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Tém tiat: Nghién ctru danh gia kha niang hap phu ion Ni(II) trong nudc cia vo lac trude va sau
bién tinh axit citric. Khdo sdt cdu tric vat liéu hdp phu ty nhién va bién tinh thong qua phd hong
ngoai FTIR va hinh anh SEM cho thdy, vét liéu sau bién tinh c6 d6 xp hon so vai vt liéu ty
nhién, cdc nhém chuc trong vat liéu sau bién tinh ciing cé su xudt hién thém nhém cacboxyl. Két
qué nghién ctru trén mo hinh cot hip phu cho thiy, dudng cong thoat ctia ndng do ion Ni** va thoi
gian bio hoa cot phu thudc vao chidu cao 16p vat liéu hip phy, ndng d6 ion ban déu va vén tdc
dong chady qua cot. Cac dir liéu thu nhan dugc tur thuc nghiém phit hop véi moé hinh ddng hoc

Thomas va Yoon-Nelson.

Tir khéa: Vo lac, hap phu, axit citric, niken.

1. Mé dau

Trong nhitng nim gin day, tbc do6 do thi
héa va cong nghiép héa dién ra nhanh chéng
dan dén lugng chat thai thai ra mdi truong ngay
cang 16n gy anh huong nghiém trong dén sirc
khée con nguoi, dong vat, thuc vat va cic hé
sinh thdi. Hoat dong cua cic lang nghé, khu
cong nhiép, khu ché xuit nhu khai thdc mé, ma
dién, hoéa dau, thudc da, luyén kim va dét
may... tao ra ngudn & nhiém chira cic kim loai
ning. Nhiéu phuong phdp di dugc sir dung
nhim loai bo cac kim loai ndng trong nudc thai
nhu két tua hoa hoc, trao déi ion, loc mang ...
Mic dit vdy, cdc bién phép nay con ton tai nhiéu
han ché nhu phat sinh lwong bun 16n, chi phi
bao dudng van hanh cao, hiéu qua thap khi xur
ly kim loai ndng & ndng do théap [1, 2]. Phuong
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phap hap phu luén dugc coi 1a phuong phép
phé bién va dugc st dung rong rai nhét do ¢6
nhiéu wu diém nhu hidu qua xir 1y cao, xir 1y tot
chét hiru co, mau va mui, vt liéu hip phu c6
thé ti sinh, ldp dat va van hanh don gian. Cdc
vat liéu hép phu nhu than hoat tinh, chitosan,
tro bay, than bun cho thiy kha ning cao trong
viéc loai bd ion kim loai nang. Pdc biét cic vat
liéu hap phu cellulose tir chit thai nong nghiép
nhu vo trau, vo lac, 16i ngd, ba mia... dang
duoc su chu y rit 16n tir cdc nha khoa hoc do
ching 12 nhitng nguyén liéu rat phong phd, ré
tién, sin c6 va than thién véi moi trudng [3, 4].
Tuy nhién, cdc vét liéu hip phu cellulose chwa
bién tinh c6 kha nang hip phu kim loai ning
thip va tinh chét vat Iy khong 6n dinh. Do dé,
rat nhiéu nghién ctru da duoc thir nghiém nham
chuyén d6i cellulose thanh nhimng hop chat c6
kha nang h?ip phu ion kim loai mdt cidch hiéu
qud hon. Céac phuong phdp héa hoc sir dung



210 P.T.T. Huong va nnk / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dat va Méi truong, Tép 32, S6 1S (2016) 209-214

bién tinh vat liéu nham thay ddi cic thudc tinh
nhit dinh cta cellulose nhu do dan hoi, do hiit
nude, kha niang hip phu va trao doi ion... Cic
don vi B-D-glucose tao nén cdc chudi cellulose
chtra cdc nhém hydroxyl. Cdc nhém chirc ¢6 thé
gin vao cdc nhém hydroxy théng qua mot loat
phan tng héa hoc. Cdc phuong phép bién tinh
cellulose bao gdm cdc phan tUng este hda,
halogen héa, ete héa va oxi héa [1]...Nghién
cuiu nay nhim muc dich thir nghiém vat liéu h?ip
phu kim loai ning duoc bién tinh b?mg axit
citric dé xur 1y 6 nhiém kim loai ning trong
nude thong qua céac thi nghiém theo mé va thi
nghiém cot hap phu.

2. Pbi twong va phwong phap nghién ciu
2.1. Péi twong nghién ciru

V6 lac ty nhién str dyng trong nghién ctru
duoc thu thap ¢ Ninh Binh. Mau nudc chia
niken 13 mau gid dugc pha trong phong thi
nghi¢m.

2.2. Phuong phdp nghién cuu

Chudn bi vt liéu: Vo lac nguyén lidu duoc
rira sach bang nuéc sau d6 siy kho ¢ 70°C
nhim loai bo bui ban bam trén vat liéu. Nguyén
lidu sau d6 duoc nghién nhé va ray dé 14y kich
thudc vat liéu tir 0.5 mm dén 1 mm. Liy 50 g
vat liéu cho vao cdc chira 500 ml dung dich
NaOH 0.1 M, lic trong vong 120 phut, loc lay
phan ba rén, rira bang nudc cit dén mdi trudng
trung tinh, sdy khé ¢ 105°C trong 24 gid. Vat
liéu duwoc tron véi axit citric theo ti 1€ 1:3 (theo
khdi luong) [1]. Sau khi 14c véi axit citric trong
120 phiit, loc 14y phan ba rén, siy & 60°C trong
24 gid, nang nhiét d6 1én 120°C trong 90 phuit.
Cudi cung, vat liéu duogc rua bé“mg nudc cat téi
mdi truong trung tinh va séy khdé & 90°C. Thu
dugc vat lidu hap phu.

Cdc phwong phdp phan tich: Ciu tric bé
mat vat liéu hap phu qua anh chup kinh hién vi
dién tr quét (SEM), xac dinh cac nhom churc
clia vat liéu bang phwong phip quang pho hong

ngoai bién ddi chudi (FTIR), n6ng do niken
trudc va sau hép phu dugc xdc dinh theo
phuong phap phd hip thu nguyén tir (ASS).

Nghién ciru ddng hoc hap phu: Pong hoc
hép phu cua qud trinh hip phu niken bang vat
liéu ché tao theo phuong trinh dong hoc
Thomas va Yoon-Nelson va dugc xac dinh dua
trén thi nghiém hap phu cot; dong thoi ciing xdc
dinh anh huong cta chiéu cao 16p vat lidu hap
phu, tbc do dong vao va néng dd ion kim loai
ban dau.

Dang tuyén tinh ctia phuong trinh dong hoc
Thomas va Yoon-Nelson [5] dugc thé hién
trong phuong trinh (1) va (2):

L Kyqin
In o — o — K. Oyt
¢ @)
r
It —l = Koyt — Thyy
Lo — Ly RO

Trong d6: C, va C. (mg/L) la nong do Ni**
truéc va sau qud trinh hip phu den thoi diém
dat can bang (mg/L); C; (mg/L) la nong do Ni**
dau ra khoi cot hap phu tai thoi diém t (phut);
Ky (ml/phut/mg) la hang s6 toe @6 Thomas; Kyy
(1/phut) 1a hang s6 tbe dd Yoon-Nelson; T (phit)
1 thoi gian cot hap phu dat bao hoa 50 % [6].

3. Két qua nghién ctru va thao luin
3.1. Cdu triic vat liéu

Anh SEM

Hinh anh SEM cua hai vat liéu h?ip phu vé
lac tu nhién va v6 lac bién tinh duoc thé hién
trong Hinh 1. C6 thé thiy rang, vo lac 1a vat lidu
x6p voi dién tich bé mat twong ddi 16n. Do qua
trinh bién tinh vat liéu véi axit citric, cdu tric
bé mat cua vo lac ty nhién va vo lac bién tinh
c6 su khdc biét. Déi véi vo lac tu nhién, bé mat
vat liéu khong dong nhét, kha gd nghé. Vo lac
sau blén tinh cho théy su hinh thanh cédc 6ng
dai, xop, xep 16p chdng 1én nhau tao thanh cdc
nép gap déu, gitp lam tang qua trinh hap phy [4].
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FTIR

Pho FTIR cua vo lac ty nhién va vo lac bién
tinh dugc hién thi trong Hinh 2. Cén clr vao su
sudt hién cua céc dinh, hip phu ¢ 3415.76 cm’
va 3428.81 cm’ 12 nhitng rung dong kéo dai cua
nhém hydroxyl (OH) trong cdu tric cua
cellulose va lignin. Bén canh d6, cac dinh 1735
cm’' cho théy sy hién dién ctia nhém cacboxyl.
Cdc dinh nam gitta 1509 cm” va 1375 cm’
dugc cho 1a céc lién két C-C cua vong thom.
Ciéc dinh & 1063 cm™ va 1032 cm™ ¢6 thé 1a do
lién két C-O cua nhém phenolic va nhém ether
cua cellulose [6]. Vat liéu hép phu sau bién tinh
¢6 su chuyén dich nhém cacbonyl tir viing sb
séng 1735.69 cm™ dn ving sé séng 1735.07
cm’ rong hon c6 su xudt hién thém dinh
1063.39 cm™. C6 thé thay, phd FTIR cua vo lac
bién tinh da c6 su thay ddi cliia mot s6 dinh hap
phu va c6 mot sb dinh méi xuat hién, du bdo cho
kha ning hap phu cao hon ciia vat liéu bién tinh.

(b)
Hinh 1. Anh SEM cua vét liéu hip phu (a) v6 lac tw nhién; (b) v6 lac bién tinh.

3.2. Buéc dau khao sdt cac yéu 16 anh huong
dén hiéu qud hap phu Ni** ciia vé lac bién tinh
trong thi nghiém cot

Anh hieong ciia chiéu cao ¢ét hap phu

Puong cong thodt cua ion Ni** d6i vai cac
dd cao cot hip phu khdc nhau dugc biéu dién
trong Hinh 3a. Két qua thyc nghiém cho thiy,
thoi gian dat bdo hda hip phu tang 1én cung voi
su gia ting cia chiéu cao cot hap phu. Trong
khi thoi gian dat bdo hoa hdp phu chi sau 360
phut ctia cOt 2 cm, thoi gian dat bao hoa ctia cot
4 cm 1én t6i 540 phiit. Diéu d6 dwoc giai thich
rang, voi chiéu cao lén hon twong tmg véi
lugng chit hip phu dugc st dung nhiéu hon, do
d6, dién tich bé mat hép phu va ) lugng cac
trung tim hap phu tréng trén bé mat vat liéu hép
phu nhiéu hon.
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Hinh 2. Phd FTIR ctia vat liéu hap phu (a) vo lac tw nhién; (b) v6 lac bién tinh
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Anh huong cia toc dé dong vao

Puong cong thodt ciia Ni** img véi cdc van
téc dong khéc nhau dugc biéu dién trong Hinh
3b. C6 thé thdy rang, v6i van toc dong chay 16n
hon dudng cong thodt ciia Ni** déc hon va thoi
gian dat bdo hoa hap phu nhanh hon. Trong
khoang 240 phit dau vo lac c6 kha ning hap
phu ion Ni** 1a nhu nhau véi hai van toc khic
nhau. Khi tbc d6 dong vao ting tir 0.5 ml/phiit
dén 2 ml/phiit, thoi gian bdo hoa giam tir 780
phiit xudng 540 phit. Do d6, hiéu suit loai bo
ion niken cao hon véi toc do dong vao thap
hon. Piéu d6 c6 thé duoc giai thich rang, toc do
dong chdy cang cham thi thoi gian tiép xic gitta
céc ion kim loai va vat liéu hap phu cang tang,
do d6 lugng ion bi gitra lai trén bé mat chét hap
phu ting.

Anh hudng cia nong do ion kim logi Ni**
ban ddu

Puong cong thodt cia Ni** tng voi céc
noéng d6 dau vao khdc nhau dwoc biéu dién
trong Hinh 3c. Két qua cho thay, khi nong do
ion kim loai ban dau ting 1én, dudng cong thot
ctiia Ni** trd nén dbc hon. Thoi gian dat bdo hoa
hap phu ctia nong do 200 ppm 1a 360 phiit trong
khi thoi gian bdo hoa hap phu cia nong do 100
ppm la 540 phit. Khi nong d6 dau vao cao, cic
trung tim hap phu trén vét liéu hap phu nhanh
chéng bi bao phu, vi vdy cot hip phu nhanh
chéng dat bio hoa. Khi nong do ban dau giam,

1.2 12

thoi gian tiép xtc can thiét dé cot hip phu dat
bdo hoa ting 1én do qué trinh van chuyén cac
cation tdi cdc trung tim hip phu trong trén bé
mat vat liéu tang l€n.

3.3. M6 hinh dong hoc Thomas va Yoon-Nelson.

Céc hang sé cta hai mé hinh duoc tinh todn
va trinh bay trong Bang 1, phuong trinh dong
hoc Thomas duogc thé hién & Hinh 4 va phuong
trinh dong hoc Yoon-Nelson dugc thé hién &
Hinh 5. Theo md hinh Thomas, hé $6 KT tang
khi téc do dong chay tang, giam khi ndéng do
ban diu ting va chiéu cao cot hap phu giam.
Dung lugng hip phu cuc dai tang khi tang tbe
do dong chay, chiéu cao cot hip phu va giam
nong d6 ban dau chat bi hip phu. Dung luong
hap phu cyc dai dat 6,05 mg/g voi chiéu cao cot
hép phu 4 cm, van téc dong 2 ml/ phiit va ndng
d6 ion kim loai ban dau 100 ppm. Theo md
hinh Yoon- Nelson, Kyy ting khi nong do ion
Ni** ban ddu ting va giam khi chidu cao cot hap
phu ting va toc d6 dong chay ting. Thoi gian
can thiét dé cot hap phu dat 50% bao hoa (t )
giam khi tang nong d6 ban dau va tang khi
chiéu cao cot hip phu ting va toc do6 dong chay
giam.Gi4 tri cao cua cic hé s6 twong quan R’
(R2 > 0.84) cho thay céc dir liéu thuc nghiém
phit hgp véi md hinh dong hoc Thomasn va
Yoon-Nelson.
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Hinh 3. Budng cong thoét cua N1

(g véi (a) chidu cao cot hap phy; (b) van téc dong;

(c) nong d6 ion kim loai ban dau.
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Béng 1. Hing s dong hoc hip phu Thomas va Yoon-Nelson cta cdc qud trinh hip phu

Thomas Yoon-Nelson
Chiéu  Nongdo Van tdc dong Kr Qo R’ Ky T (phuit) R’
cao cot ion Ni**dau vao (ml/phiit) (ml/phit/mg) (mg/g) (/phut)
(cm) vao(mg/L)
4 100 0.5 0.068 3.35 0.865 0.0127 206.88 0.8275
4 100 2 0.08 6.09 0.931 0.0120 126.46 0.8921
2 100 2 0.06 5.485 09162 0.0173 31.77 0.8250
4 200 2 0.067 5.85 0.8434 0.0203 40.88 0.8298
2 4 3
1 .. 4 chiéu cao cot 4 cm ‘y .0.01x+ 1.8249 2. # C0=100 ppm
A chidu cao ¢t 2 cm 4 R?=0.86051 # van téc 2 ml/phat 1 ’ 4 Co=200ppm
014 ) V -0.0106x +0.9741
0 A van toc 0,5 ml/phit 0 R?=0.93105
=1 y = -0.0106x + 0.9741 = =,
; " R?=0.93105 J, 8
E] 3 = . E 3
y =-0.0106x - 0.3291
-4 R?=10.91622 y =-0.0106x +0.9741
6 R2=0.93105 y =-0.0166x + 0.7889
-5 + -5 R*=0.84338 +
] 6
* o 100 300 400 500 600 ’ S T L w0 Thzcgogiau f;?}?m) 0o 0o e

200
Thoi gian (phat)

(a)

Thei gian (phat)

(b) ()

Hinh 4. Phuong trinh dong hoc Thomas dang tuyén tinh cta qua trinh hép phu ion Ni** 1én vo lac bién tinh theo
(a) chiéu cao cdt hap phy; (b) van toc dong chay; (c) nong do ion kim loai ban dau.

In (C/C,-C)

0 100

y=0.012x - 1.5175
R?=0.89209

4 chidu cao cot 4 cm

A chidu cao cdt 2 em

200 300 400 500 600
Thoi gian (phit)

(@)

700

10 8
y=0.0203x - 1.0542
R?=0.82978

6 y=0.012x - 1.5175
R?=0.89209

g G2 -
v 2 ¥ =0.0127x- 3.5791 < y=0.012x- 15175
s R?=0.82748 9 R?=0.89209
g ° ‘ Yo
2 ‘
2 1A
4 4 van 8¢ 0.5 mi/phit L #C0=100 ppm
* 4
6 A van téc 2 ml/phut 4 4 C0=200 ppm
* e —
8 .
0 2000490, gian (ph..u g0 1000 0 100 200 300 400 500 600 700

Thoi gian (phut)

(b) ()

Hinh 5. Phuong trinh dong hoc Yoon-Nelson dang tuyén tinh cua qud trinh hép phu ion Ni** 1én Vo lac bién tinh
theo (a) chi¢u cao cgt hap phu; (b) van toc dong chay; (c) ndong do ion kim loai ban dau.

4. Két luan

Két qua nghién ctu cho thdy vo lac bién
tinh axit citric c¢é kha nang hap phu ion kim loai
nang trong nudc. Hinh d&nh SEM cho thay vat

lidu sau bién tinh hinh thanh cic dng dai, xop,
Xep 16p chdng 1én nhau tao thanh cic nep gap
déu, gitp 1am ting qud trinh hap phu. Két qua
nghién ctru trén md hinh cot hap phu cho thiy,
duong cong thodt ctia ndng do ion Ni** va thoi
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gian bao hoa cdt phu thudc vao chiéu cao cot
hap phu, nong d6 ion ban dau va van tdc dong
chay qua cot. Kha niang hdp phu cua vat liéu
tang khi ting chiéu cao cot va giam khi ting
van tbe dong vao va néng d6 ion kim loai ban
dau. Cdc dir liéu thu nhan duogc tir thuc nghiém
pht hop v6i md hinh dong hoc Thomas va
Yoon-Nelson.
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Removal of Ni (II) from Aqueous Solution by Citric Acid
Modified Peanut Shells

Pham Thi Thu Huong, Bui Thi Le Thuy, Hoang Minh Trang,
Nguyen Manh Khai, Pham Thi Thuy

Falcuty of Environmental Sciencies, VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi

Abstract: The study evaluated the removal of Ni (II) by raw peanut shell and citric acid modified
peanut shell. Characterizatic studies were performed using Fourier transform infrared (FTIR) and scan
electron microscopy (SEM) showed that after modified material, more functional groups (carboxyl)
emerged. In fixed bed column study, the breakthrough curve and equibilium time of Ni (II) was
determinded effected by column bed height, initial ion concentrations and flow rate of effluent. The
experimental data obtained in this study were consistent with Thomas and Yoon-Nelson kinetic models.

Keywords: Peanut shells, adsorption, citric acid, Ni (II).



