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XU LY O NHIEM CROM (IlI) BANG VAT LIEU HAP PHU
BIEN TiNH TU VO CAM SANH
Nguyén Tran Xuan Phueong!, Nguyén Thi Thay Hong!, Lé Thi Kim Phung>?, D4 Chiém Tai'

TOM TAT

O nhiém kim loai ning 1a mot trong nhimg van dé vé moi truong ma nhiéu qudc gia trén thé gioi phai déi
mait, trong d6 c6 Viet Nam. Trong nghién cttu nay, chét hap phu sinh hoc tir vd cam sanh duogc stt dung dé
loai 6 nhiém Cr* trong nudc. Vo cam duoc tién xt Iy bang NaOH va iso - propanol dé tang cuong cac nhom
chtic c6 kha nang lién két voi ion Cr*. Cau tric va hinh thai cia vat liéu trude va sau khi hap phu duoc
nghién cttu bang phé hong ngoai bién déi Fourier (FTIR), nhiéu xa tia X (XRD), kinh hién vi dién t& quét
(SEM). Qua trinh hap phu Cr* bang vé cam sanh dat can bing sau 150 phat, & pH trung tinh, nong do Cr*
ban dau 250 mg/L. Theo mé hinh dang nhiét Langmuir, vé cam c6 kha nang loai b6 ion Cr** lén dén 27,21
g/g, 1a su hap phu don 16p cta céac ion kim loai 1én bé mat vat lieu. Pong hoc hip phu tuan theo mé hinh
biéu kién bac hai véi hé s6 twong quan R*> 0,99, biéu hién sy hap phu xay ra theo co ché héa hoc. Chat hap
phu sinh hoc chi phi thap tir vé cam c6 tiém nang loai bé Cr** trong nuoc thai xi ma.

Tt khéa: Chat hap phu, 6 nhiém kim loai nang, vé cam sanh.

1. BAT VAN BE

Xt Iy nudc thai 6 nhiém kim loai nang 1a mot
trong nhitng van dé thach thac nhat ma nhiéu quéc
gia trén thé gioi phai d6i mat. Cho dén nay, hap phu
duoc xem la mot trong nhitmg phuong phap sit dung
phé bién nhat trong loc nudc dé loai bo kim loai doc
hai, chat hitu co va thuéc nhuém mau [5, 11]. Nhiéu
san pham phu hodc chat thai cong nghiép, phu phdm
nong nghiép duoc st dung lam chat hap phu vi chi
phi thap va sin co6 tai dia phuong véi s luong rat 16n
[1, 15].

Cam 1a loai cay trong phé bién & Viet Nam va
nudc ép cam la mot loai nuéc giai khat wa chudng.
Vi su gia tang dan s6 nhanh chong dan dén nhu cau
vé cam tiang cao, nhat 1a khi nuwéc cam ép tré thanh
mot san phdm trong cong nghiép thuc phim, viec
phat thai vé6 cam dang gia tang va tré nén dang lo
ngai. Vi vay, viéc tai stt dung vo cam lam chat hap
phu kim loai nang tir nudc thai can duoc nghién ctu,
g6p phan giam 6 nhiém moi truong do su phat thai
cta vo cam sanh.

Trong nghién cttu nay, kha ning hap phu caa vo
cam sanh da xit ly trudc bang hoa chat thong thuong
duoc khao sat doi véi ion Cr**. Chat hap phu duwoc
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nghién ctru cau trac va hinh thai bang cac phuong
phap phan tich cau trac vat lieu. Cac thong so lién
quan dén qua trinh hap phu nhu thoi gian can bang,
pH, nong d@o ion Crom (Cr) (III) ban dau, mo6 hinh
dong hoc va dang nhiét da duoc nghién ctru.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu

Natri hydroxit (NaOH, > 90%), axit clohydric
(HCI, 36,5%) va iso - propanol (C;HgO, 99,7%) duoc
cung cap boi Xilong. Crom (II) sunfate hexa hydrate
(Cr,(S0,);.6H,0, 99,5% do Aladdin san xuat.

2.2. Ché tao vat lieu hdp phu

V6 cam sanh duoc thu nhat tai cac cta hang
nudc ép trai cay & quan Binh Thanh, thanh pho Ho
Chi Minh. Lua chon nhitng vé nét san it, rita sach roi
cat thanh cac miéng nhé 2 x 2 mm dé céc thi nghiem
c6 su lap lai tot. Xt Iy héa hoc vé6 cam bing dung
dich NaOH 0,02 M va iso - propanol dé bién tinh bé
mat vat lieu. Sau do, vat lieu duwoc rira ky bang nudc
khtrion cho dén khi hét kiém nham tranh anh hudéng
pH trong nghién ctu hip phu va siy kho & 80°C
trong 24 gio. Vat lieu duoc bao quan trong binh hut
am dé thuc hién cac khéo sat.

2.3. Phan tich hinh thai, cdu trdc vat lieu

V6 cam duoc phit mot 16p platin méng trong 30 s
trude khi chup trén kinh hién vi dién tir quét Thermo
Scientific Prisma E SEM, quan sat hinh thai bé mat
ctia cac vat lieu trudc va sau khi hap phu Cr*. Cac
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nhom chtc ton tai trong mau duoc phan tich thong
qua phé héng ngoai bién déi Fourier (FT - IR) trong
pham vi 4.000 - 400 cm™ (Alpha - E, Bruker, Duc), st
dung KBr 1am nén mau. Mau duoc phan tich nhiéu
xa tia X - XRD theo phuong phap bot (Bruker, D8
Advance, Germany), goc quét 20 tir 5° dén 80°, van
hanh &40 kV va 40 mA.

2.4. Nghién ctru m6 hinh hap phu Cr¥*

Tién hanh thi nghiém hap phu véi khoang 0,05 +
0,001 g vat lieu trong 25 mL dung dich Cr,(SO,); 125
- 1.000 mg/L. Sau 15 - 180 phut, loc thu 1y dung
dich va xac dinh néng do dung dich con lai bang may
quang phé UV - Vis (Shimazu 1800, Nhat Ban) &
budc song 431 nm.

Dung luong hap phu tai thoi diém can bang (@G,
mg/g) duoc tinh theo cong thic (1).

_ (G —C)xV

Trong do: C,, C, 1a néng do ban dau va tai thoi
diém can bang (mg/L), V 1a thé tich dung dich (L),
m 12 khoi lvong chat hap phu (g) [11].

3. KET QUA VA THAO LUAN

3.1. Hinh thai, cdu tric vat lieu

Hinh thai bé mat vat lieu thong qua anh SEM
duoc thé hién & hinh 1. Ban dau, bé mat vo cam kha
phang véi mot vai “nét san” nhé (Hinh 1a). Sau khi
xtt Iy héa hoc bang NaOH va 2 - propanol da tao nén
nhiéu 16 rong, tang cuong cac “dudi gai nham” trén
bé mit vé6 cam (hinh 1b). Tuy nhién, sau khi hap
phu, v cam tré nén phang hon, cac dudi gai gan nhu
bién mat hoan toan (Hinh 1c). Diéu nay cho thay, ion
Cr* da bam lén bé mat vat lieu bang luc hut tinh
dién. Hinh thai bé mat tré nén go ghé, voi nhiéu 16
roéng sau khi xt Iy hoa hoc cé su twong déng so voi
nghién cttu tir vat hap phu c6 ngudn goc cellulose (vo
dua lu6i, thanh long va bo) truéc d6 cua

Ramakrishna efal, 2015 [10].

Pho FT - IR duoc stt dung dé dinh tinh s c6 mat
ctia cac lien két hitu co, cac dinh dac trung hodc cac
lien két cong hoa tri trong vat lieu. Hinh 2 cho thay,
dinh & quanh vi tri 3.453 cm? cé thé 1a do liéen két
hydro néi phan tt (dao dong hoa tri O - H) trong cac
hop chat a - cellulose, hemicellulose, lignin, ancol,
phenol ctia vo cam. Pinh hap thu 2.900 dén 3.100 cm
1'1a su lai hoa sp® rung dong kéo dai ctia cac goc
methylidyne (- CH), methylidene (- CH,), methyl (-
CH,). Dinh dao dong & s6 séng 1.600 dén 1.700 cm™
cho thdy, su xuat hién cta lién két C = O va 1.000 dén
1.200 cm™ 1a C - O, day la nhig dac trung ctia nhom
carboxyl [11]. C6 thé thdy rang, cac nhém chic
hydroxyl va carboxyl hay cac goc methyl déu co kha
nang phan tmg giita bé mat vat lieu va ion kim loai,
diéu nay c6 y nghia trong hap phu.

Cuong d6 hap thu tai cac vi tri dac trung vira dé
cap da giam ro rét sau khi hap phu Cr*. Cac lién két

Hinh 1. Anh SEM ciia vat lieu (a) vd cam chwa xit Iy hoa hoc, (b) truéc, (c) sau hdp phu

phoi tri dugc hinh thanh nhu Cr - hydroxo (Cr - OH),
Cr - methylidyne (Cr - CH), Cr - methylidene (Cr -
CH,), Cr - methyl (Cr - CH,), va Cr - carboxyl (Cr -
CO0O); day duoc cho la su tuong tac gitra obitan p va
d ctia nguyén tit cac bon va kim loai [6, 11]. Xu
hudéng nay twong tw véi nghién ctru trude do ctaa
Pérez et al, 2009 [9].
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Hinh 2. Phd FT - IR cia vat liéu truedce va sau hidp phu
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Phé nhiéu xa tia X - XRD cua vat lieu truéc va
sau hiap phu duoc thé hién & hinh 3. Tinh thé
celllulose I xuat hién tai cac dinh nhiéu xa (101) va
(200) [11]. Sau khi hap phu, dinh tai vi tri 26 = 39°
cho thdy Cr’* da xudt hién trong cau truc vat liéu, két
qua nay pht hop vo6i anh SEM va phé FT - IR.
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Hinh 3. Phé XRD ciia vat liéu trude va sau hap phu
3.2. Kha ning hap phu Cr¥
3.2.1. Thoi gian can bang

Tt dwong dong hoc hap phu hinh 4a, v cam
sanh sau xtt Iy c6 kha nang hap phu nhanh ion Cr*
va dat can bang trong khoang 150 phut. Qua trinh
hap phu dién ra nhanh chdéng trong 90 phut dau tien
vi bé mat c6 nhiéu 16 réng véi cac nhom chuce tu do
trén mach cellulose thuan loi cho qua trinh hap phu.
Sau moét khoang thoi gian, cac ion Cr* lién két voi
cac nhom hydroxyl, carbonyl lam giam s6 tam hap
phu nén su hap phu dién ra cham hon cho dén dat
can bang.

Bén canh d6, khi ndong do ban dau cta cac ion
Cr® tang, dung luong hdp phu ciing tang theo. Day
c6 thé 1a két qua cua su gia tang s6 ion kim loai trén
mot don vi thé tich dung dich c6 dinh ban dau (25
mL dung dich Cr,(SO,),/thi nghiém) [12].

3.2.2. Anh huéng pH

pH 1a mot yéu to rat quan trong trong hap phu,
c6 thé anh huong dén tinh chat hoéa hoc ctia ca chat
hap phu va chat bi hap phu. Cac nhom chic chiu
trach nhiém vé lién két véi ion kim loai trong dung
dich bi anh huwéng boi pH. Gid tri pH cing anh
hudéng dén su canh tranh ctia ion kim loai bi hap phu
dén cac tam hap phu trén vo cam [7]. Cac thi nghiém
duoc thuc hién cung néong do Cr**1a 250 mg/L, thay
d6i pH dung dich tir 3 - 8 va thu duoc két qua & hinh
4c. Khi tang pH 3 - 7, dung luong hip phu tang ti

4.623 - 7.950 mg/g va dat gia tri cao nhat tai pH 7.
Trong moi truong acid, ton tai su canh tranh gitra ion
H* va Cr*, H* ¢6 ban kinh nhé nén linh dong hon,
gay ra su proton hoéa bé mat vat lieu lam céan tré va
giam hiéu qua hap phu. Khi pH > 7, dung luwong hap
phu gidm béi vi su két tiia cia mot so ion Cr*. Vi vay,
tai pH trung tinh, bé mat vé cam tich dién am chta
nhiéu tam hoat dong nhu OH va COO', khong cé su
can tré ctia H* trong moi truong nén tao stec hut tinh
dién manh mé gitta vat liéu hap phu va ion duong
kim loai [11].

3.2.3. Anh huéng nong do Cr** ban déu

Hinh 4c cho thay, dung luong hap phu ting dan
khi tang nong do Cr** ban dau. Trong thi nghiém
nay, luong vé cam duoc ¢6 dinh nén dién tich bé mat
va so tam hap phu duoc phan bo trén dé la khong
d8i. O néng do Cr® thdp, s6 tam hép phu cta vat lieu
nhiéu hon s6 ion kim loai; ciing nhu khong co su
canh tranh gitta nhitng ion. Khi nong do Cr**ban dau
tang thi s6 ion twong tac voi cac nhom chic trén bé
mat vat liéu ting nén so tam hap phu tu do gidm dén
khi dat trang thai bao hoa.
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Hinh 4. D6 thi biéu dién (a) thoi gian hdp phuy can
bang, anh hudng ctia (b) pH va (c) néng do Cr* ban
dau dén qua trinh hip phu

3.2.4. Mo hinh dong hoc hap phu

Hap phu dién ra rat phttc tap va khong thé xac
dinh dong hoc thuc cia qua trinh ma chi xac dinh
cac phuong trinh dong hoc biéu kién bac mot va bac
hai dé mo ta toan bo qua trinh hap phu [3].

Mo hinh dong hoc hap phu biéu kién bac mot
duoc phat trién boi Lagergren, thuong duogc st dung
cho cac qua trinh hap phu vat ly va giai doan khuéch
tan quyét dinh toi toc do hap phu. Phuong trinh cho
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mo hinh dong hoc hap phu biéu kién bac mot duoc dua
ra cho hé hap phu 16ng - ran nhu thé hién & phuong
trinh (2) [2].

In (qe — q¢) = —k,t +Ing. ©

Trong do: k, 1a hang s6 toc do theo mo hinh
dong hoc hap phu biéu kién bac mot (1/thoi gian),
dung @6 thi In(q.- q,) phu thudc vao t, tir @6 x4c dinh
duoc q. va k;.
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Dua vao dung luwong hap phu theo thoi gian, mo
hinh dong hoc biéu kién bac hai c6 dang nhu phuong
trinh (3) [2].

t_t 1
d: de

2
k,.qz 3)

Trong d6: k, 1a hang s6 téc do theo mo hinh
dong hoc biéu kién bac hai (g/(mg. thoi gian)).
Dung d6 thi t/q, phu thuoc vao t, tir d6 xac dinh
duoc q, va k, (Hinh 5a).
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Hinh 5. M6 hinh (a) dong hoc biéu kién bac hai, (b) ding nhiét Langmuir ctia qua trinh hdp phu Cr**
bédng v6 cam sanh

Cac gia tri va hé s tuong quan duoc tinh tir
phuong trinh dong hoc bac mot va bac hai duoc trinh
bay trong bang 1. Theo d6, viec loai bo cac ion Cr**
clia vé cam tuan theo mo hinh biéu kién bac hai, cho
thdy rang toc do duoc kiém soat theo co ché hap phu

hoa hoc thong qua lién két cong hoda tri gitta cac
nhom chic chita cac bon va hoac trao déi electron.
Qua trinh loai bé Cr¥*, Pb* bang vo cam va dua hau
[13], Ni** va Cd* bi hap phu béi vé nhan [14] ciing
tuan theo dong hoc biéu kién bac hai.

Bang 1. So sanh hai mé hinh dong hoc hap phu

Néng do Dong hoc bac mot Dong hoc bac hai
CI‘3+ q q
k R2 el, cal k R2 e2, cal
(mg/L) ' (mg/g) ’ (mg/g)
125 0,015 0,7734 229837 6,96.10° 0,9921 5238,13
250 0,024 0,9791 7899,34 3,41.10° 0,9964 9269,21
500 0,019 0,9279 15495,73 8,2.107 0,9929 17613,06

3.2.5. Mo hinh dang nhiét hap phu

Dung lwong hip phu can bang duoc tinh toan
dua trén cac duong dang nhiét hap phu Langmuir va
Freundlich.

Trong hé 16ng - ran, phuong trinh hap phu ding
nhiét Langmuir gia dinh rang sy hap phu xay ra trén
bé mat dong nhat va su bao hoa dat duoc khi chat bi

hap phu ldp day cac tam hoat dong, c6 dang nhu
cong thic (4) [11].
C 1 1
= oD

a B qmax

Qmax- kL (4)

Trong d6 q,,, 12 dung luong hip phu cuc dai
(mg/g); hing s6 k; dic trung cho luc tuong tac gitra
chat hap phu va chat bi hap phu tai mot nhiét do xac
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dinh, dac trung cho tinh chon loc ctia tam hap phu.

T gia tri k; c6 thé danh gia qua trinh hap phu co

phu hop trong khoang nong do nghién cttu ctia chat

bi hap phu hay khong thong qua tham s6 can bang

R; va duoc xac dinh theo cong thirc (5) [11].
1

i kCy

Ri=

()

M6 hinh dang nhiét Freundlich 1a mét phuong
phap khac duwoc st dung dé mo ta sy hap phu da lop
va bé mat khong dong nhat cta vat liéu hap phu. Mo
hinh nay duoc thé hién bang phuong trinh (6) [11].

1
Inq, = —InC, + Ink
n ) ©
Trong do6 ke 1a hang s6 hap phu Freundlich, 1a
dai luong co6 thé dung dé dac trung cho kha nang héap
phu cta hé, gia tri ke 16n dong nghia voi hé c6 kha
nang hap phu cao.

Phan tich héi quy C./q. theo C, déi voi mo hinh
Langmuir (Hinh 5b) va héi quy In(q.) theo In(C.) doi
voi mo hinh Freundlich thu duoc két qua nhu trinh
bay & bang 2. Két qua cho thdy, mé hinh Langmuir
c6 heé so twong quan R? tién gan dén 1 hon so voi
Freundlich. Gia tri R, € [0; 1], nghia 1a qua trinh hap
phu dién ra thuan loi trong viing nong do khao sat.
Nhu vay, c6 thé xac dinh qua trinh hap phu Cr?** trén
vd cam tuan theo mo6 hinh dang nhiét hiap phu
Langmuir. Két qua nay tuong tu voi mot s6 nghién
ctru trude day khi st dung vo cam Cd* [11], vo chudi
hap phu Cu?, Cd* va Cr® [15] hay vo dua ludi va
thanh long hap phu Pb?, Ni** va Cr® [10].

Bang 2. So sanh hai mé hinh h4p phu d4ng nhiét

hép phu
Langmuir Freundlich
k;
qmax (L / R2 RL kF RZ n
(g/9) (mg/g)
mg)
0,20-
27,21 10,0036| 0,9977 0.61 480,97 10,9890| 1,73

Dung luong hap phu cuc dai duoc tinh toan theo
mo hinh Langmuir trong nghién cttu nay cao hon rat
nhiéu so véi mot s6 nghién ctru trude day vé st dung
phu phdm nong nghiép dé xtt ly nuéc nhiém Cr*
(Bang 3). Su chénh léch nay co thé 1a do kich thuoc
khac nhau cta cac chat hap phu, cau trac, su hién
dién cta cac nhom chic trén bé mat ctia cac loai vo

trai cay khac nhau, cting nhu su twong thich gitta cac
16 réng trén bé mat vat liéu va ban kinh ion Cr¥**. Hén
hop vé cam va dua hau [13] hoac st dung vé dua hau
[8] duoc xtt Iy bang nhiét do dé loai bé tinh dau hodc
lam bay hoi nudc trén bé mit vo nén cho két qua hap
phu tuong d6i thap (50 - 170 mg/g). Trong khi d6, vo
cam [4] da st dung methanol va nudc dé bién tinh bé
mat vat lieu nhung cho két qua hap phu Cr** chi dat
55 mg/g, diéu nay cho thiy qua trinh xit Iy vo cam
bang NaOH va iso - propanol ting cuong hiéu qua xt
ly kim loai nang Cr* trong nudc va tao tién dé tmng
dung xtr Iy nuwdc x4 thai xi ma trén thuc té.

Bang 3. So sanh dung lwong hap phu Cr* cuc dai cia
mot sO vat lieu khac nhau

T Tai liéu tham
Vatliéu hap phu | g (€/2) Khio
V6 cam o791 | Trongnghién
ciu nay
Vé cam 0,055 (4]
Hon\ hop VoA,cam 0,050 [13]
va dua hau
Vo dua hau 0,17 [8]
Vo duale 0,91 [16]
Vo xo0ai 0,098 [2]
Ba rong Padina 0.40 (3]
2ymnospora
4. KET LUAN

Trong nghién cttu nay, tiém nang ctia phu pham
nong nghiép tir vo cam sanh duwoc tng dung trong xir
ly nudc nhiém doc t6 Cr*. Vo cam duoc bién déi bé
mat bang phuong phap héa hoc voi NaOH va iso -
propanol, c6 dung lwong hap phu ion Cr* la 27,21
g/g dat can bang sau 150 phut tiép xuc, thuc hién
trong moi truong pH 7. Qua trinh hap phu tuan theo
mo hinh dong hoc biéu kién bac hai va dang nhiét
hap phu Langmuir. Két qua nghién ctu gép phan
nang cao gia tri cia vo cam sanh Viét Nam khi ting
dung chat thai nong nghiép vao xtt Iy nudc thai cong
nghiép.

LOI CAM ON

Nghién cuiu ndy duoc Truong Pai hoc Quoc té
Hong Bang cap kinh phi thuc hién duci ma so dé tai
GVIC 14.2 14.
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Summary

Heavy metal pollution is one of the environmental problems faced by many countries around the world,
including Vietnam. In this study, a bio - sorbent from orange peels is used to remove Cr**ion contamination
in water. Orange peels were pretreated with NaOH and iso - propanol to enhance functional groups capable
of binding to Cr* ion. The structure and morphology of the materials before and after adsorption were
studied by Fourier transform infrared spectroscopy (FTIR), X - ray diffraction (XRD), scanning electron
microscope (SEM). The process of Cr* adsorption by orange peels is reached equilibrium after 150
minutes, at neutral pH, with the initial Cr** concentration of 250 mg/L. According to the Langmuir isotherm
model, the maximum adsorption capacity of the orange peel for Cr* is up to 27.21 g/g, which is the
monolayer adsorption of metal ions on the surface of the materials. The adsorption kinetic follows a second
- order model with a high correlation coefficient R? > 0.99, indicating that the adsorption occurs chemically.
A low - cost bio - adsorbent from orange peel has the potential elimination of Cr** jons in plating wastewater.
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