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Abstract 

Mesoporous aluminosilicates assembled from zeolite X seeds with the molar compositions of 
4Na2O.Al2O3.4SiO2.160H2O and having three-dimensional (3D) stmctures were synthesized successfiilly from 
metakaolin in the presence of nonionic octyl-phenyl polyethylene ether (Triton X -100) in acid media. The effect of stir 
time on the stmcture 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 
mesostmcture with the narrow porous size distribution of 3.6 nm, BET surface area of 692 m /̂g and porous volume of 
0.79 cmVg. 

l.MODAU 

Vdt lieu aluminosilicat mao quan trung binh 
(MQTB) hinh thdnh tir cdc mdm zeolit da dugc 
Pirmavaia vd cdng su tdng hgp thdnh cdng ldn ddu 
tiln vdo nam 2000 [8]. Cdc vat lieu nay cd thdnh 
mao qudn chiia cau tnic zeolit do dd ldm tdng tinh 
bin nhilt va bin thuy nhiet. Tir dd, hdng loat cdc 
nghiln ciiu tdng hgp loai vdt lieu ndy tir cdc tiln 
chdt zeolit cd ty 11 Si/AI cao nhu zeolit Y (FAU), 
beta (BEA), ZSM-5 (MFI) dd dugc cdng bi [3-7]. 
Cdc kit qud nghiln ciiu cho thdy cdc vdt lieu thu 
dugc cd cdu tnic mao qudn ddng diu vdi diln tich 
bl mat rilng, thi tich mao qudn ldn, cd do bin nhilt 
vd bin thuy nhilt cao. 

Ngugc lai, cdc nghiln ciiu tdng hgp 
aluminosilicat MQTB tir cdc mam zeolit cd ty 11 
Si/Al thdp nhu mdm zeolit X, A cdn rat ban chl ddc 
bilt di tir nguyin lieu khodng sit [2]. 

Tir metacaolanh cdc aluminosilicat MQTB hinh 
thdnh tir mdm zeolit Y (FAU) da dugc chiing tdi 
ting hgp thdnh cdng trong mdi trudng axit vdi tdc 
nhdn tao cau tnic la chdt boat ddng bl mat (HDBM) 
loai khdng ion Triton X-lo6 (TX-lOO). Trong cdng 
tiinh [1] chiing tdi ciing da cdng b i nhung kit qud 
nghiln ciiu budc ddu vi tdng hgp aluminosilicat 
MQTB dang luc Idng hinh thanh tir cdc rnam zeolit 
X nhd tdc dyng tao cdu tnic cua chdt HDBM 
cetyltrimetylamonibromua khi sir dung nguyin lieu 
Id metacaolanh. 

Trong bai bao nay chiing tdi nghiln ciiu ting 
hgp cac aluminosilicat MQTB cdu true mao qudn 
khdng gian ba chiiu hinh thdnh tir mdm zeolit X nhd 

tde dung tao cdu tnic ciia Triton X -100 trong mdi 
trudng axit sir dung nguyin lieu metacaolanh. 

2. THUG NGHIEM 

2.1. Quy trinh tong hgp 

Gdm 2 budc: 

*Tgo mdm zeolite X tic metacaolanh vcri ty li mol: 
4Na2O.Al2O3.4SiO2.160H2O. 

Cao lanh tiang sau khi dugc boat hod bdng axit 
HCl 4N dugc nung trong 3 gid d 650°C dl tao 
metacaolanh. Say dd metacaolanh dugc phdi trdn 
vdi NaOH, thuy tinh Idng vd chdt tao phiic hiiu co 
(ky hieu Id Co.) vdi ty 11 mol Me"VCo.= 1,2 (Me"^ 
Id cdc cation cd khd nang tao phiic) dl tao gel zeolit 
X. Cdc gel dugc ldm gia d nhilt do phdng trong 96 
gid cd khuay tign. 

*Tgo cdu true MQTB tic cdc mdm zeolit X trong su 
cd mat ciia TX-lOO 

Cdc mdm zeolit X sau gid hod dugc trgn vdi 
dung djch TX-lOO vd dugc diiu chinh din pH = 2. 
Sau dd, cdc mdu dugc khuay liln tyc theo cac thdi 
gian xdc djnh. Cdc mdu sau khi thuy nhilt d 95°C 
trong 96 gid dugc lgc rira, say khd vd nung 6 gid 
tiong khdng khi d 540°C dl tdch chdt hoat ddng. 

2.2. Cac phirong phap dac trung 

Gidn dd nhilu xa tia X gdc bl (SAXS) dugc ghi tren 
may Siemens D5(X)5-Bmcker-E>uc, sir dung dng phat tia 
X bang Cu vdi budc sdng Ka = 1,54056 A, dxca. sp 40 KV, 
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cudng do ddng diln 40 mA, nhi?t do 25°C, gdc quit 20 = 0,5 ̂  10°, tic dg gdc quit 0,0257s. 

Bdng I: Cac dicu ki|n tdng hgp vat lieu 

Mdu 

MSU-Sx-5 
MSU-Sx-10 
MSU-Sx-20 
MSU-Sx-40 

Thdi gian 
khay,h 

5 
10 
20 
40 

Ty l | mol 
TX-IOO/(Al+Si) 

0,25 

Ndng dg TX-
100,% 

2,1 

Nhigt dg thuy 
nhi?t, °C 

95 

Thdi gian thuy 
nhilt, h 

96 

' • • 

Di|n tich be mat rilng dugc xac djnh bdng 
phuomg phdp BET trin may Micromctric ASAP 
2010. Phdn bd kich thudc mao qudn dugc tinh todn 
theo nhdnh nhd hap phy bdng phuang phdp BJH. 

Anh TEM dugc chyp trin may .lEOL 200CX 
(Nhdt) d hieu dien thi 80KV, dgphan gidi 0,2 nm. 

Phd IR dugc ghi trin mdy hdng ngoai IMPACT 
FTIR 410 (Diic) theo ky thudt Ip viln vdi KBr (ty lc 
Img mau/200mg KBr), nhi|t do 25"C. 

Phdn tich nhi|t TGA vd DSC dugc tiin hanh 
trin mdy NETZSCH STA 409 PC/PG. Mau cdn 
phan tich dugc dung trong chin can Pt, nung trong 
mdi trudng oxy, tic do ndng nhilt 10°C/phut, tir 

nhi|t dg phdng din nhi?t dg cudi I200°C. 

3. KET QUA vA T H A O LUAN 

3.1. Gi^in do nhieu xa tia X gdc be 

Gidn dd SAXS trin hinh 1 cho thdy cdc mau 
tdng hgp diu xudt hiln mdt pic ddc trung cho 
MQTB cau tnic khdng gian 3 chieu (3D) dang 
wormhole. Khi tang thdi gian khuay thi cudng do va 
dg sdc nit ciia pic dac trung tang dan. Pic dac trung 
ciia mdu MSU-Sx-20 vdi thdi gian khudy 20 gid hep 
vd rd sdc chiing td cdu tnic mao quan ddng diu. 

a 
y. 
a 1^ 

noo) ^ 

(IDO) 

ClOO) 

1 J 3 4 1 « •> 9 
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(a) 

9 10 
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Hinh 1: Gidn di SAXS: (a) MSU-Sx-5; (b) MSU-Sx-10; (c) MSU-Sx-20; (d) MSU-Sx-40 

Cd thi cho rdng khi tanp thdi gian khudy da lam 
tdng sy phan bd ciia cdc tiin chdt vd co trong hon 
hgp mdm vdo dung djch chiia chdt HDBM TX-lOO 
do dd tao thudn lgi cho sy tuomg tdc cua cac tiin 
chdt nay vdi cdc nhdm phdn cyc polyethylene ether 
vd vi vdy thudn lgi cho qud ti-inh sdp xip ciia cdc 
c|p tiin chdt/chat HDBM theo co chl phdi hgp tao 
cdu tnic dl hinh thdnh pha cd cdu tnic MQTB. 

Tuy iihiln, khi tiip tuc tang thdi gian khay lln 
gap ddi kit qua lai cho thdy mac dii pic ddc trung 
vdn cd cudng do ldn nhung do rdng cua pic tdng 
Ien. Do rgng ciia pic ddc tiomg tang la kit qua cua 

vi|c gidm dg ti-dt tiJ hay thay dii su sdp xip vd lam 
md rgng dai phan b i kich thudc cua pha MQTB ban 
ddu. 

Cd thi sau qud trinh sdp xip cua cdc cap tien 
chdt/chdt HDBM thdnh pha cd cdu tiiic MQTB niu 
tiep tuc khudy se lam thay ddi sd lugng va djnh 
hudng tuong tdc ciia cdc tiln chdt vd ca vdi cdc dan 
vj ethylene oxit trong mdi nhdm phan cue 
polyetylen ete do dd ldm thay ddi kich thudc va su 
bd ti-i trong khdng gian cua cdc nhdm phan cyc dan 
din lam thay ddi su sap xip vd lam md rgng dai 
phdn b i kich thudc cua pha MQTB. 
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Cac ket qua tren cho thay thdi gian khudy giira 
tiin chdt vd chdt HDBM trudc khi thuy nhilt cd dnh 
hudng ldn din khd nang tao cdu tnic cua vdt lieu. 
Trong diiu kiln ting hgp, mdu MSU-Sx-20 vdi thdi 
gian khudy 20 gid cho thdy kit qud tit vi vdy chimg 
toi tilp tuc nghien ciiu cdc ddc tnmg cua mau ndy. 

3.2. Dang nhiet hap phu va khir hap phu N2 

duoc the hiln trin hinh 4. 
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Hinh 2: Ddng nhilt hdp phu khir hdp phy N2 cua 
mdu MSU-Sx-20 

Dudng dang nhilt hap phy vd khu hdp phy N2 
ciia mdu MSU-Sx-20 thudc loai IV dac trung cho 
vdt lieu cd cdu tnic MQTB. Vdng tri dang H2 bdt 
ddu xudt hiln d dp sudt tuomg ddi P/Po > 0,4. Dudng 
phdn bd kich thudc mao qudn (hinh chin) ciing cho 
thay sy phdn bd hep vdi kich thudc mao qudn tnmg 
binh 3,6 nm. Bin canh kich thudc mao qudn tmng 
binh tap trung d 3,6 nm cdn xudt hiln vimg phan bd 
mao qudn d khodng 12 nm vdi pic rdt ylu. Cdc mao 
qudn d vung 12 nm ndy cd thi Id cdc mao qudn thii 
cdp dugc hinh thdnh giua cac hat vdt lieu chua cdu 
time MQTB. 

Diln tich bl mat rilng BET vd thi tich mao 
quan tuomg ung Id 692 mVg vd 0,79 cmVg. 

3.3. Anh hien vi dien tu truyen qua TEM 

Anh TEM trin hinh 3 cho thdy mdu MSU-Sx-
20 cd cdu tnic wormhole khdng gian 3 chilu. Anh 
TEM ciing cho thdy cdu tnic vd kich thudc mao 
qudn ddng diu, thdnh mao qudn day. Chilu ddy 
thdnh mao qudn Idn gdp phdn Idm tang do bin nhilt 
va bin thuy nhilt ciia vat lieu. 

3.4. Pho hap thu hong ngoai IR 

Sy hinh thanh mdm zeolit X sau qua trinh gid 
hod gel ban ddu vd khd nang kit tinh cua cdc mdm 
zeolit t h a ^ cdc tinh thi zeolit X da dugc chiing tdi 
chiing minh [I]. Bdng phuomg phdp IR cd thi chi ra 
su tin tai ciia cdu tnic zeolit trin thdnh mao qudn 
cua vat lieu ting hgp [7]. Phi IR cua nidu 
MSU-Sx-20 va tinh thi zeolit X kit tinh tir mdm 

Hinh 3: Anh TEM ciia mdu MSU-Sx-20 

1000 400cm"' 

So sdng 

Hinh 4: Phi IR (a) Zeolit X; (b) MSU-Sx-20 

Trin hinh 4a phd IR cua sdn phdm rdn thu dugc 
sau khi thuy nhilt mdm zeolit X (khdng cd mat cua 
TX-lOO) xuat hiln cdc vimg hap thy hdng ngoai vdi 
cudng do manh trong khodng 564, 675 vd 754cm"' 
ddc tnmg cho tinh thi zeolit X. Phd XRD ciia sdn 
phdm nay (dugc chi ra d [1]) cdng cho thdy zeolit X 
tao thdnh cd do tinh thi cao. 

Phi IR cua mdu MSU-Sx-20 tiln hinh 4b chi 
xudt hiln vung hap thy hdng ngoai vdi cudng do 
ylu tiong khoang 562 cm"' vd khdng xudt hiln cdc 
viing hap thy tiong khodng 675 vd 754 cm' Vimg 
hdp thy d 562 cm"' dac tnmg cho dao ddng vdng 
kip 6 canh (D6R) cua cdu tnic zeolit X, chiing td sy 
tdn tai cua cdu tnic zeolit X trin thdnh mao qudn. 
Dilu ndy cd nghia la cdc mdm zeolit X hinh thdnh 
sau qua trinh gid hod gel da tham gia tao thanh mao 
qudn ciia vdt lieu. Tuy nhiln, trong dilu kiln tdng 
hgp tai pH = 2 cdu tnic vdng kip cua mam zeolit X 
ban ddu da bj phd vd mdt phan do xdy ra qud trinh 
tdch loai nhdm do dd Idm bien mdt cdc viing hdp thy 
d khodng 675 vd 754 cm"' 
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3.5. Gian do phan tich nhift DSC-TGA 

Kit qua phdn tich nhilt DSC-TGA cua mau 
MSU-Sx-20 dugc chi ra tren hinh 5. 

Hinh 5: Gian do DSC-TGA ciia MSU-Sx-20 

Trin dudng cong DSC ciia sdn pham xudt hi|n 
mdt pic thu nhilt d 9r'C vdi sy mdt khdi lugng trin 

Tg Ngpc Ddn vd cdng sit 

dudng TGA trong khoang tir nhilt dg phdng din 
200''C bdng 10,9%. Hieu img thu nhilt nay chu yiu 
Id do qud trinh mat nudc hap phy vat ly tren bl mat. 
Khi nhi|t dg tdng lln trin 600°C, dirdng cong DSC 
bdt ddu di xuong kim theo sy thay dii khdi lugng tir 
600"C din I200''C khodng 2,7%. Kit qud nay cho 
thay cau triic MQTB cua sdn pham cd the bdt dau bi 
phd vd d nhi|t dg khoang 600°C. 

Hi|u img tod nhi|t rat ylu xudt hien d nhilt dp 
1005"C cd thi do sy chuyin pha cua cdc dang oxit 
nhdm vd oxit silic vd djnh hinh dugc tao thdnh tir 
qud trinh sap cau tnic ciia mau aluminosilicat MSU-
Sx-20. Dg bin nhi|t cua sdn pham khdng cao co the 
do cau tnic vdng kip cua zeolit X trin thdnh mao 
qudn ciia MSU-Sx-20 da bj phd vd mgt phdn khi 
tong hgp trong mdi trudng axit. 

Tuv nhien, vdi cdc kit qud phdn tich nhilt nay 
cho thdy vdt lieu tdng hgp cd thi ddp img dugc 
trong cdc ITnh vyc img dung ldm chat hap phu va 
chat mang. 

Bdng 2: Kit qua ddc trung ciia mdu MSU-Sx-20 

Mdu 

MSU-Sx-20 

Cau tnic 
thdnh mao quan 

ZeoHt X 

Cdu tnic 

wormhole 

d( 100)7 

nm 

6,3 

Opore? 

nm 

3,6 

SBET, 

m'/g 

692 

V 
cmVg 

0,79 

Do bin 
nhiet, 

°C 
600 

4. KET LUAN 

Tir metacaolanh, vdt lieu aluminosilicat MQTB 
cdu tnic khdng gian 3 chilu da dugc tdng hgp thdnh 
cdng tir mdm zeolit X trong mdi trudng axit vdi tdc 
nhan tao cdu tnic loai khdng ion TX-lOO. 

Da khdo sdt sy dnh hudng ciia thdi gian khudy 
trdn giii-a hdn hgp mdm vdi TX-lOO din khd ndng 
tao cdu tnic ciia vdt lieu. Kit qud cho thdy do trat ty 
cua cdu tnic mao qudn tang nhung khdng tuyln tinh 
vdi vile thdi gian khudy. 

Cdc kit qua ddc trung bdng cac phuomg phdp 
SAXS, TEM, BET, IR va TGA-DSC cho thdy vdt 
lieu thu dugc cd cdu tnic wormhole ddng diu, thdnh 
mao qudn day chiia cdu tnic zeolit X, diln tich bi 
mat rilng, thi tich mao qudn ldn. Vat lieu vdi do 
ben nhilt cd thi dap img dugc cdc img dung Idm 
chdt hap phy va chdt mang. 

2. 
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