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TOM TAT

Montmorillonite - tinh bot tién hanh hap phu Cd (II), Pb (II) trong nudc. Quang phd hong ngoai
(FTIR), nhiéu xa tia X (XRD), anh hién vi dién tir quét xa truong (SEM) xéac dinh cau tric va dic tinh
ctia vat liéu nay. Tién hanh do quang pho phat xa cam tng plasma (ICP-OES) nghién ctru kha nang hap
phu hai ion trén dua céc yéu t6 khao sat: pH va khéi lugng. Phuong trinh dong hoc bac 2 va dang nhiét
Langmuir twong thich véi vat liéu nay hon so voi phuong trinh dong hoc bac 1 va mo hinh Freundlich.
Hap phu cdc ion Pb (1I), Cd (II) trong nu6ce c6 gia tri dung luong la 23,8 (mg/g), 5,4 (mg/g) ¢ trang thai
can bang.

Tir khéa: Montmorillonite, Pb (II) va Cd (II) ion, tinh bot bién tinh, mé hinh hép phu dang nhiét.
1. MO PAU

Hién nay, sy cong nghi¢p hoa va do thi hoa ngay cang nhanh do con nguoi cang thyc hién cac
hoat dong san xuét cang nhiéu, lam gia ting phat thai vao ngu6n nu6e mot lwong 16n chua qua xir ly co
chura cac kim loai nang. Do d6, Céc ion kim loai gdy 6 nhiém ngudn nudc di dugc nhimng nha nghién
clru tap trung nham lam sach nguén nudgce [1-3]. Trong do, cac kim loai néng chi (Pb), Cadimi (Cd) [4],
thuy ngan (Hg) [5], Arsen (As) [6], Niken (Ni) [7] khé phén huy, dgc tinh cao trong nudc va ton tai cac
kim loai ndy trong nugc gy ra moi de doa dén moi truong sinh thai, anh huong dén strc khoe con nguoi
bang su xdm nhap truc t1ep hay gian tiép qua con duong an ubng. Vi thé, can phai xu 1y cac kim loai
ning ra khoi nude 1a didu hét sire cip bach dé bao vé stc khoe con ngudi va giup xa hoi phat trién bén
vitng [8-10]. Bé xtr 1y cac kim loai ning trong ngudn nudc nay, cac nha nghién ctru di st dung cac
phuong phap khac nhau: trao dbi ion, hip phu, két tua hoa hoc, xir Iy dién hoa va phuwong phép sinh hoc
[11]. Trong sb cac ky thuat nay, hép phu duoc coi 1a phuong phap dang tin cdy, tién loi va thén thién
v6i moi truong. Nhiéu chat hap phu nhu hat nano oxit sit, bentonite, oxit nhi phan sit - mangan va
kaolinite, dugc ap dung chung hoic riéng dé xir Iy nude nhiém kim loai nang [12-15].

Viéc phat trién nhimg vat liéu méi da thu hat sy chi y trong nhitng nim gan day dé téng hop
polymer than thién méi truong [16]. Trong cac vat liéu nay, polymer sinh hoc dwa trén tinh bot 1a lya
chon thay thé day htra hen cho vt liéu tong hop do hiéu qua chi phi, kha nang phén huy sinh hoc va
tinh chét tai tao cua chang. Buoc san xudt tir ngudn tai nguyén thién nhién doi dao, tinh bot mang dén
lya chon ben vimng dé phat trién vét liéu than thién voi moi truong, Dé dat dugc cac dic tinh chirc nang
mong mudn cho cic ing dung khac nhau, tinh bdt thudng duoc bién ddi thanh dang v6 dinh hinh va két
hop véi cac chét phu gia tong hop [17, 18]. Tuy nhién, thach thie 16n trong phuong phap ndy 1a kha
nang tuong thich han ché giira tinh bot va cac thanh phan tong hop, ¢6 thé giam hiéu suét va tinh dong
nhét ctia vat lidu thu duoc. Sy khong tuong thich nay van 1a tro ngai chinh trong viéc phat trién vat liéu
tong hop dua trén tinh bot. Hon nita, kha ning hoa tan trong nudc cao va tinh chét co hoc kém ctia tinh
bot tur nhién thé hién nhimng han ché ciia phuong phap nay ddi véi cac vat lidu than thién moi truong,
han ché ung dung cua no trong céc vat li€u tién tién. Montmorillonite (MMT) 1a khoang set duoc st
dung rong réai lam chét hap phu trong nhiéu linh vuc khac nhau, bao gom xuc tac va 1ép phu, do dién
tich bé mit 16n, kha nang trao doi cation cao va hiéu qua chi phi [19, 20]. Nhirng tinh nang nay cho
phép MMT tuong tac véi ma tran polymer & cép d6 phan tir, c6 kha ning tang cuong do bén co hoc, d6
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6n dinh nhiét va tinh chét rao can cua vat lidu téng hop thu duoc [21, 22]. Sy két hop gitta MMT va
tinh bot mang lai két qua hira hen tao ra vat liéu c6 kha ning phan hay sinh hoc, hidu suit cao, pht hop
cho k¥ thuat hip phu nudc cong nghiép [23, 24]. That vay, tinh bot duoc lya chon ¢6 muyc dich nhu mot
chét phu gia c6 kha ning phan ung. Su hiéu b1et chi tiét vé tdc dong hoa hoc cua qua trinh tong hop 1én
vt liéu MMT - tinh b6t 14 diéu kién tién quyet cho bét ky nd lyc ndo nham tdi wu hoa céac dac tinh cta
vat liéu.

Trong bai bao nay, nghién ciru tap trung tong hop mot vat lidu mai co kha ning hép phu ion kim
loai. Vat liéu tao thanh dugc xac dinh bang (i) phuong phap quang phé hong ngoai bién ddi Fourier
(FTIR), (ii) dé danh gid anh huong cua cac diéu kién ban dau dén qué trinh tong hop MMT - tinh bot
bang phuong phap nhiu xa tia X (XRD) va (iii) dé danh gia cac yéu t6 ciia pH, khéi luong dén kha
nang hap phu. Hap phu dong hoc cua vat liéu thyuc hién bang dong hoc béc 1 va dong hoc béc 2, trong
khi dénh gia can bang hp phu sir dung hai mé hinh hap phu dang nhiét Langmuir va Freundlich.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit va thiét bi phan tich

Montmorillonite (> 95%) duoc diéu ché tir Bentonite (Lam Dong), tinh bot (ham lwong Pectin >
80%), dung dich chuin cua Pb  (II) (1000 ppm), Cd (1I) (1000 ppm) dugc mua boi Hang Merck (Prc).
Tir cac chuan ion kim loai ¢ ndng d6 1000 ppm ban dau tién hanh pha cac chuan lam viéc trong khoang
40 mg/L - 400 mg/L, sau d6 thuc hién danh gia sy hip phu MMT - tinh bot da tong hop.

2.2. Phwong phap
2.2.1. Tong hop Montmorillonite

Chuyén 5 gam nguyén liéu Bentonite vao nudc cat (250 mL) va tron déu & 24 gio. San pham sau
qua trinh nay duogc chuyén qua cdt sa ling c6 chiéu cao 1a 1 m va dudng kinh 15 cm, khudy tron tiép 12
gid. Sau khi ling, loai bo cac san pham bén dudi va tinh ché MMT duoc ly tim vé6i toe d6 7000 rpm va
dugc say kho ¢ 100 °C trong 6 gio [36].

2.2.2. Tong hop MMT-tinh bét

Chuyén 4 gam MMT trén vao nudc cit (250 mL) va tron déu ¢ 24 gio. Chuyén 2,4 gam (tinh bot)
cho vao 100 ml nuéce cat va khudy tron & nhiét do 40 °C. Chuyén dung dich nay vao hdn hgp MMT va
khudy tiép 4 gid. San phim sau qua trinh nay tién hanh rira 5 lan va ly tim véi 7000 rpm trong 10 phut.
San phdm MMT - tinh bot dugc sdy 50 °C, 24 gio [36].

2.2.3. Cac phwong phap phan tich vat liéu

Vit liéu MMT - tinh bot dugc tién hanh do & s6 song 400 - 4000 cm™! véi thiét bi quang phd hong
ngoai Nicolet iS 50 (FTIR, Thermo, M), thiét bi phan tich nhiét trong luong (TGA 55, M¥) v6i khoang
do tir 50 °C dén 800 °C voi tc do gia nhiét 20 °C/phut, thiét bj nhidu xa tia X (Panalytical, Ha Lan) géc
do 2 theta tir 4° dén 20° véi 6ng phong CuK, A = 0,154 nm, khoang do 0,0008°, thiét bj do anh hién vi
dién tr quét xa truong (FE-SEM, Hitachi S-4800, Nhat) [36].

2.2.4. Béng hoc hdp phu

Tién hanh nghién ctru anh huéng ciia ham lugng chét hép phy MMT - tinh b6t (0,2 gam dén 1,2
gam) trong 50 mL v6i cac ion Pb (II) va Cd (II) o pH tir 4 dén 6, n6ng do cua ion kim loai ban dau tir
40 mg/L dén 400 mg/L duoc dugc khudy tron lién tuc trong m01 thi nghiém. Phan tng dugc thuc hién
& nhiét do phong cho tat ca thi nghiém dwoc lic voi cing mot tde dd 150 rppm. Dung dich sau phan tng
duoc ly tdm 7000 rpm, 10 phat. Ham lugng céc ion kim loai con lai sau qué trinh phan tng duoc do
bang may quang phd ICP-OES 9 (Optima 8300), Perkin Elmer. Phuong trinh bén dudi duge st dung
tinh qe (mg/g) & vi tri can bang [28]:

(G- C) .V

qe = m

Trong do:m (g),V (L) khéi luong va thé tich dung dich cta vat li¢u hép phuy; Co, Ce (mg/L) nong do
ban d4u va ndng do can bang ciia phan tmg hp phu vat lidu ; q. (mg/g) 1a dung lugng can bang cia vat li¢u.
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Montmorillonite - tinh bét: Ung dung hép phu ion kim loai Pb (ll) va Cd (ll) trong nwéc

3. KET QUA VA THAO LUAN

3.1. Dac tinh ciaa vat licu MMT - tinh bot

Céc gia tri hap phu 3312 cm™, 1631 em™ dic trung cho nhom -OH trong cau triic tinh bot. Mt
khac, tinh bot va MMT - tinh bot xuat hién gia tri hap thu & 1138 cm! thé hién cho nhém C-O [25]. Bén
canh d6, MMT hinh thanh lién két bat dién, tt dién v&i céc cation Mg?*, AI** thé hién dinh hap thu 1071
cm’! thé hién dao dong nhom chire Si-O-Si dac trung MMT. Ngoai ra, MMT - tinh bt xuat hién hai
dinh hap thu 994 cm™', 1429 cm™, thé hién dao dong bién dang cta nhitng nhém C-O-H va C-O-C.
MMT - tinh bdt tao nhém C-O, C-H c6 lién két giita tinh bot v6i nhitng 16p cia MMT c6 gié tri hdp thu
giam (Hinh 1a) [26, 27].
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Hinh I. Phé hdng ngoai (a), gidn d6 nhidu xa tia X (b), nhiét trong lugng (c) ciia vat liéu MMT - tinh bot.

Gian d6 XRD trong MMT, tinh bot, MMT - tinh bt trong (Hinh 1b) cho thdy MMT ban dau c6 gi4
tri 2 theta hap thu & vi tri 9 © dic trung lién két MMT hinh thanh giita 16p tir dién va bat dién bén trong cau
trac. Ngoai ra, gian dd XRD khong c6 xuét hién dinh nay trong tinh bot va MMT - tinh bot ciing khong
xuét hién dinh nhiu xa nay. Mit khac, MMT véi cdu tric khoang sét bi xen k& vao cu triic phan tir tinh
bot va san phém MMT - tinh bdt duoc tao thanh phu hgp bai bao da dugc cong bd [30].

Gian d6 TGA clia MMT, tinh bot, MMT - tinh bot trinh bay trong Hinh lc. Sy bay hoi nudc xuat
hién & nhiét d6 250 °C. Sau do, ¢ khoang nhiét d6 250 °C dén 350 °C thi ham lugng tuong ung cua tinh
bot, MMT - tinh bdt co gia tri lan luot 13 82,2% va 44,7%. Hon thé nita, ham lugng MMT giam thém 3%
& gia tri nhiét do nay. Khi ting 350 °C dén 650 °C thi MMT giam khdi lugng 5%, ¢ khoang nhiét d¢ nay
xuét hién qua trinh pha hily tinh bot, MMT- tinh bot. Khi dat dén 650 °C, khdi lwong MMT - tinh bot
khong thay d6i. Nhu vay, MMT giam khéi lugng khoang 10% trong khoang 650 °C dén 800 °C do MMT
¢6 nhing 16p bat dién va tir dién lién két chit ché véi nhau tao thanh céu trac khoang bén va d trat tu cao,
do @6 MMT c6 khdi lwong giam it do céu trac c6 d6 bén nhiét cao. Két qua thuc nghiém cho thay gian do
ctia MMT, MMT- tinh bdt c6 su trong dong véi cong bd cua bai bao [36].
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3.2. Anh hwéng hién vi dién tir quét xa truong

Anh SEM duoc thé hién & Hinh 2 tuong mg v6i cac MMT - tinh bot, MMT, tinh bot. B& mit cua
céu tric MMT duoc phan tich bang kinh hién vi quét c6 kich thudc khong dong nhét voi nhimg 16p dan
xen vao nhau c6 dang phién mong (Hinh 2a). Nguoc lai, hinh dang tinh bot rd rang voi nhimg hat phan
bd ddng nhat. San pham MMT - tinh bdt sau qué trinh phan tmg c6 hinh thai khac nhau vi nhiing hat
dan xen vao nhau c6 céu triic dang cau (Hinh 2b).

Hinh 2. Anh SEM cita MMT (a), tinh bot (b), MMT - tinh bét (c).

3.3. Anh huéng ciia qua trinh hip phu
3.3.1. pH dung dich

Hinh 3a cho thay kha niang hap phu Pb (II), Cd (II) trong dung dich trén MMT - tinh bot. Hi¢u
suat hap phu cua dung dich dugc nghién ctru & khoang pH 4 - 6. Khi pH nho hon 4, kha ning hap phu
xay ra trén bé& mit vat lidu thip do cac ion kim loai va ion H* nam & tAm hép phu vt liéu. Trai lai, khi
yéu t6 pH 16n hon 6 thi nhitng ion kim loai bit dau xuat hién két tia trong dung dich do d6 khong dwoc
thuc hién phén Gng hép phu trén khoang pH nay.

Két qué thuc nghiém trén MMT - tinh bot duge do khoang pH 4 - 6 doi voi céc ion Pb (II) va Cd
(II). Khi tién hanh thyc nghiém ¢ pH 4 dén 6, kha nang hap phuy cua vt liéu dat gia tri hiéu suat phan
ung lan luot 1a Pb (1) (56,3% - 61,4%), Cd (II) (52,1% - 58,9%) [28].

3.3.2. Khoi lwong

Hinh 3b chi ra rang khi gia trj kh6i lugng trong khoang 4 g/L - 24 g/L thi phan tng c6 hiéu suat
hap phu Pb (II) va Cd (II) tang trong khoang khéi lrong nay. Piéu nay cho thiy kha nang hip phu phu
thudc rat nhiéu vao khoi lugng cua chét hép phu duogc tao thanh do chat bj hép phu va chét hép phu trén
bé mat c6 lién két ion ctia nhiéu tim hoat tinh lién két manh véi nhau. Khi gia tri ting tir 4 g/L dén 24
g/L thi hi¢u suat phan tmg ting lan luot 1a ctia Pb (IT) (58,5% - 95,5%), Cd (IT) (50% - 94,3%). Mit
khéc, kha nang hap phu rat manh 1én dén 30% khi gia trj ting 4 g/L dén 12 g/L trong dung dich phan
g [28] va khi khdi luong dat tir 16 g/L - 24 /L thi phén g c6 hi¢u suat hip phu dat 5%, két qua
thuc nghiém cho thiy phan tng hp phu ban dau xay ra rat nhanh do bé mit c6 rat nhiéu tdm hoat tinh
va qué trinh giam dan khi cac tm nay bi lip day hoan toan & vi tri can bang véi gia tri tdi wu ciia phan
ung la 20 g/L [4].
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Hinh 3. pH (a), khéi luong (b) ctia qua trinh hap phu Pb(II), Cd(II) trén vét liéu MMT - tinh bot.

3.4. Pong hoc hip phu

Két qua cac phan tmg thuc nghiém trén cac phwong trinh dong hoc Pb (II), Cd (IT) véi MMT -
tinh bot dugc tién hanh phan tich 40 mg/L - 400 mg/L va thoi gian hap phu tir 1 phut - 120 phut. Gia tri
tuong quan ciia hé s6 (R?) anh huong dén phuong trinh dong hoc bac hai dat hé s6 1a (0,99 - 1) (Hinh
4c, 4d) twong thich nhiéu hon bac nhét c6 gia tri twong tmg 14 (0,44 - 0,89) (Hinh 4a, 4b). Sau khi tién
hanh nghién ctru anh hudng cia hai md hinh dén hé s6 (R2) cho thiy rang phan tng hip phu tuén theo
co ché hoa hoc do qua trinh lién két giira chat hap phu va chat bi hip phu hinh thanh trén bé mit cta

vat licu [28].
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Hinh 4. Hép phu bac mot, béc hai cua Pb (II) (a,b), Cd (I) (c,d) trén MMT-tinh bot.
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Bdng 1. Anh huéng clia ndng do ciia Pb (II), Cd (II) dén qua trinh hip phyu dong ciia vat ligu.

Néng do (mg/L) Phuong trinh dong hoc béc 1. Phuong trinh déng hoc bac 2.
Hé quan twong Pb?*" | Heé quan twong Cd?>* | HE quan twong Pb?>* | Hé quan twong Cd?*
40 0,8431 0,4435 1 0,9998
80 0,6985 0,5047 1 0,9985
160 0,7588 0,9005 1 0,9956
200 0,8311 0,8520 0,9998 0,9950
400 0,8931 0,7847 0,9984 0,9947

3.5. Nhiét dong hoc hip phu

Hai m6 hinh Langmuir va Freundlich duoc st dung danh gia kha nang héap phu Pb (1I), Cd (1I)
trén MMT - tinh bot dugc thyc hién ¢ ndng do ban dau 40 mg/L- 400 mg/L va tién hanh hap phu tir
1 phut - 120 phat (Hinh 5). Mit khac, gia tri hing sb R? ciia phuong trinh Langmuir ddi véi Pb (II)
(Hinh 5a) va Cd (II) (Hinh 5c) nam trong khoang (0,996 - 0,998) twong thich hon so Freundlich dat gia
trj hip phu Pb (II) (Hinh 5b) va Cd ((II) (Hinh 5d) (0,767 - 0,968). Két qua cho thdy phuong trinh
Langmuir tuong thich v&i kha ning hép phu cac ion nay va xay ra sy hip phu don 16p xudt hién trén bé
mit cta vat liéu. Gia tri tinh toan tir qua trinh thyc nghiém phwong trinh Langmuir ¢6 kha ning hap phu
cta vat liéu: Pb (IT) 23,8 (mg/g) > Cd (II) 5,4 (mg/g).
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Hinh 5. Db thi ctia phuong trinh hép phu Langmuir va Freundlich véi cac ion Pb (IT) (a,b) va
Cd (II) (c,d) trén MMT - tinh bot.

Tién hanh so sanh kha nang hip phu cia MMT- tinh bdt ciia cac ion Pb*, Cd>* véi nhitng vt liu
khéc nhau véi cac diéu kién dwoc chi ra & Bang 3. Trong d6, MMT - tinh bot ¢6 dung lugng hip phu
Pb2* 1a 23,5 (mg/g) 16n hon nhiéu so véi cac vt liéu khac: Nature Kaolinite (2,4 mg/g), Activated
bentonite (9,58 mg/g), Montmorillonite Clay (17,9 mg/g). Tuy nhién, dung lugng hap phu thap hon mot
sO vat liéu Magnetic activated carbon, Nature zeolite, Poly(methyl methacrylate)-grafted
montmorillonite (PMMAgMMT) clay, Sodium-exchanged montmorillonite (NaMMT), ngoai ra kha
nang hép phu Cd** thép so v6i mot vai vat lidu khac. Diéu nay ching t6 MMT - tinh bdt co trién vong
nhu 12 mot loai vét liéu méi xtr Iy cac 6 nhiém kim loai trong nudc, gop phan bao vé méi trudng nude
ngay cang an toan.
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Bdng 2. Mb hinh hap phy Langmuir, Freundlich ciia Pb2*, Cd?* trén MMT - tinh bt.

MO hinh va cac thong sb thuc nghiém Cdc ion kim logi
Pb2+ Cd2+
Qm (mg/g) 23,8 54

Langmuir b (L/mg) 0,06 1,43
R? 0,996 0,998

N 3,45 6,56

Freundlich Kt (L/mg) 5,42 2,32
R? 0,767 0,968

Bang 3. So sanh qué trinh hip phu Pb* va Cd?* trén c4c loai vat liéu hip phu khac nhau.

Céc loai vét liéu hp phu Qe Tai liéu trich dan
Pb**(mg/g) Cd*"(mg/g)

Montmorillonite Clay 17,9 6,7 [29]
Activated bentonite 6,5 [30]
Nature kaolinite 2,4 [31]
Magnetic activated carbon 104,2 [32]
monumorlonite (PVMAEMAT) clay 300 187 [33]
Sodium-exchanged montmorillonite (NaMMT) 343 19,3 [33]
Nature zeolite 78,6 [34]

MMT-tinh bét 23,5 5,4 Thuc nghiém

3.6. Co ché ciia phan ing

Nhing anh huong thong s thuc nghiém dén kha ning hap phu Pb2* trén MMT - tinh bot duoc
tién hanh phan tich nhu sau: khbi luong, thoi gian, pH, nong d6 cua vat liéu hap phu dugc khao sat qua
céc gia tri mo hinh thyc nghiém. Pho FTIR cua vat liéu c6 cac gi tri hip thu v6i nhing vi tri twong tmg
1638 cm! dic trung cho dao dong ciia nhiéu phan tir nwdc, 3341 cm™ cho qua trinh hinh thanh lién két
hydrogen cua nhém OH, 2929 cm™ tuéng ing dao dong kéo gidn cua -CH,. Bén canh d6, vat liéu c6
céc dinh 1416 cm™ va 995 cm™ dic trung cho dao dong bién dang ctia nhom C-O-H va C-O-C trong
cAu trac. Sau khi tién hanh hip phu ion Pb2* 1én trén MMT - tinh bot, phd hdng ngoai c6 su chuyén dich
gia tri hép thu 3341 cm™! dén gia tri 3301 cm™! dic trung cho nhom -OH cua vat liéu vi san phém tao
thanh c6 nhiéu lién két cac nhom -OH véi ion Pb?* trong céu tric.

Khi tién hanh danh gia co ché hap phu giira Pb>* véi Tourmaline-montmorillonite, nha nghién ctru
Yaoning va Sha dua ra mo hinh giai thich Pb?" trén vt liéu dugc trinh bay: Tourmaline-montmorillonite
¢6 rat nhém chie silanol (=Si-O-H) trong cau triic s& hinh thanh lién két tinh dién véi Pb>* trong nudc
dé hinh thanh nhiéu san pham khac: =Si-O-Pb-O-Si= va =Si-0-H-O(H)- Pb2*(H;0),. Hon thé nita, vat
liéu nay tao thanh lién két ion véi Pb?* qua viéc hinh thanh nhém chuc (-O-M) trong cAu truc va trén bé
mit cdu trac c6 su twong tac gifta Pb** véi nhiéu nhém -OH cua vét liéu thong qua hinh thanh cac phuc
chat voi nhau [13].
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Tién hanh danh gi4 kha ning ctia san phdm sau qué trinh hap phu Pb>* théng qua phd tan xa trén
MMT - tinh bt cho thdy ham lugng cua nhitng nguyén t6: Al 15%; Si 55,3%; K 11%; Fe 13,4%; Pb
1,4%; Mn 0,2%; Ti 1,6%; Ca 2,1%. Pho tdn xa ning lugng ciia san pham cho thiy cac viing nang luong
ctia Pb trén gian do xuat hién cdc vi tri 9,2 kev, 10,56 kev, 11,36 kev, 12,24 kev, 12,62 kev, két qua nay
phtt hop véi cong bd nha nghién ctru Banas [35]. Khi t1en hanh két hop hai phuong phap gdm phd tan
xa va phd hong ngoai d6i voi MMT - tinh bot chiing to rang vat liéu nay da hip phu Pb?* 1én trén céu
tric thong qua viéc hinh thanh cac lién két -OH trén cdu triic bé mat vat lidu.
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Hinh 7. Phé tan xa niang lugng MMT - tinh bot da hép phu Pb (a)
va anh hudng cia hi¢u suat loai bd boi chu ky tai su dung xuc tac (b).

3.7. Nghién ctru qua trinh tai sir dung xuc tac cia vat liéu

Kha nang tai sir dung va d6 on dinh ctia chat hap phu dwoc danh gia bang cach mét sé chu trinh
hap phu - giai hap Cac dung dich 100 ppm cua Pb (II) va Cd (II) duoc st dung dé hap phu MMT - tinh
bot bang céch lic cac dung dich nay véi cung mot téc d6 150 rpm & nhiét do phong trong 60 phut. Sau
d6, chat hap phu c6 Pb (II) va Cd (IT) dwoc hap phu trén bé mat ciia n6 duge say kho vaxuly bang dung
dich HC1 0,1 M va lac trong 60 phut. Ba chu trinh hip phu - giai hap lién tiép duogc lap lai cho dén khi
tat ca cac ion kim loai dugc thu hdi tir chat hip phu va nong do con lai trong dung dich sau qué trinh
hap phu dugc xac dinh bang ICP-OES. Sau 3 chu ky, kha ning hap phu cua Pb (II) va Cd (IT) giam dan
1an Tuot 38% va 26% do d6 chit hap phu nay duogc tai str dung t6t nhit & chu ky 2 véi hidu suit hap phu
ctia Pb (IT) va Cd (IT) déu trén 50 % (Hinh 7b).

4. KET LUAN

Trong nghién ctru ndy, chat hip phu méi MMT - tinh bot dwoc téng hop tir phan tng MMT va
tinh bot, chat hip phu dugc tao thanh tir MMT va tinh bot bén viing va hiéu qua ddi v6i qua trinh hap
phu trong nuée. Qua trinh héap phu bi anh huong boi cac yéu té nhu: nhiét do, khéi lwong, pH va thoi
gian héap phy. Ngoai ra, vét li¢u nay than thién v6i moi truong va cai thién kha nang hap phu va tiém
nang ciia MMT bién tinh v&i tinh bot ¢6 nguon gbe tir thyc vat van chua dugc nghién ciru nhleu Trong
twong lai, viéc thic ddy qua trinh phét trién dua trén nén MMT két hop véi hop chat co nguon gde tir
thuc vét dé 1am ting kha nang hip phy va tai s dung lau dai dbi véi vat liéu nay.

Tuyén bd vé dong gép ciia cac tac gia

Luu Hoang Tam: Lén ¥ tuéng, thiét ké phuong phép nghién ciru, phan tich dit liéu va hoan thanh bai bao.

Tuyén b vé xung dot lgi ich

Tac gia tuyén bd khong c6 xung dot loi ich lién quan dén viéc thyc hién nghién ctru va cong b bai béo nay.

Tuyén bb vé sir dung tri tué nhan tao (AI)

Trong qua trinh thyc hi¢n ngl}ién ctru va chuén bj ban thao, tac gia khong st dung cong cu tri tu¢ nhan tao (Al) tao sinh. Tac gia
hoan toan chiu trach nhiém vé tinh chinh xac, tinh toan ven va ndi dung khoa hoc cta bai bao.

Loi cdm on va théng tin tai trg’

Loi cam on: Téac gia xin tran trong cam on Truong Pai hoc Bach khoa — Pai hoc Quéc gia Thanh phé H6 Chi Minh da hd trg
trong qua trinh thyc hién nghién ctu.

Théng tin tai trg: Nghién ctru nay khéng nhan duoc tai tro tir bat ky td chirc nio.

ORCIDs: Luu Hoang Tam: https://orcid.org/0000-0001-5870-6442

120



Montmorillonite - tinh bét: Ung dung hép phu ion kim loai Pb (ll) va Cd (ll) trong nwéc

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

TAI LIEU THAM KHAO

J. Di, X. Sun, S. Zhang, Y. Dong, B. Yuan, “Optimization of Preparation of Fe;O4-L by Chemical
Co-Precipitation and Its Adsorption of Heavy Metal lons”, Journal of Renewable Materials, vol. 11,
no. 5, pp. 2209-2232, 2023, doi: https://doi.org/10.32604/jrm.2023.025241

C. Xia, X. Zhang, L. Xia, “Heavy metal ion adsorption by permeable oyster shell bricks”,
Construction and  Building  Materials, 275, Pp- 122-128, 2021, doi:
https://doi.org/10.1016/j.conbuildmat.2020.122128

K. Geng, J. Jin, J. Chai, Y. Qin, “Adsorption characteristics and mechanism analysis of heavy metal
Zn*" by cement-soil and alkali activated slag-bentonite-soil”, Case Studies in Construction
Materials, 21, pp. 1-8, 2024, doi: https://doi.org/10.1016/j.cscm.2024.e03583

R. Huang, Q. Lin, Q. Zhong, X. Zhang, X. Wen, H. Luo, “Removal of Cd(II) and Pb(Il) from
aqueous solution by modified attapulgite clay”, Arabian Journal of Chemistry, vol. 13, no. 4. pp.
4994-5008, 2020, doi: https://doi.org/10.1016/j.arabjc.2020.01.022

S. Tian, Z. Liu, Q. Mao, H. Ye, C. Tian, Y. Zhu, L. Zhang, “Leaching characteristics and
environmental impact of heavy metals in tailings under rainfall conditions: A case study of an ion-
adsorption rare earth mining area”, Ecotoxicology and Environmental Safety, 281, pp. 1-6, 2024,
doi: https://doi.org/10.1016/j.ecoenv.2024.116642

Reta, T. D. Desissa, Y. M. Desalegn, “Adsorption of heavy metal ions from wastewater: a critical
review Yared Daniel”, Desalination and Water Treatment, 315, pp.413-43, 2023, doi:
https://doi.org/10.5004/dwt.2023.30156

A. A. Khedr, M. E. Fawzy, H. M. Ahmed, S. O. Alshammari, M. A. El-Khateeb, “Treatment of
heavy metal ions from simulated water using adsorption process via modified iron magnetic
nanocomposite”, Desalination and Water Treatment, 317, pp. 1-10, 2024, doi:
https://doi.org/10.1016/j.dwt.2024.100071

Q. Chen, J. Zheng, L. Wen, C. Yang, L. Zhang, “A multi-functional-group modified cellulose for
enhanced heavy metal cadmium adsorption: Performance and quantum chemical mechanism”,
Chemosphere, 224, pp. 509-518, 2019, doi: https://doi.org/10.1016/j.chemosphere.2019.02.138

X. Yang, L. Liu, W. Tan, C. Liu, Z. Dang, G. Qiu, “Remediation of heavy metal contaminated soils
by organic acid extraction and electrochemical adsorption”, Environmental Pollution, 264, pp. 1-9,
2020, doi: https://doi.org/10.1016/j.envpol.2020.114745

H. Tomonaga, Y. Tanigaki, K. Hayashi, T. Matsuyama, J. Ida, “Adsorption properties of
poly(NIPAM-co-AA) immobilized on silica-coated magnetite nanoparticles prepared with different
acrylic acid content for various heavy metal ions”, Chemical Engineering Research and Design,
171, pp. 213-224, 2021, doi: https://doi.org/10.1016/j.cherd.2021.05.005

0. G. M. Sandoval, G. C. D. Tryjillo, Orozco, “Amorphous silica waste from a geothermal central
as an adsorption agent of heavy metal ions for the regeneration of industrial pre-treated wastewater”,
Water Resources and Industry, 20, pp. 15-22, 2018, doi: https://doi.org/10.1016/j.wri.2018.07.002

X. Gao, C. Guo, J. Hao, Z. Zhao, H. Long, M. Li, “Adsorption of heavy metal ions by sodium
alginate based adsorbent-a review and new perspectives”, International Journal of Biological
Macromolecules, 164, pp. 4423-4434, 2020, doi: https://doi.org/10.1016/j.ijbiomac.2020.09.046

Y. Chen, S. Wang, Y. Li, Y. Liu, Y. Chen, Y. Wu, J. Zhang, H. Li, Peng, R. Xu, Z. Zeng,
“Adsorption of Pb(I) by tourmaline-montmorillonite composite in aqueous phase”, Journal of
Colloid and Interface Science, 575, pp. 367-376, 2020, doi:
https://doi.org/10.1016/].jcis.2020.04.110

1. Korus, M. Bobik, K. Bak, “Influence of ionic environment on the process of adsorption of heavy
metal ions on magnetic iron oxides”, Desalination and Water Treatment, 186, pp.224-233, 2020,
doi: https://doi.org/10.5004/dwt.2020.25330

W. Liu, J. Zhang, N. Li, Q. Ping, “Adsorption of heavy metal ions with modified diatomite from
effluent”,  Desalination and Water  Treatment, 103, pp. 216-220, 201, doi:
https://doi.org/10.5004/dwt.2018.21990

121


https://doi.org/10.1016/j.conbuildmat.2020.122128
https://doi.org/10.1016/j.cscm.2024.e03583
https://doi.org/10.1016/j.arabjc.2020.01.022
https://doi.org/10.1016/j.ecoenv.2024.116642
https://doi.org/10.5004/dwt.2023.30156
https://doi.org/10.1016/j.dwt.2024.100071
https://doi.org/10.1016/j.chemosphere.2019.02.138
https://doi.org/10.1016/j.envpol.2020.114745
https://doi.org/10.1016/j.cherd.2021.05.005
https://doi.org/10.1016/j.wri.2018.07.002
https://doi.org/10.1016/j.ijbiomac.2020.09.046
https://doi.org/10.1016/j.jcis.2020.04.110
https://doi.org/10.5004/dwt.2020.25330
https://doi.org/10.5004/dwt.2018.21990

Lwu Hoang Téam

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[29]

A. Apriyanto, J. Compart, J. Fettke, “A review of starch, a unique biopolymer — Structure,
metabolism and in planta modifications”, Plant Science, 318, pp. 1-8, 2022, doi:
https://doi.org/10.1016/j.plantsci.2022.111223

S. Suri, A. Singh, “Modification of starch by novel and traditional ways: influence on the structure
and functional properties”, Sustainable Food Technology, 1, pp. 348-362, 2023, doi:
https://doi.org/10.1039/D2FB00043 A

S. A. Oyeyinka, O. A. Akintayo, O. A. Adebo, E. Kayitesi, P. B. Njobeh, “A review on the
physicochemical properties of starches modified by microwave alone and in combination with other
methods”, International Journal of Biological Macromolecules, 176, pp. 87-95, 2021, doi:
https://doi.org/10.1016/j.ijbiomac.2021.02.066

S. Yang, G. Yang, “Origin for superior adsorption of metal ions and efficient control of heavy metals
by montmorillonite: A molecular dynamics exploration”, Chemical Engineering Journal Advances,
14, pp. 1-8, 2023, doi: https://doi.org/10.1016/j.ceja.2023.100467

M. El-habacha, Y. Miyah, S. Lagdali, G. Mahmoudy, A. Dabagh, M. Chiban, F. Sinan, S. laich, M.
Zerbet, “General overview to understand the adsorption mechanism of textile dyes and heavy metals
on the surface of different clay materials”, Arabian Journal of Chemistry, vol. 16, no. 11, pp. 1-24,
2023, doi: https://doi.org/10.1016/j.arabjc.2023.105248

S. Seif, S. Marofi, S. Mahdavi, “Effect of MgO and montmorillonite nanoparticles on removal
behavior of cobalt”, Desalination and Water Treatment, 228, pp. 242-252, 2021, doi:
https://doi.org/10.5004/dwt.2021.27311

C. Choquenaira-Quispe, J. A. Villanueva-Salas, H. R. Yucra-Condori, V. S. J. Angulo, T. K. Rojas,

E. G. Gonzales-Condori, “Chacco clay from the Peruvian highlands as a potential adsorbent of
heavy  metals in  water”,  Energy  Nexus, 16, pp. 1-9, 2024, doi:
https://doi.org/10.1016/j.nexus.2024.100330

J.Du, A. Zhou, X. Lin, Y. Bu, “Adsorption mechanism of Pb?" in montmorillonite nanopore under
various temperatures and concentrations”, Environmental Research, 209, 112817, 2022, doi:
https://doi.org/10.1016/j.envres.2022.112817

S. Xie, L. Huang, C. Su, J. Yan, Z. Chen, M. Li, M. Du, H. Zhang, “Application of clay minerals as
adsorbents for removing heavy metals from the environment”, Green and Smart Mining
Engineering, vol. 1, no. 3, pp. 249-261, 2024, doi: https://doi.org/10.1016/j.gsme.2024.07.002

A. Logman, B. El Bali, J. Lu"tzenkirchen, P. Weidler, A. Kherbeche, “Adsorptive removal of crystal
violet dye by a local clay and process optimization by response surface methodology”, Applied
Water Science, 3649-3660, 2016, doi: https://doi.org/10.5004/dwt.2022.28560

V. Lozano-Morales, 1. Gardi, S. Nir, T. Undabeytia, “Removal of pharmaceuticals from water by
clay-cationic starch sorbents”, Journal of Cleaner Production, 190, pp. 703-711, 2018, doi:
https://doi.org/10.1016/j.jclepro.2018.04.174

K. Majdzadeh-Ardakani, A. H. Navarchian, F. Sadeghi, “Optimization of mechanical properties of
thermoplastic starch/clay nanocomposites”, Carbohydrate Polymers, vol. 79, no. 3), pp. 547-554,
2010, doi: https://doi.org/10.1016/j.carbpol.2009.09.001

V. H.Nguyen, V. H. Chu, H. T. Luu, N. D. K. Vo, T. C. N Ha, “The starch modified montmorillonite
for the removal of Pb (II), Cd (II) and Ni (II) ions from aqueous solutions”, Arabian Journal of
Chemistry, vol. 13, no. 9, pp. 7212-7223, 2020, doi: https://doi.org/10.1016/j.arabjc.2020.08.003

T. Edlira, B. Edilira, M. Altin, and H. Vjosana, “Montmorillonite Clay as an Adsorbent for the
Remediation of Cd (II) Ions in Aqueous Solutions: A Comparison With Pb (II) lons”, Remediation
Journal, vol. 34, no. 4, pp.1-8, 2024, doi: https://doi.org/10.1002/rem.21785

R. R. Pawar, Lalhmunsiama, H. C. Bajaj, and S. M. Lee, “Activated bentonite as a low-cost
adsorbent for the removal of Cu(Il) and Pb(II) from aqueous solutions: Batch and column studies”,
J. Ind. Eng. Chem, 34, pp. 213-23, 2016, doi: https://doi.org/10.1016/j.jiec.2015.11.014

M. Q. Jiang, X. Y. Jin, X. Q. Lu, and Z. L. Chen, “Adsorption of Pb (II), Cd (1), Ni (II) and Cu (II)
onto natural kaolinite clay”,  Desalination, 252, pp. 33-39, 2010, doi:
https://doi.org/10.1016/j.desal.2009.11.005

122


https://doi.org/10.1016/j.plantsci.2022.111223
https://doi.org/10.1039/D2FB00043A
https://doi.org/10.1016/j.ijbiomac.2021.02.066
https://doi.org/10.1016/j.ceja.2023.100467
https://doi.org/10.1016/j.arabjc.2023.105248
https://doi.org/10.5004/dwt.2021.27311
https://doi.org/10.1016/j.nexus.2024.100330
https://doi.org/10.1016/j.envres.2022.112817
https://doi.org/10.1016/j.gsme.2024.07.002
https://doi.org/10.5004/dwt.2022.28560
https://doi.org/10.1016/j.jclepro.2018.04.174
https://doi.org/10.1016/j.carbpol.2009.09.001
https://doi.org/10.1016/j.arabjc.2020.08.003
https://doi.org/10.1002/rem.21785
https://doi.org/10.1016/j.jiec.2015.11.014
https://doi.org/10.1016/j.desal.2009.11.005

Montmorillonite - tinh bét: Ung dung hép phu ion kim loai Pb (ll) va Cd (ll) trong nwéc

[32] R.Fu, Y. Liu, Z. Lou, Z. Wang, S. A. Baig, and X. Xu, “Adsorptive removal of Pb (II) by magnetic
activated carbon incorporated with amino groups from aqueous solutions”, J. Taiwan Inst. Chem.
Eng, 62, pp. 247-258, 2016, doi: https://doi.org/10.1016/}.jtice.2016.02.012

[33] B. Tavengwa, T. Lilian, C. Nhamo, “Competitive sorption of Cd*" and Pb?" from a binary aqueous
solution by poly (methyl methacrylate)-grafted montmorillonite clay nanocomposite”, Appl Water
Sci, 7, pp. 2287-2295, 2017, doi: https://doi.org/10.1007/s13201-016-0404-5

[34] S. Wang, T. Terdkiatburana, and M. O. Tad¢, “Adsorption of Cu (II), Pb (II) and humic acid on
natural zeolite tuff in single and binary systems”, Sep. Purif- Technol, vol. 62, no. 1, pp. 64-70, 2008,
doi: https://doi.org/10.1016/j.seppur.2008.01.004

[35] D. Banas, A. Kubala-Kukus, J. Braziewicz, U. Majewska, M. Pajek, J. Wudarczyk-Mocko, K.
Czech, M. Garnuszek, P. Stomkiewicz, B. Szczepanik, “Study of properties of chemically modified
samples of halloysite mineral with X-ray fluorescence and X-ray powder diffraction methods”,
Radiation Physics and Chemistry, 93, Pp- 129-134, 2013, doi:
https://doi.org/10.1016/j.radphyschem.2013.05.028

[36] V. H. Nguyen, N. D. K. Vo, T. C. N. Ha, “Synthesis and Characterization of Oxidized Starch-
Montmorillonite Composite for Efficient Removal of Crystal Violet Dye from Aqueous Solutions”,
Journal of Technical Education Science, vol. 19, no. 5, pp. 92-100, 2024, doi:
https://doi.org/10.54644/jte.2024.1730

ABSTRACT

MONTMORILLONITE - STARCH: APPLICATION FOR REMOVAL Pb (1) AND Cd (II) METAL
IONS IN WATER

Luu Hoang Tam*
University of Technology - Ho Chi Minh City National University
268 Ly Thuong Kiet, Dien Hong Ward, Ho Chi Minh City

*Email: hoangtam@hcmut.edu.vn

Montmorillonite-starch is synthesized by modifying montmorillonite with starch to facilitate the
adsorption of Pb (II) and Cd (II) ions in water. The structure and properties of this material are
characterized using techniques such as Fourier Transform Infrared Spectroscopy (FTIR), X-ray
Diffraction (XRD), and Scanning Electron Microscopy (SEM). The adsorption process for these ions is
investigated through Inductively Coupled Plasma - Optical Emission Spectroscopy (ICP-OES) on the
above two ions through influencing factors including: pH and adsorbent dosage. The adsorption process
is better described by the second-order kinetic equation and the Langmuir isotherm model than by the
first-order kinetic equation and the Freundlich isotherm model. The adsorption capacities for Pb (II) and
Cd (IT) ions in water are 23.8 mg/g and 5.4 mg/g, respectively, at equilibrium.

Keywords: Montmorillonite, Pb (IT) and Cd (IT) ions, modified starch, isotherm adsorption model.
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