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NGHIEN cUU SU DUNG CAY CO LAC (CYPERUS PROCERUS)
LAM VAT LIEU HAP PHU Pb(ll) TRONG NUGC

PénToa soan 18-9-2008

TRAN LE MINH', HUYNH TRUNG HAI', MIKIYA TANAKA?
'Vién Khoa hoc va Cong nghé Méi truong [) Truong Pai hoc Bach Khoa Ha Néi
*Vién Nghién citu Cong nghé Qudn Iy Méi truomg [ AIST, Nhdt Bdn

ABSTRACT

This study is on sorption of lead ions on a new natural and abundant material, tall cyperus
(Cyperus procerus Rotth.). The batch type experiments showed, tall cyperus was found to be
useful sorbent for the removal of Pb(Il) from aqueous solution. The effect of the contact time, pH,
initial metal concentration, solid - liquid ratio... on the removal process were investigated. The
maximum removal efficiency was 99.6% for Pb(Il) at equilibrium pH 4.7. Equilibrium isotherms
have been measured and modeled. The data were fitted well for the Langmuir adsorption
isotherm as well as Freundlich adsorption model. Langmuir monolayer adsorption capacity was
found to be 44.9 mg g at 25°C. Further, the column data showed that tall cyperus can be reused
at least several times for removing Pb(Il) through the saturation [ elution cycle. Tall cyperus is
said to be a promising, inexpensive, and effective sorbent for lead ions from aqueous solution.

- MO PAU

Viéc thai boé nude thai cé chia chi tir qua
trinh sdn xudt ic qui axit, qué trinh ma, tuyén
quéng,[] vao moi trudng 1a mot van dé can duge
quan tam bai chi 1a mot trong cac nguyén té ¢
doc tinh cao. Chi khong c6 kha nang phan hay
sinh hoc va su ¢6 mat cta chdng trong nuGc gay
tich tu sinh hoc, anh hudng dén su séng cua
dong thuc vat va con nguoi. Qué trinh hap phu
12 mot trong s6 cong nghé hiéu qua dé xu 1y chi
trong nudc. Mot s6 vat liéu gid thanh thip duge
st dung lam chat hap phu nhu khoédng tu nhién,
cac chat thai cong nghiép (min cua, bun thail7),
vat liéu sinh hoc (xo dira, bd mia, vo6 cam, 14
cay[]). Bai bdo nay trinh bay mot s6 két qua
nghién cttu hap phu Pb(Il) trong nudc bang sinh
khoi cay co lac - loai cay moc dai & ving nhiét
déi va khong cé gia tri kinh té€ véi thuc nghiém
gian doan theo mé va lién tuc trén cot.
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II - THUC NGHIEM

1. Vat liéu va héa chat

Cyperus procerus Rottb. (thuoc ho céi, dan
dia phuong thudng goi 1a cb l4c) 1a loai cay moc
dai & ving dam ldy am w6t & Ha Tinh — Viét
Nam duogc thu gom, rira sach, phoi kho, sau d6
dugc nghién va sang dén kich thude < 0,84 mm.
Tiép do, sinh khoi kho duoc hoat hod bing
metanol va dugc tach, rira bang nudc cét, say
kho & nhiét do 80°C dén khéi lugng khong ddi,
bao quan trong lo plastic va gii trong t hit 4m.
Vat liéu sau khi dugc xtr Iy va hoat héa (ky hiéu
la PIM) c6 bé mat rieng 1,1 m* g (x4c dinh
theo phuong phdp BET trén thiét bi BELSORP-
mini). Thanh phan vat lieu gém 43,23% C,
43,00% O, 5,78% H va 0,57% N.

Héa chét sa dung cho thuc nghiém thuoc
loai tinh khiét phan tich. Dung dich goc¢ ¢6 nong
do 1 g L' dugc chudn bi bang cdch hoa tan mot
lugng mudi Pb(NO,), trong nudc cét hai lan.



Dung dich lam viéc la dung dich Pb(Il) duoc
pha lodng béng nudc cét tir dung dich goc. Dung
dich NaOH va HNO, c6 néng do khic nhau
duoc sir dung dé hiéu chinh pH cua dung dich
khi can thiét.

II - PHUONG PHAP LUAN

1. Thuc nghiém theo mé

Thuc nghiém theo mé duoc thuc hién dé x4c
dinh anh hudng cua mot s6 yéu t6 nhu thoi gian
ti€p xic, pH, néng do kim loai ban diu dén hiéu
suét xir ly. Binh tam gidc ¢6 nhdm dung tich 100
mL chita dung dich Pb(II) néng do 50 mg L' va
PIM véi ti 1¢ 200 mL g (pH cua dung dich
dugc diéu chinh néu can thiét) & nhiét do 25°C
v6i toc do khudy tron 140 vong/phit trong thoi
gian tuong Gng khi xdc dinh anh hudng cua thoi
gian ti€p xuc dén hiéu suat xur 1y va trong thoi
gian cén thiét doi véi cdc thuc nghiém can bang.
Sau d6, hai pha dugc tdch bing gidy loc. Ham
lugng Pb(II) trong dung dich dugc xdc dinh boi
thiét bi ICP—AES (Ultima 2, Horiba), pH cua
dung dich dugc do bing may do pH (HM-60G,
TOA).

2. Thuc nghiém trén ¢4t hap phu

Thuc nghiém trén cot hiap phu dugc thuc
hién v6i cot thiy tinh c6 duong kinh 11 mm,
chiéu cao 150 mm & nhiét do phong (20 - 22°C).
Cot duge nhoéi 1 g vat liéu hap phu PIM. Dung
dich Pb(Il) c6 nong do 25 mg L' tai pH ban dau
5,0 dugc dua lién tuc qua coOt tir dudi Ién (nho
bom dinh luong) nhim trdnh hiéu ung chdy theo
bé mit cua thanh 6ng va vat liéu khong bi nén
€p. Dung dich sau khi qua cot dugc gom tu dong
bdi hé thong Advantec SF—1160. Dung dich
HNO, 0,5 M duoc st dung dé nha hap phu. Him
lugng Pb(II) trong dung dich dugc phan tich boi
thiét bi ICP—AES.

II - KET QUA VA THAO LUAN

1. Thuc nghiém theo mé
a) Anh huédng ciia thoi gian tiép xiic

Thoi gian ti€p xdc gilta vat lieu PIM va
dung dich Pb(II) dugc tién hanh trong khoang 2
- 240 phut tai pH ban ddu 1a 4,4 va khong diéu

chinh trong qud trinh thuc nghiém. Két qua thuc
nghiém cho thay hiéu qua x@ 1y tang rat nhanh
sau 2 phut (dat 94%), sau dé tang cham va dat
6n dinh trong khoang 45 phiit (99,6%). Theo
céc nha khoa hoc [1], gia thiét ring qud trinh x{r
ly xay ra theo co ché trao déi ion va sau dé 1a
hap phu hoa hoc. D6i vé6i cac thuc nghiém tiép
theo, thoi gian tiép xdc duoc chon 1a 60 phiit dé
dam bao qua trinh dat can béng.

b) Anh hudng ciia pH

Nhiéu nghién ctu chi ra ring pH 1a yéu t6
quan trong anh hudng dén qua trinh hap phu
sinh hoc cuia kim loai nang [2 - 4]. Hinh 1 biéu
dién anh hudng cha pH ban d4u va pH can bing
dén hiéu suét xt 1y Pb(Il) trong nudc bsi PIM
cho thdy hiéu suat x{r Iy phu thuoc rat nhiéu vao
pH va pH cta dung dich tang thi hiéu suat hdp
phu ciing tang nhanh.
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Hinh I: Anh hudng cta pH ban ddu va pH can
bing dén hiéu sudt xir Iy Pb(II)

Hiéu suat xir Iy Pb(I) thay déi tuong tng tir
8,9% dén 99,6% khi pH ban dau cla dung dich
thay déi tir 1,2 dén 6,5 (twong tng v6i su thay
déi cua pH can bang tr 1,3 dén 4,7). Doi véi
PIM, khi dung dich Pb(Il) ban diu c6 ham
lugng 50 mg L', hiéu suét xtr 1y Pb(I) dat 6n
dinh tai pH ban d4u 4,0 va pH can bang 4,7. Do
dé6, pH ban dau cta dung dich dugc lua chon la
> 4,0 (va < 8,0 vi Pb(OH), két tha khi pH > 8,0
[5]) d6i v6i céc thuc nghiém tiép theo.

Su phu thuoc pH va dudng can bang ciing ¢6
dang tuong tu khi sit dung sinh khéi ciia mot s6
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chat hap phu sinh hoc khéc dé xtu ly Pb(Il) nhu
Azadirachta indica [4] & An Do, duong xi [6] &
Pai Loan, than cay nho [7] & Tay Ban Nha,....

¢) Anh hudng ciia néng do kim loai ban ddu

Thuc nghiém anh hudng ctia néng do Pb(II)
ban dau dén hiéu suat xu 1y duoc tién hanh &
25°C tai pH 5,0 véi ti 1¢ 16ng - ran 200 mL g
trong thoi gian 60 phiit. Khi dai nong do ion
kim loai ban dau tang tir 15 - 100 mg L™, hiéu
suét xu ly giam tuong tng tir 99,6 - 96,7%. Nhu
vay, khi néng do Pb(IT) trong dung dich ban dau
1a 100 mg L™, hiéu suét xir 1y van dat t6i 96,7%.

d) Ddng nhiét hdp phu

Cac s6 liéu thuc nghiém duge phan tich theo
thuyét Langmuir va Freundlich. M6 hinh hép
phu dang nhiét Langmuir dugc biéu dién boi
biéu thiic:

4/Qn=bC/(1+bC,) ey

trong do, g, (mg g') va C, (mg L") 1a nong do
ion kim loai can béang tuong dng trong pha rin
va pha long; Q,, (mg g) 1a kha ning h4p phu t6i
da ctia vat liéu va b (kL g™') 12 hiing s6 can bang
lién quan dén nang lugng hap phu. Biéu thic (1)
c6 thé viét la:

Cllq.=1/bQ,) + 1/ Q,)C.  (2)

D6 thi cha (C./g,) va C, c¢6 dang dudng
thang. Po doc clia dudng thang cho biét gid tri
0., (khi nang hdp phu don 16p) di véi Pb(Il)
cia PIM & 25°C 1a 44,9 mg g'. C4c hing s6
Langmuir ctia PIM & 15, 25 va 45°C duogc thé
hién trén bang 1. So sénh gia tri Q,, ctia PIM véi
mot sO chét hap phu sinh hoc cling loai nhu than
cay nho & Tay Ban Nha (49,9 mg g'), cay
duong xi & Pai Loan (39,8 mg g') cho thdy vat
liéu nay c¢6 kha nang hdp phu Pb(I) tuong
duong.

Bdng 1: Hang s6 Langmuir

Nhiét do ngmg’_l kﬁ’ o R
15°C 415 | 0,560 | 0972
25°C 449 | 0294 | 0976
45°C 448 | 0419 | 0,058

154

0.7
0.6
0.5
o
o> 0.4
"o
< 0.3
o0
02 F
—e@—— 150C
0.1 —F—— 250C
’ m ——— 450C
oL L L L L
0 5 10 15 4 20 25 30
Ce, mg L

Hinh 2: Dang nhiét hap phu Langmuir
Pang nhiét hdp phu dugc mo ta theo
Freundlich c6 dang:

q. =KL 3)
trong d6, K_ (mg""" L' ¢!y va 1/n 12 c4c hing
s6 dac trung. Biéu thic (3) c6 thé viét la:

Ing=nK,+(1/m)InC, (4
Do doc cua d6 thi In g, va In C, cho biét gia
tri ctia K va 1/n.

Hinh 3 biéu dién dudng dang nhiét hap phu
Freundlich & nhiét do 15, 25 va 45°C, cdc hing
s6 Kr va 1/n dugc trinh bay & bang 2.
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Hinh 3: Dang nhiét hap phu Freundlich

Su phut hgp gitta mo6 hinh hép phu va s6 liéu
thuc nghiém duoc thé hién qua hé s6 tuong quan
R cho thdy qud trinh xt ly Pb(II) trong nudc



béng P1M phu hgp véi thuyét hdp phu Langmuir
va ciing pht hop véi thuyét hap phu Freundlich.
Diéu nay chiing t6 hinh thanh hip phu don 16p
trén bé mat P1M, dong thoi xdy ra tuong tdc
tinh dién trong vat liéu hdp phu. Cac két qua
trén bang 1 va 2 cho thdy rang trong khoang 15
- 45°C, nhiét do it anh hudng dén kha nang hap
phu Pb(IT) ctia P1M.

Bdng 2 : Hang s6 Freundlich

Nhiét o mgl.lﬁl/u g | | R
15°C 15975 | 0.282 | 0965
25°C 14079 [ 0344 | 0986
45°C 15585 | 0,300 | 0,952

2. Thuc nghiém trén cot
a) Hap phu

Dung dich Pb(Il) néng do 25 mg L' dugc
ti€p xic lién tuc v6i P1IM trong cot theo chiéu tir
duéi 1én nho bom dinh lugng véi téc do dong
chay dugc duy tri 22 mLh'. Pudng hap phu
duoc biéu dién trén hinh 4 véi C va C,1a nong
do Pb(I) cua dung dich trong dong chay ra va
dong chdy vao tuong tng. Ham lugng Pb(II)
trong dong ra = 0 va c6 gid tri < 53 pug L' sau
khi 1500 mL dung dich dugc hip phu qua cot,
sau d6 C/C, tang nhanh dén gid tri 0,9 va dan
déan qua trinh hap phu dat bao hoa.
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Hinh 4: Hap phu Pb(II) qua cot

Vat liéu sau khi hdp phu bdo hoa Pb(Il)
duoc nha hdp phu va tiép tuc 1ap lai chu ky tiép
theo. Pudng hap phu ctia chu ky 2 va 3 trén hinh
4 cho thay hiéu qua hap phu thay déi khong
ddng ké, c6 nghia la c6 thé tai sir dung P1IM dé
hap phu chi it nhat vai l1an. Diéu nay hoan toan
phtt hop véi nhiing két qua thuc nghiém da thuc
hién theo mé.

b) Nhd hdp phu

Dung dich HNO; 0,5 M dugc st dung dé
nha hap phu Pb(II) trén cot véi téc do dong chay
46 mL h™.

Sau khi nha hdp phu chu ky 1 (hinh 5),
Pb(Il) lai dugc hap phu dén bao hoa va ti€p tuc
chu ky 2. Dang dudng cong va hiéu sudt nha hap
phu d6i vé6i chu ky 2 va 3 véi téc do dong chay
tuong tng 1a 58 va 72 mLh™' cling giong nhu chu
ky 1 mac du téc do dong chay tang 1,6 1an. Két
qua thuc nghiém chi ra ring véi 40 mL dung
dich HNO; 0,5 M, ¢6 thé nha gan nhu hoan toan
lugng Pb(Il) da hap phu trén P1M c6 trong cot.
Ham lugng Pb(II) c6 trong 10 mL dung dich thu
duoc dau tién trong qud trinh nha hap phu 1én
t6i 3500 mg L' nén c6 thé thu hoi chi tir qua
trinh nha hap phu nay.
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Hinh 5: Nha hap phu Pb(II) qua cot

IV - KET LUAN
Sinh khoi cua Cyperus procerus Rottb. - loai
cay moc dai, khong c6 gia tri kinh t€, san c6 &

ven song va nhitng viing dit 4m w6t c6 thé duoc

155



stt dung nhu chat hip phu ré tién, d& kiém dé xir
ly Pb(II) trong nuéc.

Két qua thuc nghiém theo mé cho thdy ring
v6i dung dich Pb(IT) 50 mg L', hiéu sudt xir ly
dat 99,6% tai pH can béing 4,7 trong thoi gian
45 phidt. Qua trinh xtr 1y dugc gia thiét xay ra
theo co ché trao d6i ion va hdp phu hod hoc.
Dang nhiét hap phu tuan theo mo hinh hap phu
diang nhiét Langmuir va Freunlich. Kha nang
hap phu Pb(Il) cia PIM 12 44,9 mg g”'.

Két qua thuc nghiém trén cot cho thdy cé
thé st dung dung dich HNO, 0,5 M dé nha hap
phu thu héi chi va tdi sit dung PIM dé xur ly
Pb(I) trong nudc it nhat vai 1an ma hiéu suét
hap phu va nha hip phu thay déi khong dang ké.

Cdc tdc gid xin chdn thanh cam on AIST da
hé tro kinh phi thuc hién nghién ciiu.
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