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1. M& dau

Khoang vét si€u nho (nanominerals) duoc xac
dinh la nhiing khoang vat tdn tai dudi dang kich
thudc siéu nho. Kich thude it nhit mot chiéu cia
nhitng khoang vét ndy c6 thé tir mot nandmét dén
hang chuc nano mét (nm) [8 19]. Chlnh vi vy,
chung c6 thé ton tai dudi nhiéu dang ciu trac siéu
nho khac nhau nhu dang 16p, dang que, dang day,
dang 0 ong va dang cau. Trong nhitng ndm gan day,
cung voi su phat trién cua khoa hoc ky thuat,
khoang vat si€u nho dugc st dung trong nhiéu linh
vuc ung dung nhu trong y hoc, nong nghiép, dau
khi, hoa hoc, thuc phém, vat liéu va méi truong [3,
4,7].

Imogolite 14 dang khoang vat siéu nho dugc ciu
thanh bdi cac nguyén tir silic, alumin va nude. Tén
goi “imogolite” duogc st dung dau tién boi cac nha
khoa hoc Nhat Ban Yoshinaga va Aomine (1962).
Khoéng vat nay dwoc tim thy trong cac 16p phong
hoéa cua tro ndi lra ca 16p dét co dic tinh acid cua
nhiing rung cay, dac biét 1a nhiing rung cay 1a kim
[5, 13, 16, 18, 21]. Diéu nay chung té rang, khi
diéu kién Vé nhiét do, thanh phan hoa hoc, cling
nhu cac diéu kién khac thich hgp, imogolite s&
dugc hinh thanh & nhitng 16p thd nhudng khac
nhau. Hién nay, imogolite c6 thé tim thdy va phan
bd kha phd bién & mot sb noi tiéu biéu trén thé gisi
nhq Nhat Ban, Chi L¢, Italia, New Zealand, Thuy
Pién,...

Imogolite ¢6 ciu tric dang éng voi duong kinh
trong khoang 1nm va dudng kinh ngoai khodng 2 +

2,5nm. Chiéu dai cua mdi éng co thé tir vai trim
nand mét dén mot micro mét. Cong thuc hdéa hoc
cua imogolite c6 dang (HO);AlL,O;SiOH véi ty 1€
giita Si va Al 14 0,5. Cdu thanh nén v6 ngoai ciia
dng imogolite 1a 16p nguyén tir giéng nhu khodng
vat gibbsite (Al(OH);), con vo trong clia éng duoc
két dinh b&i nhom (SiO;)OH [6]. Ciu trac dang
dng cua khoang vat imogolite dugc mod phong nhu
hinh 1.

100 nm~pm
£+ 9 <2
~l nm j
: > r" OH

— ¥ ;
2~2.5 nm

Hinh 1. CAu tric cta khoang vat imogolite
(O: oxy; Al: aluminum; H: hydro; Si: silic; nm: nand mét;
pm: micro mét) [20]

Véi dic diém cdu trac dang 6ng, thanh phin
khoang vat va dic biét tinh chat hip thu ion trai
diu cua 1op bé mat, imogolite duogc nhiéu nha
khoa hoc nghién ctru ung dung trong cac linh
vuc lam vat liéu nano composit, y hoc, moi
truong,... [1, 2, 9, 14, 20]. Do mat ngoai cia éng
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imogolite dugc cdu thanh boi nhém hydroxyl
(-OH) cta Al. Nhitng nhom hydroxyl nay cé kha
nang cho di va nhan thém nhiing proton tr dung
dich va do d6 1am thay d6i hoa tri & bé mat. Khi
pH cua dung dich chira imogolite thap thi hoa tri bé
mat ngoai la duong (+) va ngugc lai 1a dm (-) khi
pH rét cao. Cac phan ung hdéa hoc dugc xay ra
dudi dang nhu sau:

=AlOH + H < =AIlOH,", =AI0H < =Al0"+ H'

Khi pH dué6i 10 (gia tri pH ¢ diém dién tich
khong), bé mat ngoai cta imogolite s& gém nhém
[=AIOH,"]. Pay 1a diéu kién thich hop dé cic
anion trong mdi trudng xung quanh bi hép phu boi
luc hoéa hoc. Cac an10n c6 thé 1a cac nhan t6 gay 6
nhi®m moi trudng can dugc loai bé nhu phosphat,
arsenat hay selen, vi du nhu H2P042', AsO43',
SeO,’,... B& mit trong cua éng imogolite ciing c6
thé 1a bé mat co dién tich d& dang hip phu nhiing
cation trai du (Ca®", Fe*',...), do: =SiOH — =SiO"
+ H". Hinh 2, md phong kha ning hip phu nhitng

anion va cation.
% Anions: AsO,%; SeO4?...

IMOGOLITE

Cations: Ca?*, Fe?*, Zn?*...

Hinh 2. Hinh mé phdng kha néng h&p phu nhitng anion
va cation cda imogolite

Trong tu nhién, khoang vt imogolite cting ton
tai voi nhiéu khoang vat, cac oxyt va cac tap chét
hitu co khac nhau. Dé c6 thé nhan biét dugc sy ton
tai ctia khoang vat nano nay, cac mau duoc cho la
chira cac khoang vat nay can dugc lam tinh khiét
t6i da, loai bo di cac hop chét va cac tap chat khac
di cing. Mau thuong duoc loc tach dén kich ¢& do
hat nho hon 0,2pum bang cach sir dung may li tim
tbc d6 cao hodc theo phwong phap trong lyc. Sau
d6, phan mau c6 do hat nhé hon 0,2um s& duoc
lam sach bing cac phwong phap héa hoc nhu
phuong phap dithionite - citrate - bicarbonate
(DCB) dé loai bé hop chét hitu co ciing nhu nhimng
chat vo co khac [10, 11]. Cac phuong phap hoa hoc
nay c6 thé anh huong dén cau tric ciing nhu la

276

thanh phan hoa hoc cua khoang vat imogolite, vi
thé khong nén ding nhiéu 1an.

Dua vao nhiing diéu kién thanh tao imogolite
trong ty nhién nhu mdi trudng phong hda cua 16p
thd nhudng va thanh phan héa hoc cua khoang vat,
¢6 thé xac 1ap duoc nhitng didu kién twong g thich
hop dé tdng hop imogolite trong phong thi nghiém.
Trong pham vi bai béo, tap thé tac gia trinh bay
phuong phap tong hop imogolite c6 dd tinh khiét
cao tur dung dich hdn hop AICI; - Si(OC,Hs),. Diéu
kién téng hop nhu ndng d6 dung dich ban dau, thoi
gian phan tmg duoc kiém tra. San phim tong hop
duoc phan tich bing may nhidu xa tia X (XRD),
may quang phd hong ngoai bién dbi (FT-IR) va kinh
hién vi dién tir truyén qua (TEM).

2. Thwe nghiém
2.1. Nguyén liéu

Tetraetylocthosilica (TEOS - Si(OC,Hs),), axit
clorit (HCl 35%), nhom hydroxit (AICl;.6H,0),
natri hydroxit (NaOH), axit acetic (CH;COOH) va
ammonia dugc mua tur cic cong ty cung cip hoa
chat uy tin. Imogolite ty nhién tinh khiét mua tir
Nhat Ban dugc ding lam miu chudn cho viéc
so sanh.

2.2. Cic budc tong hop

Nhom  hydroxit (AICL.6H,O) va TEOS
(Si(OC,Hs),) duoc st dung nhu nhitng ngudn chat
ban d4du. Nhom hydroxit dwgc hoa tan trong nudc
khir ion v6i nong d6 thay doi tir 2, 5, 10, 25 va
50mM. TEOS dugc nhd vao dung dich AICl; trén
cho t6i khi dat ty 1¢ mole Al/Si = 1,8. Dung dich hdn
hop sau d6 duoc khudy déu trong vong 1 tiéng &
diéu kién nhiét d¢ binh thuong. Tiép dén, dung dich
NaOH 0,IN dugc nho giot véi tde d6 0,5ml/phit
nhim diéu chinh d6 pH cia dung dich hdn hop t6i
5,0. Ngay sau d6 pH cta dung dich nay lai dugc
didu chinh vé 4,5 véi mot vai giot dung dich hén
hop cia HC1 0,1 M va 0,2 CH;COOH. Dung dich
cuoi cung nay dugc khuay déu trong vong 3 tleng o
nhiét do binh thudng, réi dugce chia thanh 4 phan
riéng biét va dugc dat trong nhi¢t do 96°C trong
khoang thoi gian khac nhau tir 2, 5, 10 va 15 ngay.

Céc dung dich sau d6 dugc lam ngudi ty nhién
va duoc lam két tiia boi vide didu chinh d¢ pH t6i 8
st dung dung dich ammonia 0,1N. Chét két taa
dugc lay ra sau khi ding may li tim voi toc do
5000 vong/phit, trong 20 phiit. Chét két tua khong
mau duoc axit héa boi mét vai giot HCI dam dac



va dugc ngadm trong nudc khur ion trong 2-3 ngay
dé loc hét cac ion tu do. Nudc khir ion dugce thay
méi sau mdi khoang thoi gian 1a 5 tiéng. San pham
téng hop cudi cung dugc 1am khé lanh trong vong

Tetraethyl orthosilicate
(TEOS) - Si(OC,H.),

2-3 ngay. Mau sau khi tbng hop dwoc mang di
phan tich v6i cac thiét bj khac nhau. Cac buéce thi
nghiém tdng hop imogolite nhan tao dugc thé hién
O hinh 3.

Aluminum chloride
(AICL, .6H,0)

.| TEOS: 2, 5, 10, 25 va 50 mmol/l
Ti1é s& mole: Al/Si = 1,8

0,1N NaOH

(—[ Khudy du 1 giér & nhiét dd phong

pH=5,0 |

Dung dich
{0,IMHC1 +0,2M AcOH)

y

=l 4 P

pH=45 |

h 4

< Khufly déu 3 gios & nhiét do phong

Dung dich & 96°C trong khoang
2, 5, 10va 15 ngay

Y

«— Litim; Lim kho lanh

IMOGOLITE NHAN TAO |

Hinh 3. Cac bwdrc thi nghiém téng hop imogolite nhan tao

2.3. Phwong phdp phdn tich

San phdm tong hop dugc gia cong va phan tich
tai Phong thi nghiém khodng vat nano ty nhién,
khoa Khoa hoc Trai Dét, truong Pai hoc Yonsei,
Han Qudc.

Gian d6 tia X (XRD) cua san phiam tong hop
dugc ghi nhan boi may nhiéu xa Philips véi tia don
sic CuKa (A= 1.5406 A), hiéu thé 45 kV, cudng d6
dong dién 40 mA, gi4 tri 20 tir 2 dén 20° va toc do
quét 1a 2°/phiat. May quang phd héng ngoai bién
dbi nhan hiéu PerkinElmer Paragon 1000 (FT-IR)
dugc ding dé do san phim téng hop voi vung dao
dong tinh thé tir 400 dén 4000cm™. Hinh thai ciia
imogolite téng hop dugc nghién ctru boi kinh hién
vi dién tir truyén qua nhin hiéu JEOL JEM-2200FS
(TEM) v6i thé tang téc V =200 kV.

3. Két qua

3.1. Déi véi mdy quang phé hoAng ngogi bién doi
(FT-IR)

Két qua phan tich san phdm téng hop duoc
trong nhitng diéu kién thi nghiém khac nhau dung
may quang pho hong ngoai bién d6i (FT- IR) cho
thay rang déu hiéu 1mog011te duoc tim thiy & san
phiam tong hop trong diéu kién ndng do dung dich
1a 2 va 5SmM. Phé FT-IR cia nhiing san pham nay
tuong tu nhu pho cua 1m0gol1te tw nhién dién hinh
v6i cac dai hap thu ing véi tan sb 995, 948, 695,
598, 568, 498 va 425cm™ [17]. Budc song hép thu
tai tAn sb 995 va 948cm™ duoc gan cho dao dong
hoa tri cia nhoém lién két Si-O va Al-O-Si, dac
trung cho céu tric dang éng cia imogolite [12].
Nhiing dai budc song khac duge gan cho dao dong
hoéa tri cta AI-O [17].

277



Nhiing san pham téng hop trong diéu kién ndng
d6 dung dich cao hon (10 - 50mM) thé hién phd
FT-IR cua allophane [17]. Piéu nay chi ra ring
ndng d6 dung dich ban dau cao s& khong phai la
didu kién thich hop dé diéu ché imogolite. Trong
truong hop khi nong d6 dung dich ban dau la 2
mM va thoi gian téng hop tang lén 10 va 15 ngay,
san phim tong hop thu duoc khong tinh khiét. N6
bao gdm mot hdn hop cua khoang vat imogolite va
boehmite. Trong trudng hgp tong hop imogolite
thanh cong thi & diéu kién dung dich ban dau 14 2
mM, thoi gian phan tng 1a 2 ngay cho san phim
tinh khiét nhat.

Gian dd quang phd hdng ngoai bién ddi (FT-
IR) cua imogolite nhan tao tai diéu kién nay va
imogolite tu nhién chuén tir Nhéat Ban c6 dang nhu
hinh 4. Tir gian d, co thé thay cac dinh song thé
hién nhitng két ndi cua Al va Si trong cdu tric cua
imogolite ty nhién va nhan tao rat gibng nhau. Su
khac biét & dinh song 948 cm™ va 938 cm™ tuong
ung voi hai dang imogolite 1a do sy khac nhau vé
kich ¢& bng. Dang gian dd v6i hinh dang, cling nhu
vi tri cac dinh tdn s & hink 4 1a ddu hiéu dic trung
dé xac dinh sy c6 mat cua khodng vat imogolite
trong mau phan tich.

Hé sé truyén

1 3 I J 1
1200 800 400

Bwdérc song (cm-ij

Hinh 4. Gian db quang phd héng ngoai bién ddi ctia
imogolite tw nhién va nhan tao. (A-imogolite nhan tao;
B-imogolite tw nhién; nm: nandé mét)

3.2. Déi véi mdy nhiéu xa tia X (XRD)

Hinh 5 thé hi¢n gian d6 pho nhidu xa tia X ciia
imogolite tr nhién va nhan tao dugc tong hop
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trong diéu kién thi nghiém ¢ trén. Nhitng dinh
nhidu xa co gia tri 2,18; 0,90; 0,65 nm cua
imogolite nhan tao va 1,89; 0,79; 0,57nm cua
imogolite tu nhién, twong ung vdi cac mat (010),
(020) va (030) cta tinh thé dang dng. Su khac biét
gia tri cua cac dinh gitra imogolite tu nhién va nhan
tao, dac biét dinh cua mat (010) 1a do sy khac biét
vé& kich ¢& 6ng. Qua trinh téng hop trong phong thi
nghi¢m it bi anh hudng bdi cac diéu kién ngoai
canh tuy nhién khac cho nén tinh thé ciia imogolite
nhéan tao c6 kich cd to hon imogolite ty nhién.

2.18
. 1.89

2 Theta

Hinh 5. Gian dd phd nhiéu xa tia X (XRD) cua
imogolite tw nhién va nhan tao (A-imogolite nhan tao;
B-imogolite tw nhién)

3.3. Déi véi kinh hién vi dién tiv truyén qua
(TEM)

Két qua phan tich khoang vat imogolite ding
kinh hién vi dién tir truyén qua (TEM) ¢6 hinh anh
nhu hinh 6. Co thé thiy rang hinh dang cua
imogolite dugc xac dinh kha rd nét khi st dung ky
thuat phan tich nay. Imogolite ton tai dudi dang
nhitng dai sgi nho, ndm dinh két v6i nhau tao thanh
céc bo. Néu quan sat kj mot soi, dic tinh dang ng
clia imogolite dwgc thé hién qua dau hiéu hai
duong vién mau sim hon & giita. Két qua nay
khing dinh thém sy thanh cong viéc tong hop
imogolite tor nhdm hydroxit (AICl;.6H,0) va
tetractylocthosilica (TEOS - Si(OC,Hs),).



Hinh 6. Hinh &nh tiv kinh hién vi dién ti truy&n qua (TEM) cla imogolite
A- imogolite tw nhién [15]; B- imogolite nhan tao trong thi nghiém nay

4. Két luan va kién nghi

Khoang vét siéu nho dang dng imogolite 1a
khoéang vat ¢6 tiém ning ung dung 16n trong nhiéu
linh vyc khac nhau nhu vét li€u nanocomposit,
trong y hoc, trong xir Iy 6 nhiém moi truong,...
Dya vao diéu kién thanh tao trong tw nhién,
imogolite da dugc téng hop thanh cong trong nhiéu
diéu kién thi nghiém khac nhau. Két qua thuc
nghiém cho thiy rang diéu kién tong hop imogolite
khi két hop nhém hydroxit (AICl.6H,0)va
tetraetylocthosilica (TEOS - Si(OC,Hs),) tot hon
ca 1a 2mM dung dich ban dau va thoi gian tong
hop 1a 2 ngay. Két qua dat dugc gbp phan nghién
citu mo ra nhitng kha nang ng dung khac cia
khoang vt siéu nhé imogolite trong nhiéu linh vuc
khac nhau. Viéc tim kiém sy ton tai ciia khoang vat
imogolite ty nhién & Viét Nam ciing can dugc quan
tam. Diéu nay, khong chi ¢ y nghia khoa hoc ma
con mang lai nhitng higu qua kinh té nhét dinh.
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SUMMARY

Synthesis of imogolite mineral in laboratory conditions

In this paper, the authors introduce one type of nanomineral, imogolite, which is, currently, in the interest of many
scientists. Based on characteristics of chemical compositions and natural forming conditions, imogolite is synthesized by
combining a solution of AICI; with Si(OC;Hs),. Different experimental conditions, such as concentrations of initial sources
(2, 5, 10, 25 and 50mM), reaction periods (2, 5, 10 and 15 days) and temperature of 96°C, are checked carefully. The
synthesized products are analyzed by using XRD, FT-IR and TEM instruments. The results indicated that pure imogolite
can be successfully synthesized under experimental conditions of 2mM of AICI; - Si(OC;Hs)s, reaction period of 2 days

and temperature of 96°C.
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