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ABSTRACT

Natural clay minerals are well known and familiar to mankind from earliest day of
civilization. Because of their low cost, abundance in most continents of the world, high adsorption
properties and potential for ion-exchange, clay minerals are strong candidates as adsorption
materials. In the present study, bentonite from Di Linh was used in pillared clay synthesis by use
of single oxide pillars of aluminium and titannium and then modified with cetyl trimethyl
ammonium bromide (CTAB). The obtained materials were characterised by XRD, TG-DTA, FT-
IR, SEM and BET methods. The basal spacing of montmorillonite and the specific surface area
values were increased by pillaring. Nitrogen adsorption-desorption studies and scanning electron
microscopy (SEM) images confirmed that the micropore and mesopore size distributions were not
affected by synthesis conditions. Their adsorption capacity was investigated with orange
[-naphthol from aqueous solution controlled at room temperature.

- MO PAU

Khodng sét tu nhién 1a nguyén liéu gan giii
v6i cudc song cta con nguoi. Pugc st dung
nhiéu nhit, da dang nhéit trong nghién cttu khoa
hoc va trong cong nghiép la Bentonite (Bent).
Bent dugc tim thdy 14n dau tién & ndi Bentox,
vung Rok-krik, bang Wyoming (M¥), d6 1a mot
loai sét déo, mau nau hay xanh xam, truong n&
manh trong nuGc. Bent ¢ thanh phan chinh 1a
Montmorillonite (Mont) cong thic 1y tudng 1a
M (AL, Mg )°(Si,) O,,(OH), (5 day cdc
chi s6: O = bat dién, T = tit dién) trong d6 M la
kim loai héa tri 1 nhu Na*, K*. Thanh phan cta
Mont luon khdc v6i thanh phan biéu dién ly
thuyét do su thay th€ déng hinh clia cdc ion kim
loai AI*, Fe*... cho Si** trong tit dién SiO, va
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Mg*, Fe** cho AI** & bat dién AlOg 1am xuat
hién dién tich am trong mang cdu tric. Cac dién
tich am nay dugc bu trir biang céc cation trong tu
nhién nhu: Na*, Ca** hoac Mg*. Cic cation nay
c6 kha nang trao déi manh hay yéu phu thuoc
vao lugng dién tich am bé mat va sd luong ion
trao déi [1 - 3]. Qua trinh di vao giita cac 16p sét
ctia cdc phan tir nuGe 1a nguyén nhan gay ra tinh
truong no cla Bent khi tié€p xtic véi nudc. Do bé
mat cua cac 16p sét 1a phan cuc nén kha nang
hép phu cic hgp chit hitu co khong ion hoa tan
trong nuéc cltia Bent 1a tuong doi yéu. DE ting
kha nang hép phu cta Bent d6i v6i cac hop chat
nay, ngudi ta phai bién tinh bé mat clia céc I6p
sét tr va nuGc chuyén thanh wa dau [4 - 6].
Trong bdo cdo nay, ching to6i da tién hanh
tinh ch€ Bent Di Linh va xir Iy bing dung dich



NaCl dé thu dugc Bent-Na. San phiam sét thu
dugc (Bent-Na) duoc chong bing Al (Al-PILC)
va chéng béng Ti (Ti-PILC). Sau d6, céc vat liéu
nay dugc bién tinh bé mat bang CTAB. Nghién
ctiu céu tric clia chiing bang céc phuong phép
vat 1y va khao sat kha nang hap phu cua chiing
béng B-naphthol da cam.

II - THUC NGHIEM

1. Tong hop vat liéu sét chong nhom
(AI-PICL) va sét chong Titan (Ti-PICL)

Nguyeén liéu dau 1a Bent Di Linh (tinh Lam
Doéng), ¢6 tinh truong nd cao, thanh phin chi
yéu 1a montmorillonit. Sét tu nhién chita nhiéu
khoang khiac va cidc hop chat hitu co do vay
truée khi xtt 1y phai ngam sét tho trong nuéc, dé
sét truong nd va tach 16p véi cdc chat ban khéc.
Ngam sét tho trong nudc cat trong 24 gio sau d6
loc gan 14y huyén phu sét & trén. Loc gan nhiéu
lan (4-5 lan), roi loc qua gidy loc dé thu duoc
sét. Sét thu duge duge sdy kho ngoai khong khi
roi nghién nho ra. Tiép tuc chuyén sét vé dang
thuin natri bang cach trao déi v6i dung dich
NaCl 1M, trong thoi gian 24 gio. Sét thuén natri
duoc loc va rira dén hét CI. Dé kho sét trong
khong khi réi sdy & 100°C trong 4 gid, duoc
Bent-Na.

Diéu ché€ ion Keggin. Nho tir tir dung dich
NaOH 0,2 M vao dung dich AICl; 0,1 M vira
nhé vira khudy manh (véi ty 1&é OH/AI = 2).
Dung dich thu dugc dugc khudy bang may
khudy tir cho dén khi dung dich tr& nén trong
suét. Dung dich nay dugc gia héa trong 2 ngay
66001C.

Bent-Na dugc ngam trong nudc mot ngay, ty
1¢ phan tram khéi lugng sét trong huyén phil sét
la 1%. Nho tir tr dung dich ion Keggin vao
huyén phil trén sao cho dat dugc ty 1& Al/Bent-
Na = 5 mmol/l gam sét, vira nho vira khuay
manh lién tuc. Sau khi nho xong khudy ti€p 2
gi0. Dung dich cu6i cing gia hod trong 24 gio.
Loc rira san phdm béang nuéc cat. San pham ran
thu dugc dugc phoi kho ngoai troi la Al-PICL.

Huyén phd TiO, dugc diéu ch& bing cich
thuy phan Ti(OC;H,), (Titanium
tetraisopropoxide) vé6i dung dich CH;COOH
80%. Dung dich keo dugc khudy manh & 50°C

tao sol TiO,. Tao huyén phi 2,5% Bent-Na
trong nudc bing cach khudy co hoc va tdn nhd
bang siéu am. Sau d6, cho sol TiO, vao dung
dich huyén phu sét dén ty 1é TiO,/Bent-Na = 0,6
mmol/1g sét, khudy manh trong 2 ngay & nhiét
do phong. Sau d6 rira sach axit, ly tam 1dy chét
ran roi phoi kho ngoai troi thu duge Ti-PICL.

2. Diéu ché sét chong wa dau

Diéu ch& Al-PICL bién tinh boi CTAB (Al-
PICL-CTAB). Diéu ché€ huyén phi sét Al-PICL
0,5%. Dang phéu nho giot nho tir tir dung dich
CTAB (0,2%) vao huyén phu sét & trén véi toc
do khoang 9 ml/phit, vira nho vira khudy sao
cho ty 1é CTAB/AI-PICL = 5 mmol/g. Sau d6,
ti€p tuc khudy trong 3 gid. Loc két tua nhd bom
chan khong, rlra sach nhiéu lan bang nudc cét
dén khi hét CTAB ta thu dugc Al-PICL-CTAB.

Diéu ché Ti-PICL bién tinh bdi CTAB (Ti-
PICL-CTAB). Tién hanh tuong tu nhu Al-PICL-
CTAB v6i ty 1¢ CTAB/Ti-PICL = 5 mmol/g.

3. Khao sat kha nang hap phu B-naphthol da
cam

Khao sat kha nang hap phu cua Al-PICL-
CTAB va Ti-PICL-CTAB do6i v6i hop chiat mau
hitu co B-naphthol da cam. Chuén bi 2 c6c thuy
tinh thé tich 1000 ml, mdéi céc chita 500 ml
dung dich 120 ppm mau B-naphthol da cam.
Can 0,5 g sét mdi loai cho vao tling c6c trén.
Khuay déu hon hop va bit ddu tinh thoi gian hap
phu. Sau nhitng khoang thoi gian xdc dinh 14y
10 ml dung dich ra ly tam bd vat liéu hap phu.
Dung dich thu dugc dugc xdc dinh ndéng do
B-naphthol da cam con lai nho phuong phédp do
UV-VIS.

111 - KET QUA VA THAO LUAN

Qua gidn d6 nhiéu xa tia X cta sét da dugc
xur 1y (hinh 1) ta thdy ring thanh phéan chinh cua
Bent 12 Montmorilonit. Céc tap khodng Fe,O; da
bi loai gin hét khong thay xuat hién trén gian do
nhiéu xa.

Gian d6 nhiéu xa tia X cla céc vat liéu da
thu duoc: cic pic dac trung & goc 20 = 2 - 50°
cho khoang cach khong gian co s& gilta cac 16p
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la 12,55 A. Khi xen k& céc polioxocation nhom
va titan vao, khoang khong gian co s& giita cac

két qua cua gian d6 nhiéu xa tia X, c6 thé két
luan ring khoang cdch giita cdc 16p sét ting

16p sét tang lén rd rét (xem bang 1). Nhu vay, tr  manh sau khi thyc hién qua trinh chong.

Mau Mont

niive

Hinh I: Gian d6 nhiéu xa tia X clia vat liéu Bent-Na Di Linh

Bdng 1: C4c ving hap thu dac trung trong phé hong ngoai va d,,, cta cdc vat liéu
Vat Nhom cau tric d
Y& TH. [ OH [ S0 [ Si0- [ Si-0- | AP [ Mg™- | Ti- | -CHy | CN | Yo
| om | () A® | Mg® | OH | OH | OH
Bent- | 3622- 12,55
pent- | 302 1639 | 1032 | - ~ o138 615 | - ; ;
AL | 3625
el | 335 1639 | 1034 | 527.5 | 4686 | 918.5 | 693 | - ] ~ | 2089
Tii | 3624-
e | 355 1638 | 1036 | 528.3 | 4687 | 918 | - | 769 ] = 1870
AL
PICL- | 3023 | 1638 | 1033 | 527.7 | 4688 | 919 | 695 | - | 222% | 1476 | 18.08
3448 2852
CTAB
Ti- 3603
PICL- 1655 | 1037 | 524.1 | 467.0 | 914 | 695 | 728 | 2849 | 1479 | 19.52
oo | 3429

Tur 4nh hién vi dién tir quét SEM (hinh 2), ta
thay dugc cu trdc 16p cua vat liéu sét. Cac 16p
nhom silicat xép chdéng lén nhau phit hgp véi
Mont. Tir hinh trén, c6 thé thay 6 do hat clia sét
va tap hop cac 16p sét cach nhau rd rang sau khi
chong bing nhom hinh thanh céc hat 16n. Tur cdc
hinh anh nay, chiing ta thdy rd tinh chat 16p va
hinh hoc bé mit clia clia hat sét tu nhién va sét
chéng béang cdc oxit kim loai.

Chiing t6i da ghi phd hong ngoai clia céc vat
liéu thu dugc: Bent-Na, Ti-PICL, Al-PICL va
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Al-PICL-CTAB va Ti-PICL-CTAB. Két qua
dugc tém tét trong bang 1. Tir cdc két qua duge
trinh bay trong bang 1 cho thdy céac vat liéu
Bent-Na, Ti-PICL, Al-PICL c6 kha nang hap
phu nudc t6t. Nhung khi dua CTAB vao Al-
PICL va Ti-PICL su hap phu nudc bi giam tuong
ting v6i cuong do dac trung cho nhém OH trong
nuGe bi hdp phu & 3623 - 3448 ciing giam di.
Tat ca cdc vat liéu déu chita nhém OH cau tric
va lién két Si-O cua 16p sét v6i bang hap thu &
ving ~1639 cm” va 1032 - 1036 cm” tuong
ting. Mot diéu thd vi 1a bang dao dong dic trung



cho AI™-OH & 913 - 919 cm™ déu thdy xuat
hién & 4 mau. Tuong tu, d6i v6i nhém cau tric
Mg*-OH hép thu & ving 615 — 695 cm™. Pay
1a nhém céu tric dac trung cho Montmorillonite
cta Bent. D6i v6i miu Al-PICL-CTAB va Ti-
PICL-CTAB, ngoai cic bang dac trung cho cic
nhém cau tric vo co da trinh bay & trén, ching
toi thdy cdc bang hép thu dac trung cho nhém
-CH,- 6 2852 cm™ va C-N & 1476 cm™ clia phan
tir CTAB ciing xuét hién. Tat ca cac két qua nay
chiing to cdc vat lieu da dugc téng hgp thanh

cong.

Trong bdo cdo nay, ching toi da tién hanh
ghi gidn d6 phan tich nhiét hai mau Ti-PICL va
AI-PICL, két qua cho thdy ca hai miu c6 cac
duong TG, DTA va DSC tuong ty nhau gém 3
pic chinh: pic thit nhat & ~100°C tuong tng véi
su mat nuéc ~15 - 18%, pic thd hai & 510°C
tuong tng v6i mit nudc ciu tric ~3.,5 - 4,5%,
pic thit 3 & 700°C phét nhiét, ¢6 thé cho ring da
xay ra tuong tiac gilta cot chong (cic cluster
Al 05 va TiO,) vdi 16p sét.

Hinh 2: Anh SEM clia c4c miu Bent-Na (a), Al-PILC (b) va Ti-PILC (¢)

Tinh chat x6p ciia Bent-Na, Al-PICL va Ti-
PICL dugc xdc dinh bang phuong phéap hap phu
va gidi hdp nito & nhiét do thap (-196°C) tai
Trung tam Hod ddu va Vat liéu Xic tdc, Trudng
bai hoc Bach khoa Ha No¢i. Cac vat liéu c6
duong hdp phu giai hdp thudc dang IV trong
phan loai céc dang “vong tré” clia [UPAC. Dién
tich BET cuia Bent-Na, Al-PICL va Ti-PICL lan
lugt 1a 50, 184 va 109m™.g™". Céc két qua nay chi
ra rang cdc 16p sét da dugc chdong lén tao nén
cdc 16 x6p va dién tich bé mat sét tang l1én rat
nhiéu so v6i sét khong chong, Bent-Na ¢ dién
tich bé mat riéng 50 m?%/g.

Chiing toi da ti€én hanh ddnh gid kha nang
hdp phu céac chat hitu co cua 2 mau Al-PICL-
CTAB va Ti-PICL-CTAB bing [B-naphthol da
cam, moOt thanh phan gay 6 nhiém trong nuéc
thai clia cdc nha mdy dét. Ké qua duoc trinh
bay trén bang 2.

Bang 2 trinh bay anh hudng cua thoi gian
hdp phu dén kha nang hap phu a-naphthol da
cam cua 2 mau Al-PICL-CTAB va Ti-PICL-

CTAB. Kha nang hdp phu phdm mau cla hai
loai vat liéu trén déu tang theo thoi gian xr 1y.
Tuy nhién, kha nang hap phu tang rit nhanh
trong 5 phut ddu, sau d6 ting cham trong 175
phiit ti€p theo va dat dén trang thdi can bang.
Hién tuong nay c6 thé dugc gidi thich 1a do qué
trinh h&p phu phu thudc chi yéu vao qua trinh
khuéch tdn clia cdc phan tir B-naphthol da cam
qua céc 16 x6p vao bé mat trong clia cdc vat liéu
hép phu.

Su hdp phu cdc phan tlr hitu co trong nudc
cta hai vat liéu hap phu sét chong uva dau kéo
dai khoang 3 gid mdi dat dugc can bang hép phu
va hiéu qua hdp phu rat cao, 99% lugng mau da
bi tach ra khoi pha nuéc. Hon nita, kha nang hap
phu ctia Al-PICL-CTAB cao hon kha nang hap
phu cua Ti-PICL-CTAB. Két qua nay md ra
hudéng st dung sét chong ua dau lam vat liéu xu
1y nuGe bi 6 nhiém cdc chat mau hitu co.

IV - KET LUAN
Chiing toi da tién hanh xit Iy sét ty nhién Di
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Linh dé nang cao ham luong montmorillonit
bang phuong phap héa hoc. Da chong cic 16p
sét Bent-Na bang hai polyoxocation nhom va
titan thu dugc hai loai sét chong Al-PICL va Ti-
PICL. Tir hai loai sét chng nhom va titan nay
ching toi da téng hop sét chong ua diau Al-
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PICL-CTAB va Ti-PICL-CTAB. Cic vat liéu thu
dugc dugc dac trung cdu tric bang cic phuong
phap vat 1y nhu: SEM, XRD, IR, BET. Cac két
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Hinh 3: Dudng hap phu - giai hap phu cua Al-PICL va Ti-PICL

Bdng 2: Lugng B-naphthol da cam da bi hap phu tir dung dich nuéc (néng do ban ddu 1a 120 ppm/I)
va phan tram mau da bi hdp phu trén hai mau sét chong wa dau

0i gian,
phat| 0 5 10 15 20 25 30 90 150 | 180 | 240
Mau
Al-PICL-
CTAB 0 [70,89| 79,11 | 84,42 | 89,66 | 94,28 | 98,41 | 117,9 | 118,5 | 118,8 | 118,8
(ppm)
% happhu | 0 [59,08| 6593 | 70,35 | 74,72 | 78,57 | 82,01 | 98,25 | 98,75 | 99 99
Ti-PICL-
CTAB 0 |62,10| 69,77 | 78,10 | 85,79 | 87,76 | 91,91 | 1034 | 111,2 | 115,7 | 115,7
(ppm)
% happhu | 0 |51,75| 58,14 | 65,08 | 71,49 | 73,13 | 76,60 | 86,17 | 92,67 | 96,42 | 96,42
Budc dau da nghién ctiu va so sanh kha nang TAI LIEU THAM KH AO
hap phu B-naphthol da cam cta Al-PICL-CTAB
va Ti-PICL-CTAB ching t6i thdy rang kha nang 1. T. Shichi, K. Takagi. J. Photochem.
hap phu phdm mau ctia AI-PICL-CTAB cao hon Photobiol. C Photochem. Rev., 1, 113
so véi kha nang hap phu phim cta Ti-PICL- (2000).

CTAB. Két qua nay md ra huéng c6 thé dung
vat liéu sét chéng wa dau xur 1y nude bi 6 nhiém
cac hogp chat hitu co.
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