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Vat liéu co tir tinh ngay cang dwoc nghién clru rong rai, b&di nhivng (rng dung cda né vao
thwc tién rat co hiéu qua. TiO, khi dwoc gan nén chat mang NiFe,O, 1a chat xuc tac quang
hod, chung cé khd nang phan hay nhiéu hop chét hiru co mang mau ra khéi méi truéng
nwéc nhw metyl da cam. Khi xt& ly nwéc thai chira cac hop chét hivu co mang mau, thi TiO,
& dang huyé&n phu trong méi trudng nwéc, thwerng khong thé thu héi lai dwoc TiO, dé tai st
dung, gay lang phi, gay 6 nhi&m mai trwéng, tao ra chét thai ran. Hat tinh thé nano NiFe,0O,
duoc tébng hop bang phwong phap thuy nhiét va dwoc st dung lam chét mang xuc tac
quang hoéa TiO,. Bai bao nay la két qua nghién clru rng dung phan huy hop chéat hivu co
metyl da cam ¢6 néng dd 2M bang chat xuc tac quang hoa TiO,, sau 12 gi& x& ly dat hiéu
suat 98,7%. Thu hdi dwoc TiO, dé tai st dung lai nhiéu 1an, ma khéng tao ra chat thai ran
TiO, trong qua trinh x( ly cac hop chéat hiru co mang mau trong méi trwdng nwéc. Két qua
nghién cru la co s& khoa hoc cho viéc ap dung vao thyc tién cac qua trinh cdng nghé
san xuét.

xUc tac quang hoa.

Materials with magnetic properties are becoming more widely used thanks to their useful
applications. When TiO, is attached, the NiFe,O, carrier is a photocatalyst, they are capable
of decomposing many colored organic compounds out of water such as methyl orange.
When treating wastewater containing colored organic compounds, TiO, is in suspension in
the aqueous environment, often TiO, cannot be recovered for reuse, causing waste and
environmental pollution. solid waste. NiFe,O, nanocrystals were synthesized by
hydrothermal method and used as TiO, photocatalyst carrier. This paper is the result of
applied research on decomposition of organic compound methyl orange with concentration
of 2M by photocatalyst TiO,, after 12 hours of treatment with an efficiency of 98.7%. TiO, can
be recovered for reuse many times, without creating TiO, solid waste in the process of
treating colored organic compounds in the aquatic environment. Research results are the
scientific basis for practical application of production technology processes.

photocatalyst carrier.

1. PHAN MO PAU ho spinel ferrit MFe,O, v&i M la céc kim loai
Vit li¢u 0 tur tinh ngay cang dugc nghién ctru chuyén tiép nhu: Mn, Ni, Cu, Zn... dang duoc
rong rédi, boi nhitng wng dung cua ching vao  quan tdm nghién cau cho nhiéu éng dung do
thyc tién rat hiéu qua. Hat nano tir tinh thuoc  ching c6 do bdo hoa tir cao va bén & diéu kien

TAP CHi KHOA HQOC & CONG NGHE . SO 32 - 2022 29



KHOA HOC & CONG NGHE

thuong [1-3].

TiO, 1 chat xuc tac quang hoéa, ching c6 kha
ning phan hay nhiéu hop chét hitu co mang
mau ra khoi méi truong nudc va khong khi,
ngoai ra TiO; ciing c6 kha ning khang nam,
khang khuan rat c6 hiéu qua [2, 4].

Khi xir Iy TiO, ¢ dang huyén phu trong méi
truong nude, thuong khong thé thu hoi lai
duoc TiO, dé tai s dung, gay lang phi, gay 0
nhiém moi trudng, tao ra chét thai ran. Viéc
loc TiO, ¢ dang nano ciing 1a van dé rat kho
khan, can tén nhiéu thoi gian dé xu 1y [3, 4].

Nhiéu phuong phap xir Iy va thu hdi TiO, da
dugc dua ra, nhung hiéu qua thu hoéi TiO,
khong cao. Néu cac hat nano TiO, duoc gan
trén vat liéu ti, thi vin dé thu hoi TiO, dé tai
sa dung, khdng lam anh huong dén moi
truong co thé duoc giai quyét.

Vat liéu nanocomposite chia TiO, cd hoat
tinh xuc tac cao va c6 dién tich bé mat tiép
xuc 1én, c¢6 thé dugc sir dung dé xu 1y nudc
thai doc hai va co thé thu hoi TiO, dé& dang
nho mot tir truong ngoai. Nhitng hat tir dong
vai trd 1a chat mang, khong gay doc hai véi
moi trudng, ¢ tinh chat tir tt va bén véi moi
truong [2, 4].

Bai béo nay trinh bay két qua nghién cuu

phan huy hop chit hitu co methyl da cam
bang chat xlc tac quang hoad TiO,. Két qua
nghién ctu la co s& khoa hoc cho viéc ap
dung vao trong cac qua trinh cdng nghé san
Xuat.

2. PHUONG PHAP NGHIEN cUU

Cac hoa chat duoc sir dung dé nghién cau 1a
cac mudi NiCl,.4H,0, FeCls.6H,0, TiCl, va
NaOH déu c6 do sach PA, do Hang Meck
(CHLB Drc) san xuat.

Hoa tan mudi NiCl,.4H,0 cé nong do 0,2M
va mudi FeCls.6H,0 c6 nong d6 0,4M bang
nuéc cat 2 1an vao binh cé dung tich 5 lit
duogc dung dich (1).

Hoa tan NaOH lay du bang nudc cat 2 1an vao
binh ¢6 dung tich 5 lit duwgc dung dich cé
nong do 1,1M, thu duoc dung dich (11).

Tong hop hat tinh thé nano NiFe;O4 nhu sau:
Dan khong khi nén voi ap suit 3,5 atm qua
dng dan (5) vao 2 binh chtra dung dich (1) va
(I1), dudi tac dung cua dong khéng khi nén
ma 2 dung dich (I) va (II) di vao binh phan
ung (6) co dung tich 20 lit, dugc phun dudi
dang swong mu qua cac voi phun (3) va (4),
V6i tée dd phun 0,5 1it/ phat, dugc thé hién
trén hinh 1.

5 1
- I |
Kheng khi \l’ ===

1 - Binh chiu 4p lwc chira
dung dich (1)

2 - Binh chiu ap lyc chra
dung dich (Il)

3, 4 - Vi phun khi nén

5 - Ong dan khi nén

6 - Binh phan t&rng

Hinh 1. Hé phun swong ddng két taa
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Luong NaOH ldy du, nén pH ctia méi truong
phan tmg dugc duy tri pH = 11.

Phan tmg dong két taa xay ra trong binh phan
ung (6) nhu sau:

NiCl, + 2NaOH = Ni(OH),|+ 2NaCl (1)

FeCls + 3NaOH = Fe(OH)s| + 3NaCl )
Ni(OH), —"“— NiO]+ H,0 ?3)
2Fe(OH); —% > Fe,03) + 3H,0  (4)
NiO + Fe,Os = NiFeOul (5)

Sau phan ng trong binh (6), thu duoc chét
két tia mau nau do dang keo, loc rua két tua
dé giam lugng nudc chira trong két tia xudng
con 3 lit, dong thoi diéu chinh pH dén moi
truong pH = 7-8. HANn hop dung dich keo nhio
nay, duoc cho vao binh phan ing thuay nhiét
chiu 4p suat 15 atm va duoc gia nhiét & cac
nhiét @6 khac nhau 120°C, 140°C va 160°C
trong khoang thoi gian 240 phat. Nhiét do
trong binh thay nhiét dugc 6n dinh nho thiét
bi 6n nhiét. Sau thoi gian phan tng 240 phuit,
thu duoc két tha mau nau NiFe,O, ¢ tir tinh.
Chat ran nay dugc lay ra bang mot nam cham
dién, rira sach bang nudc cat va dugc say kho,
thu duoc 220 gam chat ran.

Tong hop vat lidu nNiFe;04 - TiO, dugc tong
hop bang phuong phép thuy phan TiCl, nhu
sau: Lay 22 ml dung dich TiCl, twong ung voi
khoang 20 gam TiO, va 20 ml dung dich
Diethanolamin NH(C,H,OH), hoa tan vao 40
Oml dung dich ethanol.

Hon hop dung dich duoc 1am lanh xudng
10°C va duoc thém vao 400 ml nudc cét nita,
réi duoc khudy tron lién tuc, duy tri pH cua
hén hop dung dich voi pH < 1, cho dén khi
bat dau xuat hién dang keo mau tring trong
nhu sira, thi ndng nhiét do 1én khoang 30°C,
ddng thoi nho tir tr dung dich NaOH vao
trong hdn hop keo, cho dén khi dat pH = 7. Ta
thu dugc mot dung dich keo TiO, c6O mau
trang sira.

L4y 20 gam NiFe,O,4 di tdng hop & trén, cho
vao dung dich keo TiO,, roi khudy tron lién
tuc trong 60 phut dé phan tan déu NiFe,O4
trong keo TiO,. Két tua thu duoc 12 nNiFe,04
- TiO,, duogc loc rira va say khd, cudi cing
méau duoc thiéu két trong 10 nung ¢ 500°C
trong 60 phdt. San pham sau nung la
nNiFe;04 - TiO, duoc str dung la chat mang
xuc tac quang hoa.

Sir dung phuong phap nhiéu xa tia X trén may
D5000 (Hang Siemens, CHLB Duc san xuit)
dé x4c dinh cau trac, kich thudc hat tinh thé
va su phan b hat trong cac tinh thé c6 kich
thudc ¢& nano.

Pic trung vé hinh dang, kich thudc hat, dugc
do bang phuong phap TEM trén may Jeol
TEM 1010 (Nhat Ban). Pho UV - ViS duoc do
trén may 2450 PC (Hang Shimadzu, Nhat
Ban).

Nghién ctu tinh chat tir cua vat liéu bang
phuong phap tr ké miu rung (vibrating
sample magnetometer) VSM trén may DMS
800 (Hang Digital Measurement Systems,
M¥).

Nghién ctiu tng dung chat xtc tac quang hoa
NiF,0,4-TiO, dé phan huy chat hitu co mang
mau methyl da cam véi ndng do 2M.

3. KET QUA VA THAO LUAN

3.1. Nghién cteu tinh thé NiFe,O, bang
phwong phap SEM va TEM

Bang phuong phap nhidu xa tia X, két qua
nghién ctru dugc thé hién trén hinh 2 cho thay:
Gian d6 nhiéu xa XRD, qua trinh dong két tua
thé hién rd tinh vo dinh hinh caa tinh thé
NiFe;O4, khong co6 dinh cua NiFe,04 va
khong c6 tir tinh. Anh TEM cua tinh thé
NiFe,O4 cho théy cac dam keo c¢o6 kich thudc
nho va khéng co sy phan biét rd rét gitra cac
hat, chitng t6 mau vo dinh hinh con chua
nhiéu nuéc.
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Hinh 2. Nghién ctru XRD va TEM cua hat tinh thé NiFe,O, vé dinh hinh

Str dung phuong phap thuy nhiét, dé tinh thé
hoa vat liéu vo dinh hinh trong khoang nhiét
d6 tr 120-160°C. Khoang nhiét do nay lay
thap hon rat nhiéu so véi st dung phuong
phap thiéu két, & khoang nhiét d6 cao tir 600-
1000°C.

Nghién cau biang XRD ching to vat ligu
NiFe,04 sau khi thay nhiét 12 tinh thé don pha
duoc thé hién trén hinh 3.

Nghién ctu bang TEM di chi rd hinh dang va

v )

Cudng do tuwong dbi

kich thudc caa hat tinh thé NiFe,04. So sanh
véi mau hat tinh thé NiFe,O4 vo dinh hinh, thi
hat tinh thé NiFe,O4 duoc xir ly bang phuong
phép thuy nhiét trong diéu kién nhiét do
120°C va &p suat cao 9,5 atm, da co sy phan
biét rat ro rét, kich thuéc hat trung binh 13 20
nm. Trong diéu kién nay, da xay ra qué trinh
mét nudc va dinh huéng lai thanh tinh thé
cubic cua vat liu NiFe,0,. Néu thiéu két ¢ tai
nhiét do nay, thi vat liéu v6 dinh hinh ban dau
van chua c6 cAu trac tinh thé.

20 @)
Hinh 3. Nghién ciru XRD va TEM cda mau NiFe,O4sau khi thay nhiét tai 120°C

3.2. Nghién cru anh hwéng cua nhiét do
thay nhiét 1én kich thwéc hat nNiFe, O,

Khi thay doi nhiét do thuy nhiét cia cac mau
hat tinh thé nNiFe,0, tai nhitng khoang nhiét
dd khac nhau 120°C, 140°C va 160°C cho
thiy: Khi nhiét do thuy nhiét ting, thi hinh
dang va kich thugc hat tinh thé nNiFe,O, c6
thay d6i nhung khong nhiéu, duoc thé hién

trén hinh 4. Hinh dang cac hat tinh thé
nNiFe;O4 rat rd rét, khdng c6 su két tu dam.
Piéu nay chang to tai nhiét do thap, thi ning
lwong nhiét chua du 16n dé cho céc hat tinh
thé nNiFe,O, kich thuéc nho cd thé tich tu
thanh nhitng hat I6n va dao dong mang tai
bién nhiing hat tinh thé nho, khong du ning
lwgng can thiét, @& két hop véi mang tinh thé
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rat gan no, tao thanh mang tinh thé 16n hon.
Tai nhiét do 120°C nhitng hat tinh thé
nNiFe,0; kich thudc hat con nhé va tuong ddi
déu nhau, khong c6 su két tu dam.

Khi tang dan nhiét do 1én 140°C va 160°C thi
kich thuéc cac hat tinh thé nNiFe,O, lén dan,

khong thay xuat hién su két tu dam cac hat
tinh thé nNiFe,0, kich thudc cac hat tinh thé
tuong ddi rd rang, hinh thanh cac hat tinh thé
doc lap. Chimng to kich thudc cac hat tinh thé
nNiFe,O4 phu thudc vao nhiét do thuy nhiét.

Hinh 4. Nghién ctru bang TEM cac mau nNiFe,O,4thuy nhiét tai cac nhiét dé khac nhau

3.3. Nghién ctru anh hwéng cua nhiét do
thay nhiét 1&n tinh chét tir caa hat tinh thé
nNiFezo4

Bang phwong phap tir ké mau rung (vibrating
sample magnetometer) VSM, trén may DMS
800 cua hang Digital Measurement Systems
cia My, dé nghién cau tinh chat tr cua
nNiFe;04 dugc thé hién trén hinh 5 cho thay:

40 { —@— (a)120 °C ¥;§; -_g_§;§;§.§:3 ()
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Hinh 5. Chu trinh tir tré cta hat tinh thé
nNiFe;04 — TiO, & cac nhiét d6 thuy nhiét
khac nhau

Khi nhiét d6 thity nhiét tang dan, thi tinh chat
tir ciia cac hat tinh thé nNiFe,0y ting 1én 1d
rét. PO bdo hoa tir ting dang ké va tinh chat
siéu thuan tur ghi nhan dugc vai truong khang
tr gan nhu bang 0. Tai ving tir trudng cao,
khi nhiét d6 tang, thi do bdo hoa tir cling tang
theo. Tai nhiét do 120°C, d6 bdo hoa tir c6 gia
tri 1a 37 emu/g, dugc thé hién trén gian do

dwong (a). Tai nhiét do 140°C, do bao hoa tir
c6 gia tri 1a 40 emu/g, dugc thé hién trén gian
d6 duong (b). Tai nhiét d6 160°C, thi d6 béo
hoa tir 1a 44 emu/g, duoc thé hién trén gian do
duong (c).

Chu trinh tir tré caa tinh thé nNiFe,04 & cac
nhiét do thay nhiét khac nhau cho thay: Tir du
va lyc khang tir gan nhu bang 0. Diéu nay cho
thy, c6 thé thu hdi duoc nhiing vt liéu trong
moi trudng phan tan bang tir truong ngoai,
hodc phan tan déu nguoc tré lai khi loai bo tur
truong ngoai. Nho tinh chat dic biét nay cua
hat tinh thé nNiFe,O,4, ma c6 thé tng dung
trong viéc xur 1y nudce thai chira cac chat doc
hai. Sir dung TiO, gan trén vt liéu chta céc
hat tinh thé nNiFe,0,4, doéng vai tro 13 chat
mang XxUc tac quang hoéa. Vat liéu nNiFe,O, -
TiO, dugc st dung la chat xdc tac quang hoa,
trong qud trinh xtr 1y nudc thai cdng nghiép
rat hiéu qua.

Nghién cqu pho XRD cua xudc tac di thé
(nNiFe,0, - TiOy) cho thay: TiO, c6 cac dinh
dic trung tai cac goc nhiéu xa 25°% 37°% 38°;
48°; 54°% 55°% 63° va dong thoi cac dinh cua
hat tinh thé NiFe,0O4 van duoc giir lai, dam
bao tur tinh cho vat liéu (nNNiFe,04 - TiOy)
duoc thé hién trén hinh 6.
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Hinh 6. Nghién ctru XRD va SEM chia nNiFe;04 - TiO, & nhiét dd 120°C

Anh TEM cua vat liéu nNiFe, O, - TiO, cho
thiy: kich thuéc hat cua TiO, gin trén
NiFe,O4 ¢6 kich thudc nano ¢& tu 10-30 nm.

3.4. Khao sat hoat tinh xac tac quang héa
cuavat liéu (nNiFe,O,4 - TiOy)

Vat liéu (nNiFe,O4 - TiO,) dong vai tro la
chét xuc tac quang hoéa. TiO, 6 thé thu hdi lai
duoc bang tir truong, ma khéng can phai loc
mau. Piéu nay co y nghia rat quan trong trong
viéc xir Iy nudc thai bang phuong phap quang
- XUc tac vaéi vat liéu xuc tac chaa TiO,, lam
giam luong chat thai ran phat sinh trong qua
trinh x& 1y moéi truong. TO hop vat liéu
(nNiFe,04 - TiOy) co dién tich bé mat Ion,
rat phi hop voi nhiing Gng dung caa xdc tac
di thé.

Str dung dén UV huynh quang 60 W, véi budc
s6ng cuc tim, dugc chiéu truc tiép phia trén bé

%

450 500 550 600 65

Wavelength (nm)

350 400

0

mit thodng ciia mau sau nhimng khoang thoi
gian khac nhau. Phan chét rin dugc thu hdi
lai boi tir truong, con phan dung dich con
lai duoc do phd hap phu UV-VIS dé xéc
dinh ndng d6. Khi pH>7, Methyl da cam
C14H14N3NaOsS (c6 nong do 2M) ludn ton tai
& dang anion, nén chi c6 moét dang mang mau
¢6 dinh phé hap thy dic trung tai budc séng
461 nm, duoc thé hién trén hinh 7. Sau thoi
gian 12 gio xu ly, hiéu suat phan huy dat
98,7 %.

Nhu vay, vat liu nNiFe,O4 - TiO, ¢c6 kha
nang xuc tac quang hod cho qua trinh oxi
hoa phan huy chat mau Methyl da cam
C14H14N3NaOsS, dong thoi cd thé thu hoi
dugc vat liéu xdc tac chua TiO, nho tir truong
ngoai, nén khong dé lai luong chat doc hai sau
khi xur ly.

100 4

80 A

60 A

40 1

20 A

8 10 1I2
Time (h)

Hinh 7. Sw phan hay Methyl da cam theo thi gian
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4. KET LUAN

Pi t6ng hop dugc hat tinh thé nano NiFe,04
bang phuong phap thuy nhiét voi kich thudc
hat trung binh la 20 nm, c¢6 d6 bao hoa tir cao
va thé hién dic tinh siéu thuan tu.

Dudi tac dung cua xac tac quang hoa
nNiFe,0; - TiO, dé phan huy hop chét hitu co
methyl da cam, sau 12 gi& xir 1y dat hiéu suat

98,7%.

Thu hdi dugc TiO, dé tai sir dung, ma khdng
tao ra chat thai ran TiO, trong qua trinh xir ly
nudc thai.

Két qua nghién ctru 13 co s& khoa hoc cho
viéc ap dung vao thyc tién cac quéa trinh cong
nghé san xuat.
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