hogc NH4OH dén do pH=9, dudi tbc d khudy 16n hon 1000 vong/phut
trong méi treong khi nito va dung moi hitu co lam phéi tir (ligand); va

(iii) bién tinh bé mat vét liéu nano Fe;O4 bang it nhit mot hop chit duoc chon tir
nhém bao gdém axit oleic, oleylamin va tetraetyl orthosilicat dé tao thanh chat 16ng nano
siéu thuan tir sit tir FesOq (magnetite).

Mo ta vin tit hinh vé

Hinh 1 13 hinh v& thé hién so dd cta quy trinh san xuét chét 16ng nano siéu thun tir
theo gidi phép hitu ich.
Mo ta chi tiét giai phap hiru ich

Theo mt phuong 4n thuc hién ctia quy trinh theo gidi phép hiru ich, cac tac gia giai
phép hiru ich da tdn dung ngudn bun thai ra trong qud trinh xir ly nuéc ngdm cia céc nha
may va tram xtr ly nudc ng?un dé tao ra chét léng nano siéu thuén tir Fe3O4, bao gém cac
cong doan sau:

(i) Nudc ngdm c6 chira ion sit (II) dwge bom 1én mit dat, khi dugc oxy hoéa bédi oxy
trong khong khi, cac ion sit (II) tao thanh ion sét (IIl) duéi dang huyén phu sit (IID)
hydroxit chiém khoang 80% nguyén tb sit. Huyén phu sit (IIT) hydroxit bi loai ra khdi quy
trinh san xuét nudc ngam dudi dang bun dic va quanh, dugc dem vé hoa tan lai véi nude
thanh dung dich lodng (khong can dinh lugng), nhim loai bo silic oxit (SiOz) va cac chét
mun hitu co. Sau do, dua axit clohydric ddm dic vao dung dich loing ndy dé tao thanh
* mudi sét (III) clorua (FeCl3.6H,0) theo phuong trinh phan tng sau:

2Fe(OH)3 + 6HCI = 2FeCl3.6H,0

Chéng han, cho 110 gam bun thai Fe(OH)s vao trong nudce, khudy manh dé bun tan
hoan toan vao nudéc, gan ldy phan dung dich bun, con phan cin mun va silic dioxit thi loai
ra. Tiép d6, nho tir tir 36 gam axit HCI 35% vao cho dén khi bun tan hét thanh dung dich
mau vang cam nhat 13 mau dic trung ctia mudi FeCls.6H,0.
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(ii) Pha dung dich mudi sét (II) (Fe2*) vao dung dich mubi sit (III) (Fe**) theo ty 18
mol Fe**/Fe**=1:2, ting nhiét do dé dung dich dat 100°C, vira khudy & tc do trén 1000
vong/phiit, vira thdi khi N @& khong cho ion Fe2* bj oxy hoa thanh Fe**. Thém dung moi
hitu co dé tao méi truong khéng ché kich thude hat (phdi ti-ligand) nhdm dat duoc kich
thuéc hat mong mudn va c6 d6 ddng déu vé kich thude hat (46 phan tan hep). Nho tir tir
dung dich NaOH (1M) hozc NH4OH 28% dén khi hdn hop phan tmg dat do pH=9 va dung
dich c6 mau den sim.

(iii) Bién tinh bé mat vat liéu nano Fe;Oq bang cac polyme thich hop dugc chon tir
nhém bao gdm axit oleic, oleylamin va tetraetyl orthosilicat, dé tao thanh chit 1éng nano
siéu thudn tir c6 do tir hda cao Fe3Os (magnetite).

Theo mot phwong én khéc, giai phép hitu ich dé xudt quy trinh tao ra chét 1éng nano
si€u thuén tr Fe3O4, trong d6 & budce (ii) tao vat liéu nano st tir cho sét (IIT) clorua phan
ng v6i mudi KI theo ty 1 mol 1a 3:1 @ tao thanh hdn hop Fe?*/Fe3* (theo phuong trinh
phén tng dudi day), tiép d6 dong két tia hdn hop hai mudi nay v6i dung dich kiém 1a
NaOH hozc NH4OH dé tao vat liéu nano Fe3Os4 ¢6 dién tich bé mit va do bao hoa tlr cao.

3FeCl3.6H20 (dd) + KI (dd) = 2FeCls (dd) + FeCl, (dd) + 0.51» (dd)

Theo mot phuong 4n cu thé, cho 110 gam bun thai vao trong nudc, khudy manh dé
bun tan hoan toan vao nudce, gan ldy phan dung dich bun con phan c3n min va silic dioxit
thi loai ra. Tiép do, nhé tir tr 36 gam axit HCI 35% vao (hodc nhé dung dich axit HCI 35%
va0) cho dén khi bun tan hét thanh dung dich mau vang cam nhat la mau dic trung cla
mudi FeCls.6H,0. Can lugng KI da duoc tinh todn theo lugng san pham FeCls duge didu
ché & trén rdi pha vao nuéc theo ty 16 (0,1M) KI/150ml nuée. Vira khudy & toe do >1000
vong/phit, vira thém tir tir dung dich KI vao dung dich san phdm FeCls duoc diu ché &
trén cho dén hét, rdi tang nhiét do hdn hop phan Gng dén 100°C. Tiép tuc, thém tir tir OH"
vao dén khi dung dich di mau den thi ding phéan tng.

Ngodi ra, can luu ¥ ring, phuong 4n uu tién theo giai phéap hitu ich dugc mo ta trén
ddy chi nhdm muc dich minh hoa ma khong gidi han pham vi cia giai phap. Véi cac cai
bién thong thudng ma nguoi ¢é hiéu biét trung binh trong linh vuc c¢6 thé d& dang thuc
hién, quy trinh san xuét cht Iéng nano siéu thuan tr FesO4 tir bun thai clia nha may xu ly
nudce hoan toan thich hop dé dat dugc cac muc dich da dé ra, ma hoan toan khong vuot qua
pham vi bdo hd cda giai phap hitu ich nay.

Vi du thwe hién gidi phap hiru ich
Vi du 1. San xuét chat 1ong nano siéu thudn tir Fe;Oq4 bién tinh bang axit oleic (boc vo-
@oleic)

3gam nano Fe;O4 ché tao theo giai phép hitu ich da mo ta & cac budce (i) va (ii) duoc
phén tan vao 50ml n-hexan véi sy trg gitip ciia mot bé rung siéu am, dung dich sau do6
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dugc dun nong & 60°C va khudy manh trong 1gid. 1,5gam (tiy y theo viéc boc v day hay
mong theo muc dich dé sur dung) axit oleic dugc thém vao rdi ndng nhiét do 1én 80°C trong
2 gio. Hon hop sau d6 duoc 1am lanh vé nhiét do phong. Chét 16ng nano siéu thuén tr thu
duogc (4,5 gam) dwoc rira nhidu 14n va ly tdm v&i hdn hop cdn va nude & 1500 vong/phut
dé loai b axit oleic du. Chét 16ng nano siéu thudn tir Fe3s04@ axit oleic co thé loai bo
dwoc ion arsenic hodc dau thai trong méi trudng nude.

OH

Oleic acid
s

HO

Co ché bién tinh oxit Fe30q bdng axit oleic va cdc polyme khdc

Vi du 2. San xuét chét 1éng nano siéu thuan tir Fe;O4 bién tinh bang tetraetyl orthosilicat
(TEOS - silica)

Dé boc V6 silica, cho 3gam nano FesO4 ché tao theo giai phéap hitu ich da mo6 ta &
cac bude (i) va (ii) vao cbe chira hdn hop tetraetyl orthosilicat (TEOS - silica) trong etanol
(thy ¥ theo viée boc vé day hay mong theo muc dich dé sir dung), rdi khuéy manh trong 30
phut. Thém dan NH4OH 25% dén khi do pH = 8, khudy tiép 1 gio dé hinh thanh 16p vo
silica rdi thém CHsOH vao dé dimg phan tmg. Vat liéu chit 1ong nano siéu thun tir da
ché tao, duoc thu béng ly tdm & tdc dd cao, rira béng hdn hop nudc cdn nhiéu 1an va duoc
ly tim & tdc do 1500 vong/phit thu dugc 4,5 gam chit 1ong nano siéu thudn tir
Fe304@Si0; c6 thé hap thu dugc cc ion kim loai nhu Cu (II), Pb (II), va Cd (II) trong moi
truong nude.

Vi du 3. Str dung chét 16ng nano siéu thuan tir Fe;04 theo giai phap hiru ich dé xr Iy chét
mau hitu co va cdc kim loai nidng

Dé nghién ctru str dung chit 16ng nano siéu thudn tr vao xit Iy chat mau hitu co
(hodc ion kim loai ndng) trong nudc, ching t6i dung phuong phap & quy md nhé trong
phong thi nghiém nhu sau: pha vao mot lit nuéc dung dich metyl da cam (hoic mudi kim
loai nang) ndng do 14 100 mg/l. Chinh do pH ctia dung dich thi nghiém dén d6 pH=7,5.
Cho 2 gam chit 16ng nano siéu thudn tir da ché tao dugc nhu mé ta trong giai phap hitu ich
vao dung dich metyl da cam trén, khudy déu trong 2 gi®r & nhiét do phong. Dung phan Ung
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rdi dem phén tich ndng do metyl da cam da bi chit 16ng nano siéu thuan tir hip thu bang
phuong phap do phd hdp thu Uv-VIS. Tinh toan ty 1& chit mau bi hip thu (CR:%) va kha
ning hip phu cta chit 10ng nano siéu thuan tir FesO4 (AC: mg/g) dugc tinh toan bang cach
sit dung phuong trinh (2) va phuong trinh (3).

CR (%) = _(.:.‘i..;..gi‘.. X100 (2)

3)

. - .V
AC (mefg)= 22"

Trong d6, Cb va Ca 1a ndng d6 ciia metyl da cam trude va sau khi thi nghiém, tuong
ing (mg/1), m 14 khéi lugng cia vat liéu hap phu Fe;04 (g), va V 14 thé tich cua dung dich
).

Két qua thi nghiém cho thy: sau 2 gid, 35% chit mau metyl da cam d3 bi chit long
nano siéu thuan tr FesO4 dugc ché tao theo giai phap hitu ich hap thy, tirc 14 1g Fe;04 dugc
ché tao theo giai phép hitu ich c6 thé hép thu dwoc 165mg chit mau hitu co.

Hiéu qua dat dwoc cia gidi phap hiru ich

Quy trinh theo giai phép hitu ich cho phép xit Iy duge ngudn bun thai loai ra tir quy
trinh xir Iy nudc ngadm vai trit lwgng khai thac hang nam c6 thé 1én dén hang triéu tin, ma
néu khong duogc xir ly, s€ bi cac nha may thai ra moi truong, ¢6 nguy co cao gdy nén o
nhiém kim loai ndng cho cac nguén nudc ngém, nude mit va miat dat. Nho viéc tan dung
ngudn bun thai ra tir viée xur Iy nudc ngdm (sludge in groundwatertreatmentplant), quy
trinh san xut chét 16ng nano siéu thuén tr Fe3Oq theo giai phap hitu ich dat dugc hiéu suét
cao vi bun thai c6 ham luong sét tvong dbi cao, tir 70-80% 14 ion sét dugc chira trong bun
dudi dang sét (III) hydroxit, chi it hon 20% 13 cac chit mun hoéc oxit silic va oxit ciia mot
s6 kim loai nhu Mg, Ca, Mn, v.v., tiy theo timg cdu tao dia chit & cac dia phuong. Hon
nita, cht 16ng nano siéu thudn tir FesO4 (magnetite) diéu ché theo quy trinh nay s& ¢ chi
phi san xudt thip va s& 1a ngudn nguyén liéu véi san lwong 16n va ré tién, c6 thé ing dung
trong nhiéu k¥ thuat khac nhau phuc vu doi sdng con ngudi.
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1. Quy trinh san xuét chat 16ng nano siéu thudn tlr sat tir tir bun thai ctia nha may xir ly
nudc, quy trinh ndy bao géom céc cong doan sau:

(i) tao mudi sit (III) bing cach xir Iy ngudn bun thai chtra sit (III) hydroxit dudi
dang huyén phi ctia nha may xir Iy nuée ngim bing axit clohydric dam dic d& tao thanh
mubi st (IIT) clorua 12 FeCls.6H,0, trong d6 huyén phi sit (III) hydroxit dugc bd sung
nuéc dé tao thanh dung dich lodng dé loai bo silic oxit (SiO2) va cc chit mun hitu co
trude khi duge xir Iy bang axit clohydric dam dac;

(i) tng hop vt lidu nano Fe3Oq (magnetite) bang cach khir mot phin mudi sit (I111)
thanh mudi sit (IT) bang KI theo ty 18 3:1 (ty 1é mol), dé tao thanh hdn hop Fe?*/Fe’*, rdi
két tia bdng NaOH hoic NH4OH dén d6 pH=9, dudi tdc do khudy 16n hon 1000 vong/phut
trong mdi trudng khi nito va dung méi hitu co 1am phéi tir (ligand); va

(iii) bién tinh bé mit vat liéu nano Fes;O4 béng it nhit mot hop chit duoc chon tur

nhém bao gdm axit oleic, oleylamin va tetraetyl orthosilicat dé tao thanh chat 16ng nano
siéu thudn tir sit tir Fe3Oq (magnetite).
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