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TOMTAT

0 nhiém chi (Pb**) trong nudc la mdt van dé nghiém trong, gay anh huing 16n dén stic khde con nguai va méi truting. Trong nhiing ndm gan day, Ti.C T, -
MXene, mt ho vat liéu hai chiéu gdm cacbua va nitrua kim loai chuyén tiép da thu hit su quan tdm nh& kha néng bién d&i nhom chiic bé mit linh hoat va dac
tinh ua nudc cao, gitip ting hiéu qua hap phu kim loai ndng. Nghién ctiu nay tap trung khao sat kha nang hap phu ion Pb** trong nudc ciia vét lidu Ti,CT, -
MXene. Céc yéu t& &nh huéng nhu thai gian tiép xtic, néng do ban dau cia Pb>*, pH va khéi lugng vat liéu hap phu da dudc t6i uu hoa. Két qua cho thy qué trinh
hédp phu tuan theo mé hinh dang nhiét Langmuir va ddng hoc gia bac hai, cho thdy co ché hap phu chd yéu la héa ly. Vét liéu Ti,CT, - MXene thé hién kha nang
XU Iy t6t ddi vdi ion Pb?* véi dung lugng hdp phu cuc dai tinh toan dugc khodng 189,75mg/g, cho thdy Ti,(.T, - MXene la vat liéu hdp phu trién vong, than thién
moi trudng trong x{ Iy nudc nhiém kim loai nang.

Tirkhéa: Vit liéu Ti (T, - MXene; hdp phu, ion Pb**, xit Iy nutc.

ABSTRACT

Lead (Pb**) contamination in water is a serious issue that poses significant threats to human health and the environment. In recent years, Ti;(;Tx - MXene,
a family of two-dimensional materials composed of transition metal carbides and nitrides, has garered considerable attention due to its tunable surface
functional groups and high hydrophilicity, which enhance its efficiency in heavy metal adsorption. This study investigates the adsorption performance of TisC;Tx
- MXene for Pb** ions in aqueous solutions. Key influencing factors, including contact time, initial Pb* concentration, pH, and adsorbent dosage, were optimized.
The results indicated that the adsorption process follows the Langmuir isotherm and pseudo-second-order kinetic models, suggesting a predominantly physico-
chemical adsorption mechanism. Tis(;Tx - MXene demonstrated excellent Pb”* removal capability, with amaximum adsorption capacity of approximately 189.75
mg/q, highlighting its potential as an environmentally friendly and efficient adsorbent for the treatment of heavy metal-contaminated water.

Keywords: Tis G, T, - MXene material, adsorption, Pb? *ions, water treatment.
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1. GIGI THIEU s cac tac nhan gay 6 nhiém, kim loai nang - dac biét la
Trong nhiéu thap ky qua, 6 nhiém nguén nuéc da tra  Chl (Pb>*) - dugc xem |a mot trong nhiing m&i nguy hiém
thanh mét thach thuc toan cau nghiém trong [1]. Trong  ddng lo ngai nhat do doc tinh cao va kha nang tich lay
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sinh hoc trong co thé sinh vat. Cacion kim loai nang, dién
hinh nhu thay ngan, cé thé gay tén thuong gan, than, lam
mém xuong va dan dén cac roi loan than kinh nghiém
trong nhu phu phdi, suy tim va viém cau than [2].

Nhiéu phuong phap da dugc nghién ctiu dé xtly nudc
thai chiria Pb”*, bao gém tham thau ngugc, két tua hoa
hoc, trao d6i ion, déng tu va hap phu [3]. Trong do,
phuong phap hap phu ndi bat nhg tinh don gian, hiéu
qua va chi phi van hanh thap. Gan day, MXene - mot ho
vat liéu hai chiéu véi cau tric tuang tu graphene - da thu
hut sy quan tam manh mé nha cac tinh chat ly hoa dac
biét. Cac nghién ctru gan day cho thay MXene la vat liéu
hap phu day trién vong trong viéc loai bd ion Pb** trong
nuéc, nha dién tich bé mat 1én, kha nang trao déi ion linh
hoat va kha nang tai st dung t6t [4, 5].

MXene la nhém vat liéu c6 cong thuc téng quat
Mi1Xn Ty, trong dé M 13 kim loai chuyén ti€p, X 1a nguyén
t6 carbon hodc nito, va Tx dai dién cho cac nhém chiic bé
mat nhu -OH, -0, va -F [6]. Cau truc dac biét nay khéng
chi mang lai dién tich bé mat I6n ma con cung cap kha
nang tuong tac manh véi cac ion kim loai nang. MXene
da chiing minh hiéu qua trong viéc loai bé thuéc nhuém
hitu co, kim loai nang va cac chat 6 nhiém déc hai khac
khéi moi truong nudc [7]. Ngoai ra, tinh tuong thich sinh
hoc, dé dang chiic nang hda, d6 dan dién cao va tinh ua
nudc ctia MXene khién no trg thanh vat liéu ly tudng cho
nhiéu ing dung nhu xtr ly moéi trudng, luu trir ndng lugng,
dién t, cdm bién va xuc tac [8, 9].

Théng thudng MXene dugc téng hgp bang cach an
mon chon loc “etching” tu tién chat Ti;AlC,-MAX trong
dung dich HF. Cung vaéi d6, mét phuang phap thay thé
cho viéc strdung HF truc ti€p da dugc phat trién, stt dung
mudi florua (nhu LiF) két hgp véi axit manh (HCl). Phuong
phép nay tao ra HF tai chd (HF insitu), d€ an mon hoa hoc
I6p nhém trong cau truc Ti;AlCG,-MAX, qua dé thu dugc
Ti,C,Tx- MXene ma khéng can tiép xuc truc tiép véi HF doc
hai [10].

Nam 2019, Yanjie Dong va cong su da phat trién vat
liéu composite MXene/alginate nham loai bd hiéu qua
ion Pb** va Cu** tir dung dich nudc. Két qua cho thay vat
liéu nay dat hiéu suat hap phu tuong Ung la 382,7mg/g
va 87,6mg/g chi sau 15 phut tiép xdc [11]. Gan day hon,
nam 2023, Umair Ali Asif cing céng su da phat trién hé
vat liéu composite gilta MXene va chitosan phu trén bot
polyurethane dé xu ly ion Cr(VI) trong nudc thai cong
nghiép. Vat liéu tdng hop nay khéng chi than thién moi
truong ma con dat hiéu suat hap phu Cr(VI) khoang 70%
trong 10 phut dau va trén 60% sau 3 gid véi nong dé ion
20ppm [12].
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C6 thé thay hiéu suat hap phu cda vat liéu chiu anh
hudng dang ké bai cac yéu té clia qua trinh hap phu bao
goém thdi gian tiép xuc, khoi lugng chat hap phu, nhiét do,
nong dé ion kim loai nang ban dau va pH dung dich.
Trong nghién ctu nay, mét quy trinh don gian dugc dé
xuat dé téng hgp vat liéu Ti,C Ty - MXene tU tién chat
TisAlC,-MAX théng qua phuong phap khac chon loc bang
dung dich HF [13]. Vat liéu Ti,C,T, - MXene téng hop dugc
sir dung dé hap phu ion Pb** trong nuéc.

2. THUCNGHIEM VA CAC PHUONG PHAP NGHIEN CUU
2.1. Héa chat va dung cu

Héa chat Ti;AIC,-MAX (98%, kich thudc < 200um), axit
hydrofloric (HF, 48%), Pb(NOs). (99,0%), NaOH (40g/mol, =
99%) va HCl (36%) la san phdm ctia hang Sigma Aldrich.
Cac thiét bi bao gom: Can phan tich 5 s6 Mettler Toledo
(Burc), may khudy tu gia nhiét VELP (Y), may siéu am S60H
Elmasonic (Buc) va may ly tam Hermle Z366K (Buc).

2.2. Chuan bi vat liéu hap phu MXene-Ti;C;

Vat liéu Ti.CTx - MXene dugc téng hgp tu tién chat
TisAIC,-MAX bang phuong phap an mon chon loc
“etching” trong dung dich HF [14]. Trén co s& ly thuyét,
TizAlC,-MAX sé phan Uing vdi axit HF sau d6 tach Al ra khoi
tién chat TisAlC; dé thu dugc Ti,C.Tx - MXene. Can chinh
xac 3,0g TisAlIC; va d6 tir tir vao binh Teflon c6 chira 30mL
HF (48%) sau dé day ndp binh. Hon hgp nay dugc dun
cach thay trén may khuay tir gia nhiét trong khoang thai
gian t6i uu la 36h véi nhiét d6 35°C va téc do khudy 250
vong/phat. H&n hop sau d6 dugc dua di ly tam ria bang
nudc cat nhiéu lan dén khi pH trung tinh. Dung dich sau
do dugc siéu am 30 phut & nhiét do phong va ly tam thém
2 - 31an thu lay chat ran.

2.3. Khao sat kha nang hap phu ion Pb?** ciia vat liéu
Ti,C.T«- MXene

Chuén bi dung dich Pb?*: D& pha dugc 500mL dung
dich Pb?* néng d6 50ppm, can chinh xac 0,03996g
Pb(NOs), trén can phan tich 5 s6 tiép theo cho vao binh
dinh muic, rét tir tir nudc cat dong thai khudy dung dich
dé Pb(NOs), tan hét, dinh muc dung dich dén 500mL thu
dugc dung dich Pb?* nbng dé 50ppm.

2.3.1. Khdo sdt adnh huéng cia théi gian tiép xtic

Thi nghiém dugc thuc hién bang cach cho 50 mg vat
liéu Ti,C.T« - MXene vao 50mL dung dich Pb** 30ppm &
pH, = 5,9. Dung dich dugc khudy & toc d6 450 vong/phut
véi thai gian khac nhau (10, 20, 30, 45, 60, 80,90, 100, 110
va 120 phut), sau d6 loc va do néng d Pb** con lai bang
phd hap thu nguyén ti (AAS). DU liéu thu dugc dung dé
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phan tich theo mé hinh déng hoc gia bac nhat (pseudo-
first-order) va gid bac hai (pseudo-second-order).

2.3.2. Khdo sdt dnh huéng ciia néng dé ban dau Pb**

Céc dung dich Pb** véi néng dé khéac nhau: 5, 10, 20,
30, 40 va 50ppm dugc chuan bi. Thi nghiém dugc tién
hanh vGi 50mL dung dich Pb?* ndng dé khac nhau dugc
tiép xuc vai 50 mg Ti,C.Tx - MXene & pH = 5,9 trong thai
gian 90 phut & toc d6 khudy 450 vong/phut. Dung lugng
hap phu tai trang théi can bang dugc tinh toan dé xay
dung mé hinh dang nhiét (Langmuir, Freundlich).

2.3.3. Khdo sdt dnh huéng cta pH dung dich

Anh hudng ctia pH dugc khdo sat trong khoang tif 2
dén 10 bang cach diéu chinh pH dung dich Pb** 30ppm
bang NaOH hodc HCl 1M. Sau d6é cho 50mg TiCTy -
MXene vao, khudy & téc d6 450 vong/phut trong thai gian
90 phut, loc va phan tich néng d6 Pb** con lai trong dung
dich.

2.3.4. Khdo sdt édnh huéng cia khéi luong Ti,C,T, -
MXene

Thinghiém dugc tién hanh vai khoi lugng vat liéu thay
déi tu 20, 30, 40 va 50mg trong 50mL dung dich Pb**
30ppm & pH, = 5,9. Thai gian tiép xuc gitt 6 dinh 90 phut.
Muc tiéu la xac dinh liéu lugng Ti,C.Tx - MXene t6i uu dé
dat hiéu suat hap phu cao nhat.
2.4. Cac phuong phap xt li va phan tich sé liéu

2.4.1. Xdc dinh hiéu sudt va dung luong hdp phu

Dua vao dudng chuin su phu thudc clia 6 hap thu
quang vao ndng dé ion ta xac dinh dugc ndng dé ion clia
Cd?* trong dung dich sau khi hap phu tir dé tinh toan cac
thong s6 hiéu suat H (%) va dung lugng hap phu Q (mg/g)
theo céc cong thic sau:

Hiéu suat hap phu:

Co—C;)) x 100
o oz G100, (M)
Co
Dung lugng hap phu ion kim loai :
(Co—C)xV
Q= ———— (mg/g) @

Trong doé: H: Hiéu suat hap phu (%).

Q: Dung lugng hap phu tai thai diém can bang (mg/q).

Co: NONng dé ion kim loai ban dau (mg/l).

Ci: Néng do ion kim loai tai thai diém hap phu dat can
bang (mg/l).

V: Thé tich dung dich ion kim loai (I).

m: Khoi lugng Ti,C. Ty - MXene (g).
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2.4.2. Nghién ciru déng hoc phan ting ctia qud trinh
hép phu Pb*

DPé xac dinh d6ng hoc hap phu clia qua trinh xt |i Pb?*
st dung vat liéu Ti.C.Tx - MXene, cac s6 liéu thuc nghiém
khao sat anh hudng cua thdi gian ti€p xuc (dugc thay doi
tu 5 dén 120 phut) dugc phan tich st dung 2 mé hinh
dong hoc: ddng hoc gia bac 1 theo Lagergren va; dong
hoc gia bac 2 theo McKay - Ho. Phuong trinh tuyén tinh
clia 2 mo hinh tuong Ung la (3) va (4).

+ M6 hinh dong hoc gia bac 1:

k
log(qe — qr) = loggqe — 5~ t (3)

+ M6 hinh déng hoc gia bdc 2: ap dung s6 liéu thuc
nghiém cda su bién déi dung luong hap phu theo thai
gian cia qua trinh hap phu Cd*.

t_ 1t +1t (4)
qc Kz.q¢ qe

Trong do, t: thoi gian dién ra phan ng (phut)

gt dung lugng hap phu tai thai diém t (mg/q)
ge: dung lugng hap phu tai thai diém can bang (mg/q)
Ki: hang s6 hap phu gia bac 1 (phuat™)
Ka: hang s6 can bang (g/mg.phut)
2.4.3. Nghién citu mé hinh hdp phu ddng nhiét
+ Phuong trinh hdp phu ddng nhiét Langmuir
DaGi véi su hdp phu chat tan trong dung dich trén bé
mat chat hap phu ran phuong trinh Langmuir dugc viét
dudi dang:
C 1 C
—= = +— (5)
e quL dm
Trong dé: ge: dung lugng hap phu ctia chét bi hap phy;
gm: lugng chat bi hap phu cuc dai don I6p trén mot don
vi khéi lugng chat bi hap phuy; Ki: hang sé hap phu
Langmuir (phu thudc vao ban chat hé hap phu va nhiét
d6); Ce: nbng d6 can bang ctia dung dich.

+ Phuong trinh ddng nhiét hdp phu Freundlich
Phuong trinh dang nhiét hap phu Freundlich 1a mét
phuong trinh kinh nghiém ap dung cho sy hap phu trén
bé mit khong déng nhat. & dang tuyén tinh phuong
trinh nay cé dang:
Inge = INKe + 1/n InCe (6)
Trong d6: Ce: néng d6 can bang cda dung dich.
ge: Dung lugng can bang héap phu.
Ke: hang s6 Freundlich dac trung cho dung lugng va
cudng do hap phu.
n: hang s6 thuc nghiém.
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3. KET QUA VA THAO LUAN
3.1. Két qua anh huéng cua thai gian tiép xuc

Hinh 1 bi€u dién sy thay d6i ctia hiéu suat hap phu (H,
%) va dung lugng hap phu (Q, mg/g) theo thai gian tiép
xUc trong qué trinh hdp phu ion Pb** st dung vat liéu
Ti;C,Tx-MXene. Trong khodang 0 - 100 phut, cad hai dai
lugng H va Q déu tang nhanh theo thai gian. Cu thé, Q
tang tirkhoang 15mg/g lén dén gan 29mg/g, trong khi H
tang tirkhoang 50% lén dén gan 98%. Diéu nay ching to
cac vi tri hoat hoa trén bé mat Ti.CTx - MXene con tréng
nhiéu va téc dé khuéch tan ban dau cao. Sau 100 phut, ca
H va Q gan nhu dat trang thai can bang, khéng tang dang
ké trong khodng 100 - 120 phat. Day chinh la thai diém
dat trang thai hap phu can bang (qe), v6i dung lugng hap
phu cuc dai (Q.) = 29mg/g va hiéu suat hap phu H = 99%.
Xu hudng tiém can dudng nam ngang sau 100 phut cho
thay rdng hau hét ion Pb** trong dung dich d bi loai bd,
va cac vi tri hap phu trén vat liéu gan nhu da dugc lap day.
Thoi gian can bang hap phu la khoang 90 phut, dugc
chon lam thai gian tiép xuc téi uu cho cac khao sat tiép
theo. Ca ché hap phu ban dau nhanh, sau d6 cham dan
vé can bang, phu hgp véi dac diém ddng hoc gia bac hai,
thudng gap trong qua trinh hap phu hoa ly
(chemisorption).

30

s

100

80

70

N\
2
H (%)

—e—H
—0—Q

- 50

10 T T T T T u T T T T 40
20 40 60 80 100 120
Théi gian (phat)

Hinh 1. Su phu thudc clia dung lugng va hiéu suat hap phu vao thoi gian

tiép xtic cia qua trinh loai bd Pb?* st dung vat liéu Ti (T, - MXene
TU céc s6 liéu thu dugc ching téi tinh toan dé xay
dung va phan tich mé hinh déng hoc hap phu Pb** cta
Ti,C,Tx - MXene theo hai mé hinh déng hoc gia bac nhat
va dong hoc gid bac hai. TU hinh 2a gid tri R* = 0,91875
cho thay su phu hgp tuong déi gilta dit liéu thuc nghiém
va mo hinh gia bac nhat. Tuy nhién, dé léch dang ké so véi
dudng tuyén tinh & cac thai diém sau (t > 50 phut) cho
thay mé hinh nay khéng mo ta t6t qua trinh hap phu tai
giai doan cuéi - turc la khi gan dat trang thai can bang.
Diéu nay ggi y rang qua trinh hap phu c6 thé khéng don
thuan la qua trinh khuéch tan vat ly bé mat. Biéu dé hinh
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2b thé hién mé&i quan hé gilra t/Q, va thai gian t c6 thé
thay gid tri R® rdt cao 0,98995 (gan tiém can 1), cho thay
mé hinh dong hoc gia bac hai phu hgp t6t véi ditliéu thuc
nghiém. Biéu nay phan anh rdng qua trinh hip phu Pb**
Ién vat liéu Ti;C,Tx chiu chi phéi chd yéu béi co ché hap
phu hoa - ly, trong dé xay ra tuong tac dién tich, lién két
bé mat hodc trao déi ion gilta Pb>* va nhém chic bé mat
Ti,CTx - MXene.

1.5

(a)
-\ \'\-\
1.0 - e
_~ ‘-'\
= .
:'y.. T,
E" \\\\ ]
=l ¥y =-D1287x + 1.32895
05 R =0.91875
-
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t (phiit)
5
1 (b)
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==n 34 R™ = 0.98995 -
] o
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o 24 -
=
bk
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-
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t (phit)

Hinh 2. M6 hinh ddng hoc ctia qua trinh loai bd Pb?* st dung bot TiC T, -
MXene: (a) Dong hoc gia bac 1 Lagergren; (b) Ddng hoc gid bac 2 McKay and Ho
3.2. Két qua anh huéng cua néng d6 Pb?*

Bi€u d6 thé hién sy thay ddi cta hiéu suat hdp phu
Pb** (H, %) va dung lugng hap phu (Q, mg/g) theo thdi
gian, khi sttdung 0,05 g Ti.C.Tx - MXene dé€ x( Iy dung dich
Pb?*. Dua trén két qua hinh 3 cho thay hiéu suat hap phu
Pb** (H) tang dan va dat gia tri cuc dai khoang 98 -99%
khi néng dé Pb** trong khodng 10 - 30ppm, sau d6 giam
vé khoang 75% & néng dé Pb?* 50ppm. Su suy giam nay
c6 thé do s6 luong vi tri hap phu trén Ti,C T, - MXene bi
bao hoa khi néng dé ion Pb** 16n, dan dén hién tugng
canh tranh gi(ta cac ion Pb** va khd nang hap phu nguoc.
Dung lugng hap phu Q (mg/g) tang lién tuc, dat cuc dai
khoang 37,5mg/g, cho thay mac du hiéu suat suy giam &
néng do cao nhung téng lugng Pb** dugc gilr lai trén méi
gam vt liéu van cao.
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Hinh 3. Su phu thudc clia dung luong va hiéu sudt hdp phu vao ndng do
Pb2* sir dung vét liéu Ti (T, - MXene

dugc ti mé hinh hap phu dang nhiét Langmuir la khodng
189,75mg/g. Két qua nay cho thay vat liéu Ti,C.T, - MXene
c6 dung lugng hap phu cuc dai rat cao déi véi Pb**, chiing
té tiém nang Ung dung cuda vat liéu trong thuc té.
3.3. Két qua anh huéng cua pH dung dich

Hinh 3.5 biéu dién su bién ddi hiéu suat xu li Pb?* clia
0,059 vat liéu Ti,C. T, - MXene dé x{ ly 50mL dung dich
Pb2* 30ppm & nhiét do 20°C trong thaoi gian 90 phut véi
pH thay déi tir 2 dén 10. K&t qua cho thay pH dung dich
tang, hiéu sudt xtr li Pb?* tang tuong tng. G pH thap (pH
< 4), hiéu qué hap phu ion Pb** thap, khodng 65 - 70%.
Két qua nay c6 thé dugc gidi thich |a & pH thap, do su canh
tranh gilta ion H* v&i ion Pb?* tai cac vi tri lién két trén bé
mat chat hap phuy, lam gidm kha nang hap phu Pb?* 1én
bé mat vat liéu. Nhu vdy & méi trudng axit manh, kha
nang hap phu cta Ti,CT« - MXene la khéng hiéu qua.
Trong khoang gia tri pH tir pH, = 5,9 dén khoang pH =7,
hiéu suat xt ly dat khoang 98%. Khi diéu chinh pH dung
dich trong khoang 8 - 10 ching t6i quan sat thdy da cé su
két tta hydroxit ctia chi vi vay cac so liéu do AAS nong do
ion Pb?* sau qua trinh hap phu trong khoang 8 - 10 mang
tinh chat tham khéo. Do d6, pH, = 5,9 dugc lua chon dé
khao sat anh hudng cta khéi lugng chat hap phu Ti,CTx -
MXene.
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Hinh 4. Dudng dang nhiét hdp phu theo md hinh dang nhiét Langmuir (a)
va Freundlich (b) st dung vat liéu Ti,C.T, - MXene

Cac s6 liéu dugc phan tich dua theo hai mé hinh dang
nhiép hap phu Langmuir va Freundlich (hinh 4). Tir hé s6
tuong quan R2 cho thdy phuong trinh hap phu ddng nhiét
Langmuir (R*> = 0,99298, rat gan 1) phu hgp rat tét véi dar
liéu thuc nghiém cla qua trinh hdp phu Pb?, t6t hon
phuaong trinh dang nhiét Freundlich. Biéu d6 c6 thé noi
qua trinh hap phu Pb?* 1én bé mat vat liéu Ti,C Tx — MXene
la don 16p. Gia tri dung lugng hap phu cuc dai tinh toan
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Hinh 5. Su bién di cla hiéu sudt x Ii Pb?* theo pH ctia vét liéu TiCT, -
MXene
3.4. Két qua anh huéng cua khéi lugng chat hap phu

Anh hudng ctia khéi luong vat liéu Ti,.C.T, - MXene thay
d6i tir 0,02 dén 0,05g & pHo = 5,9 dén hiéu sust x{r ly Pb2*
30ppm dugc thé hién trén hinh 6. K&t qua cho thay khéi
lugng chat hap phu tang tur 0,029 1én 0,05g, hiéu suat xd
ly tang nhanh tur 60% dén 98%. Diéu nay hgp ly vi cang
nhiéu chat hap phu, cang c6 nhiéu bé mat tiép xuc, nén
nhiéu ion Pb®* dugc giir lai khéi dung dich. Ngugc lai, Q
gidm dan khi khéi lugng tang, tir ~39mg/g (6 0,029)

Tap 61- S0 5B (5/2025)
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xudng con ~28mg/g (& 0,05g). TUr két qua nay co thé thay
khi tang lugng chat hdp phuy, téng lugng ion bi hap phu
c6 thé tdng, nhung phan bé Pb** trén méi gam chat hap
phu gidam do bé mat khéng dugc sir dung hét. Do dé khoi
lugng 0,049 Ti,C.Tx - MXene la lugng chat hap phu thich
hgp dugc lua chon trong nghién ctu nay. Két qua nay
cling tuong déng so vai cac két qua nghién ctiu da dugc
céng bé [15].

40 100
O ./.
i \ 490
- 36 - 3]
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B wpl ——H _
= 8 —_— 2
< Q 13 ;
32
30 1™
28 — . . [ 50
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Hinh 6. Su bién ddi dung lugng va hiéu suat hap phu theo khi lugng Ti.C T,
- MXene
4. KET LUAN

Nghién cttu da chiing minh hiéu qua cla vat liéu Ti,C,Tx
- MXene trong viéc hap phu ion Pb** tir dung dich nudc.
Két qua cho thay kha nang loai bd Pb** phu thudéc manh
vao cac diéu kién hap phu nhu thai gian tiép xtc, pH dung
dich, néng d6 ban dau ctia Pb** va khéi luong chat hap
phu. Hiéu suat hap phu dat t6i uu tai thoi gian tiép xuc
khodng 90 phut & pH, = 5,9, cho thdy diéu kién trung tinh
- axit yéu la thich hop nhat cho co ché tuang tac gidra Ti,C,Tx
- MXene va Pb**. Néng d6 Pb** ban dau cang cao thi lugng
hap phu riéng (Q) cang I6n, nhung hiéu suat hap phu (H%)
¢6 xu huéng gidm nhe do bao hoa cac vi tri hap phu. Ngoai
ra, khi tang khéi lugng Ti,C, T« - MXene tr 0,029 dén 0,059,
hiéu sudt hap phu Pb** tang ti khodng 60% lén 98%. Vat
liéu Ti;C,Tx - MXene dat dung luong hdp phu cuc dai tinh
toan dugc khoang 189,75mg/qg.

Nhin chung, Ti,CTx - MXene thé hién hiéu sudt hap
phu Pb** cao, su hap phu dién ra nhanh, véi khd nang
thich Ung linh hoat trong cac diéu kién xt ly nudc khac
nhau. Két qua nay cho thay Ti,C. T, - MXene la vat liéu hap
phu tiém nang, hira hen ting dung trong cong nghé xu ly
nudc nhiém kim loai nang.

LO1 CAM ON

Nghién ctu nay dugc ho trg bai B Khoa hoc va Cong
nghé (DTDLCN.66/22).

Vol. 61 - No. 5B (May 2025)

TAI LIEU THAM KHAO

[1]. Yihan Wu, Hongwei Pang, Yue Liu, Xiangxue Wang, Shujun Yu, Dong
Fu, Jianrong Chen, Xiangke Wang, “Environmental remediation of heavy metal
ions by novel-nanomaterials: A review,” Environ Pollut, 246, 608-620, 2019.

[2]. Xubiao Luo, Tingting Shen, Lin Ding, Weiping Zhong, Jianfeng Luo,
Shenlian Luo, “Novel thymine-functionnalized MIL-101 prepared by post-
synthesis and enhanced emoval of Hg?* from water,” Journal os Hazardous
Materials, 306(5), 313-322, 2016.

[3]. Shoufang Xu, Lingxin Chen, Jinhua Li, Yafeng Guan, Hongzhi Lu,
“Novel Hg*" -imprinted polymers based on thymine- Hg?* - thymine

interaction for highly selective preconcentration of Hg?" in water samples,
Journal os Hazardous Materials, 237-238 (30), 347-354, 2012.

[4]. Wang S., Liu Y,Llu Q F,Zhuang H., “Facile preparation of
biosurfactant-functionalized Ti,(TyMXene nanosheets with an enhanced
adsorption performance for Pb (Il) ions,” Journal of Molecular Liquids,
297,111810, 2020.

[5]. Shahzad A., Rasool K., Miran W., Nawaz M., Jang J., Mahmoud K.
A., Lee D. S., “Two-dimensional Ti;C;Tx MXene nanosheets for efficient copper
removal from water,” ACS Sustainable Chemistry & Engineering, 5 (12), 11481 -
11488, 2017.

[6]. Michael Naquib, Murat Kurtoglu, Volker Presser,Jun Lu,Junjie
Niu, Min Heon, Lars Hultman, Yury Gogotsi, Michel W. Barsoum, “Two-
dimensional nanocrystals produced by exfoliation of Ti; AlG,," Advanced
Materials, 23(37), 4248-4253, 2011.

[71. Yang J.,Wu J. X,Llu Q F,Lin T. T, “Facile preparation of
lignosulfonate—graphene oxide—polyaniline ternary nanocomposite as an
effective adsorbent for Pb (11} ions,” ACS Sustainable Chemistry & Engineering,
2(5),1203 - 1211, 2014.

[8]. Ning-Ning Wang, Hao Wang, Yu-Ying Wang, You-Hao Wei, Jing-Yu Si,
Anthony Chun Yin Yuen, Jin-Song Xie, Bin Yu, San-E Zhu, Hong-Dian Lu, Wei
Yang, Qing Nian Chan, Guan-Heng Yeoh, “Robust, lightweight, hydrophobic,
and fire-retarded polyimide/MXene aerogels for effective oil/water
separation,” ACS Applied Materials & Interfaces, 11(43), 40512-40523, 2019.

[9]. CJ. Zhang, V. Nicolosi, “Graphene and MXene-based transparent
conductive electrodes and supercapacitors,” Energy Storage Materials, 16, 102-
125,2019.

[10]. Peng Q., Guo J., Zhang Q., Xiang J., Liu B., Zhou A., Tian Y., “Unique
lead adsorption behavior of activated hydroxyl group in two-dimensional
titanium carbide,” Journal of the American Chemical Society, 136 (11), 4113 -
4116, 2014.

[11]. Mishra S.,Verma N., “Surface ion imprinting-mediated carbon
nanofiber-grafted highly porous polymeric beads: Synthesis and application
towards selective removal of aqueous Pb (1), Chemical Engineering Journal,
313, 1142 - 1151, 2017.

[12]. Yanjie Dong, Dashen Sang, Chengdong He, Xinfeng Sheng, Longwen
Lei, “MXene/alginate composites for lead and copper ion removal from
aqueous solutions,” RSC Adv., 9, 29015, 2019,

HaUl Journal of Science and Technology | 227



CONG NGHE https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

[13]. Umair Ali Asif, Khalid Mahmood, Salman Raza Naqvi, Muhammad
Tagi  Mehran, Tayyaba Noor, “Development of high-capacity surface-
engineered MXene composite for heavy metal Cr (VI) removal from industrial
wastewater,” Chemosphere, 326, 138448, 2023.

[14]. Cao Thi Hong, Nguyén Thi Thom, Pham Thi Nam, Nguyén Thu
Phuong, Vii Thi Thu, Dinh Thi Mai Thanh, Ngé Van Hoanh, Tran Dai Lam, “Anh
hudng clia nong d6 HF va thoi gian siéu am dén tinh chat cla vat liéu 2D-
MXene-Tis(; t6ng hop béng phuang phap héa hoc udt,” Tap chi Khoa hoc va
(6ng nghé Vit Nam, 67(2)2, 35-39, 2025.

[15]. Abhishek Kagalkar, Swapnil Dharaskar, Nitin Chaudhari,
“Development of MXene for removal of lead (Pb?*) ions from wastewater,”
Water Practice & Technology, 19(3), 911-936, 2024.

AUTHORS INFORMATION

Cao Thi Hong', Nguyen Thi Thom', Pham Thi Nam',
Nguyen Thai Duong?, Pham Dinh Phi*, Pham Thi Thu Giang®,
Tran Dai Lam’

UInstitute of Materials Science, Vietnam Academy of Science and
Technology, Vietnam

“Graduate University of Sciences and Technology, Vietnam Academy of
Science and Technology, Vietnam

3Hanoi National University of Education, Vietnam

*Hanoi University of Industry, Vietnam

228 | Tap chiKhoa hoc va Cong nghé Trudng Dai hoc Cong nghiép Ha Ni Tap 61- 50 5B (5/2025)



