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MO PAU

Hién nay, nhiéu nganh cong nghiép phat trién 1am cho méi truong ngay cang
bi 6 nhiém, dic biét 1a moi trudng nudc bi 6 nhidm cac hop chét hitu co khé phan
huy va cac kim loai ning gy ra cac bénh hiém nghéo cho con ngudi va tac dong
xau dén moi truong. Phuong phap oxi ho& nang cao 1a mét trong sd cac phuong
phap hiéu qua dé xu li cac hop chat hitu co trong mdi truong nudce. Pic biét ndi troi
cua phuong phap nay 1a than thién v4i moéi trudong, c6 kha ndng phan huy hoan toan
céc chat hitu co 6 nhiém thanh cac chit véo co khong doc hai nhu CO, va H,0. Co
so chinh cua phuong phap 1a dya trén viéc sir dung chat ban dan va ngudn sang dé
thue hién qué trinh phan huy cac chat hiru co.

Mot trong sd chat ban din thuong dugc st dung trong phuong phap nay céc
vat liéu ferrite. Cac ferrite véi cong thure chung la MFe,O, (M = Mn, Fe, Co, Ni,
Zn...) co6 do bén hoa hoc cao, nang lugng vung cAm nho (=2 ¢eV), dac biét 1a co tur
tinh. Chinh diéu nay gidp cho vat liéu dé dang tach ra khoi hé sau qua trinh xtr 1.
Do d6 1am giam hiéu qua chi phi va cho kha ning Gng dung thuc té cao. Uu diém
cua hé xuc tac la cac spinel ferrite, voi su c6 mat cua H,O, va anh sang nhin théy la
xay ra dong thoi qua trinh Photon va Fenton di thé, giup cho qua trinh phan huy hop
chat hitu co dat hidu qua cao. Phuong phép tong hop va tinh chat ciia cac hé ferrite
d3 duoc nhiéu nha khoa hoc quan tdm nghién ctru. Két qua ciia nhiéu nghién ciru da
chi ra rang, tinh chét cua ferrite phu thudc vao phuong phap va diéu kién téng hop.
Tuy nhién, dbi véi hé ferrite nhu ZnFe,0,, CoFe,0,, NiFe,0, dnh huong cia diéu
kién téng hop dén hinh thai, ciu tric, tinh chat quang, tu va dac biét 1a hoat tinh
quang X(c tac con chua duoc nghién ctru mot cach hé théng. Ngoai ra, ban chét cua
cac ion pha tap vao mang tinh thé cling anh huong dén ciu tréc, tinh chat cua
ferrite. Mot s6 cong trinh nghién ctru cho thay, khi pha tap cac ion dat hiém nhu
La**, Nd*", Eu®", Gd* thi c4c ion nay s€ thay thé Fe** & vi tri bat dién trong ferrite,
1am mang tinh thé bi bién dang, dan dén ting hoic giam hing sé mang. Do cAu tric

mang tinh thé thay d6i nén tinh chat dién, tir, quang cua ferrite ciing bi anh hudng.



H¢ ferrite da dugc dung lam chat xtc tac dé xur li nhiéu hop chit hitu co
cho hiéu suit cao. Tuy nhién, do c6 tinh chit tir nén céac hat ferrite c6 xu hudng
két tu lai voi nhau, lam giam hiéu qua xu li. Mot trong nhitng cach khic phuc
nhuoc diém nay 1a phéan tan cac ferrite trén chat mang thich hop. Bentonite la
mot chat mang kha 1i tuéng dé tao vat composite vdi cac hat ferrite do no cé ciu
tric 16p, dién tich bé mit riéng 16n, vira c6 kha ning hip phu tbt, dong thoi co
kha ning trao d6i ion cao.

Tuy nhién cac cong trinh nghién ctu vé tinh chat, tng dung cia vat liéu
composite giita ferrite va bentonite khong nhiéu.

Vi vay, ching t6i lya chon ndi dung luan an: “Tong hop va khdo sdt kha ning
phan huy Rhodamine B trong moi truong nudc cua vat liu nano ferrite”.
Muc tiéu luin an

Tong hop duoc mot sd hé spinel chira ferrite co hoat tinh quang xtic tac cao
nham xtr 1y cac hop chat hitu co 6 nhidém trong méi trudng nudc.

Noi dung nghién ciru

Nghién ctru anh hudng ciia mot s6 yéu t trong qua trinh tong hop dén thanh
phan pha, hinh thai hoc va tinh chat ctia hé vat liéu ferrite MFe,O, (M =Zn, Co, Ni).

Téng hop va nghién ctru dic trung cdu tric, tinh chit va hoat tinh quang xuc
tac phan huy rhodamine B cua cac vat li¢u ferrite ZnFe,O,4, CoFe, 0,4, NiFe,O,4 tinh
khiét, pha tap ion dét hiém (La**, Nd*") va hé composite ZnFe,0,/Bentonite & diéu
kién t6i wu.

Panh gia kha nang thu hoi, tai sir dung va thir nghiém xir li nudc thai dét
nhudm cua cac vat liéu chira ferrite.

Piém méi ciia luin 4n

ba xac dinh dugc anh hudng cia cac yéu t6 nhiét do nung, thoi gian nung, ti
1é mol ion kim loai/urea dén sy hinh thanh pha, hinh thai hoc va tinh chét cua cac
vt liéu ferrite ZnFe,0,, CoFe,0,, NiFe,0,. Trong sb cac yéu to do, nhiét do nung
va ti 16 mol kim loai/urea 13 hai yéu t6 anh huéng manh dén hoat tinh quang xtc tac

phﬁl’l huy rhodamine B cua CoFe,0, va NiFeZO4.



D3 tong hop thanh coéng va nghién ctru duoc dic trung cdu trac, tinh chit va
hoat tinh quang xuc tac phan huy rhodmine B cua h¢ ferrite ZnFe,0,4, CoFe,0, pha
tap ion d4t hiém La**, Nd** mot cach co hé théng. Buéc dau ung dung duogc h¢ vat
liéu nay trong xtr 1i nudce thai dét nhuém cho hiéu qua xtr 1i cao.

D3 tong hop va nghién ciu dic trung céu trac, tinh chat va hoat tinh quang
xuc tac phan huy rhodmine B cua vét liéu composite ZnFe,04/Bentonite. Khi tao
thanh hé composite, sy két tu cua cac hat ferrite giam, di¢n tich bé mat riéng cua vat
liéu tang va hi¢u sudt quang xuc tac duoc cai thién.

Cac vat liéu chtra ferrite da téng hop dugc tuong ddi bén, co hiéu suit tai st
dung cao va c6 kha ning Gng dung dé xu 1i cac chat hitu co 6 nhiém cua céac lang

nghé dét nhudm.



CHUONG 1: TONG QUAN

1.1. Tong quan veé spinel ferrite
1.1.1. Céu trisc chung ciia hé spinel ferrite

Spinel 1a cac hop chét c6 cong thic tong quat AB,O, ( voi A 1a cation kim
loai héa trj 11, B 1a cation kim loai héa tri 111). C4c cation kim loai héa tri 11 1a Cu?*,
Be®*, Ca**, Zn*™*, Mn*", Fe®*, Co®*, Ni**... Cation kim loai hoa tri Il 1a AI**, Cr**,
Fe**, va it gap 1a Ga*, In*", La*", Ti*", V¥, Sb ... CAu trtc cua tinh thé spinel duoc
minh hoa ¢ Hinh 1.1.

@ ® 0 0 9 ®
@(Lm A’ & héc bat dién O ( <> § O
@) ® Ion B* & héc tir dién ® @ ¢

.
o Nguyén tir oxygen (‘ .,)

Q. 0N

\\\\ """ ® @ ® ® Co o

i - Q 0 'b Q ‘@
Hinh 1.1. Mb hinh cdu tric cia tinh thé spinel

Mang ludi spinel gdm céc ion oxygen xép chit 1ap phuong tim mit. Céc cation
A% va B* duoc phan b vao cac héc tir dién (T) va bat dién (O) mét cach thich hop.
Hinh dung mdi 6 mang co s& gdm 8 té bao lap phuong tim mit nho ghép lai [10].

S6 ion O% trong mdi té bao gém:

8 dinh 1ap phuong lon: 8x1/8=1
6 mat lap phuong 16n: 6x1/2=3
3 mat trong lap phuong lon: 3x4=12
24 mat ngoai lap phuong nho: 24 x 1/2 =12
12 canh lap phuong lon: 12 x1/4=3
Tam lap phuong 16n: 1

MJ3i 6 mang co s& gdm 8 phan tir AB,O,, trong té bao c6 32 ion oxygen, 8
cation A%* va 16 cation B*', 64 héc tur dién va 32 héc bat dién. Tdng s cation 1a 24,

trong khi c6 96 hdc té bao nén trong mdi té bao spinel s& c6 3/4 héc.



- Tuy thudc cach sip xép cua céc cation A% va B¥* vao cac héc tu dién va bat

dién s€ co cac loai spinel khac nhau:

+ Néu trong héc tir dién chtra 8 cation A%*, con héc bét dién chira 16 cation
B thi dwoc mang Iudi spinel thuan, ki hiéu Ia: A[BB]O,.

+ Néu 8 cation A* phan b vao 8 hbc bat dién con 16 cation B** duoc chia
lam 2 : 8 phan bé vao 8 héc tu dién va 8 phan bé vao 8 hic bat dién thi dwgc mang
luéi spinel nghich dao, ki hi¢u: B[AB]O,

+ Néu 24 cation A%* va B* phan b mot cach théng ké vao 64 héc tt dién va
hdc bét dién thi ta dugc mang ludi spinel trung gian, ki hiéu 1a: B, A[A1-xB14x]O4
(0<x<1).

- Sy phan bd céc cation A%, B** vao vi tri tu dién, bat dién duoc quyét dinh
boi cac yéu to:

+ Ban kinh ion: héc ti dién c6 thé tich nho hon héc bét dién nén cac cation
¢6 kich thudc nhé hon dugc phan bé vao hoc ta dién.

+ Cau hinh electron: phu thudc vao cau hinh electron cua cation ma ching
thich hop voi mét kiéu phdi tri nhat dinh.

+ Nang luong tinh dién cua mang spinel tao nén baoi cac ion lan can khi tao
thanh cAu tric spinel. Sy phan bd céc cation A%* nam vao héc tu dién, B** nim vao
hdc bat dién 1a thuan loi v& mat ning luong. Tuy nhién, c¢d hién tuong dao cation
trong mot s6 loai spinel (mot phan kim loai nhom II (A) doi chd cho kim loai nhém
11 (B)).

Trong cdng thirc chung cua spinel khi B 1a kim loai Fe thi dugc vat liéu la
ferrite 14 AFe,O,. Vit li¢u zinc ferrite (ZnFe,0,4) va nickel ferrite (NiFe,0,) c6 cau
tric spinel thuan, trong d6 cac ion Zn** va Ni?* duoc phan bé trong céc héc tu dién,
con cac ion Fe** dugc phan bd trong cac hdc bat dién. Vat liéu cobalt ferrite
(CoFe,0,) c6 ciu tric spinel dao trong d6 ion Co**dugc phan b trong hbc bét dién,
con céc ion Fe** dugc chia 1am 2: mot nira phan bd trong cac héc tir dién va mot
nira phan b vao trong héc bét dién.

1.1.2. Tinh hinh nghién ciu téng hep va iing dung cria cac spinel ferrite
1.1.2.1. H¢ spinel ferrite tinh khiét
Spinel ferrite di duoc nhiéu tic gia quan tim nghién ctru do tng dung phong

pht cua ching.



Phuong phép tong hop c¢6 anh huéng quan trong dén kich thude tinh thé, hinh
thai hoc va dién tich bé mit ctia san pham tao thanh. Mot sé phuong phéap thudng
dugc stir dung dé tong hop spinel ferrite duoc dwa ra & Bang 1.1.

Tir Bang 1.1. cho thdy, khi sir dung cac phuong phéap tong hop khac nhau thi
cac spinel ferrite thu duoc c6 kich thuée tinh thé khac nhau.

Bing 1.1. Két qud tong hop spinel ferrite bang mét sé phwong phdp hod hoc

] i Nhiét d¢ nung | Kich thuéc
Phwong phap | Spinel 0 o . R
STT R ) ("C)/thoi gian tinh the TLTK
tong hop ferrite .
(gio) (nm)
. . ZnFe,0, 700/1,5 30-50 [9]
1 bong két tua .
NiFe,O,4 600/7 279 [62]
2 Thuy nhiét | ZnFe,0O4 400/2 100-200 [112]
ZnFe,0, 400/2 16,4 [101]
3 Sol-gel . 600/72 50 [37]
NiFe,O,
800/4 20-40 [65]
900/3 42 [45]
ZnFe, 04
. - 41,8 [22]
4 Dot chay
CuFe, 04 800/ 3 30 [4]
CoFe,04 500/2 40 [16]

Trong phuong phap dong két tia, cac chat thuong st dung dé két tua 1a NHs,
KOH, NaOH; nhiét d6 nung mau thudng dugc str dung 12 tir 400°C + 800°C [53, 9,
62]. Uu diém ctia phuong phép nay 1a cac chat tham gia phan ng di duoc phan tan
0 muc do phan tu, ti 1€ cua cac ion kim loai ding theo hop thirc ciia hop chit can
téng hop. Tuy nhién, c6 nhiéu yéu to anh hudng téi kha ning két tia cua cac
hydroxide nhu nhiét do, néng do, pH cua dung dich, ty 1€ cac chit tham gia phan
mg. Pé qua trinh dong két tia xay ra can xac dinh dugc pH va tinh duoc chinh xéac
ty 16 mudi cac kim loai cin bang trong dung dich dé duoc san pham két tua nhu
mong mudn.

Phuong phap sol- gel ciing thuong lya chon khi tong hop cac hé spinel. Mot s6
tién chat thuong dugc dung trong phwong phap nay nhu glycerol [53], ethylene
glycol [112], acid citric [14 ].



Uu diém cua phuong phap nay 13 kiém soat duoc tinh chit cua gel tao thanh
va kiém soat dugc tinh chat ciia san phiam nho sy kiém soat cac yéu té anh hudng
dén qua trinh nhu kiéu tién chit, dung moéi, ham luong nude, ndng do tién chit, pH,
nhiét do...

Cac spinel dugc tong hop bang phuong phap thuy nhiét thuong duoc thyc hién ¢
nhiét do va ap suét cao. Mot sb chit hiru co duoc ding lam chét hoat dong bé mit nhu
cetyl trimethyl ammonium bromide (CTAB), sodium monododecyl sulfate (SDS),
polyethylene glicol (PEG), ethylenediamine (EDA) [6]. B¢ thu dugc don pha spinel phu
thudc vao su lya chon tién chét, nhiét do, pH va néng dd chét tham gia phan ung.

Trong s6 cac phuong phap hoa hoc, tong hop dot chay co thé tao ra bot tinh
thé nano oxide & nhiét d6 thap hon trong mot thoi gian ngén va cé thé dat ngay dén
san pham cudi cing ma khong can phai xir 1y nhiét thém nén han ché dugc su tao
pha trung gian va tiét kiém duoc ning lugng. Mot sd hop chat hitu co thudng st
dung trong phuong phap nay 1a glycine, urea, alanin, oxalyl dihidrazide...Cac chat
hitu co ¢6 vai tro 1a nhién lidu dé d6t chdy tao ra cac phan tir khi don gian nhu CO,
va H,0,...Ngoai ra, chung c6 kha nang tao phirc vdi cac ion kim loai, lam cho qua
trinh phan b cac cation kim loai dugc dong déu trong dung dich.

Trong phuong phap tong hop d6t chay dung dich, ti 16 mol chit nén/ion kim
loai (F/O) anh hudng nhiéu dén su phan b cua cac cation trong hdc tir dién va bat
dién, hang s6 mang va kich thudc tinh thé spinel tao thanh. Tac gia [23 ] d& nghién
ctru anh huong cua ti 1¢ mol chit nén trén kim loai dén sy phan bd cation, hﬁng $6
mang va kich thudc tinh thé ciia CoFe,O,4 (Bang 1.2).

Bing 1.2. Anh hwéng ciia ti 1¢ mol FIO dén dic truwng ciu tric ciia CoFe,0,

Chat | F/O Sw phén bd cation Hing s r |[TLTK
nén mang (A) | (nm)

1/2 | (Cogp9Fep01)[COp01Fe100]O04 | 10,8395 20
3/4 | (Cogo7F€093)[COp93Fe107]04 | 0,8386 36
1/1 | (CogpsFeqos)[CoposFe105]04 | 0,8383 41 [23]
1,25/1 | (C0g 06F€0,94)[COp 04F€106]O4 | 10,8384 36

Glycine




Ngoai chat nén, mét sé yéu t6 khac nhu nhiét d6 nung, thoi gian nung ciing
anh hudng dén sy tao pha tinh thé spinel ferrite va kich thuéc ciia chung. Khi khao
sat anh huong ctia nhiét 46 nung d6i v6i miu NiFe,0,, tac gia [75] thay riang, khi
tang nhiét do nung tir 460 + 550°C thi kich thudc tinh thé ting.

Nhu vay, c6 thé thiy ring, mdi spinel ferrite s& c6 nhiing dic trung riéng vé
kich thuéc tinh thé, hing s6 mang, hinh thai hoc va tinh chit. Chinh diéu nay s&
quyét dinh dén ung dung cua chung. Do ¢6 tinh 6n dinh cao, tir tinh manh nén cac
spinel dang ferrite da duoc st dung trong nhiéu linh vuc nhu 1am vat liéu tir [76,
98], senso khi [40, 109], x1r 1i méi trudong [74, 86]...

Trong linh vuc méi truong, ferrite 1 chat xuc tac c6 hiéu qua trong xir li
nhiéu hop chat hiru co 6 nhiém (Bang 1.3).

Bing 1.3. Higu sudt phén hiiy hop chit hitu co ciia cdc hé xic tic spinel ferrite

STT Vit liéu Chat 6 nhiém | t (phat) H (%) TLTK
1 ZnFe,0, Methylene blue 60 64 [55]
2 ZnFe,0, Malachite Green 150 65,3 [48]
3 ZnFe,04 Rhodamine B 180 94 [82]
4 NiFe,O4 Rhodamine B 180 90 [82]
5 NiFe,O4 Rhodamine B 60 98,7 [89]
6 ZnFe,0, Methylene Blue 60 97 [55]

Hiéu suat quang xtc tac phan huy hop chat hitu co 6 nhiém phu thudc vao
mot sd yéu t6 nhu pH, luong vat liu, néng dd chét hiru co...

Tac gia [89] d3 khao sat anh huéng cta pH (2,0 + 4,5) dén qué trinh phan
huay rhodamine B khi c6 mat NiFe,O4 va chit oxi hod 1a acid oxalic. Két qua cho
thdy, & pH=3,0 hi¢u suit quang xitic tic dat 16n nhét (98,7%) sau 60 phiit chiéu sang

Co ché cua phan tng phan hay hop chat hitu co trén chét xuc tac ferrite ciing da
duoc nhiéu tac gia quan tm nghién ctu [28, 66, 46,108]. Theo cac tac gia [101], phan
g phan huty chat hitu co RhB trén chét xtc tac ZnFe,0, dién ra nhu sau:

Dudi su tdc dong cua birc xa dnh sdng mat troi, cac electron trong vung hoda
tri (VB) cua spinel ZnFe,O, sé bi kich thich téi ving dan (CB) tao ra mot cip

electron - 13 trong (" ca/h” ve)):




ZnFe,O, 5 e+h'
Tai ving din (CB): Electron (e) trén bé mit chat xtic tac sé tac dung voi O, dé tao
ra superoxide gbc anion "O, va c4c ion ‘O, hinh thanh s& tiép tuc phan tng véi H,0,
tao ra gbc hydroxy ‘OH.
e +0,—= "0,
‘O, + H,0 — 'HO, + OH”
‘HO, + H,O0 — H,0,+ "OH
H,O0, — 2 'OH
Tai vung hoa tri (VB): Ld trong mang dién duong h* d& dang tac dung voi
anion hydroxy trén bé mit ciia chat xuc tac tao thanh gdc hydroxy tu do.
h*+ OH™ — "OH
Cac géc ‘OH c¢6 tinh oxi hoa manh khong chon loc nén khi ¢c6 mat chat xtc
tac trong dicu kién chiéu sang, s& oxi hoa duoc nhiéu hop chat hitu co:

2 'OH + thuéc nhuom — CO, + H,0

H-O

B
iy, » -OH
eh

\ Decomposition H>O
RhB ——

CO2

«OH
ZnFeO4 OH

Hinh 1.2. Minh hea co' ché phan hiy quang xdc tac RhB trén chat xuc tac
ZnFe,0,4 [101]

Khi chat xic tac ferrite duogc két hop véi chat oxi hoa nhu H,0,, acid
oxalic... trong diéu kién chiéu sang, ngoai phan ng Photon con dién ra qua trinh
Fenton dj thé, tao ra cac gc hydroxyl cé tinh oxi hoa cao lam phan hay céc chat
hiru co [28, 66, 103, 87,12].

Céc ion sét trén bé mit ferrite phan ung véi H,0, tao ra cac géc tu do:
=Fe*" + ¢ — =Fe”*

=Fe** + H,0, — =Fe’* + 'O0OH + H'
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=Fe’* + H,0, — =Fe*" + 'OH + OH
Chét hitu co + ('OH, ‘0O,", "OOH) — CO,,H,0

Do chu trinh Fe (I, III), tinh 6n dinh cia hé thdng ferrite duoc duy tri trong
qua trinh phan hity va cac goc hydroxy c6 tinh oxi héa dugc tao ra lién tuc. Do do,
hoat tinh quang xuc tac cua cac ferrite dugc tang cuong.
1.1.2.2. H¢ spinel ferrite pha tap ion kim loai

Két qua cua nhiéu nghién ctru chi ra, khi pha tap ion kim loai, sy phan bd cua
cac ion & hbc bat dién va tir dién ciling nhu tinh chét va hoat tinh quang x(c tac cia
céc spinel ferrite thay doi.

lon kim loai dugc Iwa chon dé pha tap vao spinel c6 thé 1a ion M(IT) hodc M(III).

Anh hudng cua ion kim loai hoa tri II nhu Mn2+, Mgz+, Ni2+, Cu?* d@n ciu
tric, tinh chat va hoat tinh quang xuc tac cua CoFe,04, NiFe,O4 va ZnFe,0, da
dugc cong bd [18,93,94,25]. Cac mau NiFe,0, pha tap ion Cu®* (CuyNi;Fe,04, x =
0 = 1,0) di duoc tong hop bang phuong phap nhiét phan & 550°C trong 3 gid [17].
Két qua nghién ctru cho thdy, khi luong ion Cu®* pha tap trong miu ting, kich thudc
tinh thé cta NiFe,O, tang tir 10 nm dén 21 nm, ning luong ving cim giam tir 2,24
eV dén 2,03 eV. Ngoai ra, hién tuong ting hang sé mang tinh thé ciing dugc quan
sat. Tac gia [17] cho rang, khi thay thé ion Cu®" ¢6 ban kinh ion (0,72 A) 16n hon
ctia ion Ni** (0,69 A) da lam gidn 6 mang co s6, do d6 hing s6 mang ting.

Nhom tac gia [34] da chi ra dugc anh hudng ctia ion Ni** @&n cAu trac, tinh
chét tr cia ZnFe,0,. Khi lugng ion Ni?* pha tap trong mau Ni,Zn,,Fe,O, tang tur 0
dén 0,6, kich thuée tinh thé giam tir 21 nm dén 16 nm, dién tich bé mat riéng tang tu
27,65 m’/g dén 36,63 m*/g. Khi x ting tir 0,6 d&én 1,0 thi kich thudc tinh thé cua cac
mAu ting va dién tich bé mat riéng giam. Gi4 tri hang s6 mang cua ZnFe,0, giam khi
tang lwong Ni** pha tap trong mau. Cac gia tri do bio hoa tir, do tir du va luc khang
tir ctia cac mau NiZny.Fe,0, tang khi x tang tir 0 dén 1,0. Hoat tinh quang xuc tac
cua cac mau Ni,Zn,,Fe,0O, cling dugc nghién ctru [34]. Khi chiéu sang béng dén hoi
thity ngan, v6i su c6 mit cia H,O,, hidu suat phan hity MB ctia cac mau ZnFe,0O, pha

tap Ni?* déu cao hon miu ZnFe,0, tinh khiét (81%) va cao nhit dbi véi miu
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Nio 6ZNo 4Fe,04 (94%). Tac gia cho rang, mau NiggZng 4Fe;04 co kich thudc tinh thé
nho nhit va dién tich bé mit riéng 16n nhat nén c6 hoat tinh quang xtic tac cao nhét.
Khi gié tri x >0,6, lugng ion Ni?* du thira ling dong trén bé mat lam giam hoat tinh
quang xuc tac cua vat li¢u ZnFe,0,.

Tac gia [66] di tong hop hat nano CoFe,04 pha tap Zn®* bing phuong
phap tong hop ddt chay két hop véi vi song va nghién ciru sy anh huéng dén
phan (g phan huy rhodamine B. Hiéu suit phan huy RhB cia cac mau ferrite
pha tap Zn?* déu cao hon so v&i mau ferrite tinh khiét va dat cao nht (99,5%)
ddi v6i mau Zng 4C0oq Fe,0,4 sau 180 phut chiéu sang béng dén Halogen 150 W.
Téc gia [66] cho ring v&i sy c6 mit cua ion Zn?* trong tinh thé lam giam su tai
to hop cua electron va 15 trong do d6 hoat tinh quang xuc tic cua cidc miu
CoFe,0,4 pha tap Zn** duoc cai thién.

Khi pha tap cac ion dat hiém nhu La®*, Nd*, Eu**, Gd** thi c4c ion nay s&
thay thé Fe** ¢ vi tri bat dién trong ferrite [56,73,79, 81], 1am mang tinh thé bi bién
dang, dan dén tang hoic giam hing s6 mang. Néu ion dat hiém c6 ban kinh ion 16n
hon ban kinh ion cua Fe** thi s& 1am ting hing sé mang cua tinh thé. Khi ion kim
loai khong thay thé ion Fe® va hinh thanh pha tht cip hodc bién dang s& lam giam
hang s6 mang tinh thé.

Theo nghién ctu cua tac gia [56] cho thdy, khi pha tap 1+3% Eu®*" vao
ZnFe,0, kich thuéc tinh thé ferrite giam dan tir 42,32 nm dén 17,82 nm. Khi pha
tap 6% La>" vao CoFe,0, tac gia [81] thiy rang kich thudc tinh thé thu duoc 1a 8,2
nm nhé hon kich thuéc hat CoFe,O, tinh khiét (15,4 nm), hiang s6 mang ting tir
8,354 A dén 8,364 A. Co sy thay doi vé cdu trac va tinh chat ciia ZnFe,0, khi pha
tap La®". K& qua nghién ctru cho thdy, kich thudc tinh thé cua cac hat ferrite
ZnLa,Fe,.,O4 (x = 0+0,2) giam tir 21 nm dén 10 nm, hing s6 mang ting tir 8,441 A
dén 8,532 A v6i su ting ndng do La®* pha tap. Su pha tap ion La** trong ZnFe,0,
d3 anh huong dén su dao dong cua cac lién két M-O trong cac hoc tir dién va bét
dién. Sb song cua cac dao dong dic trung cho lién két & héc tir dién ting tir 536

cm™ d&n 547 cm™, & héc bat dién tang tir mac 437 cm™ dén 442 cm™.
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Do thay dbi vé cdu trac mang tinh thé dd lam cho mot sb tinh chét cua ferrite
nhu tinh chat dién, tir, quang bi thay d6i [60]. Tinh chét cia ferrite phu thudc chi
yéu vao tuong tac Fe-Fe (3d-3d) cua cac electron 3d trong cac nguyén tir Fe. Khi c6
su thay thé ion d4t hiém (Ln*") trong mang ferrite s& xuat hién tuong tac Fe-Ln (3d-
4f). Céc twong tac ndy lam cho tinh chét tir cua ferrite bi thay d6i dang ké, momen
tur cua ferrite ting. DO bao hoa tir cua hé ZnEu,Fe, ,O4 do dugc lan luot 1a 42; 48;
51 va 58 memu/g twong Gng vai gia tri cua x 1la 0; 0,01; 0,02 va 0,03 [56]. Su tang
cac gia tri luc khang tir, do bao hoa tir va do tir du trong h¢ ferrite CoFe,O,4 khi tap
tap ion Dy*" [84].

Hoat tinh quang xuc tac ciia cac mau ferrite pha tap ion dat hiém ciing c6 su
thay d6i dang ké. Bang phuong phap ddong két tua tac gia [73] di tong hop thanh
cong cac hat nano ZnGd,Fe,..O4 (x = 0 + 0,7). Cac mau ferrite pha tap Gd** déu cho
hoat tinh quang xtc tac phan huy methylene blue (MB) tét hon so voi mau ferrite
tinh khiét. Hiéu suat phan hay MB dat t6i 99% sau 90 phut chiéu sang véi su c6 mat
ctia H,0, va ZnFe; 3Gdy 704 (X = 0,7) va toc dd phan tig ciling nhanh hon so véi khi
c6 mit miu ZnFe,0, tinh khiét (H =95% sau 240 phut).

Theo tac gia [81], khi pha tap ion Ce®* hoat tinh quang xuc tac cua ferrite
dugc tang cudng. Do khi pha tap Ce®* vao ferrite, Ce®* tham gia vao phan tng
Fenton giéng nhu Fe** dugce thé hién qua cac phuong trinh sau:

Ce® + H,0, — Ce*™ + OH + OH™
Ce*" + H,0, — Ce®" + ‘'O0H + H*

Sy hién dién cua cdp oxi hoa khur ce*/ ce* 1am tadng cac tdc nhan oxy
héa din dén viéc cai thién hoat dong ctiia cAC mAu pha tap Ce®* Mit khac Ce** co
xu huéng chiém cac vi tri bat dién dugc tiép xuc trén bé mat, do do6 ting cudng
hoat dong photo-Fenton.

Déi voi ion La®*, khi duoc pha tap vao ferrite chung khong tham gia vao qua
trinh photo-Fenton nhung hoat tinh xuc tac cua ferrite van duoc cai thién do su
chiém chd cua La®" tai cac vi tri bat dién [B] gy ra nhiing thay ddi trong cdu

trac mang va tu tinh cua vat liéu.
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C6 thé nhan thay rang, trong cic nghién ctru vé hé spinel ferrite pha tap
ion dat hiém, cac tac gia cha yéu dé cdp dén su thay d6i vé phan bd cation,
cdu trac mang tinh thé va tinh chit cua chung. S6 nghién ctru vé hoat tinh
quang x@c tic va co ché cua phan tUng trong hé spinel ferrite pha tap dat
hiém con han ché.
1.1.2.3. H¢ composite chira ferrite

C6 thé thay rang, trong sb cac hé spinel, hé ferrite duoc quan tim nghién ctru
mg dyung nhiéu trong linh vuc xir li méi trudng. Do ¢6 tir tinh, cac hat ferrite ¢6 thé
dugc thu hoi sau phan Gng kha dé dang bang cach sir dung tir trudng ngoai. Diéu
nay da 1am giam hiéu qua chi phi va cho kha niang ing dung thyc té cao. Tuy nhién,
nhuge diém cta vat liéu nano ferrite 1a do ¢6 tuong tac tir nén ching co sy két tu,
lam cho viéc thu hodi sau quéa trinh xur 1i & qui mo 16n gap kho khan. Mot trong
nhimng cach khic phuc nhugce diém nay 14 phan tan cac ferrite trén chat mang thich
hop. Két qua ctia mot s6 nghién ctru cho thdy, cac vat liéu té hop cua ferrite trén
mot s6 chat mang nhu graphene oxide (GO), 6ng nano carbon da 165p (MWCNTS),
bentonite,... d3 nang cao dwoc hiéu suat xir 1i cac chat hiru co doc hai trong moi
truong nudc va co tiém nang tng dung trong thuc tién.

Gan day, nhém nghién ciru cua tac gia [61] va cong su bang phuong phap thay
nhiét da tong hop thanh cong hé vat liéu xdc tac ZnFe,O,/graphen oxide bién tinh
(ZnFe,0,4/rGO) c¢o kich thudc hat khoang 15-35 nm. Hé vat liéu nay c6 hoat tinh
quang xuc tac va do bén cao trong phan tng phan hiy malachite green (MG) va
thudc nhuom basic yellow (BY) trong nuéc dudi anh sang nhin thay. Hé vat liéu
composite ZnFe,0,/ GO ciing dugc nhdm tac gia [19] tong hop va st dung trong
phan ¢ng quang xUc tac phan huy Rhodamine B. Két qua cho thay, véi su co mit
cua ZnFe,04/rGO, tdc do phan ang dién ra nhanh gap 3,4 1an so véi khi c6 mit caa
ZnFe,0, tinh khiét. Tac gia cho rang, vat liéu composite ZnFe,O,/ rGO c6 mat do
cac khuyét tat trén bé mat cao, 1am cai thién su chuyén electron tir ZnFe,0, sang
rGO va lam giam qué trinh tai hop cua electron va 15 trong, do dé hoat tinh quang

xuc tac dugc tang cuong.
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Ong nano carbon da 16p (MWCNTSs) ciing d3 dugc mot s nhém nghién ctu
lwa chon 1am chat mang cho ferrite. Vat liéu CuFe,0,/MWCNTs da dugc nhom
tac gia Xiaoling Zhang va cong su tong hop bang phuong phap sol-gel & 400°C
trong 2 gio [102]. Anh hién vi dién ti quét (SEM) va truyén qua (TEM) cho
thay, cac hat CuFe,0, c6 kich thudc khoang 25 nm khi duoc phan tan trén cac
dng carbon nano. D3 ¢6 sy tuwong tic manh giita CuFe,0, v&a MWCNTS do luc
trong tac tinh dién va do cac lién két hoa hoc théng qua cac nhém chuc trén bé
mat caa MWCTNs [102, 24]. Nghién ciru da chi ra rang, hiéu suat phan huy
diethyl phthalate (DEP) tang 1én manh (100%) khi c6 mat vat liéu composite
CuFe,O4/MWCNTSs (ti I¢ 2/1) so vai khi chi c6 mat MWCNTs (69%) hoac
CuFe,0, tinh khiét (33%). Bé giai thich diéu nay, tac gia cho rang, MWCNTS
khong chi dong vai tro 1a chat nén xtc tac dé hd trg cho su phan tan cac hat nano
ferrite ma nd con cé vai tro 1a duong dan electron gilp thuc hién cac phan tng
oxi hoa khtr dé dang hon. Co ché cua phan ¢ng phan huy DEP trén hé
CuFe,0,/MWCNTs duoc tac gia dua ra nhu ¢ Hinh 1.4,

Ngoai ra, nhom tac gia con nghién ciru kha niang thu hoi va tai sir dung cua hé
vat liéu composite nay. Sau 5 chu ki tai sir dung, hiéu suat phan hay DEP giam con
84%, diéu nay cho thay tiém ning tng dung cao cua vat liéu trong xir Ii chat hitu co

6 nhiém trong mdi trudng nuéc.

(a)

Hinh 1.3. Anh SEM (a) va TEM (b) csa vt ligu CuFe,0,/MWCTNSs
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Degradation
intermediates

Degradation
Kinetics

MWCNTs -

Hinh 1.4. So' @6 minh hea co' ché phan #ng phan hiy DEP véi sw c6 mdt ciia
CuFe,0,/MWCNTSs va persulfate

Bentonite 1a mot chat mang kha If tuong dé tao vat liéu composite vai cac hat
ferrite do nd c6 cau tric 16p, dién tich bé mat riéng 16n, vira c6 kha ning hap phu
tbt, ddng thoi co kha ning trao dbi ion cao.

Vit liéu composite ZnFe,O4/bentonite (ZnFe,0,/BT) cling da dugc nhom tac
gia M.F.Hossain [63] tong hop bang phuong phap sol-gel véi % bentonite trong
mAau ting tir 0+6%. Bang phuong phap XRD cho thay, khi ting luong bentonite
trong mau thi kich thuéc tinh thé cta ZnFe,0, giam tir 30,3 nm dén 23,18 nm; héng
s6 6 mang tinh thé thay ddi trong khoang 8,319 + 8,362. Pho IR cho thiy, trong
mau ZnFe,0,/BT c6 sy thay ddi sb song dac trung cho dao dong cua lién két Fe3*-
O% trong céac hdc bat dién. Piu nay chimg t6 rang cac 16p MMT trong bentonite da
anh huong dén dao dong cua lién két ndy. Ngoai ra, con quan sat dugc hai dai hap
thu yéu & 1024 cm™ va 1240 Cm'l, dac trung cho dao dong cua céc lién két Si-O-Si
va O-H. Su c6 mit cia cac dai hap thu ndy trong phd IR d3 chimg té c6 su hinh
thanh composite ZnFe,0,/BT. Anh hién vi dién tir quét (SEM) cho thdy, cc hat
ZnFe,04 khi dugc phan tan trén bentonite da cé su giam 10 rét vé su két tu (Hinh

1.5(1)) va dugc thé hién & Hinh 1.5(2).
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Hinh 1.5. Anh SEM ciia cdc mdu ZnFe,04/BT (1) va so' d6 minh hea sy phan bé
cac hgt ZnFe,0,4 trén cac lop MMT (2) véi % bentonite khac nhau

Nhom nghién ciu cua tac gia [27] da tong hop thanh cong hé vat liéu
CoFe,04/g-CsN,. Hé vat lidu nay c6 hoat tinh quang xtc tac va do bén cao trong
phan ng phan huy methylene blue (MB), methyl orange (MO) va Congo red (CR)
trong nude dudi anh sang mat troi. BSi voi 50CF—50gC;3N, hoat tinh quang xUc tac
v6i hiéu suit phan hay MB ~100% ( sau 45 phat), MO ~100% (1,5 gio) va
CR~100% (1,5 gio).

Hinh 1.6. So' @6 minh hoa co' ché phan #ng phan hiy MB, MO, CR
trén sy xdc tac cria CoFe,04/g-C3Ny
Vit liéu t6 hop cua ferrite trén mot s6 chit mang da nang cao dwoc hiéu suat

xt Ii cac chat hitu co doc hai trong méi trudng nudc va ¢é nhiéu eng dung.
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1.2. Gi6i thiéu vé Bentonite

Bentonite (thuéc nhom smectite) 1a loai khoang sét tw nhién, thanh phan chinh
12 montmorillonite (MMT) va mdt s6 khoang khac nhu hectorite, saponite, clorite,
mica, mot sb khoang phi sét nhu calcite, pirrite..., cac mudi kiém va mot sd hop
chdt hiru co. Coéng thic hoéa hoc tong quat cia Montmorillonite 1a
Al,05.45i0,.nH,0. Céu trac mang luéi khong gian cia MMT d3 duoc trinh bay ¢
hinh 1.7. Khi ton tai trong tu nhién, cac ion trong mang ludi ¢ thé bi thay thé va vi

vay thanh phan hoa hoc ctia khoang c6 thé bi thay d6i nhiéu [7]

° Lép tik dién
- (¥ dién S104)

Lép
aluminosilicate
¢6 chiéu day
9.6A

Lép bat dién
(bat dién AlOg)

Vung tham
nhap Cac phan tir nuéc

tham nhap

Cac cation tham
nhap

Hinh 1.7. Cdu tric mang lwéi khong gian ciza MMT

MMT la khoang c6 cdu trac 16p 2:1 dang diocta. Cau trac mang luéi tinh
thé cua n6 gém hai 16p t dién lién két véi mot 16p bat dién & giita, cac 16p nay
két hop véi nhau sao cho cac dinh cua tir dién tao thanh mét 16p chung chira cac
nguyén tir oxi cua silic cung v&1 nhoém hydroxyl cua bat dién tao nén mot don vi
té bao mang ludi co ban. Trong trudng hop nay mang aluminosilicate trung hoa
dién, cong thirc 1y thuyét 1a (OH),SigAl402.nH,0 va cong thic khai trién dugc
mo ta trén hinh 1.7, cic 16p dugc mo rong theo hudng a va b, xép chong lén
nhau theo hudng c.

Bentonite ¢ cac tinh cht dic trung: trewong nd, hap phu, trao doi ion, két dinh,
nhét, déo va tro, trong d6 quan trong nhat 1 kha niang truong né, hap phu va trao doi
ion do bentonite chira chii yéu 1a MMT ¢6 cdu tric gdm céc 16p aluminosilicate 1ién két

v6i nhau bang lién két hydro, c6 cac ion bu trir dién tich ton tai giita cac 10p.


http://vi.wikipedia.org/w/index.php?title=Montmorillonit&action=edit&redlink=1
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Bentonite ¢ nhiéu tmg dung trong thuc té dya vao cu trac va tinh chét dic
trung. Do c6 thanh phin héa hoc 1a cac 16p aluminosilicate di bi bién d6i nén
bentonite duwgc tmg dung lam chét xic tac, chdt mang xdc tac trong linh vuc tong
hop hitu co. Bé mit cuia bentonite mang dién tich am do sy thay thé déng hinh cta
céc ion Si** bang ion AI** & tam tir dién va ion Mg®" thay thé ion AI** & bat dién.
Céc ion thay thé AI**, Mg* c6 kha ning cho dién tir néu tai d6 dién tich 4m cua
chung khong duge bu trir bi cac ion duong. Trén bé mit bentonite ton tai cac nhém
hidroxyl. Cac nhom hidroxyl c¢6 kha niang nhuong proton dé hinh thanh trén bé mat
bentonite nhimg tidm acid Bronsted. S6 lwong nhom hidroxyl ¢6 kha ning tach
proton ting 1én s& lam ting do axit trén bé mat cuia bentonite.

- Bentonite dugc Uing dung trong linh vuc lam chat don trong son, muyc in,
gidy, dung dich khoan , ...do c6 tinh trrong né.

- Nho kha nang hip phu va trao d6i ion cia cation, cling nhu tinh tro,
bentonite duoc tmg dung lam chat hip phu cation kim loai ning trong nudc va cac
hop chét hitu co doc hai...

Ung dung Bentonite trong linh viec xir [y méi truong

Bentonite co cdu trac 16p va twong d6i xop. Trong linh vyc xtr Iy moi trudng
Bentonite dugc st dung nhu 1a mot vat licu hép phu tu nhién va lam pha nén dé
phan tan x(c tac dé gia ting dién tich bé mat riéng cua xuc tac va ting kha nang hap
phu cua xuc tac.
1.3. Tong quan vé chat mau hiru co' va tinh hinh 6 nhiém chat hiru co trong nuée
1.3.1. Phdam nhuém

Pham nhudm 1a nhitng chat hitu co c6 mau c6 kha ning gin két vao vt liéu
dét trong nhiing diéu kién quy dinh (tinh gin mau), hdp thy manh mot phan nhat
dinh ctia quang phd anh sang nhin thiy.

Pham nhudém c6 thé c¢6 ngudn gdc thién nhién hoic tong hop. Hién nay con
ngudi hau nhu chi sit dung pham nhuém tong hop. Pic diém ndi bat cua cac loai
pham nhudm 12 d6 bén mau va tinh chit khong bi phin huy. Mau sic ctia phim

nhudm c6 duogc la do cau triic hoa hoc: mot cach chung nhat, cau tric pham nhudém
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bao gébm nhém mang mau va nhom trg mau. Phim nhudém tdng hop rat da dang vé
thanh phén hod hoc, mau sic, pham vi str dung.

Nhém mang mau 1a nhitng nhém chira cac ndi doi lién hop vé6i hé dién tur
khong ¢b dinh nhu: >C =C<,>C =N -, -N =N -, -NO, ... Nhom tr¢ mau la nhiing
nhém thé cho hodc nhéan dién tir nhu: -NH,, -COOH, - SOzH, - OH...dong vai tro
ting cudng mau cua nhém mang mau bang cach dich chuyén ning luong ciia hé
dién tur.

Pham nhudm rat da dang vé thanh phﬁn héa hoc, mau sic, pham vi st dung.
C6 2 cach phéan biét pham nhudm:

- Theo cau tao héa hoc: pham nhudém azo, pham nhudm antraquinon, pham
nhuom polymetyn, pham nhuom indigoit phdm nhuém lwu huynh, pham nhudém
arylmetan.

- Theo céch thirc st dung: pham nhudém axit, pham nhuém hoat tinh, phim
nhudm base - cation.

Pham nhudm azo: trong phan tir phdm nhudém ndy c¢6 mot hodc nhiéu nhoém
azo (-N=N-). Trong phan tir phdm nhuém c6 mot nhom azo 13 monaazo, hai nhoém
azo 1a diazo va nhiéu nhom azo 14 tri va polyazo. Phim nhudém azo duoc san xuat
nhiéu (chiém 50% tong san lrong phim nhudm).

Pham nhudm truc tiép: La loai pham nhudém anion c6 dang tong quat Ar-
SO;Na. Khi hoa tan trong nudc n6 phéan ly cho vé dang anion pham nhuém va bat
mau vao soi tryc tiép nho cac luc hip phu trong méi trudng trung tinh hodc moi
truong kiém. Trong tong sé6 pham nhudm truc tiép thi c6 92% pham nhudm azo.

Pham nhudm base cation: C4c phim nhudm base d& nhudm to tim, bong cam
mau bang tananh. La cidc mudi clorua, oxalat hoic mudi kép cua base hitu co chiing
dé tan trong nudc, khi hoa tan phan ly thanh cation 13 cac ion mang mau, con anion
la cac ion khong mang mau. Trong cac mau thudc nhudém base, cac 16p hoa hoc
dugc phan bd: azo (43%), metin (17%), triazylmethane (11%), arycydin (7%),
antriquinon (5%) va cac loai khéc.

Phadm nhudém acid: 1a mudi cia axit manh va base manh nén khi hoa tan vao
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nudce thi phan ly thanh cac ion: Ar-SO;Na — Ar-SO3 + Na*

Céac ion mang mau ctia phim nhudém tich dién 4m (Ar-SO3’) s& hip phu vao
cac tam tich dién duwong cua vat liu. Phim nhudm acid c6 kha ning tw nhuém mau
X0 s0i protein (len, to tim, polyamit) trong moi trudng acid. Xét vé ciu tao hoa hoc
6 toi 79% la pham nhudém azo, 10% antraquimon, 5% la triarylmethane va 6% la
cac loai khac.

Trong s6 cac pham nhuém, Rhodamine B dugc str dung trong nganh dét may,
cac lang nghé dét chiéu c6i & nuéc ta. Rhodamine B c6 cong thirc phan tir 1a
CogH3:CIN,Os.

- Tén qudc té: [9-(2-carboxyphenyl)-6-diethylamino-3-xanthenylidene]-
diethylammonium chloride.

- Khdi lugng phan tir : 479,02 g

Rhodamine B 14 pham nhudém ludng tinh, tinh thé mau t6i ( dang bot c6 mau
tim d6). RhB tan tét trong ethanol, methanol, nudc ( khoang 50g/L), néng chay &
nhiét d trén 210°C. RhB duoc dung xac dinh téc d6 va hudng ciia dong chay vi
n6 c¢6 mau rat ddm va phat huynh quang. RhB c6 d6 hap thu cuc dai tai budc séng

553 nm.

553 (nm)

(b)

Absorbance

03

A (nm)

Hinh 1.8. Cong thic cdu tgo (a) va phé UV-Vis (b) ciia RhB
1.3.2. Tinh hinh é nhiém chét hitu co trong nwéc
Hién nay ngudn nudc dang bi 6 nhiém chat hitu co, néu sir dung ngudn

nudc sinh hoat nhi€ém chat hiru co s€ anh hudng rat 16n dén strc khde cua con nguoi.
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Trong nudc thai dét nhudém cac chat 6 nhiém chi yéu c6 1a cac chit hiru co
khé phan huy, phém nhudm, chét hoat dong bé mit, cac hop chét halogen hiru co,
mudi trung tinh 1am ting tong ham lugng chat ran, nhiét 6 cao va pH ctia nude thai
cao do luong kiém 16n.

Céc chét hitu co khi twong tac véi chlorine sé tao ra chét gy ung thu, khi
tuong tac voi oxygen sé tao ra chat doc 1a nitrite, chat nay khi vao co thé ngudi sé
gay ra hién tuong thiéu oxygen trong mau (methemoglobin), dic biét 13 tré em khi
nhiém cac chit doc ndy thuong xanh xao va dé bi de doa dén tinh mang. Nitrite khi
két hop véi cac acid amin trong co thé con tao thanh chat nitrosamine gdy ung thu,
ham luong nitrosamin cao khién co thé khong kip dao thai, tich lily lau ngay trong
gan gay ra hién tugng nhiém doc, ung thu gan.

Pham nhudm tong hop co tir 1au va duoc st dung nhiéu trong nganh nhu:
dét may, gidy, cao su, nhua, da, my pham, dugc pham va cic nganh cong nghiép
thuc phém. Vi phém nhudm co6 dic diém: sir dung dé dang, gia thanh reé, 6n dinh
va da dang vé& mau sic. Tuy nhién viéc str dung rong rdi phdm nhudém va céc san
pham cua chiing gy ra 6 nhiém ngudn nudc anh hudng téi con ngudi va moi
truong. Khi di vao ngudn nudc nhu song, ho...Véi mot nong do rat nho cua
pham nhudém da cho cam gidc vé mau sic. Mau dam cta nudc thai can tré sy hap
thu oxygen va anh sdng mat troi, gay bat 1oi cho sy ho hép, sinh trudng cua cac
loai thuy sinh vat. Nhu vay no tic dong xau dén kha ning phan giai cua vi sinh
d6i v6i cac chét hitu co trong nude thai. Doi voi ca va cac loai thity sinh: cac thir
nghiém trén ¢4 ctia hon 3000 pham nhuém nam trong tit ca cac nhom tir khong
doc, doc vira, rat doc dén cuc doc. Trong d6 c6 khoang 37% phém nhudém gay
doc cho ca va thuy sinh, chi 2% phém nhudm & mic do rat doc va cuc doc cho
ca va thuy sinh [91].

Dbi v6i con ngudi co thé gay ra cac bénh vé da, duong ho hap, phoi. Ngoai
ra, mot s6 pham nhudém hodc chit chuyén hoa cua chiing rat doc hai c6 thé gay ung
thu (nhu phim nhuém Benzidin, Sudan). Cac nha san xuit chau Au di ngimg san
suat loai ndy, nhung trén thuc té ching van dugc tim thiy trén thi truong do gia

thanh ré va hi¢u qua nhudm mau cao.
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Trong nudc thai cong nghiép dét nhudém cé cac chit giy 6 nhiém chinh nhu
cac tap chat tach ra tir soi vai, hoa chit duoc dung trong quy trinh céng nghé (hd
tinh bot, H,SO4, NaOH, NaOClI, H,0,, Na,COs...), cac loai pham nhudm, chit tay
giat, chat cAm mau... [5]. Sau cong doan nhudém luong thudc nhudém du cé thé 1én
dén 50 % tong lugng thudc nhudém ban dau. D6 13 nguyén nhan lam cho nude thai
dét nhuom c6 do mau cao va néng dd chat 6 nhiém 16n.

1.4. Phwong phap oxi héa nang cao

Qua trinh oxi héa nang cao (AOPs- Advanced Oxidation Processes) la qua
trinh phan hity oxi hoa dua vao gde tu do hoat dong hydroxyl (OH) duoc tao ra ngay
trong qua trinh xr 1i [46, 11].

Gbc hydroxy dugc xem 13 tac nhan oxi hdéa manh nhét c6 kha ning oxi hoa
tat ca cac hop chat hiru co ké ca loai kho phan hity sinh hoc nhat, bién ching thanh
cac hop chét vo co nhu CO,, H,0 va cac acid vo co, hodc chuyén hoa cac hop chat tir
ddc hai thanh khong ddc hai.

Oxi hoa 1 qua trinh trong d6 electron dugc chuyén tir chit nay sang chat
khéc, tao ra mot hiéu dién thé (tinh bé“mg volt) dua trén hi¢u dién thé dién cuc hydro
bang 0. Mdi tic nhan oxi hoa c6 mot thé oxi hoa khac nhau.

Goc tw do hydroxy

Pic tinh cta goc ty do 1a trung hoa vé dién trong khi cac ion déu mang dién
tich duwong hay 4m. Goc tu do dugc tao thanh tir su tach ra hai phan bang nhau cua
lién két hai electron.

Cic qud trinh tao ra goc hydroxy ‘OH

Do gdc "OH c6 kha ning oxi hoa rit manh, tbc d6 phan ung oxi hoa rat
nhanh va khong chon lya khi phan tng vé&i cac hop chat khac nhau nén cac qua
trinh oxi hoa nang cao trén co s¢ gbc ‘OH di dugc nghién ciru va 4p dung trong
viéc xur i trong nudc va nude thai.

Cac qua trinh oxi ho4 nang cao trong timg nhém dugc trinh bay cu thé trong
Bang 1.4.

Nhirng vu diém va nhiing han ché cua qua trinh oxi hda ndng cao nhu sau:
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*Uu diém:

+ C6 kha ning phan huy duoc nhitng hop chit hitu co doc hai ma khong giy
chuyén hoa 6 nhiém tir pha nay sang pha khac;

+ La qua trinh xi 1i rat hiéu qua hau hét cac chat hiru co gay 6 nhiém va loai
bo mot s6 kim loai gay doc;

+ C6 thé xtr 1i duoc nude thai tir nhiéu ngudn thai khac nhau: bénh vién,
cong nghiép, nong nghiép...;

+ Gi4 thanh lap dat ré;

+ C6 thé thuc hién ngay ca ¢ nhitng mé hinh nhé ¢ cac nude dang phat trién.

+ Ngoai ra do tdc dung oxi hoa cuc manh nén chung c6 thé tiéu diét duoc cac
loai vi khuan thong thudng va nhiing loai vi khuan nhu Campylobacter, Yersina,
Mycrobacteria, Legionella, Cryptosporidium. Mat khéc tac nhan ((OH) khong tao
ra cac san pham phu giy ung thu nhu cac hop chat chia clortrihalometan.

Biang 1.4. Phén logi cdc qud trinh oxi h6a ndng cao

Nhém qua trinh Qua trinh

Nhém cac qué trinh oxi hoa khong nho | Qud trinh Fenton
tac nhan anh sang Qua trinh Peroxon
(Advanced Non-Photochemical | Qua trinh Catazon
Oxidation Protection - ANOPS) Qua trinh oxy hoéa dién hoa
Qua trinh Fenton dién hoa
Quaé trinh siéu am

Qua trinh birc xa nang lugng cao

Nhom cac qué trinh oxi hda nho tac Qua trinh H,0,/UV

nhan anh sang (Advanced Quaé trinh O3/UV
Photochemical Oxidation Protection — | Qua trinh H,O,/UV+ O,
AOPs). Quaé trinh quang Fenton

Qua trinh quang Fenton bién thé
Quaé trinh UV/H,0

Qua trinh quang xtic tac ban dan
TiO,/UV
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“Nhuwgc diém:

+ Mic du gia thanh lap dat ré nhung gia thanh van hanh lai cao do gia thanh
ctia dau vao (cc hoa chit hodc/va ning luong);

+ Sy hinh thanh cac hop chat oxi hod trung gian co thé gy doc;

+ Trong qua trinh thiét ké va van hanh ludn phai c6 ngudi thuc hién va giam sat;

+ La cong nghé mai nén van tiép tuc can hoan thién.

Dé hoan thién va tng dung cong nghé oxi héa nang cao thudng xuit phat tir
cac muc tiéu:

- Tao ra dugc cac khai niém mdi, cic quy trinh va cong nghé mai trong xir li
nuéc thai. Cac cong nghé mai ¢ nhiéu lgi ich tiém nang, dam bao chét luong nudc
thai 6n dinh, tiét kiém niang luong va chi phi van hanh, bao vé mdi truong;

- Tao ra dugc hé théng tiéu chuan tién tién trong xt i nudce thai;

-Tao ra duoc cac phuong phap méi trong xir Ii nudc thai va cac dicu kién
thue hién qua trinh xur Ii;

-Tao ra duoc cac bi quyét mai, gop phan tang tuong sy canh tranh trong viéc
san xuat nude sach cia cac nha may.

Cac tac nhan oxi hoa manh thuong st dung trong qua trinh AOPs la
hydrogen peroxide (H,0,), ozone (Os), cac chat xtc tac (vi du ion sit), cic chat
dién phan va oxide kim loai, chiéu xa (tia UV, anh sdng mat trdi hodc song siéu
am). C6 thé sir dung két hop hodc tach doc 1ap cac phuong phap dudi diéu kién binh
thuong. Thuong st dung phd bién trong xtr Ii nude thai 13 phuong phap oxi héa
nang cao sang. B4i phuong phap nay tan dung ning lugng tir &nh sdng mat troi &
nhirng noi c6 cudng do chibu sang manh. Uu diém ndi bat 12 nang cao hiéu qua xur
li va giam chi phi van hanh hé théng.

Phuong phap AOPs da dugc nhiéu tic gia ap dung xir li cac chat mau nhu
Rhodamine B (RhB) [41,42], nitrobenzene (NB) [41], methylene blue (MB)
[67,105], tetracycline (TC)[52], methyl orange (MO)[70, 52,43], levofloxacin
(LVFX) [51], malachite green (MG) [100]....(Bang 1.5)
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Bing 1.5. Higu sudt xi¢ li chit mau ciia mét sé vit ligu bang phwong phdp AOPs

Vit liéu Chat 6 nhiém | Hiéu suit(%)/ Thoi gian | TLTK
(phut)
Zn0O/ ZnFe,04 MB 91,2/120 350 <A <780 | [67]
nm) va 82,7/140 (A >
420 nm)
PANI/BIOBr/ ZnFe,0, RhB va NB 99,26/30 (RhB) va 87,1/ | [41]
60 (NB)
MIL-101(Cr)/RGO/ZnFe,0, MO 80 [70]
ZnFe,04/ Fe,05/ Bi,WOq RhB 76,9/120 [42]
ZnFe,04/ SIO,/TIO, MB 95,1/120 [105]
ZnFe,04/ NCDs/ Ag,CO3 LVFX 88,75/90 [51]
ZnFe,04/Ag/ AgzVO, MOvaTC 81/32 (MO) 100/10 (TC) | [52]
ZnFe,0,4/ CeO, MG 96/180 [100]

Két luan: Chuong I trinh bay téng quan vé vat liéu spinel ferrite, tinh hinh
nghién ctru tong hop va tmg dung cia chiing. Tong quan vé cac nghién ctru trén thé
gioi vé vat liéu spinel co kich thudc nano va mot ) ung dung dién hinh cua vat liéu
spinel dién hinh dd duoc trinh bay. Cac nghién ciru trén thé gidi cc tac gia tip
trung vao phuong phap ché tao, anh huong cia kich thudc hat, anh huong cia cac
nguyén t6 pha tap dén cdu trac mang tinh thé va tinh chat cta cta hat nano spinel
ferrite. S6 nghién ctru vé hoat tinh quang xuc tac va co ché ciia phan g trong hé
spinel ferrite pha tap dat hiém con han ché. Trén co s& dé tac gia s& tap trung
nghién ciru tong hop va khéo sat kha nang phan hity Rhodamine B trong méi truong

nudc cua vat liéu nano ferrite.




2.1. Héa chat, dung cu va thiét bi
2.1.1. Danh muc hod chit
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CHUONG 2: THUC NGHIEM VA PHUONG PHAP NGHIEN CUU

Cac hoa chét duoc sir dung trong qua trinh thye nghiém duoc dua ra & Bang 2.1.

Bing 2.1. Cdc héa chit sir dung trong qud trinh thwc nghiém

STT Tén héa chat Cong thirc Xuat sir
1 Iron(111) nitrate nonahydrate Fe(NO3)3.9H,0 Merck
2 | Cobalt(Il) Nitrate Hexahydrate Co(NOs),.6H,0 Merck
3 | Nickel (Il) Nitrate Hexahydrate Ni(NO3),.6H,0 Merck
4 | Zinc nitrate tetrahydrate Zn(NO3),.4H,0 Merck
5 Urea (NH,),CO Merck
6 | Neodymium nitrate hexahydrate Nd(NO3)3.6H,0 Merck
7 Lanthanum nitrate hexahydrate La(NO3)3.6H,0 Merck
8 Rhodamine B C,5H31CIN,O3 Merck
9 | Hydrogen peroxide 30% H,0, 30% Trung Qudc
SiO, AlLO3 Fe, 03,
10 | Bentonite MgO, Na,O, TiO,, An Do
(kich thudce hat 44-74 micron) K,0, Ca0, Cr,0;
n Ethylenediaminetetraacetic acid C1oH16N,Og Merck
(EDTA)
12 | Ascorbic acid CeHsOs Trung Quoc
13 | Isopropyl alcohol (IPA) CH;CHOHCH; Trung Qudc
14 | Potassium dichromate K,Cr,04 Trung Qudc
15 | Sulfuric acid H,SO, Merck
16 | Mercury(ll) sulfate HgSO, Trung Quoc
17 | Potassium hydrogen phthalate HOOCC¢H,COOK Trung Qudc
18 | Silver sulfate AQ,SO, Trung Qudc

Cdc héa chat déu thudce loai tinh khiét héa hoc (PA).



https://en.wikipedia.org/wiki/Potassium_hydrogen_phthalate
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2.1.2. Dung cu Va thiét bi
- May khuay tir, con khudy tir, gidy quy tim.
- T sdy, 16 nung, nhiét ké.
- May do pH, can dién tir 4 s6 Precisa XT 120A
- May UV-Vis.
-May HI 839800 COD reactor HANNA instruments.
- Binh eclen, chén nung, binh hat 4m.
- bén Led (30W, A > 420 nm, Rang Dong)
- Céc dung cu thi nghiém khéc.
2.2. Cac phwong phap nghién ciru
2.2.1. Phuong phdp phan tich nhiét

Phuong phap phén tich nhiét trong lugng (Thermo Gravimetric Analysis-
TGA) khao sat su thay ddi khoi luong cuia mau khi thuc hién chuong trinh nhiét d9.
[8]. Phuong phap phan tich nhiét vi sai (Differential Thermal Analysis-DTA) phat
hién sy chénh léch nhiét d6 ctia mau nghién ctru v6i mau chuan trong qua trinh
nang nhiét, nhan biét duoc qua trinh thu nhiét hay téa nhiét. Gel dugc siy kho gel ¢
65°C trong 20 gio, sau d6 nghién nho rdi dem phan tich nhiét.

Gian do phan tich nhiét cta gel duoc ghi trén may Labsys TG/DSC- Setaram
(Phap) véi téc d6 nang nhiét 1a 5°C/phit trong méi truong khong khi tir 30+800°C tai
Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.2.2. Phwong phdp nhiéu xa Ronghen
Thanh phan pha cua cac miu dugc xac dinh bang phuong phap nhidu xa
Ronghen (X-Ray Diffraction-XRD).
Kich thudc tinh thé trung binh (r, nm) cta cdc mau duoc tinh theo phuong

0,89
[cos6

trinh Scherrer: r=

trong d6: A=0,15406 nm; B 1a do rong tmg voi nira chiu cao cua pic cuc dai
(FWHM) tinh theo radian, 6 1a goc nhiéu xa Bragg tng voéi pic cuc dai (d0) ing véi
mat phang mang (311).
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Hing s6 mang tinh thé (a) cua cac miu duogc tinh tai mit (311) bang

cong thirc sau:

a=d h*+k>+I°
Trong do: dny 1a khoang cach gitra cadc mat mang.
h, k, 11a chi s6 Miller.

Gian d6 XRD cua mau do trén may D8 ADVANCE Brucker (Pirc), A = 0,15406
nm & nhiét do phong, goc quét 20 = 20+70°, budc nhay 0,030%s, dién ap 30KV,
cuong do 6ng phat 0,03A, do tai khoa Hoéa hoc, truong DPai hoc Khoa hoc Ty nhién,
DPHQG Ha Noi.

2.2.3. Phwong phdp phé hong ngoai

Pho6 hong ngoai (IR) cho phép xac dinh sy tao thanh lién két va cach phdi tri
giita phdi tir va ion trung tam; xac dinh kiéu phdi tri va do bén lién két cia kim loai
- phdi tir [2,13].

Pho IR ciia cac mau duoc do bang cach ép vién vi KBr trén may FTIR
Affinity - 1S (Nhat Ban), tai khoa Hoa hoc, truong Pai hoc KHTN - Dai hoc Quéc
gia - Ha Noi.

2.2.4. Phwong phdp hién vi di¢n tiv quét va hién vi dién tir truyén qua

Phuong phap hién vi dién tir quét (Scanning electron microscopy - SEM) dé
xéac dinh hinh dang va ciu triic bé mit vat liéu.

Phuong phap hién vi dién tir truyén qua (TEM-Transnission Electron
Microscopy) dung dé xac dinh ciu trac cliia miu.

Anh SEM cua vt liéu duoc do trén may JEOL-5300 (Nhat Ban) tai Vién Vat
liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Anh hién vi dién tur truyén
qua (TEM) cua cac vat li¢u duoc do trén may JEOL-JEM-1010 (Nhat Ban) thuc
hién tai Vién Vé sinh dich t& Trung uong.

2.2.5. Phuwong phép do phé tan xa ning lweng tia X

Phuong phap EDX (Energy dispersive X-ray) cho biét cac théng tin vé cac
nguyén té hoa hoc c6 mit trong mau, ti 1é phan trim cac nguyén td.

Pho tan xa nang luong tia X dugc do trén may EMAX (Anh), thuc hién tai
Vién Khoa hoc Vat li€u, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.



29

2.2.6. Phwong phdp do di¢n tich bé mdt riéng

Dién tich bé mit riéng va su phan bd duong kinh mao quan dugc xac dinh
bang phuong phip Brunauer-Emmett-Teller (BET) va Barrett-Joyner-Halenda
(BJH) [3].

Phép do thuc hién trén mdy Micromeritics TriStar 3000 thuc hién tai Khoa
Hoa hoc, Truong Pai hoc Su pham Ha Noi.

2.2.7. Phwong phdp phé phén xa khuéch tin tir ngoai - khd kién

Phd phan xa khuéch tan tr ngoai - kha kién (ultra violet - visible diffuse
reflectance Spectroscopy (UV-Vis DRS) cho biét thong tin vé sy phu thudc ctia d phan
xa khuéch tan vao budc song hap thy. Tir d6 tinh ning luong ving cdm (Eg) cua vat licu.
Gi4 tri nang luong viing cAm Eq tinh todn dya vao phuong trinh Tauc Plot:

(ahv)*= A(hv-Eg)

Trong d6: h 13 hang sé Planck; a 13 hé sé hip thy; A 13 hiang sd; Eq 1a nang lugng
ving cam; v 14 tan 6 kich thich ctia photon.

V& d6 thi su phu thudc cua (()Lh\/)2 theo hv, trén duong cong do thi s& co phﬁn
tuyén tinh, bang cach ngoai suy phan tuyén tinh nay s& thu duoc gia tri nang luong
vung cAm cua vat liéu.

Phd DRS cuia cac mau duoc do trén may quang phd Cary 5000 UV-Vis-NIR
(DRS) (Agilent, Nhat Ban), thuc hi¢n tai Vién Khoa hoc Vat liéu, Vién Han 1am
Khoa hoc va Cong ngh¢ Viét Nam.

2.2.8. Phwong phdp xdc dinh tiv tinh ciia sdn phim

Céac vat liéu tr 1a cac vat liéu bi tir hoa nhiéu hay it trong tur truong. Tur tinh
clia cac vat lidu tir khac nhau phu thudc vao cau tric tir cua ching.

Theo gia tri tuyét ddi va diu cua do cam ung tur cac vat dugc chia thanh 3
nhom 1én: nghich tir, thuan tr va sat tur.

Puong cong tir tré cia mau dugc do trén hé tir ké mau rung (Vibrating
Sample Magnetometer - VSM) thuc hién tai Vién Khoa hoc Vit liéu, Vién Han 1am
Khoa hoc va Cong nghé¢ Viét Nam.

H¢ do nay c6 cac tinh nang: H¢ c6 kha nang do tir A phu thudc nhiét do va
phu thudc tir trudng ngoai voi o nhay 10 emu. Tir trudng cuc dai 1a 11kOe. Dai

nhi¢t do do tr 77 + 1000K. Cuong do tur truong 1 Tesla.
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2.3. Tong hop cac hé vat liéu spinel bang phwong phap d6t chay dung dich
2.3.1. Tong hop vit liéu ferrite MFe,0, (M=Zn, Co, Ni)

Dé tong hop cac hé spinel ferrite chlng toi sir dung phuong phap dot chay
dung dich véi 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(NO5),.4H,0 va 0,02 mol (8,080 g) Fe(NOs)s. 9H,0, sau d6 khudy hdn hop &
70°C. Siy khd mau & 70°C va nung & 500°C, thoi gian nung 3 gid thu dugc mau ZnFe,O,
(Hinh 2.1). Gia thiét cac phuong trinh phan img xay ra nhu sau [45]:

3Zn(NO3), + 6Fe(NOg); + 20(NH,),CO— 3ZnFe,04 + 20CO, + 32N, + 40H,0

Cac mau CoFe,0,, NiFe,0, duoc téng hop tuong tu nhu quy trinh cua mau
ZnFe,0,.

Chung t6i d3 tong hop cac miu ZnFe,0,, CoFe,0, va NiFe,0, theo quy trinh
téng hop mau twong ty nhu trén nhung thay d6i mot sb yéu t6 1a nhiét d6 nung (500
+ 800 °C), thoi gian nung (1+4), ti 1é mol ion kim loai/urea (M/U =3/1 +1/3), pH tao
mau (1+5) (Bang 2.2).

Nung &

Séy kho 500°C
& 70°C

| NH,CONH,

Hinh 2.1. So' d6 tong hop spinel ferrite bang phwong phdp doét chay dung dich
Bing 2.2. Cdc diéu kién khdo sdt doi véi méu ZnFe,0,, CoFe,0, va NiFe,0,

Nhiét do nung (°C) | Thoi gian nung (gio) | Tilé mol M /U | pH tao mau
500 1 3/1 1
600 2 2/1 2
700 3 1/1 3
800 4 1/2 4
- - 1/3 5
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2.3.2. Tong hop vit li¢u ferrite pha tap ion dit hiém

Céc vét liéu ferrite pha tap ion dat hiém (La**, Nd**) dugc téng hop tuong tu
nhu cac mau ferrite tinh khiét va c6 thém cac mudi La(NOs); hoic Nd(NO3); véi ti
16 s6 mol ion dat hiém (La**, Nd*") trong mau theo ti 16 mol thich hop ( Bang 2.3-
2.5). So d6 tong hop cac miu duge minh hoa ¢ Hinh 2.2.

Gia thiét phuong trinh tong hop xay ra nhu sau:

3Zn(NO3), + 3(2-X)Fe(NO3)3 + 3xLa(NO3); + 20(NH,),CO — 3ZnFe,,La0, + 20CO, +
32N, + 40H,0
3M(NO3), + 3(2-X)Fe(NO3)3 + 3XNd(NO3); + 20(NH,),CO — 3MFe,Nd,O4 + 20CO, +
32N, + 40H,0 (M =Zn, Co)

55\45:(;3 ’ o MLanez-xO4
Chat ran M=Zn, Co

Ln=La, Nd

’ NH,CONH,

Hinh 2.2. So' d6 tong hep gt ligu ferrite MFe,O, pha tap ion dit hiém bang
phwong phdp dot chay dung dich
Bing 2.3. Khoi lwong cdc chit diu dé tong hop mau ZnlLa,Fe,.0, (x =0+0,05)

> Hoa chat| | 2 NO.)s | ZN(NO3),4H,0 | Fe(NOg)s. | (NH,),CO
Mau 6H,0 9H,0
0 gam 2,615 gam 8,080 gam 4,545 gam
ZnFe, 0O,
0 mol 0,01 mol 0,02 mol 0,075 mol
0,043 gam 2,615 gam 8,039 gam 4,545 gam
ZnlLagpFe1 9904
0,0001 mol 0,01 mol 0,0199 mol 0,075 mol
0,130 gam 2,615 gam 7,958 gam 4,545 gam
ZnLagp3Fe; 9704
0,0003 mol 0,01 mol 0,0197 mol 0,075 mol
0,216 gam 2,615 gam 7,877 gam 4,545 gam
ZnlagpsFe1,9504
0,0005 mol 0,01 mol 0,0195 mol 0,075 mol
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Bang 2.4. Khéi lwong cac chat diu dé tong hop miu ZnNd,Fe,,O, (x

=0+0,05)

Héa chit
M?lll Nd(NOg)gGHzo Zn(N03)24H20 Fe(N03)39H20 (NHZ)ZCO
0 gam 2,615 gam 8,080 gam 4,545 gam

ZnFe, 0O,

0 mol 0,01 mol 0,02 mol 0,075 mol
0,438 gam 2,615 gam 8,039 gam 4,545 gam

ZnNdg ;1 F€1,9904
0,0001 mol 0,01 mol 0,0199 mol 0,075 mol
0,132 gam 2,615 gam 7,958 gam 4,545 gam

ZnNdg p3Fe;,9704
0,0003 mol 0,01 mol 0,0197mol 0,075 mol
0,219 gam 2,615 gam 7,877 gam 4,545 gam

ZnNdg sF€1,9504
0,0005 mol 0,01 mol 0,0195 mol 0,075 mol

Bing 2.5. Khoi lwong cdc chét diu dé tong hop mdu CoNd,Fe,.,0, (x =0+0,05)

Héa chit
MAiu Nd(NOg)36H20 CO(N03)26H20 Fe(N03)39H20 (NH2)2CO
0 gam 2,9103 gam 8,080 gam 4,545 gam

CoFe, 0,

0 mol 0,01 mol 0,02 mol 0,075 mol
0,438 gam 2,9103 gam 8,039 gam 4,545 gam

CoNdg1Fe1,9904
0,0001 mol 0,01 mol 0,0199 mol 0,075 mol
0,132 gam 2,9103 gam 7,958 gam 4,545 gam

CoNdy,03Fe1,9704
0,0003 mol 0,01 mol 0,0197mol 0,075 mol
0,219 gam 2,9103 gam 7,877 gam 4,545 gam

CoNdy,05F€1,9504
0,0005 mol 0,01 mol 0,0195 mol 0,075 mol

2.3.3. Tong hop vit ligu composite ZnFe,0,/Bentonite

Can 6,64 g urea xac dinh hoa tan bang 150 mL nuéc cét rdi thém 4,33 gam
Zn(NOs),.4H,0 va 13,41 gam Fe(NO3)3.9H,0, thu dugc dung dich A. Bentonite

duoc phan tan trong dung dich ammonia va rung siéu am 15 phut (hdn hop B). Cho
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hdn hop B vao dung dich A va khudy hdn hop bang may khudy tir & 70°C, thoi gian
4 gid. Cac mau duoc siy kho ¢ 70°C, sau d6 nung & 500°C, thoi gian nung 3 gio.
Két qua thu dugc ZnFe,04/Bentonite (c6 ki hiéu 1a ZnFe,04/BT). Mau ZnFe,0,
tinh khiét va ZnFe,04/BT dugc tong hop trong cung diéu kién.

Bing 2.6. Khoi lwong chit ban ddu co trong cdc méu ZnFe,0,va ZnFe,0,/BT

MAiu Fe(N03)39H20 Zn(N03)24H20 (NHZ)ZCO Bentonite
13,41 gam 4,33 gam 6,64 gam 0
ZnFe, 0,
0,0332 mol 0,0166 mol 0,11 mol 0
13,41gam 4,33 gam 6,64 gam 0,20 gam
ZnFe,0./BT
0,0332 mol 0,0166 mol 0,11 mol

2.4. Khao sat hoat tinh quang xuc tac phan hiy Rhodamine B ctia cac hé vat liéu
2.4.1. Xdy dung dwong chuin xdc dinh nong dé Rhodamine B
Chuéan bi cac dung dich Rhodamine B (RhB) c6 nong db tir 1 + 10 mg/L (pH =7).
Do d6 hap thu quang A cua diy dung dich trén & bude séng 553 nm thu duoc dudng
chuan y=0,1691x + 0,0492 . Két qua duoc chi ra & Bang 2.7 va Hinh 2.3

Bing 2.7. 86 li¢u xdy dwng dwong chudn Rhodamine B

C(mg/l) | 1 2 3 4 5 6 7 8 9 | 10

A 0,185 0,369 | 0,557 | 0,736 | 0,923 | 1,092 | 1,265 | 1,428 | 1,545 | 1,691

2.0

2
a
18 @) (b) y = 0.1691x + 0.0492
L5 R? = 0.9966

1.0
un wn 1
o 2
< -

0.3 0.5

0.0 — 0

400 450 500 550 600 650 700 0 2 B 6 8 10 1
A(nm) C(mg/L)

Hinh 2.3. Phé UV-Vis ciia dung dich RhB & cac nong d¢ khdc nhau (a) va dé thi

dwong chudn xdc dinh néng dp ciia RhB (b)
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2.4.2. Anh hwéng ciia diéu ki¢n phén irng

Chuing tdi tién hanh céc thi nghiém trong diéu kién khong c6 va c6 mat cua H,0,
(cht oxi hod), vat lidu ferrite (chat xuc tac), dén LED (anh sang). Cu thé nhu sau:

Chuan bi 08 binh eclen 250 mL, danh sé tir 01 dén 10. Thém vao mdi binh
100 mL dung dich RhB 10 mg/L (pH = 7).

Binh 1 va 2: Thém vao mdi binh 1,0 mL H,0, 30%.

Binh 3 va 4: Thém vao mdi binh 0,1g mau ferrite.

Binh 5 va 6: Thém vao mdi binh 0,1g mau ferrite va 1 mL H,0, 30%.

Khuay 08 binh trén may khuay tir ¢ nhiét 6 thudng trong thoi gian 210 phut.
Do6i véi cac binh 1,3,5 thuc hién trong bong téi. Cac binh 2,4,6 dugc chiéu sang
bang dén Led véi khoang cach tir dén Led dén bé mat mau trong céc thi nghiém la
khoang 20 cm (Bang 2.8)

Bing 2.8. Anh huéng ciia diéu kién phén irng

Ferrite - Ferrite + Ferrite + Ferrite +
H¢ H,0, , )
Toi LED H,O,+ Toi | H,O,+ LED
Luong vat
_ - 1,0 1,0 1,0 1,0
liéu (g/L)
H,0, 30%
1,0 - - 1,0 1,0
(mL)
Thot gian
) 210 210 210 210 210
(phut)

Doi voi hé chi co H,0,, quy trinh thi nghiém duoc dién ra nhu sau:

Chuan bj binh eclen 250 mL, mdi binh chira 100 mL dung dich RhB 10,0
mg/l, thém vao 1,0 mL dung dich H,0, 30%. Chiéu sang bang dén LED va
khudy & nhiét do phong trong thoi gian thich hop. Ctr sau 30 phut, trich 3 mL
dung dich, do d6 hap thu quang. D6 hap thu quang cia cac mau dugc do & budc
séng 553 nm. Tur gia tri d6 hap thu quang cuc dai, dua vao dudng chuan (Hinh
2.3) dé tinh nong do RhB tuong ung. Hiéu suat phan hay RhB duoc tinh theo

cong thurc sau:
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HY%= CC S 100% 2.1)

0

Trong d6: C, 12 ndng d6 ciia RhB ban dau (mg/L).
C:la ndng d6 cua RhB tai thoi diém t (mg/L).

Déi v6i hé chi co vat liéu ferrite , quy trinh thi nghiém duoc dién ra nhu sau:
Chuan bi c4c binh eclen 250 mL ¢6 chira 100 mL dung dich RhB 10,0 mg/L. Thém
0,1 gam vat liéu ferrite vao binh eclen va khudy mau ¢ nhiét do phong trong bong
t6i 30 phut dé dat can bang hap phu. Sau d6 chiéu sang bang dén Led trong khoang
thoi gian thich hop. Ctr sau 30 pht, trich 3 mL mau, li tim 14y dung dich, sau d6 do do
hap thy quang tai budc séng 553 nm. Xac dinh nong d6 cia RhB dya vao duong
chuan (Hinh 2.3). Hiéu suit phan hiy RhB dwoc tinh theo cong thirc sau:

H%:%-m% 2.2)

Trong d6: C, 1a ndng d6 cua RhB khi dat trang thai can bang (mg/L); C; la
nong d6 cua dung dich RhB tai thoi diém t phut (mg/L).

Dbi v6i cac hé co vat licu ferrite, H,0, va chiéu sang quy trinh thi nghiém
duoc tién hanh nhu sau:

Chuan bi c&c binh eclen 250 mL ¢ chtra 100 mL dung dich RhB 10,0 mg/L.
Thém 0,1 gam spinel ferrite vao binh eclen va khudy mau & nhiét ¢6 phong trong
bong t6i 30 phat dé dat can bang hap phu. Sau d6 thém 1mL H,0, 30% vao hdn
hop va chiéu sang bang dén Led trong khoang thoi gian thich hop. Ct sau 30 phi,
trich 3 mL mau, li tam 14y dung dich, sau d6 do d6 hap thu quang tai budc séng 553 nm.
Dua vao dudng chuan (Hinh 2.3), x4c dinh ndng do ciia RhB. Hiéu suat phan huy
RhB dugc tinh theo cong thire (2.2).
2.4.3.Anh hwong cia ti 1¢ mol ion kim logi/urea

Anh huéng cua ti 18 mol ion kim loai/urea (M/U) trong qua trinh tong hop
mau dén hoat tinh quang xuc tac phan huy RhB cua NiFe,O, da dugc khao sat.
Chiing toi chon 3 ti 16 mol M/U 1a 1/2, 1/1 va 3/1, lugng vt liéu trong mdi thi
nghiém 1a 1,0 g/L; lvong H,0, la 0,1M, thoi gian chiéu sang 1a 270 phut. Cach tién
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hanh tuong ty nhu quy trinh duoc mé ta & muc 2.4.2 di voi hé c6 vat lidu ferrite,
H,0, va duoc chiéu sang.
2.4.4. Anh hwéng ciia nhigt dp nung

Anh huéng ciia nhiét d6 nung trong qué trinh tong hop mau dén hoat tinh
quang xuc tac phan huy RhB cua CoFe,O; duoc khao sat trong khoang tir 500
+800°C. Luong vat liéu CoFe,0, trong mdi thi nghiém 1a 1,0 g/L; luong H,0, la
0,15M, thoi gian chiéu sang 1a 270 phat. Cach tién hanh twong ty nhu quy trinh
duoc mo ta & muyc 2.4.2 d6i voi hé co vat lidu ferrite, H,0, va duoc chiéu sang.
2.4.5. Anh hwéng ciia lwong ion pha tap

Anh huodng cua lugng ion La**, Nd** pha tap dén hoat tinh quang xuc tac cia
ZnFe,0, va CoFe,0, duoc thuc hién véi cac lugng ion pha tap 1a 0 + 5%. Cac mau
duoc thyc hién voi lugng vat liéu 1a 1,0 g/L, luong H,0, 1a 0,1M dbi v6i cac mau
ZnlLa,Fe,.O, va ZnNd,Fe,, O, va 0,15M dbi v4i mau CoNdFe,,Og; thoi gian
chiéu sang 1a 210 phat. Cach tién hanh twong ty nhu quy trinh duoc mé ta ¢ muc
2.4.2 d6i voi hé co vat liéu spinel ferrite, H,0, va dugc chiéu sang.

2.4.6. Anh hwéng ciia lwong H,0,

Anh huong cua luong H,0, dén hoat tinh quang xuc tac duoc tién hanh & céc
néng d6 0,05M: 0,1M va 0,15M. Cac mau duoc thuc hién véi luong vat li¢u 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 d6i v6i hé c6 vat lidu ferrite, H,0, va duge chicu sang.

2.4.7. Anh hwéng ciia liwong vit ligu

Anh hudng cua lugng vat li¢u dén hoat tinh quang xuc tac duoc tién hanh véi
lugng vat liéu thay doi tr 0,5 +1,0 g/L. Luong H,0, dugc lya chon dua trén két qua
khao sat & muc 2.4.6. Thoi gian chiéu sdng cila cac mau 1a 240 phut. Cach tién hanh
turong ty nhu quy trinh duge mo ta & muc 2.4.2 ddi voi hé cé vat lidu ferrite, H,0,
va duoc chiéu sang.

2.4.8. Anh hwéng ciia cdc chit irc ché
Dé 6 co s dé xuat co ché phan tmg phan huy RhB, chung t6i di dua thém

vao hé chira ferrite, H,O, va chiéu sang béng dén Led, mot sb chit e ché su tao
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thanh cac gbc tw do ‘O, "OH va 13 trong (h"). Cu thé nhu sau: 1mL ascorbic acid 1
mM (lam tac nhan e ché gbc "0,"), 1 mL isopropylic alcohol (IPA) 10 mM (tc ché
gbc "OH) va 1mL ethylenediaminetetraacetic acid (EDTA) 1 mM (tc ché 15 tréng
h*). Cach tién hanh teong tu nhu quy trinh dugc moé ta & muc 2.4.2 ddi v6i hé co vat
liéu ferrite, H,0, va dugc chiéu sang.

2.5. Nghién ciru kha niing thu hoi va tai sir dung vat liéu

Céch tién hanh twong tu nhu quy trinh dugc mo ta & muc 2.4.2 ddi véi hé co
vat liéu ferrite, H,0, va dugc chiéu sang. Sau mdi lan thuc hién, vat liéu duoc thu
hdi bang céach ding tir trudong cta nam cham. Cac mau dugc rira bang ethanol, roi
sdy kho & 70°C trong 3 gio. Tiép tuc tién hanh tai st dung vat lidu trong diéu kién
tuong tu nhu lan 1.

2.6. Thir nghiém xi li nwée thai dét nhu¢m

Nudc thai dugc 13y tai bé chia caa lang nghé dét nhuém chiéu ci, thudc thdn
Vi Ha, xa An V1, huyén Quynh Phy, tinh Thai Binh. Nudc thai ¢6 mau do dam
(Hinh 2.4a). Tién hanh pha lodng nudc thai ban dau 20 lan dé khao sat kha ning
phan hay chat mau khi c6 mat mau vat lidu ZnLagFe,.O, va CoNd,Fe,,04 (x =0
+0,05) (Hinh 2.4b).

Céch pha dung dich str dung trong xac dinh COD:

- Hon hop phan tmg: Hoa tan 10,216 g K,Cr,0; di duogc séy & nhiét do 103°C
sau d6 thém tir tir va can than 167 mL dung dich H,SO, (d=1,84 g/mL) va 33,3 ¢
HgSO, vao binh dinh mtrc. D& ngudi va pha thanh 1000 mL.

- Thudc thir acid: Thém 5,5 g Ag,SO, trong 543,5 mL dung dich H,SO, déac (d =
1,84 g/mL). Khudy va dé yén 2 ngay dé Ag,SO, tan hét méi sir dung.

- Pha dung dich chuan potassium hydrogen phthalate (HOOCC¢H,COOK) (ki
hiéu 1a KHP): Séy so bd mot luong KHP & 120°C. Sau d6 can 850 mg KHP va dinh
mirc thanh 1 1it (dung dich nay c6 nong d6 1000 mg O,/L).

Lay 250 mL mau nudc thai sau khi da pha loang 20 1an cho vao binh eclen
500 mL, diéu chinh pH vé gia tri bang 7. Thém vao cbc 250 mg vat liéu khudy
trong bong t6i 30 phut cho dat cn bang hap phy. Thém 2.5 mL H,0, 30% va


https://en.wikipedia.org/wiki/Potassium_hydrogen_phthalate
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chiéu sang bang dén Led 30W & nhiét d6 phong. Sau mdi khoang thoi gian 30
phut, 14y 5 mL mau dem li tim 14y phan dung dich trong. Hat 2,5 mL dung dich
mau cho vao éng pha mau, thém 2 giot NaOH 20% va dun ¢ 100°C trong thoi
gian 15 phat dé loai H,0,.

Tién hanh pha miu tiép bang cach 1y 2,5 mL mau dung dich vira khir H,0, &
trén, thém tiép vao dng pha mau 1,5 mL hdn hop phan tng va 3,5 mL thudc thu
acid dugc chuan bj ¢ trén. Pt 6ng vao may phd mau ¢ nhiét d6 150°C trong 2 gio.
Sau do léy mau ra, dé ngudi ¢ nhi¢t do phong, roi do do hép thu tai budc song 605
nm. Dwa vao dudng chuan COD (Hinh 2.5) di xay dung dé tinh duogc gia tri COD
cua cac mau thuc.

Do khoang hoa (COD%) clia cic mau duoc tinh theo cong thirc sau:

COD,-COD

COD%= L.100%

COD,: D6 khoang hoa ctia mau ban dau (mg/L).
COD;: P khoang héa ctia mau tai thoi diém t (mg/L).

Hinh 2.4. Mdu nwéc thdi ban ddu (a) va sau khi pha lodng 20 lan (b)

Dé tién hanh x4y dung duong chuan xac dinh COD, chung tdi pha dung
dich KHP ban dau véi ndng dd 1000 mg O,/L. Tién hanh pha diy dung dich
KHP & cic ndong do khac nhau dam bao ndng d6 COD trong khoang 50 — 1000
mgO,/L. Thyc hién cac budc néu trén, chung to6i thu dugc bang gia tri sy phu
thudc d6 hap thu quang phan tir vao cac gia tri ndng d6 COD trong Bang 2.9.

Tur d6 xay dung duoc d6 thi biéu dién su phu thudc gia tri Abs vao nong do
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COD theo Hinh 2.5.
Bing 2.9. Sw phu thuéc ciia @6 hép thu quang phén tii theo nong dgp COD

Né)ng
do 50 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
(mg/L)

Abs | 0,014 | 0,029 | 0,064 | 0,094 | 0,137 | 0,164 | 0,199 | 0,224 | 0,253 | 0,289 | 0,317

0.3 y = 0,0003x + 0,0006
2=0,9984

I Ll

0 100 200 300 400 500 600 700 800 900 1000

Hinh 2.5. Pé thi dwong chudn xdc dinh néng dg COD trong nuwéc
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Hé vat li¢u ferrite MFe,O4 (M=2Zn, Co, Ni)
3.1.1. Anh hwéng ciia mét so yéu to dén sw tao pha va kich thwéc tinh thé ciia
ferrite MFe,O, (M=Zn, Co, Ni)
3.1.1.1. Anh hudng cia nhiét @6 nung

Nhiét d6 nung c6 vai trd quan trong trong qua trinh hinh thanh tinh thé spinel
ferrite. Dé xac dinh nhiét do nung chung toi ghi gian d6 phan tich nhiét.

Gian do phan tich nhiét cua gel diéu ché & ti 18 mol M/U =1/2, nhiét d6 tao gel
la 70°C dugc dua ra ¢ Phy luc 1 va dugc tom tat & Bang 3.1.

Bing 3.1. Két qud phan tich nhigt ciia MFe,0, (M=Zn, Co, Ni)

STT | Tén miu Nhiét @9 (°C) | Hiéu tng nhiét | % khoi lwong giam

75,74 Thu nhié¢t

1 ZnFe,0y4 81,15
184,3 Toéa nhiét
118,53 Thu nhiét

2 CoFe,0O4 76,35
251,33 Toéa nhiét
_ 78,09 Thu nhiet

3 NiFe,O, 77,31
275,81 Toa nhiét

Két qua cho théy, trén gian do phan tich nhié¢t cua mau ZnFe,0,, CoFe,0y,,
NiFe,O,4 xuat hién ca hiéu tmg thu nhiét va hiéu ung toa nhiét. Khdi luong ciia mau
giam tir 77,31 % dén 81,15 %, cha yéu trong khoang 100 + 400°C, xay ra sy mat
nude két tinh, phan hiy ion NO; va urea. Gan nhu khong c6 su bién dbi ndo vé
khdi luong & trén 400°C, do d6 co thé gan cho sy hinh thanh ZnFe,0,4, CoFe,0y,
NiFe,0,.

Tir két qua phéan tich nhiét, dé thu duoc ZnFe,0,, CoFe,0,, NiFe,04 can
nung & trén 400°C. Ching tdi dd chon nung mau & cac nhiét do tir 500 + 800°C cho
nghién clru sau.

Két qua ghi gian 46 XRD cua cac miu spinel ferrite dugc dua ra & Hinh 3.1
va phu luc 2 (PL2).
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*Fe,O,

2

(311)

(220)

(400)
(511)

(440)

Cwong do

20 30 40 50 60 70 80

26 (d9)
Hinh 3.1. Gidn dé XRD cia CoFe,0, khi nung ¢ 500 + 800°C
Bing 3.2. Kich thwéc tinh thé trung binh va thanh phin pha ciia
cdc mdu khi nung ¢ nhigt dé 500+800°C

Nhiét d nung (°C) 500 600 700 800
r (nm) 61 80 92 117
ZnFe, 0, Pha ZnFe, 0, ZnFe, 04 ZnFe, 0, ZnFe, 0,
Fe,05,Zn0 | Fe,04
r (nm) 9 11 23 29
CoFe,0, Pha CoFe,0, CoFe,0, CoFe,0, CoFe, 0,
Fe,O3
NiFe,O4 r (nm) 34 43 48 64
Pha
NiFe,O, NiFe,O, NiFe,O, NiFe,O,

Két qua ghi gian d6 XRD (PL2) cho thdy & nhiét do 500+600°C thu duoc
don pha cua ZnFe,0,. O 500°C miu thu dugc c6 kich thuéc hat nho hon. O
700+800°C ngoai pha cuia ZnFe,0,4 con thu duge cac pha cia ZnO va Fe,0s.

Két qua ghi gian d6 XRD cho thay & nhiét do 500 °C+700 °C thu duoc don pha
ctia CoFe,04. O 800°C ngoai pha ctua CoFe,04 con thu dugc pha cua Fe,05. Kich
thudc tinh thé cia CoFe,0, ting tir 9 + 29 nm khi ting nhiét do tir 500 + 800°C.
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Két qua ghi gian dd nhiéu xa Ronghen ciia mau NiFe,0, khi nung ¢ nhiét d6
tir 500 + 800°C duoc chira & (PL2) cho thiy. Khi ting nhiét do tir 500 + 800°C
déu thu duoc don pha cua NiFe,0, va kich thudc tinh thé ting dan tir 34 + 64 nm.

Pé thu dugec mau ZnFe,0,, CoFe,0, va NiFe,0, don pha c6 d6 két tinh cao,
kich thudc hat nhé chung toi da chon nhiét do nung mau tbi uu 1a 500°C.

Nhu vay, nhiét d nung anh huong nhiéu dén sy tao thanh pha va kich thudc
cuia cac ferrite. Dé thay rd hon anh hudng cua nhiét dé nung, chiing toi tién hanh ghi
phé IR, dién tich bé mit riéng, anh hién vi dién tir quét (SEM), phd DRS va tir tinh
ctia miu CoFe,0,4 khi nung & 500 + 800°C. Két qua dugc dua ra & Hinh 3.2 +3.5 va

dugc tom tit & Bang 3.3.

-
=

—_— « 500°C * T00°C
(a) 1800 (b) D g s soc o s0c
G 412 E
= | = o 50 Y
= 700 °C = R
K:‘ _——\/‘; E:' 40 4 .
ﬂ 600 °C = a. -
=§ 1 Q. 30 a
- o “E; 20 *a
‘é‘ w o ot
S 10 ge
, bt S pearttind
T R, —" s u]nmuuiﬁliihtn:‘i
1000 900 800 700 €00 500 400 . . . . ‘
v (cm-‘l) 0.0 0.2 0.4 0.6 0.8 1.0

Ap suét twong déi (PIP,)
Hinh 3.2. Phé héng ngoai (a) va dwong ding nhiét hap phu
va gidgi hap phu N, (b) ciia CoFe,0, khi nung ¢ 500 + 800°C

Hinh 3.3. Anh SEM ciia cdc méau CoFe,0,
nung ¢ 500°C(a), 600 °C (b), 700°C (c), 800 °C (d)
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Hinh 3.4. Pé thi Wood Tauc ciia cdc mdu CoFe,0,
khi nung ¢ 500°C(a), 600 °C (b), 700°C (c), 800°C (d)

M (emu.g™)

Q)]

M (emu.g™)

5000

10000

(5]
e o

=20
40

60|

M, (emu.g™)

-5000 0 5000

H (Oe)

e

-10000

10000

-3 38

]
[
=

8 4

(2)

-10

60

40-
20-

204
-40-

60

-10000

0 5000 10000

H_(Oe)

000  -5000

“ 7

-5000 0 5000 10000

H,(Oe)

Hinh 3.5. Pwong cong tir tré ciia mdu CoFe,0, khi nung
#500°C(1), 600°C (2), 700°C (3), 800°C (4)
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Bdng 3.3. Gid tri so song, dién tich bé mdt riéng, nang lwgng viing cam va cdc

théng sé tir ciia CoFe,0, khi nung é 500 + 800°C

M?lll Vl VZ SBET Eg Ms Mr HC
em™) | (cm™) | (Mg | (eV) |(emulg) | emu/g) | (Oe)

CF500 526 411 12,69 1,57 44,41 20,36 | 1739,45

CF600 530 409 7,95 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

Bang 3.2 cho thay, khi nhiét 46 nung ting, cac tinh thé phat trién hoan
thién hon nén Kich thudc tinh thé ting (tr 9 + 29 nm). Két qua nay ciing duoc
xac nhan trén anh SEM (Hinh 3.3). Sy tang kich thudc hat cua cac mau CoFe,0,
d3 lam giam dién tich bé mat riéng tr 12,69 m?%/g dén 1,58 m?/g khi nhiét do
nung ting tir 500 + 800°C.

Trén ph6 hong ngoai clia cac mau CoFe,0, khi nung & 500 + 800°C da co sy thay
d6i dai hdp thu dic trung cho dao dong cua lién két Fe-O trong cac hdc tir dién (522 -
532 cm™) va cta lién két Co - O trong cac hdc bat dién (408-412 cm™) [96].

Két qua tinh ning lugng ving cAm cho thay, khi nhiét d6 nung ting tir 500 =+
800°C thi gia tri ning lwong ving cdm ting tir 1,57 + 2,03 eV. Nhiét d6 nung ciing
anh huong dén cac gid tri do bdo hoa tir (M), do tir du (M) va luc khang tir (H,)
cta vt liéu CoFe,O, (Bang 3.3). Trong ciac mau CoFe,0,, khi nhiét 46 nung ting,
gié tri d6 bao hoa tir tang, do tur du tang va luc khang tir giam khi tang nhiét do.
Diéu nay c6 thé 1a do di co thay do6i vé sy phan b cation trong cac hdc tir dién va
bat dién, 1am moment tir spin ctia mau thay dbi [49 ].
3.1.1.2. Anh hwong ciia thoi gian nung

Gel diéu ché & ti 16 mol M/U =1/2, nhiét do tao gel 1a 70°C duoc siy kho.
Nung cic miu & cac nhiét do t6i vu da chon 500°C d6i voi mau ZnFe,0,4, CoFe,0,
va NiFe,0, trong thoi gian 1+ 4 gid. Két qua ghi gian d6 nhidu xa Ronghen cua céc
mau dugc chi ra & PL2. Gi4 tri kich thudc tinh thé clia cac mau & cac thoi gian nung

khac nhau dugc dua ra ¢ Bang 3.4.




45

Bing 3.4. Kich thuéc tinh thé (nm) ciia cdc méu khi nung 6 1+4 gio

STT | Tén mau Thoi gian nung ( gio)

1 2 3 4
1 ZnFe,O4 - 37* 61 111
2 CoFe,04 11* 13 22 59
3 NiFe,04 27* 34 35 40

(Ghi chl: ™ Mau bi lan pha)

Tir Bang 3.4 cho thiy, khi nung tai cung mot nhiét do, thoi gian nung
tang thi kich thuéc tinh thé ciia cdc mau déu ting. Nguyén nhan 1a do khi ting
thoi gian nung, cac tinh thé phat trién hoan thién hon do d6 kich thuéc tinh
thé tang [ 45].

Dé thu duge céc tinh thé don pha va kich thude nho chung t6i chon thoi gian
nung mau tdi wu 1a 2 gio ddi voi mau CoFe,0, va NiFe,04 va 3 gio d6i véi cac
mau ZnFe,0,.
3.1.1.3. Anh hwong cua ti I¢ mol ion kim logi/urea

Két qua do gian d6 XRD ciia cac mau dugc tong hop ¢ cung diéu kién nhiét
do tao gel, thoi gian nung tdi wu cta cac mauva nhiét do nung nhung co6 ti 1€ mol
M/U khéc nhau dugc chi ra & Phu luc 2. Két qua tinh kich thudc tinh thé cua cac
mau duoc dua ra & Bang 3.5.

Bing 3.5. Kich thuéc tinh thé (nm) ciia cdc méu co ti 1¢ mol M/U khéc nhau

Ti 1€ mol M/U
STT Tén miu 3/1 2/1 1/1 1/2 1/3
1 ZnFe,0, - 79 76 61 55
2 CoFe,0, - 59 53 31 13
3 NiFe,0, 46 44 39 34 37

Ghi cha: Piéu kién téng hop mau: nhiét dé tao gel: 70°C, nhiét do nung:
500°C doi véi ZnFe,Q4, CoFe,04 va NiFe,O,; thoi gian nung: 2 gio ddi véi mau

CoFe,0,va NiFe,0, va 3 gio doi vdi cdc mdu ZnFe,0y.
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“ Mdu bi lan pha

Két qua & Bang 3.5 cho thay, ti 16 mol M/U khéong anh hudng nhiéu dén sy tao
thanh spinel ferrite don pha, nhung c6 anh hudéng dén kich thudc cua tinh thé tao
thanh. Trong phan 16n cac mau, khi ti 16 mol M/U giam tir 3/1 dén 1/2, twong g
v6i sy ting luong urea trong mau thi kich thuée tinh thé giam. Ching t6i cho rang
v6i luong urea ting, gel tong hop duge cang xdp va chay tt hon, 1am cho hat
spinel tao thanh c6 kich thudc cang nho [64]. Khi ti 16 mol M/U giam tiép dén 1/3
thi trong mot s6 trudng hop, cac hat ferrite tao thanh c6 kich thuéc 16n hon hoic co
su tach pha, tao thanh oxide don nhu Fe,;03, ZnO hoac CoO.

Do d6, trong pham vi khao sat dé thu duoc tinh thé don pha ferrite MFe,O,
(M=Zn, Co, Ni) c6 kich thudc nho, chung t6i chon ti 18 mol M/U t6i wu 13 1/2 dé tién
hanh khao sat cac diéu kién tiép theo.

Pé thay rd hon anh hudng cua ti 16 mol M/U dén hinh thai hoc, tinh chét bé
mat va tinh chat tir ciia mau, chung toi tién hanh do phd IR, anh SEM, duong dang
nhiét hip phu va giai hap phu N, va cac thong s tir ciia cac mau NiFe,0, dugc tong
hop ¢ 3 ti 1€ mol M/U 1a 3/1, 1/1 va 1/2. Két qua duoc chi ra ¢ cac Hinh 3.6-3.7 va
Béang 3.6.

n
[=1
o

T T T T T

M/U=1/2 e M/U=3/1

i N\ o 80— MU=
1629 & 160 M/U=12
o B
3456 140
o M/U=1/1 5065 Y
c =, 1207
_‘;-‘_:j T 1637 "a 1007
— =
E a5 3 =
0 M/U=3/1 588 R
C A =
(u 3
st =h
3149 1591 g,
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5 3
T T T T T 59?
4000 3500 3000 2500 2000 1500 1000 500 . 1.0
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Hinh 3.6. Phé IR va dwong dang nhigt hdp phu va gidgi hdp phu N, ciia cac médu
NiFe,04 ¢ t7 I¢ mol M/U khac nhau
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Hinh 3.7. Anh SEM ciia cac mdu NiFe,0, c6 ti 1¢ mol M/U=3/1(a), 1/1(b), 1/2 (c),
TEM ciia médu NiFe,0, 6 ti 1é mol M/U =1/2 (d) va dwong cong ter tré ciia cac
mdu NiFe,0, c6 ti 1¢ mol M/U khac nhau
Bing 3.6. Gid tri s6 song, dién tich bé mdt riéng (SgeT), do bao hoa tir (M), do tir
dw (M) va luc khdng tiv (H,) ciia mdu NiFe,0, cé ti 1¢ mol M/U khdc nhau

MU [ 5 v, Sger M, M, H,
m?) | emyy | (Mg | emulg) | emurg) | (Oe)
31 | 594 | 399 2324 | 2624 | 517 | 156,63
1/1 588 399 38,88 29,06 2,85 78,87
1/2 596 399 44,94 32,47 551 242,39

Bang 3.5 cho thay khi ti 16 mol M/U giam thi kich thuéc tinh thé trung binh

giam tir 46 dén 34 nm. Két qua nay ciing dugc xac nhan trén anh SEM (Hinh 3.7(a-
c)). Dién tich bé mit riéng cua cic miu ting tir 23,24 + 44,94 m?/g khi luong urea
trong mau ting. Diéu nay ciing phu hop véi su giam kich thude tinh thé cua cac
mau. Trén phd hong ngoai cua cic mau NiFe,0, khi thay doi ti 1&6 mol M/U chi
quan sat duoc su thay ddi dai hap thu dic trung cho dao dong cua lién két Fe-O
trong cac héc tir dién (588 - 596 cm™). Luong urea trong mau téng hop ban dau
cling anh hudng dén cac gia tri d6 bio hoa tir (M), do tir du (M,) va luc khang tir
(Hc) cta vat liéu NiFe,0, (Bang 3.6). Két qua cho thy khi lugng urea trong mau
tang, gia tri o tir bio hoa 16n nhét (32,47 emu.g™) v6i miu ti 16 mol M/U=1/2 va
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dat gi4 tri thip nhit (26,24 emu.g™) ddi v6i mau ti 16 mol M/U=3/1. Piéu nay dugc
giai thich do su thay d6i kich thudc hat va do két tinh cua cac hat NiFe,0,. Hién
tugng nay ciing dugc quan sat trong truong hop cua CuFe,04[29].
3.1.1.4. Anh hwéng cia pH tao mau

Gian dd XRD cua cac mau diéu ché & cung diéu kién ty 16 mol M/U =1/2, &
70°C voi cac gia tri pH tao gel khac nhau tir 1+5. Sdy gel va nung cac miu & nhiét
d6 va thoi gian t6i vu da chon ¢ trén. Két qua ghi gian d6 XRD duoc dua ra & Phu
luc 2. Két qua tinh kich thudc tinh thé cta cac mau duoc dua ra & Bang 3.7.

Bing 3.7. Kich thuéc tinh thé (nm) ciia cdc mdu & pH tao gel khac nhau

STT | Tén méu pH

2 3 4 5
1 ZnFe,0, |49 61 92 -
2 CoFe,0, |- 13 53" 57
3 NiFe,0, |34 34 41 47

(Ghi cht: ™~ Mdu bi lan pha)

Két qua ghi gian d6 nhidu xa Ronghen (Phu luc 2) cho thiy, pH khong anh
hudng nhiéu dén sy tao pha va kich thudc tinh thé ctia miu. Trong sd cac miu tong
hop, su 13n pha oxide don ( Fe,O3, ZnO) chi quan sat duoc dbi véi mau ZnFe,0, (&
pH = 2 va pH =5) va CoFe,0, (6 pH= 2; 4; 5). Mt khac, trong qua trinh chuan bj
cac dung dich dau, gia tri pH do dugc cua cac dung dich 1a 3-4. Do d6, ching toi
lwa chon pH t6i wu 13 3 dé tong hop cac mau ZnFe,04, CoFe,0,, NiFe,0,.
3.1.2. Mt s6 dic trung ciia céc spinel ferrite diéu ché & diéu kién toi wu

Nhu vay, qua qua trinh khao sat, ching t61 da lya chon duogc diéu kién t6i vu
dé tong hop cac mu spinel ferrite tinh khiét va dwoc dua ra & Bang 3.8.

Bing 3.8. Diéu ki¢n téi wu dé tong hop cdc méu spinel ferrite

Stt Mau | Tilémol | pHtao | Nhiétdd | Thoigian
ferrite M/U m

u nung (°C) | nung (giv)

O

ZnFe,0, 1/2 3 500 3
CoFe,04 1/2 3 500 2
NiFe,O, 1/2 3 500 2
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Mot sb dic trung vé thanh phan pha, hinh thai hoc cua céc spinel ferrite diéu
ché ¢ diéu kién t6i uu dugc dwa ra & Hinh 3.8-3.10.

Gian d6 XRD di xac nhén s tao thanh ciu tric tinh thé spinel ZnFe,0, (thanh chuin
022-1012); CoFe;0, (thanh chuan 00-022-1045) va NiFe,0, (thanh chuan 00-054-0964).

Phé EDX cho thdy, dd xuét hién céc peak dic trung cho cac nguyén t6 trong cac miu
spinel ferrite. Ngoai ra, khong thiy su xuét hién ctia cac nguyén t6 khac, diéu nay chimg to
mAu tong hop duoc 14 tinh khiét. Anh hién vi dién tir quét va truyén qua cho thiy cic mau
thu dugc c6 dang da giac, kich thudc hat khoang tir 20 + 60 nm.

Element Weight% Atomic% [
l o 3136 62.64

Fe 40.50 26.04
l Zn 23.14 11.32

1
?‘Mm} "‘-,«‘Lﬁ_,u LA, ]

EMLa

Hinh 3.8. Gidn @ XRD (a), EDX (b), SEM (c) va TEM (d) ciia mdu ZnFe,0,

| e e ST S ull Scale 975 cts Cursor: 0.000 ke'

Mag: 167000x® Simm 100 nm

57 p 11,0916 HV=80.0kV

TEM Mode: Imaging ~ Direct Ma g: 80000x
3

Hinh 3.9. Gidn dé XRD (a), EDX (b), SEM (c) va TEM (d) csza mdu CoFe,0,
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Hinh 3.10. Gidgn @6 XRD (a), EDX (b), SEM (c) va TEM (d) ciia mdu NiFe,0,

Dién tich bé mit riéng clia cac mau spinel tong hop bang phuong phap dét
chay v&i chét nén urea thu duogc 1a tir 12,00 m?/g dén 52 m?%/g (Bang 3.9).
Bing 3.9. Dién tich bé mit riéng ciia cdc mdu spinel ferrite
diéu ché ¢ diéu ki¢n toi wu
Mau ZnFe,O, | CoFe,0, | NiFe,O,
Sger (M?/g) | 12,00 33,69 52,00

3.1.3. Anh huéng ciia mot s6 yéu to dén hoat tinh quang xtc tac phan hiy
Rhodamine B ciia cac hé vat liéu
3.1.3.1. Anh hudng cia diéu kién phan iing

Dé khao sat hoat tinh quang xuc tac phan huy RhB cua ferrite ching t6i tién
hanh thi nghiém & cing diéu kién vé luong vat liéu (1,0 g/L), 1,5 mL H,0, 30%,
thoi gian chiéu sang (210 phdt). Cach tién hanh twong tu nhu quy trinh dugc mé ta
& muyc 2.4.2 d6i voi hé c6 vat ligu spinel ferrite, H,0, va dugc chiéu sang. Sy phu
thudc ctia CJ/C, vao thoi gian chiéu sang cua cac hé phan tng duoc dua ra ¢ Hinh

3.11va3.12.
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Hinh 3.11. Pé thi (C,/C,) theo theéi gian chiéu sang khi c6 mat ZnFe,0,+ H,0,
(1), CoFe,04+ H,0, (2), NiFe,0,+ H,0, (3)
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Hinh 3.12: Phé UV-Vis ciia RhB theo théi gian chiéu sang
khi co m{it ZnFe,0,+ H,0, (a), CoFe, 04+ H,0, (d), NiFezo4+ H,0, (C)
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Bing 3.10a. Hiéu suit phan huy RhB khi chi ¢é H,O, va hi¢u sudt phin huy
RIB ciia cac hé ferrite khi khéng cé mat H,O, chiéu sdng ¢ 210 phit

H,0,+ LED ZnFe,0, + LED
t(phat) | Abs |Cu(mg/) | H(%) | Abs | C{mg/l) | H(%)
0 |16790| 964 0 | 1,686 | 9,68 | 0,00

30 |1,6235| 9,31 341 | 1,637 | 9,39 2,99
60 |1,5887| 9,11 554 | 1,59 9,11 5,87
90 |[1,5615| 8,94 721 | 1569 | 8,99 7,15
120 |1,5491| 8,87 797 | 1517 | 868 | 10,33
150 |1,55292 | 8,75 919 | 1,415 | 8,08 | 16,56
180 |1,5036 | 8,60 10,76 | 1,324 | 754 | 22,12
210 [1,4872| 851 11,77 | 1271 | 7,23 | 2535
CoFe,O, + LED NiFe,O,+ LED
t(phat) | Abs | Ci(mg/l) | H(%) Abs | Ci(mg/l) | H(%)
0 1,799 | 10,35 0,00 | 1,656 | 9,50 0,00
30 | 1,653 | 9,49 834 | 1643 | 943 0,81
60 | 1,585 | 9,08 12,23 | 1,616 | 9,27 2,49
90 | 1,534 | 8,78 15,14 | 1597 | 9,15 3,67
120 | 1,448 | 8,27 20,06 | 1,579 | 9,05 4,79
150 | 1,402 | 8,00 22,69 | 1,548 | 8,86 6,72
180 | 1,354 | 7,72 2543 | 1,489 | 852 | 10,39
210 | 1,285 | 7,31 29,37 | 1,485 | 849 | 10,64
Bing 3.10b. Hiéu sudt phin huy RhB ciia cac hé ferrite khi c6 mdt H,0, va chiéu

sang o 210 phut

Hé phan wng t (phut) Abs Co(mg/l) Ci(mg/l) | H(%0)

ZnFe,0O, + 0 1,677 9,63 9,63 0,00

H,O,+ LED 30 1,431 9,63 8,17 15,11
60 1,181 9,63 6,69 30,47
90 0,833 9,63 4,64 51,85

120 0,600 9,63 3,26 66,16
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150 0,435 9,63 2,28 76,30
180 0,291 9,63 1,43 85,15
210 0,244 9,63 1,15 88,05
CoFe, O, + 0 1,683 9,66 9,66 0,00
H,O,+ LED 30 1,523 9,66 8,71 9,85
60 1,373 9,66 7,83 18,97
90 1,245 9,66 7,07 26,81
120 0,932 9,66 5,22 45,97
150 0,750 9,66 4,15 57,11
180 0,569 9,66 3,07 68,18
210 0,383 9,66 1,97 79,57
NiFe,O4+ 0 1,702 9,78 9,78 0,00
H,O,+ LED 30 1,599 9,78 9,17 6,23
60 1,425 9,78 8,14 16,76
90 1,110 9,78 6,27 35,82
120 0,821 9,78 4,56 53,30
150 0,635 9,78 3,46 64,56
180 0,537 9,78 2,89 70,49
210 0,433 9,78 2,27 76,77

Tir Bang 3.10a, 3,10b cho thdy, hé ferrite c6 kha ning phan huy RhB trong

diéu kién nghién ctiru. Nguyén nhén 1a do khi duoc chiéu sang thich hop, trén bé mit

ctia cac ferrite xay ra qué trinh quang xuc tac, tao ra cac gbc tu do c6 kha ning oxi

hoé cao nhu “OH, ‘O, ", lam phan huy hop chét hitu co [31]. Cu thé nhu sau:

AB,0, + hv — AB,O, (¢ +h")
h"+H,0 — 'OH +H"
h*+OH — "OH
0, +e — 0y
‘0O, +2H,0 -2'0OH + 20H + O,
‘0, /'OH + RhB — san pham phan huy

Trong h¢ ferrite, ngoai phan img quang xtic tac thong thudng con c6 phan ung
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Fenton di thé [103, 87]. C4c ion sit trén bé mit ferrite phan tmg véi H,O, tao ra cac
gbc tu do theo cac phuong trinh sau:
=Fe>* + " — =Fe*'
=Fe*" + H,0, — =Fe¢”* + ‘OOH + H'
=Fe’* + H,0, — =Fe*" + 'OH + OH
RhB + ("OH, "'O,", 'OOH) — CO,, H,0

Trong qua trinh nay, cac gbc tu do duoc tao ra lién tuc, do d6 hiéu suat phan
hay hop chét hitu co dugc cai thién.
3.1.3.2. Anh heong ciia ti 16 mol kim logi/urea dén hoat tinh quang xiic téc phén
huy RhB

Ti 1€ mol ion kim loai/urea ciing anh hudng tdi hoat tinh quang xtc tac cua
vat liéu. Chung to1 da tién hanh khao sat mau NiFe,0, ¢ 3 ti 16 mol M/U 1a 1/2,
1/1 va 3/1 dén hoat tinh quang xtc tic phan huy RhB. Cach tién hanh duoc mo ta
o muc 2.4.3.

Phd UV-Vis cua dung dich RhB khi ¢6 mat H,0, va mau NiFe,0, véi 3 ti 18
mol M/U khé&c nhau theo thoi gian dugc dua ra ¢ Hinh 3.13(a-c).

Khi ¢6 mat NiFe,O,, trén phd UV-Vis ciia dung dich RhB déu quan sét thiy
su giam cudng d6 ¢ bude song 553 nm khi ting thoi gian chiéu sang. Sau 270 phut
chiéu sang, hiéu suat phan huy ciia RhB di ting tir 63,75% (voi mau co ti 1& mol
M/U=3/1) 1én 94,66% (v&i mau c6 ti 16 mol M/U=1/2). Diéu nay c6 thé duogc giai
thich do khi lugng urea trong mau ting, cac hat NiFe,O, tao thanh c6 kich thudc
giam, dién tich bé mit riéng ting nén bé mit hoat dong ctia miu ting. Do d6 hiéu
suat phan hity RhB ting [12], [83].

Dé xac dinh yéu té dong hoc cta phan tmg, chung t6i tién hanh biéu dién dai
luong In (Co/Cy) theo thoi gian chiéu sang. Két qua & Hinh 3.13(d) cho thdy, dai
lwong In(C,/C,) phu thudc tuyén tinh vao thoi gian voi hé s6 hdi qui cao (R?>0,96).
Diéu nay chimg to phan Gmg phan hity RhB khi ¢6 mat H,0, va NiFe,O, tuan theo
phuong trinh dong hoc bac 1. Nhan dinh nay ciing dugc mét sb tac gia dua ra khi

nghién ctru phan tng phan huy MB véi su ¢6 mat cia CoFe,0,4 [12], NiFe,O,4 [74].
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Hing s tbc do phan tmg nhanh nhét (1,18x107 phat?) khi c¢6 mat mau NiFe,O,
diéu ché ¢ ti 16 mol M/U=1/2 ( Bang 3.11).
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Hinh 3.13. Phé UV-Vis ciia dung dich RhB khi c6 mat H,0,va NiFe,0y, :
(M/U=3/1(a), 1/1(b), 1/2 (c) va sw phu thugc ciia In(C,/C;) vao theéi gian chiéu
sang (t) khi c6 mat ciia mdu NiFe,0, c6 ti ¢ mol M/U khéac nhau (d)
Bdng 3.11a. Hiéu sudt phan hiy RhB theo thei gian chiéu sang khi c6 mét H,0,
va NiFe,0, tong hep ¢ ti 1¢ mol M/U khéc nhau

Ki hiéu mau t (phdt) Abs | Co(mg/) | Ci(mgll) | H (%)
0 1,715 | 9,85 9,85 0,00

30 1601 | 985 9,71 1,44

60 1572 | 9,85 9,01 8,58

90 1442 | 9,85 8,24 16,39

NF31 120 1278 | 985 7,27 26,23
150 1,093 | 9,85 6,17 37,34
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180 0,962 9,85 5,40 45,20
210 0,817 9,85 4,54 53,91
240 0,722 9,85 3,98 59,61
270 0,653 9,85 3,57 63,75
0 1,655 9,50 9,50 0,00
30 1,610 9,50 9,23 2,80
60 1,454 9,50 8,31 12,52
90 1,372 9,50 7,82 17,62
NF11 120 1,225 9,50 6,95 26,78
150 1,062 9,50 5,99 36,93
180 0,893 9,50 4,99 47,45
210 0,733 9,50 4,04 57,42
240 0,570 9,50 3,08 67,57
270 0,495 9,50 2,64 72,24
0 1,674 9,61 9,61 0,00
30 1,492 9,61 8.53 11,20
60 1,230 9,61 6.98 27,33
NF12 90 0,984 9,61 5.53 42,47
120 0,779 9,61 4.32 55,08
150 0,545 9,61 2,93 69,49
180 0,402 9,61 2,09 78,29
210 0,251 9,61 1,19 87,58
240 0,197 9,61 0,87 90,90
270 0,136 9,61 0,51 94,66

Bdng 3.11b. Gid tri hang so toc dp phan ving (ki) va hé sé héi quy (R°) ciia phdin

teng phan hiiy RhB khi cé mt NiFe,0O, tong hop 6 ti Ié mol M/U khdc nhau

Mau NF31 NF11 NF12
ki (phat™) 0,0044 0,0054 0,0118
R? 0,9899 0,9609 0,9761

3.1.3.3. Anh hudng cia nhiét do nung dén hoat tinh quang xiic téc phdn huy RhB
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Nhiét d6 nung trong qua trinh tong hop miu cling 4nh huéng dén hoat tinh
quang xtc tac phan huy RhB cta cac chat xuc tac. Chung t6i lya chon 4 mau xuc
tac CoFe,0, dugc nung & cac nhiét do tir 500 + 800°C dé khéo sat hoat tinh quang
xuc tdc phan huy RhB. Cach tién hanh duoc thue hién nhu mé ta & muc 2.4.4. Phd
UV-Vis cua dung dich RhB khi ¢6 mat cia H,0,, CoFe,0O, theo thoi gian chiéu sang
duoc dua ra & Hinh 3.14.
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Hinh 3.14. Phé UV-Vis ciia RhB theo theéi gian chiéu sang khi c6 mat H,0, va
CoFe,0, dugc nung ¢ 500°C(a), 600 °C (b), 700 °C (c), 800 °C (d)

Két qua tinh toan cho thay, sau 270 phit chiéu sang hiéu suit phan hiy RhB
Khi c6 mit ciia H,0, va CoFe,0, 1an luogt 1a 90,6%, 67,6%, 51,6% va 42,8%, tuong
ung voi mau CoFe,0, dugc nung & 500 + 800°C. Nhu vay, khi ting nhiét d6 nung
ctia mau CoFe,0, thi hi¢u suit phan hiy RhB giam. Diéu nay c6 thé duoc giai thich
1a do su tang kich thudc hat, giam dién tich bé mat riéng va tang gia tri nang luong
ving cam ctia CoFe,0, khi nhiét d6 ting (Bang 3.2 va 3.3).

Su phu thudc cua In(C,/C,) vao thoi gian chiéu sang khi c6 mat cua H,0O, va
CoFe,0,4 c6 nhiét do nung tir 500 + 800°C duoc chi ra Hinh 3.15.

Két qua cho théiy, dai lugng In(C,/C;) phu thudc tuyén tinh vao thoi gian. biéu
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nay chung t0 phan tmg phan huy RhB khi ¢6 mat H,O, va CoFe,O, tuan theo
phuong trinh dong hoc bac 1 véi hé sb hdi quy cao (R*> 0,96). Hang sb téc do phan
trng khi ¢6 mat CoFe,0, nung & 500°C 1a 0,839 x 10 phat™, cao hon 3,9 14n so véi
khi c6 mit CoFe,O, nung & 800°C ( Bang 3.12a va 3.12b).
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Hinh 3.15. Sw phu thugc ciia In(C,/C;) vao theéi gian chiéu sang khi cé mat cia
H,0, va CoFe,0, nung ¢ 500°C(1), 600 °C (2), 700 °C (3), 800 °C (4)
Bing 3.12a. Higu sudt phan hiiy RhB theo thoi gian chiéu sding khi cé mdt H,0,

va cac mdu CoFe,0, nung ¢ 500 + 800°C

Ki hiéu mau t (phat) Abs Co (mg/l) C¢ (mg/l) H (%)
0 1,683 9,66 9,66 0,00
30 1,522 9,66 8,71 9,85
60 1,373 9,66 7,83 18,97
90 1,245 9,66 7,07 26,81
CF500 120 0,932 9,66 5,22 45,97
150 0,750 9,66 4,15 57,11
180 0,569 9,66 3,07 68,18
210 0,383 9,66 1,97 79,57
240 0,272 9,66 1,32 86,36
270 0,203 9,66 0,91 90,59
0 1,639 9,40 9,40 0,00
30 1,446 9,40 8,26 12,14
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60 1,329 9,40 7,97 19,50
90 1,230 9,40 6,98 25,73
CF600 120 1,157 9,40 6,95 30,32
150 0,984 9,40 5,53 41,20
180 0,860 9,40 4,80 49,00
210 0,793 9,40 4,40 53,21
240 0,737 9,40 4,07 56,74
270 0,565 9,40 3,05 67,56
CF700 0 1,687 9,69 9,69 0,00
30 1,610 9,69 9,23 4,70
60 1,507 9,69 8,62 10,99
90 1,393 9,69 7,95 17,95
120 1,266 9,69 7.20 25,71
150 1,190 9,69 6,75 30,35
180 1,097 9,69 6,20 36,02
210 1,021 9,69 5,75 40,66
240 0,923 9,69 5,17 46.65
270 0,842 9,69 4,69 51,59
CF800 0 1,700 9,76 9,76 0,00
30 1,662 9,76 9,54 2,30
60 1,575 9,76 9,02 7,57
90 1,488 9,76 8,51 12.84
120 1,400 9,76 7,99 18,17
150 1,325 9,76 7,55 22,72
180 1,248 9,76 7,09 27,38
210 1,187 9,76 6,73 31,08
240 1,088 9,76 6,14 37,07
270 0,993 9,76 5,58 42,83
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Bing 3.12b. Gid tri hang so toc dp phan teng (k) va hé sé héi quy (RY) ciia phdn
teng phan hiiy RhB khi c6 mét CoFe,O, nung 6 500 +800°C

Maiu CF500 CF600 CF700 CF800
K, (phat™) 8,39. 107 3,94. 107 2,80. 107 2,16. 10
R® 0,960 0,967 0,997 0,990

Két Iugn: Nhu vy, qua cac nghién ctru trén cho thdy, cau truc, tinh chat cua
cac spinel phu thudc vao cac diéu kién téng hop mau (ti 16 M/U, nhiét d6 nung, thoi
gian nung, pH, ...). Céc su thay doi vé diéu kién tong hop mau sé& lam thay doi hoat
tinh quang xuc tac cua h¢ phan ung.

3.2. Hé ferrite pha tap ion dat hiém La*" va Nd**

Trong s6 céac spinel, hé ferrite duoc quan tdm nghién ciru nhiéu do cic ng
dung phong phti cta ching. Qua khao sat trén ching t6i thiy rang, cdu truc, tinh
chat tir, tinh chat quang va hoat tinh quang xtc tac ctiia ching phu thudc nhiéu vao
diéu kién tong hop miu. Trong nghién ctru tiép theo chiing t6i tién hanh nghién ctru
anh huéng cta ion dit hiém pha tap dén cdu trac, tinh chat va hoat tinh quang xuc
tac phan huy rhodamine B cua vat li¢u ferrite.

3.2.1. Mt s6 dic trung cia vat liéu ferrite pha tap La®*, Nd**
3.2.1.1. Gidn dé nhiéu xa Ronghen

Gian dd nhidu xa Ronghen (XRD) cua hé vat liéu ZnLa,Fe,.O4 (X =0 +0,05)
duogc chi ra & Hinh 3.16. Két qua tinh kich thudc tinh thé va hang s6 mang tinh thé

ctia cac mau duoc dua ra & Bang 3.13.
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Hinh 3.16. Gidn dé XRD cia mdu ZnLayFe,.,O, véi x = 0 (1), x=0,01 (2),

x =0,03 (3) va x= 0,05 (4) khi nung ¢ 500°C
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Bdng 3.13. Gia tri goc 26 tai mat phang mang (311), kich thwéc tinh thé (v),
hang sé6 mang (a) va thé tich é mang co sé (V)
ciia cdc méu ZnLa,Fe,, 0, (x = 0+0,05)

STT| Tén miu 20°) [r(nm) | a(A) | VAY
1 ZnFe,0, 35,260 22 8,447 599,08
2 | ZnLagpiFe; 9904 | 35,252 16 8,450 | 601,21
3 | ZnLaggsFe; 704 | 35,188 13 8,454 | 603,35
4 | ZnLagpsFe; 9504 | 35,168 11 8,457 603,35

Hinh 3.16 cho théy, cac mau ZnLa,Fe,,O4 (x =0 +0,05) déu xuat hién cac

peak tng véi goc 20 va mit 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 cdu tric spinel cua

ZnFe,0, (thanh chudn sb 022-1012) [21, 26]. Su ¢6 mit cua ion La®" (La,05) pha

tap trong cac mau ZnLa,Fe, O, dugc xac nhan & cac peak ing véi goc 20 1a 26,14°;
31,9% 39,2°% 45,8 52,38° va 60,3° tng véi cau trac luc phuong. Tuy nhién cac vach
nhidu xa dic trung cho La,05; yéu do luong La®* pha tap trong mau nho (0+5%
mol). Kich thudc tinh thé cta cac mau ZnFe,O, giam dan tir 22 dén 11 nm va hang
s6 mang tinh thé ting tir 8,447 dén 8,457A khi lwong ion La®* pha tap trong mau
tang (Bang 3.13). Ngoai ra, con quan sat dugc gia tri goc 20 ung véi miat phang
mang (311) ciing giam khi ting luong ion La®". Nguyén nhan cta hién twong nay 1a
do su khac nhau vé ban kinh ion ctia Zn*, Fe** va La*. Theo tac gia [72, 78, 90],
céc ion La®*" c6 xu hudng xdm nhap vao cac hdc bat dién [B], nhung ban kinh cua
ion La** (1,03 A) 16n hon nhiéu so vé6i cta ion Fe** (0,67 A). Hon nita, ning lugng
lién két ciia La - O cao hon ning luong cua Fe-O dan dén cin cung cip ning luong
16n hon cho La** dé vao cac vi tri [B] cua mang tinh thé. Su khuéch tan La®*" vao
mang kho khin 1am han ché sy phat trién cua hat ferrite. K&t qua sy phat trién cta
céc hat nano ferrite va kich thudc tinh thé cua ferrite kém c6 xu huéng giam trong
khi hang s6 mang tinh thé ciia chung ting 1én. Hién tuong giam kich thudc tinh thé
khi ham luong ion dat hiém pha tap ting dd duoc quan sat & mau ZnFe,O, pha tap

La®* [34], CoFe,0; pha tap ion La**, Eu®* [30,47] va NiFe,0, pha tap Gd** [38].
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Két qua ghi gian d6 XRD cua cac hé vat liéu ZnNdyFe,.,O, (x =0 +0,5) duoc
chi ra & Hinh 3.17. Két qua tinh kich thudc tinh thé va hang s6 mang tinh thé cua
cac mau duoc dua ra ¢ Bang 3.14.

Két qua do XRD ciia cac mau ZnNd,Fe,,O, (x =0 +0,05) cho thdy, déu xuit
hién don pha spinel. Cac mau ZnFe,0, c6 kich thudc tinh thé giam tir 22 nm dén 12
nm khi luong ion Nd** pha tap trong mau ting (Bang 3.14). Hing s6 mang tinh thé
ZnFe,0, ting tir 8,44 dén 8,45A khi luong Nd*" ting. Nguyén nhén cua hién tuong
nay 1a do su khac nhau vé ban kinh ion cua Zn**, Fe** va Nd**. Ban kinh ion cua ion
Nd** (0,98 A) 16n hon ban kinh ion cia Zn®** (0,74 A) va Fe** (0,67 A); do d6 ion
Nd** chiém nhiéu vi tri bat dién (vi tri B) hon ion Fe** [111]. Céc ion Nd** ¢ kha
nang phan bd trong bién hat, [am can tr& su phat trién cua cac hat ferrite [111]. Két
qua 13, sy phat trién cta cac hat nano ferrite va kich thudc tinh thé cta ferrite kém co
xu huéng giam trong khi hang s6 mang tinh thé ctia chung ting 1én. Céc hién tugng
giam kich thudc tinh thé khi ham lugng ion dat hiém pha tap ting di duoc quan sat &
méau CoFe,0; pha tap ion La**, Eu*" [58,47], ZnFe,O, pha tap La>" [35] va NiFe,0,
pha tap Gd*" [38].
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Hinh 3.17. Gidn dé XRD ciia mdu ZnNd,Fe,.,O4 (x = 0 +0,05) khi nung ¢ 500°C
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Bdng 3.14. Kich thwdc tinh thé (v), h&ng s mang (a) va thé tich é mang co so (V)
ciia cdc méu ZnNd,Fe,..0, (x = 0+0,05)

Stt Tén méu 20 (°) r(nm) | a(A) V(AY)
1 ZnFe,0, 35,260 22 8,447 599,08
2 | ZnNdggFe 9004 | 35,194 21 8,440 601,21
3 | ZnNdggsFe; ;04| 35,209 18 8,450 603,35
4 | ZnNdggsFe, 9504 | 35,243 12 8,450 603,35

Gian do XRD cua cac mau CoNd,Fe, O, (x = 0,0 +0,05) dugc dua ra ¢ Hinh
3.18. Két qua cho thiy, cac mau CoNd,Fe,04 (x =0 +0,05) déu xuat hién cac peak
g va&i goc 20 va mit 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 cau trac spinel cia
CoFe,0, (tmg vé6i thanh chuin sé 03-0864). Khi lwong ion Nd** pha tap ting dén x
= 0,05 va trong mau CoNdg psFe1.9504 COn xuat hién pha ctia NdFeO; do su thay thé
ion Fe** bang ion Nd*". Tuy nhién, do ban kinh ion cua Nd*" 16n hon cta ion Fe**
nén sy thay thé nay trong mang tinh thé CoFe,0, bi han ché [79]. Cuong do vach
nhidu xa tai mit mang (311) ting 1én va ¢ sy dich chuyén nhe goc 20 vé phia trén
(phia géc 26 nhoé hon), chung t6 da c6 su chuyén ion Nd** vao cac héc tir dién va
bat dién dé thay thé ion Co®*/Fe®".

Két qua cho thdy (Bang 3.15), khi luong ion Nd** pha tap tang thi kich thudc
tinh thé ting (14,35 + 29,14 nm), thé tich 6 mang co ¢ va hiang s6 mang ting. Piéu

nay dugc giai thich 1 do su thay thé cua ion Nd** d 1am gidn 6 mang co so [110].
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Hinh 3.18. Gign dé XRD ciia mgu CoNd,Fe,,O, véi x =0 (1), x=0,01 (2), x =0,03

(3) va x=0,05 (4) khi nung ¢ 500°C
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Bdng 3.15. Gia tri goc 26 tai mat phang mang (311), kich thwéc tinh thé (r),
hang sé mang (a) va thé tich 6 mang co sé (V)
ciia cdc méu CoNd,Fe,..0, (x = 0+0,05)

Stt Tén miu 20(°) | r(nm) | a(A) V(A?)
1 CoFe,0, 35,27 14 8,430 599,08
2 | CoNdgoiFei0904| 35,35 19 8,440 601,21
3 [CoNdggsFe ;04| 35,51 27 8,450 603,35
4 |CoNdgosFei0s04| 35,60 29 8,450 603,35

3.2.1.2 Phé héng ngoai
Phd héng ngoai (IR) cta cac mau ZnLayFe,.04, ZnNd,Fe,..O, va CoNd,Fe,.
04 (x =0 + 0,05) dugc dua ra & Hinh 3.19. Trén pho héng ngoai cua cac mau déu

Xuét hién dao dong dic trung cho lién két kim loai-oxygen (M-O) & héc ti dién (v, )

va & héc bét dién (v, ) (Bang 3.16).
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Hinh 3.19. Phé IR ciia cac mdu ZnLagFe,.,0, (a), ZnNd,Fe,.,0, (b),
CoNd,Fe,..0, (c) véix =0 (1), x=0,01 (2), x =0,03 (3) va x =0,05 (4)
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Bing 3.16. Ddi hdp thu ddic trung cho dao dpng cia lién két M-O ¢ héc ti dién
(v,) va héc bat dign (v, ) ciia cic mdu ZnLa,Fe, 0y,

ZnNdyFe;.04, CoNdyFe,.0, (X = 0+0,05)

Tén miu S6 song X=0 x=0,01 | x=0,03 | x=0,05
v, (cm™) 540 548 561 578
ZnLasFe, O |
v, (cm™) 451 455 480 478
v, (cm™) 523 529 526 527
ZnNdXFEZ_XO4 __
v, (cm™) 448 451 419 421
v, (cm™) 552 583 590 591
CoNdyFe, Oy |
v, (cm™) 424 475 482 485

Gia tri s6 song v, , v, cia cac mau ferrite pha tap La>* va Nd** déu thay d6i va
da s6 déu cao hon so véi trong mau tinh khiét. Nguyén nhan cia hién tugng nay la
do su sap xép, phan bé lai cac ion trong mang tinh thé do anh huong cua cac ion
La*, Nd*" [47, 30, 59, 110].
3.2.1.3. Pho tan xa ning lwong tia X

Ph6 EDX cac mau dugc dua ra ¢ Hinh 3.20 - 3.21. Trén cac pho EDX ctia mau
ZnFe,0, (Hinh 3.20a) va CoFe,0, (Hinh 3.21a) déu xuit hién peak dic trung cia
nguyén to Zn, Co, Fe va O. Sy c6 mit cia cac peak dic trung cho nguyén to La va
Nd trong cac miu ZnLa,Fe,,O, va ZnNd,Fe,,0, déu xuit hién trén phé EDX
(Hinh 3.20 (b,c) va 3.21). Ngoai ra, khong xuat hién cac peak dic trung cua cac
nguyén t6 khac, chimg to rang cac mau thu dugc hoan toan tinh khiét. Két qua tinh
% vé ti 16 nguyén tir trong cac mau twong d6i pht hop vai két qua tinh theo Iy thuyét
(Bang 3.17).
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Hinh 3.21. Phé EDX ciia vt ligu CoFe,0, (a), CoNdygsFe; ¢504 (b)
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Bing 3.17. Phdn tram vé ti I¢ nguyén tir cdc nguyén to cé trong méu

%M %Fe %0 %Ln
Miu (M=Zn, Co) (Ln=La, Nd)
LT | TT LT | TT LT | TT | LT TT
ZnFe,0, 14,29 | 11,74 | 28,57 | 31,98 | 57,14 | 56,28 | 0O 0
ZnlLagesFe; s0, | 14,29 | 10,33 | 27,86 | 37,46 | 57,14 | 50,99 | 0,714 | 1,21
ZnNdggsFe 0,04 | 14,29 | 14,27 | 28,14 | 28,97 | 57,14 | 56,6 | 0,42 | 0,16
CoFe,0, 14,29 | 11,44 | 2857 | 26,94 | 57,14 | 6162 | 0 0
CoNdgsFe: 50, | 14,29 | 13,41 | 27,86 | 21,34 | 57,14 | 64,59 | 0,714 | 0,66
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3.2.1.4. Phé tdn xa phan xa khuéch tan tiv ngoaqi-kha kién

Tinh chét quang ctia cac hé vét lidu ferrite pha tap ion La®* va Nd® duogc xac dinh
bang phd phan xa khuéch tan tir ngoai-kha kién. Su phu thudc cta gia tri (ohv)? vao ning
luong photon 4nh sang hap thu hv ciia c4c mau dugc dua ra ¢ Hinh 3.22 +3.24.
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Hinh 3.22. Sw phu thugdc cia gia tri (ahv)’ vio ning lweng photon &nh sang hdp
thu hv ciia mdu ZnLagFe,..0, : x =0 (a), x =0,01 (b), x =0,03 (c) va x =0,05 (d)
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Hinh 3.23. Sw phu thudc cia gia tri (ahv)® vao ning lweng photon anh sang hap
thu hv ciia mdu ZnNd,Fe,.,0,: x =0 (a), x =0,01 (b), x =0,03 (c) va x =0,05 (d)
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Hinh 3.24. Su phu thugdc cia gia tri (ahv)’ vio nang lweng photon &nh sang hdp
thu hv ciia mdu CoNd,Fe,.,O, : x =0 (a), x =0,01 (b), x =0,03 (c) va x =0,05 (d)
Bdng 3.18. Gid tri nang lwong viing cam (Ey) cua cac méu Zn LasFe,«O4,
ZnNdyFe, 0, CoNd,Fe, 04 (x=0+0,05)

« Eq (V)
Mau
x=0 x=0,01 x=0,03 x=0,05
ZnlLayFe,., Oy 1,94 1,87 1,76 1,7
ZnNd,Fe,.O, 1,75 1,57 1,50 1,42
CoNd,Fe,.,O4 1,57 1,47 1,40 1,35

Két qua tinh toan nang lugng ving cam cua cac mau duoc dua ra & Bang 3.18.
Tir Bang 3.18 cho thiy, gid trj ning luong ving cAm cta cac mau pha tap dat hiém
déu giam so voi mau tinh khiét. Khi pha tap dat hiém vao trong miu c6 su tai cdu
tric ning luong ving cidm cia cac mau [97]. Cac tac gia [34,80, 30] cho rang, khi
pha tap cac ion dat hiém (Ln%*") ¢6 ban kinh ion 16n hon ban kinh cta ion Fe** 1am
xudt hién tuong tac giita ion Fe** va ion Ln**, gy ra su bién dang mang tinh thé
ferrite. Do twong tac ciia ion Ln** v&i cac ion Zn®*, Fe** tao ra cac trang thai ning
luong 4f-3d c6 niang luong thap hon.

Vi viy gia tri ning luong ving cAm cta cac miu CoFe,0, vd ZnFe,0, giam
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khi ham luong cua céac ion La®*, Nd** ting. Nhan dinh nay ciing dugc tac gia [35]
dua ra khi nghién cru 4nh huéng cua ion La®* dén tinh chét cua CoFe,0,.
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) cia
cic mau ZnFe,0, va ZnlLaggsFe; 04 ZNNdFe 0 (x=0 + 005), CoFe,0, va
CoNdg psFe; 9504, duoc thé hién ¢ Hinh 3.25, 3.26, 3.27, 3.28. Két qua cho thay, cac
hat nano thu dugc déu c6 dang da giac, kich thudc kha dong déu. Cac mau ferrite
khi pha tap ion La®* va Nd** déu c6 kich thudc hat nhé hon so v6i mau ferrite tinh
khiét. Két qua nay phu hop véi két qua thu duoc tir gian do XRD.

Mau ZnLag gsFe; 9504 c6 kich thude hat phan b6 1a 40 nm (Hinh 3.25f), nho
hon so véi miu ZnFe,0, tinh khiét (60 nm) (Hinh 3.25¢). Sy giam kich thuéc hat
duogc giai thich 1a do anh huéng cia ion La®* 1am can tr& sy phat trién cua tinh thé
ZnFe,0,. Co6 su giam nho kich thudc hat trung binh tir 35 nm (CoFe,0,4) dén 30 nm
(CoNdg psFe; 6504) (Hinh 3.28).
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Hinh 3.25. Anh hién vi di¢n ti quét (a,b), hién vi dign tie truyén qua (c, d) va su

phan bé kich thuwéc hat (e, f) ciia mdu ZnFe,0, va ZnLag gsFe; 9504
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Puong dang nhiét hdp phu-giai hip phu khi N, va su phan b kich thudc mao
quan cua hai mau ZnFe,0, va ZnLag gsFe; o504 duoc dura ra & Hinh 3.30.

Két qua thu dugc ¢ Hinh 3.30 a,b cho thiy, dudong dang nhiét ca hai miu
vat lidu c6 su két hop cua hai loai IIl va IV, dac trung cho vat liéu mao quan
trung binh va mao qudn 16n theo phéan loai cua ITUPAC. Tuy nhién, duong
dﬁng nhiét cua vat liéu ZnLag gsFe; 9504 c6 do rong cua vong tré rd rang hon
S0 Voi ctia ZnFe,0, tinh khiét. Hinh 3.30 ¢, d cho thiy, kich thudc mao quan
cua ZnFe,;04 12 60 nm va ctiia ZnLag gsFe; 9504 12 30 nm. Két qua nay ciing phu
hop voi két qua thu dugc tr anh SEM va TEM, vat liéu ZnFe,0,4 thudc loai
mao quan lén (>50 nm), con vat liéu ZnLagosFe; 9504 thudc loai mao quan
trung binh (2-50 nm). Ngoai ra, két qua do di xac dinh duoc dién tich bé mat
riéng cua vat liéu ZnLag gsFe; 9504 18 41,07 mz/g, cao hon so voi cua ZnFe,04
tinh khiét (9,99 mz/g). Téng thé tich mao quan cua vat li€u ZnLag gsFe; 9504
cao hon cua ZnFe,04 trong khi kich thudéc mao quan trung binh cua vat liéu

nay thap hon so véi ctia ZnFe,0, (Bang 3.19).

Hinh 326. Anh hién vi dién tir quét (SEM) ciia cdc mau ZnNd, Fe,.,O, (x=0 < 0,05)
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Hinh 3.27. Anh TEM csia cac mdu ZnNd,Fe,,0, (x=0 va x =0,03)
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Hinh 3. 28 Anh hlen vi d‘zen [ quet (a b), hién vi dién tw truyen qua (c,d) cua

mdu COF9204 va CONdoyosFellg504
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Hinh 3.29. Su phan bé kich thuwéc hat ciia mdu CoFe,0, va CoNdg gsFe; 9504
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Hinh 3.30. Pwong hdp phu-gidi hap phu khi N, va sw phan bé kich thuéc mao
quén ciia mdu ZnFe,0, (a,c) va ZnLag gsFe; 9504 (b,d)
Puong dang nhiét hap phu-giai hap phu khi N, va su phan bo kich thuéc mao
quan cua hai mau CoFe,0, va CoNdg osFe;.9504 dugc dua ra ¢ Hinh 3.31. Két qua
thu duoc & Hinh 3.31 cho théy, dudng déng nhiét cua vat liéu CoFe,0O, thudc loai
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Hinh 3.31. Pwong hdp phu-gidi hap phu khi N, ciia mdu
CoFe, 0O, (1) va CONdQ’o5Fe]_’9504 (2)
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Ngoai ra, két qua do da xac dinh duogc dién tich bé mat riéng cua vat liéu

CoNdgesFer 6504 12 35,0 m%/g, cao hon so v6i ctia CoFe,0, tinh khiét (12,7 m%/g). Tong

thé tich mao quan cua vat liéu CoNd 0,05sF€1050,4 cao hon cua CoFe,0, trong khi kich

thudc mao quan trung binh ctia vét liéu nay thap hon so véi cia CoFe,0, (Bang 3.19).

Bang 3.19. Cac thong s6 bé miit ciia cac vat ligu ZnFe,0,, ZnLag sFe; ¢s04

ZnNd0’03F91’g7O4’ CoFe, 0O, va CONdoyo5Fellg504

Cac thong so bé | Dién tich bé mit | Tong thé tich mao Puwong kinh mao
mit riéng (m?/g) quan (cm*/g) quan trung binh (nm)
ZnFe,0, 9,99 0,087 38,48
ZnlLag gsFe; 9504 41,07 0,186 22,34
ZnNdg g3Fe; 9704 28,86 0,21 28,00
CoFe,0, 12,7 0,099 32,8
CoNdg psFe1.9504 35,0 0,114 12,6

3.2.1.6. Tinh chdt tir

Puong cong tir tré cua cac mau duogc dua ra & Hinh 3.32
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Hinh 3.32. Pwong cong tir tré ciia cac mdu CoFe,0, (&), CoNdg o1Fe; 600. (b),
CONdoyogFel|g7O4 (C) va CONdoyo5Felig5O4 (d)
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Bdang 3.20. Tinh chdt tir ciia cdc mdu CoNd,Fe,,0, (x = 0+0,05)

. Do bao hoa tir | Do tir dw Luc khang
STT Tén mau
(emu/g) (emu/g) tir (Oe)
1 CoFe, 04 47,78 21,5 1972,22
2 | CoNdgg;Fe; 990, 43,97 17,38 1766,94
3 CoNd 0’03Fellg704 41,69 15,8 1317,26
4 |CoNd g gsFe; 9504 28,99 10,45 1199,95

Két qua cho thay, khi luong ion Nd** pha tap trong miu ting, do bio hoa ti,
d6 tir du va luc khang tir déu giam (Bang 3.20). Khi nghién ctru tir tinh cia mau
ferrite, tac gia [58] nhan théy réng, gia tri do bdo hoa tir cia mau CopsNdysFe,0,
(45,7 emu/g), nho hon ctia mau CoFe,0, (78,1 emu/g). Tinh chét tir cua céac ferrite
phu thudc vao thanh phﬁn hoa hoc, kich thudc hat, sy phan bd cua cac cation trong
hdc t& dién, bat dién va moment tir spin cua mau [46]. Do d9, khi pha tap ion Nd*,
tinh chat tir cta vat liéu CoFe,0, thay d6i.

3.2.2. Hoat tinh quang xuc tac phdan hiiy rhodamine B ciia cdac hé ferrite pha tap
La** Nd**
3.2.2.1. Anh hwdng cia ion dat hiém

Db thi (C/C,) theo thdi gian chiéu sang cia dung dich RhB sau cac khoang
thot gian khi ¢6 mat déng thoi H,O, va cac vat liéu ZnLa,Fe, .04, ZnNd,Fe, .04,
CoNdyFe,..O,4 (x = 0 + 0,05), chiéu sang biang 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 co hiéu
suat phan hiy RhB cao hon mau ZnFe,0, tinh khiét. Nguyén nhan 1a do kich thudc
tinh thé ctia cic mau ZnNd,Fe,.,O, (x = 0,0 + 0,05) giam tir 22 nm dén 12 nm khi
lwong Nd** trong mau ting. Su giam kich thudc tinh thé da lam ting dién tich bé
mit tiép xuc ctia mau va sd tim phan tmg. Mit khéac, ning luong ving cidm cua cac
mau ZnNd,Fe,.O, (x =0,0 = 0,05) giam tur 1,75 eV dén 1,42 eV khi luong Nd*
tang ciing gop phan ting cuong sy tao thanh cac géc ‘OH, kich thich sy phan huy
cac phan tr RhB.
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Hinh 3.33. D6 thi (C,/C,) theo thoi gian chiéu sdng khi chi cé mit H,O, +
ZnFe,04 (1), H,0;, + ZnNdg g1 Fe;1.9904 (2), H,0, + ZnNdg o3Fel ;04 (3) va
H,0, + ZnNdosFe; 450, (4)
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Hinh 3.34. Pé thi (C,/C,) theo théi gian chiéu sang khi chi c6 mat H,0, +
ZnFe,04 (1), H,0, + ZnLag g Fe; 9904 (2),
H202 + ZnLaologFe1,g704 (3) Vé. H202 +7Zn La0,05Fellg504 (4)

Nghién clru cua nhi€u tac gid da chi ra rang, khi trong h¢ c6 mat dong thoi

ferrite, H,0, va duoc chiéu sang, ngoai phan tmg quang xuc tac thong thudng con co
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phan tng Fenton dj thé [107, 66].
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Hinh 3.35. Pé thi (C,/C,) theo théi gian chiéu sang
khi chi co mﬁt H,0, + CoFe,0, (1), H,O, + CONd0,01FellggO4 (2),
H,0, + CoNdg gsF€1,9704 (3), H,0, + CoNdg gsF€1,9504 (4)

Bing 3.21a. Hiéu sudt phéan hity RhB theo thoi gian chiéu sdng ciia hé xiic tdc

ZnLa,Fe, 04 (x =0+ 0,05).

ZnFe, 04 ZnlLagoiFe; 9904
t Abs C H Abs Ci H

(phat) (mg/l) | (%) (mg/l) (%)
0 1,521 8,71 0,00 1,718 9,43 0,00
30 1,351 7,70 11,55 1,644 8,24 12,67
60 1,245 7,07 18,75 1,442 6,88 27,03
90 1,142 6,46 25,75 1,213 5,95 36,93
120 0,997 5,61 35,60 1,055 5,26 44,27
150 0,829 4,61 47,02 | 0,938 4,42 53,11
180 0,632 3,45 60,40 | 0,797 3,42 63,77
210 0,514 2,75 68,42 | 0,627 2,62 72,17
240 0,446 2,35 73,04 | 0,493 1,87 80,14

ZnLag o3Fe1,9704 ZnLagosFe1,9504
0 1,470 8,40 0,00 1,668 9,57 0,00
30 1,285 7,31 13,02 1,418 8,10 15,44
60 1,092 6,17 26,60 1,358 7,74 19,15
90 0,968 5,43 35,33 1,100 6,22 35,09
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120 0,813 4,52 46,24 | 0,872 4,87 49,17
150 0,718 3,96 52,93 | 0,742 4,10 57,20
180 0,563 3,04 63,84 | 0,596 3,23 66,22
210 0,396 2,05 75,59 | 0,438 2,30 75,98
240 0,299 1,48 82,42 | 0,271 1,31 86,30

Bing 3.21b. Hiéu sudt phdn hiiy RhB theo thoi gian chiéu sdng ciia hé xiic tic
ctia hé xuc tac ZnNd,Fe, O, (x =0+ 0,05).

ZnFe, Oy ZNnNdg,01F€1,0904
t Abs Ci H Abs Cq H
(phat) (mg/l) | (%) (mg/l) (%0)

0 1,677 9,63 0,00 1,6 9,17 0,00
30 1,431 8,17 15,11 | 1,389 7,92 13,61
60 1,181 6,69 30,47 | 1,112 6,29 31,47
90 1,067 6,02 37,47 | 0,842 4,69 48,88
120 0,833 4,64 51,85 | 0,538 2,89 68,48
150 0,72 3,97 66,16 | 0,206 0,93 89,89
180 0,6 3,26 76,30 | 0,152 0,61 93,37
210 0,435 2,28 85,14 | 0,103 0,32 96,53

ZnNdg,03F€1,9704 ZnNdg,05F€1,0504

0 1,696 9,74 0,00 1,698 9,75 0,00
30 1,494 8,55 12,27 | 1,451 8,29 14,98
60 1,031 5,81 40,38 | 1,168 6,62 32,14
90 0,670 3,67 62,30 | 0,778 4,31 55,80
120 0,406 2,11 78,33 | 0,540 2,90 70,23
150 0,294 1,45 85,13 | 0,296 1,46 85,03
180 0,164 0,68 93,03 | 0,217 0,99 89,82
210 0,082 0,19 98,00 | 0,124 0,44 95,46

Bing 3.21c. Higu sudt phan hiiy RhB theo thoi gian chiéu sing ciia hé xiic tic
CoNdyFe,.4O4 (x =0 + 0,05).

CoFe, 0O, CoNdgo1Fe1.9904
t Abs Ci H Abs Ci H
(phat) (mg/l) (%) (mg/l) (%)
0 1,686 9,68 0,00 1,686 9,68 0,00
30 1,499 8,58 10,45 1,477 8,45 11,26
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60 1,347 7,68 21,96 1,291 7,34 24,15
90 1,227 6,97 29,89 1,155 6,54 32,14
120 0,910 5,09 48,61 0,816 4,54 50,71
150 0,755 4,17 54,55 0,688 3,78 57,11
180 0,544 2,74 71,72 0,471 2,32 75,94
CoNdyg 3Fe1,6704 CoNdy,o5Fe1,9504

0 1,665 9,56 0,00 1,639 9,41 0,00
30 1,387 7,91 17,24 1,307 7,44 20,90
60 1,147 6,49 32,10 0,89 4,97 47,12
90 0,939 5,26 44,94 0,661 3,62 61,46
120 0,692 3,80 60,23 0,424 2,18 76,74
150 0,410 2,13 77,69 0,262 1,26 86,55
180 0,288 141 88,20 0,151 0,49 94,69

Bing 3.21d. Gid tri hang sé téc dé (ki) va dé hoi qui (R®) ciia hé xiic tic LaFe,.
04 (x = 0+ 0,05), ZnNd,Fe,,04 (X = 0 + 0,05) va CoNd,Fe,..O, (x = 0 + 0,05)

sau khi dwoc chiéu sing

STT Hé xiic tac k;-10° (phat™) R’
1 | H,0,+ZnFe,0, 4,74 0,9548
2 | H0, + ZnLag g Fe; 600, 5,73 0,9832
3 | H,0, + ZnLagsFe; 6,0, 6,05 0,9795
4 | Hy0, + ZnLaggsFey 504 6,43 0,9792
5 | Hy0; +ZnNdo,0:Fe1,6004 0,0169 0,92812
6 | H0, +ZnNdo,esFe1,6:04 0,01723 0,94765
7 | H0, + ZnNdo,esFe€1,6504 0,01476 0,95496
8 [ H,0,+ CoFe,0, 3,9 0,99
9 | H,0,+ CoNdygFe; 0504 4,1 0,99
10 | H,0, + CoNdygsFe; 0;04 4,9 1,00
11 | H,0, + CoNdygsFe; 0s04 53 0,96
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Khi duoc pha tap cac ion dat hiém la La®*", Nd** hiéu suit phan huy
RhB cua céc ferrite taing dang ké (Bang 3.21a, 3.21b, 3.21c). Nguyén nhan la
do v&i sy c6 mat cua ion La**, Nd** ¢ trong mau di lam giam su tai td hop
cua electron va 15 tréng. Do d6 hoat tinh quang xdc tac cua cadc mau vat liéu
ZnFe,0, pha tap La**(tang tir 73,04% dén 86,3%) ZnFe,0, pha tap Nd**(ting
tir 85,14 % dén 95,46%) va CoFe,0, pha tap Nd** duoc ting cudng (ting tir
71,7% dén 94,7%).

Dé x4c dinh yéu té dong hoc caa phan tng phan huy RhB, ching tdi tinh
dai luong In(C/C,) theo thoi gian. Két qua Hinh 3.36 + 3.38 chi ra, dai luong
In(Co/Cy) phu thudc tuyén tinh vao thoi gian véi hé sé hdi qui cao. Piéu nay
ching t6 phan ang phan huy RhB trén xdc tac ZnLa,Fe,.,O4, ZnNd,Fe,.,O, va
CoNd,Fe,,O4 (x=0 + 0,05) tuan theo phuong trinh dong hoc bac 1. Két qua
nay ciing phu hop véi két qua nghién ciu cua tac gia [32]. Khi c6 mit ion
La**, Nd*" trong mang tinh thé ZnFe,O, vd CoFe,O, gia tri hing sé tdc do

phan tng phan huy RhB tang (Bang 3.21d).

2.0 -

A H20:+ZnFe;04(1)
4 >
¥ H0:+ ZnlLao,01Fe1,9904(2) 3 v
—_— 1.5 : H20: + Znlao,o3Fe1,9704(3) 4 ( 2 A
Q H20: + ZnLao,esFe1,9504(4) ( ) ‘ v ! (2)
oo ! 4 A
© 1.0- :
;- Z X0
»
3 A
0.5- o
! /'/ e
. < [
0 40 80 120 160 200 240

t (phat)
Hinh 3.36. Sw phu thugc In(C,/C,) vao théi gian chiéu sang khi c6 mat: H,0, +

ZnFe,0, (1), H202 + ZnLag 01Fe1,9904 (2), H202 + ZnLag gsFe1,704 (3), H20, +
ZnlLag osFe; 6504 (4)
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| H202 +ZnNdo,01Fe1,9904(2) ( 3 ) ol
2.5 (2)
— . H20: +ZnNdo,03Fe1,9704(3) (4)
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© 15 (1)~
5 ]
1.0

0 30 60 90 120 150 180 210
t (phuat)
Hinh 3.37. Sw phu thugc In(C,/Cy) vao theéi gian chiéu sang khi c6 mat: H,0, +

ZnFe;04 (1), H20; + ZnNdg p1Fe1,9904 (2), H,0, + ZnNdg gsFe; 9704 (3), H20, +

ZNnNdy 0sFe1,9504 (4)
- T
2.5 H20: + CoFez04(1)
H20: + CoNdo,01Fe1,9904(2) <
o 2-0 H.02 + CoNdo,an81,9704(3)| (4) *
o.‘ H20: + CoNdo,osFe1,9504(4)
So 1.5- ) +(3)
S~ (2) -
S 1.0 « 5
o B s |
°
0.5 e
=1
00p—==2 v .
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Hinh 3.38. Sw phu thugc In(C,/C,) vao théi gian chiéu sang khi c6 mat: H,0, +
CoFe,0, (1), H0, + CoNdg g1F€1,0904 (2), H,0; + CoNdg gsF€1,6704 (3), H20, +
CoNdy osFe16504 (4)

3.2.2.2. Anh huong cua luwong H,0,
Anh huéng cia lwong H,O, dbi v6i hiéu sudt phan huy RhB khi c6 mit vt
liéu ZnLag gsFe; 9504 CoNdg osFe1.9504 VA ZnNNdg g3Fe; 704 dugc dua ra ¢ Hinh 3.39.
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Hinh 3.39. Hiéu sudt phan hiy RhB khi c6 mdt vt liéu ZnLaggsFe; 0504 (a),
CoNdggsFe; 9504 (b), ZnNdgg3Fe; 9704 (€) va H,0, vai néng dé 0,05 + 0,15M

Két qua tinh toan cho théy, khi lugng H,0, tang tur 0,05M dén 0,1M thi hiéu
suat phan hiy RhB tang tir 79,38% dén 97,42% (ZnLag gsFey 504), tr 79,4% dén
97,2% (ZNnNdjg gsFey ¢704) va tir 81,04% dén 93,52% (CoNdg gsFe; 0504). Tuy nhién,
luong H,0, 1én 0,15M thi hi¢u suat giam xudng. Khi lugng H,0, trong dung dich
tang, luong gbc ‘OH tao ra ting (phan tng 3.1), do d6 hiéu suit quang xuc tac ting.

H,0, — 20H (3.1)

Tuy nhién, khi lwong H,0, vuot qua mot gisi han nhat dinh, cac géc ‘OH du
s& phan &ng vai H,0, dé tao HO,™ (3. 2) hoic phan @ng véi nhau tao nén H,0, (3.3)
(3.4). Do @6 lam giam sb lugng géc "OH nén hiéu suat phan hay giam [66, 107].

‘OH + H,0, — 3HO, (3.2)
‘OH + 'OH— H,0, (3.3)
‘OH + HO,” - H,0 +0, (3.4)

Nhu vay, lugng H,0, tdi uu cho qua trinh phan huy RhB khi dugc chiéu sang
va c6 mat vat liéu ZnLag gsFe; 9504, CONdg gsFe; 504 Va ZnNdg gsFe; 970, 12 0,1M.
3.2.2.3. Anh hwong cua luwong vat liéu

Hiéu sudt phan hiy RhB khi c6 mdt H,O, va vét lidu ZnLaggsFe;esOu,
ZnNdg o3Fe; 9704, CONdgpsFe; 6504 v6i khdi lwong khac nhau sau khi chiéu sang dugc
dua ra & Hinh 3.40.
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Tir Hinh 3.40 cho thiy, khi luong vat liéu ting tir 0,5 = 0,75 g/L thi hiéu suét
phan huy RhB ting tir 62,13% dén 98,01% (ZnLagesFe;0504), tir 62,13% dén
98,01% (ZnNdgosFes704) va tir 72,52% dén 93,52% (CoNdggsFe1g504). Nguyén
nhan la do khi lugng vat li¢u ting sé tang sb tam xuc tac hoat dong, do do s6 hat
electron va 15 tréng (¢” va h*) ting. Chinh diéu nay di lam ting toc d6 phan tng sinh
ra cac gdc tr do OH" nén hiéu suét phan huy RhB ting. Khi luong vat liéu ting 1én
1,0 g/L thi hiéu suat phan huy giam xudng con 93,03% (ZnLaggsFe; g504), 93,02%
(ZnNdy osFe; 970,4) va 88,14% (CoNdg osFe; 504). Khi lugng vat li€u tang qua nhiéu,
su ti to hop giita electron va 16 trong ting. Mt khac, su ting khéi luong chét xuc tac
qua mirc s& 1am giam su hap thu anh sang ctia hdn hop va ting cuong hiéu (g tan xa
cac birc xa anh sang, do d6 hiéu suat quang xtic tac giam [104].

Luong vat li¢u ZnLag gsFe; 9504, ZNNdg g3Fe1 9704, CONdg 0sF€1.9704 t61 uwu cho

qua trinh phan huy RhB khi dugc chiéu sang va c6 mat H,0, 1a 0,075 gam.

100f 100F (b
(a) - (b)
5t s 78
=50t T 50}
25 25
0
0.5 0.75 1 0.5 0.75 1
Lwong vat liéu (g/L) Lwong vat liéu (g/L)
100+
(c)
5t
s 50+
T 5t

05 0.75 1
Lwong vat liéu (g/L)
Hinh 3.40. Higu sudt phan hiy RhB khi c6 mat H,0, va vit ligu ZnLag psFe; 9504
(a) va CoNdg osFe;1 9504 (b), ZNNdgosFe; 9504 (C) vai lwgng khac nhau
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3.2.3. Anh huéng ciia chit vrc ché

DPé c¢6 co so dua ra co ché phan tng, chung toi tién hanh nghién ciru anh
huong cua cac chat e ché gde tu do.

Véi muyc dich danh gia vai tro cta cac gbe tu do 1a 'O,’, "OH va 15 trong (h")
trong phan g quang xuc tic phan hily RhB cta hé ZnLag gsFe; gs04/H,0,/Led va
hé CoNdp osFe; 9s04/H,0,/Led, chung toi tién hanh thi nghiém khi khong c6 mit va
c6 mit cac chét e ché 1a ascorbic acid (rc ché gbc "0,), isopropylic alcohol (IPA)
(rc ché gbc "OH) va ethylenediaminetetraacetic acid (EDTA) (tc ché 16 trong h®).
Sy phu thudc cta hiéu suit phan hity RhB vao thoi gian chiéu sang duoc dua ra o
Hinh 3.41-3.42. Két qua cho thdy, ca hai hé ZnLaggsFe;s04/H,0,/Led va hé
CoNdg gsFe; 9504/H,0,/Led khi c6 mit ascorbic acid, EDTA va IPA, hiéu suat phan
huy RhB va hang sb tbc do phan tng déu giam (Bang 3.22-3.23). Péi voi hé
ZnlLag gsFe; 9s04/H,0,/Led, khi c6 mat IPA, hi¢u sudt phan huy RhB giam manh
nhat ( tir 99,5% xudng 38,87%). Tir két qua nay c6 thé cho ring, tic nhan ‘OH déng
vai tro chinh trong qua trinh phan hily RhB ctia hé ZnLag gsFe; ¢s04/H,O,/Led.

Tuy nhién, ddi véi hé CoNdg gsFe; 9504/H,0,/Led, su giam hiéu sudt phan hity
RhB khi c6 mat ascorbic acid, EDTA va IPA chénh 1éch nhau khong 16n. Nhu vay,
tac nhan "OH, "0, va h* déu dong vai trd chinh trong qué trinh phan huy RhB cia
h¢ CoNdy gsFeq 9504/H,0,/Led.

100
gol ()
60
< ) (4)
; 40 i &)
20 +
0 1 1 1 1 1

0 ‘ 50 .100 : 150 ‘200 ‘250
t (phat)
Hinh 3.41. Sw phu thuéc cia hiéu sudt phan hiiy RhB vao théi gian chiéu sang
khi c6 mgt chat xuc tac ZnLag gsFe; g0, va khong co chat iic ché (1);
cd mat ascorbic acid (2); IPA (3) va EDTA (4)
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t (phut)
Hinh 3.42. Sw phu thugc cia higu sudt phan hiy RhB vao theéi gian chiéu sang

khi c6 mdt chdt xuc tac CoNdg gsFe; gs04 va khong co chdt dic ché (1);
cd mgt ascorbic acid (2); EDTA (3) va IPA (4)
Bing 3.22. Higu sudt phin hiiy RhB (H%), hang so téc dé phan ieng (Ky, phut™)
va dj hoi quy tuyén tinh (Rz) VOi sw co mdt cua chit xiic tdc ZnLag gsFe; 504 VA

khong co chdt vrc ché hodc co mdt cdac chdt e ché

ZnlLaggsFe; 9504 | Khong cod AA EDTA IPA
chét e ché

H (%) 99,5 69,5 53,48 38,87

k;-10° (phat™) 6,43 45 3,1 1,8

R 0,9417 0,99 0,9971 0,9793

Bing 3.23. Higu sudt phin hiiy RhB (H%), hdng so toc dé phdan iing (kq, phat™)
va do hoi quy tuyén tinh (RZ) VOi sw co mdt cua chit xiic tic CoNdygsFe; 950, va

khong co chdt vrc ché hodc co mdt cdc chdt e ché

CoNdgsFe; 9504 | Khong co AA EDTA IPA
chét e ché

H (%) 93,7 61,6 52,1 49,8

k;-10° (phat™) 5,3 3,4 2,9 2,7

R 0,96 0,99 1,00 0,99

Trén co so cac két qua nghién cuu, ching t61 dé xuat co ché phan ng phan

hay RhB trén chét xtc tac ZnFe,0, pha tap ion La®* va CoFe,0, pha tap ion Nd**
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nhu sau:

Khi dugc chiéu sang thich hop, trén bé mat cia cac ZnlLa.Fe,,0, va
CoNdyFe,. O, xay ra qua trinh quang xuc tac, tao ra cac gc tir do c6 kha ning oxi
hoa cao nhu "OH, "0, , 1am phan huy hop chat hitu co. Cu thé nhu sau:

ZnLaFe,,O,+hv — e +h'
CoNd,Fe,.,0,+hv— ¢ +h"
e+0,— 0,
H,0,+e— OH +OH
h*+H,0 — 'OH+H"
h*+OH — "OH
‘OH/'O; +RhB — CO,+ H,0 +....

=Fe* + e — =Fe”*
=Fe*" + H,0, — =Fe¢’* + ‘OOH + H'
=Fe’* + H,0, — =Fe*" + 'OH + OH
RhB + ('OH, ‘O;, ‘O0H) — CO,, H,0

Hinh 3.43. Minh hea co’ ché phdn #ng quang xdc tac phan hiy RhB béi vt ligu
ZnLa,Fe)-x0O4 va CoNdyFe;, ,O4 Vai sw cO mat cia &nh sang va H,0,
3.2.4. Nghién ciru kha néing thu héi va tdi siv dung Ciia vit liéu
Hiéu suat phan hay RhB sau 03 lan téi st dung cua céc vt liéu ferrite pha tap
La** va Nd** dugc dua ra & Hinh 3.44.

Sau ba lan tai sir dung, hiéu suat phan hily RhB cta vat liéu ZnLag gsFe; ¢504
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giam tir 98,01% dén 70,0%; ctiia ZnNdy gsFey 050, gidm tir 96,0% dén 72,02%, cia
CoNdg gsFe1 6504 giam tir 94,03% dén 78,01%.

Bé mat va thanh phén pha cua vat liéu ZnLag gsFe; 9504 hau nhu khong thay
ddi (Hinh 3.45-3.46). Diéu nay ching t6 rang, cac vat lidu co6 do bén cao, c6 kha

nang tng dung trong thuc té dé xtr Ii cac hop chat hiru co 6 nhiém.
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Hinh 3.44. Hiéu sudt phan hiy RhB cria vt ligu ZnLag gsFe; 6504 (2) va
CoNdg gsFe1 6504 (b), ZNNdgosFe; g504 (€) sau 3 lan tai sir dung
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Hinh 3.45. Gidn d6 XRD cia vdt liéu ZnLag gsFe; 9504 truec (1)
va sau 3 lan tai si dung (2)
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Hinh 3.46. Anh hién vi di¢n tir quét SEM
cia vat ligu Znlag gsFe; 050, truréc (a) va sau 3 lan tai st dung (b)
3.2.5. Thir nghiém xir li nuwée thai dét nhudm cia cac miu vt ligu
Su thay do6i gia tri COD ciia nudc thai dét nhudm theo thoi gian chiéu sang
khi c6 mat cac mau vat liéu ZnLa,Fe,.,O4 vd CoNdFe,,0, (x =0 + 0,05) duoc dua
ra & Hinh 3.47 va 3.48. Khi tang thoi gian chiéu sang, gia tri COD ctia nude thai dét
nhudém c6 hé ZnLa,Fe, O, va CoNd,Fe, 0, déu giam.

Két qua tinh do khoang hoa (COD%) ctia nude thai dugc dwa ra ¢ Bang 3.24.

400

COD (mg L)

0 100 200 300 400
t (phat)
Hinh 3.47. Sw thay doi gia tri COD ciia nwéc thdi theo thei gian chiéu sang khi

co m{it H,0, va Vét I|éu ZnFe,0, (1), an_aolo]_Fel,9904 (2), an_ao,o3|:el,g704 (3) va
ZnLag psFe1,9504 (4)
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Hinh 3.48. Sw thay déi gia tri COD theo théi gian chiéu sang
khi c6 mat H,0, va vit ligu CoFe,0, (1), CoNdy o1 Fe1 9904 (2),
CoNdo 03Fe1,6704 (3) va CoNdp,osF€1,9504 (4)
Bing 3.24. B khodng héa mdu nwéc thii dét nhuém khi cé mdt vit ligu

ZnlLayFe,,O,va CoNd,Fe, 0, (X =0 +0,05) sau 360 phiit chiéu sdng

H¢ xuc tac COD (%) H¢ xuc tac COD (%)
ZnFe, 0, 68,73 CoFe,0O4 71,7
Znlagg1Fe; 990, 71,30 CoNdg g1Fe; 9904 76,5
ZnLag g3Fe; 9704 74,71 CoNdg p3Fe;1 9704 81,2
ZnlLag gsFe; 9504 87,67 CoNdg psFe1.9504 89,5

Trong cic mau vat lidu, ZnLag osF€1 9504 VA CONdg gsFe; ¢s04 1am giam gia tri
COD manh nhét. Sau 360 phut chiéu sang voi sy c6 mat cua H,0,, chi s6 COD cua
hé ZnLaggsFe; 9504 gidm 88,67% (tur 364,67 mg/L dén 41,33 mg/L), cia h¢
CoNdy gsFe1 950, giam 89,61% ( tir 394,7 mg/L dén 41,0 mg/L). Nhu vay, hau hét
cac phan tr RhB c6 vong thom dugc khoang hoa thanh cac phan tor nho hon nhu
phenol, ethyl amine, 1,2/1,4-teraphtalic acid, malonic acid, glycerol. Sau do6 la qua
trinh phan hay RhB hoan toan thanh cac chét it doc hai hon nhu CO,, H,0, N,
NH,*, NOs".

bé danh gia kha nang ing dung cac vat li¢u da ché tao duoc, chung t6i thuc
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hién théng ké va so sanh hiéu suét quang xuc tac voi mot s6 vat liéu. Két qua duogc
dua ra ¢ Bang 3.25. Tur két qua so sanh cho thiy, vat liéu ZnFe,O, va CoFe,0, pha
tap ion dat hiém (La®*, Nd®*) c6 hoat tinh quang xuc tac cao hon da s cac vat liéu.
H¢ vat li¢u ferrite pha tap ion d4t hiém c6 trién vong g dung trong thyc tién dé xu
i cac hop chét hitu co 6 nhiém trong méi trudng nudc.

Bdng 3.25. Hoat tinh quang xiic tac phédn huy

hop chat hitu co cua mot so hé vat liéu chira ferrite

STT | Hé xtc tac Chat 6 nhiém | Nguon H Tai li€éu tham
sang (%) khao
1 | ZnFe,04-50%@Zn0O Rhodamine B LED 79,1 [54]
2 | MnSmy sFeqs0, Rhodamine B | Mat troi | 94,2 [78]
3 | NiFe,0,@HAp-Sn** Rhodamine B LED 84,4 [44]
4 | NiFe,0O,4 Rhodamine B | LED 90 [92]
5 | ZnFe@CuS Rhodamine B | LED 93 [68]
6 | ZnFe,0O, Rhodamine B | LED 94 [92]
7 | MIL-101(Cr)/RGO/ZnFe,0, Rhodamine B | LED 94 [57]
8 | ZnFe,0,/graphene oxide Rhodamine B | LED 94 [69]
9 | NigsZngsFe,04 Rhodamine B LED 94 [92]
10 | Zn/Fe30, Rhodamine B uv 97 [20]
11 | NiFe,O4 Rhodamine B uv 84 [50]
12 | AuSeQDs@Cs,Fe,0,4 Rhodamine B uv 99,2 [33]
13 | Mgo.4ZN.6-xxCaxFe204 Rhodamine B uv 99,5 [95]
14 | ZnLag psFe;.9504 Rhodamine B LED 99,5 | Nghién ctru nay
15 | CoNdpgsFe; 6504 Rhodamine B LED 94,7 | Nghién ctru nay
16 | ZnNdgg3Fe; 970, Rhodamine B LED 98,0 | Nghién ctru nay
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3.3. Pic trung ciu tric va hoat tinh quang xiic tic phan hily Rhodamine B
cua hé composite ZnFe,O,/Bentonite

Trong s6 cac chit ban dan, cac spinel ferrite (MFe,O4 v&1 M 1a Mn, Fe, Co,
Ni, Cu...) di dugc nghién ciru tong hop va tng dung nhiéu trong xir i moi truong.
Uu diém cua hé xtc tac 1a cac spinel ferrite, voi su ¢6 mit cia H,O, va anh sang
nhin thiy 13 xay ra dong thoi qua trinh Photon va Fenton di thé, gitp cho qua trinh
phan hay hop chat hitu co dat hiéu qua cao [46]. Tuy nhién, nhugc diém cta vat liéu
nano ferrite 1a do c6 tuong tac tr nén chung co su két tu, lam cho viéc thu hoi sau
qua trinh xtr 1i & qui mo6 16n gap kho khan. Mot trong nhitng cach khic phuc nhuoc
diém nay 1a phan tan céc ferrite trén chat nén thich hop. Bentonite dugc biét 1a mot
trong nhiing chit nén kha tot do ¢6 tinh bén cao, chiu duoc sy oxi hoa. Vi cu trac
16p, dién tich bé mit riéng 16n, bentonite vira c6 kha niang hap phu t6t, dong thoi
c¢6 kha ning trao d6i ion cao [15]. Ngoai ra, bentonite c6 gia thanh ré, trir lugng 16n
va than thién v&i moi truong. Chiing toi chon bentonite 1a chat mang dé phan tan
cac hat ZnFe,0,4 tao thanh hé composite.

3.3.1. Mét s6 dic trung ciia hé vit ligu ZnFe,0,/Bentonite

Gian d6 nhidu xa Ronghen (XRD) cua bentonite, ZnFe,O, va ZnFe,0,/BT
duogc chi ra & Hinh 3.49. Tir hinh 3.49 (a) cho thiy, di xuat hién peak tmg v6i goc
20 = 26,37° (003) dic trung cho bentonite (thé chuan sé 03-0019) [86]. P4 quan sat
duogc cac peak ¢ goc 20 lan luot 13 30,08° (220); 35,48° (311); 43,16° (400):; 57,0° (511)
va 62,6° (440) (Hinh 3.49(a)) dic trung cho céu trac 1ap phuong ciia ZnFe,0O, (thé
chuan sb 022-1012) [39].

Trén phdé XRD cta mau ZnFe,0,/BT (Hinh 3.49a(3) dd quan sat duoc cac peak
dic trung ciia ZnFe,0, nhung voi cudng do giam hon so véi mau ZnFe,O, tinh khiét.
Su giam cuong do cac peak da ching to co su tuwong tac gitta ZnFe,O, va bentonite
[63]. Két qua tinh toan tir phuong trinh Deby-Scherrer thay kich thudc tinh thé cia
ZnFe,0,/BT 1a 22 nm, nhé hon so vdi ZnFe,0, tinh khiét (29 nm).
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Hinh 3.49. Gidn dé XRD (a) va phé IR (b) ciia Bentonite (1), ZnFe,0, (2) va
ZnFe,04/BT (3)

Trén phd hong ngoai cua 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 [88, 86]. Dai hip
thu & 3394 va 1633 cm™ dic trung cho dao dong cua lién két O-H trong phan tir
nudc c6 trén bé mat bentonite. Cac dai hap thu tai 910 va 794 cm™ d3 x4c nhan sy
c6 mat cua nhém diocta va SiO, trong bentonite. Dai hép thu ta1 991 cm™ dugc qui
gan cho dao dong cua lién két Si-O [85]. Tir Hinh 3.49b (2) cho thay, c6 dai hap thy
manh tai 522 cm™ dic trung cho dao dong cua lién két Zn-O trong héc tir dién va
& 447 cm™ dic trung cho lién két Fe-O trong cac hdc bat dién cua ZnFe,0,4 [71].
Trén phd hong ngoai ctia ZnFe,04/BT c6 sy thay d6i ¢ dao dong cua lién két kim
loai-oxi (M-O) & ca hdc tir dién va hdc bat dién. Diéu nay chimg t6 cac 16p MMT
trong bentonit dd anh huéng dén dao dong cua cac lién két M-O [63]. Ngoai ra, c6
thém cac dai hdp thu ¢ 773 cm™ va 1037 cm™ dic trung cho dao dong cua nhom
SiO, va cua lién két Si-O-Si. Sy thay doi dai hap thy ciia hai nhom nay da ching to
¢6 sy hinh thanh composite ZnFe,04/BT [86]. Su c6 mit cua dai hdp thu ¢ 3379
cm™ dic trung cho dao dong cua lién két O-H trong phan tir nudc co trén bé mat

mau ZnFe,04/BT ciing di duoc quan sat.
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Element Weight% Atomic%
OK 28.88 59.93
FeK 45.72 27.18
ZnL 25.39 12.89

Element Weight Atomic%

OK 4713  75.72
AlK 0.86 0.82
SiK 1.19 1.09
Fe K 35.61 16.39
Zn K . 5.98

w w9 P 1 2 3 & S 6 71 8 % w0 o#

1 2 3 S 6 7 8 9 % 1 12 1 4 15 6 W | |
| ol Seale 4487 chs Qursor 1784218V (4 cty)

¢ 5 119 W 1% % 7 % v D
FulScae 155 cts Cursor 134081V (Dcts) o

Hinh 3.50. Phé EDX ciia ZnFe,0, (a) va ZnFe,0,/BT (b)

Két qua ghi phd tan xa ning luwong tia X (EDX) ctua miu ZnFe,O, Va
ZnFe,0,/BT dugc chi ra & Hinh 3.50 cho thiy, trong ca hai mau déu xuit hién peak
dac trung cua nguyén td Zn, Fe va O. P6i v6i mau ZnFe,0,/BT con théy Xuét hién
cac peak dac trung cho sy c6 mat cua Si, Al trong bentonite.

Anh hién vi dién tir quét (SEM) ctia mau ZnFe,0, va ZnFe,0,/BT (Hinh 3.51)
cho thay, cac hat thu duoc déu c6 dang hinh da giac, phan bd kha dong déu. P c6
sy gidm rd rang vé su két tu trong mau ZnFe,0,/BT. Kich thuéc hat cia maiu
ZnFe,0,/BT (khoang 30 nm) nho hon so véi mau ZnFe,0, (khoang 45-50 nm). Két
qua nay ciing phu hop vé6i két qua tinh toan tir gian dd6 XRD.

Hinh 3.51. Anh SEM ciia ZnFe,0, (a) va ZnFe,0./BT (b)

Su phu thudc cua gia tri ((xhv)2 vao ning luong photon anh sang hap thu hv
clia cac mau duoc dua ra & Hinh 3.52. Két qua tinh toan cho thay, ning luong ving
cAm ctiia mau ZnFe,04/BT la 1,82 eV, nhé hon so véi cua bentonite (2,18 eV) va

ZnFe,04 (1,95 V).
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Hinh 3.52. Su phu thugc cia gia tri (ahv)® vioe néing lweng photon anh
sang hdp thu hv ciia bentonite (a), ZnFe,0, (b) va ZnFe,0,/BT (c)
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Hinh 3.53 Pwong diang nhiét hdap phu - khir hdap phu N, va sie phan bé dwong
kinh mao qudn ciia mdu ZnFe,0, (a,c) va ZnFe,0,/BT (b,d)
DPuong dang nhiét hip phy-giai hip phu khi N, & 77 K va sy phan bd duong
kinh mao quan cua cdc mau dugc chi ra & Hinh 3.53 cho théy, ca hai mau ZnFe,0,

va ZnFe,0,/BT c6 duong d'fmg nhiét thudc loai IV theo phan loai cua ITUPAC, dac
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trung cho mao quan trung binh. Dién tich bé mit riéng cua miu ZnFe,0,/BT
(23,79 m?/g) 16n hon so véi ZnFe,0, (16,11 m%/g). Téng thé tich mao quan va
dudng kinh mao quan trung binh ciia miu ZnFe,04/BT tuong tng 1a 0,1450 cm®/g;
27,45 nm, nhé hon so voi cua miu ZnFe,O, tinh khiét (0,1457 cm3/g; 38,70 nm).
Véi sy tang dién tich bé mat riéng, giam thé tich va duong kinh mao quan hira hen

mau ZnFe,0,/BT c6 kha nang hép phu tdt hon mau ZnFe,0O, tinh khiét.

15+
10]—2nFe.0,1)
~ | ——ZnFe,0,/BT(2)
> sl
g |
o 0
-
= .5
1 a
- (a)
A S
10000 -5000 0 5000 10000
H (Oe)

Hinh 3.54. Pwong cong tir tré (a) ciza mdu ZnFe,0, (1), ZnFe,0,/BT(2) va hén
hep chira ZnFe,04/BT liic ban dau (b) va sau khi ddt nam cham 15 phat (c)
DPuong cong tur tré ciia mau ZnFe,0,4 va ZnFe,0,/BT duoc chi ra ¢ Hinh 3.54.
Két qua cho thay, gia tri d6 bdo hoa tir (M) cia miu ZnFe,0,/BT la 13,42 emu/g,
cao hon cua mau ZnFe,0, (5,61 emu/g). Tinh chat tir ciia cc ferrite phu thudc vao
thanh phén hoa hoc, kich thuéce hat, sy phan bd cua céc cation trong hdc t dién, bat
dién va moment tir spin ctia mau [63]. Khi duoc pha tap bentonite, c6 su giam kich
thude hat va co su sip xép lai moment tir spin trong ZnFe,0, [63]. Do d6 lam ting
dd bdo hoa tir cta vat liéu ZnFe,04/BT. Diéu nay da lam cho vat liéu ZnFe,O,/BT
dé dang tach ra khéi dung dich sau phan tng.
3.3.2. Hoat tinh quang xiic tic phan hiiy rhodamine B ciia vit liéu ZnFe,O,/Bentonite
Kha ning hap phu va phan hiy RhB ciia cic mau dugc nghién ciru trong diéu
kién khong chiéu sang va c6 chiéu sang bang dén Led trong thoi gian 210 phut. Sy
phu thudc cta hiéu suét xir i RhB vao thoi gian dugc dwa ra ¢ Hinh 3.55. Hiéu suét

phan hiay RhB cua H,0, chi dat 10,02% trong bong tdi (Hinh 3.55a(1)) va ting 1én
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khong dang ké khi dugc chiéu sang (11.77%) (Hinh 3.55b(1)) sau 210 phut phan
tmg. Khi hé chi c6 mit ZnFe,0,, trong bong tdi, hiéu suat hip phy RhB dat 1a
13,2% (Hinh 3.55a(2)) va ting nhe 1én 17,59% khi dwgc chiéu sang (Hinh
3.55b(2)). Pbi véi hé chira ZnFe,04 VA H,0,, khi trong béng tdi thi chi xtr 1i duoc
29,13% sb phan tir RhB (Hinh 3.55a(3)) nhung khi duoc chiéu sang thi hiéu suat xur
li RhB ting manh, dat 88,05% (Hinh 3.55b(3)). Khi chi c¢6 mit chat xtc tac
ZnFe,04/BT trong 210 phut, hiéu suat hap phu RhB cua vat lidu dat 30,34% (khéng
chiéu sang, Hinh 3.55a(4)) va 39,80% (c6 chiéu sang, Hinh 3.55b(4)). Khi hé nay
duoc thém chat oxi hoa 1a H,0,, néu khong dugc chiéu sang thi hi¢u suét xtr 1i chi
dat 40,92% (Hinh 3.55a(5)). Vi su c6 mit cia anh sang dén Led, hiéu suat xu li
RhB cuia hé nay ting 1én dén 93,23% (Hinh 3.55b(5)).

Nhu vay c6 thé thiy rang, chat xtic tac (ZnFe,0,), anh sang dén Led, chat oxi
hoa (H,O,) dong vai tro quan trong trong qua trinh phan huy RhB. Nghién ctru cia
nhiéu tac gid da chi ra rfing, khi trong hé c6 mat déng tho1 ferrite, H,O, va duoc
chiéu sang, ngoai phan ng quang xtic tac thong thuong con c6 phan ung Fenton di
thé [103,87,12]. Cu thé nhu sau:

ZnFe,04 + hv — ZnFe,0, (¢ + h") (1)
h*+H,0 — 'OH+H" (2)
h"*+OH —'OH (3)
O, +e — 0, (4)
Céc ion sit trén bé mat ferrite phan ung vé1 H,0,; tao ra cac géc tu do theo cac
phuong trinh sau:
=Fe** + " — =Fe”" (5)
=Fe®" + H,0, — =Fe’* + 'OOH + H" (6)
=Fe”* + H,0, — =Fe** + 'OH + OH" (7)
RhB + ("OH, "O,, ‘'OOH) — CO,, H,0 (8)

Trong qua trinh nay, céc géc tu do duoc tao ra lién tuc, do d6 hiéu suét phan

huy hop chit hitu co cta hé ferrite/H,0,/LED duoc cai thién. Khi ZnFe,0, duoc

dua 1én chit nén 1a bentonite, hiéu suat phan huy RhB cta vat liéu nay duoc ting
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cudng dang ké. Nguyén nhan 13 do nhd ¢ bentonite, su hdp phu chit hitu co trén bé
mat vat li€u tang [85,86]. Mat khac, trong vat li¢u ZnFe,O4/BT da c6 sy gidm rd
rang vé su két ty, tang su phan tan cua cac hat ZnFe,O, trén bé mat bentonite, lam
giam kich thudc hat ctua vat liéu. Do d6 dién tich tiép xuc cua vat liéu ZnFe,0,/BT
tang so voi ZnFe,O, tinh khiét.

Bdng 3.26. Higu sudt xi li RhB theo thei gian

ciia cac mdu khi khong chiéu sang

H,O, ZnFe, O,
t (phut) Abs | Ci(mg/l) | H(%) Abs | Ci(mg/l) | H(%)
0 1,6780 9,63 0 1,6780 9,63 0

30 1,6487 | 9,46 1,80 | 1,5952 9,14 5,08
60 1,6344 | 9,38 2,68 | 15695 | 8,99 6,66
90 1,6024 | 9,19 464 | 15332 | 8,78 8,89
120 1,5713 | 9,00 6,55 | 1,5028 | 8,60 10,76
150 1,5423 | 8,83 8,33 | 1,4708 | 8,41 12,72
180 1,5294 | 8,75 9,12 | 1,4676 | 8,39 12,92
210 1,5148 | 8,67 10,02 | 1,4630 | 8,36 13,20

ZnFe, O, + H,0, Zn Fezo4/BT
t (phut) Abs | Ci(mg/l) | H(%) Abs | Ci(mg/l) | H(%)
0 1,6780 9,63 0 1,678 9,63 0

30 1,4633 | 8,36 13,18 | 1,3621 | 7,77 19,39
60 13771 | 7,85 18,47 | 1,2979 | 7,39 23,34
90 1,3102 | 7,46 22,58 |1,2607 | 7,17 25,62
120 12730 | 7,24 24,86 | 1,2484 | 7,09 26,38
150 1,2483 | 7,09 26,38 | 1,2209 | 6,93 28,06
180 1,2111 | 6,87 28,67 | 1,1962 | 6,78 29,58
210 1,2036 | 6,83 29,13 |1,1839 | 6,71 30,34
ZnFe,0,/BT+ H,0,
t (phut) Abs | Ci(mg/l) | H(%)
0 1,6780 | 9,63 0
30 1,3174 | 7,50 22,14
60 1,2466 | 7,08 26,49
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90 1,1441 | 6,48 32,78
120 1,0975 | 6,20 35,64
150 1,0633 | 6,00 37,74
180 1,0499 | 5,92 38,56
210 1,0115 | 5,69 40,92
Bdng 3.27. Hiéu sudt xi li RhB theo thei gian cia
cac mdu khi dwoc chiéu dén LED
H,0O, ZnFe,0,

t (phat) | Abs Cimg/l) | H(%) Abs Ci(mg/l) H(%)
0 1,6790 9,64 0 1.679 9,64 0
30 1,6235 9,31 341 1,5795 9,05 6,10
60 1,5887 9,11 5,54 1,5402 8,82 8,52
90 1,5615 8,94 7,21 1,4996 8,58 11,01
120 1,5491 8,87 7,97 1,4684 8,39 12,92
150 1,5292 8.75 9,19 1,4226 8,12 15,73
180 1,5036 8,60 10,76 1,4059 8,02 16,76
210 1,4872 8,51 11,77 1,3923 7,94 17,59

ZnFe;04+ H0, ZnFe,04/BT
t (phut) Abs | Cy(mg/l) H(%) Abs Ci(mg/l) H(%)
0 1,6790 9,64 0 1.6790 9,64 0
30 1,4007 7,99 17,08 1,3537 7,72 19,96
60 1,2065 6,85 28,99 1,2911 7,35 23,80
90 1,0657 6,01 37,63 1,2161 6,90 28,40
120 0,8715 4,86 49,55 1,1894 6,74 30,04
150 0,5185 2,78 71,20 1,1288 6,39 33,76
180 0,3014 1,49 84,53 1,0776 6,08 36,89
210 0,2439 1,15 88,05 1,0303 5,80 39,80
ZnFe,04/BT+ H,0,
t (phat) Abs |  Cy(mg/l) H (%)
0 1,6790 9,64 0
30 1,0404 5,86 39,18
60 0,5697 3,08 68,06
90 0,4048 2,10 78,18
120 0,2749 1,33 86,15
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150 0,2140 0,97 89,89
180 0,1954 0,86 91,03
210 0,1596 0,65 93,23
6100 o @100 =
1 —*—12nFe0,(2) —e—ZnFe0,(2)
80 | —*—<nFe,0,+H,0,(3) 80 | —+—2nFe0,+H,0,(3)
——ZnFe,0 /BT (4) —e—ZnFe,0 /BT (4)
1 —¥—ZnFe,0 /BT+H_0, (5) —v—InFe,0 /BTyi0,
3% 60 2 60
I I
40 () 40-
_ (4
20 (3) (2 20

T T T

0 30 60 90 120 150 180 2

t (phut)

0 30 60

90 120 150 180 210

t (phat)

Hinh 3.55. Sw phu thuéc cia hiéu sudt (%H) xi li RhB theo theéi gian cia hé
khong chiéu sang (a) va chiéu sang (b) khi c6 mgt H,0, (1), ZnFe,0, (2),
ZnFe,0,+H,0, (3), ZnFeZO4/BT (4) va ZnFe204/BT+ H,0, (5)

3.3.3. Anh huéng ciia chit e ché

Két qua nghién ctru anh huong cua cac gbc tur do ‘O,, "OH va h* trong hé
ZnFe,04/H,0,/LED va ZnFe,0,/BT/H,0O,/LED dugc dwa ra ¢ Hinh 3.56. Hinh
3.56a cho thy, hiéu suat phan huy RhB cta hé ZnFe,0,/H,0,/LED giam tir 85,15%
dén 54,09% (ascorbic acid), 62,08% (EDTA) va 38,71% (IPA). Hiéu suét phan huy
RhB cta hé ZnFe,O04/BT/H,0,/LED (Hinh 3.56b) ciing giam manh theo trat tu sau:
Khong c6 chat e ché (92,23%)> c¢d EDTA (68,9%)> c6 ascorbic acid (58,49%)>
cd IPA (42,96% ). Diéu nay cho thy, cac gbc tr do ‘0,7, "OH va h* déu dong vai tro

quan trong trong qua trinh quang xtc tac cua cac hé ZnFe,O4/H,0,/LED va

ZnFe,0,/BT/H,0,/LED. Anh huéng ciia cac gbc ty do dén hiéu suat phan hiy hop

chat hiru co da dugc dua ra trong nghién ctru cua mot so tac gia doi voi hé vat ligu

MnFe,O4/Bentonite [88] va NiFe,O4/Bentonite [88], ZnFe,O,/Bentonite [109].
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Noscavenger Ascorbicacid  EDTA IPA Noscavenger Ascomicadd — EDTA IPA

Hinh 3.56. Higu sudt phan hiy RhB ciia hé ZnFe,0, (a) va ZnFe,04/BT (b) khi
khéng c6 chat sc ché (1), co Ascorbic acid (2), EDTA (3) va IPA (4).
Diéu kién phan #ng: [RhB] = 10,0 mg/L, [ZnFe,04] = 1,0 g/L, [ZnFe,0,/BT] =
1,0 g/L, [H,0,]= 0,1M, pH =7, t=25 +1 °C, th¢i gian chiéu sang 1a 210 pht.
Dua trén cac két qua nghién ctru trén, ching t6i dua ra so d6 co ché quang xuc
tac phan hiy RhB cua hé ZnFe,0,/BT/H,0,/LED ¢ Hinh 3.57.
LED light system

ﬁ ZnFe, 0,

+ RhB dye
CO, +H,0

.

P & +RhBdye
& "OH CO, + H,0

H,0,

102-

ZnFe,0,/Bentonite

Photoexcitation
-Recombination

Q@ ZnFe,0,
@ Bentonite

Hinh 3.57. So dé co ché phdn ing quang xUc tac phan hiy RhB cia
hé ZnFe,0,/BT/H,0,/LED
Hiéu sudt quang xuc tic phin hity hop chét hitu co ciia mot sd vat lidu
composite dugc dua ra & Bang 3.28. Két qua so sanh cho théy, vat liéu ZnFe,04,/BT
1a chat xtc tic ¢6 hiéu qua trong phan hiy hop chat hitu co 6 nhiém nhu RhB dudi

anh sang vung nhin thay.



Bing 3.28. Hiéu sudt phén hiiy hop chit hitu co
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cua mot so vit lieu composite chira ferrite

Chat 6 Diéu kién thuc Nguén
STT Vit liéu . ] H (%) | TLTK
nhiém nghiém sang
RhB 10 mg/L, Dén
ZnFe,0,4/Na- | Rhodamine | nong d6 chat xac | Xenon,
1 _ ) 94,2 [109]
bentonite B tac 1,0 g/L, 120 | 350 W (A
phat =400 nm)
RhB 10 mg/L, den
, Pd/ZnFe,O,/ | Rhodamine | néng do chatxic | Xenon 93,0 (36]
g-CsN, B tac 0,2 g/L, 60 300 W (A
phat > 420 nm)
RhB 10 mg/L, bén
ZnFe, 0,/ ) \ .
Rhodamine | nong d6 chat xuc Xenon
3 F6203/ i i 76,9 [42]
_ B tac 1 g/L, 120 phat | 500 W, (A
Bi,WOg
> 420 nm)
RhB 5 mg/L, nong | Dén thuy
N-TiO,/ | Rhodamine | d6 chét xuc tac 0,4 | ngan 500
4 ] 92 [106]
ZnFe,04 B g/L, 240 phat W, (A>
420 nm)
] ) RhB 5 uM , nong bén
Bi,WOg/ Rhodamine )
S do chat xuc tac Xenon 98 [100]
ZnFe, 0, B
0,3g/L, 300 phat 150 W
RhB 10 mg/L, 180 B
_ . ) Nghién
Rhodamine nong do chat xic | Den Led
6 | ZnFe,O4BT ' 92,23 cliu
B tac 1g/L, 300 phat | 30 W (A nay

>420 nm)
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3.3.4. Nghién citu khd néng thu hoéi va tdi siv dung ciia vt ligu

Hiéu suit phan huy RhB sau 03 lan tai sir dung cua vt liéu ZnFe,0,/BT dugc
dwua ra ¢ Hinh 3.58.

Sau ba lan tai s dung, hiéu suat phan huy RhB cua vat liéu ZnFe,0,/BT
giam tir 93,23% dén 75,0%.

Bé mat va thanh phan pha cua vat liéu ZnFe,04/BT hau nhu khéng thay ddi
(Hinh 3.59). Biéu nay ching to rang, cac vat liéu c6 do bén cao, c6 kha niang ang
dung trong thuc té dé xu Ii cac hop chét hitu co 6 nhiém.

100

0 1 2 3
. Sé 1an tai str dung
Hinh 3.58. Higu suat phan hsity RhB cua vt ligu ZnFe,0,/BT

sau 3 lan tai si# dung

800
\ 2

o g W Rl b

Cwong do
X o
o [=]
o o
1 1

o
1

20 ' 40 60
‘ 20(°)
Hinh 3.59. Gidn dé XRD ciia vdt ligu ZnFe,0,/BT fruéc (1)

va sau 3 lan tai si¢ dung (2)
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Hinh 3.60. Anh hién vi di¢n tir quét SEM

ciia Vit liéu ZnFe,0,/BT trwéc (a) va sau 3 lan tai si dung (b)

3.3.5. Thir nghié¢m xir ly nwdc thdi dét nhudm ciia vit liéu ZnFe,0,/BT

500 100
400 80- -
) 60 -
', 300 = /
o <
£ 200 Q 40 //
o O
o O 201
O 100 /
'—-I-._,.___. 0
) E—— R SR
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
t(phat) t(phut)

Hinh 3.61. Sw thay doi gia tri COD va dé khoang hoa ciia nuwéc thdi theo thoi
gian chiéu sang khi c6 mat ZnFe,0,/BT .
Bing 3.29. D khodng héa mdu nwéc thii dét nhuém

khi ¢6 mat vit liéu ZnFe,0,/BT sau 360 phiit chiéu sing

Thoi gian COD (%)
0 0,00
30 22,41
60 36,32
90 42,50
120 51,00
150 59,51
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180 68,01
210 73,42
240 83,46
270 85,78
300 87,33
330 89,64
360 91,19

Két qua cho thdy mau vat liéu ZnFe,0,/BT 1am giam gia tri COD manh. Sau
360 phut chiéu sang voi 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 s6 cac phan tir RhB ¢6 vong thom duoc
khoang hoéa thanh cac phan tr nhé hon. Sau d6 1a qua trinh phan hiy RhB hoan toan

thanh cac chét it doc hai hon.
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KET LUAN

1. Dya trén cac két qua nghién ciru mot sé yéu t6 anh huéng t6i su tao pha va
kich thudce tinh thé cia hé spinel ferrite MFe,O4 (M=Zn, Co, Ni): Nhiét d0 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=Zn, Co, Ni), c6 kich thudc tinh thé nho 1a
ti 1¢ mol M/U=1/2, pH tao mau béng 3, nhiét do nung 500°C, thoi gian nung 13 3 gid
d6i v6i ZnFe,0, thoi gian nung 1a 2 gid d6i véi mau CoFe,0,, NiFe,0y.

2. Pa tong hop thanh cong 03 hé ferrite ZnFe,0,, CoFe,0,, NiFe,0, 09
mau vat liéu ferrite pha tap ion La®**, Nd**cua ba hé la ZnLa,Fe,., 0,4, ZnNd,Fe,.,O,,
CoNd,Fe,.0, v6i x = 0,01+ 0,05 va mau vat liéu ZnFe,0,/BT. P nghién ctru duoc
c4c dic trung vé thanh phan pha, hinh thai hoc, dién tich bé mit riéng, ning luong
vung cAm cua cac hé vat liéu téng hop duoc.

3. Pa nghién ctiru duoc tinh chit quang xuc tic phan huy RhB cia cac hé vat
liéu. Da khao sat anh hudéng cia mot sb yéu t& nhu nhiét do nung, ti 1¢ mol M/U,
khéi luong vat liéu, H,0, dén hiéu suit quang xtc tac.

Sau 270 phit chiéu sang, hiéu suat phan hiy cia RhB d3 ting tir 63,75% (v6i
mau c6 ti 16 mol M/U=3/1) 1én 94,66% (véi mau cé ti 16 mol M/U=1/2) d6i v6i hé
xuc tac NiFe,0,.

Sau 270 phat chiéu sang hiéu suat phan huay RhB khi c6 mit cia H,0, va
CoFe,0, cao nhit 1a 90,6 % ddi voi miu CoFe,0, dugc nung ¢ 500°C dbi véi hé
xuc tac CoFe,0,.

Khi dwoc pha tap cac ion dit hiém la La®*, Nd** hiéu suit phan huy RhB cua
cac ferrite ting: mau vt liéu ZnFe,0, pha tap La** tang tir 73,04% dén 86,3% sau
240 phat ZnFe,O, pha tap Nd*'ting dén 95,46% sau 210 phat, CoFe,0, pha tap
Nd** tang tir 71,7% dén 94,7% sau 180 phit.

4. Bubc dau da dé xuit duoc co ché ciia phan ing quang xtc tic phan huy.
Két qua cho thiy tac nhan "OH déng vai tro chinh trong qua trinh phan huy RhB cia
hé ZnLag osFe; g50,. Di voi hé CoNdg gsFer 950, tac nhan ‘OH, ‘0,va h* déu déng



105

vai tro chinh trong qua trinh phan huy RhB.

Sau 4 1an st dung thi hiéu suat quang xdc tac cua vat liéu van dat trén 70%.
Sau ba lan tai sir dung, hiéu suat phan huy RhB cua vat lidu ZnLag gsFe; 950, giam
tir 98,01% dén 70,0%; cia ZnNdggsFe;es0s giam tir 96,0% dén 72,02%, cua
CoNdy gsFe; 950, giam tir 94,03% dén 78,01%, ciia ZnFe,0,/BT giam tir 93,23%
dén 75,0%.

5. Budc dau th nghiém xwr 1i nwde thai dét nhuém chiéu coi tinh Thai Binh st
dung cac mau vat lidu ZnLaggsFe; 9504 VA CONdgosFe; gs04. Sau 360 phut chiéu
sang voi sy ¢6 mat cua H,0,, chi s6 COD cua hé ZnLag gsFe; 9504 gidm 88,67% (tur
364,67 mg/L dén 41,33 mg/L), cua hé¢ CoNdgosFe; 950, gidm 89,61% (tur 394,7
mg/L dén 41,0 mg/L), cua ZnFe,04/BT giam 91,19 % (tir 431,33 mg/L dén 38
mg/L).
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@Fﬂe HangTN HZ2.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.
1) Left Angle: 33.620 ° - Right Angle: 36.200 ° - Left Int.: 60.4 Cps - Right Int.. 107 Cps - Obs. Max: 35.225 ° - d (Obs. Max): 2.546 - Max Int.: 1757 Cps - Net Height: 1668 Cps - FWHM: 0.262 ° - Chord Mid.: 35.231 ° - Int. B
EDO»DZZ»lDlZ (1) - Franklinite, syn - ZnFe204 - Y: 70.97 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - l/ic
EDLDES'DQW (A) - Hematite - Fe203 - Y: 7.68 % - d x by: 1. - WL: 1.5406 - Rhombo.R.axes - a 5.42000 - b 5.42000 - ¢ 5.42000 - alpha 55.200 - beta 55.200 - gamma 55.200 - Primitive - R-3¢ (167) - 2 - 100.022 - I/Ic PDF 4.
00-036-1451 (*) - Zincite, syn - ZnO - Y: 6.42 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 3.24982 - b 3.24982 - ¢ 5.20661 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P63mc (186) - 2 - 47.6216 - F27=130(0.0

Phu luc 2.2. Giin do XRD ciia mdu ZnFe,0, khi nung ¢ 700°C
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Phu luc 2.3. Gian do XRD ciia mdu ZnFe,0, khi nung ¢ 600°C
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F\Ie HangTN ZF5.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.
A1y Obs. Max: 35.260 ° - Max Int.: 56.4 Cps - Net Height: 51.2 Cps - FWHM: 0.377 ° - Raw Area: 37.00 Cps x deg. - Net Area: 25.31 Cps x deg.
EDQrUZZrlOlZ (1) - Franklinite, syn - ZnFe204 - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - I/ic PDF 3.8 - F28= 52(0.015

Phu luc 2.4. Gidn do XRD ciia ZnFe,0,6 500°C, nung 3 gio:
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MFile: HangTN ZF34.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Anode: Cu - WLL: 1.5406 - Generator kV: 40 KV - Generator mA: 40 mA - Creation: 01/08/2017 9:59:45 AM
[®]00-022-1012 (1) - Frankiinite, syn - ZnFe204 - WL: 1.5406 - Y: 100.00 % - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - l/lc PDF 3.8 -
[#]oo-033-0664 (*) - Hematite, syn - Fe203 - WL: 1.5406 - Y: 40.46 % - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 301.926 - I/ic PDF 2.4 -
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Phu luc 2.5. Gian d6 XRD ciia ZnFe,0,nung 1 gio
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WFile: HangTN ZF1.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.

A1) Obs. Max: 35.240 ° - Max Int.: 32.9 Cps - Net Height: 27.0 Cps - FWHM: 0.632 ° - Raw Area: 25.80 Cps x deg. - Net Area: 17.65 Cps x deg.

[®]00-022-1012 (1) - Frankiinite, syn - ZnFe204 - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - llc PDF 3.8 - F28= 52(0.015

EOU»UB}USSQ (*) - Hematite, syn - Fe203 - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 301.926 - I/ic PDF 2.4 - F30= 69(0.0
00-036-1451 (*) - Zincite, syn - ZnO - WL: 1.5406 - Hexagonal - a 3.24982 - b 3.24982 - ¢ 5.20661 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P63mc (186) - 2 - 47.6216 - F27=130(0.0072,29)

Phu luc 2.6. Gidn d6 XRD ciia ZnFe,0,nung 2 gio
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WFile: HangTN Z8sep.raw - Type: 2Th/Th locked - Start: 20,000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20,000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X
Al Left Angle: 34.520 ° - Right Angle: 35.930 ° - Obs. Max: 35.267 ° - Net Height: 200 Cps - FWHM: 0.204 ° - Chord Mid.: 35.264 ° - Raw Area: 55.26 Cps X deg. - Net Area: 46.79 Cps x deg.
[®]00-022-1012 (1) - Frankiinite, syn - ZnFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - l/lc

Phu luc 2.7. Gian d6 XRD ciia ZnFe,0, nung 4 gio
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WUFile: HangTN ZFUL.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X:
[A  Left Angle: 33.980 ° - Right Angle: 36.380 ° - Left Int.: 4.56 Cps - Right Int.: 5.01 Cps - Obs. Max: 35.229 ° - d (Obs. Max): 2.546 - Max Int.: 226 Cps - Net Height: 221 Cps - FWHM: 0.260 ° - Chord Mid.: 35.229 ° - Int. Br
[W]00-022-1012 () - Frankiinite, syn - ZnFe204 - Y: 75.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601447 - l/lc

Phu luc 2.8. Gidn do XRD ciia ZnFe,0,6 pH tao miu =4
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Fl\s HangTN ZF36.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Anode: Cu - WL1: 1.5406 - Generator kV: 40 kV - Generator mA: 40 mA - Creation: 01/08/2017 9:34:07 AM
[Al1) Left Angle: 34.370 ° - Right Angle: 36.050 ° - Obs. Max: 35.250 ° - d (Obs. Max): 2.544 - Max Int.: 210 Cps - Net Height: 203 Cps - FWHM: 0.275 ° - Raw Area: 84.53 Cps x deg. - Net Area: 72.40 Cps x deg.
E00-022-1012 (1) - Franklinite, syn - ZnFe204 - WL: 1.5406 - Y: 85.87 % - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - I/lc PDF 3.8 - S
800703370664 (*) - Hematite, syn - Fe203 - WL: 1.5406 - Y: 8.23 % - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 301.926 - I/ic PDF 2.4 -

Phu luc 2.9. Gidn d6 XRD ciia ZnFe,0,6 pH tao miu =5
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[WFile: HangTN HZ5.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.0
[Aln) Left Angle: 33.560 ° - Right Angle: 36.590 ° - Left Int.: 87.6 Cps - Right Int.: 113 Cps - Obs. Max: 35.256 ° - d (Obs. Max): 2.544 - Max Int.: 1316 Cps - Net Height: 1214 Cps - FWHM: 0.464 ° - Chord Mid.: 35.237 ° - Int. B
[®00-022-1012 (1) - Franklinite, syn - ZnFe204 - Y: 93.97 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - l/ic
[#]o1-085-0987 (A) - Hematite - Fe203 - Y: 17.43 % - d x by: 1. - WL: 1.5406 - Rhombo.R.axes - a 5.42000 - b 5.42000 - ¢ 5.42000 - alpha 55.200 - beta 55.200 - gamma 55.200 - Primitive - R-3c (167) - 2 - 100.022 - I/lc PDF
00-036-1451 (*) - Zincite, syn - ZnO - Y: 17.02 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 3.24982 - b 3.24982 - ¢ 5.20661 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P63mc (186) - 2 - 47.6216 - F27=130(0.

Phu luc 2.10. Gidn dé XRD ciia ZnFe,0, ¢ pH tao méau =2
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Fi\e HangTN ZF2.raw - Type: 2Th/Th locked - Start: 19.887 ° - End: 79.912 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 19.887 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.
Ay Obs. Max: 35.227 ° - Max Int.: 106 Cps - Net Height: 102 Cps - FWHM: 0.314 ° - Raw Area: 59.05 Cps x deg. - Net Area: 47.37 Cps x deg
E00-022-1012 (1) - Franklinite, syn - ZnFe204 - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - I/ic PDF 3.8 - F28= 52(0.015

Phuy lyc 2.11. Giin d6 XRD ciia ZnFe,0,6 ti I¢ M/U=1/.
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WFile: HangTN ZF5.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.
[Al) Obs. Max: 35.260 ° - Max Int.: 56.4 Cps - Net Height: 51.2 Cps - FWHM: 0.377 ° - Raw Area: 37.00 Cps x deg. - Net Area: 25.31 Cps x deg.
[®]00-022-1012 (1) - Frankiinite, syn - ZnFe204 - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - I/lc PDF 3.8 - F28= 52(0.015

Phu luc 2.12. Gidn dé XRD ciia ZnFe,0, ¢ ti 1¢ M/U=1/2, pH tgo méu =3



Lin (Cps)

100

80

50

40

200

H
2
&

Ll bbbl

-

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - ZFU3

2.543

d=:

2-Theta - Scale

WFile: HangTN ZFU3.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi 0.00 ° - Phi: 0.00 ° - X:
[Aly Left Angle: 33.890 ° - Right Angle: 36.380 ° - Left Int.: 3.87 Cps - Right Int.: 6.60 Cps - Obs. Max: 35.256 ° - d (Obs. Max): 2.544 - Max Int.: 162 Cps - Net Height: 157 Cps - FWHM: 0.290 ° - Chord Mid.: 35.265 ° - Int. Br
[W]oo-022-1012 (1) - Franklinite, syn - ZnFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - c 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - I/lc
[#]o1-089-0596 (C) - Hematite, syn - alpha-Fe203 - Y: 9.35 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03700 - b 5.03700 - ¢ 13.77100 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 302.58

Phuy Iyc 2.13. Giin @6 XRD ciia ZnFe,0,6 i Ig M/U=2/1

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - ZF3

2.544

3.847

d=
(g &

8

2-Theta - Scale

WUFile: HangTN ZF3.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.0

A1) Obs. Max: 35.256 ° - Max Int.: 48.8 Cps - Net Height: 42.6 Cps - FWHM: 0.419 ° - Raw Area: 34.10 Cps x deg. - Net Area: 22.69 Cps x deg.

[®]00-022-1012 (1) - Franklinite, syn - ZnFe204 - WL: 1.5406 - Cubic - a 8.44110 - b 8.44110 - ¢ 8.44110 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 601.447 - l/ic PDF 3.8 - F28= 52(0.015

[#]00-033-0664 (*) - Hematite, syn - Fe203 - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3¢ (167) - 6 - 301.926 - I/ic PDF 2.4 - F30= 69(0.0
00-036-1451 (¥) - Zincite, syn - ZnO - WL: 1.5406 - Hexagonal - a 3.24982 - b 3.24982 - ¢ 5.20661 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P63me (186) - 2 - 47.6216 - F27=130(0.0072,29)

Phu lyc 2.14. Gidn dé XRD ciia ZnFe,0, 6 ti I¢ M/U=1/3



Lin (Cps)

190

180

170

160

150

Lin (Cps)

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - NF1245

2.510

d=

1.473

d=

=2.951
=1.604

d:
d:

1.646
d=1.275

d=

2-Theta - Scale

F\IE: HangTN NF1245.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
1) Left Angle: 34.340 ° - Right Angle: 36.710 ° - Left Int.: 26.3 Cps - Right Int.: 32.1 Cps - Obs. Max: 35.730 ° - d (Obs. Max): 2.511 - Max Int.: 146 Cps - Net Height: 117 Cps - FWHM: 0.421 ° - Chord Mid.: 35.734 ° - Int. Br
[®]00-054-0964 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - c 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.15. Gidn dé XRD ciia mdu NiFe,0,
khi nung ¢ 500°C, nung 2 gio, ti I¢ mol M/U=1/2, pH=3
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RUFile: HangTN N.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.0
A1 Left Angle: 34.070 ° - Right Angle: 36.980 ° - Left Int.: 23.6 Cps - Right Int.: 24.0 Cps - Obs. Max: 35.702 ° - d (Obs. Max): 2.513 - Max Int.: 187 Cps - Net Height: 163 Cps - FWHM: 0.341 ° - Chord Mid.: 35.698 ° - Int. Br
[®]01-086-2267 (C) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33700 - b 8.33700 - ¢ 8.33700 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.468 - l/ic

Phu luc 2.16. Gidn dé XRD ciia méu NiFe,0, khi nung & 600°C
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F\\e HangTN NN2.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 © - Phi: 0.00 ° - X: 0.
Ay Left Angle: 34.730 ° - Right Angle: 36.860 ° - Left Int.: 23.8 Cps - Right Int.: 29.0 Cps - Obs. Max: 35.706 ° - d (Obs. Max): 2.513 - Max Int.: 220 Cps - Net Height: 194 Cps - FWHM: 0.301 ° - Chord Mid.: 35.707 ° - Int. Br
@OU-DEA-UBGA (*) - Trevorite, syn - NiFe204 - Y: 70.55 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21=

Phu luc 2.17. Gidn d6 XRD ciia méu NiFe,0, khi nung ¢ 700°C
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[File: HangTN N3.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.0

) Left Angle: 34.640 ° - Right Angle: 36.470 ° - Left Int.: 12.2 Cps - Right Int.: 14.7 Cps - Obs. Max: 35.695 ° - d (Obs. Max): 2.513 - Max Int.: 186 Cps - Net Height: 173 Cps - FWHM: 0.227 ° - Chord Mid.: 35.697 ° - Int. Br
[W]00-044-1485 (D) - Trevorite, syn - NiFe204 - Y: 88.69 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33930 - b 8.33930 - ¢ 8.33930 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.948 - I/ic P.

Phu luc 2.18. Gidn dé XRD ciia méu NiFe,0, khi nung ¢ 800°C
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MFile: HangTN NF512.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X
Ay Left Angle: 34.490 ° - Right Angle: 37.460 ° - Left Int.: 27.2 Cps - Right Int.: 29.7 Cps - Obs. Max: 35.670 ° - d (Obs. Max): 2.515 - Max Int.: 109 Cps - Net Height: 81.2 Cps - FWHM: 0.545 ° - Chord Mid.: 35.686 ° - Int. Br
[®]00-054-0964 () - Trevorite, syn - NiFe204 - Y: 100.00 9% - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.19. Gidn dé XRD ciia NiFe,0,nung 1 gio
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WUFile: HangTN NF1225.raw - Type: 2Th/Th locked - Start: 20.000 © - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
[A1) Left Angle: 33.980 ° - Right Angle: 36.710 ° - Left Int.: 23.6 Cps - Right Int.: 29.9 Cps - Obs. Max: 35.718 ° - d (Obs. Max): 2.512 - Max Int.: 149 Cps - Net Height: 121 Cps - FWHM: 0.415 ° - Chord Mid.: 35.725 ° - Int. Br
[®]00-054-0964 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.20. Gidn dé XRD ciia NiFe,0, nung 3 gio
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Fl\e’ HangTN NF1215.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
Al Left Angle: 34.190 ° - Right Angle: 36.950 ° - Left Int.: 26.5 Cps - Right Int.: 27.1 Cps - Obs. Max: 35.704 ° - d (Obs. Max): 2.513 - Max Int.: 147 Cps - Net Height: 120 Cps - FWHM: 0.364 ° - Chord Mid.: 35.715 ° - Int. Br
EDOrOSA—OQGAﬂ (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.21. Gidn dé XRD ciia NiFe,0, nung 3 gio

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - NF1215
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d=2.947

2-Theta - Scale
@Fl\e' HangTN NF1215.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
Al Left Angle: 34.190 ° - Right Angle: 36.950 ° - Left Int.: 26.5 Cps - Right Int.: 27.1 Cps - Obs. Max: 35.704 ° - d (Obs. Max): 2.513 - Max Int.: 147 Cps - Net Height: 120 Cps - FWHM: 0.364 ° - Chord Mid.: 35.715 ° - Int. Br
EUO'OS‘FOBG" (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.22. Gidn dé XRD ciia NiFe,0, nung 4 gio
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[MFile: HangTN NF1211.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
(A1) Left Angle: 34.520 ° - Right Angle: 36.680 ° - Left Int.: 21.0 Cps - Right Int.: 24.1 Cps - Obs. Max: 35.684 ° - d (Obs. Max): 2.514 - Max Int.: 138 Cps - Net Height: 116 Cps - FWHM: 0.333 ° - Chord Mid.: 35.684 ° - Int. Br
[W]00-054-0964 (¥) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.24. Gidn dé XRD ciia NiFe,0,6 ti Ié mol M/U=2/1
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2-Theta - Scale
mﬁle HangTN NF1213.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
[Al1) Left Angle: 33.980 ° - Right Angle: 36.770 ° - Left Int.: 20.9 Cps - Right Int.: 22.5 Cps - Obs. Max: 35.697 ° - d (Obs. Max): 2.513 - Max Int.: 149 Cps - Net Height: 127 Cps - FWHM: 0.318 ° - Chord Mid.: 35.696 ° - Int. Br
E00705470954 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21
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Phu luc 2.23. Gian do XRD cua NiFe,O, 0 ti Ié mol M/U=
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F\Ie HangTN NF1221.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
Ay Lett Angle: 33.560 ° - Right Angle: 36.380 ° - Left Int.: 26.8 Cps - Right Int.: 30.1 Cps - Obs. Max: 35.684 ° - d (Obs. Max): 2.514 - Max Int.: 153 Cps - Net Height: 124 Cps - FWHM: 0.381 ° - Chord Mid.: 35.680 ° - Int. Br
EDUVU&H}QEIS (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.25. Gidn dé XRD ciia NiFe,0, 6 ti l¢ mol M/U

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - NF1231
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WUFile: HangTN NF1231.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
[Aly)  Left Angle: 34.190 ° - Right Angle: 36.830 ° - Left Int.: 25.3 Cps - Right Int.: 24.5 Cps - Obs. Max: 35.684 ° - d (Obs. Max): 2.514 - Max Int.: 158 Cps - Net Height: 133 Cps - FWHM: 0.400 ° - Chord Mid.: 35.682 ° - Int. Br
[®]00-054-0964 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phuy luc 2.26. Gidn dé XRD ciia NiFe,0, 6 i 1¢ mol M/U=1/3
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[File: HangTN NF212.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phiz 0.00 ° - X:

1) Left Angle: 33.860 ° - Right Angle: 37.010 ° -

Left Int.: 27.0 Cps - Right Int.: 27.9 Cps - Obs. Max: 35.677 ° - d (Obs. Max): 2.515 - Max Int.: 126 Cps - Net Height: 99.0 Cps - FWHM: 0.431 ° - Chord Mid.: 35.699 ° - Int. Br

[®]00-054-0964 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.27. Gidn dé XRD ciia NiFe,0, ¢ pH tao mdu =2
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[File: HangTN NF312.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X:
[Ay Left Angle: 33.650 ° - Right Angle: 37.010 ° - Left Int.: 26.8 Cps - Right Int.: 27.0 Cps - Obs. Max: 35.692 ° - d (Obs. Max): 2.514 - Max Int.: 142 Cps - Net Height: 115 Cps - FWHM: 0.358 ° - Chord Mid.: 35.709 ° - Int. Br
[®]00-054-0964 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d X by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.28. Gidn do XRD ciia NiFe,0, ¢ pH tao méau =4
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MFie: HangTN NF412.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X:
Ay Left Angle: 34.640 ° - Right Angle: 36.440 ° - Left Int.: 23.0 Cps - Right Int.: 20.8 Cps - Obs. Max: 35.686 ° - d (Obs. Max): 2.514 - Max Int.: 147 Cps - Net Height: 126 Cps - FWHM: 0.314 ° - Chord Mid.: 35.681 ° - Int. Br
[®]00-054-0964 (*) - Trevorite, syn - NiFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.33673 - b 8.33673 - ¢ 8.33673 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 579.412 - F21

Phu luc 2.29. Gidn do XRD ciia NiFe,0, ¢ pH tao méu =5

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - CF12125
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[WUFile: HangTN CF12125.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
[Aln Left Angle: 33.800 ° - Right Angle: 37.850 ° - Left Int.: 14.3 Cps - Right Int.: 12.8 Cps - Obs. Max: 35.548 ° - d (Obs. Max): 2.523 - Max Int.: 35.5 Cps - Net Height: 21.8 Cps - FWHM: 1.530 ° - Chord Mid.: 35.845 ° - Int. B
[®]00-002-1045 (D) - Cobalt Iron Oxide - CoFe204 - Y: 88.04 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -

Phu luc 2.30. Gidn dé XRD ciia CoFe,O,nung 1 gior
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[UFile: HangTN CF12129.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
) Left Angle: 34.820 ° - Right Angle: 36.440 ° - Left Int.: 12.6 Cps - Right Int.: 15.3 Cps - Obs. Max: 35.545 ° - d (Obs. Max): 2.524 - Max Int.: 160 Cps - Net Height: 147 Cps - FWHM: 0.283 ° - Chord Mid.: 35.542 ° - Int. Br
[m]o0-002-1045 (D) - Cobalt Iron Oxide - CoFe204 - Y: 39.01 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -
[#]oo-033-0664 (*) - Hematite, syn - Fe203 - Y: 15.51 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 301.926 - I/l

Phu luc 2.31. Gidn do XRD ciia CoFe,0, nung 4 gio:

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - CF15123

2-Theta - Scale
F\Ie: HangTN CF15123.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
Bi) Left Angle: 33.950 ° - Right Angle: 37.400 ° - Left Int.: 12.8 Cps - Right Int.: 15.2 Cps - Obs. Max: 35.578 ° - d (Obs. Max): 2.521 - Max Int.: 47.2 Cps - Net Height: 33.3 Cps - FWHM: 0.739 ° - Chord Mid.: 35.553 ° - Int. B
@00700271045 (D) - Cobalt Iron Oxide - CoFe204 - Y: 70.02 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -

Phu luc 2.32. Gidn dé XRD ciia CoFe,0,nung 3 gio
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ile: QuyenTN QC3.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 - X:
[Aly Left Angle: 34.610 ° - Right Angle: 36.710 ° - Left Int.: 758 Cps - Right Int.: 807 Cps - Obs. Max: 35.636 ° - d (Obs. Max): 2.517 - Max Int.: 1365 Cps - Net Height: 584 Cps - FWHM: 1.203 ° - Chord Mid.: 35.613 ° - Int. Br
[®]o0-002-1045 (D) - Cobalt Iron Oxide - CoFe204 - Y: 100.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -

Phu luc 2.33. Gidn dé XRD ciia CoFe,0, nung 2 gio,
ti I¢ mol M/U=1/2, pH tao méu =3

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - HCF

200 )
190 —
180 —
170 —
160 —

150 —

2.526

I
d=:

o
5
1}
|
gl

2-Theta - Scale
@Fﬂe’ HangTN HCF.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X: 0.
Ay Left Angle: 34.730 ° - Right Angle: 36.680 ° - Left Int.: 11.5 Cps - Right Int.: 12.8 Cps - Obs. Max: 35.513 ° - d (Obs. Max): 2.526 - Max Int.: 118 Cps - Net Height: 106 Cps - FWHM: 0.323 © - Chord Mid.: 35.510 ° - Int. Br
E00702271086 (*) - Cobalt Iron Oxide - CoFe204/CoO-Fe203 - Y: 68.34 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.39190 - b 8.39190 - ¢ 8.39190 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8
EDD—DOZOQIS (D) - Hematite, syn - Fe203 - Y: 19.42 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 - b 5.02800 - ¢ 13.72800 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 2 - 300.558 - F

Phu luc 2.34. Gidn dé XRD ciia CoFe,0, ¢ pH tao méu =4
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Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - CF12123

=2.525
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F\Ie HangTN CF12123.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
) Left Angle: 34.730 ° - Right Angle: 36.380 ° - Left Int.: 14.4 Cps - Right Int.: 15.5 Cps - Obs. Max: 35.530 ° - d (Obs. Max): 2.525 - Max Int.: 149 Cps - Net Height: 134 Cps - FWHM: 0.297 ° - Chord Mid.: 35.531 ° - Int. Br
E00700271045 (D) - Cobalt Iron Oxide - CoFe204 - Y: 37.82 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -
[#]oo-033-0664 (*) - Hematite, syn - Fe203 - Y: 21.69 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 301.926 - I/l

Phu luc 2.35. Gidn dé XRD ciia CoFe,0, ¢ pH tao méu =5

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - CF12127
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F\Ie: HangTN CF12127.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
EOO—OOZVIMS (D) - Cobalt Iron Oxide - CoFe204 - Y: 10.14 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -
EOOVOSSVOGGA (*) - Hematite, syn - Fe203 - Y: 2.83 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 301.926 - I/Ic
03-065-3107 (C) - Iron Oxide - Fe304 - Y: 27.80 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.39050 - b 8.39050 - ¢ 8.39050 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 590.695 - I/lc PDF 5.

Phu luc 2.36. Gidn déo XRD ciia CoFe,0, ¢ pH tgo méau =2
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[VFile: HangTN CF12121.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi: 0.00 ° -
[Aly Left Angle: 34.520 ° - Right Angle: 36.770 ° - Left Int.: 13.9 Cps - Right Int.: 14.1 Cps - Obs. Max: 35.539 ° - d (Obs. Max): 2.524 - Max Int.: 121 Cps - Net Height: 107 Cps - FWHM: 0.315 ° - Chord Mid.: 35.539 ° - Int. Br
[®]00-002-1045 (D) - Cobalt Iron Oxide - CoFe204 - Y: 32.34 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.36000 - b 8.36000 - ¢ 8.36000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 584.277 -
[#]00-033-0664 (*) - Hematite, syn - Fe203 - Y: 18.86 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3¢ (167) - 6 - 301.926 - I/l
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