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Tém tét

Vit liéu graphit troc né dugc tong hop bang phuong phap chiéu xa vi song. Cau trac vat lidu
dugc danh gia bang cac phuong phap phan tich nhidu xa tia X (XRD), quang phd hong ngoai
chuyén ddi Fourier FT-IR va dang nhiét hap phu - khir hip phu N,. Két qua phén tich nhidu xa

tia X cho cudng do peak, ching to graphit troc né (EG) dugc hinh thanh véi do tinh thé cao, phi
hop véi két qua phan tich phd hong ngoai chuyén d6i FT-IR. Dién tich bé mat riéng cia BET va

thé tich 15 rdng cua vat liéu EG dugc do tuong tng 1a 40,95m%g va 0,16176cm*g. Panh gia
dong hoc hip phu Congo Red thong qua cac mé hinh dong hoc nhu: mé hinh gia kién bac 1, mé
hinh gia kién bac 2, Elovich va Bangham trén EG chi ra sy hip phu CR 1én EG tuan theo md
hinh déng hoc gia kién bac 2 véi hé sb twong quan R? > 0.98.
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1 Giéi thiéu

Thubc nhugm 1a mot thanh phan kho xir 1i cua nude thai dét
nhudém véi dic tinh doc hai, giy anh huong dén méi trudng
sinh thai va siric khoe con nguoi[1,2]. Trong d6 phai ké dén
Congo Red - mét loai thuc nhudom c6 céu trac vong thom
bén, kho phan hiy ¢ diéu kién thuong[3]. C6 rat nhiéu
hudng xa i nudc thai dét nhuom, dac biét phuong phap
sinh hoc va phuong phap hoéa 1i keo tu tao bong thuong
duoc ng dung. Tuy nhién nhitng phuong phap nay chua
dugc xir li triét dé, co mot s6 han ché nhu chi phi-str dung
hoa chét cho qua trinh d6 rat cao[4,5]. T do, viéc st dung
vat liéu hip phu nhu mot dé xuét xir 1i don gian, hiéu qua
cao, dé tai st dung va chi phi thap[6].

Tir xua, vt liéu graphit dugc tng dung trong nhiéu linh vuc
khac nhau, tir xuc tac, pin, xtt li méi truong, y sinh cho céc
thiét bi dién[6]. Vi cau triic dac biét gdm nhiéu Iop
carbon than chi, c6 nhiéu tinh chit déc ddo bao gém
khuc xa, 6n dinh kich thudc cao, tro héa hoc, dién cao va
d6 dan nhiét[7]. Tuy nhién, dang tu nhién cia than chi bi
han ché trong &ng dung[8]. Do d6, cac phuong phap xu
1i hoa hoc/vat li khac nhau di dugc dé xuat dé bién dbi
than chi xuit hién ty nhién thanh cic dang tich cuc
hon[8]. Ching han, graphit troc né (EG) véi khoang
cach xen k& mo rong duge diéu ché thong qua xen ké

hoa hoc phan Gng va gia nhiét nhanh ¢ nhiét do cao
trong hon hop hoic dudi plasma két hop, laser chiéu xa
va chiéu xa vi song (MW) di duoc tim thay, thé hién kha
ning nén tbt, kha ning tai st dung va 6n dinh nhiét
cao[9]. EG da dugc nghién ctu rong rai cho cac ung
dung nhu gioang, cach dién nhiét, vat liéu téng hop
chdng chay, cam bién, chit xuc tac, vat liéu y sinh va
chat hap phu dé loai bo cac chat 6 nhiém nguy hiém[10].
Nghién ctru nay tién hanh xir 1i nhiét dé thu EG tir nguon
graphit tw nhién bang phuong phap chiéu xa vi song va danh
gia dong hoc hap phu Congo Red 1én trén bé mat EG. Vat
liéu sau tong hop dugc danh gia ciu tric bang cac phuong
phap XRD, FT-IR va BET.

2 Thuc nghiém

2.1 Téng hop vit liéu graphit troc ng (EG)

Than chi tay té bao chét duoc ché tao tir nguon than chi
tu nhién bang phuong phap chiéu xa vi séng. Dau tién,
than chi ty nhién dwoc xur 1i héa hoc véi mot lugng thich
hop (100:7 theo thé tich) H,SO, (30%) va H,0, (96%) &
25 £ 2°C trong 100 phat. Chat ran thu dugc dugc ria
nhiéu lan bang nudc cit va say kho. Tién hanh troc no
graphit bang 10 vi séng c¢6 cong sudt 750W trong vong
10 gidy (Hinh 1).
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Hinh 1 So db qui trinh téng hop EG

Céu trac vat ligu duogc xac dinh bang phuong phap phd
nhiéu xa tia X thuc hién trén may D8 Advance Bruke, 6ng
phat tia Rongen véi bude song A = 1,5406 A, goc quét 20
thay ddi tir 10 dén 80°. Phuong phap pho hong ngoai duoc
thuc hién bang may phd héng ngoai OPUS Bruker Tensor
27 FT-IR. Phuong phap SEM do trén may JSM 7401F.
Phuong phap BET dugc thuc hién trén thiét bi TriStar 3000
V6.07 A.

2.2 Thi nghiém hap phu

Kha ning hap phu cta cac mau vat liéu da téng hop dugc
danh gia thong qua qua trinh hap phu Congo Red (CR). CR
dugc lya chon cho qua trinh hip phu vi n6 1a mot chat mau
am, it bi anh huong boi méi trudng va bén ¢ didu kién
thuong trong mot thoi gian dai. Qua trinh thyc nghiém
duoc tién hanh nhu sau: 50mg vat liéu va 100ml CR & céac
nong do khoang thoi gian nhét dinh, li tam lay phan dung
dich sau d6 xac dinh ndng d6 CR bang may quang phd UV-
Vis Lambda 35 ¢ bude song A = 570nm. Dung dich CR &
cac n6ng do 20, 30, 40, 50 va 60mg/l dugc cho vao binh
tam giac On dinh & nhiét d6 phong. Tién hanh khao sat,
danh gia dong hoc hap phu.

3 Két qua va thao luan

3.1 Két qua dic trung cau triic cua vat lisu EG@CoFe,0,
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Hinh 2 a) Phé XRD cua EG, b) Phé FT-IR

Phd XRD cua EG trong Hinh 2, cuong d¢ peak manh &
26,6° (002), cho thay su hién dién cua da 16p than chi trong
céu tric cua EG[11]. Dac biét, dién tich bé mat va ciu tric
16 xp cia EG tinh toan tir 1i thuyét Brunauer-Emmett-
Teller (BET), dugc tim thdy 1a 40,95m%/g va 0,16176cm/g.
Két qua nay chi ra ring EG c6 ciu trac xbp tuong dbi can
thiét cho sy hap phu cua thuéc nhugm CR. N6i chung, kha
nang hap thy ciia CR vao EG phu thudc vao do xdp va tinh
s&n ¢ cta cac nhom chirc bé mat. Bé hiéu rd hon vé cac
lién két hoa hoc chu yéu trén bé mit cua EG, quang phd
FT-IR ciia EG va CR duoc nap trén EG (EG@CR) thé hién
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trong Hinh 3. Dau tién, phd hién thi mot dai rong khoang
3400cm™, ching minh sy tdn tai coa cac nhém O - H (EG)
va N - H (EG@CR) trén bé mat[12]. Su xuét hién peak dién
hinh & khoang 2892cm™ trén EG va 2919cm™ trén EG @
CR, cho thdy su kéo dai ciia cac nhém CR caa C — H. Mot
dai hinh dang khong ddi xtng & 1620cm™ cho thiy ving
kéo dai cua cac nhom carbonyl, ether va hydroxyl trén bé
mat cua ca hai vat ligu EG va EG@CR[13,14]. Mot dinh
don khac ¢ 1415cm™ ngu ¥ chie ning hoa cia cac nhom
COOH. Céc ving tir 600 dén 1000 cm™ véi dai rong co thé
1a nhom thom, nim ngoai mat phiang C - H véi cac kha
nang thay thé khac nhau[15].
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Hinh 3 Duong dang nhigt hap phu / giai hap N, (a)
va phén b6 kich thudc 16 rong (b) cia EG

3.2 Panh gia dong hoc hap phu Congo Red cua EG
Pé xac dinh hang sb toc d6 cia qua trinh hip phy, cic mo
hinh duéi ddy duoc sir dung dé moé ta anh huong cua dat
tinh hoa li va pha di thé dén nghién ctru dong hoc:
+ Phuong trinh gia kién bac 1:
k,t
log(q, -q) =logq. —-— - (1)
Trong d6, q; (mg/g) 1a lwong chit hap phu theo thoi gian t
(phit), qe (mg/g) dung luong hap phu cuc dai va ky (phat ™)
hang s pseudo-first order.
+ Phuong trinh gia kién bac 2:
t_ 1.t 3.2)
qt k2 'qe qe
Trong do, k, (g/mg min) hang sb toc do cuia pseudo-first
order va tbc d¢ hap phu H:
H=k,.q2 (3.3)
+ Phuong trinh Elovich:
g =p.In(a.p)+p.In(t) (3.4)
Trong d6, a(mg/g min) hing sé hap phu va (g/mg) hing s6
giai hap phu.
+ Phuong trinh Bangham:

C k
loglog| —2>— | =1 C log(t) (3.5
og og(co_qt_mj 09(2_3O3Vj+a3 og(t) (3.5)

Trong d6, Co(mg/l) nong do chat mau ban dau, V(ml) 14 thé
tich dung dich, m(g/l) lugng chat hap phu, Qg va kg 1a cac
hing sb cua phuong trinh Bangham.
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Theo Bang 1 va Hinh 4, ca hai mé hinh dong hoc gia kién
bac 1 va bac 2 déu mo ta tét sy twong thich ctia mo hinh dé
nghi véi dir ligu thyc nghiém, boi vi gid tri hé s6 tuong
guan R? tinh toan duge déu Ién hon 0,9. Tuy nhién, c6 thé
st dung md hinh dong hoc gia kién bac 2 dé du doan dong
hoc hap phu béi vi n6 cho R? tbt hon mé hinh gia kién dong
hoc bac 1 va truong hop nay qe i thuyét trong ciing dat két
qua cao hon: 17,557mg/g so vai 32,36mg/g cho 20mg/l;
10,114mg/g so vai 40,68mg/g cho 30mg/l; 13,03mg/g so
véi 52,77mg/g cho 40mg/l; 21,32mg/g so véi 61,76mg/g
cho 50mg/l. Hon nita, su hip phu CR béi EG 1a qué trinh
thuan nghich, do dé téc do hap phu c6 thé dugc kiém soat
boi sy hap phu hoa hoc (chemisorption) thong qua co ché
trao doi ion giira chat hap phu va chat bi hap phu bang cac
lién két hap phu hoa hoc (chemisorptive bond)[16,17].

Mo hinh Elovich ¢6 thé dwoc sir dung dé giai thich quéa
trinh hip phu hoa hoc khi hé hip phu ran/khi duoc nghién
ctru qua bé mat di thé. Trong khi d6, mé hinh Bangham mé
ta cac hoat dong khuéch tan qua 156 (pore diffusion). Theo
Bang 1 va Hinh 4, mé hinh Elovich cho hap phu mau trén
EG dugc do twong thich cao R*> 0,8, do d6 md hinh nay
gia dinh ring c¢6 kha ning co ché hip phu hoa hoc
(chemical adsorption) dong gop chinh vao su hip phu.

Bang 1 Cac hiang s6 dong hoc caa su hip phu CR boi EG

Ngoai ra, cac duong tuyén tinh ctia mo hinh Bangham véi
R% 0,9 cho thdy su phu hop tét cua sy hip phu CR vao
trong cac 16 xop cua EG, nhung day khong phai 1a co ché
kiém soét toc do hip phu duy nhat.
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Hinh 4 C4c mé hinh dong hoc cho sy hap phu cia CR
1én EG: a) Pseudo-First-order, b) Pseudo-second-order,
¢) Elovich, d) Cac mo hinh Bangham

. s g Nong dd (mg/l)
Mo hinh Hang so 20 30 20 50

Pseudo-first-order (3.1): ki (min/(mg/L)"™ 0,0221 0,0188 0,0187 0,000184
Q. (mg/g) 17,557 10,114 13,03 21,32
R? 0,834 0,04988 0,93539 0,95957

Pseudo-second-order (3.2): k> (9/(mg.min)) 0,00236 0,00584 0,00478 0,003254
Q. (mglg) 32,36 40,68 52,77 61,76
H = k.Q,’ 2,46674 9,664396 13,31074 12,41172
R 0,98802 0,9993 0,99948 0,99957

Elovich (3.4) B (g/mg) 0,3269 0,4234 0,262 0,1867
o (mg/(g.min)) 231,234 | 261477,72 19026,95 2603,44
R® 0,77459 0,95144 0,92754 0,96423

Bangham (3.5) kg (mL/(g/L)) 0,045 0,10718 0,13378 0,1569
Op 0,22364 0,10718 0,13378 0,1569
R? 0,76961 0,95234 0,92018 0,95335

4 Két luan

Vit liéu graphit troc né EG duoc téng hop thanh cong bang
phuong phap chiéu xa vi séng va danh gia dic trung cau
trac vat liéu bang XRD, FT-IR va BET. Két qua chi ra
rang, vat liéu c6 do tinh thé cao, ddng nhit, dién tich bé
mit riéng 16n phu hop cho &g dung hip phu mau Congo
Red. Bén canh d6, danh gia dong hoc hap phu chi ra sy hap

phu phu hop Vvé&i phuong trinh dong hoc bac 2, véi hé sé
tuong quan R? dat tur 0,98802 — 0,99957.

Lo cdm on

Nghién ciru nay dugc tai trg bai Qui Phat trién Khoa hoc va
Cong nghé Pai hoc Nguyén Tt Thanh, dé tai ma s6
2019.01.19/HD-NCKH.
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Synthesizing and evaluating adsorption kinetics of removing Congo Red dyes onto exfoliated graphite

Nguyen Thi Hong Tham®", Doan Van Thuan® Tran Bich Thuy?
INTT Hi-Tech Institute, Nguyen Tat Thanh University
®Industrial University of Ho Chi Minh city
“nththam@ntt.edu.vn

Abstract Exfoliated graphite was synthesized by thermal microwave — assisted method. Here, we reported the facile
synthesis and characterization of chemical bonds of EG using several techniques such as X-ray Power Diffraction
Spectroscopy (XRD), Fourier-transform infrared spectroscopy (FT-IR), and and N, adsorption/desorption isotherm
mesurement. The result of XRD analysis showed peak intensity, proving the high crystallinity of EG, which is suitable with
the FT-IR analysis. The specific surface area and pore volume of EG achieved were 40.95 m%g and 0.16176 cm®/g,
respectively. To elucidate the adsorption kinetic of CR over EG adsorbents, kinetic models including=—pseudo first-order,
pseudo second-order, Elovich, and Bangham models have been adopted. The kinetic results indicated that models adhered to
the pseudo second-order equation with high coefficients R? > 0.98.

Keywords exfoliated graphite, Congo Red, XRD, FT-IR, BET, adsorption
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