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Tong hop mang loc ZIF-8 trén tam nen alumina bang phuong phép
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Tom tat

Mang loc ZIF-8 ¢ chit luong cao, ran chic va lién tuc dugc tong hop thanh cong bang ky thuat khuéch tan ddi nghich
va tmg dung dé tach propylene ra khoi hdn hop propylene/propane. Qué trinh phan tich ddc trung va thuc nghiém phan
tach khi chi ra ring mang loc da téng hop c6 kha nang ray phan tir cao v6i hé s0 phan tach propylene/propane cao nhit
dat dugc 1a 55 va lugng truyen qua cua propylene la 136x10° 10 mol.m2.st.Pal. Anh hudng cia thoi gian tong hop mang
loc cling duoc khao sat chi tlet két qua cho thdy mang loc c6 chit luong va dé on dinh cao duoc tong hop sau 4gio
phan tng. V&i phuong phap tong hop don gian, nghién ctru hira hen s€ dugc phat trién hon nira dé téng hop mang loc
ZIF c6 chat luong cao va g dung truc tiép vao thuc té cong nghiép.

Tur khda: Vit liéu khung co kim; ZIF-8; propylene/propane; mang loc; phén tach khi;

Abstract

Defect free and continuous microporous ZIF-8 membranes were successfully developed from the counter diffusion
technique to separate propylene from propylene/propane gas mixture. The characterization and gas permeation results
demonstrate that the prepared membranes exhibited molecular sieving capability with the highest separation factor of
55. ZIF-8 membrane exhibited the highest propylene permeance of 136x10° mol.m2s*.Pa®. The effects of the
solvothermal synthesis time were investigated, and a continuous and stable ZIF-8 membrane was prepared at 4 h of
reaction. The simple synthesis approach holds a promise for further development for the fabrication of high quality ZIF
membranes for practical separation applications.

Keywords: Metal organic frameworks; ZIF-8; propylene/propane; microporous membrane; gas separation.

* Corresponding Author: Le Van Thuan; Institute of Research and Development, Duy Tan University, Da Nang,
Vietnam; Faculty of Natural Sciences, Duy Tan Unversity, Da Nang, 550000, Vietnam
Email: levanthuan3@duytan.edu.vn



T.N.Tién, T.Ngo, T.B.Quéc, L.V.Thudn | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 06(43) (2020) 60-66 61

1. Gioi thiéu

Phan tach hon hop khi propylene/propane 1a
mot nhi¢ém vu quan trong ctia nganh cong
nghiép loc héa dau vi propylene c6 do tinh
khiét cao c6 nhiéu tmg dung khac nhau, trong
s6 d6 quan trong nhét 1a 1am nguyén liéu dé san
xuat polypropylene [1]. Phuong phap chu yéu
hién nay thuong dwoc dung dé phan tach hon
hop nay 1a st dung thap chung cat khoang 150-
200 dia ¢ nhiét do thip 233-183 K va ap suit
khoang 16-20 bar [2, 3]. Viéc thuc hién phén
tach ¢ diéu kién khic nghiét ndy can phai tiéu
t6n mot lwong 16n niang lugng, khong hiéu qua
vé kinh té. Diéu d6 da thic day cac nha khoa
hoc nd luc nghién cuu dé tim ra mot vai
phuong phap thay thé nhu hap phy, hip thy,
mang loc...[4-8] Trong s6 d6, cong nghé mang
loc duwgc xem nhu mot phuong phép tiém ning
dé phan tach propylene/propane. N6 ¢ nhiéu
vu diém nhu hiéu qua vé kinh té, khong tiéu tén
nhiéu nang lugng, dé van hanh [9, 10]... Trong
cong ngh¢ mang loc phan tach khi, do phan
tach la thudc do kha nang tach khi cua mang va
phu thude vao kich thuéde 16 cua mang loc. Kich
thudc vi 16 cuc ky nho 14 can thiét cho mang
loc rdy phan tir cac phan tir khi 16n hon khoi
cac phan tir khi nho hon.

Trong hai thap nién tr¢d lai day, vat li¢u khung
co kim (metal organic frameworks, MOFs) dugc
biét dén nhu mot loai vat lidu vi 15 Xép coO chira
cic vi 16 siéu nho (< 2 nanomet) [11-13]. Ngoai
ra, MOFs con c6 nhimg uu diém nhu: két hop ca
thanh phan hitu co va vo co, ¢b cau tric dang
tinh thé trat tu ba chiéu xac dinh, c6 do xp cao
va c6 kha niang bién d6i cdu trac, nhidu nhom
chirc hoa hoc khac nhau rat phu hop dé luu trir
cling nhu phan tach khi. Pang chu y, zeolitic
imidazolate framework (ZIF) 1a mdt by phan
dién hinh cua MOFs. ZIF ¢6 d6 bén nhiét, do
bén hoa hoc cao va do xop 16n [14, 15]. Qua két
qué phén tich cdu trac cta rat nhiéu vat liéu ZIF
cho thiy ching tao thanh ¢é céu hinh khong gian

gibng nhu vét liéu zeolite. Mot trong nhimng
nguyén nhan 1a do goc lién két M-Hmim-M
trong ZIF gin bang voi goc lién két Si-O-Si
(145°) trong zeolite [14]. Nhung do chiéu dai
lién két M-Im-M trong ZIF 16n hon nén vt liéu
ZIF ¢6 céu trac 16 xbp cao hon zeolite [15]. Vi
nhiéu wu diém, ZIF d3 duoc st dung dé tong
hop nhiéu loai mang ray phan tir khic nhau va
ung dung trong phan tach khi.

ZIF-8 dugc téng hop tir mudi Zn va cau ndi
2-methylimidazole, nhitng ndm gan day, ZIF-8
dugc xem 1a mot Iya chon 1y tudng dé tong hop
mang loc phan tach hdén hop propylene/
propane. Cac nghién ctu chi ra rang, kich
thude 16 x6p thuc cta ZIF-8 13 0,4nm, vira nam
gitta duong kinh phan to cua propylene la
0,4nm va propane la 0,43nm [16]. Chinh vi
vay, ZIF-8 ngay cang gianh duoc nhiéu sy quan
tam trong linh vuc mang loc dung dé phan tach
propylene/propane.

Trén co s& d6, chung toi tdi uu hoa cac didu
kién thuc nghi¢m dé téng hop mang loc ZIIF-8
c¢6 chat luong cao bang phuong phap khuéch
tan d6i nghich. Sy anh hudng cia thoi gian
phan ung dén qua trinh hinh thanh mang loc
ZIF-8 s¢ dugc khao sat trong khoang thoi gian
tir 2 dén 6h. Trong nghién ciru ndy, thanh phan
pha tinh thé cia mang ZIF-8 s& duoc kiém tra
boi phuong phap nhiéu xa tia X, cdu trac ciling
nhuy bé mat ciia mang s& dugc quan sat boi
SEM. Cubi cung, kha ning phan tach khi cua
mang ZIF-8 s€ dugc khao sat boi ky thuat
Wicke—Kallenbach.

2. Thuc nghiém
2.1. Tong hop tim nén a-Al;03

Tam nén a-Al203 c6 dang dia dugc chuén bi
boi bot alumina (Baikowski, CR-6) c6 d0 tinh
khiét cao. HOn hop gdm bot alumina va
polyvinyl alcohol sau khi tron s€ dugc dua vao
khuén va tao hinh bang may ép tao miu trong
phong thi nghi¢m. Sau khi nung & nhiét do
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1100 °C trong 2h, tim nén thu dugc c6 dudng
kinh 22mm, d6 day 2mm véi d6 xép khoang
45%. Mot mat ctia tAm nén s& duge mai nhin
bang thiét bj mai chuyén dung va duoc dung dé
tong hop mang ZIF-8. Cudi cung, tim nén duoc
rira sach, séy o 70°C trong 6h.
2.2. Tong hop mang loc ZIF-8

Mang ZIF-8 duogc tong hop bén trén tAm nén
a-Al,03 bing phuong phap khuéch tan thuan
nghich. Hai dung dich tong hop dugc chuin bi
riéng bi€t. Dung dich A v6i 8 mmol zinc
chloride hoa tan trong 40ml methanol. Dung
dich B gdbm 62mmol 2-methylimidazole va 7,4
mmol sodium formate hoa tan trong 40ml
methanol. Ca hai hdn hop duoc khudy tron hoan
toan trong 15 phit. Tam nén a-AlO3 dau tién s&
dugc ngam trong dung dich A trong 1h. Sau do,
tAm nén bio hoa ion k&m s& dua vao dit thing
dung trong teflon c6 chuia sin dung dich B.
Teflon dwoc dong nip ky cang va sir dung
autoclave dé dit trong 10 ddi luu va tién hanh
phan tmg ¢ 120°C trong 4h. Khi thoi gian phan
ung két thac, autoclave s€ dugc lam ngudi tu
nhién vé nhiét do phong. Mang ZIF-8 duoc can
than Iy ra khoi dung dich tong hop va rira that
ky vé1 methanol dé loai bo cac tap chét trén bé
mat mang loc trudc khi mang loc dugc ngam
trong methanol trong 5 ngay. Cudi ciing, mang
loc duge sdy kho & nhiét do phong trong 12h va
& 60 °C trong 1h trude khi tién hanh cac phuong
phap phan tich, danh gi4 chat lugng mang,
2.3. Xdc dinh ddc trung vt li¢u

Thanh phan tinh thé ciia 16p mang dugc xac
dinh bang phuong phap nhiéu xa tia X (XRD)
trén may Rigaku MAC-18XHF (Nhat Ban) véi
dau do (Detector) D/teX Ultra 250, dung birc xa
cia Cu-K, tai dién thé gia tdc 40kV, cuong do
dong 30mA, khoang quét 26 tir 3° dén 60° véi
tbc 6 quét 3%phit. Pic trung hinh thai hoc cua
cac hat tinh thé, mang ZIF-8 duoc xac dinh
bang phuong phép hién vi dién tir quét (SEM)
trén may Leo-Supra 55 tai thé gia tbc 15kV.

2.4. Thuc nghiém phdn tach khi

Luong truyén qua cia hdn hop khi
propylene/propane dugc do tai diéu kién phong
boi ky thuat Wicke-Kallenbach [17]. Hon hop
khi propylene/propane (ty 1& 1:1) duoc cap vao
modun tach khi chira mang loc ZIF-8 véi toe do
112 ml/phut st dung bo diéu khién dong. Pong
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.

Do phan tach 1a thong sé duoc dung dé danh
gia kha niang van chuyén va tach khi ciia mang
loc ZIF-8. B¢ phan tach ¢ thé xac dinh bang ti
1¢ cta luong truyén qua cia cac khi trong hon
hop. Luong truyén qua cua khi i (propylene),
K™ dugc tinh boi cong thirc [8]:

o gme
: - AP i

Trong d6, J™* 1a thé tich dong cua khi i

(propylene) trong hon hop khi truyén qua mang

loc ZIF-8. J™* 1a thé tich dong cta khi j

(propane). 4p 1a sy khac biét ap sudt cia dong
vao va dong ra khoi mang loc.

Do phan tach, cxf;j.’ , duoc tinh bang cach lap

ti sO cua luong khi truyén qua cua khi 1

(propylene), K™ véi khi j (propane), K™=, [8]
g

ifji = Emix
;

ep _

Thuc nghi¢ém phan tach khi propylene/
propane duoc thyc hién 3 1an cho mdi mau va
thyc hién trén 3 miu khac nhau duoc tong hop
trong cung diéu kién dé dam bao do lap lai va
chat lugng ctia mang.

3. Két qua va thio luin

L6p mang ZIF-8 dugc tong hop trén bé mat
tdm nén a-Al,O3 theo phuong phap khuéch tan
d6i nghich. Pau tién, tim nén duoc ngam trong
dung dich chira mubi kim loai kém dé bao hoa
ion k&ém bén trong tim nén. Tiép theo, phan
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g tong hop s& dugc tién hanh trong dung dich
cdu ndi ¢ 120°C. Khi phan ng xay ra, cac
gradient ndng do cho phép cac ion kim loai va
cac phan tir ciu ndi khuéch tan tir tim nén vao
dung dich va tor dung dich vao tAm nén mot
cach déu dan. Do dd, tai bé mat cua tim nén
(ving phan tng), néng do twong ddi cao cua
cac ion kim loai va cac phan tir cAu ndi ludn
dugc duy tri trong qua trinh téng hop. Pic
trung hinh thai hoc tim nén va mang ZIF-8 sau
khi tong hop duoc quan sat bang phuong phap
hién vi dién tir quét (SEM) va duoc trinh bay
trong Hinh 1. Hinh la 13 bé mit cua tim nén
truge khi tién hanh tong hgp mang loc, co thé
thdy 16 cac 16 hong kich thudc macro bén trén
tam nén. Hinh 1b, lc, 1d 14 hinh anh cia bé mit
16p mang loc ZIF-8 duoc tong hop & 2, 4 va 6h.
Két qua cho thiy, 16p mang da tinh thé ZIF-8
dugc hinh thanh va phat trién tot bén trén tim

nén & tat ca cac mau. Sau 2h phan tmg, cac tinh
thé ZIF-8 c6 khéi tir dién hinh thoi phat trién
dan xen trén bé mit tim nén o-alumina. Mic du
cac tinh thé duong nhu da bao phu gin nhu
toan bo bé mat tim nén, van cd nhitng khodng
tréng gitra cac tinh thé co thé quan sat duoc
trén bé mit mang do sy phat trién khong du vé
thoi gian. Khi thoi gian tong hop duoc kéo dai
dén 4h, cac tinh thé ZIF-8 phat trién 16n hon va
ddng déu hon, bao phu hau hét cac khuyét diém
trude d6 dé tao thanh mot 16p mang hoan thién
(Hinh 1c). Sy phat trién dan xen va lién tuc cua
cac tinh thé ZIF dudong nhu d cung cdp kha
nang tai két tinh nhanh chong gitp ngin chin
sy hinh thanh cac khuyét diém trén mang. Khi
tang thoi gian phan tmg 1én 6h (Hinh 1d), bé
miat mang trd nén tho hon ciing nhu xuat hién
nhiéu hat tinh thé don 1¢ trén bé mt.

Hinh 1. Hinh anh SEM ciia (a) tim nén a-alumina, va mang ZIF-8 sau (b) 2h, (c) 4h, (d) 6h tong hop.

Hinh 2 13 hinh anh SEM cua bé mit cit
ngang cua mang ZIF-8 duoc chudn bi & cic
thoi gian tong hop khac nhau. C6 thé thiy céac
hat tinh thé ZIF da phat trién lién tuc dé tao
thanh mot 16p tinh thé va c6 thé phan biét duogc
v6i tAm nén alumina dong thoi hop thanh mot
khéi dic, chic voi tim nén. Véi phuong phap

khuéch tan ddi nghich, trong sudt qué trinh tong
hop, ndng d6 cao cac chat phan ung dugc duy
tri tai bé mit cua tdm nén giup day nhanh toc
d6 hinh thanh ciia mot sd lwong 16n cac tim
phan tng, din d&én sy hinh thanh va phat trién
nhanh chéng cua céac hat tinh thé ZIF, tao nén
16p mang rat mong trén bé mat tim nén. Do day
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ctia 10p mang ting 1én theo thoi gian tong hop
tir khoang 0.8 pm tai 2h, 1.5 pm tai 4h dén 1.8
um tai 6h tong hop. Céc tinh thé phat trién dan
xen v6i toc do nhanh trong 4h dau tién va bét
diu cham lai sau d6 d¢ han ché sy hinh thanh

qua day cia 16p mang. Téc d6 giam dan cia su
hinh thanh va phat trién ndy cia 16p mang la

can thiét vi 16p mang qua day s& co xu hudng
tao ra lyc can cho khi truyén qua, do d6 han ché
hi¢u qua phan tach cia mang [18].
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Hinh 2. Hinh anh SEM mit cit ngang ciia mang ZIF-8 sau (a) 2h, (b) 4h, (c) 6h tong hop va (d) d6 day cia 16p mang.
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Hinh 3. Gian do nhiéu xa tia X (XRD)

Gian dd6 XRD cua tim nén alumina va 16p
mang ZIF-8 sau khi tong hop duoc trinh bay
trong Hinh 3. Két qua cho thay cic phdo XRD
déu c6 cac dinh séc nét, o rang da x4c nhan lai
cac két qua SEM trude do rang cac miu déu co
d6 tinh khiét va do két tinh cao. Chi c6 mot su
khac biét nho vé& cuong do cua cac 16p mang

tong hop & cac thoi gian khac nhau 13 do su
khac biét ctia 6 day 16p mang. Cac miii nhidu
xa chinh dac trung cho tinh thé ZIF-8 nam tai
20 = 7,5; 10,3; 12,4; 14,7; 16,3 va 18,0°. Két
qua nay phu hop véi cic két qua nghién ciru
trudc day vé pha tinh thé cua ZIF-8 [19]. Pinh
nhidu xa tai 20 = 26° 1a pha o cia tim nén
alumina.

Thyc nghiém phan tach hdén hop khi
propylene/propane dugc tién hanh dé khao sat
ky cang hon chit luong ciia 16p mang sau khi
tong hop. Hinh 4 so sanh do truyén qua ciing
nhu hé sé phan tach propylene/propane ciia cac
mang ZIF-8 co thoi gian téng hop khac nhau.
Dbi véi 10p mang sau 2h tong hop, thoi gian
khong da dé cung cdp cho co ché tai két tinh
cac hat ZIF-8 du nhanh dé dong cac khe ho
cling nhu 16 hong trén mang, 1am cho luong
truyén qua cua cac khi propylene va propane
cao hon va hé sb phan tach thdp hon. Hé sb
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phan tach cao nhit dat dugc véi 16p mang sau
4h tong hop 55 v6i luong truyén qua cia
propylene la 136x10° mol.m2stPa?l Khi
thoi gian phan tng kéo dai dén 6h, cic tinh thé
ZIF-8 16n hon va tr¢ nén day dac hon, luong
truyén qua ciia cac khi va hé sd phan tach giam
nhe. Sy giam nay 1a do 16p mang da tré nén day
hon va tao ra luc can 16n hon ddi véi cac khi
khi truyén qua.
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Hinh 4. Két qua phan téchﬂh(:)n hop khi propylene/
propane ciia mang ZIF-8 tong hgp o céac thoi gian

khac nhau.
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Hinh 5. Két qua phan tach hdn hgp khi propylene/

propane cua mang ZIF-8 gian doan trong 6 thang.

Chung to61 tiép tuc thyc nghiém phan tach
hon hgp propylene/propane mot cach lién tuc
va gian doan dé danh gia mot cach toan dién
hon chét luong va d6 6n dinh cta 16p mang sau
khi tong hop. Hinh 5 va 6 trinh bay két qua
phén tach khi cua mang ZIF-8 gian doan trong

6 thang va lién tuc trong 150h. P6i véi qua
trinh phan tach gian doan (Hinh 5) gin nhu
khong co su thay d6i lwong truyén qua cia cac
khi propylene va propane ciing nhu hé sé phan
tach. Luong truyén qua cua propylene va
propane ting nhe trong qué trinh tién hanh phéan
tach lién tyc (Hinh 6). Do ting lugng truyén
qua cua propylene nhanh hon so voi propane,
lam cho d6 phan tich ctia hdn hop ting nhe
trong qua trinh thyc nghiém. Két qua nay da
cho thdy d6 6n dinh ciing nhu chat luong rat
cao ctia mang loc ZIF-8 duogc tong hop duoc
trong nghién ctru nay. Pay 1a diéu rat dang chd
doi va hoan toan c6 thé phat trién hon nira dé
tmg dung truc tiép vao thuc té cong nghiép.
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Hinh 6. Két qua phan tach hdn hop khi
propylene/propane ctia mang ZIF-8 lién tuc trong 150h.

4. Két luan

Trong nghién ctru nay, ching t6i di tong
hop thanh cong mang loc ZIF-8 c6 chét lugng
cao tir phuong phap khuéch tan d6i nghich.
Phuong phap tuy don gian nhung rat linh hoat
nay cho phép mang loc ZIF-8 duogc tong hop
mot cach nhanh chéng va hi€u qua véi do day
va ciu trac toi wu. Cac dic trung vat li¢u cua
16p mang da dugc khao sat trude khi st dung
dé phan tach hdn hop khi propylene/propane.
Két qua cho thdy, luong truyén qua cua
propylene dat duoc 1a 136x1072° mol.m2.s1,Pal
va hé s6 phan tach 1a 55. Ngoai ra, mang ZIF-8
cling cho théy tinh 6n dinh, kha nang lap lai va
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chit luong cao khi phan tich hdn hop
propylene/propane mot cach li€n tuc cling nhu
gian doan. Nhu vay, mang loc ZIF-8 13 mot
phuong phép trién vong va kinh té dé thay thé
phuong phép truyén thong trong phan tach hdn
hop propylene/propane.
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