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Tong hop vit liéu 2D-MXene-Ti.C, bang phwong phap in mon chon loc
MAX-Ti,AIC, trong hydrogen fluoride
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Tém tit:

Vit liéu ciu tric hai chiéu méi - MXene la tén goi ciia mdt s6 cacbua, nitrua hoiic cacbonitrua kim loai chuyén tiép,
¢6 cac tinh chat ddc dio nhu mo dun Young cao, 46 din nhiét, din dién cao, bé mat wa nwée, c6 kha ning hap phu
cao va hap phu chon lgc ion. Vit liéu nay dang nhin dwgc sw quan tim nghién ctru cho nhirng ung dung rong rai
trong tich trir nang lwgng, xic tac, cam bién, dién tir va xir Iy moi trweong. MXene thwong dwoc tong hop bang ba
phwong phap: an mon, tir trén xuong va tir dwéi 1én. Trong do6, an mon la phuong phap dwgrc str dung rong rai. Trong
bai bao nay, 2D-Mxene-Ti,C, duoc tong hop bang phwong phap ian mon tir tién chit MAX-Ti LAIC, trong dung dich
HF. Anh hwéng ciaa cac thong 50 tong hop nhw nhiét do va thoi gian tong hop dén cac tinh chat dac trwng cua vat
liéu da dwoc khao sat. Cac két qua thu dwoc cho thay, nong do HF 30%, nhiét do 35°C va thoi gian 36 gio' 1a phu hop
daé tong hop dwge 2D-MXene-Ti,C, c6 su tach 16p tot. Sw ian mon chon lgc nguyen to Al dwge xac nhan tir két qua
gian do nhiéu xa tia X (EDX) Vo1 s1r giam 94,1% ham lwgng nhdm (tir 24,08 xuong con 1,43%). Pong thoi, mt ciu
truc phan 16p ciing dwoc quan sat trén anh hién vi dién tir quét (SEM).

Tir khda: an mon chon loc, MAX-Ti,AlC,, MXene-Ti,C,, tach 16p, vat li¢u 2D.
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Abstract:

Novel materials of two-dimensional material - MXene are transition metal carbides, nitrides or carbonitides, which
have unique properties such as high Young’s modulus, thermal conductivity, high electrical conductivity, hydrophilic
surface, high adsorption capacity, and ion-selective adsorption. These materials are receiving research attention for
applications in energy storage, catalysis, sensing, electronics and environmental remediation. MXene materials were
usually synthesised by three methods, including etching, top-down and bottom-up. In which, etching is a common
method that is used widely to synthesise MXene materials. In this article, 2D-MXene-Ti,C, materials were synthesised
by etching method from MAX-Ti,AlIC, in HF solution. The effects of synthesis parameters such as temperature and
time on the characteristics of the materials were investigated. The obtained results show that the concentration of
HF 30%, the temperature of 35°C and the time of 36 hours are suitable for synthesising 2D-MXene-Ti,C, with good
delamination. The Al elements were selected corrosion, which was confirmed by the results of energy-dispersive
X-ray spectroscopy (EDX) spectra with a decrease of 94.1% Al amount (from 24.08 to 1.43%). Simultaneously, a
layered structure was observed on the scanning electron microscope (SEM) images of MXene materials.

Keywords: delamination, MAX-Ti,AlC,, MXene-Ti,C,, selective etching, 2D materials.
Classification numbers: 2.4, 2.5
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1. Dat van de

Ving Pong bang song Ciru Long dang phai doi mat voi
nhitng thach thirc 16n do bién ddi khi hau va xdm nhap man,
dac biét nguén nudc, an ninh Iuong thyc. Viée phat trién cac
vat liéu va cong nghé tién tién ing dung trong xir ly nuéc man
dugc xem 1a mot trong nhimg giai phap hang dau giup khu vuc
ndy tmg pho voi tinh trang khan hiém nu6c ngot hién nay.

Vit liéu 2D nhan dugc sy quan tam ké tir ndm 2004 khi
cac nha khoa hoc kham pha ra graphen va sy tach 16p ciing
nhu nhimng tmg dyung cua ching [1]. Gén day, mét loai vat liu
méi 1a cacbua/nitrit kim loai chuyén tiép hai chiéu dwoc goi 1a
Mxene [2], da ngay cang thu hat sy chu y vi tinh ddc ddo cua
chiing. Nhiéu dic tinh ndi bat nhu mé dun Young cao, d6 din
nhiét/dan dién cao, bé mit wa nudc, kha nang hép phu cao va
hap phu chon loc ion nén ching dugc tng dung rong rai trong
cac linh vue khac nhau nhu xuc tac, cam bién sinh hoc va hoa
hoc, siéu tu dién, pin dién va hép phu [3-6].

Thong thudng, MXene dugc tao ra bang cach an mon co
chon loc pha MAX [7], la mot loai cacbua hodc nitrua c6 cong
thirc chung laM A AX (n=1, 2, 3), trong d6, M la kim loai
chuyén tiép, A thuoc nhém TITA hoac IVA, X1a Choac N [8, 9].
Trong pha MAX, lién két M-A yéu hon va c6 thé bi pha v so
v6i lién két M-X [1, 10]. Do d6, MXene thuong dugc tong hop
thong qua viée loai bo cac 16p lién két yéu ctia nguyén tr A[11].

MXene thé hién c4c tinh chat khac nhau tiy thudc vao diéu
kién tong hop nhu kich thuéc va thanh phdn pha MAX, ban
chét cua chit an mon, néng d6 chit an mon, ban chit cua dung
mdi, nhiét do tong hop, thdi gian tong hop va thoi gian siéu 4m
tach 16p... [12]. Tuy nhién, cac hat MXene tong hop hdu hét
duoc xép chong 1én nhau tao thanh cdu tric dang tim vai kich
thude 16n, diéu nay can tro rat nhiéu dén viée s dung day du
cac vat liéu nay, dan dén hidu qua hoat dong thip [13]. Vi vay,
viéc nghién ctru tong hop ra céc hat nano MXene c¢6 cdu tric
tach 16p 1& mot thach thire 16m.

Theo hiéu biét cua ching t6i, viéc st dung HF 1a mot lua
chon tot dé tong hop MXene bing phuong _phap an mon héa
hoc w6t vi kha nang phan tmg cao cta no. Héu hét cac k¥ thuét
tong hop MXene bing phuong phap nay 14 an mon chon loc
nguyén t6 “A” trong tién chat MAX, duogc thuc hién bﬁng
it nhat ba budc chinh: i) Xtr Iy MAX trong dung dich chira
flo (nhu dung dich HF hodc hén hop cta mudi florua va axit
clohydric dé tao ra cac hat MXene xép chong 1én nhau; ii) St
dung dung méi hiru co hodc céc cation dé dan cai vao céu trac
MXene, lam cho cdu trac MXene phdng 1én [14]; iii) Str dung
song siéu dm dé tach cac 16p MXene.

Trong nghlen ctru ndy, vat liéu 2D-MXene-Ti,C, da dugc
tong hop bang phwong phap an mon chon loc ¢ etchmg tién
chat MAX-Ti,AlC, trong dung dich HF. Anh huong cua mot
s yéu t6 nhur nhlet d6 va thoi gian tong hop dén céc tinh chét
ddc trung cua vat liu 2D-MXene-Ti,C, da dugc nghién ciru.
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Vit ligu 2D-MXene-Ti,C, tong hop dugc dinh hudng tng
dung trong ché tao dién cuc composite xdp dan dién trén co s&
carbon hoat tinh gdo dua dé xu ly nude nhiém man tai khu vuce
Dong bang song Ctru Long theo cong nghé dién dung khir ion
(capacitive deionization - HCDI). Pay 1a mt hudng nghién
clru moi va tiém nang c6 thé tng dung trong thuc tién.

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

Hoa chat MAX-Ti LAIC, (98%, <200 pm), HF (48%) va
HCI (37%) 1a san pham cua Hang Sigma Aldrich (Hoa Ky).
Cac thiét bi st dung trong nghién ctru bao gdm: cin phan tich 5
s6 Mettler Toledo (D), may khudy tir VELP (Y), may siéu 4m
S60H Elmasonic (Purc) va may ly tdim Hermle Z366K (DPuc).

2.2. Tong hgp 2D-MXene-Ti C,

3g MAX-TiAIC,

2D-MXene-Ti;C,
Ly tim H,0, HC12M P
—_— W0, 3C, S0°C Ly tim H,0 vé pH=7
& ) _
Siéu dm 90 phat

24h, 36h, 48h

Siy & 80°C, 8 gitr, nghién

Hinh 1. Téng hop 2D-MXene-Ti,C, béng phwong phap etching trong dung
dich HF.

2D-MXene-Ti,C,dugc tong hop bang phuong phap dn mon
chon loc “etchmg” tu tién chit MAX-Ti LAIC, trong dung dich
HF (hinh 1). 3 g bot MAX-Ti,AlC, du:0’c them vao 30 ml HF
trong lo nhya PP dung tich 50 ml sau d6 day nép lo. Hon hop
nay dugc dun cach thuy trén may khudy tir gia nhiét voi thoi
gian etching khac nhau (24, 36 va 48 gi®) ¢ nhiét d6 thay doi
(20, 35 va 50°C). Hon hop duoc ly tim rira bang nudc cat voi
tdc do 9000 vong/phiit trong 5 phiit (3 1dn), bang dung dich
axit HCl 2 M (thyc hién 3 lan), sau do ly tdm rtra béng nuoe
cat dén pH trung tinh. Dung dich chira 2D-MXene-Ti ,C, dugce
siéu am 90 phut ¢ nhi¢t 40 phong va ly tdm thu lay chat rin
2D-MXene-Ti,C,. Mau 2D-MXene- Ti,C, dugc sdy kho chén
khong ¢ 80°C trong 8 gid, nghién bang 001 ma ndo thu dugc
dang bot min mau den.

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

Cac lién két dic trung cia MAX- Ti,AlC, va MXene-Ti,C,
tong hop trong vung budc song tir 600 4000 cm! duogc phan
tich trén thiét bi NICOLET IS10 (Thermo Scientific, M§y).
Hinh thai hoc bé mit va thanh phan céc nguyén td cia cac vat
liéu dugc phan tich bing phuong phap SEM va phuong phap
EDX str dung thiét bi Jeol 6490 JED 2300 (Jeol, Nhat Ban).
Thanh phéan pha ciia MAX va MXene- Ti,C, dugc phan tich
bang phuong phap nhidu xa tia X (XRD) su dung buc xa Cu
Ko (0=0,1546 nm) ¢ 40 kV va 20 mA, budc quét 0,02°/s véi 20
trong khodng tir 5+65°, duoc ghi trén thiét bi SIEMENS D5005
Bruker, Dirc. Pho Raman dugc sir dung dé xé4c dinh thanh phan
cau triic cua vat liéu, dugc do trén thiét bj quang phd XploRA



PLUS confocal Raman microscope (Horiba, Nhat Ban). Di¢n
tich bé mat riéng dugc xac dinh dya trén phuong phap do dang
nhiét hap phu-khir hap phu khi N, & 77K trén thiét b TriStar II,
Micromerics, Hoa Ky.

3. Két gua va ban luan
3.1. Anh hwéng ciia nhigt dp tong hop

Phd FT-IR ctia MAX- Ti,AlC, va MXene-Ti,C tong hop ¢ cac
nhi¢t do khac nhau 20°C, 35°C Va 50°C dugce the hlen trén hinh 2.
Nhin chung, phd IR ciia ching déu co hinh dang tuong ty nhau.
Trén phd quan st thay pic hip thu cuc dai & khoang s6 song 3446
va 1438 cm’!, duogc gan cho dao dong ctia nhém hydroxyl trong
nude am. Ngodi ra, pic & 1645, 1097 va 667 cm ¢6 thé duogce quy két
cho dao dong bién dang cua lién két C=0, Ti-O; C-F [15].

% truyén qua
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Sé séng (cm™)
Hinh 2. Phé FT-IR cua MAX-Ti,AIC, (A) va 2D-MXene-Ti,C, téng hop & cac

nhiét d6 khac nhau: 20°C (B), 35°C (C) va 50°C (D) trong 48 gio.

T T
4000 3500 3000

Thanh phén c4c nguyén 6 trong MAX- Ti,AIC, va MXene-
Ti,C tong hop ¢ nhi¢t do khac nhau, duogc phan t1ch str dung
phuong phap EDX.

Trén hinh 3A quan sat thay, trén phd EDX cua MAX-
Ti,AlC, xuat hién cac pic dac trung cho nguyén t6 Ti, C va Al
VO'l ham luong Al chiém 24,08% theo khdi luong. Ham lugng
Al giam dang ké tir 24,08% xudng con khoang 1,1-2,6% sau
qué trinh an mon dugc quan sat trong cac mau MXene-Ti,C,.
Day la két qua ciia sw an mon c6 chon loc nguyen t6 Al no
cho phép du doan vé su tach 16p trong cu trac cua MXene
(s& dugc quan sat boi két qua SEM bén dudi). Co thé thay khi
nhiét d¢ tang tir 20 1én 35°C, ham lugng Al trong mau MXene
giam tir 2,73 xudng 1,50%. Tiép tuc ting nhiét dd phan tng lén
50°C, ham lugng Al giam nhe tir 1,50 xudng 1,11% cho phép
lwa chon nhiét do 35°C 1a thich hop dé tong hop MXene. Ngoai
ra, sy xuat hién cua O va F 1a két qua cua sw an mon boi HF.

SEM cua MAX-Ti,AIC, va 2D-MXene-Ti,C, tong hop 6
céac nhiét do khac nhau duoc thé hién trén hinh 4 Anh SEM cua
MAX-Ti,AIC, (hinh 4A) ¢6 dang hinh tAm véi cdu tric <o thé
dugc phan lop Sau khi @n mon trong dung dich HF, cu tric
16p dugc quan sat rat rd. Day 1a két qua ciia sy an mon c6 chon
loc 16p nguyén tir Al xen gitra trong cau trac cia MAX dé tao
thanh MXene. Lun giai nay d4 dwoc chimg minh dua trén két
qua do EDX ¢ trén.
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Hinh 3. Phé EDX cuia MAX-Ti,AIC, (A) va 2D-MXene-Ti,C, tong hop & cic
nhiét do khac nhau: 20°C (B), 35°C (C) va 50°C (D) trong 48 gic.
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Hinh 4. Anh SEM ciia MAX-Ti AIC, (A) va 2D-MXene-Ti,C, téng hop & céc
nhiét d6 khac nhau: 20°C (B), 35°C (C) va 50°C (D) trong 48 gio.
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Tur két qua EDX va anh SEM cho phep. két luan da tong
hop thanh cong vat liéu 2D-MXene-Ti,C, bang phuong phap
dn mon MAX-Ti,AIC,. Véi cau trac tach lop cta 2D-MXene-
Ti,C, co thé du doan Ve sy tang dién tich bé mat riéng cua cac
mau MXene s0 voi mau MAX ban dau. Két qua vé dién tich
bé mit riéng s& duge minh chimg & cac ndi dung nghién ciru
tiép theo.

3.2. Anh hwéng ciia thoi gian tong hop

Ph FT-IR ctia 2D-MXene- Ti,C tong hop & 35°C véi cac
thoi gian khac nhau quan sat thay cac pic 0 3442, 1645, 1392,
1097 va 671 cm™! ¢6 thé 1a do dao dong lam cac lién két —OH,
C=0, O-H, C—F va Ti-O kéo dai hon nhung van phu hop voi
cac nghién ctru trude do [15] (hinh 5).
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Hinh 5. Phé FT-IR cia 2D-MXene-Ti,C, téng hop véi céc théi gian khac
nhau: 24 gio (A), 36 gio (B) va 48 gio (C).
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Hinh 6. Phd EDX cta cac mu 2D-MXene-Ti,C, téng hop véi thoi gian
khac nhau: 24 gi& (A), 36 gio» (B) va 48 gio (C).
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Hinh 7. Anh SEM ctia 2D-MXene-Ti,C, tdng hop véi thoi gian khac nhau:

24 gi» (A), 36 gie> (B) va 48 gio (C).
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Thanh phan céc nguyén to trong MXene tong hop & thoi gian
khac nhau duogc thé hién trén hinh 6. Trén phé EDX cia cdc méiu
MXene tong hop ¢ cac thoi gian khac nhau quan sat thay cac pic dac
trung cho Tiva C. Su xut hién ciia O va F 1a két qua clia sy &n mon
boi HE. Ham lugng nguyén t Al giam khi tang thoi gian tong hop
tir 24 gio 1én 36 gio (dat 2,5 va 1,5% tuong ng). Tiép tuc tang thoi
gian phan tmg 1én 48 gio, ham luong nhom gan nhu khong thay doi.
Anh SEM quan sat thay sy tach 16p tot ciia vt liéu sau qué trinh n
mon (hinh 7). Tir céc két qua nay, ching toi lwa chon thoi gian 36
gio 12 thich hop dé tong hop 2D-MXene-Ti,C,.

3.3. Déc trung cia MAX-Ti AIC, va MXene-Ti ,C,

Hinh 8 trinh bay gidn do nhiéu xa tia X cila mau bot MAX-
Ti,AlC, va MXene-Ti,C, dugc tong hop bang phuong phap dn mon
chon loc tir tién chét MAX trong dung dich axit HF. Cac cuc dai
nhiéu xa cua vat lieu MAX duoc quan sat thay 0 26=9,5, 19, 34,
36,7,38,9,41,7,48,3, 56,4, va 60,1°. Trén gian do XRD ctia MXene-
Ti,C, do sy an mon ¢ chon loc cua cac 1op Al tir tién chit MAX, céc
dmh da ¢ sy dich chuyén céc goc thip hon (8,8° va 18,2°). Sy dich
chuyén nay dan t6i khoang cach d ting 1én (nhu dugc quan st trong
cac anh SEM ¢ trén). Cac sy gia tang khodng cach d 1a do sy m¢
rong cAu tric tir qué trinh an mon va sy thay thé dang ké ciia Al bing
cac nhom két thuc —F va “OH/=0. Hon nita, pic cuc dai ¢ 26=38,9°
gan nhu bién mat trong MXene- Ti,C,, xac nhén vigc loai bo dang
ké céc 16p Al khoi Ti LAIC, Dong th01 mot pic moi tai 27,7° (008)
dugc quan sat do sy hmh thanh cua Ti,C,(OH), [16]. Pic ddc trung
cho hop chat AlF, tao thanh sau qua trmh an mon dugc ky hiéu boi
déu (¥) trén gian do Két qua nay phu hop voi su xuét hién pic twong
tmg cho nguyén 6 F va O trong két qua EDX & trén.
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Hinh 8. Gian dé XRD cuia MAX-Ti ,AIC, va MXene-Ti,C,.

Ph6 Raman cua MAX-Ti,AIC, (hinh 9) quan sat thiy cac dinh
nim ¢ khoang sb song 269, 423 va 613 cm ddc trung cho dao dong
ctia céc nguyén tir Ti va Al [17]. Pic ¢ s6 song 269 cm™! dac trung
cho dao dong cua Al khong dwgc quan sat trén phd cua MXene-
Ti,C, do sy dn mon déng ké clia nguyén tir Al trong pha MAX.
Ngoal ra, 2 dinh rong khac duoc quan sat thay trong khoang 1000-
1800 em! dwgce gan cho dai D va G cua carbon graphit. Cudng do
hai dai nay tang trong mau MXene- Ti,C, cho thiy cac bé mit da
tiép xtic voi nhleu carbon hon, du doan ve sy tang cuong dang ké
dac tinh truyen dién tich cua 16p cacbua, thuan 1gi cho viéc cai
thién tinh chét dién dung cua vat li¢u. Mot pic voi cuong do 16m ¢
s6 song khoang 151 cmr! trén phd ciia MXene-Ti,C, co thé 1 do su
hinh thanh Ti,C, bi oxy hoa [18].
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Hinh 9. Phé Raman clia MAX-Ti,AIC, va MXene-Ti,C,.
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Hinh 10. Bwong dang nhiét hap phu N,ctia MAX-Ti,AIC, (A) va 2D-MXene-Ti.C, (B).
Bang 1. Cac thong sb dic trwng cla MAX-Ti,AIC,va 2D-MXene-Ti,C,.

Théng s MAX-Ti AIC, 2D-MXene-Ti.C,
Hirh thi hoe b mil Eznfu};“z;:?lzgl caumiood o4 iiciop

Ham luong Al (%m) 24,08 143

Thanh phan pha Ti,AIC, Ti,C,, AIF,, Ti,C,(OH),
Dao dong ddc trung Ti, Al, carbon graphit Ti, carbon graphit
Dién tich b& mit riéng (m?/g) 1,5981 9,3441

Thé tich vi mao quan (cm’/g) 0 0,000656

Téng thé tich mao quan (cm¥g)  0,001094 0,00585

D§ rong mao quan trung binh (nm) 2,3110 2,1954

Pé minh chimg cho két ludn sy tich 16p trong cu tric ciia vat
liéu MXene lam téng dién tich bé mat riéng cua vt ligu so véi tién
chit MAX, trong phan nay phuong phap dang nhiét hap phu N, theo
phuong phap BET dugc st dung dé xac dinh dién tich bé mit r1eng,
kich thuéc 16 x0p va thé tich 16 xbp cua vat liéu. Céc thong s6 dac
trung cua vat liéu (dién tich bé mit, téng thé tich mao quan, duong
kinh mao quén) duoc trinh bay trong hinh 10 va bang 1 cho thdy, dién
tich bé mat rleng cua 2D-MXene-Ti,C, tang 5,8 lan so véi vat liéu
MAX (9,3441 va 1,5981 m%g, tuong u'ng) Su tang dién tich bé mat
riéng theo BET dugc giai thich do qua trinh an mon trong dung dich
HF dd xay ra an mon ¢6 chon loc nguyén t Al, lam cho cau tric vat
lidu MXene c6 sy tach 16p, lam tang do x5p, ting thé tich mao quan va
vi mao qudn cua vat liéu.

4. Két luan

Vit liéu 2D-MXene-Ti,C, da dugc tong hop thanh cong bing
phuong phap an mon chon loc tir tién chat MAX-Ti LAIC, trong dung
dich HF. Nghién ctru nay di dua ra duoc diéu kién thlch hop dé tach

16p hi¢u qua MXene-Ti,C,, sy anh hudng ctia nhi¢t do va thoi gian n
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s Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc; Ky thuat vat ligu va luyén kim

mon da dugc nghién ctru. Bﬁng cach so sanh céc tinh chét cua vat liéu
tong hop dugc, chiing toi dua ra két luan: nhigt do 35°C va thoi gian
36 phut 1a t6i vu dé thu dugc vét ligu MXene-Ti,C, c6 sy tach 16p tot.

Nguyén Thi Thom dugc tai tro boi Chwong trinh Hoc bong sau
tién sy trong nudc cua Quy Poi méi sang tao Vingroup (VINIF), ma
s0: VINIF.2022.STS.44, d¢ tai co s tré nam 2023 va duogc hd trg
boi Bo Khoa hoc va Cong ngh¢ (DPTPLCN.66/22). Cac tac gid xin
tran trong cdm on.
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