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Abstract

Di Linh clay was used for pillaring in the present study after refinering. Aluminum pillared clay (Al-PILC) was
prepared by contacting of aluminum pillaring agent and Na-montmorillonite (MONT-Na) aqueous suspension with
different ratios. The obtained materials were characterized by XRD, IR, DTA-TGA, SEM, BET and ’AI-MAS-NMR
methods. The increase in dgg; of basal spacing was as expected since the pillaring causes an expansion in the interlayer
distance. SEM method is used to probe the change in morphological features of MONT-Na and Al-PILC. The surface
morphology of MONT-Na is different from that of AI-PILC. The MONT-Na appears as corn flake like crystals,
revealing its extremely fine platy structure. After pillaring, clay has become more porous. This porous appearance
probably occurs due to the pillars formed between the interfaces of clay sheets as a result of pillaring and the reduction
in certain amorphous phase originally associated with the MONT-Na. Removal of Cd*" from aqueous solution by
adsorption using Al-PICLs was investigated at different pH values. The experiment results showed that 7.5 AI-PICL is
the best choice for removal of Cd*" from water before re-use.
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1. MO DAU

Kim loai ning c6 thé dugc tich tu trong co thé
con nguoi va dong thuc vat qua chudi thirc an va
khac véi cac chat doc hitu co, ching khong c6 kha
nang bi loai bo bang con dudng phan hiy sinh hoc.
Cd*" 1a ion kim loai nang gay nén 0 nhlem moi
truong nude. Cac nguébn nude thai chu yéu chira
Cd** bao gdm nudc thai ctia cac qua trinh khai
khoang, cac nha may ma va luyén kim... Kim loai
nay c6 doc tinh cao, sy c6 mat cia ching trong
ngu@)n nude sé dan dén sy tich tu trong cac sinh vat
song giy tac hai xdu dén stc khoe cua con nguoi
cling nhu cac loai dong, thyc vat khac. Do do, nudc
thai co chira cac ion Cd** can phai duoc xir Iy dé lam
giam thiéu ndng do cac ion kim loai trudc khi thai
tré lai moi trudng. Cac phuong phap truyén thong dé
loai bo hodc thu hdi cac kim loai ning tir nude thai
cong nghiép bao gdm cic qua trinh két tua, trao doi
ion, dién phan, hap phu trén cacbon hoat tinh... [1 -
4]. Mic du thyuc té c6 rt nhiéu k¥ thuat da dugc s
dung, mdi k¥ thuét lai c6 nhiing han ché riéng. béi
v6i phuong phap két tia va phuong phap oxi hoa
khir, kim loai ning khong nhimg rat kho dugc thu
hoi trén dién rong ma con phat sinh qua trinh 6
nhiém thir cp, trong khi d6 gia thanh cao 1a van dé
chinh ciia phwong phap nhu trao ddi ion, phuong

phap tach bing mang va phuong phap hip phu bing
cacbon hoat tinh.

Do d6, su hap phu céc ion kim loai ning trén cac
vat liéu hép phu ré tién nhu khoang sét 1a mot sy lya
chon rat hip dan vé mit kinh té. Khoang sét rat phd
bién, gia thanh ré, c6 bé mit mang dién tich am
trong khi dién tich bé mit twong dbi 1on rit phu hop
lam vat liéu hép phu cac cation kim loai. O Viét
Nam, c6 rat nhiéu loai khoang sét phan bd ¢ cac
ving mién khac nhau: Cao lanh (Lao Cai, Yén Bai,
Phi Tho, Quang Ninh, Lam Déng...), bentonit
(Binh Thuén, Thanh Hoa, Lam B@)ng).... Chung toi
da st dung bentonit Di Linh (Lam Dong) trong cac
thi nghiém cua nghién ciru nay.

2. THUC NGHIEM

Khoang bentonite Di Linh duoc tinh ché theo
quy trinh d4 duoc coéng bd ctia ciing nhom tac gia [5-
7]. Bentonite sau khi dugc tinh ché co thanh phan
chu yéu 1a Na-Montmorillonit (MONT-Na). Dung
dich ion Keggin duoc ché tao nhu ¢ cong trinh [5 -
7]. Sau d6, cho dung dich huyén pht MONT-Na vao
dung dich ion Keggin theo cac ty 1¢ dugc tinh trudc
dé thu duge cac vat lidu sét chéng nhém (Alumium
Pillared Clay — AI-PICL) c6 ham luomg nhém khac
nhau. Sau khi loc, siy va nung & 300°C trong 4 gio,
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chung t6i da thu duogc cac vat liéu xAl-PICL (v6i x =
2,5;5,0; 7,5 va 10,0 mmol Al/gam sét).

Céac vat liéu thu dugc dugc dac trung cAu trac
bang cic phuong phap vat 1y. Phuong phap phéap
nhiéu xa tia X dugc thuc hién trén thiét bi D501
BRUKER SIEMENS DPuc (ACuK, = 1,5418 A).
Phan tich nhiét vi sai trén thiét bi SETARAM TG-
DTA 92 (téc do6 gia nhiét 5°/phit, chén dung mau Pt,
khi quyén khong khi). Phan tich phé hong ngoai
dugc ghi trén thiét bi Nicolet Magna IR 760. Phuong
phap hién vi dién tir quét duoc thyc hién trén thiét bi
JEOS JSM - 5410 LV. Tinh chit x6p cua cac vt
liéu thu dugc dugce xac dinh bang phuong phap hép
phu va giai hip nito ¢ nhiét do thap (-196°C) tai
Trung tdm Hoa dau va vat liéu xuc tac, Truong Pai
hoc Bach khoa Ha N¢i. Dung dich ion Keggin va
5,0Al-PICL dugc xac dinh sy c6 mat cia Al (Al tor
dién) va AI™ (Al bat dién) bang phuong phap cong
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huong tir hat nhan (*’AI-MAS-NMR) trén thiét bi
CMX 360 (Thuy Dién).

Sau khi téng hop cac vat liéu, chung toi di tién
hanh khao sat kha ning hap phu ion Cd*" cua cac vat
lidu diéu ché duoc tai pH khac nhau. Trong mdi
truong hop, chung t6i da dung 1,0 gam sét cho
100 ml dung dich Cd** ndng d6 300 ppm.

3. KET QUA VA THAO LUAN
3.1. Cac phuong phap phan tich vat ly

Phé cong hudng tir hat nhan ciia ion Keggin va miu
5,0Al-PICL dugc trinh bay trén hinh 1. Hai dinh pic
dugc quan sat thiy trén hinh 1. Dinh tht nhét tai
Oppm duogc cho 1a cua AI™ [8, 9] va dinh tht hai tai
66,14 ppm dong gop boi Al [8].
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Hinh 1: Phd cong hudng tir hat nhan cta ion Keggin (a) va mau 5,0AI-PICL (b)

Gian dd nhilu xa tia X cua cac sét da dugce xu ly
(hinh 2) cho thiy rang thanh phin chinh cta
Bentonite 1a montmorillonite. Cac tap khoang Fe,0;
d4 bi loai gan hét khong thay xuét hién trén gian dd
nhiu xa. Mot phﬁn quartz xuét hién trén gian dd
nhiéu xa véi ty 18 rat nho. Tu gian dd nhiéu xa tia X,

doo; cia MONT-Na la 1,295 nm. Khi xen k& cac ion
Keggin vao, khoang khong gian co s¢ gitra cac 16p
sét tang 1én 0 rét (bang 1). Nhu vay, tur ket qua cua
gian do nhidu xa tia X, c6 thé két luan rang khoang
cach gilra cac lop sét taing manh sau khi thyc hién
qua trinh chéng.
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Hinh 2: Gian dd nhiéu xa tia X cua céac vat liéu MONT-Na va xAl-PICL

(voi x =2,5; 5,0; 7,5 va 10,0)
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Chung t6i da ghi phd hong ngoai cua cac vat liéu
thu dugc: MONT-Na va xAl-PICL. Két qua duoc
tom tat trong bang 1. Tir bang 1 cho thdy céac vat liéu
MONT-Na, xAl-PICL c¢6 kha niang hip thu nudc tot.
Dai hép thu tai 3427 - 3469 cm dic trung cho
nhém OH trong nudc bi hap thu. Tat ca cac vat lidu
déu chtra nhom OH cdu triac va lién két Si-O cua 16p

Nghién ciru tong hop sét...

sét v6i bang hap thu & ving tir 1634 - 1659 cm .
Dai hép thu tai 1032 - 1035 cm™ tuwong tng dugc
xem la dao dong bat ddi xung cua lién két Si-O-Si
cuia Bentonite. Dai hap phu tir 720 d&én 839 cm ™' dic
trung nhit cho quartz va dai hip phu 423 - 528 cm’
dugc xem la dao dong cuia lién két O-Si-O.

Bdng 1: Cac ving hap thy dic trung trong phd hdng ngoai, doo; va dién tich BET ciia
cac vat lieu MONT-Na, AI-PICLs

- Nhém cau tric Dién tich doo,
VAt o O 1510 | si-0-AlM| $i-0-Mg | AI-OH | Mg*-OH ?ng/T nm
(cau tric) g
MONT-Na | 3427 | 1639 | 1032 - - 913,8 | 792,66 | 40,09 | 1,295
2,5A1-PICL | 34442 | 1650 | 1034 | 5255 | 469,6 | 9108 | 7923 | 118,71 | 1,825
S0AL-PICL | 3421 | 1639 | 1034 | 5275 | 4686 | 9185 | 792,6 | 18432 | 1,854
7,5 AI-PICL | 34438 | 1649,6 |1035,1| 5254 | 4694 | 9190 | 7964 | 2033 | 1912
10,0A1-PICL | 3469 | 1640,1 |1035,1| 5282 | 469,1 910,8 | 7555 | 167,57 | 1,873

Dién tich BET cua cac vat li€u tang 1én trong
qua trinh chéng (bang 1). Dién tich BET tang Ién khi
tang gia tri cua x va dat gia tri lon nhét khi x = 7,5
sau do dién tich giam khi x = 10,0.

3.2. Qua trinh hép thu ion Cd**

Hap phu 13 qua trinh cc nguyén tir, phan tir hay
ion riéng biét khuéch tan tir trong thé tich dén va tich
tu trén bé mit cua vt liéu hép phu. Hép phu trén bé
mit c6 nguyén nhén chinh 1a do Iyc lién két gilia cac
nguyén tir, phan tir hay ion riéng biét voi bé mit.
Céc lyc nay phan 16n ¢6 ngudn goc 1a do luc ‘tuong
tac tinh dién. Cac ion kim loai nay (M ) ¢6 thé duoc
hap phu trén cac vi tri trong trén bé mit, duoc ky
hiéu 1a =SOH, & day S c6 thé 1a cac nguyén tir Si
hay Al trong thanh phan sét. Pbi v6i qua trinh nay,
cac vi tri cau ndi trén bé mat co thé twong tac voi cac
cation trong dung dich nhu dugc trinh bay & cac
phuong trinh sau:

mS0H-~M*" “m SQM* -~ H*
= SOH - M

Z=50H+ A

+ H.O0 = SOMOH - ZH~
7% = SO.M + 2H”
Dbi v6i cac bé mit co dién tich am (=SO— ), qua

trinh hip phu ¢ day chinh 1a qué trinh trao ddi voi
cation:

2=S0H-M"" = S0,M + 2H™
SOH+M" + H,0 2= SOMOH + 2H~

Doi véi cac ion kim loai nang, pH cia dung dich

1a mot thong sb rat quan trong anh huong dén qua
trinh hap phu. Trong bao cdo nay, qua trinh hip phu
ctia ion Cd*" 1én céac vat lidu téng hop dugc duoc
nghién ctru trong dai pH tir 2,5 dén 5,0 voi luong
chat hap phu 1a 1 g sét/100 ml dung dich Cd*" nong
d6 300 ppm tai nhiét d6 phong. Sy hap phu ciia mdi
mau déu ting khi pH cua dung dich ting dén 5,0.
Nhimng thi nghiém hip phu & cac pH 16n hon 5,0
khéng dugc thyc hién vi & pH 16n hon 5,0 c6 thé cac
ion Cd*" sé& bi thuy phan.

Ham lugng ion kim loai Cd** bi hap phu ting khi
pH cua dung dich tang ma khong co vét két tia cua
Cd(OH); (hinh 3). Diéu nay duoc khang dinh thong
qua miu trang d6i chimg khong co chat hép phu
Khi pH nho hon 6,0, ham lugng hip phu ciia Cd*" 1a
thap va ting cham véi sy ting dan do pH. Dléu nay
c6 thé dugc giai thich la do ¢ cac pH do, ndng do
ctia ion H' cao hon gap nhiéu 1an so voi ndng do cua
jon Cd*', ion Cd*" rat kho dé co thé tao lién két trén
bé mat sét do su canh tranh véi cac ion H'.

Su hap thy cua ion Cd*" xdy ra rat nhanh trong
30 phit dau tién va sau d6 ting cham dén 36 gio thoi
diém dat dén can bang hip phu. Didu nay co thé
duoc gidi thich 1a do tai thoi diém ban dau cac trung
tam hoat dong nam trén bé mit cta cac vat lidu hép
phu con tréng, sau thoi gian s6 lugng cac trung tAm
hoat dong giam va téc d6 hap phu phu thudc nhidu
hon vao toc d6 chuyén dich cua cac ion Cd*" tir pha
thé tich dén cac trung tdm hoat dong con lai.

4. KET LUAN

- Pi chéng cic 16p sét MONT-Na bing
polyoxocation nhom (ion Keggin) voi cac ty 1¢ mol
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khac nhau va thu dugc xAl-PICL (voi x = 2,5; 5,0;
7,5 va 10,0).

- ba déc trung cdu trac caa vat lidu thu duogc
bang cac phuong phap vat ly: “AI-MAS-NMR,
XRD, SEM, IR, DTA-TGA, BET... Két qua cua
phuong phap 27Al MAS-NMR @& ching minh qua
trinh diéu ché thanh cong ion Keggin. Két qua cua
cac phuong phap vat 1y con lai dd ching minh qua
trinh tong hop thanh cong sét chong nhoém, sét chdng
nhom thu duge ¢6 dién tich bé mit cao hon rt nhiéu
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so véi vat liéu mont-Na ban dau.

- P nghién ctu kha nang hip phu cia cac vat
liéu thu dugc (MONT-Na va xAl-PICL) véi ion kim
loai Cd*" & cac pH khac nhau. Két qua thuc nghiém
thu duoc cho thz”iy vat liéu 7,5AI1-PICL c¢6 kha nang
hap phu ion Cd*" t6t nhit tai pH = 5,0. Két qua
nghién ctru nay cho thdy ring co thé sur dung cac
ngudn nguyén liéu bentonit ré tién, phd bién & Viét
Nam bién tinh dung dé xir Iy nuéc thai c¢6 chira cac
ion kim loai ndng trudc khi thai ra moi truong.
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Hinh 3: Su thay ddi ham lugng hép phu cua cd* hép phu trén 1 don vi vét li€u theo thoi gian tai
cac pH khac nhau
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