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TOM TAT: Nghién ciru thuc nghiém kha nang hdp phu Benzene va Toluene trong nwoc cia 6ng
nano carbon da I6p chuwa bién tinh, két qua:

- Toéc d6 hap phu cua cta ong nano cacbon da I6p chuwa bién tinh doi voi Benzen va Toluen tang
nhanh trong 20 phat dau va bao hoa trong khoang 120 phdt.

- Ong nano carbon da I6p chua bién tinh c6 &i luc cao véi Benzene va Toluene; khd ndng hép phu
clia 6ng nano carbon da Io6p chuwa bién tinh véi Toluene cao hon so véi Benzene.

- Xac dinh dugc mé hinh déng hoc hap phu va phuong trinh can bdng dang nhiét hap phu phu hop
clia 6ng nano carbon da Ioép chuwa bién tinh véi Benzen va Toluen.

T khéa: Hop chét hivu co dé bay hoi, dng nano cacbon, x& li nwéc thai.

ABSTRACT: Experimental study of adsorption capacity of Benzene and Toluene in water of the
unmodified multi-layer carbon nanotubes. Results:

- The adsorption speed of unmodified multi-layer carbon nanotubes for Benzene and Toluene
increased rapidly in the first 20 minutes and saturated in about 120 minutes.

- The unmodified multi-layer carbon nanotubes with high affinity for Benzene and Toluene; The adsorption
capacity of the unmodified multi-layer carbon nanotubes with Toluene was higher than with Benzene.

- Identify adsorption kinematic models and the appropriate adsorption isothermal equilibrium

equations of unmodified multi-layer carbon nanotubes with Benzene and Toluene.
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1. DAT VAN PE.

Ngay nay, cac hop chéat hivu co dé bay hoi st
dung trong cong nghiép kha phd bién, nhat 1a véi
cac nganh nghé san xuat son, nhuém, san xuét
polymer va danh béng. Toluene, Benzene va cac
dan xuét 14 nhitng thanh phan dung méi chinh
cla cac hop chat hivu co nay. Hop chat hiru co
dé bay hoi phd bién nhat dwoc tim thay trong
nwdc ngam va nuwdc thai cong nghiép ciing chinh
la Benzene, Toluene. Nwéc thai cc“)ng nghiép tw
cac co s& san xuat chwa dwoc xi li triét dé da
gay anh hwéng nghlem trong dén chat luvong
nuwéc ngam va nwéc bé mat. Vi vay, tinh trang 6
nhiém & cac thanh phd, dac biét 6 nhiém ‘nguon
nwdc ngay cang gia tang, tac dong rat xau dén
cuéc song va strc khde con ngudi. Dé cai thién
tinh trang nay, can thiét nghién clru nhirng vat
liéu cé kha nang "lam sach" ngudn nuéc.
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Ong nano carbon (Carbon nanotubes -,CNTs)
la mot dang thu hinh cla carbon. V@i cau tric
nano nay, cac phan t& carbon hinh bng co6 kha
nang httu dung cao trong rat nhiéu nganh khoa
hoc vt liéu. Trong d6, CNTs dwoc st dung rong
réi nhw mot chat hap phu dé xt i moi trvong, dac
biét 1a méi trworng nwéc cd cac hop chat hiru co
dé bay hoi va cac chéat 6 nhiém. Chung t6i trién
khai dé tai nay nham danh gia kha nang hép phu
Benzene va Toluene trong nwéc cua Ong nano
carbon da I6p (MW-CNTs) chwa bién tinh.

2. VAT LIEU, PHUONG PHAP NGHIEN CcUU.

2.1. Vat liéu nghién ctru:

- Cac hda chét: Benzene, Toluene,lHCI, HNO3,
H2S04, NaOCI, H202 v&i do tinh khiet trén 99%
(hang Sigma Aldrich san xuat).

- MW-CNTs chwa bién tinh (Vién Khoa hoc Vat
liéu Viét Nam tbdng hop) véi cac tinh chét co ban:
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duong kinh 20-100 nm, chiéu dai 1-10 pm, do
tinh khiét trén 95%. Mang loc PTFE (polytetra-
fluoroethylene) 0,22 uym (hang Sigma Aldrich).

2.2. Phuwong phap nghién ciru:
- Thiét ké nghién ctvu: thwe nghiém.

- Cac thi nghiém thwc hién trong binh thay tinh
1 lit c6 ndp day kin dé tranh sw bay hoi cta cac
chéat bi hap phu, tién hanh theo nhiéu théng sb
khac nhau, méi thi nghiém 13p lai 2 1an va lay gia
tri trung binh. Bao gdm:

+ Thi nghiém khdo sat thoi gian: s dung
Benzene/Toluene ban dau v&i néng d6 10 mgl/L.
Dé& Benzene/Toluene tan tbt trong nwéc, chéat bi
hap phu da dwoc pha trong Methanol theo ti Ié
1:1 va sau d6 tiép tuc hoa tan véi nuwéc cat.

+ Thi nghiém hép phu: cho 60 mg MW-CNTs
vao 400 ml dung dich Benzene/Toluene ndng do
10 mgl/l. Hén hop duoc khudy bang may khudy
ttr, tbc d6 300 vong/phut. Phan tich dung dich sau
loc tr hén hop nay trén may sac ki khi (Gas
Chromatography-GC) trong cac khoang th&i gian
20 phuat, 40 phut, 60 phuat, 90 phut, 120 phut, 150
phut dé xac dinh ndng dod sau qua trinh hap phu.

+ Nghién clru dwdng dang nhiét hap phu cla
mau thi nghiém: pha 60 mg MW-CNTs v&i chét
Benzene/Toluene cac néng d6 khac nhau (thay
ddi trong khodng tr 1-20 mg/l). Khudy hén hop
dung dich trén véi tdc dd 300 vong/phut trong 120
phut & nhiét d6 phong. Sau d6, dem loc va phan
tich trén may GC.

+ Danh gia sy bay hoi cia Benzene/Toluene
trong qua trinh thi nghiém bang mau trang (chi
chira Benzene/Toluene va khong str dung chat
hap phu).

- Kha nang hép phu duogc tinh theo phuong
trinh:

g =(Co-Ct) x VIm (1)

~Trong do, Co va Ct (mg/L) la nong d6 chéat bi
hap phu tai thoi diém ban dau va thoi diém dat
trang thai can bang; V (I) 1a thé tich cia dung
dich; m (g) la khdi lwgng chat hap phu.

- Bac tinh va phwong phap phan tich:

+ BET (Brunauer, Emmett va Teller): xac dinh
dién tich bé mét rieng va dwong kinh 16 xdp cua
vat liéu MW-CNTs d& bién tinh bdng may NOVA
3200e-Quantachrome cua Hoa Ky.

+ Phuwong phap FT-IR (Fourier Transform
Infrared): phé hap thu cta vat liéu dwoc xac dinh
bang may FT-IR 8400S (hdng Shimadzu, Nhat
Ban), vung hdng ngoai tr 400-4000 cm™".

+ Phuwong phap GC: ndng d6 Benzene,
Toluene dwoc tinh toan bang cach phan tich trén
may GC vé&i dau do ngon Ira ion héa (GC-FID)
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(QP2010ULTRA, Shimadzu): Injector 200°C; nhiét
dé 1o 60°C (5 phat) — 10°C/phit — 200°C
(24 phut).

- Cac mé hinh dang nhiét hap phu: cac s6 liéu
thi nghiém hap phu tinh toan dwa trén 3 md hinh
déng nhiét hdp phu co ban: Langmuir, Freundlich
va Dubinin - Radushkevich.

+ M6 hinh dang nhiét Langmuir: mo ta bé mat
ddng nhét gitra cac tiéu phan bi hap phu (phan ter,
nguyén t& hodc ion), lién két véi bé mat chat hép
phu trén cac tdm hap phu xac dinh, cb dinh
(localized sites). Phwong trinh tuyén tinh dwoc
thé hién thong qua biéu thirc:

Ce _ 1 n 1
Je Qmaxb Omax

Trong d6, Ce la nébng dd chat bi hdp phu tai
thoi diém can bang (mg/l); ge 1a khd nang hép phu
& trang thai can bang (mg/g); gm (Mg/g) va b
(I/mg) la cac hang sb thwc nghiém.

Ce @

+ M6 hinh Freundlich: thwédng dwgc ap dung
dé mo ta hap phu da I6p trén mot bé mat hap phu
khéng déng nhat va ndng lwong cla cac diém
hap phu khéng bang nhau. Mé hinh chuan cla
phwong trinh Freundlich dwoc trinh bay dwéi day:

nlnC, + InK (3)

Trong d6, K la hang s6 hap phu Freundlich
((mg/g)(l/g)]1/n) 1/n 1a hé s6 khdéng dong nhat
ctia sw hap phu.

Inq, =

+ Puong dang nhiét Dubinin - Radushkevich
(RD): thwong dwoc ap dung dé thé hién ban chéat
clia qua trinh hap phu vé&i sy phan bd nang lwong
Gaussian 1én mo6t bé mat khéng déng nhéat.

Puwong dang nhiét DR dwoc tinh bang
phwong trinh:
Ing, = Inqg — KDR82 (4)

Trong d6, ge (Mg/g) 1a lwong chét bi hap phu
trén mot don vi khéi lwong vat liéu hap phu; gsla
kha nang hap phu t6i da (mg/g); Kpg la hang so
clia nang lwong hap phu (mol?/J?); ¢ la hang sb
déng nhiét - nang lvong hap phu trung binh E
(kJ.mol"), nang lwong trén méi phan tlr chat hap
phu thu dwoc bang mbi quan hé:

E = 1

B 12Kpn ®)

- X Ii s6 liéu: bang phan mém excel.

3. KET QUA VA BAN LUAN.

3.1. Kha nang hap phu véi viéc loai bo

Benzene, Toluene trong nwéc bang MW-CNTs
chwa bién tinh:

3.1.1. Anh huéng cda thoi gian:
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Hinh 1. Anh huéng cua thoi gian
trong qua trinh hap phu Benzgne, Toluene
ctia MW-CNTs chuwa bién tinh.

Két qua cho thay, téc d6 hap phu Benzene va
Toluene trong nwéc cia MW-CNTs tang nhanh
trong 20 phut dau va bao hoa trong khodng 120
phat. Thoi gian dau, khd nang hdp phu ting do
sw chiém déng cac vi tri hoat tinh b&i phan t&
Benzene va Toluene. O trang thai can bang, sw
bdo hoa cac vi tri gan két hoat tinh trén bé mat
MW-CNTs dan dén kha nang hap phu khoéng dbi.

3.1.2. Kha néng hép phu:
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Hinh 2. Kha ndng hap phy
cdag MW-CNTs chura bién tinh doi v&i
cac nong do Benzene, Toluene khac nhau.

Nong dd ban dau cua Benzene va Toluene
dao déng tir 1 mg/l dén 20 mg/l. Danh gia sy thay
ddi nébng dd Benzene, Toluene sau 120 phut dé
thdy dwoc hiéu qua hap phu cia MW-CNTs chua
bién tinh. Két qua (hinh 2) cho thay, kha néng hap
phu téng twong &ng véi néng dd chét bi hap phu
lGc ban dau. Nhw vay, MW-CNTs co ai lwc cao
v&i cac hop chat thom nhw Benzene va Toluene.
CAu tric phan t& ctia Benzene va Toluene 13 ciu
tric phang véi vong thom chia lién két m-orbitals
(gdm tAt ca sau nguyén t& carbon). Dac trung sw
twong tac gitra chéat bj hdp phu va chét hap phu la
twong tac manh cua lién két m-m, khi xay ra lién
két gitra Tr-orbitals ctia cdu tric MW-CNTSs va lién
két ddi C = C cla cac vong thom. Céac gia tri qe
clia MW-CNTs dbi véi Benzene va Toluene twong
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&’ng véi mot sb6 két qua bao cao khac [3], [4].
Theo Bijan va cong sw, danh gia lwong can bang
cia SW-CNTs (B: 9,98 mg/g va T: 9,96 mg/g) vo&i
Co 13 10 mg/l va th&i gian tiép xuc la 10 phut.

Hinh 2 cho thdy, kha nang hap phu clia MW-
CNTs dbi vé&i Toluene cao hon so véi Benzene.
C6 thé do chu trGc dién t& phong phu cla
Toluene, sy c6 mat clla cac nhom methyl da lam
tang kha nadng twong tac lién két m-r. Diéu nay
dwoc khang dinh qua nhiéu nghién ciru théng qua
sy twong tac - dang ké gitra Toluene va bé
mat MW-CNTs [2]. Daifullah va céng sw chi ra
rang, kha nang hap phu Benzene va Toluene cla
carbon hoat tinh dién ra theo th¢ tw Toluene >
Benzene [1].

3.2. Nghién ctru dang nhiét vé&i viéc loai bo
Benzene, Toluene trong nwéc bang MW-CNTs
chwa bién tinh:

- Buéng dang nhiét hap phu:
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Hinh 3. Buong tuyén tinh cda: (a) Phuong
trinh dang nhiét Langmuir; (b) Phuong trinh
dang nhiét Freundlich; (c) Phuwong trinh déng
nhiét DR thé hién kha néng hap phu Benzene,
Toluene ctia MW-CNTs chua bién tinh.
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Céc sb lieu thuc nghiém cla qua trinh hap phu
duwoc ghi lai @& md t& sy twong quan gitra can
bang twong tac cia MW-CNTs véi Benzene,
Toluene. Bé c6 dwoc cac théng sb dong hoc, cac
két qua thi nghiém duwoc tinh toan dwa trén mé
hinh Langmuir, Freundlich va mé hinh DR.

Dang tuyén tinh clia cac mé hinh nay theo s
lieu thwe nghiém da dwoc trinh bay trong hinh 3.
M6 hinh phu hop nhat dwoc lwa chon dwa trén hé
sb twong quan R? cao nhat. Két qua cho thay, mé
hinh Freundlich phu hop nhéat déi véi qua trinh
h&p phu Benzene va md hinh DR cho qua trinh
héap phu Toluene.

Diéu nay c6 nghia la sw h&p phu Benzene va
Toluene cia MW-CNTs xay ra theo cac diéu kién
giad dinh trong cac moé hinh twong (rng. Theo mo
hinh Freundlich, hép phu Benzene, Toluene co6 xu
hwdng tao thanh hép phu da l&p trén bé mat MW-
CNTs khéng déng nhét.

Céc thong sb dang nhiét dwoc xac dinh tr d6
thi dwoc thé hién trong bang sau:

Bang céac théng sb tinh toan trong mé hinh
Langmuir, Freundlich va DR déi v&i kha nang hap
phu ctia MW-CNTs chwa bién tinh.

dung x@ |i nwéc thai sau xt |i vi sinh, véi ndng do
Benzene va Toluene kha thdp. Néu ndng do
Benzene qua cao (trén 100 mg/l), thi nén dung
than hoat tinh (& ndng d6 cao, kha ndng hap phu
cla 2 vat liéu nay gan bang nhau).

4. KET LUAN.

Nghién cu thyc nghiém danh gia kha nang
hdp phu Benzene va Toluene trong nwéc cla
MW-CNTs chwa bién tinh, chiing t6i c6 mot sb két
ludn nhuw sau:

- Téc dd hap phu cla MW-CNTs dbi voi
Benzen va Toluen tang nhanh trong 20 phat dau
va bao hoa trong khoang 120 pht.

- MW-CNTs chwa bién tinh c6 ai lwc cao voi
Benzene va Toluene do twong tac -1 gilka cac
hydrocarbon thom va Tr-orbitals trén ciu tric MW-
CNTs. Khd nang hap phu clia MW-CNTs vdi
Toluene cao hon so v&i Benzene.

- X&c dinh dwoc md hinh déng hoc hap phu va
phwong trinh can bang dang nhiét hap phu phu
hop cia MW-CNTs chua bién tinh v&i Benzen va
Toluen.
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