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Abstract: Cobalt doped with Fe-MIL-88B was successfully synthesized in a
solvothermal process using DMF as solvent and with/without NaOH. The samples were
characterized using SEM, BET and TGA techniques. The partly substitution of Fe with
Co does not change the octahedral shape of their parent Fe-MIL-88B. However,
crystallization conducted in NaOH medium results in rod-like octahedral crystals. The
BET specific surface area is 139cm?/g. The TGA data indicate that the presence of Co
resulted in an increase in the thermal stability of the synthesized samples compared to
parent Fe-MIL-88B. The CO, adsorption isotherms in Fe-MIL-88B-Co samples were
volumetrically measured at five different temperatures, namely 278K, 288K, 298K, 308K
and 318K. The obtained results show that Fe-MIL-88B-Co is a potential adsorbent with a
maximum adsortption capacity of 1.2312 mmol/g (at T= 278K). The sample synthesized
in alkali medium exhibited a better adsorbent for CO, storage.
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Tém tit: Vat liéu khung hitu co kim loai Fe-MIL-88B thay thé dong hinh mot phan bang
cobalt (Co) dugc tong hop bang phuong phap nhiét dung méi voi dung méi 1a NN
dimethylformamide (DMF) trong méi truong c6 hoic khong c6 NaOH. Cac mau vat lidu
dugc dic trung hoa 1y bang cac phuong phap SEM, BET va TGA. Cac két qua phan tich
cho thay néu két tinh trong méi truong khong co kiém su thay thé mot phan Co khong
lam thay d6i hinh thai hoc cia MIL-88B, vt liéu van c6 dang bat dién, ddi xtng 1ap
phuong. Tuy nhién, khi két tinh trong méi truong kiém thi tinh d6i xtng cta bat dién
khong con, tinh thé c6 xu hudng kéo dai ra & hai dau. Dién tich bé mit riéng cua vat liéu
tong hop trong méi truong NaOH thu dugc khoang 139 m%g. Két qua phan tich TGA cho
thdy su c6 mit ciia Co lam ting do bén nhiét cta vat liéu. Vat liéu sau khi tong hop FeCo-
MIL-88B dugc khao sat kha nang hap phu CO- tai 5 nhiét d6 278K, 288K, 298K, 308K,
318K. Két qua cho thay FeCo-MIL-88B c6 kha ning hap phu CO, tét v6i dung lugng hép
phu dat 1,2312 mmol/g (tai T= 278K). Vit liéu tong hop trong mdi trudng kiém cho kha
ning hap phu cao hon.

Tir khéa: MIL-88B, hap phy, CO».

1. Mé diu

_ Trong nhimg nam gan ddy, viéc nghién ciru
bat giir va phan tach khi carbon dioxide (CO,)
da tro nén ngay cang quan trong do CO> duoc
coi la nguyén nhan chinh gy nén sy bién doi
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khi hau toan ciu [1, 2]. Su phat trién ciia cong
nghé hép thu CO; dua trén co s& hép phu da
nhén dugc rat nhiéu su chl ¥ cia cac nha khoa
hoc. Rat nhiéu céc chat hip phu khac nhau da
dugc nghién ctru cho sy hap phu cua CO,,
chfmg han nhu zeolit, cacbon hoat tinh, cac chit
hap phy trén co sé polyme.v.v...[3-8]. Trong
nhitng nam gém day, mot thé hé mai cua vat lidu
x6p dd dugc nghién ctru rong rdi cho hip phu
khi CO», d6 la vat liéu khung hitu co kim loai
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(Metal Organic Frameworks - MOFs), do chting
c¢6 dién tich bé mit riéng 16n va cau tric mao
quan linh hoat [9-11]. MIL-88 1a m6t ho cac vat
liéu khung khung hitu co kim loai v&i ciu tric
ba chiéu, c6 cac hdc va cac kénh phat trién. Cau
trac linh hoat cua MIL-88B, dac biét la su co
mit clia cac nhom chie hitu co c6 thé gy hiéu
g “dong”, “md” cac mao quan, mo ra nhing
trién vong cho cac ung dung khac nhau, tur hép
phu khi va luu trit, dén thudc tinh quang dién va
XUc tac. Bai bao nay trinh bay nhiing két qua
nghién ctru vé tong hop Vat lidéu khung hitu co
kim loaiFe-MIL-88B thay thé dong hinh mot
phan bing cobalt-FeCo-MIL-88B va kha ning
hép phu CO; ctia n6 .

2. Thuc nghiém
2.1. Tong hop vit liéu FeCo-MIL-83B

Hoa chét dugc ding trong tong hop vat liéu
la  FeClz:6HO0  (99%), Co(NO3)..6H.0
(99%),1,4-benzenedicarboxylic acid (H:BDC,
98%), NaOH (99%), va N,N-
dimethylformamide (DMF). Vit lidu duogc tong
hop theo hai phuong phép:

- Tong hop khéng ding NaOH: Hoa tan 1
mmol H;BDC trong 10 mL DMF. Sau d6 thém
0,67 mmol FeClz.6HO0 va 0,33mmol
Co(NO3)2.6H,0 vao va khudy cho dén khi tan
hoan toan (ty 1& Fe**: Co*: H,BDC: DMF =
0,67:0,33:1:10). Hdn hop duogc két tinh trong
binh phan tng 4p suit cao (autoclave) & 100°C
trong vong 24h. Két tua sau d6 duogc loc, ria
trén bang DMF va lam khd tu nhién ngoai
khong khi.

- Tong hop dimg NaOH: Tong hop dugc
thuc hién theo dung quy trinh nhu trén. Tuy
nhién, trudc khi két tinh dung nhiét, 0,1 mL
NaOH 3M dugc thém vao hdn hop va khudy
trong vong 15 phut.

2.2. Nghién curu ddc trung vt liéu
Céu trac tinh thé dugc khing dinh bang

phuong phap XRD trén may phan tich nhiéu’ Xa
Rontghen D8 Advance — Brucker st dung ong

anot bang Cu c6 budc song CuKa A = 1,54A.
Hinh thai hoc cua vat liéu dugc phan tich qua
anh SEM, chup trén may S4800-Hitachi. Dién
tich bé mat riéng va cac dic trung mao quan
dugc xac dinh bang phuong phap dang nhiét
hap phw/khir hap phu N2 ¢ 77K trén thiét bi
TRISTART 3000-Micromeritics. Phéan tich
nhiét vi sai (TGA) dé danh gia d6 bén nhiét cua
vat liéu, thu duoc trén may DTG-60H
Shimadzu. Thanh phan cac nguyén t6 trong
méu duoc phén tich nhd pho tan sic nang lugng
tia X (EDX) trén thiét bi JEOL SEM-6510 LV
sir dung dau do X-Act.

2.3. Khdo sat khd ndng hap phu CO»

Céc duong ding nhiét hdp phu CO; cua vt
liéu téng hop duoc tai 5 nhiét do nam trong
khoang 278 + 318 K dugc xdy dung bing
phuong phép do thé tich trén may TRI START
3000 — Micromeritics. Trong thi nghiém nay He
(99,999%) dugc sir dung dé xac dinh thé tich
tréng cua hé, COz (99,99%) duoc st dung lam
khi bi hap phy. Nhiét d6 hap phu duoc duy tri
bang mot bé diéu nhiét voi do chinh xic +
0,01K. Khéi lugng mau str dung cho mdi lan do
1a khoang 0,2 g. Truéc mdi phép do, mau vat
liéu duge 1am sach bé mat (degas) 6 423K trong
5 gio.

3. Két qua va thao luin

3.1. Ddc trung hoa ly cua vat liéu FeCo-MIL-88B

Hinh 1 gi6i thiéu anh SEM cila mau vat liéu
tong hop trong trudng hop c6 hodc khong co
NaOH. D& nhén thiy trong trudng hop téng hop
khong dung NaOH (Hinh 1a), tinh thé FeCo-
MIL-88B & dang octahedron kha dong déu. Cac
hat tinh thé c6 kich thuéc khoang 500nm riéng
ré, khong két dam. Két qua nay phu hop véi
nhimng két qua di cong bd vé MIL-88B. Tuy
nhién khi thay d6i pH ciia méi trudng tong hop,
tinh dbi ximg cua octahedron khong con nita,
tinh thé c6 khuynh huéng kéo dai dang hinh
thoi (Hinh 1b).
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Hinh 1. Anh SEM ciia FeCo-MILL-88B: a) Téng hop khong ding NaOH; b) Téng hop c6 ding NaOH.

Hinh 2 14 gian d6 nhiéu xa XRD cua FeCo-
MIL-88B tong hop trong méi trudng kiém. CAc
pic dic trung cho MIL-88B déu xuit hién & cac
goc 20 : 9,34; 9,52; 10,50; 16,50; 18,86 va
22,05, khong thay xuét hién pic dic trung cho
tinh thé ciia FeOxhodc CoOx. Két qua nay phu
hop voi nhitng nghién curu trude day [12, 13].
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Hinh 2. Gian dd XRD cua FeCo-MIL-88B.

Gidn d6 TGA ciia mau vat liéu dugc trinh
bay trén Hinh 3. Tir gian d0 TGA c6 thé thay
giai doan mat khdi lugng & khoang nhiét d6 nho
hon 200°C tng v6i su phan hay hodc bay hoi
ciia dung méi DMF. Con giai doan mét khdi
luong & trén 200°C c6 thé gan cho sy phan huy
cua FeCo-MIL-88B. Nhu vy, so voi Fe-MIL-
88B bat dau bj phan huy & 150°C [13] thi su co
mit cia Co trong thanh phan da lam ting do
bén nhiét cua vat liéu FeCo-MIL-88B.
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Hinh 3. Gian d6 TGA ciia FeCo-MIL-88B tong hop
trong mdi truong kiém.

Trén Hinh 4 biéu dién duong déng nhiét
hap phu-khir héap phu N, ciia FeCo-MIL-88B.
Trong Bang 1, trinh bay cic thong s bé mat
riéng va cac dac trung mao quan cia vat li€u.

Bang 1. Bé mit riéng va cac dic trung mao quan
cua FeCo-MIL-88B

SBeT Smic(mzlg) Sex(mzlg) Vme Vmic D
(m%g) (cm%g) (cm%g) (nm)

139 121 18 0,0607 0,1226 13,28
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Hinh 4. Pudng dang nhiét hip phu-khir hap phu N2
77K cta mau vt liéu FeCo-MIL-88B.

Tir Hinh 4 c6 thé thdy ¢ viing tuyén tinh cua
ap suét twong ddi (p/p°), dudng co dang II theo
su phan loai cia IUPAC [14] ching t6 FeCo-
MIL-88B tong hop thudc loai vat liéu mao quan
nho. Thé tich mao quan nho bang 0,1226 cm?/g,
chira rat it mao quan trung binh. Dién tich bé
mit riéng theo BET bang 139 m%g nhung chu
yéu la dién tich bé mit trong (chiém toi 87%
tong dién tich bé mat vat liéu).

Két qua xac dinh thanh phan cac nguyén t6
ctia miu FeMIL-88B pha tap Co dugc chi ra
trén bang 2. C6 thé thiy thanh phan hoa hoc chi
chua C, O, Fe va Co. Nhu vay Fe va Co da
dugc dua vao thanh cong va tham gia xay dung
cAu trac cua vat lidu. Su c6 mat caa Cl (0,46%)
¢6 thé 1a do viéc rira mAu chua triét dé.

Bang 2. Thanh phan nguyén té ciia FeCo-MIL-88B (% khdi luong)

Nguyén t6 C O Fe

Co N cl Tong

Ham luong 49,53 37,47 9,79

2,75 0,00 0,46 100

3.2. Tinh chdt hap phu COx ciia vt liéu tong hop
FeCo-MIL-88B

Dé khao sat kha ning hip phu CO; cua
FeCo-MIL-88B, cac duong dang nhiét hap phu
trong khoang ap suit 2 + 100kPa tai 5 nhiét o
khac nhau duoc thiét 1ap. Hinh 5 trinh bay cac
dudng dang nhiét hip phu CO; tai cac nhiét do
5°C, 15°C, 25°C, 35°C va 45°C.

o, anm ok

A o]

Hinh 5. Puong dang nhiét hap phu CO; tai cac
nhiét d9 5°C, 15°C, 25°C, 35°C va 45°C.

C6 thé thdy dung luong hip phu CO; cua
vat li€u nghién ctru c6 khuynh hudng tang khi
ap sudt ting va giam khi nhiét o tang. Néu xét
anh hudng cua pH trong qua trinh tong hop thi
d& thiy rang: So véi viéc tong hop khong thém
NaOH thi viéc thém NaOH vao qua trinh tong
hop s& lam tang kha nang hap phu CO; cua vat
liéu. Hinh 6 trinh bay anh huong cia pH dén
dung luong hip phu CO; cta FeCo-MIL-88B
& hai nhiét do tiéu biéu 1a 25°Cva 45°C.

Pé mo ta cac sb lidu dang nhiét hap phy,
hai mé hinh dang nhiét hip phu Langmuir va
Freundlich dugceding dé khép véi cac sb lidu
thyc nghiém theo phwong phap héi qui tuyén
tinh. Mirc d6 phu hop cia cac phuong trinh
dugc danh gia qua hé s6 twong quan R? va gia
tri phan trim sai sb trung binh APE:

iTT
q _Qe
iL,TN
e

APE(%) = -3, 100

trong do: q5™ va q5™" 1An luot 12 dung lugng

hap phu CO; cta vat liéu xac dinh tr thuc
nghiém va tinh toan theo phuong trinh su
dung. N 1a s0 diém thuc nghiém.
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Hinh 6. So sanh anh huong ctia pH dén kha nang hap phu CO;, cua FeCo-MIL-88B.

Phuong trinh hap phuy dang nhiét Langmuir
¢ dang tuyén tinh c6 dang nhu sau:
F_ 1 P
qe CImKL am

trong d6 ge la dung luong hap phu cta chit hip
phu tai ap suat can bang Pe; gm 1a dung luong
hap phu cyc dai, twong Ung v6i mot don 16p
chat bi hap phu che phii hoan toan bé mat chat
hap phu va K 1a hiang s Langmuir, ddc trung
cho ning lugng hap phu.

Dang tuyén tinh cta phwong trinh hap phu
ddng nhiét Freundlich 14 :

Trong do6 ge va Pe €O cung y nghia nhu trong
phuong trinh Langmuir; Kr la hang sO
Freundlich, dic trung cho dung lugng hip phu
cuia vat li€u va n la héng sb thuc nghiém dic
trung cho tinh khéng dong nhit ciia bé mit chat
hap phu.

Bang 2 va Bang 3 trinh bay lan luot cac
tham s ctia phwong trinh Langmuir va

Freundlich ciing nhu hé s6 hdi qui va phan
tram sai s6 trung binh thu dwoc khi sir dung cac
phuong trinh ndy dé mo ta sé liéu thuc nghiém
cho hai hé vat liéu tong hop c6 va khong c6
NaOH.

Ing,

= anF +

1lP
n e

Béng 2. Céc tham s cuia phuong trinh Langmuir va Freundlich cho hép phy CO; trén FeCo-MIL-88B
tong hgp ¢ NaOH

T Langmuir Freundlich

© fmorg  (eay K < " i o0
278  1,3254 0,0179 0,9974 1,3356 0,0759 1,7319 0,9836 7,2115
288 1,1912 0,0123 0,9981 0,9008 0,0426 1,5158 0,9894 6,2638
298  1,2198 0,0092 0,9979 0,7833 0,0263 1,3500 0,9930 5,3412
308 11,1786 0,0069 0,9987 0,4998 0,0179 1.2883 0,9952 4,7783
318  1,2488 0,0048 0,9995 0,2248 0,0124 1,2292 0,9971 3,8566
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Bing 3. Céc tham s cuia phuong trinh Langmuir va Freundlich cho hép phy CO»
trén FeCo-MIL-88B tong hop khéng c6 NaOH
T Langmuir Freundlich
(K) gm KL 2 APE 2 APE
(mmollg)  (kPal) N %) Ke n R (%)

278 1,2312 0,0329 0,9974 1,3356 0,0385 1,4300 0,9836 7,2115
288 1,1199 0,0225 0,9981 0,9008 0,0215 1,3048 0,9894 6,2638
298 1,1633 0,0151 0,9979 0,7832 0,0156 1,2368 0,9930 5,3412
308 1,0712 0,0115 0,9987 0,4998 0,0104 1,1752 0,9952 4,7782
318 1,0190 0,0088 0,9995 0,2248 0,0072 1,1246 0,9971 3,8565

Phan tich cac két qua hdi qui thu dugc nhan
thy tai tt ca cac nhiét do khao sat, phuong
trinh Langmuir cho céc gid tri hé s6 trong quan
R? rat gan voi 1, dong thoi gia tri APE réat nho
(déu nho hon 1% trir truong hop & nhiét do
25°C cho gié tri 1,3%). Nhu vdy trong diéu kién
nghién ctru dugc thiét 1ap, c6 thé st dung
phuong trinh ding nhiét Langmuir dé mo ta sy
hap phu cia CO, trén bé mat vat liu FeCo-
MIL-88B.

Sy hép phu ctiia CO; trén FeCo-MIL-88B la
hap phu don 16p va cac tam hap phu la dong
nhat vé ning lugng. Dung lwong hap phu cuc
dai Qm giam khi nhiét d6 hip phu ting: qm giam
tir 1,3254 mmol/g xudng t6i 1,2488 mmol/g khi
nhiét d6 hap phu ting tir 25°C 1én 45°C.

Phuong trinh Freundlich khong pht hop dé
mo ta qua trinh hap phu CO; cua vat liéu FeCo-
MIL-88B trong diéu kién nghién ctru dugc thiét
lap. Hé sb tuwong quan R? midc du ciing gan 1
nhung gié tri APE kha 16n.

4. Két luan

Vit lieu FeCo-MIL-88B dugc tong hop
thanh congtrén mot qui trinh cai tién va c6 xét
thém anh huéng cua pH. Két qua cac phép do
dic trung (XRD, SEM) khing dinh cau trac
MIL-88B cua vat li¢u. Tuy nhién sy thay doi
pH ciia moi truong tong hop (thém NaOH) lam
ting d6 bén nhiét cua vat liéu va lam thay doi
phan nao tinh chat tinh thé va hinh thai hoc bé

mat cda vat liéu. Khao sat sy hép phu CO; cta
vat lidu trong khoang ap suit 2 + 100kPa va
khoang nhiét do 25°C + 45°C cho thdy su hap
phu tudn theo phwong trinh hap phu dang nhiét
Langmuir véi dung lwong hap phu cuc dai trong
khoang 1,3254 + 1,2488 mmol/g, giam dan khi
tang nhiét do hép phu. Vit liéu téng hop trong
moi trudng kiém cho dung lwong hap phu CO;
16n hon so voi truong hop tong hop khong
c6 NaOH.

Tai liéu tham khao

[1] S. Chu, Carbon Capture and Sequestration,
Science 325 (2009) 1599. https://doi.org/10.1126/
science.1181637.

[2] R.S. Haszeldine, Carbon Capture and Storage:
How Green Can Black Be, Science 325 (2009)
1647-1652. https://doi.org/10.1126/science. 1172246.

[3] D.M. D’Alessandro, B. Smit, J.R. Long, Carbon
Dioxide Capture: Prospects for New Materials,
Angew. Chem. Int. Ed. Engl. 49 (2010) 6058-
6092. https://doi.org/10.1002/anie.201000431.

[4] S. Bai, J. Liu, J. Gao, Q. Yang, C. Li, Hydrolysis
controlled synthesis of amine-functionalized
hollow ethane-silica nanospheres as adsorbents
for CO; capture, Microporous Mesoporous Mater.
151 (2012) 474-480. https://doi.org/10.1016/j.
micromeso. 2011.09.014.

[5] K. Sumida, D.L. Rogow, J.A. Mason, T.M.
McDonald, E.D. Bloch, Z.R. Herm, T.H. Bae, J.R.
Long, Carbon Dioxide Capture in Metal-Organic
Frameworks, Chem. Rev. 112 (2012) 724-781.
https://doi.org/10.1021/cr2003272.

[6] J.D. Carruthers, M.A. Petruska, E.A. Sturm, S.M.
Wilson, Molecular sieve carbons for CO; capture,


https://doi.org/10.1126/
https://doi.org/10.1126/science
https://doi.org/10.1016/j

18

[7]

(8]

(9]

[10]

L.M. Cam et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 35, No. 1 (2019) 11-18

Microporous Mesoporous Mater. 154 (2012) 62-67.
https://doi.org/10.1016/j.micromeso.2011.07.016.
X. Yan, L. Zhang, Y. Zhang, K. Qiao, Z. Yan, S.
Komarneni, Amine-modified mesocellular silica
foams for CO, capture, Chem. Eng. Sci. 168
(2011) 918-924. https://doi.org/10.1016/j.cej. 2011.
01.066.

A. Zukal, C.O. Arean, M.R. Delgado, P. Nachtigall,
A. Pulido, J. Mayerova, J. C’ejka, Combined
volumetric, infrared spectroscopic and theoretical
investigation of CO, adsorption on Na-A zeolite,
Microporous Mesoporous Mater. 146 (2011) 97-105.
https://doi.org/10.1016/j. micromeso. 2011.03.034.
S. Keskin, T.M. van Heest, D.S. Sholl, Can
Metal-Organic Framework Materials Play a
Useful Role in Large-Scale Carbon Dioxide
Separations?, ChemSusChem. 3 (2010) 879-891.
https://doi.org/10.1002/cssc.201000114.

T.M. McDonald, W.R. Lee, J.A. Mason, B.M.
Wiers, C.S. Hong, J.R. Long, Capture of Carbon
Dioxide from Air and Flue Gas in the Alkylamine-
Appended Metal-Organic  Framework mmen-

(11]

[12]

[13]

[14]

Mg2(dobpdc), J. Am. Chem. Soc. 134 (2012)
7056-7065. https://doi.org/ 10.1021/ja300034;.

X. Yan, S. Komarneni, Z. Zhang, Z. Yan, Extremely
enhanced CO; uptake by HKUST-1 metal-organic
framework via a simple chemical treatment,
Microporous Mesoporous Mater. 183 (2014) 69-73.
https://doi.org/10.1016/j. micromeso. 2013.09.009.

G.T. Vuong, M.H. Pham, T.0. Do, Direct
synthesis and mechanism of the formation of
mixed metal Fe2Ni-MIL-88B, Cryst. Eng. Comm.
15 (2013) 9694-9703. https://doi.org/10.1039/ C3
CE41453A.

L.V. Khu, N.Q. Anh, N.N. Ha, L.M. Cam,
Synthesis, characterization and CO- adsorption in
Fe-MIL-88B, J. Cat. Ads. 4 (2015) 52-58.

K. S. W. Sing, D. H. Everett, R. A. W. Haul, L.
Moscou, R. A. Pierotti, J. Rouquérol, T.
Siemieniewska, Reporting Physisorption Data for
Gas/Solid Systems With Special Reference to the
Determination of Surface Area and Porosity, Pure
Appl. Chem. 57 (1985) 603-619. https://doi.org
/10.1351/pac198557040603.


https://doi.org/10.1016/j.cej
https://doi.org/10.1016/j.%20micromeso
https://doi.org/
https://doi.org/10.1016/j
https://doi.org/10.1039/
https://doi.org/

