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The adsorption of Pb(ll) and Cd(ll) ions from aqueous solution was
studied by Common Reed (CR) activated with NaOH solution of 0.5 M.
CR materials obtained were characterized using XRD, SEM and FT-IR.
The adsorption data were studied for adsorption isotherms of Langmuir
and Freundlich models. Adsorption of Pb(ll) and Cd(ll) ions was best
fitted with Langmuir adsorption isotherm. The maximum adsorption
capacity of Pb(ll) and Cd(ll) ions were 19.84 mg/g and 17.33 mg/q,
respectively. Experimental data were also performed to the pseudo-
first-order and pseudosecond-order kinetic models. The results
indicated that the biosorption of Pb(ll) and Cd(ll) ions on activated CR
biomass followed well the second-order kinetics. The results indicated
that CR can be used as a low-cost adsorbent for the removal of heavy
metal ions in wastewater.

Gidi thiéu chung

Gan day, kim loai ndng trong nudc thai dugc xem la
van dé I6n doi vai moi trudng do tinh linh déng, tich
Iy, khong phan hiy va bén cta né, dan dén cé thé
gay nguy hai dén hé sinh thai va sdc khde con ngudi
ngay ca & néng doé rat thép [1]. BE xir ly ion kim loai
nang trong nudc ngudi ta co thé st dung nhiéu cach
khéac nhau nhu: trao déi ion, hoa hoc, dién héa va keo
ty [1,2]. M&i phuong phép déu co uu diém va han ché
rieng nhung nhin chung chiing van chua thé dap Ung
dugc yéu cau, do cd chi phi van hanh va bdo tri cao,
dong thdi co thé tao ra lugng can I6n hodc cd héa
chét ton du sau qua trinh x( ly, gay 6 nhiém thi cap
cho maéi trudng. Do dé, phuang phap hép phu hién tai

van dugc xem 1a hiéu qua nhat do ¢ uu diém néi bat
nhu chi phf van hanh thép, dé tan dung nhiing thiét bj
san ¢o va than thién moi trudng [3]. Trong phuong
phap nay, c6 thé st dung nhiéu chat hdp phu khac
nhau, trong do chét hdp phu cé nguén géc tir biomass
tu nhién nhu: vo trdu, xo dua, tre, rom, ba mia,... hién
dugc xem la chat hdp phu “xanh’, “sach” va s&n cd vdi
trit lugng 16n [2,4,5). Cac phu phdm nay thudng co
thanh phan chinh 1a hemicellulose, cellulose va lignin
va ching cé nhiéu nhém chic hoat dong trén bé mat
nhu hydroxyl, phenolic, carbonyl, carboxyl [2,5]. Cac
nhém chdc nay ¢é ai luc va tao phic véi hdu hét cac
ion kim loai ndng nén co thé Ung dung dé lam chat
hap phu xU ly [2,5].
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Séy (Phragmites Austraulis) la loai cay I6n thudc ho
Hoa thdo (Poaceae), than cay thang, rdng va cling,
chiéu cao c6 thé 1én t&i 6 m [3]. Su phan b cla say rét
rong, kéo dai tir ving 6n ddi lanh dén cac vung nhiét
ddi néng va &m [3]. Vi thé ching phat tan nhanh va
réng khap cac nudc trén thé gidi. Gibng vdi cac ngudn
biomass khac, trong sdy cling c6 thanh phan chinh Ia
cellulose, hemicellulose va lignin nén cé thé tao ra chét
hap phu xu ly t6t cac ion kim loai nang trong nudc
[2,5]. Tuy nhién, dac diém chung cla cac biomass tu
nhién la kha néng hép phu kim loai nédng thép va tinh
chét vat ly khéong 6n dinh [6]. DE khac phuc nhing
diém han ché nay, nhiéu phuong phép bién tinh d&
dudc &p dung nham nang cao hiéu qua hap phu cla
né [2,4,6]. Theo su hiéu biét cla ching toi dén thoi
diém hién tai viéc nghién ctru bién tinh biomass sy
van con kha khiém tén. Trong bai bao nay, ching toi
tién hanh hoat hoa biomass than say bang dung dich
NaOH va danh gid kha ndng hédp phu céc ion kim loai
Pb(ll) va Cd(ll) trong nudc trén san phdm biomass bién
tinh thu duoc.

Thuc nghiém va phuang phap nghién clu
Nguyén liéu va héa chdt

Nguyén liéu say dugc thu nhan tai huyén Thap Mudi,
tinh Pdng Thap (10°317 Bac; 105°53 54 Dong). Sau do,
né dudc cét nhd va nghién min dat dén kich thudc
khodng 1-2 mm, dugc rita va sdy kho trudc khi su
dung. Cac mau biomass say kho dugc phan tich thanh
phan tro, d6 &m, chat dé bay hai va carbon cé dinh
theo phuang phép [7]; thanh phan lignocellulosic dugc
phan tich theo quy trinh phan tich thanh phan cuta
NREL [8], két qua nhu dudc trinh bay trong Bang 1.

Bang 1: Cac ddc trung clia biomass say kho

Phan tich gan ding Phan tich

wt.(%) lignocellulosic wt.(%)

Tro 6,8 Cellulose 43,3
Do &m 52 Hemicellulose 30.8
Chéat dé bay hoi 31,6 Lignin 20,4
Carbon ¢6 dinh 56,4 Khac 5,5

Céc hda chat dugc st dung trong thuc nghiém, bao
goém: sodium hydroxide (NaOH, > 99%), hydrochloric
acid (HCl, 37%), sodium chloride (NaCl, > 99,5%),
cadmium sulfate (3CdSO4.8H,O > 99%) va lead(ll)
nitrate (Pb(NO3s)z, > 99%). Tat ca cac hda chat nhan
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dugc tUr hang Sigma - Aldrich dudc si dung truc tiép
ma khéng cén phai ché hoda bé sung.

Diéu ché bjt sdy bién tinh

5,0 gam biomass say khd (CR) dugc cho vao trong 100
mL dung dich NaOH 0,5 M. Tién hanh thdy phan hén
hap & 60 °C trong 5 gid. Bot say sau dd dugc loc, rua
vai [an bang nudc cét néng cho dén khi dich loc trung
tinh va sdy kho trong chan khong & 60 °C trong 12 gidg,
thu dudc bot say bién tinh (CRNa).

Phuang phdp ddc trung vit liéu

Nhiéu xa tia X (XRD) dugc ghi bdi may do nhiéu xa
MiniFlex 600 (Rigaku, Nhat Ban) vdi ngudn bic xa la
CuKa, A = 0,15406 nm. Cac hinh anh hién vi dién ti
quét (SEM) dugc chup bdi kinh hién vi dién ti quét FE-
SEM NOVA NanoSEM 450. Phé héng ngoai FT-IR cla
cac mau dugc ghi nhan trén thiét bj IR Affinity-15
spectrophotometer (Shimadzu). Diém dang dién cla
biomass sy bién tinh dugc xac dinh dua theo phuong
phép pH drift [9].

Bdnh gid su hdp phu
Thuc nghiém hdp phu

Cho 0.2 g vat liéu hdp phu vao trong 100 mL dung
dich chtra ion Pb(ll) ho&c ion Cd(ll) & ndng dé va pH
xac dinh. Khudy tron huyén phu 16ng cho dén khi su
hap phu dat can bang. Vat liéu hdp phu sau do dugc
loc tach va ndng dé ion kim loai con lai trong dich loc
dugc xac dinh bang phuong phap phé hép thu
nguyén tir AAS. Hiéu suét loai bo ion kim loai, H(%) tai
thai diém t, dugc tinh theo phuang trinh (1) [9].

G -C)
= x1

o

H 00 M

trong do Co (mg/L) la ndbng dé cla ion kim loai ban
dau, G (mg/L) la ndng doé cua ion kim loai tai thai diém
t (phat). Dung lugng hép phu tai thai diém ¢, g: (Mg/g),
dugc tinh theo phuang trinh (2) [9].

.- (C,—C)xV )
m

trong do V (L) 1a thé tich dung dich va m (g) la lugng
chét hdp phu. Dung lugng hép phu tai can bang, ge
(mg/q), dugc tinh toan bdi phuong trinh (3) [9]:

g = (G, -C,)xV (3)
m

trong do Ce la ndng do ion kim loai tai can bang.
Thai gian tiép xuc va déng hoc hdp phu

Thai gian can bang cho su hdp phu cac ion kim loai
Pb(ll) va Cd(ll) trén CRNa dugc xac dinh théng qua
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nghién clitu déng hoc trong khodng thai gian tir O -
120 phut & céc diéu kién nhu sau: ndng dé Pb(ll) hoac
Cd(l) ban d&u 1a 30; 40 va 50 mg/L; pH dung dich = 7;
qua trinh hap phu dugc gitt ddng nhiét tai 30 °C. Hai
mo hinh déng hoc biéu kién bac mét/bac hai dugc su
dung dé hiéu thém vé dac tinh cla qué trinh hdp phu
nhu dudc cho lan lugt theo phuong trinh (4) va (5) nhu
sau [3]:

In(g, —q,)=Ing, +kt (4)
t t 1

—=—+ 5 (5)
q[ qe k2 ’qe

trong do, ge (Mg/g) va g: (mg/g) lan lugt la dung lucng
hap phu tai thai diém can bang va tai thai diém t, k; la
hang s& téc do biéu kién bac mét (phut™) va k> 1a hang
s6 t6c dé biéu kién bac hai (g/(mg.phut)).

Nong do ion kim loai ban dau va dang nhiét hdp phu

Quy trinh thuc nghiém khao sat dang nhiét hap phu
tuong tu nhu quy trinh thuc nghiém khdo sat déng
hoc hdp phu. Sau khoang thai gian 120 phut tiép xuc
gitta cac ion kim loai (ndng dé thay déi tir 30 - 70
mg/L) va bdt sdy bién tinh, dich 16ng dugc tach ra va
do lai ndng tuong ty nhu trén. Hai mé hinh dang nhiét
hdp phu Langmuir va Freundlich dugc st dung dé
phan tich dit liéu hdp phu can bang. Budng dang nhiét
Langmuir ¢é thé dugc mé ta bdi phuong trinh nhu sau

(©)

trong dé Ce (mg/L) la ndng dé can bang cla ion kim
loai trong dung dich; gmax (Mg/g) 1a dung lugng hap
phu cuc dai don I8p cla chat hap phy; Ki (L/mg) la
hang s6 Langmuir lién quan dén nang lugng hap phu.
Hon nita, dang cta dudng dang nhiét & trén cling co
thé dugc biéu thi dudi dang hé sé tach R, dugc dua ra
nhu sau [4]:

__ 1 ()
1+K,C,

L

gia tri R. cho thay sy hép phu la thuéan Igi khi 0 < Ry <
1, khong thuéan Igi khi R > 1, tuyén tinh khi R = 1 va
thuan nghich khi R = 0.

M6 hinh dang nhiét Freundlich dugc cho bdi phuang
trinh nhu sau [4,5]:
lgg, = lgK, +(1/n,)lgC, (8)

trong do6 K (mg/g.(L/mg)”™) va n 1& cac hang s&
Freundlich lién quan tuang Ung dén dung lugng hép
phu va cudng dd hap phu. B I6n cla n cho biét muc

do6 thuén Igi clia qué trinh va khi n > 1thé hién su hap
phu la thuan lgi.

pH dung dich ban ddu

Thi nghiém dudc tién hanh bang cach cho 0,2 g chéat
hap phu vao trong 100 mL dung dich chita ion Pb(ll)
hodc Cd(l) & ndng dé 40 mg/L va khudy trén trong
120 phut. pH dung dich chida ion kim loai dugc thay
déi & céac gia tri khac nhau: 3; 5; 7 va 9.

Két qua va thao luan
Mot s6 ddc trung cha vat ligu

Phé XRD clia mau biomass say khé (CR) va mau
biomass sdy dugc hoat héa bdi dung dich NaOH
(CRNa) dugc trinh bay & Hinh 1. K&t qua cho thay ca
hai mau cung xuét hién hai dinh nhiéu xa dic trung tai
gia tri goc 26 = 15.7° va 22,3° tuong Ung vdi cdc mat
(107) va (002) clia tinh thé cellulose [10].

(002)
——CRNa
i —CR
_ (101)
=
& |
«©-
o
(=]
c
O 4
=]
(8]
i —h—-—_..l

Goéc 2 theta (d0)
Hinh 1: Phé XRD clia mau CR va CRNa.

Hinh 1 con cho thdy, mau CRNa c6 cudng dé nhiéu
xa cao hon so v&i mau CR, chiing t& co ty 1& thanh
phan tinh thé cellulose 16n han. M&u CR c6 céc thanh
phan chinh gdm cellulose, hemicellulose va lignin,
trong dé chi c6 cellulose & dang tinh thé, hai thanh
phan con lai & dang vo dinh hinh. Trong qua trinh hoat
héa CR bang dung dich NaOH cac thanh phan
hemicellulose va lignin dé bj thdy phan va dugc loai bd
sau do, dan dén mau CRNa thu dugc c6 ham lugng
cellulose cao han. Két qud phéan tich ham lugng
cellulose, hemicellulose va lignin c6 trong mau CRNa
lan luct 1a 66,3%, 15,1% va 12,3%. Nhu vay, mau CRNa
cd ham lugng cellulose téng, trong khi ham Iugng
hemicellulose va lignin gidm so v&i mau CR tho ban
dau (Bang 1). PhS FT-IR trong Hinh 2 mo t& cac thay
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d6i khac nhau xay ra gitta mau CR thd ban dau va mau
CRNa sau khi dugc hoat héa. B vai mau CR, nhan
thdy viing hdp thy réng xung quanh 3421 cm™ dugc
quy gan cho dao déng O-H trong céc alcohol bac
mo&t, phenol hodc cac phan tir nudc bi hép phu [2,11].

40 T
4000 3501

© (3421

T T T T T T
3000 2500 2000 1500 1000 500

S6 séng (cm™)

Hinh 2: Phé FT-IR clia hai mau: CR va CRNa.

Cac dinh hap thu tai 2925 cm™ 1a dao dong hoa tri cla
lien két C-H trong cac nhom -CHs [3] va tai 2362 cm”
c6 lién quan dén dao dong hoa tri cla C=C trong
nhom alkyn hodc -C=C trong nhdm methylen [3]. M&t
ving hap thy réng tai 1637 cm™ dugc hd trg bdi dinh
hap thu tai 899 cm™ va dinh vai tai 1734 c™' cho thay
su hién dién clia vong tham vdéi nhém carboxylic [5,11].
Cac dinh hép thu tai 1512 cm™ la dao dong cua lignin
ester [12] va tai 1457 cm™ va 1427 cm™ tuong Ung vdi
dao déng hoa tri ciia C-H va C-O trong cellulose hodc
lignin [13,14]. Tai s6 séng 1384 cm™ co lién quan dén
dao déng bién dang C-H trong vong thom cua
guaiacyl lignin [13] hodc cling cé thé 1a dao ddng clia
lién k&t S=O [11]. Céc dinh hdp thu gilta 1300 dén 1049
cm™ dugc quy gan cho cac dao déng C-C, C-X (alkyl
halide) hoac C-O trong cac nhém alcohol, ether va
phenol [3,13,14]. Cac dinh hép thu yéu trong gidi han
tr 832 - 400 cm™ co lién quan dén dao déng bién
dang clia =C-H-C trong cac vong benzen [3,13]. D&i
vGi mau CRNa & Hinh 2 quan sat thdy cling xuét hién
cac dinh hdp thu tuong tu nhung véi cusng dé thép
hon hodc tham chi bién mat (tai s& séng 1734 cm™,
dao déng clia -COOH) so v&i mau CR. Két qua nay do
c6 sy tham gia phan Ung thdy phan cla cac nhom
chiic -OH va -COOH trong céu trdc cta CR véi dung
dich NaOH, dan dén sy loai bd phan 16n cac
hemicellulose va lignin [15], tao ra CRNa giau ham
lugng cellulose nhu da dugc dé cap trong luén giai vé
két qua phd XRD & trén.

34

Anh SEM & Hinh 3a cho thdy mau CR & dang cac sdi
thang, bé mat kha bang phang vai dudng kinh rong va
dai 1én dén vai chuc um. Sau su hoat hda CR bdi
NaOH, m3u CRNa thu dugc d co sy bién déi, bé mat
cla nd trd nén san sui va hinh thanh cac 16 réng.
két gitta
hemicellulose, khi thily phan vdi dung dich NaOH no

Lignin gt vai tro lién cellulose  va
cung vdi hemicellulose bi chuyén hoa va bi loai bod sau
d6 nhu da dugc ludn gidi & két qua phd XRD va FT-IR
& trén, dan dén tao nén cac 16 xSp trong biomass dugc

bién tinh. Dac diém nay la mot trong nhiing yéu td
gbp phan nang cao hiéu qud x ly ion kim loai cho vat
liéu CRNa. Két qua thd nghiém ban dau cho thdy, dudi
cung diéu kién hdp phy, mau CRNa cé hiéu suét loai
bd Pb(ll) (H = 94,39%) cao hon gap khodng 4,27 1&n so
v&i mau CR (H = 22,08%).

Hinh 3: Anh SEM cuia a) mau CR (biomass say thd) va
b) mau CRNa (biomass say bién tinh).

Két qud khdo sdt sy’ hdp phu
Anh hudng cta thoi gian tiép xtic va déng hoc hdp phu

Anh hudng clia thdi gian tiép xtc dén dung lugng hap
phu cac ion Pb(ll) hoac Cd(ll) trén CRNa & cac ndng
dé khac nhau: 30; 40 va 50 mg/L trong khodng thai
gian thay déi tir 0 - 120 phut nhu dugc thé hién trong
Hinh 4. Két qua cho thay, hiéu suét hap phu cla ca hai
ion Pb(l) va Cd(l) dién ra nhanh va manh trong
khodng 15 phut dau, su hdp phu sau dé trd nén cham
chap, it bién déi va gan nhu dat can bang sau khoang
90 pht tiép xtc. Hién tugng nay c6 thé dudc giai thich
bdi thuc t€ mét lugng 16n cac vi tri hdp phu con tréng
da c6 san cho sy hap phu cac ion kim loai trong giai
doan dau, va cac vi trf hdp phu sau do trd nén bao
hoa, hon nta ¢é su tuang tac déy gitta cac cation kim
loai bi hdp phu trén bé mat va cac cation kim loai con
lai trong dung dich [16]. D€ dam bdo can bang hap
phu dugc thiét 1ap hoan toan, chiing téi chon thai gian
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ti€p xUc gitia cac ion Pb(ll) hoac Cd(ll) trén CRNa téi uu
la 120 phut va dugc gitr ¢6 dinh cho céc thi nghiém

a)
20

-
(5]
Il

A

Dung lwgng hap phu, mg/g
s

—=— Pby(Il) 30 mg/L

—=— Pb(ll) 40 mg/L

(5]
Il

—=— Pb(Il) 50 mg/L

o
L

0 15 30 45 60 75 90 105 120
Thaéi gian tiép xic, phit

ti€p theo.

K=)

-
(3]
1

-
(=]
1

—A— Cd(1l) 30 mg/L

—A— Cd(1l) 40 mg/L

o
1

—A— Cd(1l) 50 mg/L

Dung lwgng hip phu mg/g

o
1

0 15 30 45 60 75 90 105 120

Thoi gian tiép xuc, phit

Hinh 4: Anh hudng clia thdi gian tiép xdc dén dung luong hap phu a) ion Pb(ll) va b) ion Cd(l).

Cac mé hinh déng hoc biéu kién bac mét (PFO) va
déng hoc biéu kién bac 2 (PSO) dugc khdp véi cac dit
liéu dong hoc hép phu céc ion Pb(ll) hoac Cd(ll) trén
CRNa nhu dugc trinh bay trong Hinh 5. Cac théng s6
dong hoc, hé s6 tuang quan (R?) xac dinh dudc ti hai
mo hinh nay dugc liét ké trong Bang 2. K&t qua cho
théy rang hoi quy tuyén tinh cla su hdp phu cla ca hai
ion Pb(ll) va Cd(ll) trén CRNa theo md hinh déng hoc

4
a) = Pb(Il)30mg/L - - - Pb(ll) 30 mg/L
® Pb(ll)40 mg/L —— Pb(ll) 40 mg/L
A Pb(ll) 50 mg/L — = Pb(ll) 50 mg/L
2 -
F 0 Pb(Il) 30 mg/L o
© y =-0.0727x + 2.7985
S R?=0.8879
£ o]
Pb(1l) 40 mg/L
y =-0.0689x + 3.1075
R? =0.8683 -
4 A
Pb(Il) 50 mg/L
y =-0.0653x + 3.0963 °
R2=0.9189 L]
'6 T T T T T T T
0 15 30 45 60 75 90
Thoi gian hap phu, phut
c) ® Cd(I)30 mg/lL - - Cd(ll) 30 mg/L
® Cd(Il)40 mg/l. —— Cd(ll) 40 mg/L
2. A Cd(I)50mg/lL = = Cd(ll) 50 mg/L
~ 01 Cd(ll) 30 mg/L
=) y = -0.0663x + 2.7234
o R2=0.8978
<
= 2 Cd(ll) 40 mg/L
y =-0.0636x + 2.8
R%=0.8952
4 Cd(ll) 50 mg/L
“*7 y=-0.0630x + 2.9267 'y
R2=0.8773 L]

0 15 30 45 60 75 90
The&i gian hap phu, phat

PSO phu hgp tét vdi cac dir liéu thuc nghiém. Céc gia
tri R? clia nd tai mbi ndng dé déu tuang Ung cao hon
SO Vdi R tinh toan dugc theo mé hinh déng hoc PFO.
Hon nlta, vé sy phu hgp gilta cac gia tri Geca tinh toan
dugc tU cdc md hinh va cac gid tri Geex theo thuc
nghiém da cho thady mé hinh déng hoc PSO ¢6 diT liéu
déng hoc phu hgp t6t han so véi mé hinh déng hoc
PFO (Bang 2).

b) Pb(Il) 30 mg/L
8 y=0.0635x + 0.4020 =
R? = 0.9996 .

Pb(Il) 40 mg/L .
| y=0.0492x +0.30977 .
R? = 0.9996 )

- Pb(Il) 50 mg/L
g y=0.0470x + 0.4114
4+ R? = 0.9992

2 -
® Pb(ll)30mg/L - - - Pb(ll) 30 mg/L
® Pb(ll)40mg/L. —— Pb(ll) 40 mg/L
A Pb(Il)50mg/L. = = Pb(Il) 50 mg/L
0 T T T T T

0 15 30 45 60 75 90 105 120
Th&i gian hap phu, phat

d) Cd(ll) 30 mg/L
y = 0.0686x + 0.5578
8 R? = 0.9995

Cd(ll) 40 mg/L .
y = 0.0580x + 0.4897 u
R? = 0.9996 :

- Cd(ll) 50 mg/L
g y = 0.0556x + 0.510
R? = 0.9995

® Cd(ll)30 mg/L -+ + - Cd(ll) 30 mg/L
® Cd(ll)40 mg/L —— Cd(ll) 40 mg/L
A Cd(Il)50mg/L = = Cd(Il) 50 mg/L

0 15 30 45 60 75 90 105 120
Thoi gian hap phu, phut
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Hinh 5: Cac md hinh déng hoc PFO (a) va PSO (b) cho su hép phu ion Pb(ll) trén CRNa va cac md hinh déng hoc
PFO (c) va PSO (d) cho su hép phu ion Cd(ll) trén CRNa.

Bang 2: Cac thdng s6 cho dong hoc hdp phu cac ion Pb(ll) va Cd(ll) trén CRNa

Co Geexp M& hinh dong hoc PFO M6 hinh d6ng hoc PSO

CéC IOﬂ A (mgg’h

o (mgl? kX107 Gecal (Mgg R k2%107 Gecsl R
k|m |Oa_| 1) (m -1)
(min’) (g.(mg.min)™ 99

Pb** 30 14,85 7,27 16,45 0,8879 1,00 15,75 0,9996
40 18,87 6,89 22,41 0,8683 0,61 20,33  0,9996
50 19,63 6,53 22,16 0,9189 0,53 21,28 09992

Cd** 30 13,54 6,63 15,26 0,8978 0,84 14,58 00,9995
40 15,97 6,36 17,42 0,8952 0,68 17,24 0,9996
50 16,47 6,30 18,70 0,8773 0,61 17,86 00,9995

DPdéng hoc hép phu cac ion Pb(ll) va Cd(l) trén CRNa
phu hgp t6t véi mé hinh déng hoc POS han so véi mé
hinh déng hoc PFO cling da dugc bdo cao & céc
nghién clu [4,17,18]. Su phu hgp hon v&i md hinh
déng hoc PSO cho thdy téc dé hdp phu phu thudc
nhiéu hon vao sy sdn co clia cac vi trf hdp phu trén bé
mat vat liéu hon la néng dé cla cac ion kim loai trong
dung dich. Hé s6 t6c dé k» ciia mé hinh dong hoc PSO
cho ca hai ion kim loai Pb(ll) va Cd(ll) déu c6 xu hudng
gidm khi tdng ndng do ion kim loai ban dau. Biéu nay
la do cé su canh tranh I6n han déi véi vi tri hap phu
khi céac ion kim loai & ndng dd ban dau cao han
[19,20]. Ngoai ra, su tuong tac hut tinh dién gilia cac
tdam hdp phu tich dién dm vai cac cation kim loai gidm
cling Vvdi sy gia tang ndng dé ion kim loai ban dau, do
d¢ ai luc ion kim loai déi vdi chat hap phu gidm.

Anh huéng cta ndng do ion kim logi ban déu va déng
nhiét hdp phu

Anh hudng ctia ndng do cac ion Pb(ll) va Cd(l) ban
dau dén khad nang hép phu cla CRNa dugc nghién
cltu bdi cac thi nghiém dang nhiét hap phu va két qua
duagc trinh bay trong Hinh 6. Nhu thdy & Hinh 6, dung
lugng hdp phu cla cé hai ion Pb(ll) va Cd(ll) trén CRNa
clng tang manh trong khodng néng dé tur 30 - 40
mg/L. Néu tiép tuc tdng ndng doé ion kim loai > 40
mg/L, dung lugng hap phu tuy c6 tdng nhung muc dé
thay déi khéng dang ké. Dung lugng hép phu cla hai
ion Pb(ll) va Cd(ll) dat gia tri I6n nhat an lugt la 19,92
va 17,00 mg/L tai cung néng dé dau 70 mg/L. Su gia
tang dung lugng hdp phu c6 thé do & ndng dé ion kim
loai cao han da tao diéu kién cho tat ca cac tam hép
phu cé san trén bé mat tham gia vao hoat dong hap
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phu, luc truyén khdi Ién hon va tang s6 lugng va cham
gilta cac ion kim loai va CRNa [20].

22
1004 L
o
u\° 90 -— —_.____.—-I — -~ 20 g
E F
2 80 L1g &
‘<% ~<%
= —_— =
& i o)
g 70 16 ¢
o ®
S 3
Q@ 60 =E=H% Pb o
T - - H% Ca?* -14 §
=m=q, Pb?* \ [a]
50 "
=@=q, Pb
T T T 12
20 30 40 50 60 70 80

Noéng dé ion kim loai, mg/L
Hinh 6: Anh hudng clia néng dé ion kim loai ban dau
dén dung lugng hép phu va hiéu suat hdp phu cac ion
Pb(l) va Cd(ll) trén CRNa.

Pong thdi, su phu thudc giia hiéu sudt hdp phu H%
vao nong dé ion kim loai ban dau Co cling dugc trinh
bay trong Hinh 6. N6 da cho thdy rang H% clia céc ion
Pb(l) va Cd(ll) gidm lan lugt tir 98.93% dén 56.91% va
90.16% dén 48.59% khi tang ndng doé ion kim loai ban
dau tuong Ung tur 30 - 70 mg/L. Viéc gidm hiéu suat
hdp phu c6 thé do s6 lugng cac tdm hoat dong co san
trén bé mat CRNa gidm cling vdi sy gia tang néng do
ion kim loai ban d&u [19,20]. Biéu quan trong la khi
ndng doé cac ion kim loai ban dau thdp hon 40 mg.L™,
han 94,30% Pb(ll) va 79,75% Cd(ll) da dugc loai bo
khoi dung dich, chira rang CRNa cé thé dudc st dung
lam ch&t hdp phu hiéu qua trong x( ly nudc bi & nhiém
bdi cac ion kim loai & ndng do thap tuong déi.
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Cac moO hinh hdp phu dang nhiét Langmuir va
Freundlich da dugc st dung dé chudn hoa dit liéu can

a)
0.075
Langmuir (ion Cd(ll))
0.070 y = 0,0473x + 0,0577
R?=0,9925
0.065
g
0.060 -
0.055 - \
Langmuir (ion Pb(ll))
y =0,0054x + 0,0504
0.050 R%=0,9989

00 05 10 15 20 3.5

1/C

25 3.0

e

bang, két qua nhu dugc mo ta & Hinh 7 va cac dit liéu
thuc nghiém thu dugc dugc tém tat trong Bang 3.

b) 1,32
Freundlich (ion Pb?*)
y =0,0613x + 1,2212
1.28 1 R?=0,8525 \.
—~ 1.24
cﬂ' (]
?
= 1.20
n
1.16 4 Freundlich (ion Cd?*)
y =0,0866x + 1,1037
- R? = 0,8892
1.12
T T T T T
-0.5 0.0 0.5 1.0 1.5 2.0

log(C.)

Hinh 7: a) Budng dang nhiét Langmuir cho su hdp phu cac ion Pb(ll) va Cd(ll) trén CRNa; b) Pudng dang nhiét
Freundlich cho su hap phu cac ion Pb(ll) va Cd(ll) trén CRNa.

Bang 3: Cac théng s& dang nhiét cho su hdp phu cac ion Pb(ll) va Cd(ll) trén CRNa

Mo hinh Langmuir

M& hinh Freundlich

Céacion (e exp

. i 1 Qmax KL 5 ]

kimloai  (mg.g™) ; 4 R R Kr (mg/g.(L/mg)"™  ne R
(mg.g”) (L.mg’)

Pb** 19,92 19,84 9,33 0,0015  0,9989 16,64 16,31 00,8525

Ca* 17,01 17,33 1,22 0,016 0,9925 12,70 1,55 0,8892

TU Hinh 7 va Bang 3 ¢6 thé nhan théy ca hai ion Pb(ll)
va Cd(ll) cung c6 dudng dang nhiét Langmuir pht hap
hon so vdi dudng dang nhiét Freundlich, véi cac hé s6
tuong quan R cao han. Do mé hinh Langmuir gia dinh
su hép phu la don I6p nén cé thé nhan dinh rang cac
tam hép phu trén bé mat CRNa la dong nhat. Cac gia
tri n trong trudng hgp clia Pb(ll) (n = 16,31) va Cd(ll) (n
= 11,55) dugc tim théy > 1, dong thai cac gia tri R cla
ching ndm trong khoang tr 0 < R < 1, chiing to rang
sy hédp phu hai ion nay trén CRNa dién ra thuan Igi [4].
Cac gié tri gmax ly thuyét tinh theo mé hinh Langmuir
cla su hdp phu Pb(ll) = 19.84 mg/g c6 phan I&n hon
doi chut so vai Cd(Il) = 17.33 mg/g va nd cling phu
hop Vi cac gid tri Geexp thu dugc tir thuc nghiém (Bang
3), cling nhu da dugc tim thay & cac cong trinh [13,18]
béo céo trudc db. Tac gid & cong trinh [18] cho rang
ion Pb(ll) dé tao tao phic chét vong bén véi cac nhom
chirc trén bé mat chat hdp phu hon so vdi ion Cd(ll).
Haon nita, do ban kinh clia ion Pb(ll) (1,32 A) 16n hon so
vdiion Cd(Il) (1,03 A) nén gitip cho Pb(ll) tuong tac tinh
dién vdi s6 lugng 16n céc vi tri hdp phu lan can, do dé
8n dinh trang thai bi hap phu han so vdiion Cd(ll), dan
dén c6 dung luang hap phu cao hon.

TU sy so sanh gié tri gmax V3i cac chét hap phu da dugc
béo cao khac (liét ké trong Bang 4), co thé thay rang
hiéu qua hép phu clia CRNa cd ngudn goc tU biomass
say trong nghién cliu nay gan tuong dugng hoac co
phan t6t han so vai mét s& chat hép phu tUr ngudn
biomass khac. Do d6, CRNa co thé dugc coi la chat
hap phu thay thé hiéu qua va chi phi thép cho x{ Iy ion
kim loai néng trong nudc thai.

Bang 4: Su so sénh dung lugng hap phu cuc dai (Qmax,

mg/qg) cla cac ion Pb(ll) va Cd(ll) trén CRNa vdi cac
chat hdp phu khac

Chét hap phu Pb(l)  Cd(l) Tailiéu tham
khao

Biomass say 19,84 17,33 Nghién ctu
nay

Than g6 soi 10,13 2,87 [18]

Biomass tu cork 13,56 2,39 [19]

Hat tiéu 3550  17.30 [17]

Than cay nho 37,67 2439 [21]
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Anh hudng cta pH dén su hép phu

D6 pH clda dung dich anh hudng rét I6n dén qua trinh
hap phu do né xac dinh dién tich bé mat cda chéat hap
phu va trang théi clia chét bi hdp phu trong dung dich.

a)
1001 g Ha@ phuiion Pb**
- o4

2 90 —@— Hag phuiion Cd
5
=
Q 80
o
(0
=
w70
b
=
(2]
5 604
@
I

50 -

40 T T T T T T T

3 4 5 6 7 8 9
pH dung dich

Anh hudng ctia pH (3, 5, 7 va 9) d6i véi su hdp phu cac
ion Pb(ll) va Cd(ll) trén CRNa d& dugc nghién clu, két
qua nhu dugc trinh bay trong Hinh 8a.

b) 27

pHpzc = 6.17

=\
AN

51 pH;
g \

Hinh 8: a) Anh hudng ctia pH dung dich dén hiéu suat hdp phu cac ion Pb(ll) va Cd(ll) trén CRNa va b) Diém dang
dién clia CRNa xac dinh theo phuong phép pH drift.

Hinh 8a cho thay, hiéu sudt hdp phu ca hai ion Pb(ll) va
Cd(ll) tdng nhe tuang Ung tu (60,12 - 68,74%) va (47,33
- 53,70%) khi tdng gia tri pH tir 3 dén 5. Hiéu sudt hap
phu cac ion Pb(ll) va Cd(ll) dugc tang cudng dang ké
khi tang pH > 5 va dat dén cac gid tri lan luct Ia
94,15% va 79,73% tai pH 7. Hiéu sudt hdp phu tiép tuc
tdng nhe khi nang gia tri pH dén 9. TU két qua phan
tich phd FT-IR & trén (Hinh 2) da cho thdy bé mat mau
CRNa cht yéu ton tai cac nhom chic —OH va —~COOH.
Pong thdi, gia tri dang dién pHpzc cia CRNa xac dinh
dudc theo phuang phap pH drift 1a khodng 6.17 (Hinh
8b). Do do, trong mdi trudng pH < pHpezc cac nhém
chiic trén bé mat CRNa dugc proton hda va trd nén
tich dién duong theo céac phuang trinh nhu bén dudi
[20].

~COOH +H" — —COOH; 9)
-OH+H" - -OH; (10)

vi thé co su tuong tac déy gitia bé mat CRNa tich dién
duacng vai cac cation kim loai, dan dén hiéu suat hap
phu thap. Nguagc lai, khi pH > pHpzc cac nhom chiic
trén bé mat CRNa bj loai proton va trg nén tich dién
am theo hai phuang trinh sau day:

—~COOH + OH™ —-COO™ +H,0 (1)
—~OH+OH — -0 +H,0 (12)

do do cé su tuang tac hit gitta bé mat CRNa tich dién
am vdi cac cation kim loai, dan dén lam tang hiéu qua
hép phu. Hiéu sudt hdp phu cao tai pH = 9, ngoai su
tich dién am ctia bé mat chat hdp phu thi c6 thé do
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mot phan cac ion Po(ll) va Cd(ll) tao két tha (tai pH =
7,7 va 8,2, tuong Ung) [18]. BE tranh hién tugng nay,
trong qua trinh nghién cltu chung téi lva chon pH = 7
la diéu kién thich hop dé tién hanh khao séat.

K&t luan

B&t sdy bién tinh da dugc tién hanh téng hop va dugc
danh gia kha nang hap phu xU ly cac ion kim loai nang
Pb(ll) va Cd(ll) trong dung dich nudc. Phan tich cac md
hinh dong hoc va dang nhiét cho sy hdp phu cac ion
Pb(ll) va Cd(ll) chi ra rang dir liéu thuc nghiém dugc
mo ta t6t bdi mé hinh dong hoc biéu kién béc hai va
dang nhiét Langmuir véi dung lugng hdp phu cuc dai
lan lust la 19,84 mg/g va 17,33 mg/g. Ngoai ra, nghién
cu cling cho théy pH cla dung dich c6 &nh hudng
manh dén hiéu quad hdp phu va pH = 7 la thich hop
cho su hép phu. Tai gia tri pH nay, han 94% Pb(ll) va
79% Cd(ll) trong dung dich v&i nbng dé ban dau la 40
mg/L dugc loai bo. Két qué cho théy vat liéu hdp phu
trén ca s& biomass sdy cé tiém nang trong Ung dung
xU ly ion kim loai ndng trong nudc thai.
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