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1
MO DAU

Hién nay, nhiéu nganh cong nghiép phét trién 1am cho méi trudng
ngay cang bi 6 nhiém, dic biét 1a moi trudng nudce bi 6 nhiém cac hop chat
hitu co khé phan hay va cac kim loai ning gy ra cac bénh hiém nghéo cho
con nguoi va tac dong xau dén moi trudng. Phuong phap quang xuc tac 1a
mot trong cac phuong phap xt 1i hiéu qua dé phan huy cac hop chat hitu
co trong mdi trudng nude. Phuong phap nay dua trén viée sir dung chét
ban dan va nguén sang dé thuc hién su phan huy cac chit hitu co. Pic biét
ndi troi cua phuong phap quang xtc 13 than thién véi moi trudng, co kha
nang phan hiy hoan toan cac chat hitu co 6 nhiém thanh cac chat vo co
khong doc hai nhu CO, va H,0.

Vit liéu nano d3 dugc nghién ctru va Gmg dung rong rii trong nhiéu
linh vuc khac nhau nh¢ tinh da dang vé thanh phén cu trac do dé tao
thanh dung dich ran va c6 cac tinh chat 1i hoa dic biét nhu d6 cung, chéng
an mon hoa hoc, spinel ferrite dugc st dung lam vat li¢u luu gilt thong tin,
senso, vat liéu ghi quang dién tir, chat xuc tic quang hoa..Tinh chat cia
cac vat liéu nay phu thudc vao phuong phap va diéu kién tong hop quyét
dinh d9 tinh thé hoa, d tinh khiét, hinh dang va kich thuéc hat.

Cac spinel ferrite, voi cong thire chung la MFe,04 (M = Mn, Fe, Co, Ni,
Zn...) 1a mot trong nhirng vat lidu quang xtc tic nhiéu trién vong do c6 kha
nang hap thu anh sang ving kha kién va dé dang duoc tach ra khoi hé nho
tir tinh. Picu nay da lam giam hiéu qua chi phi va cho kha niang tng dung
thuc té cao. Uu diém cua hé xtc tac 1a céac spinel ferrite, v&i su c6 mat cua
H,0, va anh sang nhin thy 1a xay ra dong thoi qua trinh Photon va Fenton
di thé, gitp cho qua trinh phan hay hop chét hitu co dat hiéu quéa cao. Hoat
tinh quang xuc tac cua cac hé ferrite tinh khiét 3 dugc nhiéu nha khoa hoc
quan tdm nghién ctru. Hiéu suét cua phan Gmg quang xuc tac khi co mit
ferrite phu thudc vao mot sé yéu o nhu: hinh thai hoc, kich thude hat, ion
kim loai thay thé trong mang ferrite... Nhiéu cong trinh nghién ctru cho
théy khi pha tap ion kim loai hoéa tri II hoac 111, cAu tric, hinh thai hoc va
hiéu suat quang xtc tac cta cac ferrite thay doi.
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Khi pha tap cac ion dat hiém nhu La®", Nd**, Eu®*, Gd** thi cac ion
nay sé& thay thé Fe>* & vi tri bat dién trong ferrite, 1am mang tinh thé bi bién
dang, dan dén ting hoic giam hang s6 mang.

Tuy nhién, vat liéu nano ferrite co6 tuong tac tu nén ching cé su két tu
nén gip kho khan khi thu hoéi sau qué trinh xir 1i & qui mo 16n. Mot trong
nhitng cach khic phuc nhuoc diém nay 1a phan tan cac ferrite trén chat
mang thich hop.

Vi vy, ching t6i lya chon noi dung luan an: “Tong hop va khdo sat
kha nang phan huy Rhodamine B trong moi truong nuoc cua vat lieu nano
ferrite”.

Muc tiéu luan an

Tong hop duoc mot sé hé spinel chira ferrite c6 hoat tinh quang xtic
tac cao nham xu 1i cac hop chat hiru co 6 nhiém trong moi trudng nude.
Noi dung nghién ctru

Nghién ctru anh hudng ctia mot sd yéu tb trong qua trinh tong hop dén
thanh phﬁn pha, hinh thai hoc va tinh chit cta hé vat liéu ferrite MFe,O,
(M =Zn, Co, Ni).

Toéng hop va nghién ctru dic trung cdu trac, tinh chat va hoat tinh
quang xuc tac phan huy rhodamine B cua cac vat liéu ferrite ZnFe,QO,,
CoFe,0,, NiFe,O, tinh khiét, pha tap ion dat hiém (La**, Nd*") va hé
composite ZnFe,0,/Bentonite & diéu kién toi wu.

Panh gia kha nang thu hoi, tai sir dung va thir nghiém xu 1i nudc thai
dét nhuom cua cac vat li€u chra ferrite.

Piém moi ciia ludn an

ba xac dinh dugc anh huong cua cac yéu td nhiét d6 nung, tho1 gian
nung, ti I¢ mol ion kim loai/urea dén su hinh thanh pha, hinh thai hoc va
tinh chét ctia cac vat liéu ferrite ZnFe,0,4, CoFe,0,4, NiFe,0,. Trong sb cac
yéu t6 d6, nhiét d6 nung va ti 16 mol kim loai/urea 13 hai yéu t6 anh huong
manh dén hoat tinh quang xtc tac phan huy rhodamine B ctia CoFe,O, va
NiFe,O,.

D3 tong hop thanh cong va nghién ctru duoc dic trung cdu tric, tinh
chat va hoat tinh quang x@c tic phan huy rhodmine B cua hé ferrite
ZnFe,04, CoFe,04 pha tap ion dt hiém La®*, Nd** mot cach co hé théng.
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Bude dau ung dung dugc hé vat liéu nay trong xur li nudc thai dét nhudm
cho hi¢u qua xt li cao.

D3 tong hop va nghién ctru dic trung ciu trac, tinh chat va hoat tinh
quang xuc tac phan huy rhodmine B cua vat li€u composite
ZnkFe,O4/Bentonite. Khi tao thanh hé composite, su két tu cua cac hat
ferrite giam, dién tich bé mit riéng cua vat liéu ting va hiéu suat quang
xuc tac duogc cai thién.

Cac vat liéu chua ferrite da téng hop dugc tuong ddi bén, ¢ hiéu suit
tai str dung cao va c6 kha nang uimg dung dé xir li cac chét hiru co 6 nhiém
clia cac lang nghé dét nhuém.

CHUONG 1: TONG QUAN

1.1. Tong quan vé spinel ferrite
1.1.1. Cau tric chung ciia hé spinel ferrite

Spinel 1a cac hop chat c6 cong thac tong quat AB,O, (V6i A la
cation hoa tri 11, B Ia cation héa tri 111). Céac cation héa tri 11 1a Cu**, Be*",
Mg, Ca*", Sr**, Ba*", Zn**, Mn*", Fe**, Co®*, Ni**... Céc cation hoa tri Il
la AP, Cr¥* |, Fe® | vaitgap 1a Ga™, In**, La*, Ti**, V¥, Sb®*... Céu trlc
tinh thé caa spinel dugc minh hoa ¢ Hinh 1.1.

Hinh 1.1. M6 hinh cdu truc cia tinh thé spinel
1.1.2. Tinh hinh nghién ciru tong hop va img dung ciia cac spinel ferrite
1.1.2.1. Hé spinel ferrite tinh khiét
1.1.2.2. H¢ spinel ferrite pha tap ion kim loai
1.1.2.3. H¢ composite chira ferrite
1.2. Gi6i thiéu vé Bentonite
1.3. Tong quan vé chit mau hiru co va tinh hinh 6 nhiém chat hiru co
trong nudc
1.3.1. Pham nhudm
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1.3.2. Tinh hinh 6 nhiém chat hitu co trong nwéc
1.4. Phwong phap oxi héa nang cao

CHUONG 2: THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Héa chiat, dung cu va thiét bi
2.1.1. Danh muc hoa chit
Cdc héa chdt déu thudc loai tinh khiét héa hoc (PA).
2.1.2. Dung cu va thiét bj
2.2. Cac phwong phap nghién ciru
2.2.1. Phuong phap phan tich nhiét
2.2.2. Phwong phap nhiéu xa Ronghen
2.2.3. Phwong phap pho hong ngoai
2.2.4. Phwong phap hién vi dién tir quét va hién vi dién tir truyén qua
2.2.5. Phwong phap do phé tan xa ning lwong tia X
2.2.6. Phwong phap do dién tich bé mit riéng
2.2.7. Phwong phap pho phén xa khuéch tan tir ngoai - kha kién
2.2.8. Phwong phap xac dinh tir tinh ciia sian pham
2.3. Tong hop cac hé vét liéu spinel bang phuong phap d6t chay dung dich
2.3.1. Tong hop vit liéu ferrite MFe,O, (M=Zn, Co, Ni)
Pé tong hop cac hé spinel ferrite chdng toi st dung phuong phap d6t
chay dung dich v&i chat nén urea.
Can 0,075 mol (4,545 g) urea hoa tan bang 150 mL nudc cat rdi thém
0,01 mol (2,615 g) Zn(NO3),.4H,0 va 0,02 mol (8,080 g) Fe(NO3);. 9H,0,
sau d6 khudy hon hop & 70°C. Say khé mau ¢ 70°C va nung & 500°C, thoi
gian nung 3 gio thu duoc mau ZnFe,0, (Hinh 2.1). Gia thiét cac phuong
trinh phan tng xay ra nhu sau :
3Zn(NQOs), + 6Fe(NO3); + 20(NH,),CO— 3ZnFe,O4 + 20CO, + 32N,
+ 40H,0
Cac mau CoFe,0,, NiFe,0, dugc tong hop tuwong tu nhu quy trinh cta
mau ZnFe,Oy,.
Chiing t6i da tong hop cac mau ZnFe,0,4, CoFe,0, va NiFe,O, theo quy
trinh tong hop mau twong ty nhu trén nhung thay d6i mot sb yéu td 1a nhiét
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do nung (500 + 800°C), thoi gian nung (1+4), ti 1& mol ion kim loai/urea
(M/U =3/1 +1/3), pH tao mau (1+5).

Nung &

NH,CONH,

Hinh 2.1. So' dé téng hep spinel ferrite

bang phwong phdp dot chay dung dich
2.3.2. Tong hop vit liéu ferrite pha tap ion dat hiém

Céc vat liéu ferrite pha tap ion dat hiém (La®", Nd**) duogc téng hop
twong tu nhu cdc mau ferrite tinh khiét va c6 thém cac mudi La(NO;)s
hodc Nd(NO3); véi ti 1 s6 mol ion dat hiém (La3+, Nd3+) trong mau theo ti
1&¢ mol thich hop ( Bang 2.3-2.5). So d6 tong hop cac mau dugc minh hoa
¢ Hinh 2.2.
Gia thiét phuong trinh tong hop xay ra nhu sau:
3Zn(NOg), + 3(2-X)Fe(NO3); + 3xLa(NOs); + 20(NH,),CO — 3ZnFe,, LaOy
+20C0O, + 32N, + 40H,0
3M(NO3), + 3(2-X)Fe(NO3); + 3XNd(NOs); + 20(NH,),CO — 3MFe,, Nd,O,4
+ 20C0O, + 32N, + 40H,0 (M =Zn, Co).
M(NO,),

Fe(NO;),;
Ln(N03)3 Say kho &

70°C

] MLn,Fe, O,
| Chat ran M=2n, Co
Ln=La, Nd

’ NH,CONH,

Hinh 2.2. So dé tong hep vat liéu ferrite MFe,0, pha tap ion ddt hiém

bang phwong phdp dét chay dung dich

2.3.3. Tong hop vit liéu composite ZnFe,O,/Bentonite
Can 6,64 g urea xac dinh hoa tan bang 150 mL nudc cat rdi thém 4,33
gam Zn(NOs),.4H,0 va 13,41 gam Fe(NO3);.9H,0, thu dugc dung dich
A. Bentonite dugc phan tan trong dung dich ammonia va rung siéu am 15
phut (hdn hop B). Cho hdn hop B vao dung dich A va khuay hon hop bang
may khudy tir & 70°C, thoi gian 4 gid. Cac mau dugc say kho ¢ 70°C, sau
d6 nung ¢ 500°C, thoi gian nung 3 gio. Két qua thu duoc
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ZnFe,0,/Bentonite (c6 ki hiéu 13 ZnFe,0,/BT). Mau ZnFe,0, tinh khiét va
ZnFe,0,/BT duoc tong hop trong cung diéu kién.
2.4. Khao sat hoat tinh quang xtc tac phan hiiy Rhodamine B ciia cac
hé vat li¢u
2.4.1. X4y dung dwong chuan xac dinh nong @6 Rhodamine B
Chuén bj cac dung dich Rhodamine B (RhB) c¢6 nong d6 tir 1 + 10 mg/L
(pH =7). Po @6 hap thu quang A cua diy dung dich trén ¢ budc séng 553
nm thu duoc dudng chuan y=0,1691x + 0,0492 .
2.4.2. Anh huwéng cia diéu kién phan ing
D3 trinh bay chi tiét trong luan 4n
2.4.3.Anh hwéng cia ti 18 mol ion kim loai/urea

Anh huodng cia ti 16 mol ion kim loai/urea (M/U) trong qua trinh tong
hop mau dén hoat tinh quang xdc tac phan huy RhB cua NiFe,0, da dugc
khao sat. Chiung t6i chon 3 ti 1€ mol M/U la 1/2, 1/1 va 3/1, lugng vat liéu
trong mdi thi nghiém 13 1,0 g/L; lugng H,0, 1a 0,1M, thoi gian chiéu sang
1a 270 phut. Cach tién hanh tuong tu nhu quy trinh duoc mé ta & muc 2.4.2
d6i vai hé co vat liéu ferrite, H,0, va duoc chiéu sang.
2.4.4. Anh hwéng ciia nhiét dd nung

Anh huong ctia nhiét d6 nung trong qua trinh tong hop miu dén hoat
tinh quang xuc tac phan huy RhB cua CoFe,O, dugc khao sat trong
khoang tir 500 +800°C. Luong vt liéu CoFe,0O, trong moi thi nghiém la
1,0 g/L; luong H,0, 12 0,15M, thoi gian chiéu sang 1a 270 phat. Cach tién
hanh tuong tu nhu quy trinh dugc mé ta & muc 2.4.2 ddi v6i hé co vat liéu
ferrite, H,0, va duoc chiéu sang.
2.4.5. Anh hwéng ciia lwong ion pha tap

Anh huéng cta luong ion La®*, Nd** pha tap dén hoat tinh quang xtic
tac cua ZnFe,O,4 va CoFe,0, dugc thuc hién vdi cac lugng ion pha tap 1a 0
+ 5%. Cac mau duoc thuc hién voi luong vat lidu 1a 1,0 g/L, luong H,0, la
0,IM dbi vé6i cAc miu ZnLa,Fe,O4 VA ZnNdyFe O, va 0,15M doi véi
mau CoNd,Fe,.,O,; thoi gian chiéu sang 1a 210 phut. C4ch tién hanh tuong
to nhu quy trinh dugc moé ta & muc 2.4.2 doi v&i hé ¢ vat liéu spinel
ferrite, H,0, va duoc chiéu sang.
2.4.6. Anh hwéng caa lwong H,0,
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Anh hudéng cua lugng H,0, dén hoat tinh quang xuc tac dugc tién
hanh & cac néng do 0,05M; 0,1M va 0,15M. Cac mau duoc thuc hién véi
lugng vat liéu 1a 1,0 g/L, thoi gian chiéu sang 270 phat. Céch tién hanh
tuong tu nhu quy trinh dugc mo ta & muc 2.4.2 ddi v&i hé co vat lidu
ferrite, H,0, va duoc chiéu sang.
2.4.7. Anh hwéng cia lwgng vat liéu

Anh hudéng cua luong vat li¢u dén hoat tinh quang xuc tac dugc tién
hanh véi luong vat lidu thay d6i tir 0,5 +1,0 g/L. Lugng H,0, dugc lua
chon dua trén két qua khao sat & muc 2.4.6. Thoi gian chiéu sang cua céc
mau 1a 240 phat. Cach tién hanh twong tu nhu quy trinh duoc mé ta & muc
2.4.2 361 voi hé co vat licu ferrite, H,0, va duogc chiéu sang.
2.4.8. Anh hwéng ciia cac chat e ché

Pé ¢ co sd dé xuat co ché phan Gmg phan huy RhB, ching t6i da dua
thém vao hé chua ferrite, H,0, va chiéu sang béng dén Led, mot sb chat (e
ché sy tao thanh cac gbc tu do "O,, ‘OH va 15 tréng (h"). Cu thé nhu sau:
ImL ascorbic acid 1 mM (lam tac nhan tc ché goc ‘O, ), 1 mL isopropylic
alcohol (IPA) 10 mM (tc ché géc "OH) va 1mL ethylenediaminetetraacetic
acid (EDTA) 1 mM (trc ché 16 trong h*). Cach tién hanh twong ty nhu quy
trinh duwoc mo td & muc 2.4.2 dbi voi hé co vat liéu ferrite, H,0, va duoc
chiéu sang.
2.5. Nghién ciru kha ning thu hdi va tai sit dung vat liéu

Céch tién hanh tuong ty nhu quy trinh dugc mé ta ¢ muc 2.4.2 d6i véi
hé c6 vat liéu ferrite, H,0, va dugc chiéu sang. Sau mdi lan thuc hién, vat
licu duoc thu hdi bang céch dung tir truong cia nam cham. Cac mau duoc
rira bang ethanol, r6i say kho ¢ 70°C trong 3 gio. Tiép tuc tién hanh tai sir
dung vat li¢u trong diéu kién tuong tu nhu lan 1.
2.6. Thir nghiém xir li nwéc thai dét nhugom

Nudc thai dugc lay tai bé chira cua lang nghé dét nhuom chiéu cdi,
thudc thon Vi Ha, xa An Vi, huyén Quynh Phuy, tinh Thai Binh. Nudc thai
c6 mau d6 dam (Hinh 2.4a). Tién hanh pha loing nudc thai ban dau 20 lan
dé khao sat kha ning phan hay chat mau khi c6 mat mau vat liéu
ZnLa,Fe,.,04 va CoNd,Fe, 0,4 (x =0 +0,05) (Hinh 2.4b).

Do khoang hoa (COD%) clia Cac mau duoc tinh theo cong thire sau:
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COD,-COD,
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Hinh 2.4. Mdu nwéc thdi ban ddu (a) va sau khi pha lodng 20 lan (b)

3.1. Hé vat liéu ferrite MFe,O4 (M=Zn, Co, Ni)
3.1.1. Anh huéng ciia mot s6 yéu t6 dén s tao pha va kich thuée tinh
thé caa ferrite MFe,O, (M=Zn, Co, Ni)
3.1.1.1. Anh huéng ca nhiét dé nung

Gian d6 phan tich nhiét cua gel diéu ché ¢ ti 1é mol M/U =1/2, nhiét do
tao gel 1a 70°C. Tu két qua phan tich nhiét, dé thu duoc ZnFe,O,,
CoFe,0,, NiFe,0, can nung & trén 400°C. Ching t6i dd chon nung mau &
cac nhiét do tir 500 + 800°C cho nghién ciru sau.

Pé thu dugc mau ZnFe,04, CoFe,0, va NiFe,0, don pha c6 do két
tinh cao, kich thudc hat nho chiung t61 da chon nhiét 4o nung mau tdi vu 12

500°C.

CHUONG 3: KET QUA VA THAO LUAN

Chung t6i tién hanh ghi pho IR, dién tich bé mit riéng, anh hién vi
dién tir quét (SEM), pho DRS va tir tinh ctia miu CoFe,O, khi nung & 500

+ 800°C.

Bang 3.3. Gid tri sé séng, di¢n tich bé mit riéng, ning lwong ving cim

va cdc théng sé tir ciia CoFe,04khi nung ¢ 500 + 800°C

Mau | v, v, SgeT E, M M, H.

em™) | (em™) (m’.g™) |(€V)| (emu/g) | (emu/g) | (Oe)
CF500| 526 | 411 | 12,69 | 1,57 44,41 20,36 | 1739,45
CF600| 530 | 409 | 7,55 | 1,66 53,86 22,88 |1234,10
CF700| 532 | 408 | 3,94 | 1,90 59,40 27,89 |1234,20
CF800| 522 | 412 | 1,58 | 2,03 61,80 27,83 | 762,04
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3.1.1.2. Anh huréng cua thoi gian nung

Sau khi khao sat, dé thu duoc céc tinh thé don pha va kich thuéc nho
chtng t6i chon thoi gian nung mau toi wu 13 2 gid d6i vdi mau CoFe,04 va
NiFe,04 va 3 gior d6i v6i cac mau ZnFe,0,.
3.1.1.3. Anh hwong cua ti [é¢ mol ion kim loai/urea

Gian d6 XRD cua cac mau duge tong hop ¢ cung diéu kién nhiét do
tao gel, thoi gian nung va nhiét dd nung nhung c6 ti 1€ mol M/U khéac nhau.

Trong pham vi khao sat dé thu dugc tinh thé don pha ferrite MFe,O,
(M=Zn, Co, Ni) c6 kich thudc nho, ching t6i chon ti 1€ mol M/U t6i vu 1a
1/2 dé tién hanh khao sat cac diéu kién tiép theo.

Pé thay rd hon anh hudng cia ti 16 mol M/U dén hinh théi hoc, tinh
chat bé mit va tinh chat tir ciia mau, chung toi tién hanh do phd IR, anh
SEM, dudng dang nhiét hap phu va giai hap phu N, va cac thong sb tir cta
cac mau NiFe,0, dugc té)ng hop & 3 ti 1€ mol M/U 1a 3/1, 1/1 va 1/2.

Két qua cho thay khi ti 16 mol M/U giam thi kich thudc tinh thé trung
binh giam tir 46 dén 34 nm. Dién tich bé mat riéng ctia cdc miu ting tir
23,24 + 44,94 m°/g khi luong urea trong miu ting. Trén phd hdng ngoai
cia cac mau NiFe,0, khi thay doi ti 16 mol M/U chi quan sat duogc su thay
d6i dai hap thu dic trung cho dao dong cua lién két Fe-O trong cac hdc tir
dién (588 - 596 cm™). Lugng urea trong mau téng hop ban dau ciing anh
hudng dén cac giad tri do bao hoa tur (M), do tir du (M,) va luc khang tu
(Hc) cua vat liéu NiFe,O, (Bang 3.6). Két qua cho thay khi luong urea
trong mAu ting, gia tri 6 tir bio hoa 16n nhit (32,47 emu.g™) voi mau ti 16
mol M/U=1/2 va dat gi4 tri thap nhat (26,24 emu.g™) d6i véi mau ti 16 mol
M/U=3/1.
3.1.1.4. Anh huong ciia pH tao mau

3.1.2. Mot sb dic trung cua céac spinel ferrite diéu ché & diéu kién t6i uwu
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Nhu véy, qua qué trinh khao sat, chung t6i da lya chon dugc diéu kién toi

uu dé tong hop cac mau spinel ferrite tinh khiét va duoc dua ra ¢ Bang 3.8.

Bing 3.8. Diéu kién téi wu dé tong hop cdc mdu spinel ferrite

Stt Méu Tilé mol | pH tao | Nhi€t do | Thoi gian
ferrite M/U mau | nung (°C) | nung (gid)
1 ZnkFe,0, 1/2 3 500 3
2 CoFe,04 1/2 3 500 2
3 NiFe,O4 1/2 3 500 2

Mot sb dic trung vé thanh phén pha, hinh thai hoc cua cac spinel
ferrite diéu ché ¢ dicu kién toi vu dugce dua ra & Hinh 3.8-3.10.

Gian d0 XRD d3 x4c nhan sy tao thanh céu tric tinh thé spinel
ZnFe,0, (thanh chuan 022-1012); CoFe,O, (thanh chuin 00-022-1045) va
NiFe,O, (thanh chuan 00-054-0964).

Pho EDX cho thiy, da xuat hién cac peak dic trung cho cac nguyén to
trong cac mau spinel ferrite. Ngoai ra, khong théy su xuét hién cta cac
nguyén t6 khac, diéu ndy ching t6 mau tong hop dugc 1a tinh khiét. Anh
hién vi dién tir quét va truyén qua cho thay cac mau thu dugc co dang da
giac, kich thudc hat khoang tir 20 + 60 nm.

Dién tich bé mit riéng clia cac mau spinel tong hop bang phuong phap
d6t chay véi chat nén urea thu duoc 1a tir 12 m?/ g dén 52 m2/g (Bang 3.9).
3.1.3. Anh huéng ciia mét s6 yéu té6 dén hoat tinh quang xic tac phan
hiy Rhodamine B cua cac hé vat liéu
3.1.3.1. Anh hwong cua diéu kién phan iing

Pé khao sat hoat tinh quang xuc tac phan hay RhB cia ferrite chiung
t6i tién hanh thi nghiém ¢ cung diéu kién vé luong vat liéu (1,0 g/L), 1,5
mL H,0, 30%, thoi gian chiéu sang (210 phlt). Cach tién hanh twong tu

nhu quy trinh duge mo ta & muc 2.4.2 doi v6i hé c6 vat lidu spinel ferrite,
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H,0, va dugc chiéu sang. Su phu thudc ciia C/C, vao thoi gian chiéu sang

cua cac hé phan img dugc dua ra 6 Hinh 3.11 va 3.12.
Bing 3.10. Hiéu suat phan huy RhB cia hé ferrite
khi c6 mgt H,0, va chiéu sang ¢ 210 phut

STT H¢ phéan tng H(%)
1 H,O,+ LED 11,77
2 |[ZnFe,0O4+ LED 25,35
3 |CoFe,O4 + LED 29,37
4 NiFe,O4+ LED 10,64
5 |ZnFe,O4+ H,O,+ LED 88,05
6 |CoFe,O4+ H,0,+ LED 79,57
7 | NiFe,O4+ H,0,+ LED 76,77

T Bang 3.10 cho thay, hé ferrite c6 kha nang phan huy RhB trong
diéu kién nghién ciru.
3.1.3.2. Anh hwong cua ti 1¢ mol kim logi/urea dén hogt tinh quang xuc
tac phan huy RhB

Chung t61 da tién hanh khao sat mau NiFe,0, & 3 ti 16 mol M/U 14 1/2,
1/1 va 3/1 dén hoat tinh quang xtc tic phan huy RhB. Khi ¢ mit
NiFe,O,, trén phd UV-Vis ciia dung dich RhB déu quan sat thdy su giam
cudng d6 & budc séng 553 nm khi ting thoi gian chiéu sang. Sau 270 phut
chiéu sang, hiéu suat phan huy ctia RhB di tang tir 63,75% (v6i miu coO ti
1é mol M/U=3/1) 1én 94,66% (v&i mau ¢ ti 1¢ mol M/U=1/2).
3.1.3.3. Anh hueong ciia nhiét do nung dén hoat tinh quang xiic tac phdn
huy RhB

Chung t6i Iva chon 4 mau xuc tac CoFe,0,4 dugc nung & cac nhiét do
tir 500 + 800°C dé khao sat hoat tinh quang xtic tac phan huy RhB.

Két qua cho thay, sau 270 phit chiéu sang hiéu suat phan huy RhB
khi c6 mat cia H,0, va CoFe,O, lan luot 1a 90,6%, 67,6%, 51,6% va
42,8%, twong tmg v6i mau CoFe,0, duogc nung & 500 + 800°C. Nhu vay,
khi ting nhiét do nung ctia mau CoFe,0, thi hiéu suat phan huy RhB giam.
3.2. Hé ferrite pha tap ion dit hiém La>" va Nd**

3.2.1. Mot s6 dic trung ciia vt liéu ferrite pha tap La®*, Nd**
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3.2.1.1. Gian dé nhiéu xa Ronghen

Két qua cho théy, cac mau ZnLa,Fe,,0, (x =0 +0,05) déu xuét hién
cac peak ung véi goc 20 va mat phang mang 1a 30,0° (220); 35,28° (311);
42,92° (400); 56,66° (511); 62,18° (440) va 70,66° (533) dic trung cho cau
tric spinel cua ZnFe,0, (thanh chuan s 022-1012). Sy c6 mit cua ion La®
(La,O3) pha tap trong cac mau ZnLa,Fe,, O, dugc xac nhan & cac peak
g véi goc 20 la 26,14° 31,9°% 39,2° 45,8° 52,38° va 60,3° tng voi cAu
truc luc phuong.

Két qua do XRD ctia cac mau ZnNd,Fe,0, (x =0-+0,05) cho théy, déu
xuét hién don pha spinel. Cac mau ZnFe,0, c6 kich thudc tinh thé giam tu 22
nm dén 12 nm khi luong ion Nd* pha tap trong mau ting (Bang 3.14). Hang s6
mang tinh thé ZnFe,O, ting tir 8,44 dén 8,45A khi lvong Nd** tang.

Gian d6 XRD cua cac mau CoNd,Fe,0, (x=0,0+0,05) cho thay, cac
mau CoNd,Fe,,0, (x =0 +0,05) déu xuét hién cac peak tng véi goc 20 va
miat phang mang 1a 30,2° (220); 35,3° (311); 43,2° (400); 54,48° (422);
57,1° (511); 62,7° (400) va 70,7° (533) dic trung cho cdu tric spinel cia
CoFe,0, (g v6i thanh chuin sé 03-0864). Khi lugng ion Nd** pha tap
tang dén x = 0,05 va trong mau CoNdg psFe1,9504 con xuit hién pha cua
NdFeO; do su thay thé ion Fe** bang ion Nd**. Tuy nhién, do ban kinh ion
ciia Nd** 16n hon cia ion Fe** nén su thay thé nay trong mang tinh thé
CoFe,0, bi han ché. Cuong do vach nhiéu xa tai mat mang (311) tang lén
va ¢ su dich chuyén nhe goc 20 vé phia trén ( phia goc 20 nhod hon),
chtng to di c6 sy chuyén ion Nd**vao céac héc tu dién va bat dién dé thay
thé jon Co?*/Fe*".

Két qua cho thiy (Bang 3.15), khi lwvong ion Nd** pha tap tang thi kich
thude tinh thé ting (14,35 = 29,14 nm), thé tich 6 mang co cd va hang sb
mang tang. Didu nay duoc giai thich 1a do sy thay thé cia ion Nd** d3 lam
gian 60 mang co sO.
3.2.1.2 Phé hong ngoai

Pho hong ngoai (IR) cia cac miu ZnlLayFe,,0,, ZnNdFe,.O, va
CoNd,Fe,,0, (x =0+0,05) dugc dua ra & Hinh 3.19 déu xuat hién dao
dong dic trung cho lién két kim loai-oxygen (M-O) ¢ héc tir dién (v,) va &
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hdc bat dién (v,) (Bang 3.16).

Gié tri s6 séng v, , v, cua cac mau ferrite pha tap La>* va Nd** déu thay
d6i va da sd déu cao hon so véi trong mau tinh khiét.
3.2.1.3. Pho tén xa ndng luong tia X

Pho EDX va ti 1é % vé ti 18 nguyén tir trong cac mau dugc dua ra ¢ Hinh
3.20-3.21. Trén cac phd EDX cia miu ZnFe,O, (Hinh 3.20a) va CoFe,0,
(Hinh 3.21a) déu xuat hién peak dic trung cta nguyén té6 Zn (Co), Fe va
O. Su ¢6 mit cua cac peak dic trung cho nguyén t6 La va Nd trong céc
mau ZnFe,0, va CoFe,0, pha tap déu xuét hién trén phé EDX (Hinh 3.20
(b,c) va 3.21). Ngoai ra, khong xuat hién cic peak dic trung cia cic
nguyén t6 khac, ching to rang ciac mau thu duoc hoan toan tinh khiét. Két
qué tinh % vé ti 1& nguyén tir trong c4c mAu twong ddi phu hop véi két qua
tinh theo 1y thuyét (Bang 3.17).
3.2.1.4. Phé tén xa phan xa khuéch tan tir ngoai-kha kién

Két qua cho thiy, gia tri ning luong ving cdm ciia cic mau pha tap dét
hiém déu giam so voi mAu tinh khiét. Gid tri ning luong ving cam ctia cac mau
CoFe,O,4 va ZnFe,0, giam khi ham luong cua cac ion La>*, Nd** tang.
3.2.1.5. Hinh thdi hoc va dién tich bé mdt riéng

Anh hién vi dién tir quét (SEM) va anh hién vi dién tir truyén qua
(TEM) ctia cac mau ZnFe,0y, ZnLag gsFe; 9504, ZnNNdyFe,, O, (=0 + 0,05),
CoFe,0,4 va CoNdy gsFe; 4504, duge thé hién & Hinh 3.25, 3.26, 3.27, 3.28.
Két qua cho théy, cac hat nano thu duoc déu c6 dang da giac, kich thudc
kha dong déu. Cac mau ferrite khi pha tap ion La®* va Nd** déu co kich
thude hat nhé hon so véi mau ferrite tinh khiét. Két qua nay phu hop véi
két qua thu duoc tir gian do XRD.

MAau ZnLaggsFe; gs04 €6 kich thude hat phan b6 1a 40 nm (Hinh
3.25f), nhé hon so v&i mau ZnFe,0, tinh khiét (60 nm) (Hinh 3.25¢). Su
giam kich thu6c hat duoc giai thich 13 do anh huéng cta ion La® lam can
tro su phat trién cta tinh thé ZnFe,04 CO su giam nhé kich thudc hat
trung binh tir 35 nm (CoFe,0,) dén 30 nm (CoNdg gsFe; ¢s04) (Hinh 3.28).

Puong dang nhiét hip phu-giai hip phu khi N, va su phan b kich thudc
mao quén cua hai mau ZnFe,0,4 va Zn Lag osFe1 9504 duge dua ra & Hinh 3.30.
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Két qua thu duoc ¢ Hinh 3.30 a,b cho thiy, duong dang nhiét ca hai mau
vat liéu c6 su két hop cua hai loai III va IV, dac trung cho vat liéu mao quan
trung binh va mao quan l6n theo phan loai cia IUPAC. Tuy nhién, duong
déng nhiét cua vat liu ZnLaggsFe; gs04 c6 do rdng cua vong tré rd rang hon so
véi ctia ZnFe,Oy tinh khiét. Hinh 3.30 ¢, d cho théy, kich thuéc mao quan cua
ZnFe,0y4 12 60 nm va cua ZnlLaggsFe; gs04 1a 30 nm. Két qua nay cling phu
hop voi két qua thu duoc tir anh SEM va TEM, vat liéu ZnFe,O, thudc loai
mao quan lon (>50 nm), con vat li€u ZnLaggsFe; gs0,4 thude loai mao quan
trung binh (2-50 nm). Ngoai ra, két qua do d3 xac dinh dugc dién tich bé mit
riéng cua vat liéu ZnLaggsFe; 504 12 41,07 mz/g, cao hon so vo1 cua ZnFe,O,
tinh khiét (9,99 m%g). Téng thé tich mao quan cta vat liéu ZnlLagsFe; 04
cao hon cua ZnFe,O,4 trong khi kich thudc mao quan trung binh cua vat li¢u
nay thép hon so vo1 cua ZnFe,O,.

Puong dang nhiét hap phu-giai hip phu khi N, va su phan bé kich
thudc mao quan cua hai mau CoFe,0, va CoNdg gsFe; 504 dugc dua ra &
Hinh 3.31. Két qua thu dugc ¢ Hinh 3.31 cho thay, duong dang nhiét cta
vat lieu CoFe,O4 thudc loai IT theo phan loai cua IUPAC, dac trung cho
mao quan trung binh

Ngoai ra, két qua do da xac dinh dugc dién tich bé mat riéng cua vat
lidu CoNdg gsFe; 9504 la 35,0 mz/g, cao hon so vGi ctia CoFe,O, tinh khiét
(12,7 mz/g). Téng thé tich mao quan cua vat liéu CoNd g gsFe; 9504 cao hon
cua CoFe,04 trong khi kich thudc mao quan trung binh cua vat li¢u nay
thap hon so véi ciia CoFe,0, (Bang 3.19).

Bing 3.19. Cac thong s6 bé mit ciia cac vat liéu ZnFe,0O,,

n La0,05Fe1,95O4, ZnNdo’03F91’9704, CoFe, O, va CONd0,05Fel,9504

Cic thong so Dién tich bé | Tong thé tich | Pwong kinh mao

bé miit mat riéng mao quan quan trung binh
(m°/g) (cm’/g) (nm)
ZnFe,0, 9,99 0,087 38,48
ZnLa0,05F61,9504 41,07 0,186 22,34
ZnNdg g3Fe1.9704 28,86 0,21 28,00
CoFe,0, 12,7 0,099 32,8
CONd0,05Felyg504 35,0 0,114 12,6
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3.2.1.6. Tinh chat tir

Pudng cong tir tré cua cac mau duogc dua ra ¢ Hinh 3.32
Bdng 3.20. Tinh chat tir ciia cdc méu CoNdFe,,0, (x = 0+0,05)

STT Tén miu Do bao hoa | Do tirdw | Luwc khang
tir (emu/g) | (emu/g) tir (Oe)
1 CoFe,04 47,78 21,5 1972,22
2 CoNdpo1Fe1 9904 43,97 17,38 1766,94
3 CoNd ¢ g3Fey 6704 41,69 15,8 1317,26
4 CoNd ¢ gsFe1,6504 28,99 10,45 1199,95

Két qua cho thay, khi lugng ion Nd** pha tap trong mau tang, do bio
hoa tir, d6 tir du va luc khang tir déu giam (Bang 3.20). Khi pha tap ion
Nd**, tinh chat tr ctia vat liéu CoFe,0, thay doi.

3.2.2. Hoat tinh quang xuc tac phan hiy rhodamine B cia cac hé
ferrite pha tap La3+, Nd**
3.2.2.1. Anh hudng cua ion ddt hiém

Pho UV-Vis cuia dung dich RhB sau cac khoang thoi gian khi c6 mit
déng thoi H,0, va cac vat lieu ZnLagFe,,O4 ZnNdyFe, O, va
CoNd,Fe,,O, (x = 0 + 0,05), chiéu sang bang dén Led duoc chi ra &
Hinh 3.33 -3.35.

Két qua cho théy, cac mau ZnFe,0, khi duoc pha tap ion Nd** déu ¢co6
hiéu suat phan huy RhB cao hon mau ZnFe,0, tinh khiét. Nguyén nhan la
do kich thude tinh thé cta cac mau ZnNd,Fe,. O, (x =0,0 +0,05) giam tu
22 nm dén 12 nm khi lugng Nd** trong mau ting. Mit khac, ning luong
vung cAm cua cac mau ZnNd,Fe, O, (x =0,0 + 0,05) giam tur 1,75 eV dén
1,42 eV khi lugng Nd** ting cling gop phan ting cudng su tao thanh cac
gbc "OH, kich thich su phan hily cac phan tir RhB.

Khi dugc pha tap cac ion dét hiém la La®*, Nd** hiéu sut phan hay RhB
cua cac ferrite ting dang ké (Bang 3.21). Nguyén nhan 1a do véi su cd mat
cua ion La**, Nd** & trong mau da lam giam su tai t6 hop cua electron va
16 tréng. Do d6 hoat tinh quang xuc tac cua cac mau vat liéu ZnFe,0, pha
tap La*'(tang tr 73,04% dén 86,3%) ZnFe,O, pha tap Nd**(ting tur
85,14% dén 95,46%) va CoFe,O, pha tap Nd** dugc ting cudng (tang tir
71,7% dén 94,7%).
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Pé xac dinh yéu té dong hoc caa phan tng phan hay RhB, ching toi
tinh dai luong In(C,/C,) theo thoi gian. Két qua cho thay phan ung phan
huy RhB trén xdc tac ZnLa,Fe,.,O4, ZnNd,Fe,,O, va CoNd,Fe,.,04 (x=0
+ 0,05) tudn theo phuong trinh dong hoc bac 1. Khi c6 mat ion La>*, Nd**
trong mang tinh thé ZnFe,0, va CoFe,0, gia tri hang sé toc d6 phan ung
phan huy RhB tang (Bang 3.21d).
3.2.2.2. Anh huwong cua lwong H,0,

Két qua tinh toan cho théy, khi Iuvong H,0, tang tor 0,05M dén 0,1M
thi hiéu suat phan hay RhB ting tr 79,38% dén 97,42%
(ZnLag osFe1 o504), tir 79,4% dén 97,2% (ZnNdg osFe; 704) VA tir 81,04%
dén 93,52% (CoNdp gs5F€1 9504). Tuy nhién, luong H,0, 1€n 0,15M thi hi¢u
suat giam xudng. Luong H,0, toi wu cho qua trinh phan huy RhB khi dugc
chiéu sang va c6 mit vat litu ZnLagosFe1es0s , CONdgosFer 9504 Va
ZnNdo osFe1 6704 12 0,1M.
3.2.2.3. Anh hwong cua lwong vdt liéu

Tir Hinh 3.40 cho thay, khi luong vat liéu tang tir 0,5 + 0,75 g/L thi
hiéu suat phan hay RhB tang tir 62,13% dén 98,01% (ZnLag osFeq 9504), tir
62,13% dén  98,01% (ZnNdggsFeiq;04) va tir 72,52% dén 93,52%
(CoNdg gsFe1 9504). Khi lugng vat liéu tang 1én 1,0 g/L thi hi€u suét phan
hay giam  xuéng con  93,03%  (ZnLaggsFeres04),  93,02%
(ZnNdgosFe; 0704) VA 88,14% (CoNdgosFe;os04). Luong vat liéu
ZnLag gsFe; 0504, ZNNdg gsFes 6704, CoNdg gsFer 970, toi wru cho qua trinh
phan huy RhB khi duoc chiéu sang va c6 mit H,0, 14 0,075 gam.
3.2.3. Anh huéng ciia chat vrc ché

Véi muc dich danh gia vai tro cta cac goc tu do 1a 'O, "OH va 15
trbng (h") trong phan ung quang xuc tic phin hiy RhB cua hé
ZnlLag psFe; 9s04/H,0,/Led va hé¢ CoNdggsFer 9s04/H,0,/Led, chang toi
tién hanh thi nghiém khi khéng c6 mit va c6 mit cac chat tc ché 1a
ascorbic acid (&rc ché goc "O,), isopropylic alcohol (IPA) (ttc ché goc
"OH) va ethylenediaminetetraacetic acid (EDTA) (trc ché 15 tréng h*). Két
qua cho thidy, ca hai hé ZnlLaggFe,es04/H,0x/Led va hé
CoNdpgsFe1 9504/H,04/Led khi c6 mat ascorbic acid, EDTA va IPA, hi¢u
suat phan hity RhB va hang s téc d6 phan ung déu giam (Bang 3.22-
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3.23). P6i v6i hé ZnLaggsFer 9504/H,0,/Led, khi c6 mat IPA, higu suat
phan huly RhB giam manh nhat ( tir 99,5% xudng 38,87%). Tir két qua nay
c6 thé cho rang, tic nhan "OH doéng vai trd chinh trong qua trinh phan hiy
RhB cua hé ZnLag gsFe; 9s04/H,0,/Led.

Tuy nhién, d6i véi hé CoNdggsFe; is04/H,0,/Led, sy giam hiéu suat
phan huy RhB khi ¢6 mat ascorbic acid, EDTA va IPA chénh 1éch nhau
khong 16n. Nhu vay, tac nhan "OH, O, va h™ déu dong vai tro chinh trong
qua trinh phan huy RhB cua hé CoNdg gsFe; 9504/H,0,/Led.

Trén co s& cac két qua nghién ctru, chung toi dé xuat co ché phan tng
phan huy RhB trén chét xuc tac ZnFe,0, pha tap ion La** va CoFe,0, pha
tap ion Nd*" nhu sau:

Khi dugc chiéu sang thich hop, trén bé mit cta cac ZnLaFe,, 0, va
CoNdyFe,.,O, xay ra qua trinh quang xuc tac, tao ra cac goc ty do c6 kha
ning oxi hod cao nhu "OH, ‘O, , lam phan huy hop chat hitu co. Cu thé
nhu sau:

ZnLa,Fe, O, +hv — ¢ +h"
CoNd,Fe,.,0,+ hv— ¢ +h’
e+0,— 0,
H,O, +e— 'OH + OH
h*+H,0 - OH+H"
h*+ OH — ‘OH
‘OH/'0O, +RhB — CO»+ H,0 +....
=Fe’" + e — =Fe*’
=Fe** + H,0, — =Fe*" + "OOH + H*
=Fe”" + H,0, — =Fe¢*" + ‘'OH + OH"
RhB + ('OH, 'O,’, 'OOH) — CO,, H,0

L

G
+H, "OH NdFeO,
HZOZ

Hinh 3.43. Minh hea co  ché phan #ng quang xdc tac phan hiy RhB béi
vdt ligu ZnLa,Fe,-xO, va CoNd,Fe,,O,
vai sur ¢ mgt criia anh sang va H,0,
3.2.4. Nghién ctru kha niing thu hoi va tai sir dung ciia vat liéu
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Hiéu suat phan hay RhB sau 03 lan tai st dung cua cac vat liéu ferrite
pha tap La**va Nd** duoc dua ra & Hinh 3.44.

Sau ba lan tai st dung, hiéu suat phan hay RhB cua vat liéu
ZnLag gsFe; 9504 giam tir 98,01% dén 70,0%:; ciia ZnNdg gsFe 9504 gidm tir
96,0% dén 72,02%, ctia CoNdy gsFe; ¢s04 giam tir 94,03% dén 78,01%.

Bé mit va thanh ph?m pha cua vat liéu ZnLaggsF€;950,4 hau nhu khong
thay doi (Hinh 3.45-3.46). Diéu nay ching to rang, cac vt lidu co do bén cao,
c6 kha ning ung dung trong thuc té dé xir i cac hop chat hiru co 6 nhiém.
3.2.5. Thir nghiém xir li nwée thii dét nhudm ciia cac mau vat liéu

Su thay doi gia tr1 COD cua nudc thai dét nhudom theo thoi gian
chiéu sang khi c6 mit cac mau vat liéu ZnLa,Fe,, O, va CoNd,Fe,, 04 (X
=0 +0,05) dugc dua ra ¢ Hinh 3.47 va 3.48. Khi tang thoi gian chiéu sang,
gia tri COD cua nudc thai dét nhuém cé hé ZnLa,Fe, O, va CoNd,Fe,O4
déu giam.

Trong cac mau vat lidu, ZnLagosFe;0504 va CONdgsFe; o504 lam
giam gia tri COD manh nhat. Sau 360 phut chiéu sang véi su c6 mit cia
H,0,, chi s6 COD cua hé ZnLaggsFe; 9504 gidm 88,67% (tir 364,67 mg/L
dén 41,33 mg/L), cia hé CoNdg gsFe; 0504 giam 89,61% ( tir 394,7 mg/L
dén 41,0 mg/L).

3.3. Pic trung ciu tric va hoat tinh quang xiic tic phéan hiy
Rhodamine B ctia hé composite ZnFe,O,/Bentonite
3.3.1. Mt s6 dic trung ciia hé vat liéu ZnFe,O,/Bentonite

Gian d6 nhifu xa Ronghen (XRD) cia bentonite, ZnFe,O, va
ZnFe,04/BT duoc chi ra & Hinh 3.49. Tir hinh 3.49 (a) cho thiy, di xuat
hién peak Umg vé&i goc 20 = 26,37° (003) dic trung cho bentonite (thé
chuin s6 03-0019). Pi quan sat dugc cac peak ¢ goc 20 lan luot 1a 30,08°
(220); 35,48° (311); 43,16° (400); 57,0° (511) va 62,6° (440) (Hinh 3.49(a))
dic trung cho cau tric 1ap phuong ctia ZnFe,0, (thé chuan s6 022-1012).

Trén pho XRD ciia miu ZnFe,0O,/BT (Hinh 3.49a(3) da quan sat duoc
cac peak dic trung cia ZnFe,O, nhung v6i cudng do giam hon so v&i mau
ZnFe,0, tinh khiét. Sy giam cudng do cac peak da ching to co su tuong tac
giita ZnFe,0, va bentonite. K&t qua tinh toan tir phuong trinh Deby-Scherrer
thay kich thudc tinh thé cia ZnFe,0,/BT 1a 22 nm, nho hon so véi ZnFe,0,
tinh khiét (29 nm).



19

Trén pho hong ngoai ciia bentonite xuat hién dai hap thu & 3693-3620
va 690 cm™ dic trung cho dao dong cua cac lién két Al-(OH) va Si-O. Dai
hap thu ¢ 3394 va 1633 em™” dic trung cho dao dong cua lién két O-H trong
phan tir nudc co trén bé mit bentonite. Céc dai hép thu ta1 910 va 794 em’t
d3 xac nhan su ¢6 mit cia nhom diocta va SiO, trong bentonite. Dai hap thu
tai 991 cm™ duogc qui gan cho dao dong cua lién két Si-O. Tur Hinh 3.49b
(2) cho théy, co dai hép thu manh tai 522 cm’™ dac trung cho dao dong cua
lién két Zn-O trong hoc t& dién va & 447 cm™ dac trung cho lién két Fe-
O trong cic hoc bat dién cta ZnFe,O,. Trén phod héng ngoai cua
ZnFe,0,/BT c6 sy thay d6i & dao dong ctia lién két kim loai-oxi (M-O) & ca
héc tir dién va hoc bat dién. Picu ndy chung to cac 16p MMT trong
bentonite dd anh huong dén dao dong cua céc lién két M-O. Ngoai ra, co
thém cac dai hip thu & 773 cm™ va 1037 cm™ dic trung cho dao dong cua
nhoém SiO, va cua lién két Si-O-Si. Sy thay doi dai hap thu cta hai nhém
nay da chung t6 c6 sy hinh thanh composite ZnFe,O,/BT. Su c6 mat cua
dai hap thu & 3379 em™” dac trung cho dao dong cua lién két O-H trong
phan tr nudce ¢o trén bé mit mau ZnFe,0,/BT cling da dugc quan sat.

Két qua ghi phé) EDX ctia mau ZnFe,O4 va ZnFe,04/BT cho théy,
trong ¢4 hai miu déu xuat hién peak dic trung ctia nguyén t6 Zn, Fe va O.
Péi voi mau ZnFe,0,/BT con thiy xuat hién cac peak dic trung cho su c6
mat cua Si, Al trong bentonite.

Anh SEM ciia miu ZnFe,0, va ZnFe,0,/BT (Hinh 3.51) cho thiy, cac hat
thu duoc déu c6 dang hinh da giac, phan bd kha dong déu. Pa co su giam 16
rang vé su két tu trong mau ZnFe,0,/BT. Kich thudc hat cia mau ZnFe,0,/BT
(khoang 30 nm) nhé hon so v6i mau ZnFe,O, (khoang 45-50 nm).

Két qua tinh toan cho thay, ning luwong ving cidm ctia mau
ZnFe,O4/BT 1a 1,82 eV, nhé hon so vdi cua bentonite (2,18 eV) va
ZnFe, 04 (1,95 eV).

Ca hai mau ZnFe,0, va ZnFe,0,/BT ¢ dudong dang nhiét thudc loai IV
theo phén loai ciia IUPAC, dic trung cho mao quan trung binh. Dién tich bé
mit riéng ctiia mau ZnFe,O,/BT (23,79 mz/g) 16n hon so véi ZnFe,O, (16,11
m?/ g). Tong thé tich mao quan va duong kinh mao quan trung binh cia mau
ZnFe,O4/BT tuong tng 1a 0,1450 cm3/g; 27.45 nm, nhd hon so véi cia mau
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ZnFe,0, tinh khiét (0,1457 cm®/g; 38,70 nm). Véi su ting dién tich bé mat
riéng, giam thé tich va duong kinh mao quan hira hen mau ZnFe,O,/BT ¢
kha ning hap phu tét hon miu ZnFe,O, tinh khiét.
15

:—ZnFe,OA(1)
|——2ZnFe,0,/BT(2)
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Hinh 3.54. Puwong cong tir tré (a) ciia mau ZnFe,0, (1), ZnFe,0./BT(2)
va hén hep chira ZnFe,04/BT liic ban dau (b) va sau khi dat nam cham 15
phut (c)

Két qua cho théy, gia tri 0 bao hoa tir (Ms) ctia mau ZnFe,0,/BT la
13,42 emu/g, cao hon ciia mau ZnFe,0, (5,61 emu/g). Khi duoc pha tap
bentonite, c6 sy giam kich thudc hat va co sy sip xép lai moment tir spin
trong ZnFe,O4. Do d6 lam tang d0 bao hoa tir ctia véat liéu ZnFe,O,/BT.
biéu nay da lam cho vat liéu ZnFe,O4/BT dé dang tach ra khoi dung dich

sau phan tng.
3.3.2. Hoat tinh quang xuc tac phan hiay rhodamine B cia vat li€u
ZnFe,0,/Bentonite

Kha ning hap phu va phan hay RhB cua cac mau duoc nghién cau
trong diéu kién khdng chiéu sang va co chiéu sang bang dén Led trong thoi
gian 210 phat. Hiéu suat phan hay RhB cua H,O, chi dat 10,02% trong
bong toi (Hinh 3.55a(1)) va ting 1én khong dang ké khi duoc chiéu sang
(11.77%) (Hinh 3.55b(1)) sau 210 phat phan ang. Khi hé chi c6 mat
ZnFe,0,, trong bong tbi, hiéu suat hap phu RhB dat 1a 13,2% (Hinh
3.55a(2)) va tang nhe 1én 17,59% khi duoc chiéu sang (Hinh 3.55b(2)).
Do6i voi hé chaa ZnFe,0, va H,0,, khi trong bong tdi thi chi xu 1i duoc
29,13% s6 phan tr RhB (Hinh 3.55a(3)) nhung khi duoc chiéu sang thi
hiéu suat xir 1i RhB ting manh, dat 88,05% (Hinh 3.55b(3)). Khi chi c6
mat chat xdc tac ZnFe,0,/BT trong 210 phat, hiéu suat hap phu RhB cua
vat lidu dat 30,34% (khong chiéu sang, Hinh 3.55a(4)) va 39,80% (co
chiéu sang, Hinh 3.55b(4)). Khi hé nay duoc thém chat oxi hoa 1a H,0,,
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néu khong duoc chiéu sang thi hiéu suat xu Ii chi dat 40,92% (Hinh
3.55a(5)). Vi sy c6 mit ciia anh sang dén Led, hiéu suat xtr i RhB cua hé
nay tang 1én dén 93,23% (Hinh 3.55b(5)).

Trong qua trinh nay, cac géc tor do duoc tao ra lién tuc, do d6 hiéu
sudt phan hiy hop chét hitu co ctia hé ferrite/H,0,/LED duoc cai thién.
Khi ZnFe,0, dugc dua 18n chat nén 13 bentonite, hiéu suat phan hiy RhB
cuia vat liéu nay dugc ting cuong dang ké.

6100 ——ho, ) 0100 =
:;::Zg '2; 0.(3) _’_z;‘Fé;O‘ @
%] aeoieria o e i g 3)
\o & —v—ZnFe,0 /BT+H,0, (5) ——v—ZnFe;o:BT A
T §° 60
40- (3)
(4 40
20 (3) (2
(2) 20
0 , : : ; : ,
0 30 60 90 120 150 180 21 0 , : ‘ . , .
t (phat) 0 30 60 90 120 150 180 2
t (phat)

Hinh 3.55, Sy phu thugc ciia hi¢u suit (%H) xii If RhB theo thoi gian ciia
hé khéng chiéu sing (a) va chiéu sing (b) khi cé mat H,0, (1), ZnFe,0,
(2), ZnFe,04+H,0; (3), ZnkFe;OyBT (4) va ZnkFe,Oy/BT+ H,0; (5)
3.3.3. Anh huéng ciia chit vrc ché

Két qua nghién ctru anh hudng cia cac gbe ty do ‘O,, 'OH va h* trong
hé ZnFe,O0,/H,0,/LED va ZnFe,0,/BT/H,0O,/LED dugc dua ra & Hinh
3.56. Hinh 3.56a cho thdy, hiéu suat phan huy RhB cua hé
ZnFe,0,/H,0,/LED giam tir 85,15% dén 54,09% (ascorbic acid), 62,08%
(EDTA) va 38,71% (IPA). Hiéu suat phan hiay RhB cia hé
ZnFe,0,/BT/H,O,/LED (Hinh 3.56b) cling giam manh theo trat tu sau:
Khong c6 chat te ché (92,23%) > c6 EDTA (68,9%) > c6 ascorbic acid
(58,49%) > cO IPA (42,96% ). Biéu nay cho thay, cac goc tu do ‘O,, ‘OH
va h* déu dong vai trd quan trong trong qua trinh quang xuc tac clia cac hé
ZnFe,04/H,0,/LED va ZnFe,0,/BT/H,0,/LED. Anh huong cua cac gbc
tur do dén hiéu suat phan hiy hop chat hitu co da duoc dua ra trong nghién
clru ctia mot sb tac gia ddi voi hé vat lidu MnFe,O,/Bentonite va
NiFe,O,/Bentonite, ZnFe,O,/Bentonite.

Dua trén cac két qua nghién ctru trén, chung t6i dua ra so dd co ché
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quang xtc tac phan hity RhB ciia hé ZnFe,0,/BT/H,0,/LED & Hinh 3.57.

LED light system

[
“ ZnFe,0,
. + RhB dye
o, CO, + H,0
ZnFe,0,/Bentonite < :
c e e
2
g\ 3
& 2 + RhB dye
Q ZnFe,0, ‘OH CO, + H,0
@ Bentonite

H,0,

Hinh 3.57. So' dé co ché phdn iing quang XUc tac
phan hiy RhB cua hé ZnFe,0,/BT/H,0,/LED

Vit liéu ZnFe,04/BT 1a chat xtic tac ¢ hiéu qua trong phan hity hop
chét hitu co 6 nhiém nhu RhB duéi 4nh sang ving nhin thay.
3.3.4. Nghién ctru kha niing thu hoi va tai sir dung ciia vat liéu

Sau ba lan tai st dung, hiéu suat phan hay RhB cua vat liéu
ZnFe,0,/BT giam tir 93,23% dén 75,0%. Bé mit va thanh phan pha cua
vat liéu ZnFe,0,/BT hau nhu khong thay d6i (Hinh 3.59). Biéu nay chang
to rang, cac vat lidu c6 do bén cao, c6 kha nang (ng dung trong thuc té dé
xt |i cac hop chat hitu co 6 nhiém.
3.3.5. Thir nghiém xi ly nwéc thiai dét nhuém cia vat liéu ZnFe,O,/BT

Két qua cho théy mau vat liéu ZnFe,0,/BT 1am giam gia tri COD
manh. Sau 360 phut chiéu sang v&i su c6 mat cua H,O,, chi s6 COD cua
hé ZnFe,0,/BT giam 91,19 % (tir 431,33 mg/L dén 38 mg/L. Pa sd cac
phan tir RhB c6 vong thom dugc khoang hoda thanh cac phan tir nho hon.
Sau d6 1a qua trinh phan hiiy RhB hoan toan thanh céc chat it doc hai hon.

KET LUAN
1. Dya trén cac két qua nghién ctru mot sb yéu td anh hudng té1 su tao
pha va kich thuéc tinh thé cua hé spinel ferrite MFe,04 (M=Zn, Co, Ni):
Nhiét do nung, ti 1¢ mol KL/ure, thoi gian nung, pH da xac dinh dugc diéu
kién thich hop dé tong hop cac hé spinel don pha ferrite MFe,0, (M=2Zn,
Co, Ni), c6 kich thuéc tinh thé nho 13 ti 16 mol M/U=1/2, pH tao mau bang
3, nhiét do nung 500°C, thoi gian nung 13 3 gid doi véi ZnkFe,0, thot gian
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nung 13 2 gio d6i véi mau CoFe,0,4, NiFe,0,.

2. Pa tong hop thanh céng 03 hé ferrite ZnFe,04, CoFe,0,,
NiFe,0,, 09 miu vat liéu ferrite pha tap ion La®*, Nd**cua ba hé la
ZnLayFe; 04, ZNNdyFe, 04, CoNdyFe, O, v6i x = 1, 3, 5 % va mau vat
liéu ZnFe,0,/BT. P nghién ctru duoc cac dic trung vé thanh phan pha,
hinh thai hoc, dién tich bé mit riéng, ning lugng ving cAm cua cac hé vat
liéu tong hop dugc.

3. P nghién ciru dugce tinh chat quang xtc tac phan hity RhB ciia céac
hé¢ vat li¢u. Pa khao sat anh huong ciia mot $6 yéu t& nhu nhiét d6 nung, ti
16 mol M/U, khdi luong vat liéu, H,0, dén hiéu suét quang xUc tac.

Sau 270 phut chiéu sang, hiéu suat phan hiy cua RhB di ting tur
63,75% (voi mau c6 ti 1& mol M/U=3/1) 1én 94,66% (vi mau co ti 1& mol
M/U=1/2) d6i v6i hé xtc tac NiFe,0,.

Sau 270 phut chiéu sang hiéu suat phan hay RhB khi c6 mit cia
H,0, va CoFe,04 cao nhat 1a 90,6 % dbi voi mau CoFe,04 duoc nung &
500°C d6i véi hé xtc tdc CoFe,0,.

Khi dugc pha tap cac ion dat hiém 1a La>*, Nd** hiéu suét phan hay RhB
cua cac ferrite ting: mau vt lidu ZnFe,0, pha tap La>* ting tir 73,04% dén
86,3% sau 240 phit ZnFe,O, pha tap Nd*'ting dén 95,46% sau 210 pht,
CoFe,0, pha tap Nd** tang tir 71,7% dén 94,7% sau 180 phiit.

4. Budc dau da dé xuat duoc co ché cua phan tmg quang xtc tac phan
hay. Két qua cho thay tdc nhan ‘OH déng vai trd chinh trong qua trinh phan
hity RhB ctia hé ZnLag gsFe; ¢504. D6i vi hé CoNdg sFe; ¢50, tic nhan "OH,
"0, va h" déu dong vai trd chinh trong qua trinh phan hily RhB.

Sau 4 lan str dung thi hiéu suat quang xuc tac cua vat liéu van dat trén
70%. Sau ba lan tai s dung, hiéu suat phan hay RhB cua vat liéu
ZnLag gsFe; 9504 giam tir 98,01% dén 70,0%; ciia ZnNdjg gsFe; 9504 giam tir
96,0% dén 72,02%, ciia CoNdg gsFe; ¢s04 giam tir 94,03% dén 78,01%, cua
ZnFe,0,/BT giam tir 93,23% dén 75,0%.

5. Budc dau thir nghiém xt 1y nudce thai dét nhudém chiéu coi tinh Thai
Binh sir dung cidc mau vt liéu ZnLaggsFe; 9504 Va CoNdg gsFe; g504. Sau
360 phut chiéu sang v&i su c¢6 mit cua Hy,O,, chi s6 COD cua hé
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ZnLagpsFe; 9504 giam 88,67% (tir 364,67 mg/L dén 41,33 mg/L), cua h¢

CoNdggsFe; gs0,4 giam 89,61%  (tor 394,7 mg/L dén 41,0 mg/L), cua
ZnFe,O,/BT giam 91,19 % (tir 431,33 mg/L dén 38 mg/L).



