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Tom tat

Trong nghién ctru ndy, vét liéu tir tinh graphit troc né dwoc tong hop thanh cong bang phuong Nhan 09.08.2019
phép sol — gel. Ciu trac vat liéu dugc danh gia bing cac phuong phap phan tich nhidu xa tia X ~ DPuoc dL’JYét 01.11.2019
(XRD), kinh hién vi dién tir quét (SEM), quang phd hdng ngoai chuyén ddi Fourier FT-IR va ~ €0ng bo 25.12.2019
duong dang nhiét hip phu - khir hap phu N, (BET). Két qua phan tich XRD cho thdy, tinh thé
EG@CoFe,0, di dwoc hinh thanh véi d6 tinh thé cao, phu hop v6i két qua phan tich SEM duoc
thé hién & su déng nhat ciu tric, su c6 mit cac tinh thé co kich thude 16n, bé mit 16n. Bén canh
d6, miu vat ligu tir tinh graphit troc nd c6 kha ning hip phu Congo Red (RhB) 16n hon so véi
mau khong nap graphit troc nd, do chira nhiéu nhoém chirc hoat dong bé mat hon. Cu thé,
phuong phap dinh Iwrong bang chudn d6 Boeh da duoc sir dung dé xac dinh ham luong cic nhom
chure: axit cacboxylic (0,044mmol/g), phenol (0,032mmol/g), lacton (0,020mmol/g) va tong bazo
(0,0156mmol/g). Mt khac, ndng d dung dich ¢ sy anh hudng rd rét dén dung lwong hip phy va
cao nhat & ndng d6 60mg/l voi thoi gian can bang hap phu la 120 phit dat dwoc 98,60mg/g.
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1 Gigi thiéu phuc tap trong van hanh rét cao[5]. Cac nha khoa hoc cong
nghé da tién hanh nhiéu cong trinh nghién ctu khac nhau
theo huéng mai, dang chu ¥ 1a viéc ché tao chat hap phu hiéu
qua va cd kha nang tai str dung cao.

Trong nhiéu thap ki, nhiéu nghién ctu trén thé gisi da tap
trung vao su phét trién cua vat liéu than chi cho céc tng dung
trong nhiéu linh vyc khac nhau, tir x(c tac, pin, xtr Ii mdi
truong, y sinh cho cac thiét bi dién[6,7]. Cau tric than chi
duoc xay dung boi cac 1op carbon, lién két thong qua twong
tac van der Wall yéu, gay ra bai qui dao © dwoc t6i wu hoa
véi lien két cong hoa tri va kim loai trong mdi 16p[8]. Than

Thudc nhudém 1a mot thanh phan khé xi I cua nuéc thai dét
nhudém. Véi dac tinh déc hai, cd kha nang giy ung thu cao
néu thudc nhuém ton tai trong moi trudng nudc[1]. Viéc tim
ra cdng nghé mai dé giam & nhidm véi chi phi ddu tu thip
nhung hiéu qua, d4p tng yéu cau ngdy cang cao cua mdi
truong, dang dwoc quan tam. Cu thé, mot sb chat mau hiru co
ton du trong nudc thai dét nhuom nhu Methylene Blue,
Congo Red, Acid Red, Methyl Orange, Methyl Red,... c6 thé
gay anh huong tryc tiép dén doi song, sic khoe va sinh hoat
cua con nguoi[2,3]. Vi vay, viéc xu li nude thai ngay tai Cac o 06 mot pham vi doc déo ciia tinh chét bao gdm khc xa,
nhz‘a may, khu cong nghiép 1a vd cung can thiét va doi hoi sy én dinh kich thudc cao, tro héa hoc, dién cao va do dan
dau tu nghién cuu. Cﬁng nghé X li nuc'wcnthéi dét nhuom hlet:n nhlét[9] Tuy nhién, d@ng tu nhién cua than chi thd co pham
nay thuong la keo tu, fentoq dépg thé va sinh hoc hiéu vi ting dung rit hep. Do d6, cac phuong phap xu I héa
Khi[3,4]. Cac cong ngh¢ ndy, neu ket hop véi nhau diing trinh — pocpac 1f khic nhau da duoc d& xudt dé bién ddi than chi
tu va van hanh tot, €6 the xur li do mau trong nuoc thai dét /4 hian ty nhién thanh céc dang tich cuc hon. Ching han,
nhudm nhung chi phi van hanh, chi phi dau tw va mitc 4 ypan chi tay té bao chét (EG) véi khoang cach xen k& mo
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rong dugc diéu ché thdng qua xen k& hoa hoc phan tng va gia
nhiét nhanh ¢ nhiét d6 cao trong hdn hop, hodc dudi plasma
két hop, laser chiéu xa va chiéu xa vi song (MW) di duoc tim
thay dé thé hién kha ning nén cao, kha ning phuc hdi, hanh vi
6n dinh nhiét. EG da dwoc nghién ctu rong réi cho céc ung
dung nhu giodng, cach dién nhiét, vat liéu téng hop chéng
chay, cam bién, chat xuc tac, vat liéu y sinh va chat hap phu
dé loai bo cac chat & nhiém nguy hiém[10-12].

Nhitng hat nano tir tinh (NPs) c6 tinh chét vat i va hoa hoc
tét gidng nhu tinh siéu thuan ti, dién tich bé mat riéng
cao[13]. Cac hat nano mang tir tinh da va dang duoc su
dung trong nhiéu linh vue, dic biét trong xir 1i nude. Uu
diém chinh caa né 1a tn tai trong xir 1i mot lwong 16n nudc
thai trong thoi gian ngén va khdng tao ra chat ban. Hién tai
graphit/Fe;0, va CoFe,0, — graphit da gin nhém chuc da
va dang duoc tong hop dé loai bo thudc nhuom trong
nudc[14]. Vi vay, ki thuat chinh cho ing dung I6n caa no
trong linh vuc xir 1i nudce 1a qué trinh tong hop vat liu
ferrit tir tinh va céc chat hap phu dua trén nanocomposit
EG-ferrit véi d¢ tir hoa cao, c6 thé dam bao kha ning phan
tach chat hip phu tur tinh cao.

Bén canh d6, viéc tao composite vai graphit troc no giup
ngan chan qué trinh tai to hop dién tir cia Fe;O, va nang cao
hoat tinh xtc tac do su twong tac gitra Fe30, va graphen[15].
Trong nhing nam qua, spinel cac loai hat nano ferrit (NPs)
véi cong thuc chung MFe,O, (M = Mn, Fe, Co, Ni, Cu) da
duoc sir dung nhiéu trong (ng dung nhu lru trit tr mat do
cao, x(c tac quang hoa va xir li méi truong, do dac tinh noi
bat ctia no ¢6 kich thudc nanomet, dién tich bé mat Ion, siéu
thuan tir va do bdo hoa tir cao. Su thu hoi caa vat ligu tir tinh
MFe,O, 1a kha d& dang bang cach sir dung tir truong cho
dung dich sau phan wng, do vay cho hiéu qua chi phi va cho
kha nang tng dung thuc té. Gan day, CoFe,0, duoc tim thiy
do co tinh nang trong qua trinh kich hoat phan ng oxi hoa
c4c chat doc hitu co[16]. Mic di CoFe,0, thé hién higu suat
xUc tac cao, dién tich bé mat lon va tinh chét tir doc déo cua
vat liéu nano ferrit dan dén su két hop két qua cho xic tac
hieu qua thip. Dé giai quyét vin dé nay, mot sb vat lisu
cacbon c6 d6 dan dién cao va duogc sir dung nhu chét nén cho
CoFe,0O, phan tan lén bé mit 16n, nang cao hiéu qua xuc tac.
So véi cac vat liéu cacbon khac nhu than hoat tinh, than chi,
CNTs thi graphit tréc nd dwoc su chd ¥ nhidu hon dé hd tro
kim loai va oxit kim loai do n6 c6 d6 dan dién cao, do bén co
hoc, dién tich bé mat Ién.

Trong nghién cau nay, vat liéu tir tinh graphit troc né
EG@CoFe,0, dugc xem 1a loai vat liéu mai, c6 ciu truc da
dang va c6 thé duoc sir dung dé lam chét hap phu loai bo
chit doc moi truong.

2 Thuc nghiém
2.1 Téng hop vit lieu EG@CoFe,0,
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Qui trinh téng hop vat liéu nanocomposite EG@CoFe,0,
dugc thé hién trong Hinh 1. Cu thé, hdn hop Co(NO;),
.6H,0 va Fe(NO3 )3.9H,0 theo ti I&¢ mol 2:1 dugc gia nhiét
cham va khudy manh trén bép tir dén khi dat 90°C. Cho
dung dich axit citric nong d6 0,02M (s6 mol axit/sé mol
Fe¥* 1a 4:1) vao voi tdc do 1 giot/gidy va dé hdn hop tu
phan tng & nhiét do 90°C trong 1 gid. HANn hop duge didu
chinh pH bing dung dich NH; dén khi thdy van xuét hién
trén bé mat trong binh phan tng. Sau d6, EG (ti I&
EG/CoFe,04 la 3:1) thém vao tir tir va dao tron nhe téi khi
EG khong con day Ién trén bé mat trong 10 phat. Cudi cling
hdn hop gel duoc siy & 80°C trong 20 gid dé kho hoan
toan. Str dung 10 nung Muffle dé tach boc cac 16p graphit
mot lan nira.

0 Co(NO,),.6H,0
0 Fe(NO,), 91,0

Hinh 1 So b qui trinh téng hop EG@CoFe,0,

Céu tric vat liéu dugc xac dinh bang phwong phap pho
nhiéu xa tia X thuc hién trén may D8 Advance Bruke, 6ng
phét tia Rongen véi budc song A = 1,5406 A, goc quét 2 0
thay doi tir 10 dén 80°. Phuong phap phd hong ngoai duoc
thuc hién bing may phé hdng ngoai OPUS Bruker Tensor
27 FT-IR. Phuong phap SEM do trén may JSM 7401F.
Phuong phap BET duoc thyc hién trén thiét bi TriStar 3000
V6.07 A

2.2 Thi nghiém hap phu

Kha nang hap phu cua cac mau vat liéu da tong hop dugc
danh gia théng qua qué trinh hap phu Congo Red (CR). CR
duoc lya chon cho quéa trinh hap phu vi né 1a mot chat mau
am, it bi anh huéng bai mdi truong va bén ¢ diéu kién
thuong trong mot thoi gian dai. Qua trinh thuc nghiém duoc
tién hanh nhu sau: 50mg vat liéu va 100ml CR ¢ cac nong do
20, 30, 40, 50 va 60mg/I dugc cho vao binh tam giac 6n dinh
& nhiét do phong, hdn hop dugc khudy tron bang khudy tir
véi tbe do 1a 200 vong/phat. Dung dich duoc lay ra ¢ cac
khoang thoi gian nhat dinh. Li tim ldy phan dung dich, sau
do6 dua di xac dinh ndng do CR bing may quang phé UV-Vis
Lambda 35 ¢ budc séng A = 570nm.

2.3 Thi nghiém chuan d6 Boehm

Cac nhom chuc c6 tinh axit va bazo trén vat liéu graphit tréc
no dugc xac dinh mot cach dinh lwong bang phuong phap
chuin d6 Boehm. Trong phuong phap nay 0,025 gam graphit
tréc no dwgc ngam trong 25ml cac dung dich NaOH 0,01M;
Na,CO3 0,01M; NaHCO; 0,01M va HCI 001M trong 48 gio.
Tién hanh gan loc va x4c dinh nong d6 dung dich sau ngam
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bing phuong phép chuin do thé tich. Tuir sw chénh léch nong
dd trude va sau khi ngdm sé tinh duoc lwong chit phan @ng
Vai céc nhdm chie trén vat liéu. Cu thé ¢ day, NaOH duoc coi
la trung hoa cadc nhom cachboxylic, lacton, phenol; Na,COs
trung hoa cac nhom cacboxylic va lacton; cudi cing NaHCOs;
trung hoa nhom cacboxylic. Cac nhom co6 tinh bazo dugc
trung hoa boi HCI. Két qua duoc trinh bay trong Bang 1.

Bang 1 Két qua chuan d6 Boehm

Mau Lwong nhoém chic (mmol/g)
Cacboxyl | Phenol | Lacton | Axitt | Bazo
tong | tong
CoFe,0O4 0 0 0 0 0
EG@CoFe,O,4| 0,020 | 0,044 | 0,032 | 0,096 | 0,156

3 Két qua va thao luan

3.1 Két qua dic trung cau tric cua vat lisu EG@CoFe,0,
Céu trdc tinh thé cua cac vat liéu nanocomposite dau tién
dugc dac trung boi phuong phap nhiéu xa tia X véi phd do
duoc thé hién trong Hinh 2. Peak dic trung cua vat liéu
graphit tréc né EG tai 26,6°, hoan toan phu hop véi cac
nghién ciru V& vat liéu nay trude d6. Pidu nay, ching to EG
da dugc tong hop thanh c¢éng[17]. Theo d6, mot dinh cuc
dai ¢ 26,6° mot lan nira lap lai & vi tri khong ddi trong phd
cia EG @ CoFe,0, di xac nhan rang EG di duoc tong hop
thanh cong trong CoFe,0,. Cu thé, cac peak trén phd dd
dic trung cho EG@CoFe,0, tai cac goc 20 30,11°, 35,57°,
54,31°, 57,11°, 62,61°)[18-21].
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Hinh 2 Gian ¢5 XRD cua EG@CoFe,0,

Intensity (a.u.)

Phd FT-IR cia EG@CoFe,0, thé hién cac nhém chuc trén
phd @6 Hinh 3. V& mit Ii thuyét, cac nhém hydroxy (-OH)
va amin (-NH) c6 thé duoc gan cho mot dai rong ¢ 3400cm’
1[22]. Cac nhém aldehy xetone/axit/este (C = O) dwoc Xac
nhan & khoang 1730cm™ va 1639cm™ véi cudong do
manh[23,24]. Ngoai ra, cic ving ¢ vong 1520cm™ va
1195c¢m™ dugc qui cho sy tdn tai trong trng cia cac lign két
C=C va C-O [25,26]. Mit khac, sy xuit hién ving peak &
1076cm™ ¢6 thé do ruou gdy ra[27]. Ngoai cac dinh chinh
trong EG@CoFe,0,, phd cua EG@CoFe,0, dugc hip phu
CR ciing dugc trinh bay trong Hinh 3. R rang, su xuét hién
cua peak & viing 1200-1025cm™ c6 tdm quan trong dbi vai
lién két C-N[28]. Trong khi d6, cac peak & ving 1350-
1150cm™ dzc trung cho viéc hap thy cac nhém -SO; va &

khoang 1000-750cm™ cho c4c rung dong vong cac hop chét
thom. Tém lai, qua phd dd FT-IR cia EG@CoFe,0, cho
thiy mot loat céc lién két hoa hoc rat pht hop dé hap phu.

CR loaded EG@CQF2204
W
e
-
‘;:‘ EG@CcFe204 ';
& £
s W\ =
2 [
8 Pl |
E ~ E
&

4000 3000 2000 1000 2000 1800 1600 1400 1200 1000 800 600

Wavenumber cm™!) Wavenumber ©m™")
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Hinh 5 Buong déng nhiét hap phu /giai hip N, (a) va phan b
kich thuéc I8 rong (b) ciia EG@CoFe,0,

SEM thé hién hinh thai cAu tric bé mat va kich thuéc trung
binh cua céc hat nanocomposite EG@CoFe,O, (Hinh 4).
Két qua SEM cho thdy ciu trac dong nhat, bé mat lon, on
dinh cua vt liéu EG@CoFe,0,.

Phuong phép phan tich b mat BET (Brunauer-Emmett-
Teller) 1a phwong phap do don 16p hip phu - giai hap phu
dang nhiét khi nito, dwoc sir dung rong rai nhit dé xac dinh
dién tich bé mat vat lieu. Két qua phan tich BET cho thay,
dién tich bé mat cuia EG@CoFe,0, phu hop dé hip phu
mau CR (29,11m?%g).

3.2 Két qua danh gia anh huéng cua thoi gian va nong do
dung dich dén kha nang hip phu cua vt liéu

Hinh 6 trinh bay két qua danh gia sy anh huong cua thoi
gian va ndng do dung dich dén kha ning hap phu cua
EG@CoFe,04. Xu hudng chung caa vat liéu tir tinh graphit
tréc no la sw khir mau xay ra nhanh chéng ¢ 30 phit dau
tién, sau do tir tir va dat dén trang thai can bang. Viéc kéo
dai thoi gian hap phu ¢ nhitng thoi gian tiép theo lam kha
nang hap phu ting khong dang ké. C6 thé giai thich rang,
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viéc khir mau nhanh chéng ¢ thoi diém dau nho “tay bat”
gbc mau cua cac nhém chuc trén bé mat vat lisu. Chinh vi
vay, cang kéo dai thoi gian, kha ning hip phu lai ting
khong dang ké do sy suy giam tuong tac giita nhém chirc
bé mat vat liéu va ion mau.
Anh huéng cua ndng d6 ban dau (20, 30, 40, 50 va 60 mg/l)
dbi vai trang théi can bang hap phu cia CR duoc trinh bay
trong Hinh 6. RS rang, su ting ndng do ban dau cua CR lam
tang kha nang hap phu. Do d6, viéc ting nong do gidp hap
thu CR vao EG@CoFe,0, dé dang hon trong khi kha ning
hap thu CoFe,0, dat dung lwong thap hon nhiéu. Chinh vi
thé, vat liéu graphit tréc no gan tir tinh ¢6 thé duoc sir dung
lam chat hap phu & nong do cao hon so voi CoFe,0, tir tinh.
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Hinh 6 Anh huéng cua thoi gian va ndng d6 dén sy hip phu
CRcua: a) EG@CoFe,O,  b) CoFe, O,

Tai liéu tham khao
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3.3 Két qua chuan d6 Boehm

Tir Bang 1 nhan thay trén bé mat vat lidu tir tinh cua graphit
tréc no chira mot lwong nhat dinh cac nhom chie ¢6 tinh axit
va bazo, trong d6 lwong nhom co6 tinh bazo 1én hon so véi
nhém chuc axit. Ngoai ra, nhom nghién ctu con tién hanh
mot phan ng so sanh vai vat lieu CoFe,0,. Két qua chi ra
rang, trén vat liéu nay khéng chira cac nhom chuc axit va
bazo. Diéu ndy phan nao giai thich dwoc rang, khi gan tir tinh
vao vat liéu graphit tréc nd sé gidp vat liéu nay co kha nang
hap phu nho xuét hién cac nhém chuc trén bé mit.

4 Két luan

Pa tong hop thanh céng vat ligu tir tinh graphit troc no
EG@CoFe,0, bing phuong phap sol — gel va danh gia dic
trung cau tric vat liéu bang XRD, FT-IR, BET va SEM.
Két qua chi ra rang, vat liéu c6 do tinh thé cao, ddng nhit,
dién tich bé mat riéng lon, phi hop cho wng dung hap phu
mau Congo Red. Bdng thai, hiéu qua hap phu mau Congo
Red dugc danh gid qua sy anh huong coa thoi gian va nong
d6 dung dich. Theo d6, thoi gian hdp phu dat can bang 1a
120 phdt ¢ nong do 60mg/l véi dung lwong hap phu dat
98,60mg/g.
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Research on synthesis and effects of solution concentration of Magnetic Exfoliated Graphite
Material - EG@CoFe,O,40n Congo Red Dye Adsorption

Nguyen Thi Hong Tham"”, Dao Thi To Uyen®, Dao Huynh Phuc*, Nguyen Dinh Phuc?, Trieu Tuan Anh?

! Nguyen Tat Thanh Hi-Tech Institute, Nguyen Tat Thanh University
“Faculty of Environmental and Food Engineering, Nguyen Tat Thanh University
“nththam@ntt.edu.vn

Abstract In this study, the magnetic Exfoliated Graphite Material EG@CoFe,O,4 was successfully synthesized through sol-
gel method. The characterization of EG@CoFe,0, was assesed by X-ray diffaction analysis (XRD), Scanning electron
microscope (SEM), Fourier- transform infrared spectroscopy (FT-IR) and N, adsorption/desorption isothermal measurement
(BET). The results show that EG@CoFe,0, was formed with high crystalization, which is quite homogenerous. In addition,
CR adsorption of EG@CoFe,Q, is higher than CoFe,0,4 without EG decoration. In particular, the quantity method by Boehm
titration was used to identify the contents of functional groups: Carboxylic acid (0.044mmol/g), phenol (0.032mmol/g),
lactone (0.020mmol/g) and total base (0.0156mmol/g) on the surface of EG@CoFe,O,. Adsorption capacity is the highest at
the concentration of 60mg/I with the adsorption equilibrium time of 120 minutes, achieving 98.60mg/g.

Keywords Exfoliated Graphite Material, magnetic, Congo Red, XRD, FT-IR, BET, SEM, adsorb
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