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KHAO SAT SU' ANH HUONG CUA LUQNG TIEN CHAT APTES DEN SU'
HINH THANH NANO COMPOSIT Fes04/ZnO
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YTruong Dai hoc Giao thong vdn tdi,
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TOM TAT

Bai béo trinh bay anh huéng cia lugng tién chat 3-aminopropyl triethoxysilane (APTES) dén
thanh phén, tinh chit cta vat liéu nano composit da tinh ning tir tinh - ban din Fez04/Zn0O dugc
ché tao bang phuong phap hoa ly. Cac két qua nhidu xa tia X, tan sic ning luong tia X 1a minh
chimg cho thay cac mau vat liéu nano composit da tinh ning chira dong thoi pha tir tinh ctia Fe30;4
va pha ban dan ciia ZnO. Trong khi d0, cac két qua tir ké miu rung ching to cac miu nano
composit Fes04/Zn0 co tinh chat siéu thuan tir vdi tir d6 bdo hoa cao & nhiét do phong (33,5 - 38,6
emu/g), mang dén kha niang phan tach, thu hdi nhanh chong cac chat 6 nhiém va tai sir dung cac
vt liéu composit khi cé tir truong bén ngoai. Pho hap thu tir ngoai - kha kién cia cac mau nano
composit trai rng trong vung anh sang can tir ngoai va nhin thay bic biét, trong mAu nano
composit v6i 3,5 ml APTES cé dinh hap thu dich vé phia budc song dai, phd hap thu trai rong
trong khoang 340 - 410 nm, hira hen mang lai kha nang xwr Iy quang xuc tac hiéu qua cao dudi sy
kich thich ctia anh sang ty nhién.

Tur khoa: Nano composit; FesO4/ZnO,; APTES, siéu thudn tir; quang xuc tdc
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ABSTRACT

The paper presents the effect of 3-aminopropyl triethoxysilane (APTES) on the compositions and
properties of multifunctional magnetic - semiconductor nanocomposites - Fes04/ZnO, which are
synthesized by physical chemistry method. The results of X-ray diffraction, X-ray energy
dispersive scattering indicate that the multifunctional nanocomposites contain the magnetic phase
of Fes04 and the semiconductor phase of ZnO simultaneously. Meanwhile, the results of the
vibrating sample magnetometer show that the Fe304/ZnO nanocomposites exhibit
superparamagnetic properties with high saturation magnetization at room temperature (33.5 - 38.6
emu/g), which can be applied to quickly separate and attract pollutants, and reuse nanocomposites
in the environmental treatment. The ultraviolet-visible absorption spectra of the nanocomposites
are large extending from the near-ultraviolet to visible light. In particular, in the Fes04/Zn03,5
nanocomposite has the absorption peak shifted to visible light, and the absorption spectrum spread
in the range 340 - 410 nm, promising for applications in photocatalytic treatment under the impact
of natural light.
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1. Gi6i thiéu

Vit liéu ban din quang xuc tic ung dung
trong xir 1y 6 nhiém méi truong di va dang
thu hat dugc sy quan tdm nghién ctru rat 16n
trén thé giéi vi kha nang phan hity hau hét cac
chat 6 nhidm thanh cac san pham it doc hai
véi moi truong trong didu kién ap sudt va
nhiét do phong [1]-[3]. Trong mdt qua trinh
xtr Iy 6xi héa nhd quang xuc tac, cac chit 6
nhiém hitu co bi phan huy khi c6 mat cua chét
quang xuc tac ban dan (nhu TiOz, ZnO), ning
lugng anh sang kich thich va tdc nhan 6xi hoa
(6xi hodc khong khi) [2], [4]. Cac vat liéu ban
dan oxit kim loai dugc biét dén 1a vat ligu
thich hop, t6t nhat cho kha ning quang xitic
tac. Ngoai ra, ban din ZnO voéi kha ning
quang xuc tac manh, do on dinh héa hoc cao,
dai ning lwong ving cim rong, chi phi san
xuit thap di va dang duoc ing dung trong xir
1y nu6e 6 nhiém. Nhom tac gia Adam va cong
su da st dung phuong phap dong két tna dé
ché tao hat nano ZnO nhim xu 1y quang xtic
tac cac phan tir thudc nhuém Congo red [5].
Tuy nhién, cac hat nano ban dan sau khi xtr Iy
nudc 6 nhiém s& lo lung trong dung dich va
c6 thé tich tu kém cac chit 6 nhiém ton du sé
tr& thanh chit 6 nhim thtr cip néu khong
dugc thu hdi. Do d6, cac vat liéu ban din nay
sau khi str dung can dugc phan tach dé c6 thé
tai st dung véi cac phuong phap, ky thuat
hién dai nhu ly tam, tach loc véi chi phi cao,
kho ap dung vai luu lugng 16n. Bén canh do,
ky thuat phan tich bang tir tinh di dwoc
nghién ctru phat trién trong nhitng nim gan
day duoc tung dung trong tach chiét moi
truong, dac biét trong xir Iy nude thai [6]-[9].
Cac vat liéu nano tir tinh c6 tinh chét siéu
thuan tir ¢ diéu kién nhiét d6 phong. Tinh
chat nay gitp hat nano tir tinh dé& dang phan
tan trong dung dich khi khong c6 tir truong
ngoai (do cac hat c6 kich thuéc nho s& chuyén
dong hon don trong dung dich); nguoc lai khi
c6 gradient tur trudng ngoai, cac hat nano tu
tinh s& dinh hudng va tap trung vé phia co tir
truong manh [8]. Nham str dung déng thoi,

hiéu qua cac tinh chat ciia hai loai vét li¢u
trén lam tang kha nang xir Iy chat 6 nhiém
dang 1a mot hudng nghién ciru ndi bat trong
nhimng niam gan day [10]-[13]. Trong b&o cdo
cua Wu va cong sy nam 2012, cAu tric di thé
dang 16i - v6 cta hat nano tur tinh a-Fe.O3 va
ban dan ZnO thé hién dugc kha ning quang
xuc tac vuot trdi so véi ZnO don 1é [14]. St
dung cac hat nano composit o-Fe;03/Zn0O lam
suy thoai, bién d6i chat thai cong nghiép
nhudm pentachlorophenol dudi kich thich cua
buc xa trong ving nhin thdy - cin tir ngoai
[15]. Cac hat nano composit SiO;@a-Fe;0s3
duoc gén trén cac hat nano ban dan SnS; tao
thanh c4u trc lai hoa c6 kha ning phan huy
cac chat xanh methylene duéi anh sang nhin
thiy [16]. Tuy nhién, vat liéu o-Fe;Oz véi tir
d6 thip 1am giam kha ning phan tach cua vat
liéu nay trong dung dich khi c6 tir truong bén
ngoai [15]. Trong cac hat nano tur tinh, hat
nano FesOs thé hién tinh siéu thuan tir (tr du,
luc khang tir cé gia tri nho), c6 tr do bao hoa
ky thuat cao & nhiét d6 phong htra hen sé&
mang lai kha ndng phan tach nhanh, hi€u qua
cao trong dung dich. Chinh vi vdy, cic hat
nano Fes;04 da va dang dugc nghién cuu chirc
nang hoa, bién tinh bé mit tao ra cac ciu tric
composit da tinh ning nham vira c6 thé bao
vé cac hat nano FesOs tranh bi 6xi hoa, 6n
dinh - bén viing voi mdi truong vira c¢6 thé
hap thu, bién d6i va phan tach cic chéit 6
nhiém véi hiéu qua cao [10]-[13].

Noi dung bai bao trinh bay sy anh hudng cua
lwong tién chét 3-aminopropyl triethoxysilane
(APTES) dén thanh phan, tinh chat vat liéu
nano composit da tinh nang (DTN) tu tinh -
ban dan Fe304/ZnO. Vit liéu nano composit
nay thé hién dong thoi cac tinh chat siéu
thuan tir ciia nano 6xit sat tir tinh FesO4 voi tir
d6 bao hoa k¥ thuat cao ¢ nhiét do phong va
tinh chét quang trong viing anh sang tir ngoai
- kha kién. Cac tinh chat nay hira hen mang
dén kha niang Ung dung cua nano composit
DTN trong thuc tién xir 1y 6 nhiém nudc
trong twong lai gan.
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2. Thuc nghiém

2.1. Vit liéu tién chit

Cac hoa chit thi nghiém da st dung nhu:
APTES - 98%, Polyvinylpyrrolidone (PVP -
(CsHgNO)y), Iron (I1) chloride tetrahydrate
(FeCl2.4H,0 - 99%), Zinc nitrate hexahydrate
(Zn(NO3)2.6H20 - 98%), dung dich ammoni
hydroxide 28%, con tuyét dbi (C:HsOH -
96°), Iron (llIl) chloride hexahydrate
(FeCls.6H.0 - 97%) déu dugc san xuat boi
héng Sigma-aldrich, Drc.

2.2. Chirc ning héa bé mit hat nano Fes0,
vdi cdc phdn tir APTES

Hat nano Fes3Os dugc ché tao bang phuong
phap dong két tua. Hat nano FesO4 duoc chirc
ning hoa véi APTES bang phuong phéap thuy
phén — ngung tu nhu bao cdo cta nhom téc
gia Chu [17], nhung vé6i luong tién chat
APTES la x ml (x = 2,5; 3; 3,5; 4) va thu duoc
cic mau nano Fe3Os chire ning hoa véi nhom
amin (-NH2) tuong ung ky hié¢u la FezOs-Nx.
2.3. Ché tao nano composit Fe;04/Zn0 vi
lwong tién chit APTES khdc nhau

Str dung 4 cdc thuy tinh sach (loai dung tich
200 ml), thém vao mdi céc 10 ml hat nano
Fes0s-Nx (vai x = 2,5; 3; 3,5; 4) tuong tng,
cung ndéng do, phan tan déu trong 40 ml con.
Hon hop cac cbc dung dich duge rung siéu
am trong cung diéu kién (nhiét do 35°C -
45°C, cong suat 200 W) trude khi duoc thém
luong dung dich NH4OH 28% vira dii dé pH
ctia dung dich trong mdi cbe 1a 11,5. Sau do,
tiép tuc nho déu vao mdi coc 5 ml dung dich
Zn(NOs), 1M va tiép tuc duy tri rung siéu am
hén hop trong 2 gid & diéu kién trén. Hon hop
cac dung dich dugc loc rira voi nude cAt
nhiéu 1an nhd phan tach tir thu duoc cac hat
nano composit tuong ung Fes04/ZnOXx (véi X
=2,5; 3; 3,5; 4) [17].

2.4. Phwong phdp khdo sdt ciu tricc, hinh
thdi, tinh chét vit ligu

CAu trtc, thanh phﬁn pha clia cdc mau vat liéu
nano duoc xac dinh bang phuong phap nhiéu
xa tia X (XRD) trén hé may D8 Advance
(Bruker - Germany) tai Khoa Hoa hoc,

Truong Pai hoc Khoa hoc Ty nhién. Hinh
thai bé mat, thanh phan nguyén td, tinh chat
tir cia cac vat liéu dugc xac dinh béng chup
anh hién vi dién tir quét bé mat (SEM), tan
sic nang lugng tia X (EDS) trén hé do Nova
NanoSEM 450 Fei va phép do tir ké miu rung
trén h¢ DMS 880 dét tai Trung tAm Khoa hoc
Vit liéu, Truong Dai hoc Khoa hoc Ty nhién.
Tinh chit quang dugc xac dinh bing quang
phd hép thy tir ngoai - kha kién (UV-Vis) trén
hé Carry 50 tai truong Pai hoc Giao thong
van tai.

3. Két qua va thao luin

3.1. Céu tritc va thanh phin pha ciia vit liéu

Cuong d¢ (d.v.t.y)

T T T T
20 30 40 50 60 70

Hinh 1. Gidn dé nhiéu xa tia X ciia cdc nano
composit Fe304/Zn02,5 (a), Fes04/Zn03 (b),
Fe30./Zn03,5 (c), Fez04/Zn04 (d)

Gian d6 XRD trén Hinh 1 thé hién céu truc,
thanh phan pha cta cic nano composit DTN
Fes04/ZnOx (voi x = 2,5; 3; 35, 4 ml
APTES). Trén cac gian d6 déu xuat hién cac
gbc nhiéu xa tai vi tri 20 = 31,5°; 34,4°; 36,3°,
47,5°% 56,3°% 62,9° 67,7° twong ung véi cac
mat phang nhidu xa (100), (002), (101), (102),
(110), (103), (112) cta tinh thé nano ZnO. Su
xut hién cac dinh nhifu xa trén cho thiy cac
tinh thé nano ZnO tao thanh trong cac miu
composit déu co cu triic wurtzite phu hop
v6i gian d6 nhidu xa chuan ciia ZnO (JCPDS
Cards 36-1451) [5], [11]. Tai cac vi tri xung
quanh cac goéc nhidu xa 20 = 30,2° 43,3°
53,7° 57,1° 63,2° xuét hién céac dinh nhiéu xa
véi cuong do, d ban rong 16n tuong ung véi
vi tri cac mat phiang nhidu xa (220), (440),
(422), (511) va (440) cua tinh thé FesO4, phu
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hop véi thé phd chuan JCPDS Cards 19-0629
[6], [9]. Su xuat hién dong thoi dinh nhiéu xa
cta hai pha tinh thé ZnO va FesO4 tai cac vi
tri xung quanh géc nhidu xa 57° va 63° duoc
biéu thi rd nho sy mo rong dd ban rong phd
tai hai vi tri trén. Cac két qua nay cho thay rd
su ton tai cia cdu trac tinh thé FesO4 trong
thanh phﬁn cua cac vat liéu nano composit
Fes04/Zn0. Pic biét, trong cac mau composit
mg v6i luong APTES ting dan thi dinh XRD
cua Fe3O; tai cac vi tri trén c6 cuong do giam
dan va cudng d6 nhd nhit trong mAu
Fes04/Zn03,5. Trong khi d6, tuong ung vai
su tang luong APTES thi cudng do twong d6i
tai dinh (101) cua tinh thé ZnO ting dan va co
gia tri 16n nhat trong mau Fe304/Zn03,5. Két
qua nay ching to tat ca cac mau composit da
ché tao déu chira dong thoi hai pha tinh thé
ZnO va Fes0a.

Thanh phan nguyén t cdu thanh nén cac miu
composit Fe30./ZnO dugc biéu thi trén phd
EDS Hinh 2. Trong cic mau nano composit
déu xuat hién dinh tan sic Fe,,Fe,,, Fey s,

dinh tan sic cta Ok tai 0,52 keV va cac dinh
tan sic cia cacbon Ck, silic Sik tai mic ning
luong 0,27 keV; 1,75 keV. Su xuat hién cia
dinh tan sic cua silic Sik cho thiy cac phan tir
APTES di dugc chirc ning hoa trén bé mat
cua Fe3O4 trong tat ca cic mau composit phu
hop véi cac ket qua da cong bd [11]. Cudng
do dinh tan sic cua Six ting dan trong cac
mAau composit khi ting dan lwong APTES va
dat gia tri 10n nhat trong mau Fes04/Zn03,5.
Néu tiép tuc ting lwong APTES thi cudong do
dinh tan sic cua Sik trong mau composit co
xu hudng giam. Két qua cua sy thay doi nay
phit hop véi cac két qua XRD ¢ trén va duoc
thé hién rd qua phan traim khéi lugng silic

trong cac mau composit duoc mo ta chi tiét
trong bang 1.

(d)

ke Zn

Il Fe, z
AU R | B S

(b)

jimx zn,,
L}

(a)

Fe,, Zn“
e ,L. i -
9

4 5 6 7 8
Nang luong (keV)

10

Hinh 2. Phé tdn sdc ndang heong tia X ciia cdc
nano composit Fe304/Zn02,5 (a), Fe304/Zn03 (b),
Fe304/Zn03,5 (c), Fes04/Zn04 (d)

Trong cac mau composit déu xuit hién dinh
tan sic nang luong cta Zn. VA Znk, tai cac
muc nang lugng 1,03 keV va 8,60 keV cé
cuong do tuong déi ting dan (so véi cudng
d0 coa dinh Fe,) trong cic maiu
Fes04/Zn0x (véi x = 2,5; 3; 3,5) va cé xu
huéng giam trong mau Fe;04/Zn04, hoan
toan phu hop voi sy thay d6i cudong do dinh
tan sic cua Sik trong cac mau. Dic biét, trong
mau Fes04/Zn03,5 va Fes04/Zn04 con co su
xuét hién cta dinh tan sic cua Zng, tai mic

nang luong 9,51 keV.

Bang 1. Thanh phan phan tram (%) khéi heong cdc nguyén t6 trong cdc mdau nano composit

Mau vit li€éu nano composit

Nguyén to Fes04/Zn02.5 Fes04/ZnO3 Fes04/Zn03,5 Fes04/Zn04
Fe 355 338 34,3 371
0 478 48,4 42,7 43,2
Si 10,2 10,7 13,1 11,6
Zn 6.5 71 99 81
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3.2. Hinh thdi va tinh chit ciia vt ligu

Hinh thai bé mat cia cac mau vat liéu nano
composit thé hién qua anh SEM trén Hinh 3.
Anh SEM cua cac miu composit cho thiy cac
mau di ché tao c6 kich thudc kha déng déu,
vo6i kich thude nho hon 80 nm.

Hinh 3. Anh SEM ciia cdc mau nano composit
Fes04/Zn02,5 (a), Fe304/Zn03 (b),
Fe304/Zn03,5 (c), Fe304/Zn04 (d)

Céc chit 6 nhidm trong méi truong biét dén
nhu céc phan ti hitu co, kim loai ndng, vi
khuan giy bénh,... sau khi duoc bét cip, phan
huy boi cac hat nano composit s¢ dugc phan
tach, thu hoi, loai bo khoi dung dich nho tir
truong bén ngoai gitip dinh hudng, dan duong
nham khu tra cac chat 6 nhidm dé c6 thé xu ly
tot nhét cac chat 6 nhiém. Bén canh d6, nho tir
trudng ngoai ¢ thé gitip thu hdi cac hat nano
composit nham tai sit dung cac hat nano nay
nhiéu lan, 1am giam chi phi cho qué trinh xir
ly nude 6 nhiém. Tée do phan tach, thu hoi
cac chit 6 nhidm va hat nano composit phu
thudc truc tiép vao tinh chat tir cia hé cac vt
liéu nano composit nay. Tinh chét tir cua cac
vat liéu nano chitc nang hoéa FesOs-Nx va
nano composit Fe;04/Zn0x dugc thé hién trén
duong cong tir d§ phu thudc tur trudng ngoai
do & nhiét d6 phong (M-H) biéu dién trén cac
Hinh 4 va 5 tuong tmg. Puong cong M-H cua

c4c mau nano composit déu di qua gdc toa do
nén cac mau vat liéu nay co lyc khang tir H c
va tir du M, rit nho ~ 0. Puong cong M-H
¢6 thé dua ra nhan dinh cic mau vat liéu nano
composit co tinh chat siéu thuan tir dic trung
ctia hat nano Fe3Ou, phu hop véi cac két qua
da cong b trude day [6], [9]. Qua trinh chirc
nang hoa bé mit hat nano FesO4 véi cic nhom
chirc amin (-NH,) va gin két thém cac hat
nano ZnO tao thanh nano composit khong lam
thay ddi tinh chét siéu thuan tir dic trung cua
vt liéu nén Fes04 [12], [18]. Tong ning luong
tr cia cac hat nano Fe3Os trudc va sau khi
chtc ning hoa, hay gin két v6i cac hat nano
ZnO trén bé mit s& khong thay doi. Trong khi
do, qua trinh chuc ndng hdéa cac hat nano
FesOs s€ tao thanh cac 16p chirc ning hoa
khong tir hodc qua trinh gin két voi cac hat
nano ZnO s€ tao thém cac vat li€u nghich tr
trén bé mat 1am ting khi lugng tong cong cua
hé hat nano tao thanh. Chinh vi vay, gia tri tr
dd trén mot don vi khoi luong cua vat li€u
giam xudng, diy 1 nguyén nhén giai thich cho
két qua tir d bao hoa k¥ thuat trén Hinh 4 va
Hinh 5 c6 gi4 tri giam dan khi ting dan lugng
APTES tir 2,5 ml dén 3,5 ml. Tuy nhién, do
qua trinh thiy phan va ngung tu APTES Ia
qué trinh thuan nghich nén khi luong APTES
qua du (4 ml) thi xuit hién hién twong két
dam, phan hiy cac nhom -NH; tao thanh. Do
do, lugng nhém phan tir -NH: chirc nang hoa
trén bé mat nano FesO4 giam xudng, dan dén
luong tinh thé nano ZnO hinh thanh trong
composit giam, lam cho tr d¢ bdo hoa k¥
thuat cua mau Fe304/ZnO4 16n hon mau
Fes04/Zn03,5. Két qua nay phu hop véi cac
két qua thu duoc tir gian d6 XRD va EDS. Tur
do6, ching ta c6 thé dua ra biéu thirc mbi lién
hé giira khéi lwong méiu vat liéu va tir do bio
hoa ky thuat Mg cuia cac mau vat liéu cho bai
biu thire sau:

MyMsy = mMyMsz = mzMes )
Véi my, ms, M3, Mg, Mg,, Mg, tuong Gng
1a khoi luong va tir d6 bdo hoa k¥ thuat ciia
cic miu FesOs, FesOs-Nx va Fes04/ZnOx
(v6ix=2,5; 3; 3,5;4)
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Do cac mau vat li€u déu co tinh chat siéu
thuan tir nén tir d6 cua cac mau vat liéu phu
thudc vao tir truong ngoai theo ham Langevin
[17], [18].
60 ;

—o—(a) Fe,0,N2,5
[ —o—(b) Fe,0,-N3
39l —>—(d) Fe,0-N4
—+—(c) Fe,0,-N3,5

M (emu/g)
o

30

0 10
H (kO¢)

Hinh 4. Puong cong tir dé phu thudc tir trueong
ngoai cua nano chirc nang hoa Fe304-N2,5 (a),
Fes04-N3 (b), F6304-N3,5 (C), Fes04-N4 (d)

40

—o—(a) Fe,0,/Zn02,5
—o—(b) Fe,0,/Zn03
| —>—(d) Fe,0,/Zn04

20 ol 1
Fe,0,/Zn03,5 |¥
—_— v
L0 k . . “
= )
£o b M 1
=

N
o

0 5 10
H (kOe)

Hinh 5. Buong cong tir d phu thuéc tir truong
ngodi ctia nano composit Fes04/Zn02,5 (a),
Fes04/Zn03 (b), Fes04/Zn03,5 (c), Fes04/Zn04 (d)
Sau khi lam khép ham Langevin thu dugc gia
tri tir 40 bao hoa ky thuat M cua cac mau vat
liéu chuc nang hda FesO0s-Nx va cac nano
composit Fe304/ZnOx (vdi x = 2,5; 3; 3,5; 4)
c6 gia tri twong ung la: 56,4 emu/g; 54,2
emu/g; 50,1 emu/g; 52,1 emu/g va 38,6
emu/g; 36,3 emu/g; 29,7 emu/g; 33,5 emul/g.

Tir cong thice thyc nghiém (1) c6 thé rat ra
cong thirc tinh toan gan ding ti 1& phan tram
khéi luong gilta thanh phan cic nguyén to
trong mau vat liéu nhu sau:

&: M31_M52 (2)
mFe MSl
My _ Ms, — Mg, (3)
mFe MSZ

Céc gia tri ti 1¢€ phan tram khoi luong gitra cac
nguyén to trong mau vat liéu tinh toan duogc
thé hién trén bang 2 va céc két qua nay duoc
biéu dién trén d6 thi Hinh 6.

50— - —
O :my,/mp, tirkét qua EDS
O : mg,/mp, tir két qua VSM

=0
E 40}[> : mgi/mp, tir két qua EDS 4
=2 % mg;/mp, tir két qua VSM
=
& 30.—% % .
<

20 ﬁ E 4

055 30 35 a0
Luong tién chit APTES (ml)
Hinh 6. T7 Ié % lghéi luong cua Si/Fe va Zn/Fe
tinh tir két qua do EDS va VSM
Céac két qua tinh toan ti 1& phan traim khdi
lwong cac nguyén té trong mau tir két qua do
tinh chat tir VSM cho thay ti 1&é mg/mg, va
m,, /Mg, trong cic miu trung khép véi cac
két qua do dugc tir pho EDS rit ra tir két qua
bang 1 [13]. Két qua chi ra trong mau nano
composit véi lugng APTES bang 3,5 ml ¢6
khdi lugng tinh thé nano ZnO (gin két trén bé
mat cua cac hat nano FesOs chirc nang hoa)
hinh thanh nhiéu nht, gitp tao thanh vat li¢u
composit ¢6 cau truc 6n dinh, bén vitng nhat.

Bang 2. Ti [¢ phan tram khoi heong ciia cdc nguyén 16 trong cdc mau vt liéu nano composit Fe3QalZNnOX
(voix =2,5; 3; 3,5, 4) tinh toan tir ket qua EDS Bang 1 va két qua VSM

Ti 1¢ phén trim (%) Fes04/Zn02,5 Fes04/Zn03 Fes04/Zn03,5 Fes04/Zn04
khoi lwong EDS VSM EDS VSM EDS VSM EDS VSM
m%Fe 18,3 17,8 21,0 21,0 28,9 27,0 21,8 24,1

m%F 28,7 31,6 31,7 33,0 38,2 40,7 31,3 35,7
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Hinh 7. Phé hdp thu tir ngoai - kha kién ciia nano
composit Fe304/Zn01 (a), Fes04/Zn02 (b),
Fe304/Zn03 (c), Fes04/Zn04 (d)

Vat liéu nano ZnO dugc biét dén 1a vat liéu
¢6 kha ning quang xuc tac manh, hp thu cac
birc xa dic trung. Cac mau vat liéu nano
composit Fes04/ZnOx (voi x = 2,5; 3; 3,5; 4)
dugc khao sat kha nang hép thu trong ving
anh sang tir ngoai - kha kién cho két qua biéu
thi trén Hinh 7. Két qua cho thdy khi ting dan
néng do APTES tuwong tmg trong cic mau
Fe304/Zn0 x (voi x = 2,5; 3; 3,5) thi co su
dich chuyén cua dinh hép thu vé budc song
dai tir 363 nm dén 370 nm. Sy dich chuyén
nay duoc gan cho la do sy thay doi kich thudc
ctia cac tinh thé nano ban din ZnO hinh thanh
gén trén cac vat liéu nén FesO4-NX tao thanh
cac composit khac nhau. Theo nghién ctru ctia
Soosen va cong su [19] thi kich thudc ctia hat
nano ban dan ZnO c6 thé tinh toan dugc dya
trén dinh quang phd hép thu. Do o6, duong
kinh cta cac hat nano ZnO hinh thanh trong
cac mau composit Fe304/ZnOx (véi x = 2,5;
3; 3,5; 4) cb gia tri twong tng la 4,8 nm; 5,1
nm; 5,5 nm va 5,2 nm. Két qua tinh toan cho
thdy, cac hat nano ban din ZnO trong céc
mau composit c6 kich thudc kha dong déu,
kich thudc nhoé 1am ting dién tich tiép xtic cua
cac hat nano ZnO vé6i cic phan tir chit 6
nhiém. Hon nira, trong mau Fes04/Zn03,5 ¢6
dinh hip thy dich vé phia budc song dai (370
nm), d9 rong pho hap thy trai rong trong ving
can tir ngoai - kha kién (330 nm - 410 nm),
hira hen lam tang hiéu suat quang xuc tac, Xir
ly nuéc 6 nhiém voi hidu suit cao dudi didu

kién kich thich ctia anh séng tu nhién.

4. Két luan

Noi dung bai bao da nghién cltu, danh gia su
anh huong cua luong tién chat APTES dén
thanh ph?m, tinh chit cia cac hat nano
composit Fes04/Zn0. Cac miu nano composit
ché tao dugc bao gdm dong thoi hai pha: Pha
tr tinh co tinh chét siéu thuan tir cua FesO4
véi tor d6 bao hoa k¥ thuat cao (33,5 - 38,6
emu/g) gitp phan tach nhanh chéng chat 6
nhiém hép thu trén cac hat nano composit; thu
hoi va tai sir dung vat liéu nano composit lam
giam chi phi xtr ly; - Pha ban dan véi tinh
chat quang cua nano ZnO kinh thuéc nho,
dong déu, voi phd hép thu trai rong trong
ving cdn tir ngoai - kha kién gitp hép thy,
phan hity cic chdt 6 nhidm trong nudc véi
hiéu suét cao. Pic biét, mau vat liéu nano
composit Fes04/Zn03,5 voi 3,5 ml tién chat
APTES ¢6 cau trac on dinh, bén viing, dinh
héap thy dich vé phia buc xa nhin thiy, pho
hép thu trai rdng. Cac vat li€u nano composit
nay htra hen s€ mang lai kha nang Gng dung
cao trong xir 1y 6 nhiém nudc dudi anh sang
tu nhién trong tuong lai gan.

Lo&i cam on

Cong trinh nghién ctru nay nhan duoc sy hd
tro vé tai chinh cua B0 Gido duc va Pao tao
tir d€ tai ma s6 B2018-GHA-17.
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