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adsorption

Nguyén Thi Thu?, Tran Ngo®°, Nguyén Thi Hiép®®, Tran Nguyén Tién®®"
Nguyen Thi Thu?, Tran Ngo®¢, Nguyen Thi Hiep®¢, Tran Nguyen Tien®"

aKhoa Duwoc, Dai hoc Duy Tdn, Pa chng, Viet Nam
aDepartment of Pharmacy, Duy Tan University, 550000, Da Nang, Vietnam

®Trung tdam Khoa hoc Vét liéu, Vién Nghién cieu va Phat trién Cong nghé Cao, Dai hoc Duy Tdan, Pa Nﬁng, Viét Nam

bCenter for Materials Science, Institute of Research and Development, Duy Tan University, 550000, Da Nang, Vietnam
¢ Khoa Moi truong va Khoa hoc Ty nhién, Pai hoc Duy Tan, Pa Nc?ng, Viet Nam
Faculty of Environment and Natural Sciences, Duy Tan University, 550000, Da Nang, Vietnam

Trung tam Hoa hoc Tién tién, Vién Nghién ciru va Phdt trién Cong nghé Cao, Pai hoc Duy Tan, Pa Néng, Viét Nam

dCenter for Advanced Chemistry, Institute of Research and Development, Duy Tan University, 550000, Da Nang, Vietnam

(Ngay nhdn bai: 20/02/2023, ngay phdn bién xong: 23/4/12023, ngay chdp nhdn dang: 09/5/2023)

Tom tat

Vit liéu khung hitru co kim loai (Metal-Organic Frameworks-MOFs) 1a loai vt liéu duoc cAu thanh tir cac cum nguyén
tir (cluster) kim loai va cac cau ndi hiru co (ligand). MIL-101 (Material of Instutute Lavoisier-101) 1a mot loai MOFs
dién hinh voi nhiéu vu diém nhu bén co, bén nhiét, dién tich bé mit riéng cao. Chiing t6i tong hop céc tinh thé MIL-101
(Cr) tur mu01 Cr(III) nitrate va aXIt terephthalic (HzBDC) voi sy 6 mét cua N,N dimethylformamide (DMF) ¢ nhiét do
cao. Cac mau vt liéu sau khi tong hop dugc khao sat bang nhiéu phuong phéap khac nhau bao gdm XRD, SEM, BET va
TGA. Sau d6, MIL-101 (Cr) dugc danh gia kha nang hap phu CO tai cac nhiét d6 khac nhau 288K, 298K, 308K, 318K.
Két qué cho théy MIL-101 (Cr) c6 nhiéu tiém nang trong linh vuc hép phu CO vo6i dung lugng hép phu cuc dai tai
298K dat 1,89mmol/g.

Tir khéa: Vat lidu khung co kim; COz; MIL-101; Hap phu.

Abstract

Metal-Organic Frameworks (MOFs) materials were cunstructed by composed of metal clusters and organic ligands.
MIL-101 (Material of Instutute Lavoisier) is a typical type of MOFs with many advantages such as mechanical, thermal
stability and high specific surface area. We synthesized MIL-101(Cr) nanocrystals from Cr(lll) nitrate salt and
terephthalic acid (H.BDC) in the presence of N,N dimethylformamide (DMF) solvent at high temperature. The
synthesized material samples were investigated by various methods including XRD, SEM, BET and TGA. MIL-101
(Cr) was investigated for its ability to adsorb CO at different temperatures of 288K, 298K, 308K, 318K. The results
showed that MIL-101 (Cr) has great potential in CO adsorption with the maximum adsorption capacity at 298K reached
1.89mmol/g.
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1. Pat van dé

Carbon monoxide (CO) dugc sur dung trong
cong nghiép nhu mot ngudn nguyén lidu chinh
dé san xuét nhiéu loai hoa chat khac nhau nhu
methane, phosgene, acetic acid, formic acid, va
dimethylformamide [1,2]. Nguoén CO hién nay
chu yéu thu duoc tir khi thai cta cac qua trinh
luyén thép, khi héa than d4 va reforming hoi
nudc khi ty nhién. Chi tinh riéng tai Trung
Qudc, mdi nim c6 hon 15 triéu tin CO thai ra
tr cac nha may luyén thép. Mét khac, trén thuc
t¢ CO 1a mot loai khi rat doc gdy ra thuong
vong ngay ca khi & ndng d6 cuc thap [3.,4]. Pic
biét 14 & nudc ta khi ma 6 nhiém CO xdy ra
ngay ca trong sinh hoat hang ngay cua nguoi
dan (d6t than suodi am, khi thai dong co...). CO
¢6 4i luc véi hemoglobin (Hb) trong hong cau
manh gip 230-270 1an so v&i oxy nén khi duoc
hit vao phéi, CO s gén chat voi Hb thanh
COHb 1am cho mau khong thé chuyén chd oxy
dén té bao gay ra tor vong. Tir cac 1y do trén,
viéc hap phu thu hoi va loai bo CO khoi khong
khi dé dap ung yéu cau trong san xudt cong
nghiép va bao vé cong ddng 1a didu can thiét.

C6 nhiéu phuong phap duoc cac nha nghién
ctru dua ra dé loai bo CO nhu chung cit dung
hoi lanh, mang loc, hép thu hoa hoc, hép phu [5-
8]. Trong do, hap phu dugc danh gia 1a phuong
phap don gian, hiéu qua va it tiéu ton nhat vé
nang lugng ciing nhu chi phi. Péi v6i qua trinh
phan tach bang hip phu, chit hip phu dong vai
trd quyét dinh dén toan b qua trinh [9,10]. Cac
loai chét hap phu ¢d dién thuong duge ding dé
hép phu CO gém cO zeolites, than hoat tinh,
boehmite, silica... [11-13]. Tuy nhién nhiing vat
liéu ndy déu c6 nhiéu nhuge diém khac nhau
nhu dién tich bé mat riéng thap, do bén thip
hodc kha ning hap phu khong cao [7].

Nhitng nam gan diy, MOFs duoc biét dén
nhu mot loai vat lidu 16 x5p méi vé6i rat nhiéu
ung dung trong céac linh vyc khac nhau nhu xtc
tac, hép phu, mang loc, cam bién, luu trir va
van chuyén thudc... [14,15]. So v&i cac loai vat

lidu 16 x&p truyén thong khac, MOFs ndi bat
v6i nhiéu vu diém dé hap phu khi nhu dién tich
bé mat riéng cao, bén co, bén nhiét, co thé thay
ddi kich thude, hinh dang 16 xép, da dang vé
ciu trac va bién d6i linh hoat [16]. MOFs da
dugc st dung dé hap phy va phén tach rit nhiéu
cac loai khi khac nhau nhu CO3, Hz, N2, CO,
CHa, CoHa, CsHe, C3Hs... Céu triic don ta MIL-
101 (Cr) c6 cong thirc héa hoc la Crz(F,OH)-
(H20)20[(02C)-CeH4-(CO2)]3:nH20 (n = 25)
bao gém cac chudi bat dién CrOs dugc két ndi
voi cac anion benzen dicacboxylat, mdt loai
MOFs, di thu hat rat nhiéu sy ch ¥ cua céac
nha nghién ctru dé tmg dung vao linh vuc hip
phu khi, vi loai crom terephthalate nay c6 mot
lugng 16n kich thude mao quan (29 va 34A) va
dién tich bé mit riéng dat téi hon 2500m?/g
[17]. Tinh 6n dinh nhiét va kha ning chong 4m
cao ciing 1lam cho vat liéu ndy dé dang thich
g vé6i nhiéu diéu kién 1am viéc khac nhau. Dé
tim hiéu rd hon nhung tinh chét dic trung cta
MIL-101 (Cr) cling nhu su quan trong ctua hé
thong 18 xdp trong kha nang hap phuy khi, trong
nghién ctru nay, ching toi trinh bay nhiing két
qua nghién ctru vé qué trinh tong hop va ung
dung hap phu CO cua vat liéu MIL-101 (Cr).

2. Thue nghiém

2.1. Tong hop MIL-101 (Cr)

4g Cr (NO3)3.9H20, 1,64 g axit terephthalic,
0,33mL dung dich HF, 48mL nudc khu ion,
dugc tron déu va khudy & 40°C trong 15 phit.
Sau do, dugc dua vao Teflon autoclave, day kin
va st dung 10 dbi lvu gia nhiét & 150°C trong
12 gid. Sau phan Ung, chét ran duoc lam ngudi
ty nhién dén nhiét d6 moi truong. San pham
xanh lam dugc ly tdm, loc va tinh ché bfmg
cach rira trong N,N-dimethylformamide (DMF)
va methanol. Cudi cung, sdy kho ¢ 70°C qua
dém dé thu dugec MIL-101 (Cr) [18].
2.2. Nghién ciru ddc trung vat liéu

Dbéc trung hinh thai hoc cta cac hat tinh thé
MIL-101 (Cr) dugc xac dinh bang phuong phap
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hién vi dién tir quét (SEM) trén may Leo-Supra
55 tai thé gia tbc 15kV. Thanh phan tinh thé
cia MIL-101 (Cr) duoc xac dinh bing phuong
phap nhiéu xa tia X (XRD) trén may Rigaku
MAC-18XHF (Nhat Ban) véi dau do (Detector)
D/teX Ultra 250, dung buc xa cia Cu-K, tai
dién thé gia téc 40kV, cudng do dong 30mA,
khoang quét 20 tir 3° dén 60° véi tbe d6 quét
3°/phit. Phan tich nhiét trong truong (TGA) dé
danh gia do bén nhiét cua vat lidu, thu duoc
trén may Perkin-Elmer TGA 8000. Dién tich bé
mat riéng va cac dac trung mao quan dugc xac
dinh bang phuong phap dang nhiét hip phy/khir
hap phu N2 & 77K trén thiét bi BELSORP-max,
BEL Japan.

2.3. Khdo sdt khd néng hdp phu CO

Cac duong dang nhiét hap phu CO cua vat
liéu sau khi téng hop dugc thuc hién tai céc
nhiét d6 nam trong khoang 288 + 318K duoc
xdy dyng bang phuong phap thé tich tinh tiéu
chuén trén may BELSORP-mini II véi ap suét
tr 0 dén 1bar. Nhiét do hap phu duoc duy tri
bang mot bé diéu nhiét véi do chinh xac +
0,01K. Trong thi nghiém nay He (99,999%)
dugc str dung dé xac dinh thé tich tréng cua hé,
CO (99,99%) dugc str dung 1am khi bi hap phu.
Khoi lugng mau su dung cho mdi 1an do la
khoang 0,05g. Trudc mdi phép do, mau vat licu
dugc hoat hoa (degas) & 423K trong 12h.

Mo hinh hap phu Langmuir-Freundlich (LF)
duoc str dung dé mé ta va phén tich cac dudng cong
hap phuy ciia cic khi trén chét hap phu. Phuong trinh
LF ¢6 thé dugc biéu din nhu sau [19]:

— K "
C=Cn kP

Trong d6: Q 13 dung luong hap phu tai ap
suat can bang P

Qm 12 dung lugng hip phu cuc dai

K 14 hang s6 Langmuir-Freundlich

n 14 hang sb thuc nghiém dic trung cho tinh
khong dong nhét ctia bé mit chat hap phu.

Vit lidu sau khi hip phu duogc thu hoi va giai
hap phu & nhiét d6 150°C trong moi truong
chan khéng 2h. Sau d6 tién hanh tai hip phu
nhu 14n hdp phu dau tién. Chu trinh giai hap
phu va tai hép phu duoc tién hanh lap lai 5 lan
dé danh gia kha ning tai sinh va tai sir dung cta
vat liéu.

3. Két qua va thio luin

Hinh thai ciu tric bé mit cua cac hat tinh
thé kich thudc nano MIL-101 (Cr) trudc va sau
khi thyc hién hp phu CO dugc quan sat boi
kinh hién vi dién tir quét (SEM) va thé hién trén
Hinh 1. Hinh 1a cho thiy tuy van con mdt it tap
chat xuat hién sau khi tong hop, cac hat MIL-
101 (Cr) cho thdy sy phan tan tot véi kich
thudc trung binh tir 400-600nm, 13 cac khoi bat
dién hinh chop dién hinh, véi cac mat, canh va
goc twong ddi rd rang. Bén canh d6, sau khi
thuc hién hap phu CO, cic hat MIL-101 (Cr)
van phén tan t6t, khong chat déng. Hinh thai va
cau trac khong co su thay ddi dang ké ngoai trir
xuét hién mot vai tap chét trén bé mat (Hinh
1b). DPiéu nay cho théy su 6n dinh va do bén
cao cua cac hat MIL-101 (Cr) trong cac diéu
kién thi nghiém.

‘). -

Hinh 1. Hinh anh SEM ctia vét liéu MIL-101 (Cr) trudc (a) va sau (b) khi hip phu CO.
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Hinh 2 14 gian d6 nhidu xa tia X (XRD) cua
MIL-101 (Cr) truéc va sau khi thyc hién hap
phu CO. Cac dinh déc trung ctia MIL-101 (Cr)
déu xudt hién & cac goc 20 = 5.,3; 8,0; 8,8; 10,2;
va 16,8,. Két qua nay phu hop véi nhiing
nghién cuu trude day [14,18]. Sau khi thyc hién

hap phu CO, ngoai trir mot sy khac biét nho veé
cudng do, cac dinh dic trung cia vat lidu van
16 rang, sic nét. Két qua nay khing dinh thém
cho d6 dn dinh cao cua vat liéu sau khi hép phu
CO nhu d4 néu ¢ két qua SEM.
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Hinh 2. Phd XRD cua vat liéu MIL-101 (Cr) trudc (a) va sau (b) khi hip phu CO.
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Hinh 3. Phd TGA cua vét liéu MIL-101 (Cr)

Do bén va kha nang on dinh nhiét cua vat
liéu MIL-101 (Cr) duoc x4c dinh boi két qua
phan tich nhiét trong trudng (TGA). Tur gian d6
TGA hién thj trén Hinh 3, chang ta c6 thé thiy
giai doan mat khéi luong ¢ khoang nhiét do
nho hon 300°C Gng vai viée loai bo H20, su
phan huy ctia dung moéi DMF va phdi tur
(H2BDC). Con giai doan mat khéi luong & trén
300°C c6 thé gan cho su phan huy ciu triac cia
MIL-101 [17,18]. Sy giam nhe cua khéi luong
MIL-101(Cr) duoc quan sat thdy trong khoang

nhiét d6 500°C-650°C. Khi nhiét d6 vuot qua
650°C, khdi luong mau gan nhu khong thay
ddi, xac nhan kha nang 6n dinh nhiét t6t cua
MIL-101 (Cr).

Hinh 4 biéu dién dudng ding nhiét hip phu-
giai hip phu N2 ciia MIL-101 (Cr). MIL-101
(Cr) c6 duong hap phu va giai hap phu ding
nhiét N2 & 77K thudc loai I theo TUPAC [18],
chung té vat liécu MIL-101 (Cr) ¢6 kich thudc
16 x6p ¢& micro. Dién tich bé mit va tong thé
tich 16 xdp cua vat lidu dugc xac dinh theo md
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hinh BET lan luot 1a 2908m?%g va 2.05cm%/g.
Két qua cho thiy vat lidu c6 do6 xdp cao phu

1500

hop cho cac Gmg dung trong hap phu va phan
tich khi.
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Hinh 4. Puong dang nhiét hap phu va giai hap phu N2 & 77K ciia MIL-101 (Cr)

Dé khao sat kha ning hap phu CO cua cac
hat tinh thé MIL-101 (Cr) sau khi tong hop, céc
duong dang nhiét hap phu trong khoang ap suit
0 + lbar & cac nhiét do khac nhau dugc thiét
lap. Hinh 6 trinh bay cac duong dang nhiét hap
phu CO tai cac nhi¢t do 288, 298, 308, 318K.
C6 thé thdy dung luong hap phu CO ctia MIL-
101 (Cr) tang khi 4p suét tang tir 0 dén 1 bar va
dat dung luong hép phu cuc dai 2,23mmol/g tai
288K. Sau do, khi tang nhiét do thi dung luong
hap phu CO ciia MIL-101 (Cr) giam dan va nhé
nhat 1a 1,36mmol/g tai 318K. Pé mé ta cac sb
liéu déng nhiét hép phy, m6 hinh déng nhiét

hap phu LF dugc dung dé khép véi céac sb liéu
thuc nghiém theo phuong phap hoéi qui tuyén
tinh. Bang 1 trinh bay cac tham s ctia phuong
trinh LF ciing nhu hé s6 hdi qui thu dugc khi sir
dung phuong trinh nay dé mo ta s lidu thyc
nghiém cho qua trinh hap phy CO ctia MIL-101
(Cr). Phan tich cac két qua hdi qui thu duoc,
nhan thay tai tit ci cac nhiét do khao sat,
phuong trinh LF cho cic gia tri hé s6 twong
quan R? rat gan vé6i 1. Nhu vay trong diéu kién
nghién ctu dugc thiét 1ap, phuwong trinh dang
nhiét LF 1a phu hop dé mé ta sy hap phu cua
CO cua vat liéu MIL-101 (Cr).
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Hinh 5. Puong déng nhiét hdp phu CO & cac nhiét do khac nhau
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Bang 1. Cic tham sb ctia phuong trinh Langmuir-Freundlich cho hip phu CO

T (K) Langmuir-Freundlich
Qm (mmol/g) K (1/bar) n R?
288 3.39 1.93 0.54 0.999
298 2.98 1.71 0.53 0.999
308 2.77 1.52 0.51 0.999
318 2.16 1.63 0.50 0.999
4
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Hinh 6. Kha niang hip phu CO cua MIL-101 (Cr) & ap suét cao.

Hinh 6 mé ta kha nang hip phu CO cua vat
liéu nghién ctru & 4p suat cao. C6 thé thiy ¢ ap
sudt cang cao, kha niang hap phy CO ctia MIL-
101 (Cr) cang tot. Cau trac MIL-101 (Cr) hinh
thanh bai cac hdc 16n trung tdm va cac 1ong bat
dién xung quanh ma cac phan tir nho co thé tiép
can duoc thong qua cac “cira s6” trén bé mit
vat liéu [14,18]. O 4p sut thap, cac phan tir khi
duoc wu tién hdp phu bén trong cac 16ng bat
dién va chi mot s6 it phan tir hip phu & ving
lan can cua céac cluster kim loai cua khung co
kim. Céac 16ng bat dién va cac ving ngin cach
gifta cac 1ong nay véi cac 16ng 16n dai dién cho
cac tdm hip phu. O 4p suit cao hon, khi cac

10ng bat dién di bao hoa, cac 1dng 16n trung
tam tro thanh cac tim hap phu wu tién lam cho
dung luong hap phu cua vat liéu ting lén.

Do bén va kha ning tai sir dung 13 mot trong
nhitng thong sd quan trong quyét dinh chat
luong cta vat liéu hap phu. Vi vay, ching toi
tién hanh cac vong lap hap phu dé khao sat kha
nang nay cua MIL-101 (Cr). Hinh 7 trinh bay
kha ning hap phu CO cua MIL-101 (Cr) sau 5
vong lap hip phu. Két qua cho thiy do bén
cling nhu kha nang tai st dung tuyét voi cua
MIL-101 (Cr) khi dung luwong hap phu CO chi
giam khoang 5% sau 5 vong ldp hap phu.
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Hinh 7. Vong lap hap phu CO ciia MIL-101 (Cr)

4. Két luin

Vit liéu MIL-101 (Cr) da duoc tong hop va
kiém tra bang nhiéu phép do dic trung khac
nhau (XRD, SEM, BET, TGA). Két qua khang
dinh ciu tric MIL-101 (Cr) caa vat lidu véi
chét luong va do két tinh cao. Khao sat su hép
phu CO cua vt liéu trong khoang ap suat 0 +
Ibar va khoang nhiét do 288 + 318K cho thay
su hap phu tuan theo phwong trinh hap phu
dang nhiét Langmuir-Freundlich vé&i dung
luong hép phu cuc dai dat dugce 1a 1,89mmol/g
& 298K. Két qua khio sat con cho thiy kha
nang hap phu CO cta MIL-101 (Cr) tang khi ap
sudt ting va giam dan khi ting nhiét do hap
phu. Mil-101 (Cr) con cho thiy d6 bén va kha
nang tai hap phu cao sau 5 vong lip hap phu.
C6 thé thdy, MIL-101 (Cr) 1a mot vt liéu day
tiém nang cho linh vuc hap phu khi doc hai gay
0 nhiém.

Loi cam on

Xin cam on Truong Pai hoc Duy Tan da tao
diéu kién vé thiét bi va co sd vat chat dé thuc
hién d¢ tai nghién ctru nay (Mi s6 D22-23
VIEN4-2).
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