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Abstract

Mesoporous aluminosilicates assembled from zeolite X seeds with the molar compositions of
4Na,0.A1,0;.4510,.160H,0 and having three-dimensional (3D) structures were synthesized successfully from
metakaolin in the presence of nonionic octyl-phenyl polyethylene ether (Triton X -100) in acid media. The effect of stir
time on the structure of materials was investigated. These materials were characterized by nitrogen adsorption isotherm,
TEM, IR and TGA-DSC. The results indicated that the material synthesized with stir time of 20 hours has wormhole
mesostructure with the narrow porous size distribution of 3.6 nm, BET surface area of 692 m2/g and porous volume of

0.79 cm’/g.

1. MO DAU

Vat liéu aluminosilicat mao quan trung binh
(MQTB) hinh thanh tir cic mam zeolit di duoc
Pinnavaia va cong su tong hop thanh céng lan dau
tién vao nam 2000 [8]. Cac vat liéu nay c6 thanh
mao quan chira cdu tric zeolit do d6 lam ting tinh
bén nhiét va ben thuy nhi€t. T do, hang loat cac
nghién cuu tong hop loai vat liéu nay tr cac tién
chit zeolit ¢6 ty 1& Si/Al cao nhu zeolit Y (FAU),
beta (BEA), ZSM-5 (MFI) da duoc cong bo [3-7].
Cac két qud nghién ciru cho thay cac vat liéu thu
duge co ciu tric mao quan dong déu véi dién tich
bé mat riéng, thé tich mao quan 16n, c6 do bén nhiét
va bén thuy nhiét cao.

Nguoc lai, cac nghién ciu tbng hop
aluminosilicat MQTB tir cac mam zeolit ¢ ty 1é
Si/Al thép nhu mam zeolit X, A con rit han ché dic
biét di tir nguyén liéu khoang sét [2].

Tir metacaolanh cac aluminosilicat MQTB hinh
thanh tur mam zeolit Y (FAU) da dugc ching t61
tong hop thanh cong trong mdi truong axit vdi tac
nhén tao cau tric la chéat hoat dong bé mat (HDBM)
loai khong ion Triton X-100 (TX-100). Trong cong
trinh [1] chung t6i ciing dé cong b6 nhimg két qua
nghién ciru buédc dau vé téng hop aluminosilicat
MQTB dang luc lang hinh thanh tir cac mam zeolit
X nho tic dung tao cdu triic cla chit HDBM
cetyltrimetylamonibromua khi sir dung nguyén liéu
la metacaolanh. i

Trong bai bdo nay chung tdi nghién ciru tong
hop cic aluminosilicat MQTB ciu tric mao quan
khéng gian ba chiéu hinh thanh tir mam zeolit X nh&
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tac dung tao cAu triic cta Triton X -100 trong moi
truong axit su dung nguyén liéu metacaolanh.

2. THUC NGHIEM

2.1. Quy trinh tong hop
Goém 2 buéc:

*Tao mam zeolite X tir metacaolanh véi 1y 1é mol:
4N820A120348102160H20

Cao lanh tréng sau khi dugc hoat hoa bfmg axit
HCl 4N duoc nung trong 3 gid & 650°C dé tao
metacaolanh. Sau d6 metacaolanh duoc phéi trén
véi NaOH, thuy tinh long va chét tao phirc hitu co
(ky hiéu 1a Co.) véi ty 1€ mol Me"/Co.= 1,2 (Me"”
1a cac cation c6 kha ning tao phuc) dé tao gel zeolit
X. Céc gel dugce lam gia & nhiét d6 phong trong 96
gidr co khudy tron.

*Tao cdu tric MQTB tw cac mam zeolit X trong su
co mat cua TX-100

Cac mam zeolit X sau gia hod dugc tron voi
dung dich TX-100 va dugc diéu chinh dén pH = 2.
Sau d6, cac miu dugc khudy lién tuc theo cac thoi
gian xac dinh. Cac miu sau khi thuy nhiét & 95°C
trong 96 gi¢ dugc loc nra, séy kh6 va nung 6 gio
trong kKhong khi & 540°C & tach chét hoat dong.

2.2. Cac phwong phap dac trung
Gian d6 nhiéu xa tia X goc bé (SAXS) duoc ghi trén

may Siemens D5005-Brucker-Dur, sir dung ong phat tia
X bing Cu véi bude séng K, = 1,54056 A, dién ap 40 KV,
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cuong do dong dién 40 mA, nhiét do 25°C, goc quét 20 =

0,5 = 10°, tbe d6 goc quét 0,025%s.

Ta Ngoc Dén va cong sy

Bang I: Cic diéu kién téng hop vat liéu

x Thot gian Ty 1¢ mol Nong do TX- Nhié¢t do thuy Thoi gian thuy
Mau khay, h TX-100/(Al+Si) 100, % nhiét, °C nhiét, h
MSU-Sx-5 L S
 MSU-Sx-10 10 0,25 2.1 95 96
MSU-Sx-20 | 20
MSU-Sx-40 490 | ]

Dién tich bé mat riéng dugc xac dinh béng
phuong phap BET trén may Micromctric ASAP
2010. Phan bb kich thudc mao quan duge tinh toan
theo nhanh nha hap phu bing phuong phap BJH.

Anh TEM duoc chyp trén may JEOL 200CX
(Nhit) ¢ hiéu dién thé 80KV, do phén giai 0,2 nm.

Phé IR dugc ghi trén may hong ngoai IMPACT
FTIR 410 (Duc) theo ky thuat ép vién voi KBr (ty I¢
Img m§u/200mg KBr), nhiét d6 25"C.

Phén tich nhiét TGA va DSC dugc tién hanh
trén may NETZSCH STA 409 PC/PG. Mau cén
phan tich dugc dung trong chén cén Pt, nung trong
md1 truomg oxy, toc do nang nhiét ]O°C/phut t

nhiét d6 phong dén nhiét do cudi 1200°C.
3. KET QUA VA THAO LUAN
3.1. Gian d6 nhiéu xa tia X goc bé

Gian db SAXS trén hinh 1 cho thdy cac méu
tong hop déu xuat hién mot pic dic trung cho
MQTB céu tric khong gian 3 chiéu (3D) dang
wormhole. Khi tang thoi gian khuay thi cuong do va
do sac nét cua pic dic trung ting dan. Pic dic trung
cua mau MSU-S8x-20 vai thoi gian khuay 20 gio hep
va ro sic chimg t6 cau tric mao quan dong déu.
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Hinh I: Gian dd SAXS: (a) MSU-Sx-5: (b) MSU-Sx-10: (c) MSU-Sx-20; (d) MSU-Sx-40

C6 thé cho rang khi téng thoi gian khuay da lam
tang su phén bd ctia cac tién chat vo co trong hén
hop mam vao dung dich chira chat HDBM TX- 100
do do6 tao thudn loi cho su trong tac cua cac tién
chét nay voi cac nhom phan cuc polyethylene ether
va vi vay thuan loi cho qua trinh sap x€p cua cac
cap tién chat/chit HDBM theo co che phoi hep tao
cu tric dé hinh thanh pha co cau tric MQTB.

Tuy nhién, khi tiép tuc tang thdi gian khay 1én
gap doi két qua lai cho thiy mic du pic dac trung
van ¢6 cuong do 16n nhung do rong cua pic tang
Ién. D6 rong cua pic dic trung tang la két qua cua

viéc giam do trat ty hay thay ddi su sap xép va lam
md& rong dii phan bé kich thudc cia pha MQTB ban
dau.

C6 thé sau qua trinh sip xep cua cac cap tlen
chat/chat HDPBM thanh pha c6 cau tric MQTB néu
tiép tuc khudy s& lam thay ddi s6 luong va dinh
hudng tuong tac cta cac tién chat vo co vdi cac don
vi ethylene oxit trong mdi nhém phan cyc
polyetylen ete do d6 lam thay déi kich thudc va sy
bé tri trong khong gian cla cac nhém phan cuc din
dén lam thay dbi su sap xép va lam mg rong dai
phan bd kich thudc ctia pha MQTB.
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Cac két qua trén cho thay thoi gian khudy giita
tién chit va chit HDBM truéc khi thuy nhiét c6 anh
huong 1ém dén kha ndng tao cau tric cua vit liéu.
Trong diéu kién téng hop, mau MSU-Sx-20 véi thoi
gian khuay 20 gio cho thay két qua tdt vi vdy chung
t6i tiép tuc nghién ctru cac dac trung cia mau nay.

3.2. Ping nhiét hip phu va khir hip phu N,
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Hinh 2: Dang nhiét hap phu  khir hap phu N, cua
mau MSU-Syx-20

Puong ding nhiét hip phu va khtr hip phu N,
cia mau MSU-Sx-20 thudc loai IV dic trung cho
vat liéu co cdu tric MQTB. Vong tré dang H2 bt
dau xuét hién & 4p suit tuong dbi P/Py > 0,4. Puong
phan bd kich thudc mao quan (hinh chén) ciing cho
thiy su phan bd hep v&i kich thuéc mao quan trung
binh 3,6 nm. Bén canh kich thudc mao quan trung
binh tip trung ¢ 3,6 nm con xuét hién viing phan bo
mao quan & khoang 12 nm véi pic rat yéu. Cac mao
quan & ving 12 nm nay ¢6 thé la cac mao quan thir
cap dugc hinh thanh giira cac hat vat liéu chira céu
tric MQTB.

Dién tich bé mat riéng BET va thé tich mao
quan turong mg 13 692 m*/g va 0,79 cm’/g.

3.3. Anh hién vi dién tir truyén qua TEM

Anh TEM trén hinh 3 cho thdy mau MSU-S-
20 c6 cu trac wormhole khong gian 3 chiéu. Anh
TEM cling cho thdy cdu tric va kich thudc mao
quan dong déu, thanh mao quan day. Chiéu day
thanh mao quan 16n gop phan lam ting d6 bén nhiét
va bén thuy nhiét cua vat liéu.

3.4. Ph hap thu hong ngoai IR

Su hinh thanh mam zeolit X sau qué trinh gia
hoa gel ban dau va kha ning két tinh cia cdc mam
zeolit thahh céc tinh thé zeolit X da duoc chung toi
chimg minh [1]. Bang phuong phép IR ¢6 thé chi ra
su ton tai cla cau tric zeolit trén thanh mao quan
cia vat liéu tbng hop [7]. Phé IR cua mau
MSU-Sx-20 va tinh thé zeolit X két tinh tir mam

131

Tong hop aluminosilicat...

duoc thé hién trén hinh 4.

Hinh 3: Anh TEM cia mau MSU-Sx-20
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Hinh 4: Phd IR (a) Zeolit X; (b) MSU-Sx-20

Trén hinh 4a phd IR ctia san phdm rin thu dugc
sau khi thuy nhiét mam zeolit X (khéng c6 mit cua
TX-100) xuét hién cac vung hip thu hdng ngoai véi
cudng d6 manh trong khoing 564, 675 va 754cm’™
dic trung cho tinh thé zeolit X. Phé XRD cua san
phdm nay (duoc chi ra & [1]) cling cho thdy zeolit X
tao thanh c6 d6 tinh thé cao.

Phd IR ciia mdu MSU-Sx-20 trén hinh 4b chi
xuat hién vang hip thu hong ngoai voi cuong do
yéu trong khoang 562 cm’ va khong xuét h1en cac
ving hép thu trong khoang 675 va 754 ¢cm” Vung
hép thu & 562 cm™ dic trung cho dao dong vong
kép 6 canh (D6R) ciia cau tric zeolit X, chimg to su
ton tai cua cdu troc zeolit X trén thanh mao quan.
Diéu nay c6 nghia la cac mam zeolit X hinh thanh
sau qua trinh gia hoa gel da tham gia tao thanh mao
quan cua vat liéu. Tuy nhién, trong diéu kién tong
hop tai pH = 2 ciu triac vong kép ctia mam zeolit X
ban dau da bi phd v& mot phin do xay ra qué trinh
tach loai nhém do d6 1am bién mét cac ving hap thu
& khoang 675 va 754 cm’™
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3.5. Gian d6 phan tich nhi¢t DSC-TGA

Két qua phan tich nhiét DSC-TGA cla mau
MSU-Sx-20 dugc chi ra trén hinh 5.
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Hinh 5: Gian d6 DSC-TGA cua MSU-Sx-20

Trén dudong cong DSC cua san pham xuat hién
mot pic thu nhiét & 91°C vdi sy mat khoi lugng trén

Ta Ngoc Dén va cong su

duong TGA trong khoang tir nhiét d phong den
200°C bang 10 ,9%. Hiéu {mg thu nhiét ndy chi yéu
la do qud trinh mit nudc hép phu vét ly trén bé mt.
Khi nhi¢t do tang lén trén 600°C, duong cong DSC
bat diu di xudng kém theo su thay doi khoi luong tir
600°C den 1200°C khoang 2,7%. Két qua nay cho
thdy céu tric MQTB cua san phdm co thé bit dau b
pha v ¢ nhigt d¢ khoang 600 C.

Hi¢u Ung toa nhi¢t rat yeu xuat hién & nhiét do
1005°C ¢6 thé do su chuyén pha cua cac dang oxit
nhom va oxit silic vo dinh hinh duoc tao thanh tr
qua trinh sap cAu triic cua mau aluminosilicat MSU-
Sx-20. PO bén nhiét cua san pham khéng cao co thé
do cau truc vong kép cua zeolit X trén thanh mao
quan cua MSU-Sx-20 da bi pha v& mdt phan khi
téng hop trong moi truomg axit.

Tuy nhién, vai cac két qua phén tich nhiét nay
cho thay vat lidu tong hop co the dap ung dugc
trong cac linh vuc img dung lam chat hap phu va
chit mang.

Bang 2: Két qua dic trung cia mau MSU-Sx-20

L Do bén
ME:iU i Cau truc . Céu tric d(IOO)a dporc’ SB:ET’ vp(;rc, Ilhiét,
thanh mao quan nm nm m°/g cm’/g °C
MSU-Sx-20 Zeolit X wormbhole 6,3 3,6 692 0,79 600
4. KET LUAN TAI LIEU THAM KHAO

Tu metacaolanh, vat liéu aluminosilicat MQTB
cau tric khong gian 3 chiéu di dugc téng hop thanh
coéng tir mam zeolit X trong méi trudng axit vdi tac
nhan tao céu truc loai khdng ion TX-100.

ba khao sat sy anh huong cua thoi gian khuay
tron gilra hdn hop mam véi TX-100 dén kha nang
tao cau truc cua vat liéu. Két qua cho thiy d¢ trat tu
clia cdu tric mao quan ting nhung khéng tuyén tinh
v6i viéc thoi gian khudy.

Cac két qua dic trung bang cac phuong phap
SAXS, TEM, BET, IR va TGA-DSC cho thay vt
liéu thu duogc ¢ chu trac wormhole ddng déu, thanh
mao quan day chura ciu tric zeolit X, dién tich bé
mat riéng, thé tich mao quan lon. Vat liéu véi do
bén nhiét co thé dap ung dugc cac ung dung lam
chat hip phu va chit mang.
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