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Tom tit:

Vé6i nhiéu wu diém nhw trang thai va tinh chét 18 xdp 6n dinh, da dang vé cdu tric ciing nhw bién ddi linh hoat,
vt lidu zeolitic imidazolate framework (ZIF) sé hiru tiém ning to 16n trong linh vic phén tich cac hdn hop khi
hydrocarbon Trong nghién ctru nay, cac tac gia sit dung phu’(rng phap vi séng aé t6ng hop mét cach nhanh chong
16p hat va tlep sau do6 1a mang loc ZIF-8. Két qua cho thay, mang lgc thu dwogc co chét lwgng va thé hién do phan
tach cao ddi véi hén hop propylene/propane. Luong truyén qua ciia propylene dat 105x10'° mol.m" s Pa’l, va hé so
phéan tach propylene/propane dat dweec 1a 70. Mang lgc con cho thay do bén, do 1ap lai ciing nhw do 6 6n dinh cao khi
thwe hién phan tach propylene/propane gian doan ciing nhw lién tuc.

Tir khéoa: mang lgc, phan tach khi, propylene/propane, vat liéu khung co kim, ZIF-8.

Chi s6 phdn loai: 2.5

Pat van de

Do cac dic diém vat Iy twong tu nhau, viéc phan tach
hén hop khi propylene/propane 1a mot thach thirc, nhung rat
quan trong trong cong nghiép loc dau vé& mit thuong mai,
vi propylene c6 d¢ tinh khiét cao 1a nguyén lidu dé san xuét
rt nhiéu san pharn c6 gia tri nhu acrylonitrile, propylene
oxide, cumene/phenol, oxo alcohols, acrylic acid, isopropyl
alcohol, oligomers va dic biét 1a polypropylene [1-3]. Hién
nay, viéc phan tach cac hon hop nhu propylene/propane
duoc thyc hién béng phuong phap chung cat & nhiét do
thap, rat ton kém va tiéu t6n nhiéu ning lugng do nhiét do
bay hoi turong d6i thip va tuong duong nhau ciia propylene
va propane (b.p. cua propylene l1a -47°C va propane la
-42,1°C). Cac thap chung ct can thiét thuong cao khoang
100 m, chtta hon 200 dia va nang lugng khoang 1,2x1014
BTU/niam, duogc st dung dé tach propylene/propane [4, 5].
Vi vay, cac nha khoa hoc trén thé gi6i da nghién cuu dua
ra nhidu phuong phéap thay thé hi¢u qua hon vé kinh té nhu
hép phu, hap thy, mang loc [6-9]. Trong s6 d6, cong ngh¢
mang loc 1a mot phuong phap thay thé tiém ning voi nhidu
ru diém nhu chi phi thap, don gian va d& van hanh [10].

ZIF 1a mot bo phan cia vat liéu khung co kim (metal
organic framework, MOF) dang thu hut dugc nhiéu sy quan
tam cta cac nha khoa hoc trén thé gisi [11, 12]. ZIF, giéng
nhu MOF, dugc dac trung boi clu trac vi Xép, c6 do tinh
thé cao, dwoc xdy dung tir cac mang lap lai ba chiéu cua cac
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ion kim loai phdi tri tir dién va két ndi boi cac phdi tir hitu
co (ligand). bac diém phan biét cua ZIF 14 viéc sir dung cac
cau ndi imidazole dé tao ra cac goc lién két khi phdi hop
v01 cac thanh phan vO co, tuong tu cac lién két duoc tao ra
gilia cac nguyén tur silic va oxy trong qua trinh hinh thanh
ctia zeolite. Goc lién két M-mIm-M (M=Zn, Co) trong ZIF
1a 145°, gin véi goc T-O-T (T=Al, Si, P) trong zeolite [13,
14]. ZIF cho thay sy két hop hoan hao cac dic tinh cling nhu
cac tinh nang uu viét cia ca MOF va zeolite, nhu c6 thé diéu
chinh kich thuéc 16 xép va cac dic diém hoa hoc, dién tich
bé mit riéng 16n va kha nang on dinh nhiét va hoa hoc cao.
Cac dac tinh nay 1am cho ZIF tré thanh ting vién n6i bat cho
viéc ché tao mang rdy phan tir dé phan tach khi.

Trong s6 cac vat liéu ZIF duoc tim théy cho dén nay, ZIF-
8, dugc tong hop tir mudi Zn va cdu ndi 2-methylimidazole,
1a mot lya chon 1y tuong dé tong hop mang loc phan tach
hon hop khi propylene/propane. Cac nghién ciru da chi ra
rang, kich thudc 16 x6p thuc cua ZIF-8 1a 4 A, vira nim
gitta dudng kinh phan tir ciia propylene 1a 4 A va propane 1a
4,3 A [15]. Chinh vi vay, tong hop mang loc ZIF-8 dé phan
tach hon hop khi propylene/propane 1a mot hudng di diy
tiém ning va ngay cang gianh dugc nhiéu su quan tdm cta
céc nha khoa hoc. Cho dén nay, phuong phap chu yéu dugc
cac nha khoa hoc trén thé gidi str dung dé téng hop mang
loc ZIF-8 phan tach propylene/propane la phuong phap hai
giai doan véi 16p hat dugc tao thanh béng phuong phéap phu
nhung hodc phu trugt. Tuy nhién, 16p hat dugc tao thanh
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Abstract:

Owing to their permanent porosity, diverse topology
structures, and coordination factors combined with
chemical tunability, the zeolitic imidazolate framework
(ZIF) has shown great potential for the effective
separation of hydrocarbon mixtures. In this work, the
authors presented a simple microwave-assisted seeding
strategy to rapidly prepare a seed layer for the synthesis
of high-quality ZIF-8 membranes for propylene/
propane separation. The resulted membranes grown on
planar alumina support displayed excellent separation
performances for a wide range of propylene/propane
mixtures. The membrane displayed a propylene/
propane separation factor of 70 and propylene
permeance of 105x10"° mol.m?s'Pa!. Long-term
stability test also showed stable gas permeance and
separation performance of the ZIF-8 membranes in both
atmospheric conditions and propylene/propane mixture
stream.

Keywords: gas separation, membrane, metal organic
framework, propylene/propane, ZIF-8.
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theo cac phuong phap nay mat nhleu thoi gian va khong
dem lai hiéu qua cao do su gin két yeu cung nhu sy phan bd
khong ddng déu cia cac tinh thé hat, ddn dén hiéu suit phan
tach thap cua 16p mang [16, 17].

Trong nghién ctiiu nay, ching toi st dung phuong phap
vi song dé téng hop mot cach nhanh chong 16p hat va sau
d6 phat trién thi cap hinh thanh mang loc ZIF-8. Bang cach
sir dung k¥ thudt tao 16p hat nay, ching t6i c¢6 thé rut ngén
dang ké thoi gian tong hop, cho ning suét cao dong thoi 16p
hat tao thanh c6 mat d6 cao va lién két chit ché véi tAm nén.
Cau triic cling nhur bé mit ctia 10p mang ZIF-8 sau khi tong
hop s& duge quan sat boi SEM, thanh phan pha tinh thé ciia
mang s& dugc khao sat bai phuong phap nhidu xa tia X.
Cudi cung, kha niang phan tach khi ciia mang ZIF-8 s& duoc
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khao sat bang ky thuat Wicke-Kallenbach.

Thuc nghiém
Téng hop tém nén a-Al,0,

Tam nén a- -ALO, c6 dang dia, dugc chuin bi boi bot
alumina (Ba1kowsk1 CR-6) c6 do tinh khiét cao. Hon hop
gdm bot alumina va polyvinyl alcohol, sau khi tron s& duoc
dua vao khudn va tao hinh biang may ép tao mau trong
phong thi nghiém. Sau khi nung & nhiét d6 1100°C trong
2 h, tim nén thu dugc co duong kinh 22 mm, d¢ day 2 mm
véi do xép khoang 45%. Mot mat cua tam nén s& dugc mai
nhin bang thiét bi mai chuyén dung va dugc dung dé tong
hop mang ZIF-8. Cudi cting, tim nén dugc rira sach va sdy
0 70°C trong 6 h.

Téng hop I6p hat va mang loc ZIF-8

Mang loc ZIF-8 dugc téng hop trén tim nén alumina theo
phuong phap 2 giai doan. Dau tién, 16p hat s& dugc chuan
bi bén trén be mit tim nén bang phuong phap vi song. Hai
dung dich tong hop duoc chuén bi riéng biét. Dung dich A
véi 5 mmol Zn(NO,),.6H,0 hoa tan trong 40 ml methanol.
Dung dich B gom 32 mmol 2-methylimidazole va 2 mmol
sodium formate hoa tan trong 40 ml methanol. Ca hai hon
hop dugc khudy tron hoan toan trong 15 phat. Sau khi ngam
trong dung dich A trong 1 h, tim nén a- -AlL,O; dugc bao hoa
ion k&m s& dugc dua vao dat thing dimg trong ong thuy tinh
¢6 chtra sin dung dich B. Ngay sau do, 16p hat s& dugc tong
hop dudi birc xa vi séng cta 10 vi song chuyén dung ¢ cong
suat 100 W trong 90 s. TAm nén duoc phu 16p hat sau khi
tong hop s& dugc 13y ra rira k§ nhidu 1an trong methanol va
sdy & 60°C trong 2 h.

Tiép theo, trong giai doan phat trién thir hai, tim nén
v6i 16p hat duoc dat thang dung trong dung dich tong hop
gém 0,11 g Zn(NO,),.6H,0 va 2,27 g 2-methylimidazole
hoa tan trong 40 ml nuoc cat. Phan tng dugc thyc hién ¢
diéu kién phong trong 2, 6 va 10 h. Sau khi tong hop, mang
loc ZIF-8 duogc 1ay ra mot cach can than r01 rira voi nudc cat
va methanol dé loai bo cac hat ZIF-8 gan két 1ong 1éo trén
bé mat mang. Sau do, mang loc ZIF-8 s& dugc ngadm trong
methanol 2 ngay de trao doi dung méi. Cudi ciing, mang loc
s& duoc phoi kho can than ¢ nhiét d6 phong.

Ddc trung vt liéu va thuwe nghiém phdn tach khi

bic trung hinh thai hoc cua céac hat tinh thé, mang ZIF-
8 dugc xac dinh bang phwong phap hién vi dién tir quét
(SEM) trén may Leo-Supra 55 tai dién thé gia toc 15 kV.
Céu truc tinh thé cta 16p mang duoc xac dinh bang phuong
phép nhiéu xa tia X (XRD) trén may Rigaku MAC-18XHF
(Nhat Ban) voi ddu do (Detector) D/teX Ultra 250, dung
buic xa cua Cu-K, tai dién thé gia tdc 40 kV, cuong do dong
30 mA, khoang quét 20 tir 3° dén 60° véi tée do quét 3°/phit.

Luong truyén qua ctia hdn hop khi propylene/propane
duoc do tai diéu kién phong bdi ki thuat Wicke-Kallenbach
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[16]. Hon hop khi propylene/propane (ty 1& 1:1) dugc cap
vao modun tach khi chira mang loc ZIF-8 voi tdc do 112 ml/
phut sir dung bo didu khién dong. Pdng thoi, Argon dugc st
dung lam khi mang dua luong khi truyén qua mang loc vao
may GC (YL-6500, Young-Lin) dé phan tich thanh phan.

D0 phén tach la thong s6 duoc dung dé danh gia kha
nang van chuyén va tach khi cua mang loc ZIF-8. D6 phan
tach c6 thé xac dinh bang ty 18 giita luong truyén qua cia
cac khi trong hdn hop. Luong truyén qua cua khi i
(propylene), K™, dugc tinh boi cong thire sau [9]:

mix
mix _ 2L
' Apln,i
Trong do6, Ji™" 1a thé tich dong cua khi i (propylene) trong
hdn hop khi truyén qua mang loc ZIF-8, APy, 13 su khac
biét ap sudt ciia dong vao va dong ra khoi mang loc.

Do phan tach, (Zl /i P dugc tinh bang cach 1ap ty s gitra
lwong khi truyén qua cua khi i (propylene), K™* v6i khi j

(propane), K™, af = K9]
p p L/] K}nix :

Thyuc nghiém phan tach khi propylene/propane dugc
thuc hién 3 1an cho m&i mau va thuc hién trén 3 mau khac
nhau duoc tong hop trong cuing didu kién dé dam bao do lap
lai va chat luong ctia mang.

Keét qua va thao luan

Pé tong hop mang loc ZIF bang phuong phép hai giai
doan, 16p hat dong vai tro quan trong cho giai doan phat
trién thi cap tiép theo. Trong nghién ctru nay, chiing toi tong
hop mét 16p hat déng déu va co mat do cao bang phuong
phap vi song, qua trinh co thé glan luge nhu sau: (1) bao hoa
tam nén vé6i dung dich chira mu6i Zn, (2) di chuyén tam nén
vao trong dung dich cau ndi, (3) nhanh chong hinh thanh
16p hat dudi bue xa vi song. Phuong phap nay glup duy tri
nong do cao cua ca ion kim loai va phén tir cu noi (ligand)
trong ving 1an can cua bé mat tim nén (ving phan Gmg) lam
cho cac hat tinh thé ZIF hinh thanh mot cach nhanh chong
va dong déu khi chiéu xa vi song.
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Hinh 1. Giéin db nhiéu xa tia X (XRD) ciia tim nén, 16p hat va mang
ZIF-8 tong hop & cac thoi gian khac nhau.
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Céu tric tinh thé ciia tAm nén, 16p hat va mang ZIF-8 sau
khi tong hop duoc xéc dinh bing phuong phap nhiéu xa tia
X (XRD) va trinh bay trong hinh 1. Két qua cho thiy cac
phd XRD déu co cac dinh sic nét, rd rang, ching to rang
cic mau déu co6 do tinh khiét va do két tinh cao. Phd XRD
cua 16p hat cho thiy cac peak c6 cuong dd nhé 1a do kich
thudc nho ctia céc hat tinh thé ZIF-8 va do day nho cia 16p
hat. Ngoai ra con c6 mot sy khac biét nho vé cuong do cua
céc 16p mang tong hop & cac thoi gian khac nhau 1a do sy
khéc biét cua d6 day 1op mang. Cac peak chinh déac trung
cho tinh thé ZIF-8 ndm tai 20=7,5; 10,3; 12,4; 14,7; 16,3
va 18,0° (JCPDS: 00-062-1030). Ket qua nay phu hop véi
céc két qua nghién ciru trude ddy vé pha tinh the cua ZIF-8
[18]. Peak tai 26=26; 35,5; 38° 1a pha a ctia tam nén alumina
(JCPDS: 01-082-1468).

Hinh 2. Anh SEM ciia bé mit va mit ciit ngang ciia (A, B) tim nén
o-alumina, (C, D) 16p hat.

Hinh 2 trinh bay danh SEM ciia tim nén trude va sau khi
xu 1y vi séng tao 16p hat. Hinh 2A, 2B 13 bé mat va mat cat
ngang cua tam nén trudc khi tién hanh tong hop 16p hat, 6
thé thay 16 cac 16 hong kich thudc macro bén trén tAm nén.
Sy hién dién cta cac tinh thé ZIF-8 ¢6 kich thude nano duoc
chimg thyc thém boi hinh 2C va 2D. C6 thé thdy, bé mat
tam nén duoc bao phu dong nhét va day dic véi cac tinh thé
nano ZIF-8. Bén canh d6, co thé quan sat thiy cac tinh thé
nano ZIF-8 ciing dugc hinh thanh bén trong tim nén, diéu
nay dugc ky vong s& lam ting do 6n dinh co hoc cua 16p
hat va 16p mang ZIF-8 (miii tén mau do6 trén hinh 2D). Dé
tong hop mang loc bang phwong phap hai giai doan, 16p hat
dong mot vai tro quan trong. Cac hat cia 16p hat dong vai
tro 1a cac hat nhan dé phat trién trong giai doan thir cap hinh
thanh nén céac hat ZIF 16n hon va dan xen vao nhau dé tao
16p mang. Su ddng déu va bao phu t6t cta cac tinh thé ZIF-8
s& thuc day qua trinh tao mam va phat trién cua cac hat tinh
thé ZIF trén bé mat tAm nén, gitip che 1ap cac khiém khuyét
ctia mang loc. Néu khong c6 16p hat, 16p mang ZIF kho co
thé hinh thanh ngay ca khi thoi gian phat trién tht cap (giai
doan 2) dugc kéo dai hon 24 h [16].



Hinh 3. Anh SEM ciia bé& mit va mit _c{'lt ngang cua lop mang ZIF-8
sau 2 h (A, B), 6 h (C, D), 10 h (E, F) tong hop.

Anh SEM cua bé mat va mit cit ngang cua mang loc
ZIF-8 & cac thoi gian téng hop khac nhau dugce trinh bay
trong hinh 3. Sau khi tién hanh tong hop, mot 16p ZIF-8
dic, chic hinh thanh bén trén bé miat tim nén alumina. Mot
lugng 16n tinh thé v&i nhiéu kich thudce khac nhau moc xen
k& dugc quan sat thiy sau 2 h tién hanh phan tng ¢ nhiét do
phong (hinh 3A). Cac 16 kich thudc macro cua bé mit tim
nén quan sat dugc trude ddy gan nhu da dugc lap day boi
16p mang tinh thé ZIF-8. Tuy nhién, mot sé 16 hong kich
thudc nano van con quan sat thdy va cac dudng bién giita
cac tinh thé duo‘ng nhu van chua lién két chit khit vao nhau.
Khi tang thoi gian phan ng 1€n 6 h, mét 16p tinh thé ZIF-8
hoan thién phat trién dan xen voi hinh thai khdi da dién hinh
thoi da bao pht hoan toan bé mit tim nén ma khong c6 bat
ky “khuyét tat” nao c6 thé nhin thiy nhu 16 kim hodc vét
nut (hinh 3C). Sau d6, khi thoi gian tong hop dugc kéo dai
dén 10 h, bé mat 16p mang trd nén thoé hon, mot vai tinh thé
ZIF-8 phat trién 16n hon, dong thoi xuat hién nhiéu hat don
1¢ trén bé mat (hinh 3E). Khi thoi gian phan ng ting, do
day cua lop mang tang tur khoang 2,5 pm tai 2 h, 4,2 pm tai
6 h dén 5 um tai 10 h (hinh 3B, 3D, 3F). Trong 6 h dau tién,
téc do phat trién cua 16p mang xay ra nhanh, sau d6 cham
lai, gitip han che su hinh thanh qua day cua 16p mang. Xu
huéng nay 1a can thiét vi mot khi 16p mang phat trién qua
day s& c6 xu hudng tao ra nhidu lyc can cho khi di qua, lam
giam hiéu qua phan tach khi ciia mang [19].

Bang 1. Két qua phan tach hén hgp propylene/propane ciia mang loc
ZIF-8 téng hop & cac thoi gian khac nhau.

Lwong truyén qua (x10°

Thoi gian tong hop mol.ms"Pa™) Hé s6 phan tach
Propylene Propane
2h 135,6+15,3 5,3+0,6 26,3+2,8
6h 104,6+8,8 1,5+0,3 70,2+3.,9
10h 96,6+6,9 1,5+0,2 65,0+3.3
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Dé khao sat ky cang hon chét luong cua mang ZIF-8 sau
khi tong hop, cac tic gia tién hanh thyc nghiém phan tach
hén hop khi propylene/propane & diéu kién phong sir dung k¥
thuat Wicke-Kallenbach. Két qua dugc trinh bay trong bang
1. C6 thé thay, lugng khi truyén qua ciing nhu do phan tach
khi cta cac mang loc rat phu hop véi két qua tir SEM. Tat
ca cac mau déu cho hé s phan tach 16n hon 1, cho thdy chét
lugng cao ciia 16p hat tong hop bang phuong phap vi séng.
Su dong déu cung nhu mat do cao cua l6p hat da giup lop
mang phat trién mot cach lién tuc va dong déu bén trén tim
nén alumina. Luong truyen qua cua khi propylene va propane
giam khi tang thot gian tong hop tir 2 1én 10 h. Sy giam nay
1a do khi thoi gian tong hop ngin, khong du dé cung cap cho
co ché tai két tinh cac hat ZIF-8 dé dong cac khe ho ciing
nhur 16 héng trén mang, 1am cho luong truyén qua cia cac khi
propylene va propane cao hon. Mang loc sau 6 h téng hop dat
dwoc hé s phan tach propylene/propane cao nhét (70) véi
lugng truyén qua ctia propylene 1a 105x10"° mol.m?s"'Pa’.
He¢ s6 phan tach dat dugc trong nghién ctru niy cao gip doi
két qua dat dwoc ctia Y. Pan va cong su [16]. Khi ting thoi
gian phan tmg 1én 10 h, hé s6 phén tach va lugng truyén qua
cua cdc khi giam nhe, két qua nay 1a do do day 16p mang tang
1én khi cac tinh thé tlep tuc phat trién vé kich thudc. Mang day
hon thuong tao ra nhiéu lyc can hon cho khi di qua, do do lam
giam luong truyén qua va hé s6 phén tach khi.
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Hinh 4. Lugng truyén qua va hé s6 phan tich propylene/propane ciia
16p mang ZIF-8 khi thuc hién phan tach gian doan trong 6 thang.

Cac tac gia tiép tuc thuc hién phan tach hdn hop propylene/
propane mot cach lién tuc va gian doan dé danh gid mot cach
toan dién hon chat lugng va do 6n dinh cua 16p mang sau khi
tong hop. Két qua phan tach khi lién tuc trong 150 h va gian
doan trong 6 thang ciia mang loc ZIF-8 sau 6 h tong hop dugce
trinh bay trong hinh 4, 5 va tong hop trong bang 2. Két qua
cho thiy, gin nhu khong c6 su thay d6i hé s6 phan tach ciing
nhu lugng truyén qua cua cac khi propylene va propane khi
tién hanh phan tach gian doan (hinh 4). Déi voi qua trinh phan
tach lién tuc, lugng truyén qua ciia propylene va propane ting
nhe (hinh 5). D¢ tang luong truyén qua ctia propylene nhanh
hon so vé&i propane, lam cho d6 phan tich ctia hon hop ting
nhe trong qua trinh thue nghiém. Co su thay d6i nay 1a do cdu
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tric 16 xOp cua 16p mang d it nhiéu bi anh hudng boi luong
khi propylene va propane lién tuc thoi qua 16p mang, dan dén
su thay doi ciia luong truyén qua ciing nhu hé sé phan tich
ctia cac khi propylene va propane. Cac két qua phan tich da
cho thay do 6n dinh ciing nhu chat lugng rat cao ciia mang
loc ZIF-8 tong hop dugc trong nghién ciru nay. Sy duy tri kha
nang phan tach trong mot thoi gian dai mo ra mot hudng di
day trién vong va la tién dé dé phat trién hon nira cing nhu
ung dung truc tlep mang loc ZIF-8 vao thyuc té phéan tach khi
trong cong nghiép.
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Hinh 5. Lwong truyén qua va hé s6 phan tich propylene/propane ciia

16p mang ZIF-8 khi thuc hi¢n phén tach lién tuc trong 150 h.

Bing 2. Két qua phan tach hdn hop propylene/propane & cac diéu
kién khac nhau ciia mang loc ZIF-8 (6 h).

Luwong truyén qua (x10°

Pidu kién mol.m?s'Pa’') Hé s6 phan tach
Propylene Propane
Lién tyc (150 h) 110,6+8,0 1,5+0,2 73,5+4,2
Gian doan (6 thang) 105,2+6,5 1,5+0,3 70+3,8
Két luan

Mang loc ZIF-8 c6 chét lugng cao di dugc cac tac gia
tong hop thanh cong st dung phuong phéap hai giai doan
v6i 16p hat duoc chuén bi bﬁng ky thuat vi song. Phuong
phap tao 16p hat nay cho phép hinh thanh nhanh chéng céac
tinh thé hat nano ZIF trén bé mat tim nén v&i do che phu bé
mit cao va dong déu. Sy phat trién thir cip sau d6 cia 16p
hat ZIF-8 giup hinh thanh 16p mang ZIF-8 c6 chat luong
cao, phat trién lién tuc va dong thoi cho thay hiéu sut tach
propylene/propane cao. Lop mang sau 6 h tong hop & diéu
kién phong c6 do day khoang 4,2 um va dat duoc hé s phan
tach 1a 70 v6i luong truyén qua cta propylene 1a 105x10-1°
mol.m?s"'Pa’. Ngoai ra, mang ZIF-8 con cho thay tinh 6n
dinh, kha ning lap lai va hiéu qua cao khi phan tach hon hop
propylene/propane mdt cach lién tuc cling nhu gian doan.
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