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VAT LIEU ALUMINOSILICAT MAO QUAN TRUNG BiNH
TU CAO LANH

PHAN 1 - TONG HOP VA DAC TRUNG VAT LIEU ALUMINOSILICAT MAO QUAI\!
TRUNG BiNH MSU-S CO THANH CAU TRUC ZEOLIT Y TRONG MOI TRUONG KIEM

Pén Toa soan 24-10-2006
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SUMMARY

Mesostructured aluminosilicate and composite of mesostructured aluminosilicate with Na¥ zeolite
crystals assembled from faujasitic (FAU) zeolite seeds were synthesized successfully from metakaolin in

the presentation of cetyltrimethylamoniumbromua (CTAB)

CsH;:N(CH,);Br. The materials were

characterized by XRD, nitrogen adsorption isotherm BET, TEM, SEM, IR, TPD-NH; va TGA-DSC. The
results exhibited hexagonal mesostructure containing FAU zeolite seeds on the walls having a thickness
of approximately 1.0 nm, pore size of 3.8 nm, the BET surface area of 782 m*lg and 720 milg,
respectively, thermal stability until 700°C. These materials contain both strong and medium acidic sites.
They have potential applications in adsorption and catalysis.

1- MG PAU

Zeolit d3 duge st dung thanh céng trong
cac linh vyc xdc tdc va hap phu. Tuy nhién,
ching bi han ché trong cic qud trinh ¢6 su tham
gia cla cdc phan tlr c6 kich thudc 16n (> 13 A)
do han ché€ su khuéch tan trong hé thong vi mao
quan. Trong nhimng trudng hgp nay vat liéu mao
quén trung binh (MQTB) v4i hé thdng mao quan
déng déu c6 kich thude 16n (2 + 50 nm) cé tiém
néng thay thé [3, 4].

K€ tir khi duge phdt minh vio nam 1992,
nhiéu vat lieu MQTB da duge téng hop thanh
cong. Cac vat liéu MQTB cau triic hoan toin Si
khong chita cac tam xiic tic nén khong ¢ hoat
tinh xic tdc. Cic nghién ciu sau d6 nhim thay
th€ mét phan Si trong mang luéi bang cac kim
loai khic (Al, Ti, Fe...) lam xudt hién cdc tam
Xiic tdc axit va oxi héa. Tuy nhién, cac vat lieu
nay vAn chua cé kha nidng Ung dung thyc € do
thinh mao quan vo dinh hinh nén kém bén va
tinh axit yéu.
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Vi vay, nghién ctru téng hop vat licu MQTB
cd tinh axit, d6 bén nhiét va bén thuy nhiét cao
thu hit duge sy quan tdm. Cic oxit kim loai
MQTB thanh tinh thé, cic aluminosillicat
MQTB ¢6 thanh mao quan cfu tric zeolit di
lam ting tinh axit, d0 bén nhiét va bén thuy
nhiét ca vat liéu [5, 7 - 11]. Cic aluminosilicat
MQTB thanh mac quin ciu tric zeolit duge
hinh thanh tir cdic mdm zeolit (zeolite seeds)
trong su ¢é mat cha chdt hoat dong bé miit
(HDBM):

Céc aluminosilicat hén hgp ¢6 cdu wric
MQTB va tinh thé zeolit duge hinh thinh nhe
tic dung clia tic nhan tao ciu triic zeolit (cic
cation) va tdc nhan tao ciu tric MQTB (HDBM)
béng phuong phip téng hop truc tiép tir hén hop
gel chita dong thoi hai loai tic nhén ndy hoac
bidng phuong phdp két tinh (zeolit héa) thanh



mao quan cha aluminosilicat MQTB vé dinh
hinh saw khi ngdm tdm ho#c trao déi véi tdc
nhan tao cdu tric zeolit. Cic aluminosilicat
" MQTB thanh mao quan chifa cilu tric zeolit thu
duge tir cdc mim zeolit Y (FAU), Beta (BEA),
ZSM-5 (MFI) va cdc aluminosilicat hén hop
FAU-; MFI-; BEA/MCM-41 di duogc tdng hop
thanh cong [2, 5, 6]. Cic vat lieu nay cé tinh
. axit 16n va do bén thuy nhiét cao, cé hoat tinh
xic tac trong nhiéu phan ing cho cic phan tir
- ¢ong kénh.

Tuy nhién, hudng nghién ciu stt dung cac
ngudn khodng tv nhién 1am nguyén liéu dé téng
hop céc vét liéu nay van con rit han ché,

. Trong bai bao nay ching toi sir dung cao
lanh 1am nguyén liéu cho qud trinh t6ng hop
aluminosilicat MQTB cau triic hexagonal cé
thainh mao quan céu tric zeolit Y (MSU-Sgay,)
va vat liéu hén hgp MSU-S,, Vi tinh thé zeolit
Y trong moi trudng kiém nhd tdc dung tao cdu
triic ctia chat HDBM CTAB.

II-THUC NGHIEM

1. Quy trinh téng hop
Gom 2 bude:

a. Tao cdc mam zeolit Y véi ty 1&¢ mol:
3,5Na,0.A1,0,.658i0,.2NaCl. 1 50H,0.

Cao lanh sau khi so ché duge hoat héa béng
axit HCl 4N & 95°C trong 6 gid, sau dé loc ria,
sdy kho va nung trong 3 gir & 650°C dé€ chuyén
thanh metacaolanh [I]. Metacaolanh ducgc phéi
tron véi thuy tinh 1éng, NaOH, NaCl va chil tao
phitc (k¥ hiéu 1a Co.) véi ty 1é mol Me™/Co.=1,2
{(Me™ la cdc cation ¢6 kha nang tao phic). Gel

dugc lam gia & nhiét d phong trong 164 gid,

khudy tron lién tuc. Gel da 1am gia c6 thé duge
XU Iy nhiét & 95°C trong 3 gid.

b. Tao cdu tric MQTB:

Mam zeolit Y khong va ¢é xit 1y nhiét duge
khudy tron véi dung dich CTAB theo ty 1& mol
CTAB/(Si+Al) = 0,4 va duge di€u chinh bing
axit dén pH = 9 + 9,5. Sau dé cac hén hgp duge
thuy nhiét & 90°C trong 90 gid. Sau khi loc rila,
sy kho cdc mau dugc nung trong khong khi 6
gi% & 540°C dé tach chat HDBM khoi mao quén.
Cic miu duge k¥ hiéu tuong tng 14 MSU-S¢,y,

Vé. FAU/MSU'S(FAu)-

Qui trinh chuyén vat liéu vé dang axit: cdc
miu sau khi chiét bing axeton va sdy kho dugc
trao déi v6i dung dich NH,NO; 0,IN theo ty l&
rin/long = 1/100 (g/ml) trong 8 gid tai nhiét do
phong, khudy lién tuc. Sau dé loc rira, siy kho &
105°C. Quad trinh trao déi va sdy duogc lap lai ba
lan. Céc miu sau trao déi duge nung trong dong
khong khi trong 6 gio & 540°C dé chuyén vé
dang H*.

2. Ciac phuong phap dac trung

Gian d6 XRD duge ghi trén mdy Siemens
D5005-Brucker-Dic, sir dung 6ng phdt tia X

" bing Cu véi bude séng CuK, = 1,54056 A, dién

ap 40 KV, cudng do dong dién 40 mA, nhiét do
25°C, gbc quét 2¢ = 0,5 - 10° va 5 - 10°C, t6c do
géc quét 0,025%s.

Dién tich bé mit riéng dugc xdc dinh bing
phueng phép BET trén mdy Autochern IT 2920.

Anh TEM duge chup trén mdy JEOL
200CX (Nhat Ban) & higu dién th€ 80 KV. Anh
SEM duge chup trén may JEQL JSM-5410-LV
(Nhat Ban).

Phé IR dugc ghi trén mdy hdng ngoai
JMPACT FTIR 410 (bic) theo k¥ thuat ép vién
vdi KBr (ty 1& 1 mg miu/200 mg KBr), nhiét do
25°C.

Phan tich nhiét TGA va DSC dugc tién hanh
rén mdy NETZSCH STA 409 PC/PG. Miu cén
phan tich dugc dung trong chén can Pt, nung
trong moi trudng oxi, tdc dd nang nhiét
10°C/phuit, tit nhiét d6 phong dén nhiét dd cudi
1000°C.

Qud trinh khir hap phu NH; theo chuong
trinh nhiét d¢ dugc ti€én hanh trén mdy
Autochem 1II 2920 Micromeritics tit nhiét do
hdp phu lén 700°C véi t6c do gia nhiét
10°C/phuit.

II - KET QUA VA THAO LUAN

1. Gian d6 nhiéu xa tia X

Gian d6 nhiéu xa tia X géc hep (SAXS) clia
CéC mﬁu tdng hgp MSU-S{FAU) Vé FAU/MSU'
Siau trén hinh 1 dén xuat hién cdc pic 6 20 »~
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2,1° 3,8° va 4,4° mrong Ung dac tnmg cho céac
mat phdn xa (100), (110) va (200) cua cau tnic
MQTB dang hexagonal.
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Hinh I: Gidn d6 SAXS
(a) MSU'S(FAU); (b) FAU/MSU'S{FAU]

Trén gian do SAXS cia FAU/MSU-Sgay,
con xudt hién pic cé cuong do nho & goc 20 =
6,1°, pic nay trén gian dé XRD vdi géc quét 20
=5 + 45° (hinh 2b) xudt hién r5 nét diac trung
cho tinh thé zeolit Y. Diéu niy chimg t& miu
FAU/MSU-Sry, chifa dong thoi céu triic MQTB
dang hexagonal va tinh thé zeolit FAU.
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Hinh 2: Gian d6 XRD: (a) Hon hgp sau xir Iy
nhiét; (b) FAUMSU-S;zay,

Gian dé XRD clia hén hgp sau xir 1y nhiét
trén hinh 2a twong tw nhu miu FAU/MSU-Sgz,y,.
Diéu nay cho thdy c4c tinh thé zeolit Y da dugce
hinh thanh trong qu4 trinh xir [§ nhiét gel zeolit
truéc khi thém CTAB va it thay d6i trong qué
trinh thuy nhiét sau khi them CTAB do qu4 trinh
két tinh zeolit bi Wc ché trong méi trudng kiém
yéu. Anh SEM ctia hén hop sau xir I nhiét tren
hinh 3 ciing cho thdy sy xuft hién cia c4c tinh
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thé zeolit Y hinh 1ap phuong khd dfng déu c6
kich thudc khoang 1 pm.

Hinh 3: Anh SEM hén hgp sau xir Iy nhiét

2. Dang nhiét hap phu va khir hdp phu N,

DPudng dang nhiét hip phu va khit hap phu
N, cta cdc miu déu cé dang IV véi vong tré
dang H2 dac trung cho vt liéu cfu triic MQTB.
Vong tré dang H2 chitng t6 ring cdc mao quan
hinh tru dugce ndi v6i nhau bdi cic mao quan ¢
kich thuée nho hon tao nén hé thong mao quan
cdu tric khong gian 3 chiéu.
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Hinh 4: Déng nhiét hdp phu va khir hap phu N,:
(a) FAU/MSU‘S(FAU); (b) MSU-S(FAU)'

Diém ting thé tich hdp phu don 16p tai 4p
suat twong do6i thap (P/P, < 0,1) 1a do budc
chuyén tir hdp phu don 1ép trén bé mat cla cic
vi mao quan ciing nhu hip phy don 16p ban dau
cha qua trinh hdp phu da 16p trong cic MQTB.
biém nay ctia FAU/MSU-Sg,4y, cao hon MSU-
Sieau) 12 do bén canh cdc vi mao quan trén thanh
MQTB duoc hinh thanh tir cdc mim zeolit con
c6 sy déng gop cha cdc vi mao quin trong cic
tinh thé zeolit Y. Pudng phan b kich thuéc




MQTB kh4 tap trung ¢ 3,8 nm va chiéu day
thanh mao quan tinh todn dugc = 1 nm. Chiéu
day thanh mao quén nho hon kich thudc tinh thé
zeolit Y, vi vay khong ¢é kha nang tao ra cic
tinh thé trén thanh mao quan ma & dé chi c6 thé
chira cdc lien két kiéu SBU cia céu tric FAU.

3. Anh hién vi dién tir truyén qua TEM

@ (b)
Hinh 5: Anh TEM (a) MSU-Sg.uy
(b) FAU/MSU-S¢,y,

Anh TEM trén hinh 5 cho thdy hinh anh 5
nét vé cdu trac cling nhu dudng kinh mao quan
va chiéu day thanh mao quén cla cic miu téng
hop. Qua d6é mot lan nita khing dinh ciu tric
‘mao qudn hexagonal ciia cdc méu téng hop. Tuy
nhien, trén anh TEM ctia miu MSU-S;,, con
xuit hién mét s§& ving cdu tric mao quan
hexagonal chua déng déu. '

4. Phé hap thu héng ngoai IR

Sy hinh thanh cha mam zeolit sau khi gia
héa gel va sur t0n tai clia mam zeolit trong thanh
mao quan cua cic miu tdng hop duoc xic nhan
tir phé IR,

Trén phé IR ciia chét rdn thu duge sau khi
gid héa gel xuat hién vang hip thu hong ngoai
trong khoang 550 + 600 cm™ dac trung cho cic
dao dong vong kép 6 canh (D6R) cla cdu tric
faujasite. Diéu nay ching 16 mdm zeolit Y di
dugc hinh thanh tir metacaolanh. Cic méim
zeolit nay c6 thé chia cdc lién két giita cic
dién SiQ, va AlQ, giéng vong kép cla cdu tric
FAU. Khi thém dung dich CTAB, cdc mam
mang dién tich am nay sé tuong tic véi CTAB
theo twong tdc tinh dién S'T° dé hinh thinh ciu
tric hexagonal.

.

Phé IR cla hén hgp sau x{ I¥ nhiét mim
zeolit va cla cdc miu tdng hop ngodi sir xuat
hién cha ving hdp thu héng ngoai 550 + 600
cm’ con xuat hién hai ving hap thu & 776 + 789

cm’ va 704 + 721 cm déc trung cho cdu tric
zeolit Y. Diéu nay ching t&6 mam zeolit da tham
gia xay dung thanh mao quan cha vat liéu
MQTB. Tuy nhién, cdc ving hdp thu cha hén
hop sau xUir 1y nhiét mam zeolit vd méu
FAU/MSU-Sgap, €6 cuong do 16n 1a do su ¢b
mit cha cdc tinh thé zeolit Y.
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Hinh 6: Phé IR (a) mam zeolit; (b) MSU-Sgayy;
(c) hén hop san xr 1 nhiét; (dy FAU/MSU-S;,,

5. Gian do phan tich nhiét DSC-TGA

Két qua phan tich nhi¢t DSC-TGA cua cdc
miu tdéng hopchua nung duge chi ra trén hinh 7.

400 cm’

S

Hinh 7: Gidn d6é DSC-TGA: (a) MSU-Szauy (b)
FAU/MSU-S g4y, chira nung
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Trén duong cong DSC xudt hién hidu g
thu nhiét & nhiét do nhé hon 250°C tuong g vdi
su mét khéi lugng rén dudmg cong TGA khoang
10% 1a do qué trinh mat nude hdp phu trén bé
mat. Trong ving nhiét dé tir 250 + 450°C, trén
dudng cong DSC xuat hién mot hiéu dng tod
nhiét manh v6i sy mat khdi lugng trén dudng
cong TGA khoang 10% 1a do qua trinh phan huy
va chdy CTAB bén trong hé théng mao quan.
Ngoai ra, trén dudng cong DSC cdn xudt hién
hiéu Umg toa nhiét yéu & 540°C do qud trinh chdy
cdn cacbon con lai trén bé mat, chiing hinh thanh
do qua trinh chay CTAB khong hoan toan.

Hiéu itng toa nhiét bt ddu & nhiét do 700°C

kém theo sy thay d6i khéi lugng Khong dang ké
wén dudng cong TGA cho thdy ¢6 thé xdy ra su
chuyén pha ciia cdc vat ligu sang dang cdu triic
bén hon.

6. Luc axit va mat do tam axit

Gian d6 TPD-NH; cla cdc miu téng hop
dang H* déu xdc dinh su phén b8 cla hai viing
giai hap phu NH; tai cdc nhiét do cuc dai (T,,,)
trong khodng 208 + 240°C va 400 + 411°C dac
trung cho cdc tdm axit trung binh v manh. Cac
mau téng hgp chil y&u chita cdc tam axit manh
1a do chita ciu triic zeolit Y trong thanh mao
quan va tinh thé zeolit Y.

Cic két qua dac trung clia céc mau téng hop

% ~ . dpure Loall SBET me. Tam axit DO bén

Mau Céu tric nm | nm m/g | cmg | mmol NHy/g | nhiét °C
MSU-Sgay, hexagonal 3,8 1.0 782 0,544 0,795 700
FAU/MSU-8¢,y, | hexagonal | 3,8 1,0 720 0,569 0,915 700

IV - KET LUAN

D3 téng hop thanh cong vat liéu MQTB
MSU-S dang hexagonal cé thanh mac quan chita
cdu triic zeolit Y va vit liéu hén hop cia MQTB
dang hexagonal v&i tinh thé zeolit Y tir
metacaolanh bing phuong phdp két tinh hai
budc trong moi trudng kiém vdi tdc nhan tao cdu
tric CTAB.

Cic vat liéu duge dic trung bang céc
phuong phiap héa 1y hién dai: XRD, BET, SEM,
TEM, FTIR, DSC-TGA, TPD-NH,. Két qua cho
thdy ciu tnic MQTB dang hexagonal véi kich
thudc mao quan tap trung & 3,8 nm, chiéu day
thanh mao quan Inm, bé mit riéng BET Sger =
720 + 782 m’/g, thé tich mao quén V,,, = 0,544
+ 0,569 cm’/g STP), cdc vat liéu téng hop chita
cAc tadm axit manh va trung binh véi do bén
nhiét trén 700°C.
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