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Abstract: In the condition of industrialization, the water environment has been contaminated by
industrial and agricultural waste as well as pharmaceutical residuals. These sources of waste water
are usually treated efficiently prior to releasing into environment. This leads to a significant quantity
of pollutants accumulated in water, threating seriously to human health. Among various detected
pollutants, Cadmium and its compounds are considered as one of the most dangerous reagents. They
can be released to the environment from different sources of waste, such as metal, alloy and metal
plating, and Cd-Ni batteries, which clearly showed a danger to the human health. This work aims to
develop a novel “green” material applied for highly efficient treatment of Cd (Il). The concept
“Green material” indicates the material which is composed of environmental-friendly compounds
(non-toxic to human and organisms, degradable or biodegradable). The novel material CoHsOH-
SiO2/PANI (CSP) was synthesized using two-step procedure including functionalization of silicon
oxide nanoparticles (SiO-) by polyaniline polymer (PANI) and dispersion of SiO2/PANI in ethanol
under ultrasound sonication. All components of CSP including Silica, ethanol, PANI do not have
negative effect on environment, thus they are applied in plenty of fields. CSP were successfully
synthesized and characterized by several methods and techniques such as FTIR, SEM, TEM and
BET analysis. Based on the practical data, the Cd (Il) adsorption was followed by Langmuir
adsorption isotherms, and the pseudo-second order adsorption kinetic. CSP has obtained the Cd (1)
maximum adsorption capacity of 301.23 mgg?, which is higher than the previous reported
adsorbents. Cd (Il) adsorption by CSP is desired at pH 6, reaction time of 150 min, initial
concentration of Cd (1) as 300 mgLt, CSP weight as 0.6 g. Adsorption data show that pH is one of
the most important factor in Cd (I1) adsorption due to the formation of surface complexes between
Cd (I1) and the functional groups of CSP such as hydroxyl group (OH"), silanol (Si-OH), amine (-
NH2), quinoid imine [C=N-] and benzenoid amine [-NH-].
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Ung dung vat liéu xanh nanocompozit dé hap phu ion Cadimi
trong nudc thai

Hoang Thu Ha®", Tran Dinh Minh?, Ha Minh Nguyet?

Pai hoc Gido Duc, Pai hoc Quoc Gia Ha Ngi, 144 Xuan Thaiy, Cau Gidy, Ha Ngi, Viét Nam
2Vign Ky thugt Nhigt doi, Vién Han 1am Khoa hoc va Cong Nghé Viét Nam,
18 Hoang Quadc Viét, Cau Giay, Ha Ngi, Viét Nam

Nhén ngay 07 thang 02 ndm 2020
Chinh sira ngay 19 thang 3 nam 2020; Chéap nhan dang ngay 25 thang 4 nam 2020

Tém tit: Toc do phat trién cong nghiép va hién dai hoa xa hoi qua nhanh trong nhimng thap ki gin
déy da dan dén nhiing h¢ luy nghiém trong dbi v6i moi truong. Nhidu khao sat cho thdy moi truong
nudc dang bi 6 nhiém bai cac loai nudc thai cong nghiép va ndong nghiép ciing nhu du luong y, duoc
pham. Nguyén nhan dugc cho 1a do cac ngudn phat thai nay thudng khong duoc xir Iy hiéu qua trude
khi dugc dua ra ngoai méi trudng, khién mot luvong dang ké cac chit 6 nhidm bi tich tu lai trong
nuée, de doa nghiém trong dén sirc khoe ctia con ngudi. Trong s cac chat 6 nhidm di duoc phat
hién, Cadimi va cac hop chét cua Cadimi dwgc xem 1a mot trong nhimg tic nhan nguy hiém nhét.
Cadimi va cac hop chét ciia Cadimi c6 thé xudt phat tir cac ngudn thai khac nhau nhu tinh luyén kim
loai, hop kim va ma kim loai, va pin Cd-Ni, giy ra nguy hiém cho sirc khoe cong ddng va méi
truong. Dy 4n ndy nghién ciru phét trién mot loai vat liéu “xanh” c6 kha ning xur Iy Cd (II) véi hiéu
sut cao. “Vat liéu xanh” 1a khai niém chung dugc str dung cho cac vét liéu chi chira cac thanh phﬁn
than thién v6i moi truong, nghia 1a khong doc hai déi voi nguoi va sinh vét, c¢6 kha nang tu phan
huy hodc phén huy sinh hoc. Vit liéu nanocompozit mdi duoc téng hop tir quy trinh hai budc, bao
gdm chirc nang hoéa bé mit cac hat oxit silic (SiO2) bang polianilin (PANI) r0i sau d6 phén tan
SiO2/PANI trong etanol nhd séng siéu 4m. Silica, polianilin va etanol déu 13 nhirng chit khong gay
anh hudng tiéu cuc dén moi truong va dugc st dung rong rai trong nhiéu linh vuc. Vit lidu duoc
ché tao thanh cong va xéac dinh cac dic trung 1y hoa bang cac phuong phap, ky thuat hién dai nhu
phd hdng ngoai FTIR, kinh hién vi dién tir quét SEM, kinh hién vi dién tir truyén qua TEM va phan
tich dién tich bé mat BET. Céc cong thirc tinh dung lwong hap phy, hip phu dang nhiét Langmuir,
va phuong trinh dong hoc ctua phan ung bac 1 va bac 2 da chirng minh CSP ¢6 kha nang xir Iy Cd
(II) nhanh va hiéu qua, véi dung lugng hép phu cuc dai 301 ,23 mg/g, cao hon so v6i cac vat licu da
dugc nghién ctru trude day. Két qua khao sat cac didu kién t6i uu cho thay Cd (II) bi hip phu t6i vu
& cac diéu kién pH 6, thoi gian phan tng 150 phut, vi ndong @6 Cd (IT) ban dau 1 300 mg/L va khbi
lwong vt lidu CSP 14 0,6 g. Cac két qua hip phu cho thiy rang pH 1a yéu t6 quan trong nhit trong
qué trinh hdp phu va xur 1y Cd (IT) do sy hinh thanh cac phirc chat trong dung dich giita ion Cd (II)
va cac nhom chirc bé mat cua CSP nhu nhom hydroxyl (OH), silanol (Si-OH), amine (—NHy),

quinoid imine [C=N-] va benzenoid amine [-NH—]. Uu diém noi bat ciia dy 4n 1a da ché tao thanh
cong vt liéu “xanh” nanocompozit ¢ ciu trac hai lorp nhan-16i SiO; va vo PANI nho phuong phap
sol-gel va cong nghé phan tan vt liéu bang song siéu 4m, than thién véi moi truong va con ngudi.

Tir khéa: Nanocompozit; Sol-gel; Polymer; Cadimi; Hap phu.
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1. Mé dau

O nhiém kim loai ning trong mdi truong
nude dang tro thanh mot trong nhimg van dé dang
bao dong nhét hién nay. Viéc gia tang st dung kim
loai ndng trong cong nghiép dan dén su gia tang
ham lugng cua cac chit kim loai trong nudc nguén
tu nhién. Mot trong nhiing nguyén t6 doc hai nay
la cadimi. Cd (II) khong hodc it tham gia vao chu
trinh sinh hoa trong co thé sinh vét va thuong tich
luy trong co thé ciia chiing. N6i cach khac, cac hop
chat chira Cadimi khong thé phan huy sinh hoc
nhung tich ty trong cac té bao co thé ngudi, mo,
sinh vét va cac dang vi sinh vat song khac, do do
¢6 kha nang dan dén cac chit gay ung thu gay dot
bién. Chinh vi vAy ma van d& nghién ctru xtr Iy va
loai bd cadimi khoi méi truong ndi chung va moéi
trudng nudc ndi riéng trd thanh méi quan tam hang
dau ctia nhiéu qudc gia va to chirc trén thé gioi, dac
biét 1a & cac qudc gia dang phat trién nhu Viét
Nam. Cyc bdo v€ moéi truong Hoa Ky (US/EPA)
va T6 chirc Y té Thé gi¢i (WHO) dua ra mirc do 6
nhiém t6i da (MCL) va myc tiéu gioi han mirc do
6 nhidm t6i da (MCLG) cho Cd trong nudc udng
(xem Bang 1).

Bang 1. Gidi han nong d6 ciia Cd (II) trong nude

I\{éng do 16i da cho phép Gia tri theo hudng
cua US.EPA dan cia WHO
MCL MCLG (mg/L)

(mg/L) (mg/L)

0,2 0,2 0,07

0,005 0,005 0,003

Viéc loai bé Cd (IT) chii yéu théng qua hap phu
bé mit nho cac nhém chira oxy nhu COOH, OH.
Dung luong hap phu duoc tinh theo cong thirc:

(Ci—Cp) XV
B m

Trong d6: q 1 dung lugng hip phu can bang
(mg/g); Ci 1a nong d6 dung dich Cd (IT) ban dau
(mg/L); va Cs 1a nong dd Cadimi khi hap phu dat
trang thai can bang (mg/L); V 1 thé tich dung dich
Cd (IT) (L); m 1a luong chat hdp phu (g). Hiéu suat
hap phu (HSHP %) duoc tinh theo cong thic:

Lty 100
L

Trong d6: Ci va C; lan luot 1a nong do Cd (II)
(mg/L) trong dung dich & thoi diém ban dau va sau
khi xir 1y tai thoi diém t phit. Khao sat duoc tién
hanh ¢ dai ndng do ion Cd (II) trong dung dich tir
10-500 mg/L. Bé mo ti co ché hip phy, cac
phuong trinh hép phu ddng nhiét (Langmuir &
Freundlich) va mé hinh dong hoc biéu kién bac 1,
bac 2 thuong dugce nghién ctru va dp dung.

H% =

1.1. Phwong trinh dang nhiét Langmuir
& _ Ce N 1
e Gmax D- Gmax
Trong d6: qe 1a dung lugng hap phu tai thoi
diém can bang (mg/g); Qmax la dung luong hap phu
cyc dai (mg/g); b la hing s (can bang) hép phu
Langmuir; Ce 1a nong d6 dung dich hap phu. Trong

do,0<b<1 thé hién hap phu tuan theo mé hinh
hap phu dang nhi¢t Langmuir.

1.2. Phuong trinh Freundlich

1
lnq, = InKp + ;lnCe
~ Trong d6: qe 1a dung lugng hdp phu tai thoi
diém cén bang (mg/g); Kr la hang s6 hap phu
Freundlich; Ce 12 ndng d cén bang cuia chat bi hap
phu (mg/L); n 1a cuong d6 hap phy, n> 1.

1.3. M6 hinh déng hoc biéu kién bic 1

Phuong trinh dong hoc biéu kién bac 1 dang
tuyen tinh dugc biéu dién nhu sau: In(qe — qr) = In
(Qe) — kat

1.4. M6 hinh dong hoc biéu kién béc 2
Phuong trinh dong hoc biéu kién bac 2 dang

1 t
tuyén tinh: — —
qt kz a  de

Trong do:

O 1 tai trong hép phu tai thoi diém can bang
(mg/g); q 1a tai trong hip phu tai thoi diém t
(mg/g); ku 13 hing sb tdc d6 hap phu biéu kién bac
1 (phit?); k» 14 hing sb toc d hip phu biéu kién
bac 2 (g/mg/phut).
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2. Tong hgp C,HsOH-SiO-/PANI
2.1. Thiét ké nghién ciru

Nghién ctru da tong hop vat liéu CSP tir cac
tién chét nano silica SiO,, PANI va etanol. Hoa tan
mot lugng thich hop mudi CdClz.H;0 dé thu dugc
dung dich 1000 ppm ion Cd (IT). Cac mau dung
dich chuan co chira ion Cd (II) sau do dugc pha
lodng & cac ndng do khac nhau tir 10-500 ppm, sir
dung cho cac thi nghiém tiép theo.

2.2. Héa chdt va thiét bj nghién citu

Mubi CdCl.. H2O (cong ty hoa chit Daejung,
Han Qudc) ding dé pha dung dich chuin chira ion
Cd (II). Dung dich tetraethoxysilane (TEOS, do
tinh khiét 98%, s6 CAS 78-10-4, hang Sigma-
Aldrich, Singapore), monome aniline (46 tinh khiét
>99.5%, s6 CAS 62-53-3) va ammonium
peroxodisulfate (APS, d6 tinh khiét >98.0%, s6
CAS 7727-54-0, cong ty hoa chat Daejung, Han
Qudc) duge ding theo bang chi din an toan hoa
chat MSDS.

Dé nghién cru hinh thai hoc cua vét lidu,
nghién ctru str dung kinh hién vi dién tir quét
(SEM). Phuong phap phan tich phd hong ngoai
FTIR 1a vung phd ndm trong vung co6 s6 song 4000
- 400 cm'? . Vung nay cung cap nhimg thong tin
quan trong vé cac dao dong cua cac phan tir do do
14 cac thong tin vé cAu tric cua cac phan tir.

3. Pieu ché vit liéu

CSP dugc tong hop dya trén phuong phap sol-
gel. Nghién ctru trude day [1] da tong hop vat liéu
SiOz/PANI bing cach phan hiy truc tiép tetra
ethoxy silane (TEOS) trong h¢ nhil tuong
(Emulsion) cia PANIL Trong d& tai nay,
SiO./PANI duogc ché tao theo hai giai doan: Tng
hop Silica bang cach phan hiy TEOS trong dung
mbi etanol sau d6 tién hanh bién tinh Silica bang
PANI. Quy trinh cy thé nhu sau:

3.1. Tong hop hat nano silica (SiO3)

Qué trinh téng hop dugc tién hanh khi tron 12
mL dung dich TEOS va 80 mL dung dich etanol va

hoa tan bang may siéu 4m. Qua trinh thily phan
TEOS duoc thuc hién bﬁng cach thém 2 mL nudc
cét vao hdn hop, sau d6 5 mL dung dich ammoniac
NH;OH duoc thém vao qua trinh phan tmg va hon
hop duoc pha tron bang may rung siéu am trong 1
gio, tiép theo hdn hop long duoc quay ly tim & tde
d6 3500 vong/phut va duoc rira sach bang dung
dich etanol tuyét dbi va nude. Vat liéu sau d6 duge
thu hoi bang ly tim va nung & 250°C trong 2 gio.

3.2. Ché tao CSP bang phwong phdp sol-gel

Qua trinh tong hop CSP duoc tién hanh bang
cach oxi héa cac monome aniline bing
ammonium persulfate (APS) ((NH4)2S20s)
trong dung dich axit ciia chit hoat dong bé mat
(Hinh 1). 100mL dung dich axit HCI chtra 0,2 g
SiO, duoc tién hanh rung siéu 4m ¢ nhiét do
phong dé phan tan SiO, trong thoi gian 12 gid.
Sau d6 5 mL monome aniline dugc hap phu trén
cac hat SiO; trong qué trinh nay, hon hop duoc
rung siéu am trong 1 gio. 10 mL APS va 200 mL
C:HsOH dugc thém vao ¢ 0 °C trong 3 gio.
PANI duoc hinh thanh dong thoi voi khuéeh tan
cua SiO; vao mang PANI trong dung méi etanol.
Qua4 trinh nay dan dén sy “gel” hoa (déng dac)
trong héon hop phan tng. Hon hop “gel”
nanocompozit dugc phan lap tir phan ing hon
hop bang cach loc va ria bang nuédc cat va
etanol nhiéu 1an dé loai bo chit oxy hoéa, sau
d6 say kho trong 16 chan khong ¢ nhiét do 100
°C trong 12 gio.

NHOH
ol

|
N—_/A |
‘ \
.
\
8 . My siéu dm
\_(/ $i0,
N,
@ L o N,
— P PANI
C;H:0H
. / 7
si0; o\ 4

C,H;0H-Si0y/PANI

Hinh 1. Quy trinh diéu ché C,HsOH-SiO2/PANI.
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SEI 100KV X300  10um WDO7mm

|

Vatlieu | BET | Duongkinh | Thétich
(mYg)| (am) | (cm¥g)
S0, | 4695 238 039
PANISIO; | 1483 | 387 | 0,17
CSP | 1372] 413 0,14

‘ CyHOH/PANI/SIO

w

N

Tranmisttance (%)

500 1000 1500 2000
Wavenumber (cm”)

Hinh 2. Két qua SEM ctia (A) hat silica, (B) CSP trudc va (C) sau khi hip phu Cd (II), (D) gian d6 pho hong
ngoai FTIR, va (E) dién tich bé mat BET.

4. Két qua va thao luin
4.1. Bgac trung cua CSP

4.1.1. SEM va BET

Anh SEM cho thiy céc hat silica (Hinh 2A) co
cdu trac hat, tuy nhién, CSP (Hinh 2B) lai ¢6 cau
tric cau, tron déu, két dinh véi nhau, diéu nay co
thé do qua trinh gén két bang PANI trong dung moi
hoa tan etanol. Sau qué trinh hip phu Cd (II), bé
mat CSP thay ddi 13 rét, cAu trac bé mat bi pha va,
12 do céc ion Cd (I1) bam dinh va hap phu 1én bé
mit 1 xép ctia CSP, khién cho bé mit bj pha vo.
Tuy nhién, khi so sanh két qua dién tich bé mat
(BET) ctia SiO,, PANI/SiO; va CSP (hinh 2E) cho
thay dién tich bé mit riéng BET cta CSP giam di.
Hién tuong nay cho thay rang cac phan tir PANI
trong CSP ¢6 thé bi che khuét boi SiO,. N6i cach
khac, PANI c¢6 thé di xam nhdp vao 15 xdp va
duong mao quan cua SiO; [2].

4.1.2. FTIR

FTIR ¢ hinh 2D ta c6 thé thiy tuong ty nhu cac
hat SiOz, CSP xuat hi¢n céac lién ket Si-O-Si doi
xtmg dién hinh kéo dai ¢ vi tri 1027 va 816 cm™,

day la dic trung dao dong bién dang cua phan tir
SiO; [3]. Piéu nay ciing dd chimg minh sy ton tai
ctia Silica trong mau vat liéu. Ngoai ra, mot s dinh
hap thy méi ciing co thé quan sat duoc trong cac
dinh ciia CSP. Pinh & vi tri 1315 cm™ 1a lién két C-
N cia vong benzenoid (cua PANI). Cac dinh nim
& vi tri 1496 va 1598 em™ 1an luot 1 do céc lién két
gitra C=C va C=N cua vong benzenoid amin va
quinoid imin.

41.3. TEM

Tir anh TEM (Hinh 3A) c6 thé thiy duoc kich
thuc trung binh ciia CSP nam trong khoang
30+10 nm. Hinh 3A1, 3A2 cho thiy cAu tric hai
I6p 161 SiO, va vd ngoai PANI. Céc hat
nanocompozit SiO; da bi bién tinh bé mat va duoc
phi bdi PANI, Kkét qua 1a sy hinh thanh cac
nanocompozit 16i-vo (core-shell).

4.2. So sanh HSHP cua CSP véi SiO; va
SiO./PANI

Qué trinh loai b6 Cd bang CSP véi SiO, va
SiOz/PANI da dugc thir nghiém bang phuong phéap
hap phu theo mé.
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Hinh 3. Anh TEM ciia C2HsOH-SiO2/PANI.

Béng 2. So sanh HSHP ctia CSP va céc tién chat

Nong do Nong d6 Cd
A rin Cd (I1) ban | (II) sau hdp | HSHP
Vit liéu dAu phu (%)
(ppm) (ppm)
30 4,2 86,0
. 50 8,1 83,8
Si02 100 304 69,6
200 67,7 66,1
30 2,8 90,7
. 50 5,9 88,2
SiO2/PANI 100 143 85.7
200 29,6 85,2
30 2,4 92,0
50 4,9 90,2
CSP 100 126 87.4
200 26,1 86,9
Béng 3. Ph IR ciia dung dich Cd (II) tru6e va sau
qua trinh hap phu
s Gia tri Cd
e Giatri Cd C %
Vit liéu (II) ban diu (IT) sau hap 406
phu
CSP 745,5 814,7 69,2
SiO./PANI | 772,1 837,8 65,6
SiO; 1025,3 1063,5 38,1

Bang 2 cho thdy & tit ca cic ndng do ban dau
ctia Cd (II) thi CSP déu dat HSHP cao hon so véi
SiO, va SiO2/PANI. SiO; chua loai b duge Cd (11)
mot cach triét dé hoan toan, dac biét 1a & néng do

cao (200 ppm). Sau khi bién tinh bé mit SiO; véi
PANI va etanol, HSHP cadimi tang tir 66 1én 92 %.
Bang gia tri ph6 IR cua Cd (II) tinh khiét trude va
Sau hép phu duoc thé hién trong Bang 3. Gia tri 40
1a khoang chénh léch phd hdng ngoai IR cta Cd
trude va sau hip phu. Két qué trén bang ta thiy, gia
tri 46 giam dan tr (46 CSP) 69,3 > (40
SiOz/PANI) 65,8 > (46 SiOy) 55,1 tuong g véi
HSHP ciia CSP > SiO2/PANI > SiO,. Piéu nay
ciing chi ra rang d6 lién két manh hon ctua CSP so
v6i SiO2/PANI va SiO; (cudng do ctia phd IR ty 18
thuan v6i d6 manh ciia lién két trong chat do).

4.3. Khao sat cac yéu té anh hwong dén kha nang
hap phu Cd (II)

4.3.1. Anh huong ciia pH

Tir Hinh 4A, ¢6 thé thdy HSHP Cd (II) ciia
CSP ting 1én nhanh tir pH 2-5, dat hiéu qua t6i uu
& pH 6 va giam dan trong méi truong kiém. Piéu
nay c6 thé duoc giai thich nhu sau: bé mit cia CSP
mang nhiéu ion 4m hon, 1am ting cuong kha ning
hip phu cac ion duong Cd (IT) nhiéu hon. Khi pH
trong khoang 6,5-7 thi HSHP Cd (II) giam di, 1a do
qua nhiéu ion &m OH’, s& canh tranh v&i ion 4m cua
CSP, va lam giam HSHP.

4.3.2. Anh huong cia thoi gian

Hinh 4B, HSHP cua CSP tang Ién va dat can
bang sau 150 phiit. Tuy nhién, khi thoi gian tiép tuc
tang 1én tir 150 dén 300 phit thi qué trinh hip phu
dat can bang, 1a do tai thoi diém ban dau Cd (II) bi
hap phu bdi cac tim hap phu. Khi ndng d¢ Cd (II)
ngay cang ting, cic mang hap phy nay dan bi bio
hoa va 14p diy ion Cd (II), tir d6 hiéu suét hip phu
khong ting 1én nita.

4.3.3. Anh huong ciia khéi heong chdt hap phu

Hinh 4D d chi ra trong khoang tir 0,1 dén 0,7
g CSP, thi HSHP tang 1én nhanh chong, 1a do khi
tang luong CSP thi tong dién tich bé mat va sb
lwong nhom chirc trong vat liéu ting 1én, dan dén
tang HSHP. Tuy nhién, khi ting khoi lugng CSP
tir 0,8 dén 1g thi HSHP Cd khong tang lén.

4.3.4. Anh hudng cia nong dé ban dau ciia

Cd (1)
_ Dung lugng hap phu Cd (II) tang 1én khi tang
nong d6 Cd (II) ban dau (Co) va dat gia tri 16n nhat
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khi Co ctia Cd (IT) ¢ 350 ppm (Hinh 4D). Khi ting
tiép Co tir 300 dén 500 ppm thi dung luong hip phu
gitr & mure 240 mg/g, cao hon so voi cc vat liéu da
dugc cong b6. Picu ndy duoc giai thich la khi nong
d6 Co thap, cac vi tri hap phu trén CSP ¢6 sin cho

7981 815

I

100 200 300 400 500

80 nm

6291
5558
§ 4351
.18

-_ 16,98
'0 94

Ay o M

(@) -

HSHP (%)
== 2522 =2

Dung lugng hiip phu (mg/g)

Al

—_
P!
~

Nong di ban diu cia CA(IT)
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cac ion Cd (IT) nén dung lwong hp phu ting dan
theo sb luong ion Cd (II) duoc gitr lai trén bé mit
Cd (). Khi Co & 300 ppm tré 1én, HSHP dat gia tri
bao hoa do khong con ¢6 san cac tim hap phy trén
bé mit CSP.
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Khoi lwong chat hfip phu (g)

Hinh 4 (A). Anh huong cua pH (A) (ndng d6 Cd (IT) ban ddu 100 ppm, thoi gian 100 phit, khdi lwong CSP 0,2 g).
Hinh 4 (B). Anh hudng cua thoi gian (pH=6, ndng d6 Cd (IT) ban dau 100 ppm, khéi lwong CSP 0,2g).
Hinh 4 (C), (D). Anh huéng cta ndng dé ban dau Co (C), va khéi luong ciia CSP 1én sy hdp phu Cd (1) (D)
(pH=6, thoi gian 100 phit).

4.3.5. Phuong trinh dong hoc bdc 1 va bdc 2
_ Tirkét qua trén Hinh 5A va 5B, c6 thé két luan
rang md hinh dong hoc hap phu Cd (II) cua CSP
tuan theo phuong trinh dong hoc bac hai do hé §6
tuong quan R?=0,98 1ém hon so v&i md hinh bicu
kién bac 1 (R*>=0,91).
4.3.6. Pang nhiét hap phu
Hinh 5C da chi ra qué trinh hap phu Cd (II) ctia
CSP phu hop hon v6i md hinh dang nhiét
Langmuir, v6i hé s6 twong quan R*xapxil, chimg
minh qua trinh hap phu da 16p, v6i su phan bo dong

nhét cac mang hap phu trén bé mat CSP. Cac tham
s6 tinh toan thu dugc theo mé hinh Langmuir (hinh
5D) cho thdy m6 hinh Langmuir c¢6 R? cao, ndi Ién
ban chit cia qué trinh hap phu Cd (II). GiA tri qmax
thu dugc tir phuong trinh Langmuir 12 301,23 mg/g
va hang sb b 12 0,00372.

Béng 4 cho thiy, dung lugng hip phu tdi da
ctia Cd (IT) bang CSP duoc tinh toan tir md hinh
dang nhiét Langmuir cao hon gié tri bao céo trudc
day, chi ra rﬁng CSP ¢6 thé duoc st dung nhu mét
chat hip phu day tiém ning dé loai bo Cd (II) khoi
hé théng nudc thai.
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Hinh 5. (A) Phuong trinh dong hoc bac 1 (A), bac 2
(B), phuong trinh dang nhiét Langmuir (C), va (D)
cac tham s ciia phuong trinh dang nhiét Langmuir.

Bang 4. So sanh kha ning hip phu véi cac vat licu
da duogc cong bod

Dung luong
Vat liéu hap phu cuc Tai liéu
dai gmax (Mg/g)
Alcaligenes
eutrophus 122 [4]
Kraft lignin 137 [5]
Vo6 dau tuong | 147 [6]
Ba mia 189 [7]
CsP 301 Nghién ciru
nay

Két luan

Nghién ciru budc dau di thu duge nhimg két
qua kha quan, di diéu ché thanh cong vat liéu
nanocompozit CSP, than thién v4i con nguoi va
mdi truong. Vit ligu da xac dinh dugc mot s6 dic
trung chinh thong qua cac phuong phap va ky thuat
phén tich vat liéu hién dai. Pong thoi, nghién ctru

da danh gia duge mot s6 yéu t anh huong dén qua
trinh hép phu Cadimi cua vét li€u nano CSP. Vit
liéu c6 kha ning timg dung dé loai bo Cd (II) trong
dung dich mét cach nhanh chéng. Qua trinh hap
phu tudn theo md hinh hdp phu dang nhiét
Langmuir voi dung lugng hﬁp phu cuc dai dat
301,23 mg/g, pH t6i wu 14 6, & thoi gian 150 phut.
Ngoai ra, hi¢u suit hép phu cua CSP cao hon so
voi cac vat liéu khac va cao hon SiO; va
SiO,/PANI, cho thay wu diém ctia qué trinh bién
tinh bang PANI, trong dung mdi etanol.
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