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Tom tat:

Gin diy, mt ho vét liéu méi cAu triic hai chiéu goi 1a MXene, bao gom cic carbides/nitrides/carbonitrides kim loai chuyén
tiép dang nhan dwoc sy quan tim ciia cic nha khoa hoc. MXene c6 cu tric 16p 2D doc dao nén chiing cé thé dé dang két
hop véi cac vat liéu khac dé ting cwdng thude tinh cho vat liéu to hop dwoc tao ra. Vit liéu nay dang dwoc nghién ciru cho
nhirng ing dung rong rii, bao gom tich trir ning luwong, siéu tu dién, xic tc, mang din dién, vat liéu gia cwong va hap phu.
MXene c6 thé duge tong hop théng qua qua trinh in mon chon loc tir tién chit MAXene bang cach sir dung dung dich in
mon HF. Nghién ciru nay bao cao anh hwéng ciia ndng do HF va thoi gian siéu Am tach 16p dén hinh thai, thanh phin cia
vét li¢u 2D-MXene-Ti,C, tong hop duge bimg phuong phap kinh hién vi dién tir quét va phan tich quang ph6 tan xa nang
lwgng tia X. Cac két qua cho thay, & ham lwgng HF 48% va thoi gian siéu 4m 90 phuit, vit liéu 2D-MXene-Ti,C, c6 sw tach
16p tot voi ham lwgng nhom trong phan tir con khoang 1,5%. Vit li¢u 2D-MXene-Ti,C tong hop dugc co dlen tlch bé mit
tang gap 5,8 1an so voi vat liéu MAX-Ti,AIC, ban dau.

Tir khéa: an mon chon lge, MAX-Ti,AIC,, nong do HF, thoi gian siéu am, 2D-MXene-Ti,C,.
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Abstract:

Recently, a new family of two-dimensional materials, called MXenes, which are layered structure materials of carbides/nitrides/
carbonitrides of transition metal, are receiving the attention of scientists. MXene, with its unique 2D layered structure, can easily
combine with other materials to enhance the properties of the resulting composite material. The materials are being investigated
for wide applications including energy storage, supercapacitors, catalysis, conductive films, reinforcement and adsorbents. MXene
can be synthesised through selective etching from the MAXene precursor using HF etching solution. This study reports the effect
of HF concentration and ultrasonication time on the morphology and composition of the synthesised 2D-MXene-Ti,C, materials.
These characterisations were evaluated by scanning electron microscopy and X-ray energy-dispersive spectroscopy analysis. The
results showed that at 48% HF and 90 min of ultrasonication time, 2D-MXene-Ti,C, material has good delamination with the
aluminum content in the molecule remaining about 1.5%. The material has an approximately 5.8-fold increase in surface area
compared to the original MAX-Ti,AIC, material.
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Classification numbers: 2.4,2.5

“Tac gia lién hé: Email: nguyenthithomsp@gmail.com

‘ JHOAHOC _ [pyees 3



1. Dt van de

MXenes la ho vat liéu cacbua va nitrua kim loai chuyén
tiép hai chiéu (2D) cé cong thire héa hoc chung 1a M, X
(n=1,2,3), trong d6, M 1a kim loai chuyén tiép (Ti, Ta, Nb, V,
Mo) va X c6 thé 1a C va/hodc N [1]. MXenes thuong dugc
téng hop thong qua qua trinh an mon hoa hoc wét tir pha
MAX [2]. Céc qua trinh dn mon hoa hoc nay dan dén cac bé
mat thuong dugc chirc nang hda voi cac nhém —O, —F hodc
—OH [1,3]vakyhiéula T [1].

MXene dau tién (Ti,C,) c6 ngudn gbc tir Ti,AIC, dugc
phat hi¢n ra nam 2011, sau d6 cac MXene khac nhau da
dugc tong hop cho cac ung dung bao gdm luu trit ning
luong, sang loc ion va khi, che chin nhidu dién tir, quang
dién tur va y hoc [4-6]. Trong s6 d6, cac MXene dua trén
titan (nhu Ti,C, T, va Ti,CT ) duoc str dung rong rai cho céac
ung dung moi truong [1, 7]. Bén canh cacbua, cac cAu tric
MXene khac véi nitride va carbonitride dugc su dung trong
céc linh vuc khac nhau [8]. MXene c6 cau trac 16p 2D doc
d4o nén chung co thé dé& dang két hop véi cac vat lidu khac
dé tang cuong thudc tinh cho vat liéu to hop dugc tao ra
[9, 10]. Ngoai ra, MXene c6 tinh twong thich sinh hoc, dé
chtrc niang hoa, tinh dan kim loai cao va tinh ua nudc lam
cho chiing tr¢ thanh mét ung ctr vién ly tuong cho cac ung
dung khac nhau nhu xtr Iy mdi trudng, luu trlt nang luong,
dién ti, cam bién, tich nudc va xtc tac [11, 12]. Gan day,
MXenes dugc quan tdm nghién cru cho nhiing trmg dung
trong loc nudc theo cong nghé khir ion bang dién dung va
hap phu [13, 14].

Do MXene c6 thé duogc (mg dung rong rii trong nhiéu
linh vuc khic nhau nén gan diy cac nha khoa hoc da va
dang nghién ciru dé dua ra quy trinh cong nghé méi tong
hop céc vat liéu MXene tur cac loai tién chit ban dau khac
nhau. MXenes thé hién cac tinh chit khac nhau tiy thudc
vao diéu kién tdng hop nhu ban chit ciia chat n mon, ndng
d6 chit an mon, ban chit cia dung moi va thoi gian siéu
am. Thong thuong, MXene dugc tao ra béng cach loai bo
16p A khoi pha MAX thong qua qué trinh &n mon chon loc
bang cach str dung HF 1am chat an mon. Dung dich HF 1am
suy yéu cac lién két hoa hoc manh giita cac phan tir A va M
trong pha MAX. Qua trinh téng hop MXenes dd dugc bao
cdo boi M. Naguib va cs (2011) [1], trong bao cdo nay cac
tac gia dé cap dén phan tng hoa hoc giita pha MAX va moi
truong nuoc giau flo. Nguyén tir Al bi loai bo theo phan
tmg 1 va cac MXene tong hop dugc c6 cac nhom —OH, —F
(twong Gmg vo&i phan tmg 2 va 3). N6i cach khéc, lién két
Ti-Al da dugc thay thé boi Ti-F hodc Ti-OH.
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Ti,AIC, + 3HF — Ti,C, + AIF, + 3/2 H, (1)
Ti,C, + 2H,0 — Ti,C,(OH), + H, )
Ti,C, + 2HF — Ti,C,F, + H, 3)

Bai bdo nay bdo cao mot ky thuat don gian dé tong
hop vat liéu 2D-MXene-Ti,C, tir tién chit MAX-Ti,AlC,;
dong thoi, nghién ctru anh huong cia nong do chat an mon
HF, thoi gian siéu 4m dén hinh thai hoc va thanh phan céc
nguyén td trong vat liéu thu dugc. Vat liéu 2D-MXene-
Ti,C, téng hop duoc djnh ~hu(’mg mg dung trong ché tao
dién cuc composite x0p dan di€n trén co s& carbon hoat
tinh gao dira dé xir I nudc nhiém min tai khu vuc Pong
bang song Ctru Long theo cong nghé dién dung khir ion
(Capacitive deionisation - HCDI). Bay 1a mét huong nghién
clru méi va tiém nang dé c6 thé img dung trong thuc tién.

2. Thuc nghiém va phuong phap nghién ciiu
2.1. Héa chit, thiét b

Hoéa chit MAX-Ti,AIC, (d¢ tinh khiét 98%, <200 pm),
HF nong d6 48% va HCI ndng d9 37% la san pham cia hang
Sigma Aldrich. Céc thiét bi sir dung trong nghién ctru bao
gdm: can phan tich 5 s6 Mettler Toledo (Pirc), may khudy
tir gia nhiét VELP (Y), may siéu 4&m S60H Elmasonic (Dirc)
va may ly tam Hermle Z366K (Dtrc).

2.2. Téng hop 2D-MXene-Ti,C,

2D-MXene-Ti,C, duoc téng hqp’béng phuong phap an
mon chon loc “etching” tir tién chat MAX-Ti,AlC, trong
dung dich HF (hinh 1). 3 g bt MAX-Ti,AlC, dugc thém
vao 30 ml HF véi ndong d6 HF thay doi 20, 30 va 48%. Hon
hop duoc dung trong binh Teflon dung tich 50 ml ¢ nip
day va duoc dun cach thity trén may khudy tir gia nhiét voi
téc do khudy 250 vong/phut, & nhiét 6 35°C trong thoi gian
36 gio. Hon hop duoc ly tim rira bang nude cat véi toe do
9.000 vong/phut trong 5 phut (3 1an), bang dung dich axit
HCI 2M (thuc hién 3 14n), sau d6 ly tim rira bing nudc cat
dén pH trung tinh. Tiép theo, hdn hop dugc siéu 4m & nhiét
dd phong voi thoi gian khac nhau 30, 60 va 90 phut st dung
bé siéu am. Cudi cing, ly tim thu liy chét rin va sy chan
khong & 80°C trong 8 gid, nghién bang c¢i ma nio thu dugc
2D-MXene-Ti,C, dang bot min mau den.
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Hinh 1. Téng hop 2D-MXene-Ti,C, bang phwong phap héa hoc wét
trong HF.

2D-MXene-TiyC,
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2.3. Phan tich dac trung tinh chit ciia MAX-Ti AIC,va
2D-MXene-Ti,C,

Hinh thai hoc bé mit cua cac vat licu MAX-Ti LAIC, va
2D-MXene-Ti,C, duge phén tich bang phuong phap klnh
hién vi dién tu quet (SEM) sur dung thiét bi Jeol 6490 JED
2300 (Jeol, Nhat Ban). Thanh phan cac nguyén té cta cac
vat liéu dugc danh gia bang phuong phap tan xa ning lugng
tia X (EDX) trén thiét bi Jeol 6490 JED 2300 (Jeol, Nhat
Ban).

3. Két qua va ban luan
3.1. Anh huéng ciia néong dép HF

Gian do XRD ciia mau MAX-Ti LAIC, va MXene-Ti,C,
tong hop & ndng do HF khac nhau da duoc ghi lai dé cung
cép thém thong tin vé cdu trac tinh thé cia chung. Nhu
dugc thdy trong hinh 2, gian d6 XRD ctia MAX- Ti,AlC, thé
hién hai pic dién hinh ¢ 9,7 va 19,3° trong tmng VO'l cac mat
phang phan xa (002) va (004).
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Hinh 2. Gian d6 XRD cla MAX-Ti,AIC, (A) va MXene-Ti,C, téng hop
trong dung dich HF cé néng dé khac nhau 20% (B), 30% (C) va
40% (D).

Sau khi an mon trong cac dung dich HF ¢6 nong do khac
nhau, hai pic nay duoc dich chuyén sang cac goc nho hon
(8,4 va 17,4°) va dg rong cua pic ciing dugc mo rong (hinh
2B, 2C va 2D). Nguyén nhan do sy xen k& cua cdc nhom
hydroxyl va cac phan tir nudc vao cic mat phang co ban
cua vat liéu da lam tang tham ) mang c, dan dén su dich
chuyén va mé rong céc pic nhidu xa. Khi duoc tong hop
trong dung dich HF c6 ndng d6 20 va 30% MAX-Ti AlC
khong chuyén hoa hoan toan thanh MXene-Ti,C, va van
con hién dién trong cic mau (hinh 2B va 2C) Vat liéu thu
duoc la don pha cia MXene-Ti,C, khi duoc tong hop trong
dung dich HF ndng d6 48% (hll’lh 2D). Cac pic dac trung
cua MXene-Ti,C, quan sat duge ¢ 20 la 8,4, 17,6, 27,3,
42,4 va 62,6° tucmg ung voi cac mat phang phan xa (002),
(004), (008), (105) va (110) mat phing. Két qua khing dinh
MXene-Ti,C, da téng hop thanh cong va dé xuit chon dung
dich HF cc') nong do 48% dé tong hgp MXene- -Ti,C,.
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Thanh phin cic nguyén to va anh SEM cua MAX-
Ti,AIC, va MXene—TiLC2 tong hop voi nong do cl}ét an mon
HF khac nhau dugc thé hién trén hinh 3 va 4. Pho EDX cua
MAX-Ti,AlC, quan sat thdy céac pic dic trung cho nguyén
to Ti, C va Al vdi ham lugng Al chiém 28,78% theo khoi
luwong (%m). Sau khi phan tng trong dung dich HF ham
luong Al giam do sy an mon chon loc nguyén té Al, dong
thoi xudt hién pic dic trung cho O va F (hinh 3B, 3C, 3D).
Ham lugng Al giam 50% (con 14,49% m) sau 36 gio phan
(g trong dung dich HF ndng d6 20% nhung trén anh SEM
su tach 16p cia MXene chua dugc quan sat (hinh 4B). Khi
néng do HF tang 1én 30 va 48%, ham lugng Al con lai la
4,77 m va 2,50% m tuong ung.

Nguyén (0 Nguyén 0

Nguyén to

Nguyén to

Hinh 3. Phé EDX cta MAX-Ti AIC, (A) va 2D-MXene-Ti,C, tdng hop
& néng dé HF khac nhau: 20% (B), 30% (C) va 48% (D).

Nhu da trinh bay trong phﬁn dat van dé, sy an mon co
chon loc nguyén t6 Al s& tao ra su tach 16p trong ciu trac
cua vat liéu MXene. Anh SEM cua MAX-Ti,AlC, c6 dang
hinh tam, v6i cau trac cé thé dugc phan 16p (hinh 4A). Sau
khi an mon trong dung dich HF ciu triic 16p dugc quan sat
rat 13, dic biét sau khi duoc an mon trong HF 48%. Tur két
qua EDX, SEM va XRD cho phép két luan di tong hop
thanh cong vt ligu 2D-MXene-Ti,C, tu MAX—Ti3A1C2b§ng
phuong phap etching. Trong nghién clru nay, nhom chiing
to1 Iwra chon néng do HF 48% lam dung moi an mon dé téng
hop 2D-MXene-Ti,C,.
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Hinh 4. Anh SEM ciia MAX-Ti,AIC, (A) va 2D-MXene-Ti,C, téng hop
& néng dé HF khac nhau: 20% (B), 30% (C) va 48% (D).

Dé minh chig cho két luan vé su tach 16p trong cau
trac cua vat liéu MXene do sy an mon c6 chon loc 16p nhém
trong tién chit MAX, phuong phap dang nhiét hip phu N
(BET) duoc sir dung dé xac dinh dién tich bé mit riéng cua
vat lidu (hinh 5). Dién tich bé mat riéng cua vat liéu MAX-
Ti,AlC, la khoang 1,6 m*/ g, sau khi duoc etching trong dung
dlCh HF 48%, dién tich bé mat riéng ciia 2D-MXene- Ti,C,
dat 10,56 m?/g (ting 5,6 1an so vai vat lidu MAX).
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Hinh 5. Puong déng nhiét hdp phu N, ctia MAX-Ti,AIC, va 2D-MXene-Ti,C,.
3.2. Anh hwong ciia thoi gian siéu am

Trong ph?m nay, ching toi khdo sat anh huong cta thoi
gian siéu am dén su tach 16p vat liéu 2D-MXene-Ti,C,. Mau
2D- MXene- Ti,C, sau khi dugc tong hop trong dung moi
HF néng do 48% trong 36 gio' 6 nhiét do 35°C s€ dugc ly
tam loc rira vé pH trung tinh. Sau d6, thém nudc cit va siéu
am mau & nhiét d6 phong véi thoi gian khac nhau: 30 phut,
60 phut va 90 phut. Cubi cing ly tdm loc rira bang nudc cét
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Hinh 6. Phé EDX ctia cac mau 2D-MXene-Ti,C, tdng hop & HF néng
do 48% va siéu am véi thei gian khac nhau: 0 phut (A), 30 phat (B),
60 phut (C) va 90 phut (D).

Hinh 7. Anh SEM cta 2D-MXene-Ti,C, téng hop & HF néng dé 48%
va siéu am vé&i thoi gian khac nhau 30 phut (A), 60 phat (B) va 90
phut (C).

(3 1an) dé thu lay vat liéu 2D-MXene-Ti,C,. Céc ddc trung
v¢ thanh phan cac nguyén t0 va hinh thai hoc bé mat cua vat
lidu dugc phan tich bang phép do EDX va SEM (hinh 6 va
7). Duya trén két qua EDX c6 thé thy, qua trinh siéu am va
rira sau siéu 4m con tiép tyc 1am giam ham lugng nguyén
t6 Al trong mau 2D-MXene-Ti,C,. Khi tang thoi gian si€u
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am tir 30 phat dén 90 phut, ham luong Al trong mau con
khoang 1,5%m. Anh SEM cho thdy, qué trinh siéu 4m da
lam tach cac 16p MXene (hinh 7) va thoi gian siéu am tang,
su tach 16p quan sat duge rd hon. Tir cac két qua EDX va
SEM, chiing t6i lya chon thoi gian siéu 4m 90 phit dé thu
duoc vat ligu 2D-MXene-Ti,C, co su tach 16p t6t. Cac két
qua vé su tach 16p tot cho thay da tong hop thanh cong vat
li¢u 2D-MXene-Ti,C, tuong tu nhu trong bao cdo cua F. Liu
vacs (2017) [15].

4. Két luan

Vat li¢u 2D-MXene-Ti,C, da dugc tong hop thanh cong
béng phu’(mg phéap an mon hoa hoc udt tir tién chat MAX-
Ti,AlC,. Pé kham pha hiéu qué cta qua trinh in mon chon
loc nguyén to Al trong pha MAX, anh hudng cta ndng do
chat an mon HF va thoi gian thoi gian siéu 4m da duoc
nghién ctru. Bﬁng cach so sanh cac dic trung vé thanh phan
pha, thanh phan nguyén té va hinh thai hoc bé mit clia vat
lidu tong hop duoc, chung t6i két luan rang, MXene- Ti,C,
duogc tong hop trong HF ndng d6 48% va siéu 4m 90 phut
cho thiy su tach 16p tot. Vat liéu 2D-MXene- Ti,C, tong hop
dugc c6 dién tich ting khoang 5,8 1an so véi vat heu MAX-
Ti,AlC, ban diu. Nhimg nghién ctru danh gia anh huong
cua dung moi dén su tach 16p cia vat liéu MXene va nghién
ctru ché tao dién cuc trén co sé vat lidu MXene ung dung
trong xu Iy nudc g theo cong ngh¢ dién dung khir ion (CDI)
s& duoc chiing 61 bao cdo trong cac cong bd tiép theo.
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