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SUMMARY

STUDY ON BIOSORPTION OF COPPER AND LEAD IONS
BY SPIRULINA PLATENSIS

Dry biomass of the microalga (cyanobacterium) Spirulina Platensis was used as
biosorbent for the removal of copper (Cu?*) and lead (Pb?*) ions from aqueous solutions.
Very high levels of removal reaching up to 91.2% for Cu?* and 92.5% for Pb?* were
obtained. The highest percentage of removal was reached at pH 7 for Cu?* and 5 for Pb?*,
0.05 g of biosorbent, 35 °C, 100 mg/l of copper and 20 mg/l of lead concentration after 90
min of contact time. Langmuir and Freundlich isotherm models were applied to describe
the adsorption isotherm of the metal ions by Spirulina Platensis. Results indicated that
Spirulina Platensis is a very good candidate for the removal, the maximum adsorption
capacity was reached to 312.5 mg/g for Cu?* and 256.4 mg/g for Pb?*:
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1. MO PAU

Cung véi su phat trién manh mé cua céac
khu cbng nghiép la sy tang nhanh ham
luong kim loai ning trong cac ngudn
nudc thai da lam anh hudéng nghiém trong
toi suc khoe con nguoi va hé sinh thai.
Ciing nhu tat ca cac kim loai nang, dong
va chi la nhirng ion kim loai doc hai dac
biét 1a & ndng d6 cao. Trong co thé, ching
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khong bi chuyén héa, ma duoc chuyén tir
bo phan nay sang bo phan khéc, bi dao
thai qua duong bai tiét va tich ty lai trong
mot s6 co quan véi ham luong ting dan
theo thoi gian tiép xuc [1]. Do 6, van dé
loai bo cac kim loai nang tir nudc thai va
nudéc thai cdng nghiép da tré thanh van dé
rat quan trong dé duy tri chat lugng nudc.
C6 nhiéu phuwong phap dugc 4p dung



nham tach céc ion kim loai ning ra khoi
moi truong nudc nhu: phuong phap hip
phu, phuong phép trao ddi ion, phuong
phép két tia... Trong d6 phuong phap hip
phu duogc &p dung rong réi va cho két qua
rat kha thi. Vat liéu hap phu (VLHP) c6
thé ¢6 ngudn gdc tu nhién hoic tong hop
nhan tao. Cac hudng nghién cau vé
VLHP nguon gbc tu nhién hién duoc céc
nha khoa hoc quan tdm do c6 nhiéu uu
diém nhu: Gia thanh xu ly khdng cao,
tach dugc ddng thoi nhidu loai kim loai
trong dung dich, cé kha nang tai st dung
vat liéu hap phu va thu hoi kim loai, quy
trinh xir ly don gian, khong gay 6 nhiém
moi truong tha cAp sau qua trinh xir 1y.
Mot s6 loai vi sinh vat nhu vi ndm, vi
khuan va vi tao di dugc st dung nhu
VLHP [2,3]. Trong sé nhiéu loai vi sinh
vat duoc sir dung dé loai bo cac kim loai
nang trong moi truong nudc, thi chung
tao Cyanobacterium Spirulina c6 tiém
nang st dung trong cac nghién cau vé hap
phu [4,5].

Xuit phét tir 6, chung toi tién hanh xur ly
ion Pb?" va Cu® bang vat liéu hap phu
sinh hoc (VLHPSH) duoc ché tao tir sinh
khi kho tao lam Spirulina Platensis.

2. THUC NGHIEM

2.1. Péi twong nghién ciru

Nghién ciru duoc tién hanh véi nguon
sinh khéi duge ding dé ché tao VLHPSH
¢ ngudn gdc tir ching tao Spirulina duoc
lay tir chung gidng Vién Cong Nghé Mai
Truong, Vién Han lam Khoa Hoc va
Cong Nghé Viét Nam.

Nudc thai gia dinh c6 chuaa riéng ré cac
ion Cu?* va Pb?*,

2.2. Hoa chit, thiét bi

Mudi dung dé pha nuéc thai gia dinh 1a
CuS04.5H20 (hdng Merck, buc), do tinh
khiét 99,99% va Pb(NO3). (hdng Merck,
Puc), d6 tinh khiét 99,99%. May do phd
hap thu nguyén tir AAS (Thermo - Anh).
2.3. Quy trinh va ngi dung nghién ciu
Tao Spirulina Platensis sau khi nhan
gidng tang sinh khdi trong moi truong
Zarrouk [6] duoc tién hanh thu sinh khéi
khd (chét). Sinh khdi cua Spirulina dugc
xur ly thanh vat liéu hip phu (VLHP) theo
quy trinh cua Al-Homaidan [5].

Pé danh gia kha nang hap phu Cu?* va
Pb?* trén VLHP, hang loat c4c khao sat vé
anh huong cua céc thdng s6 nhu: khoi
lugng VLHP (tir 0,02 dén 1,5 g/l), thoi
gian tiép xuc (30, 60, 90, 120, 150 va 180
phat), nhiét @6 (25, 35, 45, 55 va 65 °C)
va cac gia tri pH (2 d&én 10 (d6i v6i Cu?)
va tir 2 dén 7 (d6i véi Pb?*) ) khac nhau
da duogc thuc hién. Quy trinh bé tri thuc
nghiém khao sat hap phu duogc trinh bay
nhu Hinh 1.

Dung dich nwéc thai Sinh khai
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Hinh 1. Quy trinh bé tri thzec nghiém khdo
sat hap phu
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Dung dich chra kim loai nang va VLHP
dugc dua vao binh tam giac, lic trén may
lic vong véi van téc nhat dinh. Sau
khoang thoi gian tat ca cac mau duoc loc
dé loai bo VLHP. Nong d6 Cu?* va Pb?
con lai trong mau duoc xac dinh trén may
do phd hip thu nguyén tir AAS (Thermo -
Anh)
* Dung lwong hap phu duoc tinh theo
cong thuc:

(Ci B Cf )V

- m

(1)

Trong d6: q 1a dung luong hap phu cén
bang (mg/g); Ci la nong d6 dung dich dau
(m g/l); Ct la nong d6 dung dich khi dat
can bang hap phu (m g/l); V: Ia thé tich
dung dich chét bj hiap phu (I); m: Khéi
luong chét hap phu (g).
* Higu sudt hap phu (H,%):

Ci _Cf

H =

C,.100
Khao sat cac tham sb cua phuong trinh
dang nhiét hap phu theo mé hinh dudng
hip phu dang nhiét
Freundlich.

(2)

Langmuir va

Phuong trinh Langmuir c6 dang:
K,.C

=g, —" (3
q qm1+KL.C ©)

Trong d6: q la tai trong hap phu tai thoi
diém can bang (mg/g); qm la tai trong hap
phu cyuc dai (mg/g); Kv 1a hing sé (can
bang) hap phu Langmuir; C 1a ndng d6
dung dich hap phu.

Tur gi4 tri KL c6 thé xac dinh dugc tham
s6 can bang Ry:

1

Ri= ¥R, (4)
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Trong d6: 0 < RL < 1 thé hién hap phu
tuan theo md hinh hap phu ding nhiét
Langmuir
Phuong trinh Freundlich dugc biéu dién
bang mot ham mi:

Je = K.Ce" (5)
Trong d6: qe 1a tai trong hip phu tai thoi
diém cén bang (mg/g); K Ia hang s6 hap
phu Freundlich; Ce la ndng d6 can bing
cua chat bi hip phu (m g/l) n: Cudng d6
hap phy, n>1.
Véi hé hap phu ran - long, n nam trong
khoang gia tri 1+10 thé hién su thuan loi
caa mo hinh [7].
Khao sat dugc tién hanh ¢ dai nong do ion
kim loai trong dung dich nhu sau: Cu?*:
40, 50, 60, 80, 100, 150 mg/l, Pb?*: 10,
20, 30, 40, 50, 60 mg/l & nhiét do 35 °C,
pH 7.
3. KET QUA VA THAO LUAN
3.1. Anh hwong ciia khéi lwong tdo
Két qua anh huong cua khéi luong tao téi
hiéu suat loai bo Cu®* va Pb%" dugc thé
hién nhu ¢ Hinh 2.
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Hinh 2. Anh hwéng cua khoi lwong VLHP
dén hiéu sudt hdp phu VLHP (néng do
Cu?* 100 mg/l, Pb?* 20 mg/l, nhiét d 25
°C, pH = 7 thei gian tiép xtc 90 phit)



Dua vao két qua thu dugc & Hinh 2 chi ra
rang hiéu suat hap phu kim loai phu thugc
vao ndéng do VLHP. Hiéu suit nay giam
dan khi nong d6 VLHP ting. O nong do
I6n 1,5 g/l hiéu suét chi dat 6,6% (ddi véi
ion chi) va 7,6% (ddi voi ion ddng).
Trong khi d6, & ndng d6 thap nhat 0,020
g/l hiéu suit nay dat 78,3% va 73,5%
tuong tng ddi voi Cu?* va Pb?*. Nhu vay
& néng d6 VLHP 0,050 g/l cho hiéu suat
loai bo Cu?* va Pb% cao nhat, lan luot
78,82% va 74,5%. Néu tiép tuc giam nong
d6 VLHP dudi 0,05 g/l hiéu suat loai bo
cac ion kim loai bt dau giam.

Trong két qua cua mot sd nghién cau
trude ciing da chimg minh duoc ring: &
nong do thap hon so véi nong do can
bang hap phu cho kha ning loai bo kim
loai nhiéu hon so véi ¢ ndong dd cao hon
ndng d6 can bang [8,9]. Su tuong tac tinh
dién trén bé mat VLHP la yéu té quan
trong quyét dinh anh huong cua néng do
VLHP t6i kha nang loai bo kim loai nang.
Khi ndng d6 VLHP cao c6 thé gay ra mot
tac dung giéng nhu 16p vo bao vé cac té
bao dang dugc kich hoat chiém dong bai
cac kim loai, do su tuong tac tinh dién
giita cac diém lién két trén bé mat VLHP
I6n. Nhu vy, nong d6 VLHP anh hudng
dang ké kha ning loai bo kim loai va
nong do VLHP 0,05 g/l s& duoc dung cho
nghién cuu tiép theo.

3.2. Anh hwéng caa thoi gian tiép xuc
Két qua nghién ctu anh huong cuaa thoi
gian tiép xuc t6i hiéu suat hap phu duogc
trinh bay & Hinh 3. Két qua cho thdy kha
nang loai bo kim loai tang nhanh trong 60

phat va dat dén trang thai bdo hoa hip
phu & thoi gian tiép xtc 1a 90 phuit.
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Hinh 3. Anh hwong cua thoi gian tiép xuc
téi hiéu suat hap phu (Nong d@é Cu®* 100
mg/l, Pb?* 20 mg/l; nong dé VLHP 0,05
g/l; pH =7, nhiét do 25 °C)

Tai thoi diém b&o hoa hap phu cia VLHP,
thi hiéu suat loai bo d6i véi Cu?* dat téi
79,1%, Pb?* dat 74,9%. Nhiéu nghién ciu
truéc day [10,11] cling da chi ra rang, ¢
giai doan dau c6 nhiéu chd tréng (tam hap
phu) chua bi chiém trén bé mat VLHP
nén qua trinh hap thuong dién ra nhanh
hon, so v4i ¢ gian doan sau khi ma ion
kim loai kho c6 kha nang tiép x(c cac chd
trbng con lai trén bé mat VLHP hoic di
su vao bén trong mang té bao. Tir két
qua nay dua ra nhan dinh rang, thoi gian
tiép xGc pha cua hé théng hap phu ion
Cu?* va Pb?*/VLHP Spirulina Platensis
khong vuot qua 90 phut.

3.3. Anh hwong ciia nhiét dé

Két qua nghién ctu anh huong cua nhiét
d6 dén hiéu suat loai bo ion kim loai dugc
thé hién trén Hinh 4. Quan sat thay hiéu
suit hap phu kim loai ting tir khoang
nhiét d¢ tir 25 t6i 35 °C, sau d6 higu suit
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nay khong thay ddi nhiéu ¢ vang nhiét do
tir 45-65 °C. O nhiét do 35 °C hiéu suat
loai bo kim loai dat cao nhat 89,8% ddi
voi Pb?* va 89,1% ddi véi Cu?*. Nhin
chung, ¢ tat ca cac nhiét do, hiéu suat loai
bo kim loai ning déu dat tir 76.2% tro 1én,
va su khac biét v& hiéu suat xir ly khong
nhiéu, hay sy thay d6i vé nhiét do cé anh
huong khong dang ké toi qué trinh hap

phu.
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Hinh 4. Anh hwong cua nhiét dé dén hiéu
suat hdp phu (Nong d@é Cu®* 100 mg/l,
Pb?* 20 mg/l, néng dé VLHP 0,05 g/l, pH
= 7, thoi gian tiép xuc 1a 90 phut)

Theo nghién cuu cua tac gia Khambhaty
va cong su [11] da chimg minh duoc rang,
trong mot pham vi nhat dinh nhiét d6 c6
anh huong tich cyc hay tiéu cuc toi kha
nang loai bo kim loai. Tuy nhién, anh
huong cia nhiét do t6i qua trinh hap phu
phu thuoc vao ting hé kim loai - VLHP.
O nhiét d6 35 °C, khi tan sb va cham gitra
VLHP va cé&c phén tu kim loai tang, do d6
kha ning cic phan tir Cu®* trén bé mat
VLHP tang. Nhu vay, nhiét do thich hop
cho hip phu tét nhat 1a 35 °C.
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3.4. Anh hwéng cia pH

Quan sét tir Hinh 5 cho thdy su hap phu
kim loai boi sinh khi tao ting khi pH
ting, nhung dén mot gia tri nao d6 (tuy
thuoc vao loai ion) ma gi4 tri hiéu suat
hap phu dat trang thai can bang.
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Hinh 5. Anh hwong cua pH téi hiéu suat

hdp phu ((Nong dé Cu*100 mg/l, Pb?* 20

mg/l, thoi gian tiép xdc 90 phat, khdi

Lirong VLHP 0,05 g/l, nhiét d6 35 °C)

Déi voi ion Cu?* khi pH tang tir 2,0 dén
5,0, hiéu suat hap phu ting nhanh tir 11,5
t6i 79,1% va gia tri pH ti vu cho qua
trinh hip phu téi da dat 91,2 trong truong
hop nay la 7,0. So sanh thay qué trinh hap
phu Cu?* xay ra cham trong moi trudng
acid (pH 2,0 - 5,0). Trong khi d6, & moi
truong kiém (pH 7,0 - 10,0) qué trinh hap
phu dién ra nhanh hon, hiéu suét loai bo
Cu?* ¢ thé dat toi 91%. pH = 7 duoc coi
la gi4 tri t6i vu cho qua trinh hap phu
Cu?* di&n ra nhanh nhat.

Tuong ty nhu vy trong trueong hop hap
phu ion Pb?*, pH ting nhanh tir 2,0 t6i 4,0
hiéu suat hap phu ting va dat can bing
(92,5%) tai gia tri pH bang 5,0. Khi pH >
7, quan séat thay két tua tring trong dung

dich Pb(NOs3); do phan 1ng gitta



Pb(NOs3)2 voi NaOH tao ra Pb(OH)2. Do
vay trong thi nghiém anh huong cua pH
t6i hiéu suat hap phu Pb* chi khao séat

y=0.0032x+0.0324
R:=009917

0 1 1 1 ]
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Ce, (mg/1)

(@)

80,00

anh huong cua pH trong khoang tur 2,0 -
7,0. Nhu vay, pH = 5,0 1a gia tri téi uu
cho kha ning hap phu Pb?* cao nhit.
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Hinh 6. Sir phu thugc Ce/ge vao Ce doi véi mo hinh Langmuir: a) Cu®*, b) Pb?*

3.5. Hap phu ding nhiét
3.5.1. M6 hinh Langmuir
Hinh 6 cho thay mo hinh hap phu dang
nhiét Langmuir mé ta twong ddi chinh xéac
su hap phu ion kim loai nang trén chiang
tao Spirulina Platensis théng qua hé s
xac dinh cia qua trinh hdi quy R? =
0,9917 dbi voi Cu?, R2 = 0,9222 ddi Véi
Pb?*. Tir phan tich hdi quy suy ra cac hé
s6 ciia phuong trinh Langmuir nhu sau:
Déi vai Cu?*:

Ce/qe = 0,0032 C¢ + 0,0324 (6)
Déi vai Pb?*:

Ce/de = 0,0039C, + 0,0556 (7)
Tu phuong trinh trén ta tinh dugc dung
lwong hap phu cyc dai va hang sé hap phu

KL caa Cu®* va Pb?" nhu trong Bang 2.
Sau khi x4c dinh dwugc hang s6 hap phu
K., dé xac dinh qua trinh hap phu ion kim
loai trén chung tao Spirulina Platensis c6
phu hop voi dang hip phu don 16p theo
mo ta caa mo hinh Langmuir hay khong,
tham s6 can bang R. duoc tinh toan va
phan tich. Tham sé RL duoc tinh dua trén
cong thirc (4) thu duoc két qua thé hién
trong Bang 1. T gié tri Re thu dugc nhan
thdy céc gia tri nay trong khoang 0,045 -
0,58 déu nho hon 1 nén c6 thé khiang dinh
dugc mo hinh hap phu dang nhiét phi hop
véi qué trinh hap phu Cu?* va Pb?".

Bang 1. Gia trj tham sé R. cua qué trinh hdp phu ion kim logi Cu?* va Pb?* trén tdo

Spirulina Platensis ¢ cdc diéu kién toi wu.

e Co (M g/l) 40 50 60 80 100 150
RL 02 0167 0143 0111 009 0,063

Pp2+ Co (M g/l) 10 20 30 40 50 60
Ri 058 0412 0,32 0263 022 0,192
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Bang 2. Dung liong hdp phu cuc dai va hang sé Langmuir, Freundlich doi véi qué trinh
hdp phu Cu®* va Pb?* trén tdo Spirulina Platensis ¢ cac diéu kién toi wu.

M® hinh Langmuir M®& hinh Freundlich
dm (Mg/g) KL R? 1/n Kr R2
Cu** 3125 0,0998 0,9917 0,4054 55,58 0.9738
Pb?* 256,4 0,07 0,9222 0,7863 17,94 0,9778

Hé sé hoi quy R2 = 0.9738 ddi vaoi Cu? va
0,9778 dbi v6i Pb?*. Tir phuong trinh hoi
quy ta tinh duoc hing sé hip phu
Freundlich Kr nhu & trong Bang 2. Tur két
qua trong bang cho thay, gia tri thu duoc
n > 1 (tac 1/n < 1) cho ta thay md hinh
dang nhiét Freundlich 1a phu hop véi qua

3.5.2. M6 hinh Freundlich

Hinh 7 va Bang 2 md ta qua trinh hap phu
Cu?* va Pb?* trén tao Spirulina Platensis
theo mé hinh dang nhiét Freundlich.

Cac hé s6 cua phuong trinh Freundlich

duoc viét nhu sau:

Déi vai Cu?: ) ) )
iz , s lom A
Inge= 0,4054 InCe + 4,0179 (8) trm’h hap p|’-11_1 c_ua Cu va_ Pb<* trén sinh
Déi V6i k|:]0| tao §p|rullna Plitensw. Du/ng qunzg
4 &i da ci + mg/g +
Pb2*: Inge= 0,7863 InCe + 2,8871 (9) hap phu toi da ctia Cu™ (312,5™%) > Pb
(256,4 mg/g).
6 - 5
5 4
e P y=0.7863x +2.8871
z y=0.40545+4,0179 z RZ=0.9778
= R>=0.9738 -
4 3
3 T ~
0 1 2 3 4 "o 1 5 3
InCe LnC,
(a) (b)
Hinh 7. Sir phu thugc Inge vao InCe déi véi mé hinh Freundlich: a) Cu?*, b) Pb?*
Tir cac két qua thu dugc trén co thé két Sinh khdi kho cua tao Spirulina Platensis
luan qua trinh hap phu cia Cu?* va Pb%* c6 thé s dung dé lam VLHP dé loai bo
trén sinh khéi tao Spirulina Platensis tuan Cu?* va Pb® trong nuéc. Hiéu suat hap
theo ca hai mé hinh hip phu ding nhiét phu dat cao nhat 91,2% ddi véi Cu?* va
Freundlich va Langmuir, cac ion kim loai 92,5% ddi véi Pb?*. Dung lugng hap phu
hap phu don 16p trén tao va hap phu trong cuc dai dat 312,5 mg/g dbi voi Cu?* va
diéu kién bé mat tao khéng ddng nhat. 256,4 mg/g ddi voi Pb* & cac diéu kién:
4. KET LUAN nong d6 VLHP Spirulina Platensis: 0,05

g/l; thoi gian tiép xdc gitta VLHP va chét
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bi hap phu: 90 phut; pH téi wu: 7,0 (d6i
véi Cu?*) va 5,0 (ddi véi Pb?); nhiét do
t6i wu: 35 °C. Tao Spirulina Platensis hap
phu Cu?* va Pb?* tuan theo ca md hinh hap
phu dang nhiét Freundlich va Langmuir,
tac hap phu don 16p trén bé mat khong
ddng nhat.
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