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University This study investigates the adsorption capacity of lead ions (Pb) on
two types of TiO; nanomaterials, synthesized from the extracts of
Phyllanthus ~ urinaria (Phyllanthus urinaria) and lemongrass
(Cymbopogon citratus) with Titanium isopropoxide using the sol-gel
method. The experimental results show that TiO@Cymbopogon
citratus has better adsorption performance at pH 6, with an
adsorption time of 120 minutes, a dosage of 0.01 g, and a Pb
concentration of 50 mg/L. The adsorption kinetics follow the second-
order and Elovich models. Adsorption process of TiO@Cymbopogon
citratus  follows the Langmuir isotherm model (single-layer
adsorption), while TiOx@Phyllanthus urinaria follows the Freundlich
isotherm model (multi-layer adsorption). Moreover, the maximum
adsorption capacity (qmay) of TiO@Cymbopogon citratus (qmax = 467
mg/g) is higher than that of TiOx@Phyllanthus urinaria (qmax = 362.7
mg/g). The study concludes that plant-extracted combined with TiO,
are effective adsorbents for removing Pb in aqueous solution.
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1. GIOI THIEU

O nhiém kim loai ning, dic biét la chi (Pb) trong
nguon nudée 1a mot trong nhimg van dé nghiém trong
va cap bach hién nay. Chi duoc biét dén nhu mot
chat doc manh c6 kha ning tich ty trong co thé, gay
ra nhiéu hé luy cho stic khoe con nguoi, nhu t6n
thuong than kinh, suy than, rdi loan mau va cac bénh
man tinh khac (Collin et al., 2022). Trong d9, tré¢ em
va phu nir mang thai 1a nhom d6i twong dé bi anh
huong nang né nhat khi tiép xuc vai chi, voi kha
nang gay ra cac 1 loan phat trién va glam tri tué
(Edwards, 2014). Ngoai nhitng hdu qua vé strc khoe,
chi con gy anh huodng tiéu cuc dén hé sinh thai
nudc, lam suy giam chit lugng nudc, anh huong dén
da dang sinh hoc va lam gia tang nguy co suy thoai
mo6i truong (Collin et al., 2022). O cac qudc gia dang
phat trién, noi quy trinh xtr Iy nudc thai cong nghiép
va quan 1y 6 nhiém moéi truong con han ché, tinh
trang nhiém chi trong nuéc dang tré nén phd bién va
kho kiém soat (Nguyen et al., 2018).

Trudc nhitng thach thuc nay, viéc tim kiém cac
giai phap xir Iy nudc 6 nhiém chi hiéu qua, than
thién vi moi trudng va chi phi thap di try thanh mot
hudéng nghién clru quan trong. Mot trong nhiing
phuong phép tiém ning dang dwoc nhiéu nha khoa
hoc quan tam la su dung vat li¢u hép phuy, trong d6
TiO: (Titanium dioxide) 1a mét trong nhitng chat hip
phu hiéu qua. TiO; dugce biét dén voi cac dic tinh
wu viét nhu 6n dinh héa hoc, bén viing va khong gay
doc hai (Tran et al., 2021). Béc biét, kha nang quang
xuc tac dudi anh sang tia cyc tim cua TiO, da duge
Ung dung rong réi trong viéc xur ly cac chat 6 nhiém
hiru co va diét khuan trong nudc (Ahmad et al.,
2020). Tuy nhién, hiéu qua hap phy céc ion kim loz_n
ning, dic biét 1 chi cua TiO; van con han ché, chi
yéu do kha ning twong tac cua bé mat vat lidu chua
dt manh.

Nham tang cuong kha ning hip phu chi, mot sd
nghién ciru gan day da dugc thir nghiém két hop
TiO; v6i cac phu gia hitu co hodc chiét xuat tir thuc
vat. Cac chiét xuat tir thyc vat khong chi gilp tang
kha ning hap phu ma con mang lai loi ich vé mit
bén vitng moi trudng, do cac hop chat ty nhién de
phan hay sinh hoc va khong gay 6 nhidm thir cap
(Panneerselvam et al., 2021). Trong céac loai thuc
vat, 14 sa (Cymbopogon citratus) chita nhiéu hop
chat hiru co nhu flavonoid va phenol, cé kha ning
tao lién két véi cac ion kim loai, tir d6 gia tang hi¢u
quéa hip phu (Oladeji et al., 2019). Ngoai ra, 14 diép
ha chau (Phyllanthus urinaria) cling dugc chiing
minh ¢ chira cdc hop chit chdng oxy hoéa manh,
giup tang kha nang tuong tac va gitt lai ion kim loai
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ndng trén bé mit vat liéu (Panneerselvam et al.,
2021).

Nghién ciru nay duge thyc hién nham danh gia
kha nang hip phy ion chi (Pb) ctia hai loai dich chiét
tur 14 sa (Cymbopogon citratus) va 1a diép ha chau
(Phyllanthus urinaria) k& hop véi titanium
isopropoxide dudi cac diéu kién thi nghiém theo me.
Céc yéu tb anh huong dén kha nang hap phu cua cac
vét liéu nay, bao gdbm pH, thoi gian tiép xtic, nong
dd Pb va licu lwong vat liéu, dugc danh gia mot cach
chi tiét. Két qua thi nghiém dugc phén tich va so
sanh duya trén cac mo hinh dong hoc hip phu va dang
nhiét, nhdm 1am r& hon co ché va hiéu qua hap phu
clia cac vt lidu chiét xuét tir 14 sa va 14 di¢p ha chau
két hop véi titanium isopropoxide.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoéa chit va thiét bi

Titanium isopropoxide (TiO») c6 xudt x{r tir
Samchun (Han Quéc), dung dich chuén chi, HCI,
NaOH va cac hoa chat dugc sir dung trong nghién
cliru co xuﬁt xir tir Merck (Dic). Dung dich goc Pb
dugc chuan bi bang cach pha lodng dung dich chuan
chi (C,=1000 mg/L) theo ndng d6 mong mudn cta
ting thi nghiém. pH cta dung dich dugc diéu chinh
bang HCl 0,IM va NaOH 0,IM, mdy do pH
(Horiba) dugc sir dung dé do pH dung dich. Nong
do Pb trong dung dich dwoc xac dinh bang miy
quang phd hap thu nguyén tir (AAS - PinAACle
900T).

Quy trinh tong hop vat liéu tir hdn hop dich chiét
cua 14 di€p ha chau (Phyllanthus urinaria) voéi
Titanium Isopropoxide (TiO@Phyllanthus
urinaria): Cay Phyllanthus urinaria sau khi thu vé
dugc rira sach (loai bo than va 1é cay) bang nudc
mdy va nuoc cét nhiéu lan dé loai bo bui ban va tap
chat, phoi kho duédi anh sing mit troi. L4 sau khi
phoi kho s€ dugc xay thanh bt va loc qua ray (ludi
ray c6 kich thudgc 500um). Sau do, 20 gram bot 14
kho duoc can va ngam trong 150 mL nude cét, sir
dung thiét bi c¢6 quay chan khong & 50°C va ap suét
72 mbar trong khoang 2 gid. Dich chiét dugc loc qua
gidy loc Whatman No. 1. Dich chiét dugc khuay lién
tuc trong 4 gio, thém tung giot 20 mL titanium
isopropoxide ImM vao 50 mL dich chiét. Sau 4 gio,
dich chuyén sang mau tring duc véi sy hinh thanh
hat nano TiO». Dich duoc ly tim & 5000 vong/phut
trong 20 phut dé thu cin. Can thu duge duoc khir
nude & 80°C trong 4 giv dé thu bot nano TiO,. Bot
dugc nung ¢ 600°C trong 3 gio, sau do nghién va
ray (kich thudc 75mm) dé thu bot nano TiO, cho cac
thi nghiém tiép theo (Panneerselvam et al., 2021).
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Hinh 1. Quy trinh tong hgp nano TiO: tir chiét xuit 14 Diép ha chau (Phyllanthus urinaria) va 14 Sa
(Cymbopogon citratus)

Quy trinh tong hop vat liéu nano TiO, tir hn hop
dich chiét cua 14 sa (Cymbopogon citratus) voi
titanium  isopropoxide (TiO,@Cymbopogon
citratus): L4 sa tuoi duoc rira sach bang nudc may
va nudc cat, sau d6 cit nho va say kho & 60°C trong
6 gio. Cudi cung, 14 dugc nghién nho dé thu bot 14
sa min (d = 0,5 mm). Chiét xuat dugc thuc hién bang
may cd quay tur 50 g bot 14 sa ngdm trong 250 mL
ethanol 10% trong 3 gio. Dich chiét dwoc huu trir &
4°C cho dén khi sir dung. Tiép theo, 5 mL titanium
isopropoxide duoc pha tron voi 20 mL dich chiét 14
sa va siéu am trong 30 phiit. Hop chat thu duge duge
rira hai 1an bing ethanol va nudc cat (ti 18 70%), sau
d6 tach ly bang may ly tam & 6000 vong/phut trong
15 phut. Hat nano TiO, duoc sdy kho ¢ 80°C, sau d6
nung ¢ 550°C trong 2 gio. Cubi cung, vt liéu dugc
nghién va sang véi kich thude d = 75um va sin sang
cho cac thi nghiém tiép theo (Izvle & Trave, 2020).

2.2. Thi nghiém va phuong phap nghién ctru

Céc thi nghiém anh hudng dén qua trinh hap phu
duge bo tri theo thir ty tir anh hudng pH (2 - 10),
khoi luong vét liéu (0,01 - 0,04 g), thoi gian hap phu
(1 — 240 phut) va nong do Pb ban dau (10 — 100
mg/L).

Luong hap phu (g, mg/g) dugc xac dinh theo
cong thuc (1).

Co—C.).V
q — ( 0 E) (1)
m

Hiéu suat hap phu (H, %) dugc tinh dwa trén

phuong trinh (2):

(C, — C,).100

H =
Co

2)
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Trong d6: V 14 thé tich dung dich (L), m 1a khoi
lugng vat lidu (g), Co 1a nong do chat bi hap phu
trong dung dich ban dau (mg/L) va C. 1a ndng do
chat bi hip phu trong dung dich cin bang (mg/L).

Binh phuong trung binh sai s6 (R?) va kiém dinh
chi binh phwong (x*) dugc st dung dé danh gia su
phu hop ctia phuong trinh dwdng dang nhiét hip phu
va dong hoc hip phuy tir dir lidu thuc nghiém trong
viée xac dinh cac tham sb mé hinh.

Binh phuong trung binh sai s6 con lai dugc biéu
thi bang phuong trinh (3):

2
Z?:l(‘h,exp _QE,cal)
Z?:l(QE,exp _QE,cal)Z

R?>=1- 3)
Kiém dinh chi binh phuong dugc tinh dya trén
phuong trinh (4):

2_yn (QE,exp_QE,cal)z

X i=1 4)

de,cal
Gia tri * cang nho 1a dau hiéu cho thdy md hinh
phu hgp tot vdi qua trinh hap phu (Musah et al.,
2018).

Trong d6: Chi s6 ‘exp’ va ‘cal’ 1 cac gia tri thuc
nghiém va 1y thuyét cla qe, n 1a sb nghiém thirc
trong thi nghiém. Gia tri R cang gan vé 1 va y* cang
gan vé 0 cho thiy sy phtt hop t6t hon cho qua trinh
hép phu.

Ngoai ra, trong nghién ctru nay cac mé hinh dang
nhiét hap phu va dong hoc hap phu ciing dugc phan
tich, cdc m6 hinh duogc trinh bay & Bang 1.
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Bang 1. Cac dwong diang nhiét hiap phu va dong hoc hip phu

Phuong trinh ~ Phuong trinh tuyén tinh Biéu do
Dang nhiét hap phu
K, C C C 1 .
o = Tmax1le e__Ze 4 Le phu thudc bién Ce
1 + KL Ce 9e Qmax qmaka e
Trong do:

L .
(f;r%;;l&ir 1918) de 1a dung luong hap phu tai thoi diém can bang (mg/g),

C. la nong d6 can bang ctia chat bi hip phu con lai trong dung dich (mg/L),
Qmax la luong chat bi hap phu cuc dai (mg/g), i )
K1 1a hing s6 nang lugng hap phu theo md hinh dang nhiét hap phu Langmuir (L/mg).

1 %
g, = KFCEI/” Ing, = InK, + - InC, Inqg. phu thudc bién InC.
Trong do: ) i .
Freundlich de: Dung lugng héap phu tai thoi diém cén bang (mg/g),

(Freundlich, 1907) C.: Nong do can bang ciia chat bi hip phu con lai trong dung dich (mg/L),
Ky: Hang s6 dang nhiét Freundlich ¢6 quan hé dén dung lwong hip phu

(mg/g)(mg/L)",
n: Hang s6 dang nhiét Freundlich c6 quan hé d&n cudng d6 hap phu.
RT RT RT A 1k
Ge =" In(C,Ky) qe = 7 InC, + 5 InK, de phu thudc bién InCe
Trong do:
Temkin R 14 hing s6 khi tinh bang J/(mol K),
T 12 nhiét d6 tinh bang K,

bla hér}g s0 Temkin lién quan dén nhiét hap phu tinh bang J/mol,
Kr 1a hing s6 dang nhi¢t Temkin tinh bang L/g.
Péong hoc hip phu

Pong hoc biéu dq _ N
Kién bc 1 dtt ki(q. — q,) In(q. — q.) =Inq, — kyt;  In(ge-q) phu thudc bién t
Trong do:

g 1a dung luong hép phu tai thoi diém can bang (mg/g),
qt 1a dung luong hép phu tai thoi diém t (mg/g),
k; 12 hang s6 toc do hap phu biéu kién bac 1 (min™).

Pong hoc biéu th 2 t_ 1 i oc bié
kién bac 2 a k(e — a0 9 kyq,? N 9e ‘ logtia phy thud bién
Trong do:

g 1a dung luong hép phu tai thoi diém can bang (mg/g),
qt 1a dung luong hap phu tai thoi diém t (mg/g),
k> 12 hang s0 toc d6 hap phu bicu kién bac 2 (g/mg. phut).

d 1 1 ,
Elovich d_qt — aexp (=B4,) 4 = 5In (@f) + 5 lnt q¢ phu thudc bién Int
Trong do:

q 14 dung lwong hép phu tai thoi diém t (mg/g),

t 1a thoi gian hap phu (phut),

o 1a tbc d6 hap phu ban dau (mg/g.phit),

B 1a hing s6 dong hoc Elovich c6 lién quan dén viéc mé rong do che phu bé mat va
ning lugng kich hoat cho qué trinh hip phu hoa hoc (g/mg).

< P 2 " cac nhoém chuce chira oxy trén bé mat vat li€u phu
3. K}?T QUA VA THAO LUAN thudc pH dung dich (Zhang et al., 2012). Qua trinh
3.1. Anh hwéng cia pH hip phu bi anh huéng boi sy thay d6i pH duoc
chimg minh bang sy phan ly ctia cdc nhom chire trén
bé mit cta vat liéu hap phu. Két qua thi nghiém anh
huong pH dbi véi qué trinh hip phu cua Pb trén hai

Két qua ctia nhidu nghién ctru da chi ra rang, pH
cua dung dich anh huong dén su hap phu cac chat 6
nhiém vao vat liéu hap phy, di€u nay lién quan dén
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loai vat liéu TiO,@Phyllanthus urinaria va
TiO@Cymbopogon citratus dugc thé hién o
Hinh 2.

%250 1 - 100
on = _ —_ - =

= 200 - s
g S
= 150 A =
"E - 50°E
& 100 H
5 L 25
ey

g 0 . . . . 0

E 2 4 8 10

H
B [urong Pb bi hip phE boi TiO2@Cymbopogon citratus
Lugng Pb bi hép phy boi TiO2@Phyllanthus urinaria
——@— Hiéu suit hip phu Pb ciia TiO2@Cymbopogon citratus
Hiéu suit hip phu Pb cia TiO2@Phyllanthus urinaria

Hinh 2. Anh huéng ciia pH dén kha ning hap
phu Pb

(Diéu kién thi nghiém: pH =2 - 10, Cy = 50 mg/L, m =
0,01 g t =120 phut, V =50 mL, toc do lac 60 vong/phuit,
T = 25+2°C).

Déi véi vat liéu TiO»@Phyllanthus urinaria, két
qua Hinh 2 cho théy lugng hap phu Pb ty 1é thuan
v6i pH. Lugng hap phu tang tir pH ~ 2 (223,7 mg/g)
dénpH=~10(229,5 mg/g) khac biét c6 y nghia thong
ké (p<0,05). Hi¢u suat hap phu thap nhat 1a 92,48%
tai pH =~ 2 va cao nhat 14 94,89% tai pH = 10. O pH
> 6, higu suat c6 sy khac biét khong dang keé:
94,53% tai pH =~ 6, 94,79% tai pH =~ 8 va 94,89% tai
pH = 10. Hi¢u suét hép phu xdy ra hién tugng bao
hoa khi pH > 6. Ngoai ra, c6 thé thy rang khi pH
qué thip, sy hién dién nong d6 ion H' trong dung
dich cao hon, canh tranh véi cac ion kim loai vé vi
tri hip phu ctia chat hip phu sinh hoc (Farah et al.,
2021).

Dbi véi vat lieu TiO,@Cymbopogon citratus,
lugng hip phu Pb cua TiO, ting tr pH 2 (228,5
mg/g) dén pH 6 (238,1 mg/g) va ting khong dang ké
6 pH 8 va pH 10. Du c6 su khac biét gitra pH 6 va
pH 8, nhung khong c6 ¥ nghia thong ké. Hiéu suat
hap phu ciing tang tir pH 2 (94,46%) dén pH 6
(98,41%) va tang nhe & pH 10 (98,91%), nhung
khéac biét khong co y nghia thong ké.

Khi diéu chinh tir pH 8 tr& 1én s& c6 hién tugng
két tia tring do cac ion kim loai bat dau két tia voi
cac ion hydroxyl khi &p dung d6 pH cao hon pH 7
(Yang et al., 2018). Bén canh d6, nghién ctru cua
Nguyen et al. (2008) khi & pH > 7,5 nhiing dung
dich c6 ham luong Pb cao sé& dé dang bi két toa
Pb(OH), ngay trudc khi tuong tic v4i nano sit. Do
d6, vat liéu TiO, c6 kha niang hap phu thich hop nhat
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& pH 6, diéu nay ciing dugc tim thiy & nghién ciru
cua nhom tac gia Panneerselvam et al. (2021) khi st
dung chiét xuat cua l1a diép ha chau két hop véi
titanium isopropoxide lam vat liéu hép phu thude
nhudm methyl da cam. Do d6 pH 6 dugc chon cho
céc thi nghiém tiép theo.

3.2. Anh huwéng cia khoi lrong

Khdi lugng cta vat liéu hip phu 1a mét trong
nhing yéu t6 anh huong dén hiéu qua cua qué trinh
hép phu (Zhang et al., 2021). Két qua thi nghiém anh
hudng khdi lugng vat lidu ddi voi qua trinh hép phu
cua Pb trén hai loai vit liu TiO,@Phyllanthus
urinaria va TiO,@Cymbopogon citratus dugc thé
hién ¢ Hinh 3.

250 A - 100
%ﬁ , E 3
£200 A L 80
&
2150 - L 60
2, =
& 2
< =
5100 1 F 40 &
£ jas)
g 50 1 L 20
3

0 - 0

0.02 0.03 0.04

Khéi luong vt liéu (g)

BN Lyong Pb bi hip phu boi TiO2@Cymbopogon citratus
Luong Pb bi hip phu boi TiO2@Phyllanthus urinaria

——— Hiéu suét hip phu Pb cua TiO2@Cymbopogon citratus
Hiéu suét hép phu Pb cia TiO2@Phyllanthus urinaria

Hinh 3. Anh huéng ciia khoi lwgng vt li¢u dén
kha ning hap phu Pb
(Diéu ki¢n thi nghiém: pH = 6, Co = 50 mg/L, m = 0,01 -
0,04 g t =120 phut, V =50 mL, toc do lac 60 vong/
phiit, T = 25+2°C).

Két qua duoc thé hién ¢ Hinh 3 cho thiy, khi
khéi Iugng vat licu TiO2@Cymbopogon citratus
tang, luong hap phu Pb giam. Cu thé, dung lugng
hap phu Pb giam tir 203,6 mg/g & khdi lugng 0,01 g
xudng 72,72 mg/g & khéi luong 0,03 g, va dung
luong hap phu ¢ 0,04 g thap hon ca ¢ 0,03 g, mic
du sy khac bi€t nay khong c6 y nghia thong ké. Piéu
nay phan anh rang mic du khéi lugng vat licu hap
phu tang, nhung mat d¢ cac vi tri hap phu trén moi
don vi khéi lwong giam, dan dén sy giam luong Pb
hép phu trén mdi gram vat liéu. Tuy nhién, hiéu sudt
hap phu Pb lai ty 18 nghich vé6i dung lugng hip phuy:
khi khéi luong vat li¢u ting, hi¢u sudt he‘ip phu tang.
Cu thé, hiéu suét dat cao nhat & nghiém thue 0,04 g
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(93,24%), cao hon so voi nghiém thac 0,03 g
(90,18%) va thdp nhit & nghiém thic 0,01 g
(84,18%). Su thay doi gitra nghiém thiic 0,02 g va
0,01 g khong dang ké.

Két qua tr Hinh 3 ddi  véi vat liéu
TiO2@Phyllanthus urinaria cho thay khi tang khdi
lugng vat liéu tir 0,01 g dén 0,04 g, luong hap phu
Pb giam dan va c6 sy khac biét co y nghia thong ké
(p<0,05). Cu thé, dung lwong hdp phu cao nhat 1a
214,7 mg/g 0,01 g va thip nhat 1a 54,6 mg/g & 0,04
g. Su giam sit dung lugng hap phu rd rét giita cac
nghiém thire, voi sy giam gan 1,5 lan tir 0,02 g dén
0,03 g (tir 107,4 mg/g xudng 72,2 mg/g) va gan 2 lan
& nghiém thic 0,04 g. Trong khi d6, hiéu suat hip
phu c6 xu hudng nguoc lai, taing tu 88,77% lén
90,22% khi khoi luong vat liu hép phu tang. Két
qué nay cho thiy rang khdi lugng chat hap phu ty 1&
thuan vé6i hiéu sudt hap phy Pb. Diéu nay c6 thé
duoc giai thich bang cach khi khéi lugng vat licu
tang, tong dién tich bé mat tiép xuc ciing 16n hon,
gitip ting kha nang hap phu Pb tir dung dich, mic du
dung lwong hap phu trén mdi gram vat liéu lai giam.

Theo nghién ctu cua Panneerselvam et al.
(2021), hi¢u suit hap phu ting 1én khi ting liu
luong chét hap phu do dién tich bé mat vat lidu 16n
hon, dan dén sy gia ting sb lwong cac vi tri hap phu
hoat dong, tir d6 cai thién kha nang hip phu. Két qua
nay ciing phu hop véi nghién cliru cia Farah et al.
(2021), trong d6 khi tang liéu lwong chat hap phy tir
1& luc binh, hiéu suat loai bo Pb tir dung dich ciing
tang 1én dang ké. Su ting hiéu sudt xtr 1y nay phan
anh sy twong quan giita khdi lugng vat liéu hap phu
va hiéu sudt hap phy, khi dién tich bé mit tiép xuc
duoc md rong, gitp taing cuong kha nang loai bo cac
ion Pb khoi moi truong nudc.

Tém lai, mic du hiéu suat hap phy ting khi ting
khdi luwgng vat liu, dung lugng hap phuy lai giam khi
khdi lugng tang. Diéu nay 14 do khi khéi lugng vat
liéu tang, dién tich bé mait tiép xuc voi dung dich

cling tang, dan dén kha nang hap phu tong thé tang
1én (hi¢u suat hap phu). Tuy nhién, vi€c phan bo cac
ion Pb trén bé mit vat liéu rong hon co thé dan dén
giam mat do hap phu trén mdi gram vat liéu (dung
luong hap phu). Do d6 dé can bang giita hiéu suat
hap phu va dung luong hap phu, khoi lugng vit li¢u
12 0,01 g dugc chon cho céc thi nghi¢m sau.

3.3. Anh hwéng ciia thoi gian hip phu

Thoi gian tiép xic 1a mot yéu td quan trong khac
trong cac qué trinh hap phu. Thi nghiém anh huong
cua thoi gian dén kha nang h?ip phu dugc thyc hién
& didu kién pH = 6, khi lugng vat licu 1a 0,01g,
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nong do Pb ban dau trong dung dich la 50mg/L, thoi
gian hap phu dugc thay doi ¢ 1, 5, 10, 30, 60, 90,
120, 180 va 240 phaut.

Két qua dugc thé hién tir Hinh 4 cho thay, ddi
voi vat lieu TiO,@Cymbopogon citratus khi thoi
gian hip phu tang tir 1 phat dén 120 phut, dung
lugng va hiéu suat hap phu ciing ting. Cu thé, lugng
hap phu tang tir 19,41 mg/g (1 phat) 1én 229,7 mg/g
(120 phut), dat cao nhat 231,2 mg/g tai 240 phut.
Hiéu suit ciing ting tir 8,02% (1 phut) 1én 94,94%
(120 phiit) va cao nhét 1 95,59% tai 240 phut. Tuy
nhién, sy khac biét gitra 120 phut va 240 phut khong
c6 y nghia théng ké, cho the‘iy vat li¢u da dat trang
thai bao hoa tir 120 phat. Do d6, thoi gian hip phu
thich hop dugc chon 1a 120 phut.
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Hinh 4. Anh huéng ciia thoi gian dén kha ning
hap phu Pb
(Diéu kién thi nghiém: pH = 6, CO = 50 mg/L, m =
0,01g, t=1-240 phut, V=50 mL, toc dé lac 60 vong/
phiit, T = 25+2°C).

Bén canh do, vat liéu TiO,@Phyllanthus
urinaria ciing cho thdy xu hudng twong tu, tir ket qua
& Hinh 4 cho thay, lugng hap phu va hi¢u sut hap
phu Pb ty 1& thuan véi thoi gian hip phu. Khi thoi
gian ting, lwgng Pb bi hip phu va higu sudt déu tang,
dat cao nhat tai 240 phut v6i 231,1 mg/g va 95,54%.
O thoi gian 1 phut, lugng hap phu va hiéu suat thap
nhét 1a 37,6 mg/g va 15,56%. Trong khoang thoi
gian tir 1 dén 30 phut, lugng hip phu va hiéu suat
hép phu tang nhanh va khac biét cé y nghia thong ké
(p<0,05). Tr 60 dén 120 phut, lugng hip phu va hiéu
suat tiép tuc ting nhung chdm hon (p<0,05). Tuy
nhién, khoang thoi gian tir 180 dén 240 phit, luong
hap phu chi ting nhe (tr 229,4 mg/g 1én 231,1
mg/g), hidu suét ting tir 94,84% 1én 95,54% va khac
biét khong c6 ¥ nghia thong ké (p>0,05).
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O giai doan dau bé mit hip phu c6 nhiéu chd
tréng (tim hap phu) chua bi chiém vi tri nén qua
trinh hap phy thudng dién ra nhanh hon, so véi & cac
giai doan sau khi ma ion kim loai kho c6 kha nang
tiép xtic cac chd tréng con lai trén bé mit vat lidu
hap phu hodc di vao bén trong bé mit vat li¢u
(Khambhaty et al., 2009). Nhu vay, luong Pb bi hip
phu va hidu suat hap phy ti 1 thuan v&i thoi gian hap
phuy, thoi gian cang ting thi lwong Pb va hidu suat
hap phu cang cao. C6 thé thiy khoang thoi gian tir
180 phit dén 240 phit thi lugng hap phu va higu
suit hép phu dat trang thai can béng. Khi cac vi tri
lién két trén bé mat chat hap phu bio hoa, thi khong
xay ra hién tuong hép phu tai vi tri d6 nira, vi kha
nang hap phuy t6i da da dat dugc (Zhang et al., 2012;
Pang et al., 2021). Qua day, co6 thé thdy 120 phut Ia
thoi gian thich hop dé thyc hién cac thi nghiém tiép
theo.

3.4. Anh huwéng cia nong do

Nong d6 dung dich ban dau ¢6 anh huong dang
ké dén hidu qua ctia qué trinh hép phy. Thi nghiém
anh huong cua néng d6 Pb ban dau dugc danh gia
bang cach thay doi nong do tir 10, 30, 50, 80, 100
mg/L. Két qua duoc trinh bay dudi Hinh 5.
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Hinh 5. Anh huéng ciia nong do ban dau dén
kha ning hap phu Pb
(Diéu kién thi nghiém: pH = 6, Co=10- 100 mg/L, m =
0,01g, t = 120 phut, V = 50 mL, toc d¢ lac 60 vong/ phut,
T = 25+2°C).

Dbi véi vat lidu TiO,@Cymbopogon citratus,
két qua tir Hinh 5 cho thay khi ting nong d6 Pb trong
dung dich, lugng hap phu ting tir 48,51 mg/g (10
mg/L) 1én 403,7 mg/g (100 mg/L). Ngugc lai, hi¢u
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suat hap phu giam tir 98, 61% (10 mg/L) xudng
87,04% (100 mg/L). O nong do 50 mg/L, dung
lugng hip phu Pb dat duoc thap hon so véi 0 nong
d6 80 mg/L (128,5 mg/L), tuy nhién, hi¢u suat giam
khong dang ké, tir 95,11% (50 mg/L) xudng 91,76%
(80 mg/L).

DP6i voi vat lieu TiO,@Phyllanthus urinaria
cling ¢6 xu hudng tuong tu, két qua tir Hinh 5 cho
thiy ndng d6 Pb ban dau ty 1¢ thuan véi luong Pb bi
hap phu va ty 1 nghich véi hi¢u sudt hap phy. Khi
nong d Pb tang, lugng hp phu tang tir 49,02 mg/g
(10 mg/L) 1én 357,6 mg/g (100 mg/L), trong khi
hiéu suat giam tir 99,63% xudng 77,11%.

Két qua twong tr da dugc tim thy & nghién ctru
cua Erdem et al. (2004) va Xiaofu et al. (2008),
trong d6 hiéu suat hip phu ciing giam khi nong d6
kim loai ban dau tang. Diédu nay co thé duoc giai
thich nhu sau, khi nong d9 Pb ban dau ting, kha
nang hap phu trén mdi don vi khdi lugng vat liéu
TiO; cling tang do co nhiéu vi tri hip phu tréng, tuy
nhién khi ndng d6 Pb tang cao hi¢u suat s& glam do
céc vi tri hap phu trong da bi lap dy boi ion Pb.
Theo El-Ashtoukhy et al. (2008), ¢ néng do thap,
kim loai hap phu vao cac vi tri cu thé, nhung khi
nong do tang céac vi tri nay bi bao hoa, dan dén su
chiém gilt boi cac vi tri trao d6i va hiéu suat hap phu
kém hon. Do do, néng do Pb 50 mg/L dugc chon
cho thi nghiém tiép theo nhdm can bang gia tri giita
luong hap phu va hiéu sut hap phuy.

3.5. Pang nhiét hiap phu

Puong dang nhiét hap phu dugc str dung dé danh
gia kha nang hép phu ti da va su tuong tac gitra
chat rin cua vat liéu hdp phu v6i chat 6 nhiém tir pha
long, tir d6 danh gia su phan bb giita chét bi hap phu
va bé mat vat liéu hap phu. Thi nghiém anh huéng
nong d6 dung dich Pb ban dau dugc khao sat & cac
nghiém thic 10, 30, 50, 80, 100 mg/L, tir két qua
thyc nghiém trén, nghién ctru duong dang nhiét hap
phu da dugc thyc hién dé danh gia kha nang hap phu
Pb  cia TiO@Cymbopogon  citratus  va
TiO>@Phyllanthus urinaria. Dang tuyén tinh ciia mo
hinh Langmuir, Freundlich va Temkin duoc ap dung
dé mo phong dir liéu thyc nghiém duoc thé hién tir
Hinh 6 dén Hinh 8.

Két qua Bang 2 cho thiy mo hinh ding nhi¢t
Langmuir c6 hé s6 tuong quan R? nho hon hé s
tuong quan ciia md hinh dang nhiét Freundlich (R?).
Trong khi d6, ¥* ctia mé hinh dang nhiét Langmuir
16n hon so vé&i y* cua md hinh Freundlich. Do do,
mod hinh Freundlich phu hop véi dir li¢u thuc
nghiém cua ca hai loai vat li¢u. Két qua nay chi ra
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rang qué trinh hip phu Pb trén TiO»@Cymbopogon
citratus va TiO»@Phyllanthus urinaria chii yéu 14 su
hap phu da 16p trén bé mit khong dong nhat cua
TiO,. Piéu nay cho thdy su phan b khong dong déu
clia nang lwong hap phu va ai lyc giita cac vi tri trén
bé mat TiO, (Wang et al., 2018).

Két qua dugc thé hién ¢ Bang 2 ciing cho thay
vat liéu TiO,@Cymbopogon citratus c6 dung luong
hép phu t6i da (qmax) 14 467 mg/g cao hon khoang
1,3 l1an so v6i TiO»@Phyllanthus urinaria v6i qma=
362,7 mg/g. Dibu d6 chimg t6 ring
TiO,@Cymbopogon citratus ¢6 kha nang hap phu
Pb 6t hon so véi TiO»@Phyllanthus urinaria.
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Hinh 6. M6 hinh ding nhiét hip phu Langmuir

Bing 2. Gi4 tri tham s trong mé hinh dang nhiét
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Hinh 8. M6 hinh ding nhi¢t hip phu Freundlich

Mo hinh dong hoc

TiO:@ Cymbopogon citratus

TiO:@ Phyllanthus urinaria

Jm (mg/g) 467 362,7

. Ku (L/mg) 0,502 0,686
Langmuir 2 116,86 215,5
R’ 0,98 0,87
1/n 0,49 0,3

. Kr (mgkg)/(mg/L)" 135,5 143,09
Freundlich ¥ 10,58 6.83
R’ 0,99 0,98

b (J/mol) 54,2 30,11

. Kr (L/mg) 55,9 9,16
Temkin 7 19,9 66,6
R? 0,95 0,99

3.6. Pong hoc hip phu

Co ché hip phu phu thudc vao dic tinh vat 1y va
hoéa hoc cta chat hap phu cliing qua trinh truyén khdi
(Naiya et al., 2009). Theo Wang et al. (2018), md
hinh dong hoc hdp phy bac mot mo ta hap phu vat 1y

thuan nghich, trong khi mé hinh bac hai m6 ta he‘ip
phu hoa hoc. Bé hiéu rd hon vé dong hoc hip phu
cuia Pb cua TiO,@Cymbopogon citratus va
TiO>@Phyllanthus urinaria, cic mo6 hinh dong hoc
biéu kién bac mot, mo hinh biéu kién bac hai va mé
hinh dong hoc Elovich da dugc phan tich tir dit li¢u
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anh hudng cua thoi gian hép phu ¢ cac mdc thoi gian
tur 1 dén 240 phut (Hinh 9 - Hinh11).
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4 4

3 4
B
% .
S

1 4

0 T T T T s ]

50 100 150 200 \250

1 t (phut)

2
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Hinh 10. M hinh ddng hoc biéu kién bac 2

Tir két qua & Bang 3, d6i v6i TiO2@Phyllanthus
urinaria cho thiy hé sé tuong quan mé hinh dong
hoc biéu kién bac hai cao (R2=0,98). Gia tri q. thuc
nghiém (qe, exp) ¢ trang thai can b?mg 1a 163,2 mg/g,
trong khi gia tri qc tinh toan (qe, ca) tr m6 hinh dong
hoc biéu kién béc hai 1a 242,4 mg/g. H¢ s6 tuong
quan ctia mo hinh dong hoc biéu kién bac mot thép
hon (R* = 0,61) va y* cao hon (2201,7), véi q. tinh
toan 1a 178,7 mg/g, c6 sy khac biét khong dang ké
so voi gia tri thyc nghiém. Do do, véi R? (0,98) 16n
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hon va y2 (22,48) nho hon, qua trinh hap phu Pb cia
TiO>@Phyllanthus urinaria tuan theo mé hinh dong
hoc biéu kién bac hai, cho thay co ché hap phu Pb
trén TiO»@Phyllanthus urinaria 14 hdp phu héa hoc.
Két qua nay twong dong v4i nghién ciru cua tac gia
Panneerselvam et al. (2021), trong d6 thuéc nhuém
methyl da cam duoc hap phu boi TiO; va duge diéu
ché tir Diép Ha Chau, hay nghién ctru ctia nhom téc
gia Ahmad et al. (2020) vé tiém nang sir dung vo
qua lyu dé loai bé Cu va Zn khoi dung dich nudc
(Ahmad et al., 2020).

300 -
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Hinh 11. M6 hinh dong hoc Elovich

Vit liéu TiO»@Cymbopogon citratus c6 két qua
phan tich mé hinh dong hoc tuong tu, tir két qua &
Bang 3 cho thiy mo hinh dong hoc biéu kién bac hai
¢ hé s6 twong quan R? = 0,99, cao hon dang ké so
v6i mO hinh mé hinh dong hoc biéu kién bac mot
(R?=0,83). Chi s6 ¢2 ctia md hinh mé hinh dong hoc
biéu kién bc hai (5,54), thdp hon nhiéu so véi
956,62 cua mo6 hinh mo hinh dong hoc biéu kién bac
mot.

Gid tri qe tinh toan (e, ca) ciia m6 hinh md hinh
dong hoc biéu kién bac hai 1a 156,3 mg/g, gan véi
gid tri ge thuc nghi¢ém (qe, exp) hon so voi 131,04
mg/g ctia md hinh mo hinh dong hoc biéu kién bac
mot. Do do, vat li¢u TiO,@Cymbopogon citratus
pht hgp véi mé hinh ddng hoc bac hai, cho th?iy co
ché hap phy 14 hap phu héa hoc, phtt hop véi nghién
ctru cia Panneerselvam et al. (2021).

Bang 3. Gia tri tham s6 trong mé hinh dng hoc hip phu

M6 hinh dfng hoc

TiO:@ Cymbopogon citratus

TiO:@ Phyllanthus urinaria

Qe.cxp (ME/E)
Qe.cal (ME/g)
ki (g/mg.phit)

Pong hoc biéu kién
bac mét

155,5 163,20
131,04 178,72
0,0341 0,0265
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M6 hinh dfng hoc

TiO:@ Cymbopogon citratus

TiO:@ Phyllanthus urinaria

X 956,6 2201,7
R? 0,83 0,612
Qe.cal (Mg/) 156,32 24238
Pong hoc biéu kién  k» (g/mg.phut) 0,0002 0,0003
béc hai 7 5,54 22,48
R? 0,99 0,98
P (¢/mg) 0,02 0,03
M hinh Elovich o (mg/ %‘phﬁt) 45,7 80,6
X 233,2 6.5
R? 0,97 0,99

4. KET LUAN

Két qua duoc dua ra tir nghién ctru nay di gitp
ching minh ring vat liéu tong hop tir hdn hop chiét
xuét ciia 14 sa (TiO,@Cymbopogon citratus) va 14
diép ha chéu (TiO@Phyllanthus urinaria) két hop
véi titanium isopropoxide c6 kha ning hap phu Pb
hiéu qua nhat & pH = 6, khbi lugng 0,01 g, ndng do
50 mg/L va thoi gian 120 phut. O ca hai loai vat li€u,
mo hinh dong hoc hap phu phu hop 1a mé hinh biéu
kién bac 2, cho thiy co ché hip phu héa hoc. Mo
hinh déng nhiét Freundlich pht hgp véi ca 2 loai vat
lidu, cho thay qué trinh hép phu da 16p trén bé mit
chat hip phy. M6 hinh Langmuir dugc phan tich va
két qua cho thiy, kha ning hap phu t6i da (qmax) ciia
TiO,@Cymbopogon citratus (467 mg/g) cao hon
khoang 1,3 1dn so vé6i TiO@Phyllanthus urinaria
(362,7 mg/g), chimg t6 ring kha ning hap phu Pb
cua TiO,@Cymbopogon citratus vuot trdi hon. Tuy
nhién, ca hai vat liéu déu c6 kha nang xu Iy Pb hi¢u
qué trong dung dich, mé ra co hoi tmg dung dé khac
phuc 6 nhiém kim loai ning trong méi trudng nudc.
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