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TOM TAT

Trong nghién clu nay, vat liéu carbon hoat tinh dugc téng hop tir mot loai phé thai ndng nghiép
phé bién & Viét Nam - vo trau - badng phuong phap hoat hoa don gian két hop gitra hoa chat NaOH,
HCl va nhiét do. Cacbon hoat tinh thu dugc c6 kha ndng hdp phu hiéu qua khang sinh ciprofloxacin
trong dung dich nudéc vai dung lugng hdp phu ciprofloxacin cuc dai la 51,199 mg/g. Cac phuong
phép hod Iy hién dai bao gom nhiéu xa tia X (XRD), phé Raman, tén sic nang lugng tia X (EDS),
hién vi dién t&r quét (SEM), hap phu va khit hdp phu N, (BET) déa duagc strdung dé déc trung vat liéu
thu dugc. Biém dién tich khong clia vat liéu da dugc xac dinh. Khd nang hap phu hiéu qua khang
sinh ciprofloxacin clia carbon hoat tinh trong dung dich nudc da dugc chiing minh. Véi dung dich
chua ciprofloxacin c6 néng d6 20 mg/L, pH va liéu lugng chat hdp phu thich hop dé loai hon 90
% ciprofloxacin ra khéi dung dich da dugc lua chon la 6,7 va 1,6 g/L. CAc mé hinh ddng nhiét hdp
phu Langmuir va Freundlich d& dugc st dung dé nghién cliu dang nhiét hdp phu ciprofloxacin 1én
vat liéu carbon hoat tinh va két qua da khdng dinh mé hinh Langmuir mé té tét thuc nghiém. Thoi
gian dat can bang hap phu tang tir 60 dén 80 phut khi ndng do ciprofloxacin ban dau tang tir 10
dén 50 mg/L. Ban chat hod hoc clia qua trinh hdp phu dugc mé ta tét bang mé hinh dong hoc
biéu kién bac hai.

Turkhoa: carbon hoat tinh, vé trdu, mé hinh ddng nhiét Langmuir, hdp phu ciprofloxacin, moé hinh

dong hoc biéu kién bac hai

MG AU

Nhu chung ta da biét, su phét trién nhanh chéng cua
cac nganh cong nghiép da lam ting lugng chit gay 6
nhiém moéi trudng va anh hudng xiu dén stic khoe

s con ngudi. Vivéy, bénh tt gia ting da din dén viéc

sti dung thu6c va dugc phdm ngay cang nhiéu. Trong
s6 do, khang sinh dugc stt dung rong rai trong diéu tri
céc bénh do vi khudn gay ra'. Dic biét, ciprofloxacin
(CFX) la moét trong nhiing khang sinh quan trong c6
kha nang tiéu diét ca vi khuén gram duong va gram
am, beta-lactam hodc aminoglycoside?. Két qua la

2 su gia tang du lugng CFX trong mdi truong giy doc

cho sinh vat trong mdi trudng nudc ngay ca & nong
do thap. Hau qua thi hai la tinh trang khang CFX &
ngudi. Thuc t€ nay da phd bién hon & cic nuée dang
phét trién vi trinh d¢ hoc védn thép. Tai Viét Nam, du
lugng CFX khodng 0,25 mg/L trong nudc thai nudi
trong thity sin va hon 50 mg/L trong nudc thai y t&.
Vi vy, viéc nghién ctu loai bo du lugng khang sinh
trong nudc dang 1a méi quan tdm dac biét ctia nhiéu
nha khoa hoc. Nhiéu ky thuat da dugc ing dung va
phét trién d€ loai bo du lugng khang sinh trong nudc

nhu sti dung mang thdm thau*~%, quang xtc tac’~?,

oxy h6a 1%-12 hoic hdp phy 13-

.. Nhiéu nghién ctiu
da chi ra ring hdp phu la mot trong nhiing phuong
phép hiéu qua, ré tién va phu hgp dé loai bo khéng
sinh trong nuéc theo huéng hoa hoc xanh bang cach
stt dung chat hdp phu than thién véi méi trusng 1>-17.
& Viét Nam va nhiéu nudc c6 nén nong nghiép lua
nudéc, mot lugng 16n vo trau dugc théi ra va ti lau da
dugc sti dung rong rai lam chéit d6t trong cac nganh
cdng nghiép cing nhu trong cac hd gia dinh ndng
thon. Két qua la than trdu chtia ham lugng carbon
cao dugc thai ra. Bang cic phuong phép don gian,
loai carbon nay dugc xt ly thanh than hoat tinh (AC)
va dugc ching minh 1a vét liéu c6 ich cho ting dung
trong nhiéu linh vyc. Mot trong nhiing dic diém
ndi bat ctia AC 1a dién tich bé mit rét 16n gitp hédp
phu nhanh chéng va rét hiéu qua cac chdt mau, mui
hoic cac chit 6 nhiém méi truong '%-22. Do d6, AC
dugc diéu ché ti trdu cé thé dugc st dung lam chit
hép phu hiiu ich d€ loai bo ciprofloxacin khoi dung
dich nuéc!723-2%, Phuong phép téng hop phd bién
ctia AC bao gém hai buéc dugc goi 1a carbon hoa va
hoat ho42°. Loai tdc nhan hoat hoa dong vai tro quan
trong trong viéc kiém soat dién tich bé mit ciia AC thu
dugc?’. Trong nghién ciu nay, AC dugc t8ng hgp tu

Trich dan bai bao nay: Quyén N DV, Tuyén T N, Khiéu D Q, Tin D X, Diém BT H, Nhung N TA, HiN T T,
Hoa DT N, Dung H T T. Téng hgp carbon hoat tinh tif phé thai néng nghiép va iing dung hap phu
hiéu qua khang sinh ciprofloxacin trong dung dich nuéc . Sci. Tech. Dev. J. - Nat. Sci. 2025; ():1-12.
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trdu bing phuong phap hoat hod nhiét két hgp véi tac
nhan héa hocla chlohidric acid. Anh hudng ctia nhiét
do6 hoat hod va tdc nhan héa hoc dén dién tich bé mat
va hinh thai ctia vat liéu dugc nghién ctiu. Su hip phu
CFX1én AC bao gébm anh hudng ctia pH va liéu lugng
chét hdp phy, nghién ciu ding nhiét va dong hoc da
dugc trinh bay trong nghién ctiu nay.

VAT LIEU VA PHUONG PHAP

Téng hop vat liéu

Vo trau (RH) dugc thu gom tai phuong Phu Thugng,
thanh phé Hué, tinh Thtta Thién Hué, Viét Nam. Trdu
sau khi dugc rtia sach bing nudc dugc sdy kho va
nung & nhiét d6 400°C trong 3 gi¢ dé€ thu dugc tro
trdu (RHA). Thanh phan hoa hoc ciia RHA xac dinh
theo phuong phép tiéu chuidn Viét Nam 7131-2002
cho thady RHA chiia 88,16 % SiO; (w/w). Vivay, lugng
silicon nay cén dugc loai bé bang cach ngdm RHA
trong dung dich NaOH trudc khi tong hgp AC. AC
dugc diéu ché tii RH theo quy trinh nhu trinh bay
350 d6 1. RHA dugc ngadm trong dung dich NaOH
véi ty 16 mol NaOH/SiO; va nong d6 NaOH xéc dinh
G 200°C trong 30 phut va sau d6 & nhiét do thuong
trong 24 gid. Chit rdn (A) dugc loc, siy kho va hoat
héa & nhiét do xac dinh trong 3 gi6. Sau d6, A dugc
ngéam trong dung dich HCl v6i ndng d) xac dinh trong
12 gig. Chét rin (B) dugc loc, sdy kho 6 100°C trong
24 gi¢ va hoat hoa lai & nhiét d¢ xac dinh trong 3 gid
dé thu dugc AC.

Pac trung vat liéu

Nhiéu xa tia X (XRD) dugc st dung d€ xdc dinh pha
tinh thé ctia AC thu dugc bang thiét bi RINT2000/PC
(Rigaku, Nhat Ban) véi 6ng anode ché tao bang Cu
c6 K, = 1,54 A, dién ap 6ng 40 kV va dong dién
6ng 40 mA & ché do quét tiing budc (kich thudce
budc 0,0297°). Cau truc cua vat liéu duge danh gia
bang ph6 Raman trén mdy Xplora Plus (Horiba, My).
Thanh phin nguyén t6 ctia vat liéu dugc kiém tra bing
phé tia X phan tén ning lugng (EDS) bang thiét bi Hi-
tachi S4800 (Nhat Ban). Hinh théi cta vat liéu dugc
quan sat qua kinh hién vi dién t&t quét (SEM) (Hitachi
$4800, Nhat Ban). D x8p cta vt liéu dugc xdc dinh
béng phuong phép hép phu va giai hip Ny trén thiét
bi Tristar-3030 (Micromeretics-USA). Phuong phép
xdc dinh gid tri diém tich dién bang khong (PZC) cta
vat liéu dugc dé cdp trong nghién ctu trudc day cua
chiing t6i 8.

Xac dinh CFX trong dung dich
Thiét bi Cary 60 UV Vis (Agilent) dugc sti dung déxac
dinh n6ng d6 CFX bang phuong phip quang phd hdp

thu phan ti UV-Vis & budc séng 271 nm. Phuong
trinh dudng chudn bi€u thi méi tuong quan tuyén
tinh tét gitta do hdp thu (Abs) va néng do CFX dugc
nghién ctiu (Cerpy) (Abs =0,1065.Copy +0,0165) véi
hé s6 x4c dinh rit cao (0,998).

Nghién ciru hap phu

Dé lya chon pH dung dich thich hgp cho qua trinh
hép phy, chin binh chtta hén hgp dung dich CEX va
vatliéu AC véi liéu lugng chat hdp phula 0,5 g/L dugc
chuén bi, pH ctia dung dich dugc diéu chinh ti 3 dén
11 bing HNO3 (0,1 mol/L) va NaOH (0,1 mol/L). T4t
ca cdc mau dugc khudy (300 vong/phut) ¢ 30°C trong
120 phut d€ dat trang thai can bang hip phu. Néng
do CFX con lai ctia tiing mau dugc xdc dinh. D€khao
sat anh hudng ctia li€u lugng chit hip phu dén kha
ning hép phu ctia vét liéu, thi nghiém dugc tién hanh
v6i pH 6n dinh dugc chon ti nghién ctu trén va liéu
lugng chat hdp phu thay d6i tit 0,10 dén 0,20 g/L.
Déi voi nghién ctiu dudng dang nhiét hdp phy, dung
lugng hdp phu dugc tinh todn & cdc ham lugng CFX
ban d4u khac nhau tti 10 dén 50 mg/L, cic moé hinh
dang nhiét phi tuyén tinh Langmuir va Freundlich
dugc st dung d€ mo ta dii liéu thuc nghiém.

Nghién ctiu dong hoc hdp phu dugc thuc hién trong
250 mL dung dich CFX 20 mg/L v6i lugng chat hip
phu xdc dinh. Cu sau 10 phat, 10 mL hén hgp dung
dich CFX va chdt hdp phu dugc 1dy ra, ly tim dung
dich va xac dinh n6ng d¢ CFX. Dii liéu dong hoc hdp
phu dugc nghién ctiu bing moé hinh dong hoc biéu
kién bac mot va bac hai.

KET QUA VA THAO LUAN

Téng hop va dac trung carbon hoat tinh
Anh huéng cua ty Ié mol NaOH:SiO,

V6i muc dich loai bo silicon, tro tru dugc xt Iy bing
dung dich NaOH 2M trong 30 phut & 200°C va sau
d6 ngam & nhiét d6 thuong trong 24 gid va dugc hoat
héa 6 700°C. Nam mau dugc chuén bi véi céc ty 1é
mol NaOH:SiO; khac nhau dao dong tii 1,0 dén 3,0.
Ph6 EDS ctia cdc mau RHA va AC sau khi xti Iy trong
NaOH nhu trinh bay ¢ Hinh 1 va phdn tram khoi
lugng cdc nguyén td chinh c6 trong mau nhu trinh
bay & Bang 1 cho thdy thanh phin nguyén t6 chinh
ctia mau RHA 1a C, Si, O va Si dugc loai bé dan khi
tang dan ty 1¢ mol NaOH:SiO,, trong d6 hau nhu sil-
icon dugc loai bo hét khoi RHA khi sti dung ty 1é mol
NaOH:SiO; tii 2,5.

Anh huéng ctia néng dé HCI
Viéc st dung HCl d€ hoat hoa khong chi lam thay
dé6i dién tich bé mat ctia than hoat tinh thu dugc ma
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Vo triu

2000

Cudng do

1. Rira sach;
2. Nung chén khéng & 400°C trong 3 gid

Tro triu Dung dich NaOH
1. Nau & 200°C trong 30 phut;

2. Ngam ¢ nhiét d¢ thuong trong 24 gio;
3. Loc, say ¢ 100°C trong 24 gio;
4. Nung hoat hoa trong 3 gio.
Chét ran A Dung dich HCI
1. Khuay déu trong 12 gio & nhiét d6 thuong;
2. Loc, siy & 100°C trong 24 gio.

Chat ran B

Nung hoat hoa trong 3 gio.

Carbon hoat tinh

Scheme 1: Quy trinh t6ng hgp carbon hoat tinh tii vé triu.

co
4 Na

PN— AC-Na3,0
P AC-Na25
AN AC-Na2.0
i AP

_ - AC-Nal,5
Ma—— A AC-Nal0

AA Mg KCa Fe
| i RHA
T T T T

T T T T T T T T T 1
1 2 3 4 5 6 ¥
Nang luong (keV)

Hinh 1: Phan tich EDS ctia RHA trudc va sau xu Iy bang NaOH véi cac ty 1é mol NaOH:SiO, khac nhau.
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Bang 1: Phan tram khdéi lugng cac nguyén té chinh trong mau RHA va AC sau khi x@ ly bing NaOH véi ty 1é mol

NaOH:SiO, khac nhau

Nguyén to RHA AC-Nal,0 AC-Nal,5 AC-Na2,0 AC-Na2,5 AC-Na3,0
C 36,26 59,48 64,17 59,12 57,50 47,72

(0] 20,15 27,92 24,51 31,01 31,13 39,84

Si 41,14 7,99 5,26 0,68 0,09 0,08

Na 0,92 2,14 2,89 7,21 9,07 10,31

K 0,42 0,68 0,64 0,41 0,34 0,57

Ca 0,31 0,58 0,62 0,58 0,76 0,67

Al 0,11 0,30 1,05 0,23 0,32 0,16

Mg 0,22 0,35 0,42 0,25 0,23 0,21

Fe 0,48 0,57 0,45 0,51 0,57 0,43

con loai bo kim loai ning khoi RHA. Sau khi xt ly
trong dung dich NaOH 2M véi ty 1¢ mol NaOH:SiO,
14 2,5, RHA dugc nung & 700°C, mau dugc hoat héa
béing dung dich HCl va nung & 700°C d€ tao thanh
AC. Nong do HCI dugc nghién ctiu trong khoang tit
0,02 dén 1,00 M. Dién tich bé mat BET ctia cdc mau
AC dugc kiém tra bang phuong phap hip phu va giai
hép Nj nhu trinh bay trong Bang 2 cho thdy mau AC-
Na2,5-HCl0,05-700 c6 dién tich bé mit BET cao nhit.
Phan tich EDS ctia AC-HCI0,00 (AC-Na2,5-700) va
AC-Na2,5-HCl0,05-700 (Hinh 2) cho thdy hau hét
kim loai ndng déu bj loai bo. Mot lugng nho Mg, Ca,
Cl va S 1a khong dang ké. Diéu nay chiing to vai tro
tich cuc ctia HCI trong viéc loai bo tap chat va ting
dién tich bé mat.

Anh huéng ctia nhiét @6 hoat hoa

1%’ cho ring nhiét d6 kich hoat déng

Zhang va cOng s
mot vai trd quan trong trong viéc hinh thanh cu truc
than hoat tinh. Bay miu AC dugc hoat hoa béing
tac nhan hoéa hoc HCI 0,05 M dugc nung trong diéu
kién chan khong & cdc nhiét d6 khac nhau tit 500 dén
800°C. Hinh théi ciia AC dugc quan sit & tiing nhiét
d6 nhu trong Hinh 3.

Anh SEM trén Hinh 3a cho th&y c4u tric cia RH nung
trong chén khong & 400°C c6 dang hinh que rdi rac,
kich thudc tii 1 dén 10 mm, mot s6 que tap hgp thanh
cum va khong xudt hién 16 x6p. Loai bo silica bing
NaOH va hoat héa & 700°C (Hinh 3b) da loai bé cac
thanh va hinh thanh c4u tric mang. Véi tdc nhan hoat
héa HCI 0,05 M va thay d6i nhiét d¢ hoat hoa tit 500
dén 800°C, céc 16 réng bat dau hinh thanh (Hinh 3¢,
d, e, f, g h, i) va ting dan vé s8 lugng, kich thudce 16.
S8 lugng 16 réng cang 16n thi dién tich bé mat BET
ctia AC cang cao (Bang 3). Trén bé mat AC dugc kich

hoat & nhiét d6 500 va 550°C (Hinh 3c, d) xuit hién
nhiéu hat nho, chung bién mat dan khi ting nhiét do
kich hoat 1én 800°C.

Tu két qua nay c6 thélya chon nhiét d6 hoat héa thich
hgp 12 700°C.

Tom lai, diéu kién thich hgp dé téng hgp AC tii triu
stt dung dong thoi tac nhan hoat héa NaOH va HCl
va nhiét d¢ cao la ty 1¢ mol NaOH:SiO; 2,5, nong do
HCI 0,05 M, nhiét d6 hoat héa 700°C.

Mau XRD dugc biéu thi trong Hinh 4 cho thdy thanh
phén pha chinh ctia AC thu dugc. Pinh rong & 2q tu
20° dén 30° va dinh nhon & 44,3° tuong ting véi cac
mang (002) va (100) dic trung cho pha v6 dinh hinh
ctia than hoat tinh 303!,

K&t qua nay tuong tu v6i két qua phén tich thanh phan
nguyén t6 ctia vat liéu nhu trén Hinh 2, v6i phan tram
trong lugng clia nguyén t6 C la 87,26 %.

C4u truc ctia than hoat tinh thu dugc cing dugc quan
sét thong qua phd Raman ctia vét liéu nhu Hinh 5. Két
qué cho théy pic D tai 1337 cm ™! diic trung cho sy c6
mdt clia cacbon v6 dinh hinh va khuyét tat cdu tric.
C4u tric ctia than chi dugc phét hién ¢ dinh G (G =
graphite) tai 1589 cm™!. Mitc do khuyét tat trong ciu
tric cta vat liéu dugc danh gid bang ty 1é cudng do
dinh D va G (Ip/Ig), ty 1é nay cang l16n thi muc do
Kkhuyét tat cang cao 2.

Phuong phap hép phu va gidi hdp N; dugc st dung
dé dénh gia do xp cua vat liéu AC. Theo phén loai
TUPAC, duong cong hdp phu va giai hip caa vat liéu
thé hién trong Hinh 6 thudc loai IV 3,

biém dién tich khong la mot trong nhiing dic tinh
quan trong ctia chit hdp phu. Hinh 7 hién thi di liéu
déxac dinh diém tich dién khong ctia vat liéu AC. Cac
dudng cong bi€u dién sy phu thu¢c cia pH 7 - pH; vao
pH; trong dung dich NaCl 0,1 M va 0,01 M cit truc
hoanh 14n lugt & pH = 6,1 va 6,25. Hai giao diém thu
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Bang 2: Dién tich bé mat BET ctia cac mau AC dugc hoat héa véi cac néng dé HCl khac nhau

Mau AC-HCI0,00* AC-Na2,5-HCl0,02- AC-Na2,5-HCl0,04- AC-Na2,5-HCl0,05-
700 700 700
Dién tich bé mit BET 684 734 755 859
(m?/g)
Mau AC-Na2,5- AC-Na2,5-HCl0,08- AC-Na2,5-HCl0,10-
HCI0,06-700 700 700
Dién tich bé mit BET 731 657 644
(mz/g)
(*) RHA dugc xii ly trong NaOH va hoat héa 6 700° C (AC-Na2,5-700).
5000
SO0 c Ngu}:n th  Khdi :;q;:]g (%)
1C [5) EYRE]
- si 0,09
4000 1 Na 9,07
K 0,34
Ca 0.76
] 0091 g Al 0,32
Me 0,23
- 3000 200 Mg Al Fe 0,57
o Na //
o U si K < Fe
,g | 0 _......-'\-«A-—_ N
S -
2000
Nguyén to  Khoi lwong (%)  Nguyén to  Khoi lrong (%)
1 G 87,26 Cl 0,49
O 11,44 Ca 0,42
1000 =
Mg 0,23 S 0,16
1R Mg S Ca  AC-Na2,5-HC10,05-700
0 ] 7 S iy
T T T T T T T T T T T T T 1
1 2 3 4 5 6 7

NE‘mg luong (keV)

Hinh 2: Phé EDS clia caéc mau AC-HCI0,00 va AC-Na2,5-HCl0,05-700.

Bang 3: Dién tich bé mat BET clia cac mau AC dugc kich hoat & cac nhiét d6 khac nhau

Méu AC-Na2,5-700  AC-Na2,5-HCl0,05-  AC-Na2,5-HCI0,05-  AC-Na2,5-HCl0,05-
500 550 600
Dién tich bé mit BET 684 698 705 760
(m?/g)
Méu AC-Na2,5- AC-Na2,5-HCl0,05-  AC-Na2,5-HCI0,05-  AC-Na2,5-HCl0,05-
HCI0,05-650 700 750 800
Dién tich bé mit BET 831 859 811 796

(m?/g)
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AC-Na2,5-HCI0,05-700 (g) &

\ NPT

AC-Na2,5-HCl10,05-750 (h)
o

Hinh 3: Hinh thai ciia mau RH nung trong chan khéng & 400°C (a), AC thu dugc sau khi x ly trong dung dich
NaOH va hoat héa & 700°C (b), cac mau AC dugc hoat héa bang HCl va & 500°C (c), 550°C (d), 600°C (e ), 650°C (f),
700°C (g), 750°C (h), 800°C (i).

25 1 (002)

il (100)

Cudng do
o

0 T T T T T T T T T T |
10 20 30 40 50 60

26 (d0)

Hinh 4: Phd XRD ctia mau AC-Na2,5-HCl0,05-700.
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Hinh 5: Phé Raman clla mau AC-Na2,5-HCl0,05-700.
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Hinh 6: DO thi tuyén tinh hap phu va gidi hap N, clla mau AC-Na2,5-HCl0,05-700.
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Hinh 7: D6 thi xac dinh PZC ctia mau AC-Na2,5-HCl0,05-700 st dung NaCl 0,1 M (a) va NaCl 0,01 M (b).

dugc khé gin nhau nén c6 thé coi sy khéc biét gitia
ching la do sai s6 thuc nghiém. Gid trji diém tich dién
khong ctia vat liéu AC dugc xac dinh vao khoang 6,1
-6,2.

Nghién ctu hap phu ciprofloxacin lén vat
liéu AC

Két qua cho thdy, viéc tang pH ctia dung dich tit 3 1én
6 gitp nang cao hiéu qua hdp phu CFX nhanh chéng
tit 39 % 1én khoang 76 % & pH 6-7 va sau d6 giam déan
xudng 19,3 % & pH 11. Diéu nay cho thdy pH la 6-
7 thuén lgi cho qua trinh hdp phu CFX vé6i nong do
CFX ban d4u 1a 20 mg/L va liéu lugng chat hip phu la
0,5 g/L.

pK, ctia CFX (Hinh 8) gom 5,9 (pK,1) va 8,9 (pK,2).
O pH thép hon pK,y, chit bi hdp phu tén tai & dang
cation HOOC-CjgH ¢FN,O-NH, ", pH cang thdp
thi cation cang bén. O pH cao hon pK,; sé xudt hién
dang anion -OOC-C;¢H6FN,O-NH va anion nay sé
bén hon & pH cao hon. Dang zwitterionic (-OOC-
C16H16FN20O-NH; ™) xudt hién trong khoang pH tit
pKa1 dén pKa2 3,

O O

OH

Hinh 8: Ciprofloxacin.

Su thay déi hiéu suét hdp phu CFX theo pH c6 thé
dugc giai thich dua trén gia tri PZC cta AC (~ 6,1).
Khi pH cta dung dich thidp hon 6,1, bé mit AC

tich dién duong va dién tich duong sé giam néu pH
tang dén tui 3 1én 6, cac cation HOOC-C6H|¢FN,O-
NH, ™ dé dang bi hut vé bé mit AC lam ting hiéu
qué hép phu. Ngugc lai, khi pH ctia dung dich cao
hon 6,1 thi bé mét ciia AC sé 4m va dién tich &m cang
16n hon khi pH tang ti 7 1én 11, cac anion (TOOC-
Ci16H6FN>O-NH) va dang zwitterionic (TOOC -
C16HFN,O-NH, ™) kho tiép xtic v6i bé mit vat lieu
nén hiéu suit hdp phu thdp. Hiéu suit hdp phu t6i da
(khoang 77%) dat dugc & pH khoang 6-7.

Liéu lugng chét hip phu dugc khao sat tit 0,1 dén 2,0
g/L trong dung dich CFX 20 mg/L, & pH 7. Hiéu suit
hép phu dat trén 90% 6 liéu lugng 1,0 g/L. Sau do, gan
nhu CFX bi loai bo khoi dung dich khi ting liéu lugng
chét hdp phulén 1,6 g/L.

Nghién citu ddng nhiét hap phu

Nghién ctu dudng ding nhiét hip phu CFX lén vat
liéu AC tong hop tit RH dugc thuc hién dya trén dnh
hudng ctia ndong do CFX ban d4u dén dung lugng hép
phu CFX cua vét liéu AC. Nam c6¢ 100 mL chida 50
mL dung dich CFX (néng d6 CFX ban d4u lan lugt
1a 10; 20; 30; 40 va 50 mg/L) va AC véi liéu lugng 0,5
g/L dugc khudy manh trong 180 phut cho dén khi qua
trinh hdp phu dat trang théi can bang. Dun lugng hdp
phu & trang thai can bang dugc xac dinh theo phuong
trinh (1) nhu sau:

Qe = (¢ - €¢).V/m (1)

trong dé g, 1a dung lugng hdp phu CFX (mg/g), C, va
C, lan lugt 1a néng do CFX trudc va sau khi hdp phuy,
m 1a khoi lugng AC va V la thé tich dung dich CFX.
Cac m6 hinh dudng ding nhiét hdp phu Langmuir va
Freundlich di dugc stt dung dé phén tich dit liéu thuc
nghiém nhu dugc trinh bay & phuong trinh (2) va (3).
Két qua dugc trinh bay ¢ Hinh 9.

Qe = (@uKrce)/(1+Kpc.) (2)

Qe = KFCI/ne (3)
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Hinh 9: Budng dang nhiét phi tuyén tinh Langmuir (A) va Freundlich (B) vé su h&p phu CFX clia vat liéu AC.

Bang 4: Cac théng s6 déang nhiét theo mé hinh Langmuir va Freundlich ctia qua trinh hap phu CFX trén vat liéu

AC
M0 hinh Langmuir M0 hinh Freundlich
qm (mg/g) Kz R? 1/n Kr R?
51,199 0,347 0,969 0,085 32,895 0,903

trong d6, Ky, 1a hang s6 Langmuir lién quan dén kha
néng hép phuy; va Kr va n 1a cac hing s6 Freundlich.
C6 thé thiy rdng hé s6 xéc dinh ctia mo hinh Lang-
muir cao hon so v6i moé hinh Freundlich (Bang 4), tuy
nhién, su chénh 1éch khong 16n. Diéu nay chiing to sy
hép phu cha yéu & dang don 16p v6i bé mat da nang
lugng. Gia tri 1/n tinh toan tli phuong trinh phi tuyén
tinh Freundlich ndm trong khoang tit 0 dén 0,5, cho
théy kha nidng hip phu la thuan lgi>>. Dung lugng
hép phu don 16p (q,,,) suy ra tii md hinh Langmuir
déu kha cao (51,199 mg/g).

Nghién citu déng hoc hap phu

Két qua 6 Hinh 10 cho thdy dung lugng hap phu CFX
cua vétliéu AC tang nhanh trong 10 phut hap phu ddu
tién, sau d6 ting dan cho dén khi dat can bang hép
phu. D6i véi ndéng do CFX ban dau la 10 va 20 mg/L,
trang thai can bang hip phu dat dugc sau khoang 60
phat. Thdéi gian nay 1a 70 phut d6i véi néng do CFX
ban dau la 30 va 40 mg/L; 80 phut cho néng d6 CFX
ban dau la 50 mg/L. Sau khi dat dén trang thdi can
bang hdp phuy, dung lugng thay déi khéng dang ké
theo thai gian.

V6i muc dich danh gid ban chit dong hoc ctia qud
trinh hip phu CFX 1én vétliéu AC, mo6 hinh dong hoc
béc nhédt (LFO) (phuong trinh (4)) ctia Lagergren va
mo hinh dong hoc bac hai (PSO) ctia Ho** (phuong
trinh (5)) da dugc ap dung. Cac mo hinh nay lan lugt
dugc dua ra nhu sau:

In(qe - q/) = Inge - kit (4)

t/q = 1/(k2q26) +1t/qe (5)

Trong d6 k; va k; lan lugt 1a hang s6 tdc do bac nhit
va bac hai

Nghién ctiu dugc thuc hién & cidc ham lugng CFX ban
dau khéc nhau tii 10 dén 50 mg/L nhu trinh bay &
Hinh 11. Két qua cho thiy cic hé s6 xdc dinh cua
phuong trinh dong hoc bac hai & moi nong do déu
cao hon hé s6 xac dinh ctia phuong trinh dong hoc
béac nhit & tdt ca cac noéng do. Bang 5 cho thédy gia
tri dung lugng hédp phu can bang thuc nghiém (g, ;,))
gan vdi gid tri nay (q,(y,)) duoc tinh ti phuong trinh
dong hoc bac hai & tat ca cdc ndong do CFX hon so véi
gid tri nay dugc tinh tu phuong trinh dong hoc bac
nhit (q,(4)). Di€u nay chiing t6 mo hinh dong hoc
béc hai mo ta tot di liéu thuc nghiém. Noi cach khéc,
su hip phu CFX 1én vét liéu AC ¢ khoang nong d¢ tu
10 dén 50 mg/L dugc du doan 1a mot qud trinh hép
phu héa hoc.

Céc gid tri hdng s6 téc d6 dugc tinh todn tit phuong
trinh déng hoc béc hai ctia Ho va tdc d6 hdp phu ban
d4u gidm dan khi ting n6ng do CFX tii 101én 50 mg/L.
Diéu nay la do néng dd CFX cao hon sé lam tang
tuong tac gitia cac phan ti chét hip phu dan dén su
canh tranh bé mit tang theo cdp s6 nhén (h = k.qez).

KET LUAN

Carbon hoat tinh t6ng hgp ti vo trdu la chat hdp phu
hiéu qua trong viéc loai bo khang sinh ciprofloxacin
khoi dung dich nuédc. Ty1é mol ciia NaOH:SiO; 14 2,5;
ndng d6 HCl la 0,05 M va nhiét d6 hoat hod 700°C la
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Hinh 10: Anh huéng clia thai gian hdp phu dén kha ning hap phu CFX cua vat liéu AC.

(A)

1 10 mg/L: In(q-q) =-0,111t +2,823, R = 0.987
6 20mg/L: In(q.-q,) = -0,038t + 2,506, R* = 0.959
30 mg/L: In(q,-q,) = -0,033t + 2,974, R = 0.947

5 |
= 40 mg/L: In(q.-q,) =-0,037t + 3,135, R*=0.963
& 41 50 mg/L: In(q-q,) = -0,034t + 3,094, R? = 0.981
£ 3 ¢ .

24

B)
10 mg/L: t/q, = 0,0462t + 0,1471, R? = 0.999
20 mg/L: t/q, = 0,0320t + 0,1595, R>=0.999
30 mg/L: t/q, = 0,0239t + 0,1769, R? = 0.997
40 mg/L: t/q, = 0,0215t + 0,1770, R>= 0.997
50 mg/L: t/q, = 0,0189t +0,1717, R = 0.995

T
120

T
100

Hinh 11: Nghién ctu déng hoc bac nhat (A) va bac hai (B) vé su hap phu CFX trén vat liéu AC.
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Bang 5: Dung lugng hdp phu can béng thuc nghiém (q,,,)), héng s6 t6c dd biéu kién (k) va téc dd hdp phu ban

dau (h) thu dugc tir cac phuong trinh déng hoc

Noéng d6 Mo hinh dong hoc bac nhdt Mo hinh dong hoc bac hai Ho qe(tn)
CFX ban dau  Lagergren (mg/g)
(mg/L)

Qe(La) ki 9e(Ho) ko h

(mg/g) (L/s) (mg/g) (g/mg.s) (mg/L.s)
10 16,8 0,1106 21,6 0,0145 6,09 20,5
20 12,3 0,0382 31,3 0,0064 5,64 29,7
30 19,6 0,0334 41,8 0,0033 5,07 39,2
40 22,9 0,0369 46,5 0,0026 4,72 42,6
50 21,9 0,0339 49,5 0,0021 4,56 46,6

diéu kién thich hgp d€ hoat héa AC. O pH bing 7,
héu hét CFX dugc loai boé khoi dung dich nuéc véi
liéu lugng hdp phu 1a 1,6 g/L. Ca hai mé hinh déng
nhiét Langmuir va Freundlich déu mo ta t6t di liéu
thuc nghiém. Su gia ting ndng d6 CFX ban ddu lam
tang thoi gian can bing hdp phu. Ban chét hdp phu
hod hoc ctia qua trinh hdp phu CFX 1én vat liéu AC
da dugc ching minh théng qua moé hinh dong hoc
bac hai ctia Ho.

DANH MUC CAC TU VIET TAT

XRD: nhiéu xa tia X

EDS: phd tan xa nang lugng tia X
SEM: hién vi dién tt quét

BET: Brunauer-Emmett-Teller
CFX: ciprofloxacin

AC: carbon hoat tinh

RH: v6 trau

RHA: tro trdu

PZC: diém dién tich khong

XUNG POT LOI iCH

Céc tac gia dong y khong co bat ky xung dot lgi ich
nao lién quan dén cac két qua da cong bé.

PONG GOP CUA CAC TAC GIA

Nguyén Dic Vi Quyén: lam thuc nghiém, xt ly s6
liéu, viét bai bdo

Tran Ngoc Tuyén: xt ly s6 liéu, viét bai bao

binh Quang Khiéu: xti ly s6 liéu, viét bai bao

Ping Xuan Tin: lam thuc nghiém

Bui Thi Hoang Diém: lam thuyc nghiém

Nguyén Thi Ai Nhung: xt 1y s6 liéu, viét bai bao
Nguyén Thi Thanh Hai: 1am thuc nghiém

Ping Thi Ngoc Hoa: lam thuc nghiém

Ho Thi Thuy Dung: lam thuc nghiém
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Nam (Pé tai cdp Bo s6 B2023-DHH-13).
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Activated carbon preparation from agricultural waste and
application for effective adsorption of ciprofloxacin from aqueous
solution

Nguyen Duc Vu Quyen'", Tran Ngoc Tuyen’, Dinh Quang Khieu', Dang Xuan Tin', Bui Thi Hoang Diem’,
Nguyen Thi Ai Nhung', Nguyen Thi Thanh Hai', Dang Thi Ngoc Hoa?, Ho Thi Thuy Dung?

AT ABSTRACT
Y. In the present study, activated carbon is synthesized from a common type of agricultural waste
Elatha in Vietnam - rice husks - by a simple activation method that combines chemical including NaOH
Use your smartphone to scan this and HCl with temperature. The resulting activated carbon exhibits the effective adsorption of
QR code and download this article ciprofloxacin antibiotic from aqueous solution with a maximum adsorption capacity of 51.199

mg/g. Modern physicochemical methods including X-ray diffraction (XRD), Raman spectroscopy,
energy dispersive X-ray spectroscopy (EDS), scanning electron microscopy (SEM), and N, adsorp-
tion and desorption (BET) have been used to characterize the resulting material. The zero charge
point of the material has been determined. The effective adsorption of activated carbon for
ciprofloxacin from aqueous solution has been demonstrated. With a solution containing 20 mg/L
ciprofloxacin, more than 90% of ciprofloxacin is removed from the solution at the appropriate pH
of 6,7 and adsorbent dosage of 1.6 g/L. The Langmuir and Freundlich adsorption isotherm models
were used to study the adsorption isotherm of ciprofloxacin onto activated carbon and the results
confirmed that the Langmuir model well described the experiment. The adsorption equilibrium
"Department of Chemistry, University of time increased from 60 to 80 minutes when the initial ciprofloxacin concentration increased from
Sciences, Hue University, 77 Nguyen Hue 10 to 50 mg/L. The chemical nature of the adsorption is well described by the apparent second-
Str., Hue City, Vietnam order kinetic model.

Key words: activated carbon, rice husk, Langmuir isotherm model, ciprofloxacin adsorption,
pseudo-second-order kinetic model
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