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NGHIEN CU'U SU DUNG SINH KHOI SPIRULINA
PLATENSIS SP8 LAM CHAT HAP PHU SINH HQC TRONG
XU LY ION ZN* O QUY MO PHONG THi NGHIEM
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Truong Dai hoc Tai nguyén va Méi truong Ha No1
Tém tit
Bai bdo nay trinh by két qua sir dung sinh khoi khé Spirulina platensis SP8
lam chdt hdp phu sinh hoc d@é loai bé ion Zn** khdi dung dich nwoc trong quy mo
phong thi nghiém. Két qua thu dwoc cho thay hiéu sudt logi bo Zn** cua vt liéu rdt
cao dat toi 96,37%. Kha nang xu ly cao nhat dat dwoc o pH 5, 0,05 g/l BioM - SPS,
nhiét d¢ 35°C, nong dé kém ban dau la 100 mg/l trong thoi gian tiép xiic la 90 phiit.
Mé hinh ddng nhiét Langmuir dwoc sie dung dé mé ta dwong hdp phu dang nhiét
cdc ion kém cia S. platensis SP8. Két qua cho thdy rang S. platensis SP8 la mot
chdt hdap phu tiém nang trong loai bo Zn**, véi kha ndng hdp phu Zn* t6i da dat
dén 454,54 mg/g.
Tir khoa: Spirulina platensis; K&m; Chat hap phu sinh hoc.
Abstract

Utilization of Spirulina platensis SP8 dry biomass as biosorbent for removing of
ZN?** ions under ex situ conditions

This paper presents the results of using Spirulina platensis SP8 dry biomass as
biosorbent for removing Zn’* ions from aqueous solutions under ex situ conditions.
The removal effciciency reached up to 96,37% for Zn*". The highest removing level
was achieved at the conditons of pH 5 and 35°C using 0,05 g of BioM - SPS for 100
mg/l of zinc concentration with 90 minutes of exposure time. Langmuir isothermal
model was used to describe the adsorption isotherm of metal ions of S. platensis
SP8. The results showed that S. platensis SP8 has great potential for Zn’* removal,
with the maximum adsorption capacity of 454,54 mg/g for Zn**.

Keywords: Spirulina platensis; Zinc; Biosorbent.

1. Mé dau lai trong mot s6 co quan véi ham luong
tang dan theo thoi gian va ham lugng
tiép xtc [2]. Do d6, van dé loai loai
bo cac kim loai ndng, dac biét 1a kém
cé trong nudc thai trudc khi xa ra moi
truong 1a van dé cap thiét hién nay. Co
nhiéu phuong phap nham tach cac ion
kim loai nang ra khoi moi truong nudc
nhu: két taa, trao ddi ion, hép phu,...
[3]. Phuong phap hip phu dugc quan

O nhiém kim loai ning trong moi
treong nude gy anh hudng tiéu cuc dén
suc khoe cua con ngudi va hé sinh thai
[1]. Nguyén t6 k&m duoc dua vao co
thé chu yéu qua duong tiéu hoa va duoc
hép phu phan 16n & rudt non. Khi vao co
thé, phan 16n kém tip trung trong té bao,
chi méot lugng nhoé trong huyét tuwong.

Sau khi vao co thé no duoc thai ra ngoai
voi mot luong 16n qua dich rudt, dich
tuy (2 - 5 mg), qua nudc tiéu (0,5 - 0,8
mg) va mod hoi (0,5 mg) va chi tich tu
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tam hién nay do c¢6 nhiéu vu diém nhu:
Gia thanh xtr 1y khong cao, tach dugce
dong thoi nhiéu loai kim loai trong dung
dich, c6 kha nang tai st dung vat li¢u
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hap phu va thu hoi kim loai, quy trinh
xtr ly don gian, khong gy 6 nhiém moi
truong thir cip sau qué trinh xir ly. Vat
liéu hdp phu (VLHP) c6 thé c6 ngudn
gdc ty nhién hodc tong hop nhan tao [4].
Mot sb loai VLHP c6 ngudn gbe tir tu
nhién nhu vi khuém, ! ném, Vi tao,...
[5]. Két qua mot sb nghién ctru cho thay
Spirulina platensis co tiém ning trong
viéc loai bo cac kim loai ndng trong moi1
truong nudc [5, 6]. Chinh vi vay, chung
t6i tién hanh nghién ctu st dung sinh
khdi kho cua Spirulina platensis SP8
lam vat liéu hép phu sinh hoc trong xur
ly cac ion Zn*".

2. Thyc nghiém
2.1. Poi twong nghién ciru

- Ngudn sinh khéi duoc dung dé ché
tao vat li€u hép phu sinh hoc c6 nguén
gdc tir chiing tao Spirulina platensis SP8
duogc lay tir Phong Thuy sinh hoc méi
trrong, Vién Cong nghé moi trudng,
Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

- Nudc thai gia dinh chira ion Zn*".

2.2. Héa chit, thiét bi

Mudi dung dé pha nuéc thai gia
dinh 1a ZnSQ 4.7H O (hang Merck, btc).
May do pho hap thu nguyén tr AAS
(Thermo - Anh).

2.3. Quy trinh va ndi dung nghién
curu

Spirulina platensis SP8 sau khi
nhan giong ting sinh khdi trong moi
treong Zarrouk [5] duge tién hanh thu
sinh khdi kho (chét). Sinh khéi cua
Spirulina platensis SP8 dugc xtr Iy thanh
vat liéu hap phu (BioM - SP8) theo quy
trinh ciia Al-Homaidan [6].

Pé danh gia kha ning hap phy Zn?*
hang loat cac khao sat vé anh hudng cuia
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cac thong s6 nhu: khéi lugng BioM -
SP8 (tir 0,02 dén 1 g/l), thoi gian tiép
xuc (5, 10, 15, 20, 30, 60, 90, 120, 150
va 180 phut), nhiét do (25, 30, 35, 40,
45, 55 va 65°C) va cac gia tri pH (2 dén
10 (d6i voi Zn?")) khac nhau da dugc
thuc hién. Quy trinh bd tri thyc nghiém
khao sat hap phu dugc trinh bay nhu
Hinh 1.
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Hinh 1: Quy trinh bé"tri thuc nghiém
khdo sat hap phu

Dung dich chtra kim loai ndng va
BioM - SP8 duoc dua vao binh tam
giac, lic trén mdy lic vong véi van tdc
nhat dinh. Sau khoang thoi gian tat ca
cac mau duge loc dé loai bo BioM -
SP8. Nong do Zn*" con lai trong miu
duogc xac dinh trén may do phd hap thu
nguyén trt AAS (Thermo - Anh)

« Dung leong hdp phu duogc tinh
theo cong thirc:

q= (Cl Tflf)'v (1)

Trong do:

q: 1a dung luong hap phu dudng
hap phu can bang (mg/g);

C la ndng do dung dich dau (mg/1);

C,la ndng d6 dung dich khi dat can
bang hap phu (mg/1);
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V: 1a thé tich dung dich chat bi hap
phu (1);

m: Khéi lugng chat hap phu (g)

« Hiéu sudt hap phu (H,%):

_ ¢
H = €;.100 @)

Khao sat cac tham sd cua phuong
trinh dang nhi¢t hap thu theo mé hinh
duong hap phu dang nhiét Langmuir

* Phuong trinh Langmuir co dang:

K.
= 9 1+K.C 3)
Trong do:

q 1 tai trong hip phu tai thoi diém
can bang (mg/g);
q, la tai trong hap phu cuc dai
(mg/g);
K 1a hang sb (can bang) hap phu
Langmuir;
C 14 ndng d6 dung dich hap phu.
Tur gia trj K c6 thé xéc dinh dugc
tham s0 can bang R
1
Ry = 1+K1.Co )
Trong d6: 0 < R, < 1 the hi¢n hap
phu tudn theo md hinh hap phu dang
nhié¢t Langmuir.

Khao sat duoc tién hanh ¢ dai ndng
d6 ion kim loai trong dung dich nhu sau:
100, 120, 150, 180, 200, 250 va 300 mg/1
& nhiét d6 30°C, pH = 5, thoi gian tiép
xuc 90°, khéi lugng BioM - SP8 0,05 /1.

3. Két qua va thao luin

3.1. Anh hwong ciia khéi luwong
BioM - SP8

Pé¢ dénh gia duoc anh hudng cua
khéi luong BioM - SP8, céc thi nghiém
da dugc thuc hi¢n trong cac diéu kién
nhu sau: ndng d6 Zn?* ban dau 100 mg/1,
nhiét d6 25°C, pH = 7, thoi gian tiép xtic
60 phut, thé tich dung dich nghién ctru
250 ml, khéi lugng VLHP 0,05 g/I - 1,0
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g/l. Két qua nghién ciru trinh bay trén
Hinh 2.

80-“\“

a

o, 1]
=]
L

Hieu suat xu Iy
(%)
»

Y
(=]
1

T T T ” T
0.0 0.2 0.4 0.6 0.8 1.0
Khoi luong tao (gil)

Hinh 2: Anh hwdng ciia khéi livgng BioM
- SP8 dén hiéu suat hap phu.

Két qua nghién ctru thu dugc chi
ra rang hiéu suat hap phu kim loai phu
thudc vao khdi lugng BioM - SP8. Hiéu
suat nay giam dan khi khéi lugng VLHP
tang. O ndng d6 16n 1g/l hiéu suét chi
dat 2,11%. Trong khi do, & néng do thép
nhat 0,02 g/1 hiéu suat nay dat 77,08%.
O ndng d6 BioM SP8 0,05 g/l cho hiéu
suat loai bo Zn>* cao nhat 78,78%. Néu
tiép tuc giam nong do VLHP dudi 0,05
g/l hi¢u suit loai bo cac ion kim loai
bét ddu giam. Trong két qua cua mot sb
nghién cuu trude cling da chung minh
dugc rang: & ndng d6 thip hon so véi
ndng do can bang hap phu cho kha ning
loai bo kim loai nhiéu hon so v6i & nong
do cao hon néng do can béng [1]. Su
tuong tac tinh dién trén bé mat VLHP 1a
yéu t6 quan trong quyét dinh anh hudng
cua néng do VLHP t61 kha nang loai
b6 kim loai nang. Khi néng do VLHP
cao c6 thé gay ra mot tac dung giéng
nhu 16p vo bao vé cac té bao dang duoc
kich hoat chiém dong boi cac kim loai,
do su tuong tac tinh dién gitra cac diém
lién két trén bé mat VLHP 16n. Nhu vay,
noéng d6 VLHP anh huong dang ké kha
nang loai bé kim loai va trong nghién
ctru ndy nong d6 VLHP 0,05 g/l dugc
Ira chon cho cac nghién ctru tiép theo.
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3.2. Anh hwéng ciia thoi gian
tiép xiic

Nhiam danh gia anh hudng cua thoi
gian tiép xtic ciia BioM - SP8 dén kha
nang loai bé cac ion Zn*' trong dung
dich, cac thi nghiém da duogc thuc hi¢n
trong cac diéu kién nhu sau: néng do
Zn* ban dau 100 mg/l, nhiét d6 25 °C,
pH = 7, thé tich dung dich nghién ctru
250 ml, khéi lugng VLHP 0,05 g/,
thoi gian tiép xuc 1a 5°, 10, 15°, 20°,
307, 60°, 90°, 120°, 150, 180°. Két qua
nghién clru trinh bay trén Hinh 3.
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Hinh 3: Anh hudng ciia thoi gian tiép
xtuc toi hi¢u sudt hap phu cua vat liéu
BioM - SP8

Céc s6 liéu thé hién trén hinh 3 cho
thay khi thoi gian tiép xtic cang ting thi
hiéu qua xur ly kim loai cta vat liéu cang
tang 1én. O cac nghién ciru voi thoi gian
tiép xtic 1a 5 phut, 10 phut, 15 phat hiéu
suat hap phu cua vat liéu turong ddi thap,
chi dat 1,71%; 8,35%; 19,86%, tuong
mg. Sau d6 khi ting thoi gian tiép xuc
1én 60 phut thi hiéu suat hap phu ting
nhanh dat t6i 78,78% va dat dén trang
thai bao hoa hip phu ¢ thoi gian tiép xtc
13 90 phut. Tai thoi diém bio hoa hip phu
ctia VLHP, thi hi¢u suét loai bo di véi
Zn** dat cao nhét 1a 84,12%. Theo [7] da
chi ra rang ¢ giai doan dau c6 nhiéu chd
tréng (tim hap phu) chua bi chiém hiru
trén bé mat VLHP nén qua trinh hap phu
thuong dién ra nhanh hon, so véi & giai
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doan sau khi ma ion kim loai khé ¢6 kha
ning tiép xuc cac chd trong con lai trén
bé mat VLHP hoic di siu vao bén trong
mang té bao. Tir két qua nay dua ra nhan
dinh rang, thoi gian tiép xtc pha cta hé
thong hap phu ion Zn?*/ BioM SP8 khong
vuot qua 90 phut.

3.3. Anh huéng ciia nhigt dé

Nhi¢t d§ dong vai tro quan trong
trong loai bo kim loai cia VLHP. Chinh
vi vay, nhom tac gia da thuc hién céac
thi nghiém trong cac diéu kién nhu sau:
ndng d6 Zn?* ban dau 100 mg/l, pH =7,
thé tich dung dich nghién ctru 250 ml,
khéi lugng VLHP 0,05 g/l, thoi gian
tiép xac 1a 90°, nhiét d6 thay do6i nhu
sau 20°C, 25°C, 30°C, 35°C, 40°C, 45°C,
50°C, 55°C, 60°C, 65°C. Két qua nghién
ctru trinh bay trén Hinh 4.
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Hinh 4: Anh hwong ciia nhi¢t dp dén
hiéu sudt hap phu cua vat liéu BioM -
SP8

Quan sat Hinh 4 chang t6i nhan
thdy rang hiéu sudt hap phu kim loai
tang tor khoang nhiét dd tur 25 té1 30°C,
sau d6 hiéu suit lai thay doi nhiéu &
vung nhiét do tir 35 - 65°C. O nhiét do
30°C hiéu suét loai bé kim loai dat cao
nhat 90,06%. Nhin chung, & tit ca cac
nhiét do, hi¢u suét loai bo kim loai déu
trén 70% tr&r 1én va sy khac bigt vé higu
suat xur Iy khong nhiéu, hay sy thay d6i
vé nhiét d6 c6 anh huong khong dang
ké t6i qua trinh hap phu. Theo nghién
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ctru [8] da chirng minh dugc rang, trong
mot pham vi nhét dinh nhiét do c6 anh
hudng tich cuc hay ti€u cyc td1 kha nang
loai bo kim loai. Tuy nhién, anh hudng
cta nhiét do toi qua trinh hap phu phu
thudc vao tung h¢ kim loai - VLHP. O
nhiét d6 30°C, khi tan sd va cham gitra
VLHP va cac phan tu kim loai tang, do
d6 kha niang cac phan tor Zn** trén bé
mat VLHP tang. Nhu vay, nhiét d¢ thich
hop cho hap phu t6t nhat 1a 30°C.

3.4. Anh huéng ciia pH

Céc thi nghiém nghién clru anh
huong cua pH dén kha nang xu 1y ion
Zn* cua BioM - SP8 duoc tién hanh
trong cac dicu kién nhu sau: néng do
Zn*" ban dau 100 mg/l, thé tich dung
dich nghién ctru 250 ml, khdi lugng
VLHP 0,05 g/1, thoi gian tiép xtic 14 90,
nhiét d6 thay doi nhu sau 30°C, pH = 2,
3,4,5,6,7,8,9,10. Két qua nghién ctru

trinh bay trén Hinh 5.
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Hinh 5 Anh hwéng ciia pH dén hiéu suit
hap phu cua vit liéu BioM - SP8
Két qua nghién ctu chi ra ring
kha nang hép phu kim loai cia vat liéu
tang khi pH ting, nhung dén mot gia
tr1 nao do6 (tuy thudc vao loai ion) ma

gia tri hi¢u suét hép phu dat trang thai
can bang. Diéu d6 thé hién khi ting pH
6,0 - 10,0 qua trinh hap phu cao hon so
v6i khoang pH 2 - 4, nhung hiéu suat
dan déu nhau va giam nhe. Gia tri pH
= 5 duoc coi 1a gia tri téi wu cho qua
trinh hap phu Zn?* dién ra nhanh nhat
v6i hiéu suat cao nhat dat 96,37%. Diéu
nay la do, cac ion Zn"?, dugc tich dién
duong, c6 ai luc cao cho dién tich am
bé mat sinh khoi. Cac nhom cacboxyl (—
COOH) 1a quan trong nhém cho sy hap
thu kim loai bdi bé mit sinh khoi.

3.5. Hap phu ding nhigt theo mé
hinh Langmuir

Su phu thudc Ce/qe vao Ce doi
vl mo hinh Langmuir dugc trinh bay
O hinh 6.
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Hinh 6: Sw phu thugc Ce/qe vao Ce doi
voi mé hinh Langmuir

Hinh 6 cho thdy mé hinh hép phu
dang nhiét Langmuir mo ta tuong doi
chinh xac su hép phu ion kim loai nang
trén vat liéu BioM - SP8 thong qua h¢
s6 xéac dinh cua qua trinh hdi quy R2 =
0,9945 d6i voi Zn>.

TUr phén tich hdi quy suy ra cac hé
s6 cuia phuwong trinh Langmuir nhu sau:

Déi v6i Zn? : Ce/qe = 0,0022 Ce -
0,0134 (5)

y =0.0022x - 0.0134
R%=0.9945

Bing 1. Gid tri tham sé R » K, ciia qua trinh hép phu ion kim loai Zn** trén BioM -

SP8 ¢ cdc diéu kién toi wu

Nong d (mg/l) | 100 120 150 180 200 250 300
R, 0,05741 | 0,04831 | 0,03902 | 0,03273 | 0,02955 | 0,02378 | 0,0199
K, 0,16418 | 0,16418 | 0,16418 | 0,16418 | 0,16418 | 0,16418 | 0,16418
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T phuong trinh trén ta tinh dugc
dung luong hip phu cuc dai va hang sb
hap phu K, ctia Zn* nhu trong Bang
1. Sau khi xac dinh dugc hang s6 hap
phu K , dé xac dinh qua trinh hap phu
ion kim loai trén chung tdo Spirulina
platensis SP8 c6 phu hop véi dang hap
phu don 16p theo md ta cia md hinh
Langmuir hay khong, tham s6 can bang
R, duogc tinh toan va phan tich. Tham 5O
R, du:(jg tinh duﬁa trén cong thirc (4) thu
duoc két qua thé hién trong Bang 1. Gia
tri R, thu duoc trong khoang 0,9199 -
0,05741 (<I) cho thay m6 hinh hap phu
dang nhiét phi hop v6i qué trinh hap
phu Zn*".

Dua vao hinh 6 ta xac dinh duoc
tana = 0,0022 xac dinh dugc Q_ -

Q.. =1/ tana = 1/0.0022 = 454,54
(mg/g)
4. Két luan

Sinh khéi khé cua Spirulina
platensis SP8 c6 thé s dung dé lam
VLHP BioM - SP8 d¢ loai bé Zn**
trong moi trudng nudc voi hidu sut
hap phu 1én t6i 96,37%. Dung lugng
hép phu dat cuc dai ¢ cac diéu kién:
khéi lwgng BioM - SP8: 0,05g/1, thoi
gian tiép xuc gitta VLHP va chit bi hap
phu 13 90 phut, pH toi wu 1a 5, nhiét
d6 t6i wu 12 30°C. BioM - SP8 hép phu
Zn* tuan theo mo hinh hip phu ding
nhiét Langmuir, v&i dung luong hip
phu cuc dai la 454,54 mg/g.
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