Sinh hap phu cta cac ion Pb?, Cu?*, Cd?* trong hé don
va da kim loai béi hat bun hiéu khi da dugc xu ly
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Hat bun hiéu khi (aerobic granule sludge) dugc nghién ciru lam chit hip phu kim loai nang, hat bun nay
sau khi dwoc xir Iy véi ion canxi tao ra dang Ca-biomass, dwoc diung nhw tic nhin hap phu cic ion chi,
dong va cadimi. Két qua nghién ciru, danh gia kha ning hip phu ciia Ca-biomass trong ca hai hé 1a don
va da ion kim loai cho thiy, Ca-biomass cé kha niing loai b6 cac ion Pb**, Cu?* va Cd?* ra khoi dung dich
nghién ctru mét cach rat hiéu qua. Kha ning hip phu cac ion kim loai ning ciia Ca-biomass cao gip 6 lan
so véi carbon hoat tinh, dic biét 1a Ca-biomass c6 kha niing hap phu rit cao dbi véi Cd?".

Trong hé hdn hop nhiéu ion kim loai thi ¢6 s canh tranh hép phu giira cac kim loai. Kha ning hydrat héa
va dd 4m dién ciia cac ion c6 vai trd quan trong dnh hwong dén kha ning canh tranh hap phu ciia cac ion
kim loai 1én tac nhan hap phu. Trong hé gom 3 ion Pb*, Cu?* va Cd?* thi trat tw canh tranh hip phu giira
cac ion kim loai béi Ca-biomass tuan theo quy luit Pb?*> Cu?* > Cd*". Khi trong h¢ ma sinh khdi 1a chét
hip phu dwoc sir dung dw thi qua trinh hip phu chi phu thudc vao ban chit cia chit hiap phu. Két qua
nghién ciru cho thiy, mé hinh Langmuir mo ta qua trinh hip phu cac ion kim loai ning boi Ca-biomass
t6t hon mé hinh Freundlich. Vay san pham phu trong qua trinh xir ly nwée thai bang phwong phap hiéu
khi 1a hat bun hiéu khi sau khi dwgce xir ly thanh dang Ca-biomass cé thé sir dung nhu mot chit hap phu
ré tién va 1a tac nhan xir ly kim loai niing hiéu qua trong xir ly nwéc thai cong nghiép.

Tir khéa: aerobic granule, Cd**, Cu?*, hdp phu canh tranh, Pb*, sinh hip phu.
Chi sé phin logi 2.7

M¢ dau hoan SBRs, ngoai viée xur Iy dwoc nude thai co ndng
dd cac chat hitu co, vo co néng dd cao thi hat bun hiéu
khi con c6 kha nang hép phu kim loai ndng rat tot, dac
biét 1a ¢ thé loai bé hoan toan cac kim loai nang ra
khéi nudc thai.

Viéc ap dung hat bun hiéu khi trong xu ly nudce thai
v6i ndong do 6 nhiém cac hop chat chira: nito, phdt pho,
céc chat doc hitu co cao la cong nghé da va dang dugc
ap dung [1]. Trong vong vai nam gan dy, co rat nhiéu

cong trinh nghién ciru vé loai hat bun nay dugc cong
b6 [1-3]. So sanh v&i bun hoat hoa binh thudng thi hat
bun hiéu khi nay c6 nhiéu wu diém nhu kha ning ling
nhanh, cdu trac nhiéu 16 x6p bén viing. V&i nhimng
dic tinh nay cho thiy, day la mot vat lidu c6 nhiéu
htra hen cho viéc xtr Iy kim loai nang trong nudc thai
chtra nhiéu cac hop cht khac nhau. Khong giéng voi
ky thuat tao hat bun ky khi, hat bun hiéu khi duoc nudi
trong thiét bi SBRs (sequencing batch reactors) voi
thoi gian ngan, ngudn cung cap dinh dudng c6 thé 1a
glucose, acetate, ethanol, phenol, nudc thai nhan tao
va nudc thai that [1]. Trong hé thong xir Iy nude tuan
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O nhiém kim loai nang la van dé duoc quan tam
trén toan cau, vi cac kim loai niang khong bi phan giai
va chung dic biét nguy hai d6i v6i stic khoe con ngudi
cling nhu hé sinh thai [4, 5]. Cac ion kim loai Pb*,
Cu?, Cd** dugc thai vao moi truong nhiu nhat tir cc
nha may san xuét dc quy chi, khai khoang, nudc thai tir
cac lang nghé dtic dong, tai ché rac thai cong nghiép. ..
Viéc xir 1y, tai thu hdi cac kim loai ndy trong nudc thai
trude khi dua vao xur 1y sinh hoc 1a vén dé dugc quan
tam trong nhitng nim gan day.

Nhirng nghién ctru hién nay hudng tdi dung céc vat
lidu 1a phé pham sinh hoc, hay cac vat liéu sinh hoc
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BIOSORPTION OF LEAD(ID),
COPPER(II) AND CADMIUM(II)
TONS IN SINGE AND MULTI-
METAL SYSTEMS BY PRETREATED
AEROBIC GRANULE SLUDGE

Summary

Heavy metals are present in nature and industrial
wastewater; due to their mobility in natural
water ecosystems and toxicity, the presence of
heavy metals in surface water and ground water
has become a major inorganic contamination
problem. Discharge and treatment of industrial
wastewater containing heavy metals are
important issues in environmental protection, if
unrecognized or inappropriately treated, heavy-
metal toxicity can result in serious hazards.

The paper describes the study on the biosorption
of Lead (II), Copper (II) and Cadmium (II) ions
from single component and multi-component
systems in the equilibrium system and in batch
sorption experiment using pretreated aerobic
granular sludge. The results have shown that
Ca-biomass has been an efficient biosorbent
for the removal of Pb*, Cu?* and Cd*' ions
from an aqueous solution. The single-metal
sorption capacity of the aerobic granules for
Pb** has been inhibited by the presence of Cd**
and Cu* ion; the decreasing affinity of aerobic
granular sludge for the three metal ions has been
established as: Pb**> Cu?** > Cd*". Factors such as
hydration effect and electronegative charge may
contribute to the competitive sorption results.
The metal removal capacities of Ca-biomass
have been six times higher than those of activated
carbon, especially the Cd** removal capacity.
The Langmuir model has been better than the
Freundlich model in regard of describing the
Pb?*, Cu** and Cd** ion biosorption based on raw
biomass and Ca-biomass; the maximum capacity
Q,... determined by the Langmuir model has
fitted to the experimental data.

Keywords: aerobic granule, biosorption, Cd*,
competitive sorption, Cu**, Pb*".
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lam chét hap phu kim loai nang trong xir 1y nudc thai
cong nghiép, vi gid thanh ré, thoi gian van hanh ngén,
c6 thé két hop va dong thoi c6 thé tai sir dung lai t6t
[6-8].

Hap dung ctia dang hat bun hiéu khi “da chét” (dead
biomass) thudng 1a thap hon khi chung “con sdng”
(viable cells). Tuy nhién, khi dung dang hat bun hiéu
khi qua xtr Iy roi 1am chat hip phu ¢6 wu diém 14 chat
héap phu nay khong bi “ngd doc” boi nong do qua cao
ctia cac kim loai c6 trong nude thai. Chat hap phu dang
nay c6 thé duoc giai hdp, thu hdi cac kim loai ning
va tai st dung cho qua trinh hap phu tiép theo, loai
chat hap phu nay co thé luu trit va ap dung dé dang
trong qua trinh xir ly nudc thai nhiém kim loai ning
[9]. Theo Yan va Viraraghavan, viéc tién xtr Iy cac hat
bun hiéu khi ciing ¢6 kha ning 1am ting kha ning hap
phu ctia co chat, do viée xir Iy nay 1am 16 ra cac tim
hap phu va 1am sach bé mit cua chat hip phu, gitp cho
qué trinh hap phu xay ra nhanh chong [10].

Nhiéu cong trinh nghién ctru qua trinh hap phu kim
loai nang boi hat bun hiéu khi d3 duoc xuit ban, trong
s6 d6 c6 cac cong trinh chi nghién ciru trén ddi tuong
1a hap dung va dong hoc hap phu cta hat bun hiéu khi
ddi v6i hé don ion kim loai [8, 11-13]. Ngoai ra, cling
c6 mot s6 nghién ctiru vé co ché hip phu [8, 13, 14].
Tac gia Sun va cs [15] di nghién cu qua trinh hip
phu canh tranh khi c6 nhiéu ion kim loai. S6 luong céc
cong trinh nghién ctru qua trinh hip phu cta hat bun
hiéu khi trén hé héip phu 1a da kim loai con gidi han,
tuy nhién trong thyuc té thi nudc thai chira rit nhiéu
nguyén td. Vi vay, d8 tai dugc thuc hién nhim nghién
ctru hap dung cua hat bun hiéu khi d6i véi 3 ion kim
loai (Pb*, Cu?*, Cd*") trong hé hap phu la don nguyén
t6, da nguyén t6 va co ché trong qua trinh hap phy canh
tranh ciing nhu so sanh kha nang hap phu cta hat bun
hiéu khi voi nhitng chat hap phu khac da dugc cong bd
trong diéu kién hip phu trong dong.

Vat lieu va phuong phap nghién ciu

Vit liéu

Bun hoat tinh dung cho nghién ctru dugc ldy tir
phong thi nghi¢m cta Vién Cong nghé Méi truong,
Trudong Pai hoc Bach khoa Con Minh, Trung Qudc.
Céc hat bun hiéu khi ndy dwoc nudi dudng bang
duong glucose nhu ngudn cung cép carbon trong hé
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théng SBRs trong vong 2 thang, véi ty 1& protein/
polysaccharide (PN/PS) 1a 4,5. Hat bun hiéu khi sau
khi thu duogc rira sach b@ing nudc cat 3 1an, dem ly tdm
& toe do 2.000 vong/phut, loai bod phan nude bén trén,
phé”ln can con lai dugc cho vao chai thuy tinh day kin
bao quan & nhiét do 4°C. Pay duogc coi 1a sinh khdi
song (viable biomass). Sinh khdi th (raw biomass)
duogc didu ché bang cach sdy kho sinh khdi ¢ nhiét do
60°C cho dén khi trong luong khong doi, sau d6 nghién
min bang may nghién bi su.

Sinh khbi H (H-biomass) dugc diéu ché bang cach
cho sinh khéi sdng vao 2 lit dung dich HC1 0,02M
ngam trong 3 gio, sau d6 gan bo 16p axit bén trén, phan
con lai duoc rira béng nudce cho dén khi trung tinh, sau
d6 ly tam, sdy kho ¢ nhiét do 60°C cho dén khi trong
lwong khong ddi va nghién min bang may nghién bi st.

Sinh khéi K (K-biomass) va sinh khéi Ca (Ca-
Biomass) duoc diéu ché twong ty H-biomass nhung
thay thé HCl 0,02M bang dung dich KOH 0,02M
hay Ca(OH), 0,01M tuong tng gia tri pH trong dung
dich khoang 11,5. Dung dich chuan ciia cac ion kim
loai (1.000 mg/l) dugc pha tir cac mudi Pb(NO,),,
Cu(NO,),.3H,0, Cd(NO,),.5H,O tuong tng vao nudc
cat hai lan, hoa chat ciia Merk.

Dung dich NaOH 0,1M va HNO, 0,1M dugc dung
dé chinh pH. Xac dinh cac ion kim loai Pb**, Cu?* va
Cd** bang may AAS (Varian Model 240FS, England).
Xac dinh cac ion Ca?, Mg*, K* bi hoan ddi trong
qua trinh hdp phu biang may Inductively Coupled
Plasma (ICP) (IRIS Intrepid II XSP, American). Do
pH trén may Martini Mi 150. Xac dinh protein va
polysaccharide bang tric pho Hach DR 5000. May ly
tam Universal 20.000 vong/phut va cac dung cu thuy
tinh khac.

Phwong phap nghién ciru

Hé hap phu dong don nguyén t6 (batch biosorption
singe-metal): thi nghiém hap phu dang nhiét dugc thuc
hién trong binh tam giac c6 nut mai 500 ml ¢ nhiét do
25°C cho h¢ don ion kim loai Pb*", Cu** va Cd** ¢ pH =
5 trong sudt qua trinh. Cho 0,2 g kho céc loai sinh khi
can nghién ctru vao 200 ml dung dich chtra cac ion kim
loai twong tmg, theo diy nong do tir 25-500 mg/l, lic
v6i toe d6 120 1an/phut trong 24 gid, mau thir duogc 1ay
tor dung dich ly tdm 7.500 vong/phut va loc qua mang
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loc cellulose-acetate 0,45 pm, ndng do cia cac ion kim
loai nang dugc do béng AAS. Cac ion kim loai bi hoan
d6i, thai ra trong qua trinh hip phu nhu Ca?*, Mg?* va
K* cling dugc xac dinh, pH cua dung dich sau khi dat
can b?ing hép phu cling dugc do. Lugng ion kim loai
nang bi hap phu boi chat hip phu sau khi dat can bang
dugc do bang cach hity mau bang nudc cudng thuy roi
do trén AAS.

Hé hdp phu déng da nguyén 6 (batch biosorption
multi-metals): thi nghiém hip phu da nguyén té duoc
thiét 1ap trong hé gém cac ion Pb**, Cu* va Cd** & pH
= 5, nhiét d6 25°C. Cac hé hap phu duoc thiét lap ting
cap hai nguyén t6 va 3 nguyén té nhu: Pb- Cu?*, Pb**-
Cd*, Cu*- Cd*', Pb*- Cu?**- Cd*. Cho 0,2 g kho céc
sinh khdi vao binh tam giac chira 200 ml dung dich véi
ndng do twong tmg 1 mmol/l cho mdi kim loai, lic véi
tdc do 120 1an/phut, sau 24 gid mau thir duoc 14y va xir
1y nhu phan trén. Phan tich cac ion kim loai ciing gidng
nhu mé ta & phan hap phu dong da nguyén to.

Ly thuyét hap phu:

Phuong trinh hip phu dang nhiét Langmuir nhu

sau:

p— Qmabe@
EETYYe)

Trongdo: Q_ 1a hép dung cuc dai trong h¢ hép phu
don kim loai (mg/g); b 13 hing s lién quan dén qua
trinh hap phu; C la nong do cua chat bi hap phu trong
dung dich & trang thai can bang (mg/1).

Phuong trinh hdp phy ding nhiét Freundlich nhu
sau:

4. =KC"

Trong do: K 1a héng s6 can bé“mg biéu thi hép dung;
n 12 hiang s6 hap phu can bang.

Két qua va thao luan

Anh hwéng chit hip phu khdc nhau lén qud trinh
hép phu cdc ion kim logi

Céc nghién ciru gan day chi ra rang, cac vat liéu hap
phu sinh hoc ciing gidng nhu cac nhya trao déi ion,
chung c6 thé diéu ché du6i nhidu dang ion khac nhau
nhu K*, Ca?*, H'... bang cach xt 1y ching bang céc
axit vo co, cac dung dich mubi hay dung dich bazo.



Bdng 1: hdp dung cye dai cua cac chdt hép phy khdc nhau
doi voi cac ion kim loai

Ton kim loai | Raw biomass | Ca-biomass | K-biomass | H-biomass
Pb* 162,33 173,72 167,44 96,71
Cu* 55,77 58,24 57,05 32,44
Cd* 158,93 168,69 161,23 117,45

Hip dung mg/g sinh khoi kho

Két qua nghién ctru kha ning hap phu cac ion kim
loai nang ddi véi cac chat hép phu khac nhau véi hé
hap phu 14 dong, don nguyén t6. Ca-biomass c6 hap
dung cuc dai la cao nhét ddi véi 3 ion kim loai nang
dugc nghién ctiru (hinh 1). K-biomass ¢6 hap dung
cuc dai d6i voi 3 ion kim loai nghién ctru khong nhiéu
hon dang ké so v&i dang sinh khdi khong xtr Iy (Raw-
biomass). Tuy nhién, dang sinh khbi xu Iy véi HCI
(H-biomass) c6 hap dung cuc dai lai thap hon nhiéu so
v6i dang chat hip phu chua xir 1.
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Hinh 1: hdp dung cye dai cua cac chdt hap phu khdc nhau
doi voi cac ion kim loai

Trong qua trinh hap phy, ddi voi chat hap phu 1a K,
Ca-biomass gia tri pH khong thay ddi trong sudt qua
trinh. Truong hop dbi v6i chat hap phu 1a H-biomass
thi gia tri pH ctia dung dich sau khi dat can bang hap
phu giam xubng dén 3, & gia tri pH nay da lam giam
kha niang hap phu cia cac ion kim loai 1én co chat néu
trén. Gia tri pH giam do qua trinh hép phu theo co
ché trao ddi ion nén H* bj loai ra trong dung dich, khi
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lwong H* ting thi gia tri pH giam. Tir két qua trén,
chung t61 chon Ca-biomass cho budc nghién ciu so
sanh tiép theo.

Dong hoc hip phu ding nhiét ¢ 25°C va pH = 5

Khi nghién ctru qua trinh dong hoc hap phy, trong
diéu kién hdp phu dong, dang nhiét ¢ nhiét do 25°C
dung hai mé hinh mé ta qua trinh hap phy, két qua
phan tich hdi quy bang phan mém Originlab 8.0 dugc
thé hién & bang 2.

Bdng 2: so sanh cac thong 6 ciia hai mé hinh mé td déng hoc
hap phu Langmuir va Freudlich

Langmuir Freundlich
R e e e e
' 0. | b K In
Raw biomass | 161,31 | 0,02 | 094 | 1537 | 0421 | 085 | 162,33
Pb* | Ca-biomass | 173,70 | 0,02 | 096 | 1139 | 0489 | 092 | 173,72
Granule 185,80 | 0,02 | 087 | 740 | 0,601 | 094 | 186,13
Rawbiomass | 55,74 | 007 | 095 | 1830 | 0208 | 095 | 35577
Cw | Ca-biomass | 5810 | 0,05 | 096 | 1819 | 0209 | 096 | 5824
Granule 5932 1007 | 090 | 182 | 0227 | 091 | 39,71
Raw biomass | 15897 | 0,02 | 094 | 12,95 | 0460 | 093 | 15893
Cd* | Ca-biomass | 168,71 | 0,02 | 096 | 13,14 | 0456 | 092 | 168,69
Granule 17281 1002 | 081 | 880 | 0564 | 090 | 173,12

Ghi chu: O, la hdp dung cuwe dai mg/g kho;
O TN la hdp dung ciee dai thi nghiém

max

Hap dung cuc dai thi nghiém xac dinh bang cach
cho chat hip phu vao dung dich chira du lugng chit
bi hép phy, sau khi dat trang thai cdn bang, phan hiy
chung bang nudc cuong thity, sau d6 do trén may AAS.
Granule 12 dang hat bun hiéu khi sau khi nudi dudng
xong lay ra rira sach khong qua bat ky qué trinh xir ly
nao. Khi nghién ctru hai phuong trinh mo ta dong hoc
hdp phu cta cac ion Pb?*, Cu?* va Cd** 1én cac chat
hap phu la Raw biomass, Ca-biomass (cac thong so thé
hién ¢ bang 2).

Tir céc thong s6 mo ta qua trinh hap phu ding nhiét
cua cac ion kim loai nang 1én hai dang sinh khéi da
duogc xir 1y 13 Raw biomass, Ca-biomass cho thdy, cac
gia tri R? cua phuong trinh Langmuir 1a kha cao (tur
0,94 dén 0,96) ddi voi 3 kim loai; gia tri R? cia phuong
trinh Freundlich ciing kha cao (trir trudng hop ddi véi
ion Pb*). Tir nhitng thong s6 néu trén cho thay, hai
phuong trinh mo ta dong hoc hap phu Langmuir va
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Freundlich 1a pht hop cho viéc mé ta qua trinh hip phu
clia cac ion kim loai Pb?*, Cu?* va Cd?* 1én céc chét hap
phu Raw biomass va Ca-biomass. Tuy nhién, gia tri R
ctia phuong trinh Langmuir 1a cao hon so vdi R? cla
phuong trinh Freundlich, diéu d6 co thé thiy, qua trinh
hap phu céac ion kim loai nang 1én cc chét hap phu da
duoc xur 1y 1a don 16p (monolayer sorption).

Khi so sanh céc gia tri hip dung cuc dai Q,,,) theo
tinh toan ctia phuong trinh va gia tri hip dung cuc dai
thuc nghiém (Q,_ TN) cho thiy, su sai Iéch khong dang
ké, vi vy c6 thé két ludn mé hinh Langmuir dung dé
mo ta qua trinh hap phu cac ion kim loai Pb*, Cu** va
Cd?>* 1én cac chat hap phu Raw biomass, Ca-biomass
1a phii hop. Tur két qua thé hién & bang 2 ¢ thé rit ra
nhan xét: hép dung cuc dai (Q,_ ) cua hat bun hiéu khi
Granule cao hon céac dang sinh khéi di duogc xur 1y co
thé do dang sinh khéi song (viable aerobic biomass)
ngoai viéc hap phu don thudn trén bé mit chat nay, con
¢6 hién tugng cac ion kim loai tham thau qua mang té
bao.

Khi so sanh hap dung cuc dai (mmol/g) cta hai vat
liéu hép phu la Raw biomass va Ca-biomass vi cac vat
liéu nghién curu 1a carbon hoat tinh (activated carbon),
nhura trao doi ion thuong mai (commercial resins), tao
nau (brown algae), sinh kh6i nim (fungus) va cac vt
liéu khac (selected solid waste) trong diéu kién hip
phu 1 tuong dong vé nhiét do va pH.

Dé thuan tién cho viéc so sanh cé tinh déng nhét,
cac gia tri dugc chuyén ddi tir mg/g thanh mmol/g.
Tir bang so sanh cho thiy, hip dung cuc dai cua Ca-
biomass cao hon gip 6 lan than hoat tinh, riéng hap
dung cuc dai dbi vé6i ion kim loai Cd?* 1a cao nhét dén
(1,5 mmol/g), cao gan bang hat bun hiéu khi cia cong
trinh nghién ctru cia nhom tac gia Liu (2003) [11]. Khi
so sanh véi vat liéu hap phu 13 hat bun hiéu khi cia
nhom tac gia Liu thi vt liéu hdp phu nghién ctru c6
hap dung thdp hon, tuy nhién khi dung vat lidu lam
chat hip phu 1a vat liéu “chét” (non-viable aerobic
biomass) thi c6 nhiéu thuan loi khi sir dung, trong qua
trinh tién hanh ciing nhu Gmg dung vao thuc té [9]. Mot
cach téng quat, hép dung cuc dai cia Raw biomass va
Ca-biomass d6i voi ion kim loai Cd?* 1a rat cao so véi
céc vat liéu hap phu khac dd duoc nghién ciru. Day 1a
mot vat liéu moi, dﬁy tiém nang, gia ré, co thé xu ly
hiéu qua van dé nuée 6 nhidm Cd** (bang 3).
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Bdng 3: so sanh hap dung cuc dai ciia vit liéu hap phu nghlen ctru
Véi cde vt liéu hdp phu ciia cdc cong trinh nghién ciru d cong bé

Vit ligu héip phy Py | Cu* | Cd* | pH Tham khao
Activated | Cranular AC 0,08 | 008 | 003 | 50 |Anvaes(2001)
carbon (AC) | poder AC 013 | 007 | 003 | 50 | Anvcs(2001)
Commercia] | Duolite GT-73 059 | 097 | 094 | 48 | Vaughanvacs(2001)
Tesins Amberlite IRC-718 140 | 200 | 230 | 48 | Vaughanvacs(2001)

Lewatit TP207 096 | 134 Brown va cs (2000)
Brown algae | Ascophyllum nodosum 131 LI§ | 35 | Thomasvacs (2003)
Sargassum natans 1,22 LI7 | 3,5 | Thomas vacs (2003)
Fungs Penicillium chrysogenum | 0,59 | 0,14 | 0,50 Volesky, Holan (1995)
Rhizopus arrhizus 044 | 0,16 | 024 Volesky, Holan (1995)
Sugar beet pulp 036 | 033 | 022 | 55 | Reddadvacs(2002)
Anaerobic biomass 125 | 087 | 053 | 50 | Hawarivacs(2006)
Vs sobens Aerobic biomass 094 | 1,54 | 40 | Liuvacs(2003)
Raw biomass 078 | 088 | 141 | 50 | Vatli¢unghién ciu
Ca-biomass 084 | 092 | 150 | 50 | Vatliéunghién ciu

Ghi chii: khoang trong la nhitng cong trinh khéng thé hién

Hip phu h¢ da ion kim loai béi Raw biomass va
Ca-biomass

Dbi v6i nghién ciru nay, hé hap phu 1 2 va 3 ion kim
loai dugc chia ra ting cap nhu sau: Pb**- Cu*, Pb**-

Cd?*, Cu?*- Cd¥, Cu?"- Cd**- Pb*". Két qua nghién ctru

thé hién ¢ bang 4.
Bdng 4: hip phu ciia Raw biomass, Ca-biomass déi véi hé da ion
kim loai
fon kimlogi | Rawbiomass | Ca-biomass HAp dung téng kim loai
mmol/g DW mmol/g DW " gy piomass | Ca-biomass
Pb* 0,78 0,84
Cu?' 0,88 0,92
Ccd 1,41 1,50
PbZ*_Cuzﬁ»
Pb* 0,58 0,59 0,94 0,95
Cu? 0,36 0,36
PbZ*_CdE#»
Pb* 0,64 0,66 0,99 1,02
Cd> 0,35 0,36
Cu?'-Cd>
Cu? 0,62 0,65 0,98 1,02
Cd* 0,36 0,37
Cu?'- Cd¥- Pb*
Pb* 0,41 0,43 0,99 1,05
Cu? 0,36 0,38
Cd 0,22 0,24

D6i voi hé hap phu Pb?*- Cu?*, Pb?*- Cd** va Cu?'-
Cd* khi c6 ion Cu?* thi hip dung cuc dai dbi voi Pb>*
giam di dang ké, trong khi d6 trong hé nghién ctru co
ion Cd** thi hdp dung cuc dai ciia Pb** giam di khong
nhiéu ddi voi ca hai chat hip phu 1a Raw biomass, Ca-
biomass. Diéu nay cho théy, trong h¢ c¢o sy canh tranh
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hap phu manh mé ctia ion dong va chi, trong hé hap
phu ma c6 2 ion kim loai Cu?*- Cd?* thi ion Cu** canh
tranh manh hon ion Cd?". Trong hé hip phu c6 3 ion
Cu?*- Cd**- Pb?" thi ¢6 su canh tranh hép phu va trat tu
hap phu duoc thiét 1ap sau khi dat can bang 1a Pb* >
Cu* > Cd*.

Khi so sanh kha nang hap phu ciia ba ion Pb?*, Cu?*
va Cd?* 1én trén hai chat hap phu Raw biomass va Ca-
biomass thé hién trén hinh 2 va 3 cho thay, khi hé hap
phu 14 don chat thi hap dung ddi véi ion cadimi 1a cao
nhat, ké dén 1a ion ddng, nhung khi hé c6 dong thoi c6
3 ion kim loai thi trat ty nay thay doi. Riéng d6i véi
truong hop chét bi hap phu 1a Cd** trong hé don ion
kim loai thi kim loai nay bi hép phu manh nhét so véi
hai ion kim loai la Pb?" va Cu?* (méac du 3 ion kim loai
néu trén ¢ cung hoa tri IT). Didu nay c6 thé 1y giai la
do trén bé mat chat hap phu c6 nhiing tim hap phy, hay
nhirng nhém chitc dong vai tro quan trong trong viéc
thich ing hip phu nhimng chit nao manh hon.
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Hinh 2: hdp phu canh tranh ciia cdc ion kim logi trén chat hap phu
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Hinh 3: hdp phu canh tranh ciia cac ion kim logi trén chdt hap phu
la Cabiomass
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Khi so sanh hép dung cuc dai 3 ion kim loai trén
hai chat hép phu, trat ty canh tranh héip phu gilra ba
ion kim loai nay 14 giéng nhau d6i v6i ca Raw biomass
va Ca-biomass. Khi so sanh tong luong hip dung cuc
dai (cot cudi cing ctia bang 4) thi hap dung tong lugng
cao hon so v6i hap dung riéng 1& timg kim loai (don
vi mmol/g) d6i v6i trudng hop cua ion dong va chi,
riéng d6i v6i ion cadimi thi tong luong hap dung lai
thip hon. Vay qua trinh hip phu 1a da kim loai ¢ hién
tuong canh tranh hép phu trong h¢ va khi c¢6 sy canh
tranh hép phu thi cling c6 hi¢n tugng tang hay giam
hap dung tong thé, diéu nay cho thiy trong hé hip phu
ngoai viéc c6 mat cac ion canh tranh hép phu con I¢
thudc nhiéu vé ban chat cta vat liéu hap phu.

Co ché hép phu

Dé danh gia co ché hap phu cua 3 ion kim loai trén
chat hip phy 1a Raw biomass phai phan tich duoc cac
kim loai nhe bi trao doi thai loai ra trong dung dich
nghién ctru. Két qua nghién ctru chi ra rang, lugng ion
Ca?" dugc thai loai vao trong dung dich la 16n nhat
so voi cac ion kim loai khac nhu Mg?" va K*, ty 1¢
téng cac ion kim loai dugc loai ra trong dung dich so
v6i lugng ion kim loai bi hép phu la 74,01; 71,03 va
62,97% tuong tmg vai Pb*, Cu?* va Cd*. Viéc loai
cac ion kim loai nhe ra dung dich déng thoi véi viée
hap phu cac ion kim loai ning di minh ching rang,
qué trinh hép phu dién ra dang véi co ché trao dbi ion.
Tuy nhién, tong ham lugng ion kim loai bj hdp phu cao
hon t6ng ion kim loai nhe thai ra, vy ngoal viéc hép
phu theo co ché trao doi ion con co co ché hdp phu
khéc nhu c6 sy cong két, két tinh trén bé mit chét hép
phu, hay c6 su tham thau qua mang, nhung co ché hap
phu trao ddi ion 1a chu lyc. Theo Hawari va cs [9] khi
nghién ctru qua trinh hip phu ciia cac ion Pb*, Cu?* va
Cd?** trén hat bun yém khi, ty 18 tong ion kim loai duoc
loai ra trong dung dich so vdi lugng ion kim loai bi hép
phu 13 77; 82 va 50% dbi v6i Pb**, Cu* va Cd*, tac gia
khang dinh co ché chinh cta qua trinh hap phu 14 trao
d6i ion. V&i nhom tac gia Xu va Liu [14] khi nghién
ctru qua trinh hip phu cac ion kim loai 1én hat bun hiéu
khi, ty 1€ téng ion kim loai dugc loai ra trong dung dich
so v&i luong ion kim loai bi h?ip phu 1a 75,5; 71,3 va
82,4% ddi véi Cd?, Cu2* va Ni2. Trong khi @6, nhém
tac gia Tsezos va Volesky [16] lai cho rang, qua trinh
hép phu cac ion kim loai nang phu thudc nhiéu vao
polysaccharit trén bé mit cac chat hip phu. Vay, co
ché chinh cua qua trinh hép phu cac ion kim loai Pb*,



Cu?" va Cd*" cua co chat la co ché trao doi ion.

Khi nghién ctru qua trinh hép phu canh tranh thiy
ré'lng, c6 mdt s6 kim loai tao lién két véi nhiing tam
hap phu “ctmg” 1a phan cuc, mot sb thi chiu anh huong
ctia nhitng tim hép phu 1a khong phan cuc (goi la
nhitng tim “mém”) va sb con lai thi lién két voi ca hai
tam hap phy. Nhimng tdm hép phu cimg 1a cac nhom
chuc carbonate, phosphate, sulfate, carboxylate va
hydroxyl, trong khi d6 tim hap phu mém 1a cac nhom
chire sulfhydryl va cac nhom amino [17]. Bdi v6i cac
kim loai ciing dugc chiara lam 3 nhom 1a “cting” (non-
polarizable or ‘hard’), “mém” (polarizable or ‘soft’) va
trung gian (borderline) [18]. Ton Pb** va Cu*" dugc
phan loai vao nhom trung gian, trong khi d6 Cd** dugc
xép vao nhom “mém” [19]. Cac kim loai thuéc nhom
ctng thi lién két bén vitng hon d6i véi nhom hap phu
la “mém”, trong khi d6 cac ion kim loai thuoc nhém
“mém” lai lién két bén virng voi nhém hap phu “ctng”
[20]. Vi thanh phﬁn ctia hat bun hiéu khi duoc dung
lam vat liéu hip phu trong nghién ctru c6 ty 1¢ protein/
polysaccharide 1a 4,5, nghia la trong cAu tao cua hat
bun cac nhom chirc amino chiém da sb so véi nhitng
nhoém chuc khac, cho nén trong hé hép phu la don ion
kim loai thi loai vt li¢u nay phu hgp hon cho viéc h€'1p
phu Cd?*, 6 chinh 13 nguyén nhan dan dén két qua la
trong hé hap phu don chét, hip dung ddi véi ion Cd**
1a cao nhat. Pbi voi hé hap phu 1a da ion kim loai co
ché hip phu khéong chi phu thudc vao cac ion kim loai
c6 trong dung dich c6 ban kinh ion, c6 ban kinh hydrat
hoéa, do phan cuc, d am dién, nang lugng lién két cua
tung kim loai, ma con phu thudc vao cAu tao bé mat
chat hap phu.

Bdng 5: tinh chdt va kha ndng lién két ciia cdc ion

o Héa Bankinhion  Ban kinh hydrat Pauling‘ ' Thong s lién két héa trj
e T ) T 0 lectronegativity xl(rcryst H85) (4)
P2 119 401 JRA 118
a2 0,74 419 190 041
2 095 426 169 553
(Alloway B, 1990) ~ (Nicboer E, 1973)  (Jain MK 1970)

Ban kinh hydrat hoa cta cac ion Pb*, Cu*" va Cd**
tuong tng 1a 4,01; 4,19 va 4,26 A, cho nén ion Pb**
tiép can nhanh trén bé mat ciing nhu cic cuc hap phu
ctia chat hap phu so vdi cac ion Cu?* va Cd*. Vi vay,
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trét tu hép phu canh tranh trén bé mit chat hép phu la
Pb>" > Cu?"> Cd*". Khi xem xét chi s6 lién két hoa tri
tur bang 5, trdt tu canh tranh cling khong thay ddi khi
xét vé do am dién thi ion Pb* 1 cao nhat, cudi cung
1a ion Cd*", tir @6 cho thiy Pb** bi hip phu manh nhit.
Vay trong mot hé hap phu, néu hé 1a don ion kim loai
thi ban chat hap phu chi phu thudc vao chat hip phu,
néu hé hap phu 1a da ion kim loai thi qua trinh hip phu
trude tién phu thudc vao cac ion kim loai c6 mat trong
hé hép phy, sau d6 mai phu thudc vao chét dugc 1am
vat liéu hip phu.

Két luan

Hap dung cua dang hat bun hiéu khi khi xtr Iy thanh
dang Ca-biomass cao hon K-biomass va H-biomass.
Hap dung cuc dai ciia Ca-biomass (mmol/g dang kho)
dbi voi timg ion twong tmg 0,84 Pb*, 0,92 Cu?* va
1,50 Cd?*. Kha ning hip phu céac ion kim loai ning ctia
Raw-biomass va Ca-biomass nhiéu gip 6 lan so véi
carbon hoat tinh, dic biét 1a ching c6 kha ning hip
phu rét cao ddi véi ion cadimi.

Trong h¢ hép phu da ion kim loai c6 sy canh tranh
hap phu giita cac kim loai. Kha nang hydrat hoa va do
am di¢n cua cac ion kim loai ¢ vai tro quan trong, anh
hudng dén kha nang canh tranh hip phu ctia cac ion d6
1én tac nhan hap phy. Trong hé gdm 3 ion Pb**, Cu® va
Cd?, trat tu canh tranh hép phu gitra cac ion kim loai
boi Raw biomass va Ca-biomass tuan theo quy luat
Pb?"> Cu?* > Cd?; khi trong hé ¢6 du sinh khéi 1a chat
hap phu thi sy hip phu chi phu thudc vao ban chét cua
chat hap phu. Két qua nghién ctru cho thdy mé hinh
Langmuir mo ta qué trinh hap phu cac ion kim loai
ning boi Raw biomass va Ca-biomass tét hon mé hinh
Freundlich.
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