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TOM TAT

Hap phu cdc ion Pb(1l) va Cu(1l) bang chitosan khdu mach da dugc tién hanh theo mé hinh
gian doan. Phan tram hdp phu cuc dai dat dwoc & pH 6 va thoi gian tzep xuc cho Pb(I1) va Cu(ll)
bang 120 va 180 phut fiwong ung. Anh hwéng cia ion NOy dén suw hap phu cua Pb(Il) va Cu(ll)
da duwoc nghién ciru. Cdc két qud thu dwoc cho thay khi ion NOs c6 mat trong dung dich, dung
lwong hdp phu ciia cd hai ion Pb(l) va Cu(ll) ting lén. Dé nghién ciru dang nhiét hdp phu, cac
mo hinh Langmulr va Freundlich da dwoc s dung. Cdc hang s6 ciia hai mé hinh véi hé s6 hiéu
chinh R? da thu dwoc. Két quda chi ra rang dang nhiét hap phu ciia Pb(Il) va Cu(ll) bang chitosan
khdu mach & cac diéu kién da cho tudn theo ca hai mé hinh Langmuir vafreundhch Twr mo hinh
Langmuir, dung lwong hdp phu cue dai ciia chitosan khdau mach doz voi Pb(1l) va Cu(Il) dat duwoc
13,8 va 5,5 twong u’ng Tir cdc két qua thu dwoc, cé thé két lugn rang chitosan khau mach c6 thé
sir dung dé lam giau Pb(II) va Cu(Il) tir dung dich mede.

ABSTRACT

The adsorption of Pb(Il) and Cu(ll) by cross linked chitosan was conducted by the batch
mode. At pH 6 and contact time 120 and 180 min for Pb(Il) and Cu(ll), respectively, the
maximum percentage adsorption was reached for both ions. The effect of ion NO3 on the
adsorption of Pb(Il )and Cu(ll) was investigaed. The results showed that in the presence of NO3’,
the adsorption capacity of both ions was increased. For the adsorption isotherm studies, the
Langmuir and Freundlich models were used. The constants of two models with correction
coefficients r* were obtained. The results indicated that the adsorption isotherm of Pb(ll) and
Cu(Il) by cross linked chitosan at given conditions was followed both the Langmuir and
Fruendlich models. From the Langmuir model, the maximum adsorption capacity of cross linked
chitosan for Pb(Il) and Cu(ll) were obtained 13.8 and 5.5 mg/g, respectively. From the results
obtained, it could be concluded that cross linked chitosan can be used for enrichment of Pb(Il)
and Cu(ll) from aqueous solution.

I. GIOI THIEU Ngudn gay 6 nhiém kim loai nang chu yéu

O nhi®m kim loai ning va doc trong cac cho cac ngudn nudc 1a do hoat dgf)ng cua con
ngudn nudc dang tro thanh mot van dé hét nguoi. Kim loai ndng tir cac ngudn nudce thai
strc nghiém trong hién nay ¢ nude ta. Do ch trong khai thac mo, dot nhién li¢u hoa thach,
ddc tinh cao, cac nguon nudc bi 6 nhiém kim che bién dc _quy, cong nghiép xi ma va san
loai ning s& 12 méi de doa tidém tang dén strc xudt hoa chét. Cac ion kim loai nang, doc ro
khoe ctia con ngudi va dong vat thuy sinh. ri ra moi trudong tir nude thai cua cac nganh



cong nghiép noi trén ra moi trudng nudce
thuong ton tai cac ion, phure ion ¢ mirc d¢ vi
lwong, vét hodc siéu vét.

Pé kiém soat muc d6 6 nhiém kim loai
nang (Pb, Cd, Zn, Cu) trong méi truong
nude, can thiét phai c6 phuong phap thich
hop dé phan tach va phan tich nong do cua
chang .

C6 rat nhiéu phuong phap tach va lam giau
ion kim loai ning cho phan tich da va dang
duoc ap dung nhu phuong phap trao doi ion,
phuong phép chiét bang dung méi hiru co
sau khi ion kim loai nang tao phuc che lat
voéi  cac tac nhan nhu  dithyzone,
diethylcarbamate, 8 — hydroxylquinoline v.v.

Hap phu 1a mét trong nhitng phuong phap
¢6 nhiéu vu diém so véi cac phuong phéap
khéac trong tach va lam giau ion kim loai
ngng. Do Vi, cac vat liéu st dung lam chat
hép phu tuong dbi phong phu, dé& diéu ché,
khong dit tién. Hién nay cac chat hap phu
sinh hoc ¢6 ngudn gdc tu nhién dang duoc
hét sirc quan tdm vi ching c6 dung luong
hép phu cao va chon loc ddi voi ion kim loai
nang.

Chitosan mot polymer sinh hoc bao gom cac
don vi D — glucosamin va N — acetyl —
glucosamin, 1a san pham thu duoc tr qua
trinh deacetyl chitin, (‘hinh 1).
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Hinh 1. C4u tric ctia chitosan

Mot sb cac codng trinh di cong bd
Chitosan chua dugc ghép mach c6 kha nang
hap thu cac ion kim loai nhu Hg(II), Cu(Il),
Cr(111), Pb(11), UO," va Cd(Il) tir dung dich
O pH trung tinh. Tuy nhién, str dung chitosan
& pH thip d& bi hoa tan giy kho khin cho
qué trinh hap phy dic biét 1a phuong phap

coOt. Bay chinh la diéu khong thuan loi khi st
dung chiing trong viéc hip thu ion kim loai
voi y nghia lam giau. Cac nghién ctru cho
thdy chitosan da dwoc ghép mach bén trong
moi trudng axit nhung kha ning hap thu ion
kim loai giam di rat nhiéu. Tuy nhién, van
chua c6 moét tac gid nao nghién ciru mot
céch ddy du vé cac dic tinh hip thu cta Pb
va Cu trén chitosan khau mach..

Trong nghién ctru ndy ching t6i di tién
nghién ctru mot cach chi tiét vé dic tinh hap
thu ctia Pb va Cu trén chitosan da dugc ghép
mach bang glutaraldehit. Véi muc dich dé
lam giau hai ion kim loai nay cho phan tich,
kiém soat su 6 nhiém hai ion kim loai nay
trong moi trudng nudc.

II. THU'C NGHIEM
2.1. Vat liéu, thiét bi va hoa chit
Diéu ché chitosan khdu mach

Chitosan thd c6 khdi lugng phéan tir trung
binh tir 10° — 10° v&i d6 deaxetyl hoa 87%
cia Trung tim VINAGAMA dem nghién
nho, sau d6 ghép mach bang tic nhan khau
mach glutaraldehit.

Can 50g chitosan dang vay cho vao binh
tam giac 1000ml, thém vao d6 750ml dung
dich glutaraldehit 2,5%(v/v), khudy déu
bang may lac tu dong trong thoi gian 12h,
sau d6 rira sach bang nudc cat hai lan. Say
kho bang may say & nhiét do 60°C, thu dugc
chitosan da khau mach. Hinh 1a, 1c la anh
chup SEM chitosan va hinh 1b, 1d la anh
chup SEM cua chitosan khau mach (CTS-




Hinh 1. Anh SEM: Chitoan chwa khiu

mach (a) x 2000, chitosan khdu mach (b) x
3000, Chitoan chwa khdu mach (c¢) x 3500,
chitosan khau mach (d) x 3000.

CTS-K thu duoc dem nghién nho lai va
sang qua cac ray c6 duong kinh tor 0 —
0,15mm; 0,15 — 0,2mm va 0,2 — 0,45mm dé¢
phan ra 3 loai kich thudc vay CTS-K su
dung cho qué trinh hap phu.

May pH WTW pH 720 cua hang Inolab
(Puc) duge dung dé xac dinh pH cac dung
dich nghién ctu. Néng d6 cac ion kim loai
con lai trong dung dich sau khi hip phuy
duoc xac dinh ba‘ing may phan tich cuc phé
Metronm  Ltd.CH — 9101 Herisau
Switzeland.

Dung dich chudn Pb(I11)va Cu(ll)

Dung dich gdc Pb(11)(1000ppm) va
Cu(11)(1000ppm) duoc chuan bi tir dung
dich chuin gbc Pb(NOs),, Cu(NOz), trong
axit HNO3 0,5M loai tinh khiét phan tich cua
hang Merck. Tur dung dich goc nay pha
loang thanh cac dung dich chuan c6 nong do
thich hgp. Céc chat NaNOs, Na;SO4 H,SOy,
NaOH va céc hoa chét can thiét khic déu
dugc sir dung & dang tinh khiét phén tich ciia
Merck, nude cat hai 1an duge st dung trong
cac qua trinh thi nghi¢m.
2.2.Thi nghiém hap phu

Cac thi nghiém nghién ctu cac anh
hudng dén qua trinh hap phu nhu pH, thoi
gian tiép xuc, dang nhiét hip phu céc ion
kim loai Pb(I)va Cu(ll) trén chitosan khau
mach duoc thuc hién & dang mé. Trong cac
binh tam giac dung tich 125ml chira 50ml
dung dich Pb(Il) (20 mg/l) va 0,2g chitosan
khau mach, 50ml dung dich Cu(II) (20 mg/l)
va 0,4g chitosan khau mach, lac véi tbe do

lac 250rpm trong thoi gian 2h (d6i voi qua
trinh hap phu Pb(Il), 3h (d6i véi qua trinh
hap phu Cu(ll)). pH cua dung dich duoc
diéu chinh bang 6+0.05 trong sudt qua trinh
nghién ctru cho ca hai ion. Tt ca cac thi
nghiém dugc thyc hién ¢ nhiét do phong (28
+ 1°C). Tai diém két thic cua mdi thi
nghiém, dung dich nghién ctru duoc tach ra
khoi chat hip phu bang cach loc trén gidy
loc bang vang. Néng do ion kim loai con lai
trong dung dich sau hap phu duoc xac dinh
bang phuong phap phén tich cuc phd.

Kha ning hap phu cua mbi ion kim loai
trén chitosan khau mach dugc danh gia dua
vao su khac nhau vé néng do ion kim loai
trude va sau khi hép phu, thé tich dung dich
nghién ctru (50ml) va khdi luong chitosan
khau mach (0,2g di v6i qua trinh hap phu
Pb(1l), 0,4g dbi voi qua trinh hap phu Cu(Il))
theo phuong trinh (1):

V x(C,-C.)

q = 1

- ®
Trong doé: V:‘Thé tich dung dich (I); Co:
nong do ban dau cua ion kim loai(mg/l); Ceq:
nong do cua ion kim loai con lai trong dung
dich tai trang thé@ can béng’sau’ khi bi hap
phu (mg/l); m: khoi lwgng chat hap phu (g).

Chinh vi ciu triic hoa hoc cua chitosan
khau mach trong dung dich long bi anh
huong rat l6n boi qua trinh proton hoa, vi
vdy, thong s0 pH duoc nghién ctru dau tién
dé khao sat anh huong ciia pH dén quaé trinh
hap phu ion Pb(Il)va Cu(ll), dé tir d6 xac
dinh gia tri pH t6i wu cho cac nghién ciu
qué trinh hap phu tiép sau. Thi nghiém dugc
thuc hién bang cach cho 0,2 g chitosan khau
mach vao 50ml c&c dung dich Pb(ll)
(20ppm) va 0,4g vao 50 ml cac dung dich
Cu(l1) (20ppm) c6 pH tir 1 d&én 6 (duoc dicu
chinh bang cach thém cac dung dich NaOH
0,1M hay HNO; 0,1M), lic véi toe do 250
lac /phut trong thoi gian 2h ddi v6i qua trinh



hap phu Pb(Il) va 3h ddi véi qué trinh hap
phu Cu(Il).

Nghién ctru anh huéng cua ndng do ion
kim loai dén qua trinh hip phu d3 dugc tién
hanh. DBbi véi qua trinh hap phu Pb*, lwong
chitosan khau mach dugc chon la 0.2g cho
vao binh tam gidc 125ml va 50ml dung dich
c6 c4c nong do tir 5 d&én 50 mgPb/1 tai gia tri
pH 5.5, lic trong thoi gian 120 phit. DBi véi
qua trinh hip phu Cu(Il), lwong chat hip phu
str dung la 0.4g va 50ml dung dich c6 cac
ndng do tir 10 dén 50 mgCu/l tai gia tri pH
5.8, lac trong thoi gian 180 phat. Tat ca thi
nghié¢m duoc thyc hién ¢ nhiét do phong.

III. KET QUA VA THAO LUAN
3.1. Anh huéng caa pH

Kha ning hip thu ion Pb va Cu trén
chitosan khau mach phu thudc vao pH rat
l6n nén nghién ctu anh huong cua pH la
quan trong. Cac nghién ctru duoc tién hanh
tai cac gia tripH tur 1 dén 6 cho ca hai ion Pb
(1) va Cu (Il). Két qua nghién ctru dugc
minh hoa & hinh 2. T két qua nhan duoc, cé
thé thay pH tdi wu cho qud trinh hip phu
Pb(I1)va Cu(Il) déu bang 6. Tai pH 6, hiéu
sudt hap phu Pb(Il)dat dén 94% va cua
Cu(ll) 12 86%. Hiéu suat hap phu giam manh
& céac gia tri pH thap 13 do cac nhom -NH, -
OH" da bi proton hoa nén c6 sy tuong tac
day véi cac ion Pb(ll)va Cu(ll) trong dung
dich din dén lam giam phan trim hap phu
cua hai ion kim loai.
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. Hinh 2. Anh huong ciia pH
3.2. Anh huéng kich thwée vay chitosan

Anh hudng cua kich thuéc vay dén qua

trinh hip phu ion Pb(ll)va Cu(ll) trén

chitosan khau mach dugc khao sat voi 3 loai
kich thudc khac nhau ( 0.0 — 0.15; 0.15 —
0.2; 0.25 — 0.45 mm) dugc minh hoa ¢ hinh
(3a, 3b). Két qua cho thiy kich thudc vay
chitosan khau mach anh huéng rat 16n dén
kha ning hap phu ion kim loai Pb(ll)va
Cu(Il). Kich thuoc hat cang nhd, kha nang
hap phu cang cao do dién tich bé mit tiép
xtc cang 16n, cac tim hdp phu cang nhiéu.
Két qua nghién ctru ciing phu hop véi cac
nghién ctru.

3.3. Anh huéng ciia thoi gian tiép xic.
Hinh 4 minh hoa anh huong cua thoi gian
lic dén kha nang hap phu Pb(ll)va Cu(ll).
Thoi gian lic cang dai, kha niang hip phu
cang cao, kha ning hap phu bat dau dat trang
thai can bang tai thoi diém 90 phut (ddi véi
qua trinh hap phu Pb(Il)) va 120 phat (d6i
v6i qué trinh hap phu Cu(Il)).
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Hinh 3. Anh huéng cia kich thuée vay:
[Pb]o=20mg/L (a); [Cu]o = 20 mg/Lg (b).
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Hinh 4. Anh huong ciia thoi gian tiép xiic
3.4. Anh hwéng caa liéu lwgng chat hap

phu

Két qua thi nghiém khao sat anh hudng
cta lidu lugng chat hap phu dén qué trinh
hap phu Pb(I)va Cu(Il) tai pH 6, thoi gian
lac 120 phat d6i v6i hap phu Pb(11)va 180
phat ddi v6i hap phu Cu(Il), ¢& vay chitosan
khau mach str dung 1a 0.15 — 0.20mm, dugc
minh hoa & hinh 5. Két qua cho thdy khdi
lugng chat hap phu ting din dén kha ning
hap phu ting do c&c tim hép phu ting lam
tang hiéu qua hap phu. Di voi qué trinh hap
phu Cu(II), khi luong chat hap phu 1a 0,19,
% hap phu chi dat khoang 35,7%, khi luong
chat hip phu ting dén 0,2 g, % hap phu chi
1én t6i 58%. Khi ting chat hip phu dén 0,4g,
% hép phu ting manh dén 86%. Pdi v6i qua
trinh hap phu Pb(11), khi lugng chat hap phu
tang, kha hap phu clng tang theo. Khi luong
chat hép phu ting dén 0,4g qua trinh hap phu
gin nhu dat trang thai cAn bang.
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Hinh 5.4nh hieong ciia lwong chdt hdp phu
3.5. Anh hwéng ciia ion nitrat va sunphat

Hap phu ion kim loai trén chitosan khau
mach khi ¢6 mat cua ion NO3™ va S04% véi
qua trinh hap phu Pb(ll) (sir dung 0,2 g chét
héap phu, lic 120 phat) va qua trinh hap phu
Cu(II) ( sir dung 0,4 g chat hip phy, lic 180

phat), ¢b dinh pH 6 cho ca hai ion. Két qua
khao sat dugc minh hoa & hinh 6. Gia tri
thuc nghiém cho thdy, dbi véi qua trinh hip
phu Pb(II), ndng do ion SO,* cé trong dung
dich nghién ctru cang ting dan dén hiéu qua
hap phu cang giam, sy c6 mit ndong do ion
NOj3" cang tang trong dung dich lam tang
hi¢u qua hap phu Pb(Il) nhung khong dang
ké. D01 v6i qua trinh hap phu Cu(Il), su co
mit ndng do cang ting cia NOs va SO~
déu 1am tang kha nang hap phu. Tuy nhién,
anh huong cua SO4* khong dang ké. Khi
nébng d6 NO; trong dung dich Cu(ll) la
0,4M, % hip phu ting tir 86% dén 99%. Anh
hudng nay co thé giai thich su ¢6 mat ion
NOjz trong dung dich nghién ctu lam tang
kha nang khuéch tan cua ion kim loai dén bé
mit chat hap phy va lam giam nang luong
hydrat hoa giup cho qué trinh hip phu dat
hiéu qua cao hon.
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Hinh 6: Anh huong ciia NOs', SO dén %
hap phu Pb(I1)(a) va Cu(ll)(b).
3.6. Anh huéng ciia nong do NO3
Anh huong cua nébng d6 NO; trong qua
trinh hap phu Pb(ll)va Cu(Il) duge minh hoa
¢ hinh 7. Két qua cho thay khi nong do NO3’



cang tang, kha nang hap phu ting theo, qua
trinh hap phu Cu(Il) dat trang thai can bang
khi nong do ion NOj™ trong dung dich dat
0,6M, d6i véi qua trinh hap phu Pb(Il)la
800ppm.
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Hinh 7. Anh huéng ciia NO3

3.7. Pang nhiét hap phu

Phuong trinh cin bang hap phu
Langmuir (2) va Freundlich (3) duoc dung
trong qué trinh khao sat anh huong noéng do
ion Cu(l1), Pb(Il) Ién qua trinh hap phu trong
diéu kién dang nhiét, cho twong mg dudi
day.
q:qm&(g) q=K.C] (3

1+ K xC,

Trong d6: q luwong ion kim loai bi hip phu
trén moi don vi khéi lwong chat hip phu
(mg/g), gm 13 luong ion kim loai bi hip phu
t6i da, Ce 1a nf)ng d ion kim loai trong dung
dich ltc can bang (mg/l), K 1a hang sO can
bang hap phu langmuir, K¢ 13 hang sb can
bang hip phu Freundlich. Ky qn duoc xac
dinh dya vao phuong trinh tuyén tinh duong

thang hap phu ding nhiét Langmuir (hinh 8)
biéu dién su phu thudc cua Ce/q vao Ce. K¢,
I/n dugc xac dinh dwa vao phuong trinh
duong thang Freundlich su phu thudc cua
Log(q) vao Log(Ce). Cac gia tri tinh toan
duogc cho ¢ bang 1.

Ca hai d thi déu c6 h¢ sé R kha cao thé
hién tinh phu hop ban chét vat liéu hap phu
theo md hinh Langmuir va md hinh
Freundlich. M6 hinh Langmuir dya trén
thuyét hap phu don l6p bé mit chat hap phu
va phu thudc vao sd tdm hip phu, khi s6 tim
hap phu bi chiém hét thi qua trinh hap phu
cling dat trang thai cin bang. Phuong trinh
Freundlich mé ta qué trinh hip phu su phu
thudc cua n6ng do chét tan trén bé mit chét
hap phu va dung luong hap phu ting theo
ham mii. Két qua tinh toan theo 1y thuyét va
theo gia tri thuc nghiém dugc thé hién trén
dd thi hinh 9 dé kiém tra tinh phu hop cua
phuong trinh nay.
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Hinh 8: Phuwong trinh tuyén tinh hap phu dang
nhiét theo Langmuir, [Cu(ll)], = 10-40mg/L,
lieu 0,4g CTZ-K (), [Pb**], = 10+50mg/L, liéu
0,29 CTZ-K (b).



Bang 1: Cac gia tri va hang s6 hap phu Cu(Il) va Pb(ll) trén chitosan khau mach

lon Kich Langmuir Freundlich
KL | thudc vay (ﬂqn;?g) KL R2 Ke n R2
0.0-0.15 5.53 20.31 0.99 8.33 0.50 0.94
Cu(Il)[ 0.15-0.2 5.14 7.43 0.99 4.67 2.91 0.92
0.0-0.15 14.82 6.55 0.98 17.0 2.02 0.98
Pb(1l) 0.15-0.2 13.77 6.48 0.98 13.6 2.36 0.95
0.15-02° | 1364 | 2.15 0.99 8.71 2.15 0.89
* chi qud trinh cdn bang hap phu Pb(I1) trén chitosan khdu mach khéng chira NaNOs
6 KT hat 0.15-0.20mm, liéu CTZ-K 0.4g i i
_ IV. KET LUAN
%4 Chitosan khau mach duogc khau mgch béng
£ 5 ¢ Thyc nghiém tac nhén khau mach glutaraldehit c6 the st dung
o Langmuir dé hap phu cac ion kim loai Cu(II), Pb(ll) trong
0 4 : | — = - Freundiich dung dich nudc. Két qua nghién ctru cho thay,
0 0_8 a 15 gia tri pH toi uu cho cé. hai qua Frinh hﬁrp pl}u
e (mgC{l/L) Cu(ll), Pb(ll) deu dat tai pH 6. Kich thudc vay
(@) chitosan ciing anh hudng khong kém dén hiéu

KT vay 0.15-0.20mm, liéu 0.2g CTZ-K

=)
g 10 ¢ thwc nghiém
- 5 — Langmuir
o —— Freundlich
O T T 1

0.5
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(b)
Hinh 9: Puong cong hip phu ding nhiét
Langmuir, [Cu(I)], = 10=40mg/L (a), [****], =
10-50mg/L(b).

qua hép phu, kich thudc hat cang nho, kha ning
hap phu cang cao. Khi kich thudc vay 1a 0.15-
0.20mm, kha ning hap phu Cu(Il) dat t5i da 5.14
mg/g, kich thudc vay nhé hon 0.15mm, qn, tdng
dén 5.53 mg/g. Tuy nhién, kich thudc hat <
0.15mm CTS-K ¢ dang bot min nén kho khan
trong viéc giai hap hay tai str dung. Dbi voi qua
trinh hap phu Cu(Il), thoi gian hip phu cin bang
Ia 180 pht, liéu luong chitosan anh hudng déng
ké dén qua trinh hdp phy, kha nang hap phu ting
manh khi trong dung dich nghién ctu c6 chta
NO5, Pbi véi qua trinh hip phu Pb(ll), thoi gian
hap phu dat cin bang 1a 120 phat. Lidu luong
chitosan anh huong khong dang ké dén qua trinh
hap phu, kha ning hap phu ting khong dang ké
khi trong dung dich nghién ctru ¢6 chira NO3'.
Véi cac dic tinh hip phu nhu da nghién ctru, co
thé str dung chitosan khau mach cho muc dich
lam giau ion Cu(Il) va Pb(Il) trong méi trudng
nudce.
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