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NGHIEN CU'U KHA NANG HAP PHU Cd**
TRONG MOI TRUGNG NUGC CUA VERMICULITE GIAN NG
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TOM TAT

Chat hap phu vermiculite gian ng dugc ché tao tir nguyén lidu vermiculite thd thdng qua hai budc: x Iy bdi H;0, 30% 6 60°C trong 1 gicr va sdy vi séng 5 1an,
moi lan 60 gidy (60s/5 lan). Vermiculite gian nd 6 nhiéu IGp xép chdng va xen ké nhau 6 dién tich bé mat riéng tang lén 36,970m%g so vdi 5,943m?/q cla
vermiculite thd ban dau. Mot s6 tinh chat khdc cla chat hap phu ciing duoc danh gid bing cac phuong phap nhu TGA-DTG, XRD, BET. Anh huéng clia nong do
(d?* ban ddu, thi gian dén kha ndng hap phu clia vermiculite gian ng da dugc nghién ctu. Qua trinh hap phu tuan theo mé hinh dong hoc bac 2 va md hinh
ddng nhiét Langmuir v6i dung lugng hap phu Cd** cuc dai la 37,313mg/g. Vermiculite gian n& ¢ thé dugc coi la chat hap phy hiéu qua va tiém nang ting dung

Tirkhéa: Hdp phu, vermiculite gidn nd, kim loai ndng, moi trudng nudc.

ABSTRACT

Expanded vermiculite adsorbent was prepared through two steps: treatment with 30% H,0, at 60°C for 1 hour and microwave drying for 60 seconds/5
times. Expanded vermiculite has many stacked and interlaced layers with a specific surface area increased to 36.970m*/g compared to 5.943m?/g of the original
raw vermiculite. Some other properties of the adsorbent were also evaluated by methods such as TGA-DTG, XRD, and BET. The effects of initial Cd** concentration
and time on the adsorption capacity of expanded vermiculite were studied. The adsorption process followed the second-order kinetic model and Langmuir
isotherm model with amaximum Cd** adsorption capacity of 37.313mg/q. Expanded vermiculite can be considered an effective adsorbent and has potential for
practical application in the treatment of pollutants at low cost.

Keywords: Adsorption, expanded vermiculite, heavy metal, aqueous media.
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1. GIOI THIEU bén, luyén kim, nhua, chat tao mau,... [1]. lon Cd?* dugc
coi la chat gay ung thu va tic ché hoat déng cla gan, than
va phdi, ngoai ra né cling gay ra su thoai hoa xuong,
huyét ap cao, pha hdy hong cau,... T6 chic Y té Thé gidi

Cadmium la mét kim loai ndng xam nhap vao moi
trudng nudc thong qua cac hoat dong san xuat cong
nghiép nhu ma kim loai, pin Cd-Ni, thuéc trir sau, phan
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khuyén cédo rang, ndbng d6 Cd?* t6i da trong nudc uéng
chi la 0,003mg/L va trong nudc thai la 2mg/L [2]. Do dé
can phai cé phuong phap loai bé Cd?* ra khoi nguén nuéce
trudc khi thai ra moi trudng.

Nhiéu phuong phap vat ly va héa hoc khac nhau da
dugc st dung dé loai bé va thu héi kim loai ndng tirdung
dich nuéc bi 6 nhiém nhu dién phan, siéu loc, cong nghé
mang va thdm thau ngugc,... Trong s6 d6, hap phu la giai
phap thay thé hia hen nhat va hiéu qua vi n6 tiét kiém
chi phi, dé van hanh va giam thiéu chat thai tha cap [3].

Vermiculite la mét khoang silicate thudc loai mica cé
cdu trac I6p 2:1 (2 tam silica td dién, 1 tam alumina bat
dién), c6 trit lugng déi dao va gia thanh ré hon so véi mét
s0 loai khoang sét khac nhu montmorillonite, hectorite va
saponite [4]. Vermiculite c6 khd nang trao déi ion cao, bé
mat mang dién tich am, tra vé mat hoa hoc, dang gian ng
cé dién tich bé mat riéng I6n, c6 lgi cho qua trinh hap phu
kim loai ndng [4, 5]. Nhiéu bao cdo da sir dung vermiculite
lam chat hap phu xtr ly cac thanh phan 6 nhiém nhu: Pb?*
[6]; Cr(VI), Cd?* [7-10]; As(V) [11]; Hg(ll) [12]; Cu2*, Ni** [13].
Theo nhu téng quan tai liéu, vermiculite gian nd va
vermiculite bién tinh 1a chat hap phu hiéu qua dé loai bo
cacion kim loai ndang. Tuy nhién, tai Viét Nam viéc nghién
cttu hadp phu ion Cd?* bgi vermiculite van chua dugc thuc
hién, chi mét vai cong bo vé vermiculite gian ng hap phu
As(V) [14], mét s6 dung moi hitu co [15] va Hg?* [16].

Trong nghién ctu nay, trinh bay kha nang hap phu
Cd* trong méi trudng nudc badi vermiculite gian nd tu
khodng vermiculite tu nhién. Cac dac tinh cia vermiculite
gian nd cing nhu nghién ctru dang nhiét va déng hoc cla
qua trinh hdp phu dugc thé hién chi tiét dudi day.

2. THUC NGHIEM
2.1. Héa chat

Khoadng vermiculite c6 kich thuéc khodng 3 - 5mm
(Trung Quéc), H,0, (30%, Xilong-Trung Quéc),
Cd(NO:s),.4H,0 (99%, Kermel-Trung Quéc).

Dung dich Cd?** g6c ¢6 néng d6 500mg/L dugc chuan
bi nhu sau: hoa tan 1,375g Cd(NOs),.4H,0 trong 500mL
nudc cat thu dugc 500mL dung dich Cd** 1000mg/L dé st
dung cho cac thi nghiém hép phu.

2.2. Ché tao vermiculite gian n&

Cho 1g vermiculite cho vao dia petri (d = 120mm) c6
chdia 7mL H,0,. Sau d6 dia petri c6 nap day dugc gil
trong ta sdy & 60°C trong 60 phut. Tiép theo, dia petri
dugc chuyén vao 16 vi séng (Sharp R-21ATSVN, 800W,
Nhat Ban) dé gia nhiét bgi buc xa vi séng trong 60 giay,
sau d6 mau dugc lay ra méi trudng khong khi dé lam mat
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va cho bay hoi dung dich. Chu trinh lam néng-mét nay
dugc thuc hién 13p lai 5 lan cho dén khi dung dich gan
nhu bay hoi hoan toan [15]. Cudi cung vermiculite gian
nG dugc say & 120°C trong 1h va bao quan trong binh hut
am dé sirdung trong cac thi nghiém.

1 g vermiculite
+ 7 mL H,0,

60 °C, 60 phut Vi song 60s/5 lan Vermiculite gidn né

Hinh 1. So @6 m0 ta qua trinh ché tao vermiculite gian né

2.3. Nghién ctru kha nang hap phu Cd?** cia vermiculite
gian ng

Tung thi nghiém hap phu dugc thuc hién nhu sau:
cho 0,1g vermiculite gian n& vao cac binh tam giac
250mL chia 50mL dung dich Cd?*. Cac binh tam giac
dugc dat trén may lac véi toc d6 100 vong/phut. Sau do,
dung dich dugc tach khoi chat hdp phu bang loc hut
chan khéng va xac dinh nong d6 Cd?* sau hap phu bang
phuong phap quang phé hap thu nguyén ti AAS trén
thiét bi Shimazu - AA7000. Dang nhiét hap phu dugc
thuc hién & néng do Cd?* ban dau tur 5mg/L dén 80mg/L
trong 180 phut va déng hoc hap phu dugc thuc hién véi
néng d6 Cd?* ban dau la 20mg/L trong thgi gian tir 10
phut dén 180 phut.

Dung lugng hap phu can bang ctia vermiculite gian ng
dugc xac dinh theo cong thuc:

g, ={C=CV M)

m
Hiéu suat hap phu vermiculite gian ng dugc tinh theo
cong thuc:

C -
H%:("C—Ce).mo% )

Trong dé:

- CovaCe(mg/L) lan lugt la néng dé dung dich Cd** ban
dau va can bang.

-V (L) la thé tich dung dich Cd**va m (g) la khéi lugng
chat hap phu.
2.4. Pac tinh cha vat liéu

Thanh phan pha dugc phan tich bang phuong phap
nhiéu xa tia X trén thiét bi D8-Advance (Bruker). Hinh thai
va thanh phan cac nguyén té dugc phan tich trén thiét bi
Hitachi S-4600. Dién tich bé mat riéng dugc do trén thiét
bi NOVA touch 2LX/Quantachrome.
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3. KET QUA VA THAO LUAN
3.1. Pac tinh cta vermiculite gian né

Gian dé phan tich nhiét trong lugng (TGA) va vi phan
(DTG) cua vermiculite gian ng thé hién & hinh 2a thay
rang, trong khodng nhiét do tir 40 - 1000°C téng d6 mat
khoi lugng la 19,63% dugc phan bé & 3 vung. Vung thu
nhat & khoang 40 - 200°C véGi d6 hut 7,15%, dong thai
xudt hién peak thu nhiét & 55,14°C do su bay hoi nuéc hap
phu trén bé mat ctia vermiculite gidn nd. Ving th hai
dién ra & khoang 200 - 650°C vai d6 hut thém khoang
10,67% do su thoat cac phan tir nudc ti€ép xdc véi cac
cation trong cac I6p xen ké cta vermiculite [17]. Cudi
cung la vung gilta 650 - 1000°C ghi nhan d6 hut 1,81%
lién quan dén sy khir hydroxyl dé hinh thanh pha tinh thé
mai enstatite [17, 18].
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Hinh 2. Gian d6 TGA-DTG (a) va gian dd XRD (b) cta vermiculite gian nd

Thanh phan pha cta verimiculite gian n& phan tich
bang phuong phéap nhiéu xa tia X (XRD), két qua thé hién
G hinh 2b. Trén gian dé XRD chl yéu xuat hién cac
peak clia pha vermiculite (ky hiéu dau *) tai cac vi tri
20 =19,23°% 34,11°; 35,80° 36,82° 41,22° 45,12° va 54,55°
(theo COD 901-6797). Ngoai ra con xuat hién peak tai
20 = 60,06° (ki hiéu 4) la pha cta phlogopite (theo COD
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901-6905) thudc ho mica phyllosilicate véi coéng thic
KMgs(SisAl)O10(OH), [19]. Nhu vay, cac két qua trén ghi
nhan su 6n dinh vé ciu tric ctia vermiculite sau qua trinh
gian ng.

Hinh 3 m6 ta dudng dang nhiét hap phu - giai hap phu
N, & 77K va su phan b6 kich thuéc mao quan cla
vermiculite va vermiculite gidn né.
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Hinh 3. Duting ddng nhiét hap phu - gidi hap N, va su phan bé kich thudc
mao quan ca (a) cta vermiculite va (b) vermiculite gidn ng

Cé6 thé quan sat thay rang, dang dudng cong hdp phu
- gidi hap phu ctia vermiculite va vermiculite gian nG déu
thudc dang IV ¢6 hién tugng tré H3 theo phan loai cla
UIPAC la vat liéu mao quan trung binh c6 cdu tric x6p
dang tam [9]. Dién tich bé mat riéng theo BET, thé tich va
dudng kinh mao quan theo BJH clia vermiculite lan lugt
la 5,943m?/g; 0,0078cm3/g va 3,82nm; cla vermiculite
gian nd& lan luot 1a 36,970m?/g; 0,0358cm?/g va 3,79nm.
Nhu vay, sau qua trinh gidn n& da lam tang dang ké dién
tich bé mat riéng clia vermiculite tir 5,943m?/g lén
36,970m?/g va thé tich mao quan ting 4,5 lan. Diéu nay
sé thuan lgi va cai thién kha nang hap phu céac chat 6
nhiém cuda vermiculite.
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Pé quan sat rd hon vé hinh thai cha vat liéu,
vermiculite va vermiculite gidn n& dugc phan tich bai
SEM, két qua thé hién & hinh 4.

IMS-NKL 5.0kV 5.7mm x100k SE(M)

Hinh 4. Anh SEM cila (a) vermiculite, (b) vermiculite gian n va (c) so sénh
thé tich cla vermiculite trudc va sau khi gian ng

Theo hinh 4a, vermiculite cé cau truc dang tam 1én véi
bé mat tuong déi min, xép chéng nhau co lién két chat
ché va dé x6p téi thi€u. Sau gian nd, cac tdm Ién nay bi
bong trdc, khién cac 16p né va tach ra lam tang thé tich so
vGi vermiculite ban dau (hinh 4b,c). Diéu nay, lam tang
dién tich bé mat riéng l1én gap 6,22 lan nhu két qua phan
tich BET & trén.
3.2.Kha nang hap phu Cd?* ciia vermiculite gian ng

3.2.1.Déng hoc hdp phu
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Hinh 5. (a) dong hoc hdp phu, do thi dang tuyén tinh (b) gia bac 1va (c)
gid bac 2 doi véi Cd** clia vermiculite gian né

Pudng dong hoc hdp phu Cd? ctia vermiculite gian ng
mo ta trén hinh 5a thdy rang, dung lugng hap phu Cd*
tang khi thoi gian ti€ép xdc tang va dat trang thai can bang
sau khoang 120 phut. Ban dau trén bé mat cta vat liéu ¢
san cac vi tri tam hap phu, khi cac vi tri nay dugc lap day,
téc d6 hap phu giam dan cho dén khi dat dugc trang thai
can bang.

Trong nghién ctu nay, cdc md hinh déng hoc gia bac
1 va bac 2 dugc st dung dé nghién ctiu qua trinh hap phu
Cd?* ctia vat liéu. Cac phuong trinh tuyén tinh lan lugt la
(phuong trinh (1) va (2)) [71:

log(q, —q,)=logq, - Ky (3)
2,303

1 1 t

o ke a @

Trong d0, g (mg/g), g: (mg/g) la dung lugng hap phu
Cd?* & trang thai can bang va tai thai diém t; k, (L/phat)
va k> (mg/g.phat) la hang s6 toc do bac 1 va bac 2.

D06 thi dong hoc dang tuyén tinh va cac tham sé trong
cac mo hinh déng hoc hap phu Cd?* ctia vermiculite gian
n& dugc thé hién & hinh 5b,c va bang 1.
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Bang 1. Cac tham s6 trong cac mé hinh ddng hoc hdp phu Cd?*

Dédng hoc hap phu gid bac1 Dong hoc hap phu gia bac2
k1 qexp qcaL k2
.(mg/ . R? R?
99 oni | * | mosg) | m/g) | (marg.phit
11,906 0,047 10,930 7,376 | 8333 0,006 0,997

Tu két qua bang 1 thdy rang, hang sé tuong quan theo
mo hinh dong hoc hap phu gia bac 2 16n hon theo mé
hinh déng hoc gia bac 1 va gan véi don vi (R? = 0,997).
Ngoai ra, gia tri dung lugng hap phu can bang tinh theo
thuc nghiém (7,376mg/g) va gia tri tinh theo mé hinh
dong hoc gid bac 2 (8,333mg/qg) la tuong duong nhau,
trong khi d6 gid tri nay tinh theo mo hinh déng hoc gia
bac 1 la khac nhau nhiéu hon. Nhu vy, qua trinh hap phu
Cd?* clia vermiculite gian n& tuan theo mé hinh doéng hoc
gid bac 2.

3.2.2. Ddng nhiét hdp phu

Cac mé hinh dang nhiét Langmuir va Freundlich dugc
ap dung dé moé ta qua trinh hap phu Cd?** cla vermiculite
gian n& cé phuong trinh dang tuyén tinh lan luot la
(phuong trinh (3) va (4)) [71:

&_&Jf 1 (5)

qe qm qm'KL

logq, =logK; +llogCe (6)
n

Trong doé: ge (Mg/g), gm (Mg/g), Ce (mg/L), KL (L/mg) lan
luot la dung lugng hap phu can bang, dung lugng cuc dai,
nong d6 Cd** can bang va hdng s6 Langmuir. K:
((mg/g).(L/m@)"") la hang s6 Freundlich va n la hé so
khong déng nhat.

Ngoai ra, trong mé hinh ddng nhiét Langmuir, tham
s6 "R." Ia mét hang s6 khong thirnguyén dugc goi la tham
sO can bang cé dang sau [71:

1

Tt K..C, @)

L
Tham s6 R, bi€u thi kha ning tuong thich cta qua
trinh hdp phu gitta chat hap phu va chat bi hap phu. Qua
trinh hap phu dugc coi la phu hop khi 0 <R, < 1. Néu R, >
1, qua trinh hap phu dugc coi la khong thuan lgi. Gia tri Ry
bang 1 biéu thi mai quan hé tuyén tinh trong qua trinh
hap phu, trong khi R. bang 0 biéu thi qua trinh hap phu la
khéng thuan nghich [71.
D6 thi va cac tham s6 ctla mé hinh dang nhiét
Langmuir va Freundlich 1an luot thé hién & hinh 6 va
bang 2.
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Hinh 6. Dang nhiét hap phu (a) Langmuir va (b) Freundlich d6i véi Cd**
cta vermiculite gian né

Bang 2. Céc tham s6 trong cdc md hinh dang nhiét hdp phu Cd*

M4 hinh Langmuir Mé hinh Freundlich
Gn K, Kr (mg/q)
R R? R
(mg/g) | (Limg) : x(Umgrm | "
37,313 | 0,048 | 0,206-0,807 | 0,996 1,386 1,396 | 0,978

Theo két qua bang 2, hé sé tuong quan R? ddi vai ca
hai mé hinh dang nhiét hap phu la kha cao (R? > 0,85), céc
gia tri hé s6 n va tham s6 R, déu nam trong khoang thuan
Igi cho qua trinh hap phu (1 <n < 10; 0 <R, < 1). Do d9,
cd hai mé hinh dang nhiét hdp phu Langmuir va
Freundlich déu la mé hinh thuan lgi dé mé ta qua trinh
hap phu Cd** ctia vermiculite gian né. Tuy nhién, hang s6
tuong quan d6i v6i mé hinh Langmuir (R? = 0,996)
cao hon hang s6 tuong quan trong moé hinh Freundlich
(R?2=0,978) cho nén md hinh Langmuir phu hgp hon mo
hinh Freundlich. Dung lugng hap phu Cd?** cuc dai cta vat
liéu vermiculite gian ng tinh theo mé hinh Langmuir la
37,313mg/g. M6 hinh Langmuir dua ra gia thuyét rang su
hap phu Cd?* trén vermiculite gian ng xay ra don 16p va
bé mat chat hap phu la dong déu.
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Béng 3. So sanh dung lugng hap phu Cd?* cuc dai cia mdt s6 chdt hap phu

hthipBs | 0%t mg'y | thamindo
I:Ecn)hoat tinh ché tao tir go 28 0]
ALC/Fe304 39,6 [20]
Biochar 13,24 [21]
Zeolite-Y 14,006 [22]
Fe;04/cyclodextrin polymer 27,7 [23]
Vermiculite gidn ng 37313 Nghién ctiu nay

Bang 3 so sanh dung lugng hap phu Cd** cuc dai clia
mot s6 chat hap phu khéac véi vermiculite trong nghién
clru nay. Thay rang, vermiculite gian n& la mot chat chat
hap phu hiéu qua dé loai bd Cd? khoi méi trudng nudc.
4.KET LUAN

Vermiculite gian ng da dugc ché tao thanh céng bang
phuong phap gom hai budc xt ly béi H,0, va két hgp sdy
vi séng trong thoi gian ngan. Vat liéu dugc tach I6p cao
va dong déu co dién tich bé mat riéng 36,970m?/g, tang
gap khodng 6 lan so véi vermiculite thdé ban dau.
Vermiculite gian n& dugc danh gia kha nang hap phu Cd?*
trong méi trudng nudc theo phuong phap gidn doan, su
hap phu Cd?* trén vermiculite gian n& phu hgp véi mé
hinh dong hoc gid bac 2 va mé hinh déng nhiét Langmuir.
Dung lugng hap phu Cd*" cuc dai tinh theo mé hinh
Langmuir 1a 37,313mg/g. So v&i mét s6 chat hap phu
khac, vermiculite gian n& cling la mét chat hap phu hiéu
qua dé loai b Cd?* khéi méi trudng nudc.
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