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Tom tit - Phan tach hdn hop khi propylene/ propane 1a mét trong
nhimg nhiém vu quan trong trong cong nghiép loc hoa dau. Trong
nghién clru ndy, mang loc vi 16 xop ZIF-8 s€ dugc téng hop bén
trén tim nén a-alumina bang phuong phap tdng hop hai giai doan
va sit dung dé phén tach propylene/ propane. Két qua cho thiy,
mang ZIF-8 ¢6 chét lugng cao, rdn chic, lién tuc va khong bi nit
gdy, c6 do day khoang 3 pm. Mang ZIF-8 con thé hién dugc do
phan tach propylene cao dua vao co ché ray phan tir. Luong truyén
qua ciia propylene dat 120 x 10"° mol m2 s Pa, va hé sb phan
tach propylene/ propane dat duoc 13 62 tai diéu kién phong. Két qua
thyre nghiém con cho thiy, mang loc ZIF-8 sau khi téng hop c6 do
bén, do 1ap lai cling nhu do dn dinh cao khi thuc hién phan tach
propylene/ propane lién tuc ciing nhu gian doan.

Tl‘quhéa - ZIF-8; mang loc; propylene; propane; tach khi;
d06 6n dinh.

1. Pat vin dé

Propylene 1a mét trong nhiing san phém phu quan trong
va ¢d gia tri cao ctia phan xuong cracking xuc tac (FCC),
mang lai loi nhuan 16n cho cac nha may loc dau [1]. Propylene
thudng dugc ding dé san xuét nhira polypropylene, propylene
oxide, cumene, acrylonitrile va nhiéu hoa chat khac. Khi dugc
san xuat tir phan xuong FCC, dong propylene thuong kém
theo sy tao thanh cta propane [2]. Propylene c6 do tinh khiét
thap vi su c6 mit cua propane sé& khong dam bao chat lugng
dé str dung trong san xut cong nghiép.

Hién nay, phuong phap chu yéu duoc sir dung dé tach
propylene ra khoi propane 1a sir dung cot chung cat véi
150-200 dia tai nhiét do thap khoang 233-183 K va ap sut
16-20 bar [3, 4]. Ly do phai thyc hién & diéu kién khic
nghiét nay 1a do propylene va propane c6 nhiét do soi gan
tuong duong nhau (propylene la 225,3 K va propane la
230,9 K) va do bay hoi xép xi bang nhau. Pay 1a mot
phuong phap tiéu t6n nhidu ning luong cing nhu khong
hiéu qua vé kinh té. Vi vdy, di c6 nhiéu phuong phap khac
nhau dugc cac nha khoa hoc trén thé gi6i phat trién dé dap
tmg nhu cau propylene c6 do tinh khiét cao cho cdng
nghiép véi chi phi thdp, gdm c6: Hap thu, hip phy, mang
loc [5-10]. Trong s6 do, cong nghé sir dung mang dé tach
propylene/ propane la mot huéng di tiém ning mang lai
nhiéu hidu qua vé kinh té cling nhu ning lugng nho t6i
thiéu dugc chi phi nguyén vat lidu ciing nhu don gian trong
véan hanh [11, 12].

1 Duy Tan University (Tran Nguyen Tien)

Abstract - Propylene/ propane separation is one of the most
importance but challenging task in the petrochemical industry. In
this study, a continuous well-intergrown ZIF-8 membrane on
porous a-alumina substrate was successfully prepared by a novel
secondary growth method displayed high propylene/ propane
molecular sieve separation performance. It is displayed that, the
resulted ZIF-8 membrane was defect-free and compact, with a
thickness of about 3 um. The resulted membrane presented high
propylene molecular sieve separation performance. The propylene
permeance reached 120 x 10-1° mol m? s Pa’l, and the separation
factors for propylene/ propane were calculated to be 62 at ambient
condition. The experimental data also revealed that, the membranes
had excellent reproducibility and long-term stability.

Key words - ZIF-8; membrane; propylene; propane; gas
separation; stability.

Trong cong nghé mang loc phan tach khi, d§ phéan tach
1a thudc do kha nang tach khi cia mang va phu thudc vao
kich thuéc 16 ciia mang loc. Kich thudc vi 16 cuc ky nhé 1a
can thiét dé tach cac phan tir khi 16n hon khoi cac phén tir
khi nho hon. Trong nhimg nim gan déy, vét liéu khung co
kim (metal organic frameworks, MOFs) dugc biét dén nhu
mot loai vat liéu vi 16 xdp ¢6 chira cac vi 16 siéu nho (< 2
nanomet) [13-15]. Ngoai ra, MOFs con c6 do x6p cao, cau
triic 16 x6p on dinh, nhiéu nhom chitc hda hoc khac nhau rat
phi hop dé luru trit ciing nhu phan tach khi. Dac biét, zeolitic
imidazolate framework (ZIF) la mét by phan dién hinh cua
MOFs, ¢6 cau tric hinh hoc tuong tu voi zeolite (sodalite,
SOD) da dugc sir dung dé tdng hop nhidu loai mang ray
phan tir khac nhau va Gmg dung trong phan tach khi [16].

Dé phén tach hdn hop propylene/ propane, mang loc vi
16 x6p ZIF-8 dugc xem 1a mot lya chon 1y twong. Céc
nghién ctru chi ra rang, kich thudc 16 xp thuc cia ZIF-8 la
0,4 nm, vira nam giira duong kinh phén tir ciia propylene 1a
0,4 nm va propane la 0,43 nm [17]. Chinh vi vay, ZIF-8
ngdy cang gianh duogc nhiéu sy quan tdm trong linh vuc
mang loc ding dé phan tach propylene/ propane.

Trén co sé d6, nhém tac gia tdi wu hoa cac diéu kién
thuc nghiém dé tong hop mang loc ZIF-8 c6 chat lugng cao
bang phuong phap hai giai doan: (1) Dau tién, nhom tac gia
sir dung phuwong phép nhung phii don gian dé tao 16p hat
mam ZIF-8 dong déu trén bé miat tim nén; (2) Lép hat mam
ZIF-8 s& duoc phat trién tao thanh 16p mang ZIF-8 trong
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dung dich tong hop & diéu kién phong. Chat lugng mang
ZIF-8 dugc khao sat bai SEM, XRD va kha nang phan tach
hon hop khi propylene/ propane.

2. Thwe nghiém
2.1. Céc qud trinh tong hop
2.1.1. Chudn bi tém nén a-alumina

Tam nén o-alumina c6 dang dia dugc qhu?in bi boi bot
alpmina (Baikowski, CR-6) c6 d0 tinh khiét cao. Hon hop
g6m bot alumina va polyvinyl alcohol sau khi tron s€ dugc
dua vao khuon va tao hinh bang may ép tao méau trong phong
thi nghiém. Sau khi nung & nhiét ¢ 1100°C trong 2 h, tim nén
thu duoc c6 dudng kinh 22 mm, do day 2 mm véi do xop
khoang 45%. Mot mat cua tAm nén s& duoc mai nhén bang
thiét bi mai chuyén dyng va dugc dung de téng hop mang ZIF-
8. Cudi cing, tam nén dugc rira sach, sdy & 70°C trong 6 h.

2.1.2. Tong hop hat tinh thé ZIF-8

Dé tong hop hat tinh thé ZIF-8, 0,7344 g Zn(NO3),.6H,0
va 0,8106g cua 2-methylimidazole dwoc hoa tan trong 2 cdc
riéng biét chira 50 ml methanol. Sau d6, tron vao nhau va
khuay tir trong 30 phut rdi dé tw phan Gng trong 24 h tai nhiét
d6 phong. Hat tinh thé ZIF-8 tao thanh duoc thu lai bang
may ly tam, ra nhiéu 1an véi methanol. Cudi cung, hat
ZIF-8 duoc siy qua dém ¢ 60°C rdi phan tan trong methanol
tao dung dich huyén phu ZIF-8 0,1% khéi lugng.

2.1.3. Tong hop mang ZIF-8

Mang loc ZIF-8 duoc téng hop trén tim nén alumina
theo phuong phap 2 giai doan. Pau tién, 16p tinh thé ZIF-8
s& dugc phi trén bé mat tim nén bang phuong phéap nhung
phu (dip-coating). Mot nira tdm nén s& duwoc nhing trong
dung dich huyén phui ZIF-8 trong khoang 20 s 1di can than
luét khoi bé mat dung dich huyén phu va giit thing ding
dén khi bé mat hoan toan kho dé tao 16p hat trén bé mat
tam nén. Tiép theo, trong giai doan phat trién thir hai tim
nén dwoc dat thang dung trong dung dich tong hop gdm
0,119 Zn(NO3),.6H,0 va 2,27g 2-methylimidazole hoa tan
trong 40 ml nudc cat. Phan 1 ung dugc thyc hién ¢ diéu kién
phong trong 6 h. Sau khi tong hop, mang loc ZIF-8 dugce
lay ra mot cach can than r01 rira voi nude cat va methanol
dé loai bo cac hat ZIF-8 gan két 1ong 1éo trén bé mit mang.
Sau do, mang loc ZIF-8 s& dugc ngam trong methanol 2
ngay dé trao d6i dung moi. Cudi cliing, mang loc s& dugc
phoi kho can than & nhiét do phong.

2.2. Cac phuong phdp dinh gid dic trung va phdin tich khi

2.2.1. Cac phwong phap danh gia dac trung

Thanh phan tinh thé cua l6p mang duogc xéac dinh bang
phuong phap nhieu xa tia X (XRD) trén may Rigaku MAC-
18XHF (Nhat Ban) véi dau do (Detector) D/teX Ultra 250,
dung buc xa cua Cu-K, tai dién thé gig toc 40kV, cuong do
dong 30 mA, khoang quét 26 tir 3° dén 60° véi toc do quet
3°/phit. Dgc trung hinh thai hoc cua cac hat tinh thé, mang
ZIF-8 dugc xac dinh bang phuong phap hien vi dién tr quét
(SEM) trén may Leo-Supra 55 tai thé gia toc 15kV.
2.2.2. Thyc nghiém phdn tach khi

Luong truyén qua cta hon hop khi propylene/ propane
dugc do tai dicu kién phong boi ky thuét Wicke-KaIIe,nbach
[18]. Hon hop khi propylene/ propane (ty 1€ 1:1) duoc cap vao

modun tich khi chira mang loc ZIF-8 véi the do 112 ml/phut
str dung bo didu khién dong. Dong thoi, Argon duoc sir dung
lam khi mang dua lugng khi truyén qua mang loc vao may
GC (YL-6500, Young-Lin) dé phén tich thanh phan.

Do phén tach 1a thong sé duoc dung dé danh gia kha
nang van chuyén va tach khi cia mang loc ZIF-8. D6 phan
tach c6 thé xac dinh bang ti 16 cua lugng truyén qua ctia cac
khi trong hdn hop. Luong truyén qua ciia khi i (propylene),
K™*  duoc tinh boi cong thirc [6]:

mlx
mix _ Jt
' Apln,i

Trong d6, J™* 1a thé tich dong cta khi i (propylene)
trong hdn hop khi truyén qua mang loc ZIF-8. ]}m’x 1 thé
tich dong cua khi j (propane). Ap 1a su khac biét ap suat
cua dong vao va d(‘)ng ra khdi mang loc.

Heé s6 phan tach &}, dugc tinh bang cach lap ti s cta

1/1 ’
lugng khi truyén qua cta khi i (propylene) K™, voi khi j
(propane) K™, [6]:

mix
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]

Thuc nghiém phan tach khi propylene/ propane dugc
thuc hién 3 1an cho mdi mau va thuc hién trén 3 mau khac
nhau dugc tong hop trong cung diéu kién dé dam bao do
lap lai va chét luong ciia mang.

3. Két qua va thao luin
3.1. Phan tich céu triic mang ZIF-8

Lép mang ZIF-8 dwoc tong hop trén bé mat tim nén
a-alumina theo phuong phap hai giai doan. Phuong phap gdbm
hai budc, dAu tién hat ZIF-8 v&i kich thudce nano duge pht kin
1én trén bé mit tim nén dé tao 16p hat bang phuong phap phu
nhing (dip-coating). Sau do, 16p hat sau khi phoi kho s€ duoc
dat thang dung trong dung dich tong hop da chuén bi sin dé
tién hanh giai doan phat trién tiép theo tao thanh 16p mang
ZIF-8 trén bé mat tAm nén a-alumina. Hinh 1a cho thay, hinh
thai cta cac hat tinh thé nano ZIF-8 duoc st dung 1am hat
“mam”. Tinh thé ZIF-8 sau khi tong hop c6 hinh da dién voi
cac mat duoc xac dinh rd rang, cac canh va goc sic nét, kich
thudc dong déu khoang 120 nm. Pang chu ¥ 14 cac hat ZIF-8
ndy co thé dugc phén tan t6t {trong methanol dé tao thanh
huyen phu 6 6n dinh trong vai tuAn ma khéng bi két tu. Bé mat
ctia tim nén trude khi phu 16p hat ZIF-8 bao gdm céc 16 hong
kich thudc macro dwoc nhin thiy boi SEM trong Hinh 1b.
Hinh 1c, 1d 1a bé mat 16p hat sau mot va hai lan nhang phi.
Két qua cho théy, su bao phu kha t6t clia 16p hat trén bé mit
tAm nén alumina. Tuy nhién, 16p hat mot lan phi c6 sy xuat
hién mét s6 16 hong va khoang trong. Nhiing “khuyét tat” nay
¢6 thé dugc loai bo bang cach tién hanh thém mét 1an nhing
phti trong huyén phit ZIF-8. Sau lan nhiing phii thir 2, cac 16
héng hoan toan bién mat, thay vao d6 1a 16p hat ZIF-8 lién tuc
va co do déng déu cao. Su bao phu t6t clia cua cac hat ZIF-8
s& thic ddy qua trinh tao mam va phat trién dan xen cua cac
hat tinh thé ZIF trén céc vj tri khuyét tat, tir do “chira lanh” cac
khiém khuyét cua mang loc. Lép hat dong vai trd quan trong
trong su phat trién lién tuc ciing nhu lam ting mat d6 va do
bén ctia mang [11]. Néu khong c6 16p hat, mang ZIF kho c6
thé hinh thanh ngay ca khi thoi gian phat trién thar cap (giai
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doan 2) duoc keo dai horn 24 h.

Hinh 1. Hinh anh SEM ciia
(a) hat tinh thé ZIF-8, (b) tam nén a—aluminq,
(c) lop hat sau mot lan phu, (d) 16p hat sau hai lan phu

Hinh 2 1a hinh anh chup duéi kinh hién vi dién tir quét
ctia bé mit va bé day 16p mang loc ZIF-8 duoc tong hop &
diéu kién phong 3, 6 va 9 h. Hinh 2a, 2¢, 2d cho thiy, céc
hat tinh thé ZIF d4 phat trién lién tuc dé tao thanh mot 16p
tinh thé va co thé phan biét duoc véi tAm nén alumina déng
thoi hop thanh mot khéi dic, chic v6i tAm nén. Do day cua
16p mang ting 1én theo thoi gian tong hop tir khoang
1,8 um tai 3 h, 2,8 pm tai 6 h d&én 3,3 pm tai 9 h tong hop.
Céc tinh thé phat trién dan xen véi tc d6 nhanh trong 6 gio
dau tién va bit diu cham lai sau d6 dé han ché sy hinh
thanh qua day cua 16p mang. Toc d6 giam dan cia sy hinh
thanh va phat trién nay cua 16p mang l1a can thiét vi 16p
mang qué day s& c¢6 xu hudng tao ra luc can cho khi truyén
qua, do d6 han ché hiéu qua phén tach ciia mang [19].

Hinh 2b, 2d, 2f 14 bé mit cia I6p mang & cac thoi gian
phat trién khac nhau. Khi thoi gian tong hop ting, cac hat
ZIF phat trién thanh cac hat 16n hon va hinh thanh mot khoi
lién két chat ch&, dong nhat clia cu triic mang. Céac “khuyét
tat” nhu vét nit, 16 hong ma chung ta quan sat dwoc trude
d6 khong con xuat hién trén bé mat mang. Sy phat trién dan
xen va lién tuc cua cac tinh thé ZIF dudng nhu da cung cép
kha nang tai két tinh nhanh chong giup ngan chin sy hinh
thanh cac khuyét diém trén mang.

2 pm

Hinh 2 Hinh anh SEM ciia mdt cdt ngang (a, ¢, e) va bé mdt (b, d,
f) mang ZIF-8 sau (a, b) 3 h, (b, d) 6 h, (e, ) 9 h tong hop

Gidn d6 XRD cua tdm nén alumina, hat ZIF-8, 16p hat
va 16p mang ZIF-8 dugc trinh bay trong Hinh 3. Két qua
cho thay, cac phd XRD déu co cac dinh sic nét, rd rang dia
xé4c nhan lai cac két qua SEM trudc d6 ring cac mau déu
¢6 d6 tinh khiét va do két tinh cao. Cac peak chinh dic
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 voi cac két qua nghién
ctru trude day vé pha tinh thé cua ZIF-8 [20]. Peak tai
20 = 26° 1a pha o ctia tim nén alumina.
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Hinh 3. Gian do6 nhiéu xa tia X (XRD)
3.2. Phan tich hén hop khi propylene/ propane

Chét luong cua 16p mang dugc khao sat ky cang hon
bang thuc nghiém phan tach hdn hop khi propylene/
propane. Hinh 4 so sanh d6 truyén qua ciing nhu hé sb phan
tach propylene/ propane ciia cac mang cé thoi gian tong
hop khac nhau. Hé sé phan tich cao nhét dat dugc véi 16p
mang sau 6 h tong hop (62) véi lugng truyén qua cia
propylene 12 120 x 10"° mol m2 st Pal. P4i véi 16p mang
sau 3 h tong hop, thoi gian khong du dé cung cép 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 lugng truyén qua ctia
cac khi propylene va propane cao hon va hé so phan tach
thip hon. Khi thoi gian phan tmg kéo dai dén 9 h, cac tinh
thé ZIF-8 16n hon va tré nén day dic hon, lugng truyén qua
ctia cac khi va hé sd phan tach giam nhe. Sy giam nay 1a
do 16p mang da tro nén day hon va tao ra luc can 16n hon
dbi véi cac khi khi truyén qua.
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Hinh 4. Liong truyén qua va hé $6 phdn tach ciia mang ZIF-8 &
cdc thoi gian tong hop khdc nhau

3.3. Dé én dinh phén tich khi ciia mang ZIF-8
Dé danh gia mot cach toan dién chét lugng va do 6n dinh
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ctia 16p mang sau khi tong hop, nhém tac gia tién hanh thyc
nghiém phan tach hon hop propylene/ propane (ti 1¢ 1: 1) liéen
tuc trong 150 h va gian doan trong thoi gian 6 thang. Két qua
duoc trinh bay trong Hinh 5 va 6. Luong truyén qua cua
propylene va propane giam nhe trong qua trinh tién hanh
phan tach lién tuc (Hinh 5). P9 giam luong truyén qua ctia
propane nhanh hon so véi propylene, 1am cho d6 phén tich
ctia hdn hop ting nhe trong qué trinh thuc nghiém. Déi véi
Qué trinh phan tach gian doan trong 6 thang (Hinh 6) gan nhu
khong co su thay doi lwong truyén qua ctia céc khi propylene
va propane ciing nhu hé sb phan tach. Két qua nay da cho
thay, do 6n dinh ciing nhu chét lugng rat cao ctia mang loc
ZIF-8 duoc tong hop dugc trong nghién ctru nay. Day 1a diéu
rat dang chd doi va hoan toan c6 thé phat trién hon nira dé
mg dung truc tiép vao thuc t& cong nghiép.
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Hinh 5. Két quda phdn tach hén hop propylene/ propane lién tuc
trong 150 h cia mang ZIF-8
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Hinh 6. Két qud phan téch hén hop propylene/ propane
gian doan trong 6 thang cia mang ZIF-8

4. Két luan

Trong nghién ciru nay, nhém tac gia da tong hop thanh
cong mang loc ZIF-8 ¢ chat lugng cao tir phwong phép hai
giai doan. Cac dac trung cua vat li¢u da dugc khdo sat trude
khi st dung dé - phan tach hon hop khi propylene/ propane.
Két qua cho thiy, luong truyen qua cua propylene dat duoc
la 120 x 10™° mol m? s™ Pa™ va hé so phan tach 1a 62.
Mang ZIF-8 ciing cho théy, tinh 6 on dinh, kha nang lap lai
va chét lugng cao. Hon nira, can luu ¥ rang quy trinh chuén
bi mang c6 tinh kinh té cao khi mang duoc tong hop & diéu
kién phong. Cac diéu kién tong hop dé dang s& cho phép

mé rong quy md san xuét ciing nhu tmg dung trong cong
nghiép. Nhu vy, mang loc ZIF-8 la mot phuong phap trién
vong va kinh té dé thay thé phuong phap truyén thong trong
phan tach hon hop propylene/ propane.
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