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The objective of this work is to evaluate the Rhodamine B (RhB)
adsorption capacity of mesoporous carbon material (OMC (SBA-15))
based on the structure of SBA-15 material. Synthetic material has the
advantages of carbon materials, which have good organic adsorption
capacity, and mesoporous materials, which have large pore sizes. The
characteristic methods (X-ray diffraction method, transmission electron
microscopy method, nitrogen adsorption-desorption method, etc.) show
that the obtained material has a mesoporous structure with an average
pore size of 4.5 nm and a surface area of 1126 m?g. The synthesized
material OMC (SBA-15) adsorbed RhB well; the adsorption capacity
increased with time and concentration. The maximum adsorption
capacity of RhB on OMC (SBA-15) material, calculated according to
the Langmuir adsorption isotherm model, is 400 mg/g. The adsorption
process is consistent with the Langmuir isotherm model, and the
kinetics are consistent with the apparent second-order kinetics equation.
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Muc tiéu ctia bai bao 1a dénh gia kha niang hap phu Rhodamine B (RhB)
cua vat liéu cachon mao quan trung binh OMC(SBA-15) dya trén ciu
trac cua vat liu SBA-15. Vat lidu tdng hop dugc c6 wu diém cua vat
liéu cacbon 1a c6 kha nang hap phu chat hiru co tét va vu diém cua vat
liéu mao quan trung binh 1la c6 kich thuéc mao quan Ié6n. Tur cac
phuong phap dac trung: phuong phap nhiéu xa tia X, phuong phap hién
vi dién tur truyén qua, phuong phap hap phu - giai hap phuy nito... cho
thay, vat liéu thu dugc co cau tric mao quan trung binh, voi kich thu’orC
mao quan 4,5 nm, dién tich bé mat 1126 m%g. Vat liu da téng hop
OMC(SBA-15) hép phu tét RhB, dung luong hip phu ting theo thoi
gian va nong do. Dung lugng hap phu cuc dai RhB trén vat liéu
OMC(SBA-15) tinh theo mé hinh dang nhiét hip phu Langmuir bang
400 mg/g. Qua trinh hap phu phu hop véi mé hinh dang nhiét Langmuir
va dong hoc phu hop véi phuong trinh dong hoc biéu kién bac hai.

DOI: https://doi.org/10.34238/tnu-jst.7443

" Corresponding author. Email: hoanth@tnus.edu.vn

http://jst.tnu.edu.vn

51 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.7443

TNU Journal of Science and Technology 228(10): 51 - 57

1. Gi6i thiéu

Rhodamine B (RhB) c6 tén IUPAC la N-[9-(ortho-carboxyphenyl)-6-(diethylamino)-3H-
xanthen-3-yli-dene] dietyl amoni clorua) véi khéi lugng mol bang 479,02 g.mol™, ¢ cong thirc
hoa hoc nhu hinh 1.

()
Hinh 1. Cdu tao ciia RhB (a) va dung dich RhB (b)

Thudc nhuém RhB tan tét trong nudc, tao ra dung dich mau dé (Hinh 1b). Thudc nhuém RhB
1a mot trong nhitng loai thudc nhudém tong hop 1au doi va duoc sir dung rong rii nhat. Ching
duogc sir dung trong cac linh vuc cong nghiép khac nhau. Tuy nhién, RhB 1la mét trong nhitng loai
thudc nhudm doc hai do c6 tac dung gdy ung thu, nhiém doc than kinh va c¢6 kha ning gay ra mot
s6 bénh cho con ngudi...[1]

C6 nhiéu phuong phap dé loai bo RhB ra khoi dung dich nudc nhu oxi hoa [2], phan huy sinh
hoc [3], phan huy bang xuc tac quang [4], va hap phu [5], [6]. Trong cac phwong phap trén, hap
phu la mot trong cac phuong phap loai bo chat hiru co ra khoi dung dich nudc hiéu qua vi thiét ké
don gian, dé thyc hién va néu chon chét hap phu thich hop thi kha nang loai bé RhB ra khoi dung
dich nuéc cao. Tuy nhién, theo cdu triic hinh la phan tir RhB c6 kich thuéc phan tir I6n, cong
kénh nén khé khan trong viéc sir dung chat hdp phu nhu cacbon hoat tinh [5], Fe-N-BC (than sinh
hoc bién tinh) [6], cacbon hoat tinh tir dudng tréng [7], graphene [8]... Cacbon mao quan trung
binh ¢6 kich thudc mao quan 16n va c6 ban chat cacbon nén c¢6 kha niang hip phu tbt nhitng chat
hiru co c6 kich thuéc phan tir 16n.

2. Phwong phap nghién ciru
2.1. Téng hop vit liéu

Vit liéu cacbon mao quéan trung binh duoc tong hop dua trén co so vat liéu SBA-15 ¢
ciu tric mao quan trung binh (SBA-15 dugc téng hop tai phong thi nghiém tir thay tinh
l6ng), duong tinh luyén hay duong mia dong vai tro 1a ngudn cacbon (Viét Nam), ngoai ra,
H,S0, (98% - Trung Qudc) 1a chat xtc tac cho qua trinh cacbon hoa, HF (Trung Quéc) 1a
chat loai bo silic. Cu thé, hdn hop duong tinh luyén va H,SO, dugc tim 1én SBA-15. Hon
hop duoc say & 100 °C trong 6 gid va 160 °C trong 12 gio. Hdn hop rin duoc nung trong
dong khi nito & 900 °C trong 2 gid. San pham thu dwgc c6 thanh phan chinh 1a C va SiO,.
bé loai bo SiO, dung dung dich HF 10%. Sau d6, vat liéu dugc rua béng nuéc, hon hop
etanol — nude va sdy kho 80 °C trong 3 gio. Vat liéu thu dugc ki hiéu 1a OMC(SBA-15).

2.2. Cdc phwong phdp phén tich méu

Céc thiét bi dung dé dic trung, phan tich mau gom: thiét bi XRD, HUT-PCM D8 Advance
(Btc), tai Trudng Pai hoc Khoa hoc Ty nhién - Pai hoc Quéc gia Ha Noi; thiét bi JEOL 1010 tai
Vién vé sinh dich té trung wong; thiét bj Micromeritics Tristar 3030, tai Vién Hoa hoc, Vién Han
1am Khoa hoc va Cong nghé Viét Nam.
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2.3. Ddnh gid khd ndng hip phu ciia vit liéu
2.3.1. Thuc nghiém

Cho 0,05 g vat lidu OMC(SBA-15) vao 100 mL dung dich RhB (ndng d6 tir 100 — 400 mg/L)
tbc d6 150 vong/phit, nhiét do & 25 °C, sau thoi gian nhat dinh lay 5 mL mau. Mau nay duoc
ly tam va loc tach chét ran. Xac dinh ndng do trudc va sau hap phu cua dung dich theo phuong
phap duong chuan trén may quang phd UV- Vis (LARHBDA 35UV/Vis) véi bude song cuc dai
Amax = 554 nm.

2.3.2. Xdc dinh dung lirong hap phu

Dung luong hip phu RhB cua vat liéu cang cao thi kha nang hap phu cang 16n. Do vay, dung
luong hap phu tai thoi diém t (g, mg/g) dugc tinh theo cong thuc (1) va dung lugng hap phu tai
thoi diém can bang (ge, mg/g) duoc tinh theo cong thuc (2):

g= =SV 6y
m

g = L= CIV @
m

Trong do:

0 et dung lugng hap phu tai thoi diém t va thoi diém can bang (mg/g);

Co, C;, Ce: nong do cua dung dich RhB ban dau, tai thoi diém t va tai thoi diém can bang
(ppm);

V: thé tich cua dung dich (L);

m: khéi luong cua chat hap phu (g);

2.3.3. Thiét ldp dang nhiét hdp phu
Khi nghién ctu vé dang nhiét hip phu, hai mé hinh ding nhiét hip phu Langmuir va

Freundlich thuong dugc sir dung.
Phuong trinh dang nhiét hap phu Langmuir:

1 1 1 1
— = +

=— = 3
qe qmax qmanL Ce
Phuong trinh dang nhiét hap phu Freundlich:
Inge=Inke+ i.ln Ce (4)
n

Trong do:

Omex: Lrong chét bi hap phu cuc dai don 16p trén mot don vi khdi lwong chat hip phu (mg/g);

k.: Hang s hap phu Langmuir;

Ke: Hang s6 hap phu Freundlich;

n: s6 mi Freundlich.
2.3.4. Thiét ldp dong hoc hap phu

Khi nghién cttu vé dong hoc hap phu, hai mé hinh dong hoc biéu kién bac mot va mé hinh
dong hoc biéu kién bac hai thuong duoc sir dung.

Phuong trinh dong hoc biéu kién bac mot:

In (Ge - Q) = In Qe - kat )
Phuong trinh dong hoc biéu kién bac hai
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—_ = - —t (6)
2
qt kz '(qe) qe
Tongde: N
k1, k,: hang sb tbc do hap phu cua qua trinh dong hoc hap phu biéu kién bac mot (L.phat™) va
bac hai (g.mg™.phat™).
3. Két qua va ban luin
3.1. Phan tich dic trung cdu triic ctia cachon mao qudn trung binh
Vit liéu téng hop duge dic trung ciu triic bang cac phuong phap nhiéu xa tia X (XRD), dién
tir hién vi dién tir truyen qua (TEM) va phuong phap dang nhiét hap phu - giai hap phu N, (BET).
Géc do 20 nho cia mau OMC(SBA- 15) dugc thé hién & hinh 2. Hinh 2 cho thay xuat hién mot
dinh ¢ 20 bang 0,96° dic trung cua ciu tric vat liéu mao quan trung binh [9]. Hinh 3 1a anh TEM
cia mau OMC(SBA- 15) cho thay C4c mao quan song song, déu nhau, gidng nhu ciu tric lyc ling
cia SBA-15. Hinh 4a biéu dién duong ding nhiét hap phu - giai hap phu N, c¢6 dang IV dic trung
cua vat ’Iiéu mMao quan trung binh [9]. Dién tich bé mat cua vat liéu dugc tinh theo phuong phap
BET, két qua thu duoc bang 1126 m%/g. Hinh 4b cho biét dwdng kich thudc mao quan cua vat
licu OMC(SBA-15) 1a 4,5 nm.
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3.2. Pdnh gid khd ning hip phu RhB cia vt ligu
3.2.1. Nghién ciru anh hwong cua thoi gian va nong dé dau RhB

Tir Hinh 5, tbc d6 hap phu ting nhanh khi ting nong d6 thudc nhuém RhB. Téc do hap phu
tang nhanh trong giai doan dau va sau d6 toc do hap phu dan dan cham lai. Tai mot s6 thoi diém,
lwong thuéc nhuém RhB dugc hip phu trén OMC(SBA-15) & trang thai can bang dong va & do,
téc do hap phu dat dén mot gia tri khong d6i. Theo hinh 5, trang thai can bang duoc thiét lap sau
60 phut. Nhu vay, toan bd qué trinh hap phu thuéc nhuom RhB 1én OMC(SBA-15) chu yeu bao
gom 3 giai doan: Giai doan hap phu nhanh, giai doan hap phu cham va giai doan can bang. O giai
doan déu, do con nhiéu vi tri trong nén ton tai gradient nong do cao gitra chat hap phu trong dung
dich va chat bi hap phu trén bé mat chét hap phu, do d6 lam tang tbc do hap phu thuéc nhuém &
giai doan dau. Sau do, theo thoi gian, gradient nong do nay va céc vi tri hap phu bi giam do sy
tich tu cua céc phan tur thuc nhuém RhB ¢ cac vi tri trong, nén toc d6 hip phu caa thude nhuom
tdng cham va cuoi cung dat dén trang thai can bang. Tt hinh 5, cac duwong cong hap phu don,
tron va lién tuc din dén bdo hoa. N6 chi ra kha nang hap phu don 16p trén bé mat cua chat hap
phu boi cac phan tir thudc nhuom [10].

450

400 4 -400 mg/L

350 1 300 mg/L
300 4K ~200 mg/L
250 I 150 mg/L
= 200 - ~100 mg/L
7150 o

100

50

0

0 100 200 300 400

t (phat)
Hinh 5. Duong cong dong hoc hap phu RhB cia OMC(SBA-15) theo thoi gian
& Nong dé ban dau khdc nhau

3.3.2. Nghién ciru dong hoc hap phu

Nghién ctru dong hoc hap phu dong vai trd quan trong trong viéc lwa chon chit hip phu. Pong
hoc biéu kién bac mét va dong hoc biéu kién bac hai ciia qua trinh hdp phu RhB trén OMC(SBA-
15) dugc nghién ctru de danh gia vé dong hoc hap phu cua qua trinh nay. Tur hinh 6,7 va bang 1, chi
ra hé s twong quan R? cia md hinh dong hoc biéu kién bac hai cao hon mé hinh dong hoc biéu
kién bac mot. Theo bang 1, gié tri g duoc tinh theo dong hoc biéu kién bac mot khong phu hop voi
dir liéu thuc nghiém, trong khi d6, gia tri g, dugc tinh theo dong hoc biéu kién bac hai lai phi hop
vai dit liéu thuc nghiém. Do d6, mé hinh dong hoc biéu kién bac hai phii hop hon mé hinh dong
hoc biéu kién bac mot dé mé ta dit lidu dong hoc hip phu cho thoi gian hap phu nghién ctu.

5 1 = 100 mg/L
- 150 mg/L
4 1 - 200 mg/L
h + 300 mg/L
39 LTSS - 400 mg/L
—~2 A R T ==: (100 mg/L) y = -0.0326x + 1.7002
=) R2=0.9677
=l A, (lSOmD/L)y— -0.0264x + 2.9939|
=) . R>=0.9757
- ' ‘ ' 00 mg/L) y = -0.0222x + 2.9947
-1 4 20 40 6'0 80 - ]00120 R?=0.9337
e (300 mg/L) y= -0.013x + 3.5595
-2 1 =0.9191
3 (400 mg/L) y=-0.0279x + 4.0328
t (phut) R>=0.9712

Hinh 6. D6 thi phy thugc giza In(qe-0y) va ¢ ciia qud trinh hdp phu RhB trén vt lieu OMC(SBA-15)
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0.7 ~ = 100 mg/L
+ 150 mg/L
0.6 ~ . + 200 mg/L
0.5 - + 300 mg/L
=4 . = 400 mg/L
0.4~ = 7. (100 mg/L) y = 0.005x + 0.0015
=7 e R2=]
=0.3 (150 mg/L) y = 0.0035x + 0.0032
i RZ=1
0.2 (200 mg/L) y = 0.003x + 0.0024
2=
0.1 1 s (300 mg/L) y = 0.0027x + 0.0033
2 —
0 T ' T ' ' ' (400 mg/L) y}i 0.0025x + 0.0044
0 20 40 60 80 100120 R> = 0.9998
t (phut)

Hinh 7. D6 thi phy thugc gia In t/q; vd In t ciia qud trinh hap phu RhB trén vt lieu OMC(SBA-15)
Bang 1. Cdc théng s6 dong hoc cho qud trinh hdp phu thuéc nhugm RhB trén OMC(SBA-15)

C (mglL) Pong hoc biéu kién bac mot Pong hoc biéu kién bac hai G (M)
ke ge (Mg/Q) R’ ko ge (Mg/Q) R’ o
100 0,0326 5 0,9677 0,0167 200 1 200
150 0,0264 20 0,9757 0,0038 286 1 284
200 0,0222 20 0,9337 0,0038 333 1 328
300 0,0130 35 0,9191 0,0022 370 1 371
400 0,0279 56 0,9712 0,0014 400 0.9998 405

3.3.3. Nghién ciru dang nhiét hdp phu

Puong dang nhiét hip phu biéu thi sy phan bd cua cac phén tir bi hap phu trong pha long va
pha ran khi qua trinh hap phu dat trang thai can bang. Céc thi nghiém hap phu can bang da duoc
thuc hién dé danh gia kha niang hap phu cia OMC(SBA-15) ddi vai dung dich RhB. Hinh 8, 9
cho thiy hai mé hinh tuyén tinh hap phu can bang cua cac phan tir RhB 1én OMC(SBA-15). Dix
liéu can bang hap phu cua thudc nhuom RhB trén OMC(SBA-15) dugc phan tich véi ciac mod
hinh dang nhiét Langmuir, Freundlich. Hai mé hinh dang nhiét duoc liét ké trong Bang 2.

0.6 2.7
0.5 | y =0.0025x + 0.0115 y=0.0771x + 2.408
: R? = 0.9966 2.6 1 R?=0.9759
04 s |
<03 g
W = 24
02 A
0.1 23
0 ‘ : i i 22 T T T T
0 50 100 150 200 250 -2 -1 0 e ! 2 3

C. (mg/L)

Hinh 8. 6 thi phu thugc giita Co/. va C; ciia qué  Hinh 9. Do thi phu thuge gida In g, va In C, ciia
trinh hap phu RhB trén vt ligu OMC(SBA-15) quda trinh hap phu RhB trén vt ligu OMC(SBA-15)

Bang 2. Hai mé hinh dwong dang nhiét va hé s6 tiong quan cho thuéc nhugm RhB hap phu trén OMC(SBA-15)

Langmuir Freundlich
Qm (Mg/g) K. (L/mg) R? n Ke R’
400 0,2174 0,9966 12,97 11,11 0,9759

Tir Hinh 8, 9 va bang 2 cho thay dir liéu thyc nghiém hap phu cia RhB trén OMC(SBA-15)
dugce mo ta tét khi sir dung mé hinh dang nhiét Langmuir véi hé s6 twong quan tét hon so v6i md
hinh Freundlich. Biéu nay co thé 1a do su phan bd déng nhit cua cac vi tri hép phu hoat dong trén
bé mat ciaa OMC(SBA-15). Theo két qua thi nghiém dang nhiét hip phuy, kha nang hap phu cuc
dai cua thudc nhuém RhB 13 400 mg/g. So sanh vdi cac chat hap phu khac theo bang 3 cho thay
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vat lieu OMC(SBA-15) c6 kha nang hap phu RhB cao hon mét s vat lidu nhu cacbon hoat tinh
[5], [7], than sinh hoc [6], graphene [8].... Ngoai ra, gia tri K,_kha cao cho thdy 4i luc cao. K¢ 1a
mét trong nhitng hang sé Freundlich dugc sir dung lam thudc do twong dbi cua kha nang hap phu
va gia tri n dugc str dung 1am cuong d6 hap phu [11]. Gia tri 1/n nho hon 1 cho thiy thudc
nhuém RhB hap phu thuan loi trén OMC(SBA-15).

Bang 3. Dung hrong hdp phu RhB cuce dai tinh theo Langmuir (mg/g) ciia mét s6 vit liéu

STT Vit liéu Omax (Mg/9) Tai liéu tham khéo
1 Cacbon hoat tinh 263,85 [5]
2 Fe-N-BC (than sinh hoc bién tinh) 12,41 [6]
3 Cacbon hoat tinh tir duong tring 123,46 [7]
4 Graphene 201,20 [8]
5 OMC(SBA-15) 400 Bai bdo nay

4. Két luan

Vit liéu cacbon mao quan trung binh di duoc tong hop thanh céng bang cach tim duong tinh
luyén 1én bé mat cia SBA-15 va than héa voi H,SO, 1a chat xuc tac. Vat lidu thu dwoc co ciu
tric mao quan trung binh véi dién tich bé mat BET bang 1126 m?/g, kich thudc mao quan trung
binh 1 4,4 - 5 nm thuan lgi cho qua trinh hap phuy.

OMC(SBA-15) c6 kha ning hap phu RhB tt va nhanh sau thoi gian 60 phat. Qua trinh hip
phu pht hop véi mé hinh dong hoc biéu kién bac hai. Qué trinh hap phu phu hop véi mé hinh
dang nhiét hip phu Langmuir véi dung luong hap phu cuc dai tinh theo mé hinh Langmuir 1a 400
mg/g. Vit lieu OMC(SBA-15) c6 thé duoc lya chon duoc st dung tét dé loai bo RhB trong moi
trudng nudc.

TAI LIEU THAM KHAO/ REFERENCES

[1] A. A. Al-Gheethi, Q. M. Azhar, P. S. Kumar, A. A. Yusuf, A. K. Al-Buriahi, R. M. S. R. Mohamed, and M.
M. Al-shaibani, “Sustainable approaches for removing Rhodamine B dye using agricultural waste
adsorbents: A review,” Chemosphere, vol. 287, 2022, Art. no. 132080.

[2] X. Chen, Z. Xue, Y. Yao, W. Wang, F. Zhu, and C. Hong, “Oxidation degradation of rhodamine B in
aqueous by treatment system,” Int. J. Photoenergy, vol. 2012, pp. 1-5, 2012.

[3] S. Saravanan, P. S. Kumar, B. Chitra, and G. Rangasamy, “Biodegradation of textile dye Rhodamine-B by
Brevundimonas diminuta and screening of their breakdown metabolites,” Chemosphere, vol. 308, 2022, Art.
no. 136266.

[4] M. Zhang, X. Sun, C. Wang, Y. Wang, Z. Tan, J. Li, and B. Xi, “Photocatalytic degradation of rhodamine B
using Bi4O5Br2-doped ZSM-5,” Mater. Chem. Phys., vol. 278, 2022, Art. no. 125697.

[5] H. M. H. Gad and A. A. El-Sayed, “Activated carbon from agricultural by-products for the removal of
Rhodamine-B from aqueous solution,” J. Hazard. Mater., vol. 168, no. 2-3, pp. 1070-1081, 20009.

[6] X. Li, J. Shi, and X. Luo, “Enhanced adsorption of rhodamine B from water by Fe-N co-modified biochar:
Preparation, performance, mechanism and reusability,” Bioresour. Technol., vol. 343, 2022, Art. no. 126103.

[7] W. Xiao Z. N. Garba, S. Sun, I. Lawan, L. Wang, M. Lin, and Z. Yuan, “Preparation and evaluation of an
effective activated carbon from white sugar for the adsorption of rhodamine B dye,” J. Clean. Prod., vol.
253, 2020, Art. no. 119989.

[8] K. Liu, H. Li, Y. Wang, X. Gou, and Y. Duan, “Adsorption and removal of rhodamine B from aqueous
solution by tannic acid functionalized graphene,” Colloids Surfaces A Physicochem. Eng. Asp., vol. 477, pp.
35-41, 2015.

[9] C.Liang, Z. Li, and S. Dai, “Mesoporous carbon materials: synthesis and modification,” Angew. Chemie Int.
Ed., vol. 47, no. 20, pp. 3696-3717, 2008.

[10] M. Alkan, M. Dogan, Y. Turhan, 0. Demirbas, and P. Turan, “Adsorption kinetics and mechanism of maxilon
blue 5G dye on sepiolite from aqueous solutions,” Chem. Eng. J., vol. 139, no. 2, pp. 213-223, 2008.

[11]X. Peng, D. Huang, T. Odoom-Wubah, D. Fu, J. Huang, and Q. Qin, “Adsorption of anionic and cationic
dyes on ferromagnetic ordered mesoporous carbon from aqueous solution: equilibrium, thermodynamic and
kinetics,” J. Colloid Interface Sci., vol. 430, pp. 272-282, 2014.

http://jst.tnu.edu.vn 57 Email: jst@tnu.edu.vn


https://scholar.google.com/citations?user=rgN6rZgAAAAJ&hl=vi&oi=sra
https://scholar.google.com/citations?user=rYOPXZ0AAAAJ&hl=vi&oi=sra

