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TOM TAT
Hién nay, nguon nude thdi tir cac khu cong nghiép c6 chira kim logi ndng véi ham heong
vieot qud gidi han cho phép ra méi trieong gdy nén tinh trang 6 nhiém & nhiéu noi. Pdc biét
trong d6, chi c6 khd ning gdy anh hwéng 1ém dén sitc khde con nguoi va hé dong thuc vit.
Trong nghién cieu nay, vt liéu hap phu dwegc diéu ché bang cach phdi trén chitosan va than
bd mia diéu ché bang phwong phdp microwave theo 1y 1é 1:5 (ASB-CBs). Tinh chat vit liéu
dwoc khdo sat bang phwong phdp phdn tich SEM va phé héng ngoai FTIR. Cdc thong 6 anh
huong den két qua hap phu kim logi chi nhw pH, thoi gian hap phu, liéu hrong chdt hdap phu
dweoc tién hanh nghién ciru. Két qua nghién ciru cho thdy pH t6i wu cho qud trinh la 5. Cac dit
lieu thuc nghiém dwoc mo ta bang phuong trinh Freundlich. Cac thong $6 nhiét dong hoc
ciing dwge tinh todn va cho thdy qud trinh hdp phu dién ra trong diéu kién tw nhién khéong cdn
bé sung nang lieong.

Tir khoa: Than bd mia; chitosan; chi (Pb%*); hdp phu; khit kim logi nang.
ABSTRACT

In recent years, toxic pollutants in industrial wastewater are seriously considered as one of
the environmental problems due to the heavy metals present in it. Chitosan and sugar bagasse
ash are the well-known biosorbents due to their low cost, available and effective in the
adsorption process. In this study, the composite biosorbent was prepared by mixing chitosan
and sugar bagasse ash prepared by microwaving at a ratio of 1: 5 (ASB-CBs) in acid condition.
Adsorbents were characterized by SEM analysis method and FTIR infrared spectra. The
parameters affecting the Pb (11) and Cd (I1) adsorption such as pH, adsorption time, a dose of
adsorbent was studied by running the batch experiments. Research data show that the optimal
pH for the biosorption process is 5.0. Experimental data is described by the Freundlich
equation. A thermodynamic process is also studied in which the negative free Gibbs energy
indicated the metal ions adsorption on the ASB-CBs was spontaneous and endothermic nature.

Keywords: Sugar bagasse charcoal; chitosan; lead (Pb?*); adsorption; heavy metal removal.

1 PAT VAN BE trudng sinh thai (}0 céc, khuq f:é‘ng ,nghiép {géy
: . ra. Hién nay, ngudn nudc thai tir cac khu cong

. Trong nhitng ndm gan day, qua trinl} phé:lt nghi¢p c6 chtra kim loai ndng véi ham lugng
trién cac khu cong nghiép, cac khu ché xuit  vuot qua gigi han cho phép ra méi trudng gay
duoc dién ra nhanh Va manh glup gop phan nén tinh trang 6 nhiém & nhiéu noi. Pic biét
thuc day ting truong vé mat kinh té, dau tu tir trong d6, chi c6 kha ning giy anh hudéng 16n
nudc ngoai va san xuét cong nghiép. Tuy dén strc khoe con nguoi va hé dong thuc vat.
nhién, bén canh su chuyen bién tich cuc v& Chi ¢6 tic dong 1én ndo bd va hé than kinh
kinh té 1a nhiing tac dong tiéu cyc dén moi trung wong gy hon mé, co giat va tham chi tir
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vong. ... Phoi nhiém chi ciing gy nén cac
bénh thiéu mau, cao huyét ap, suy than, gay
ddc cho cac co quan sinh san.

Hién nay, c6 nhiéu phuong phap khac
nhau di duoc nghién ciru va ap dung dé tach
cac kim loai nang ra khdi moi trudong nudc.
Mot trong cac phuong phap dang dugc nhiéu
ngudi quan tm hién nay 1a phuong phap hip
phu do don gian trong viéc van hanh va dat
hiéu qua cao. Tuy nhién, phuong phap nay tén
nhiéu héa chét, khong co tinh kinh té cao va
c¢6 kha ning phat sinh mot lugng bun 16n néu
st dung cac loai chat hap phu truyén thong va
cb dién. Chinh vi vy, trong thoi gian gan day,
¢6 rat nhiéu nghién ctu tan dung cac loai san
phém thtra tir ndng nghi¢p hodc ty nhién nhu
vo trau, ba mia, xo dura, vo tdm 1am chét hép
phu nhdm tiét kiém chi phi dong thoi hiéu suat
héap phu tot Ung dung nay c6 uu dlem la st
dung ngudn nguyén liéu ré tién, sin co va
khong dua thém vao moi truong cac tac nhan
doc hai khac... Izzeldin va cong sy [1] da co
nghién ctru hap phu chi trén vat liéu composit
tr bd mia va ong nano carbon. Ket qua cho
thay hiéu sut hap phu ting 1én gip doi so véi
viéc sir dung ba mia thong thuong dé hap phu
Pb. Bong thoti nghién ctru cting cho thay qua
trinh hap phu dién ra ty nhién khong hao tén
nang luong. Ba mia dugc tan dung va diéu ché
thanh than hoat tinh bang phuong phap
Microwave nham ting hiéu suat hap phu theo
nghién ctru K.Y.Foo 2013 [2]. Nghién ctu
cho thay qué trinh hdp phu dugc mo ta theo
duong dang nhiét Langmuir va hiéu suat hap
phu ddi véi NHs 14 138 mg/L.

Chitosan, mot chat hap phu c6 ngudn gbc
tir vo tom cua, c6 rat nhidu tmg dung trong xir
1y mdi truong nhu: xur ly kim loai nang, keo
tu, xtr Iy chat thai phong xa... Do 1a cac ung
dung rong rdi va c6 gia tri kinh té nhét cua
chitosan. Do chitosan c¢6 khuynh huéng tich
dién tich duong va hép dan céc ion kim loai,
do d6 cac kim loai ndng trong nudc thai cong
nghiép bi tch ra dé dang hon. Mot tmg dung
l6n khéac cua chitosan 1a xtr ly d§ duc cua
nudce thai cac nganh san xuat thyc pham, ing
dung nay dya vao kha nang trich tach cac hop
chét hitu co ra khoi nudce thai. Chitosan duge
tmg dung rong rii va két hop véi nhiéu loai

chat hip phu c6 ngudn gdc tu nhién nhu trong
nghién ctru loaj bo cac hop chit hiru co trong
nudc thai tr vat li€u composit chitosan va
than hoat tinh cua tac gia A.Venault (2008)
[3]. Két qua cho thay hiéu suat xr 1y 1én dén
98%. Piéu nay ching to tiém nang tao ra mot
loai vét liéu hap phu t6i vu nham loai bo cac
chat 6 nhidm c6 trong nudc thai.

Két qua nghién ctru s& tao ra mot san
pham c6 ¥ nghia vé mat khoa hoc, ning cao
kha nang loai bé mau va kim loai nang trong
nuoc thai cong nghiép. Pong thoi, vat lidu
composit ¢6 ngudn goc tur phé pham nong
nghiép va ché bién thuy hai san s& giup dem
lai mot nguodn loi kinh té 16n do gia thanh san
xudt ré, hiéu qua xur 1y cao, gitp cho cic
doanh nghiép giam dugc chi phi cho qua trlnh
xtr 1y nude thai; dong thoi gop phan giai quyét
duoc mot lwong 16n chit thai ran xa thai ra
moi truong hang nam.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1 Vit ligu

Bi mia dugc thu gom tir cong ty san xudt
mia duong Thanh Long (Tay Ninh). Nguyén
lidu dugc say kho (Am do 4%) dam bao d6 6n
dinh truéc khi tién hanh diéu ché vat ligu.
Chitosan c6 d6 tinh khiét (85%) duoc mua tir
cong ty Sigma Andrich. Dung dich Pb (II)
chuan duoc mua tir cong ty Merck (Birc).

2.2 Piéu ché vat liéu

Diéu ché than ba mia: Qui trinh diéu ché
than b4 mia bang phuong phap microwave
thé hién theo so d6 hinh 1. Sau khi say kho &
80°C trong 3 gio dong hd, thu dugc than ba
mia hoat hoéa.

| Than ba mia |
| Riy than bd mia v kich thude 0.2mm |
]
Tron déu hén hop 10g than ba mia da ray véi
10ml H:PO4 béug diia thay tinh va bo vao cbe sir

Pua cée sit vao microwave coéng suét
500W trong 5 phut
Tién hanh ra than bién tinh vé pH
trung hoa bang mav quav lv tam

I Sév kho than & 80°C trong 3 tiéng |

Hinh 1. Qui trinh diéu ché than ba mia
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Diéu ché vat liéu composit: Sau khi thu
duogc than hoat hoa tir b4 mia ¢ qui trinh trén,
tiép tuc tién hanh diéu ché vat liéu composit
tor chitosan va than hoat héa tor bad mia
(ASB-CBs). Qui trinh diéu ché nay dua theo
hinh 2 dudi day:

Ngam qua dém hdn hop 1g than bd mia, Sg chitosan
trong 240ml axit axetic 7%
Chuéan bi dung dich tao hat g(")m: Nuée cit, methanol
va NaOH lan luot theo ty 1é khoi lugng (1:5:4)
Dung md hinh tao hat nhé timg giot dung dich vat
liéu vao dung dich tao hat trén may khuay tir

1

| Rita hat bang muée cat dén pH trung tinh |

L

Ngam hat trong glutaraldehyde 2,5% vai thé tich
phu hop véi thé tich hat

| Rira hat bing nuéc cat dén pH trung tinh |

L

Ngam hat trong axit citrit 3% véi thé tich phu hop
v&i thé tich hat

| Rira hat bing nuéc cat dén pH trung tinh |

!

| Séy hat & 80°C trong 12 tiéng |

Hinh 2. Qui trinh diéu ché vt liéu composit
tur than ba mia va chitosan

2.3 Bé tri thi nghiém

Cac thi nghiém hap phu hang loat da
dugc thyc hién dé danh gia anh huong cua
cac théng sé nhu pH, thoi gian tiép xuc, liéu
luong chat hap thy, nong do kim loai ning
ban dau ddi vai hiéu qua loai bo cac ion Pb
(I). Céc thi nghiém theo 16 da dugc thuc
hién bang céach tron 2 g L™ cua ASB-CB véi
dung dich ion kim loai 100 mL. Hon hop
duoc lic ky bang cach s dung may lic
(LM-570RD) & toc do 200 vong /phat. Dung
dich sau d6 duoc loc va nong do ion chi con
lai dugc do bang may cuc phé. Hiéu qua caa
thoi gian khudy tron duoc tién hanh ¢ muc
303K va 200 vong/phat véi 2 g L cua
ASB-CB. Anh huong caa pH dén hap thu ion
Pb (IT) da duoc nghién ctu trong pham vi pH
tir 3.0-8.0 bang cach thém cac chat dém thich
hop nhu NaOH 0.1 M va H,SO4 0.1M. Anh
huong cua nhiét do duoc tién hanh trong
pham vi 298-318 K dudi thoi gian khudy téi
wu va gia tri pH téi wu. Nong d6 khac nhau
cua ion kim loai tir 10 dén 150 mg L™ da

dugc nghién ciu theo pH, nhiét do, liéu
luong chat hap phu va thoi gian khuay tron
nhu da dugc xac dinh trong céc budce trudce.

3. KET QUA VA THAO LUAN
3.1 Tinh chit vat liéu hap phu

Tinh chét cua vat liéu hap phu dugc xéac
dinh bang phuong phap phan tich SEM va
phd hdng ngoai FTIR. Hinh 3 (a) va (b) cho
thiy bé mat cua vat liéu chitosan trudc va sau
khi b6 sung than hoat hoa tir ba mia.

i BE

$-4800 10.0kV 7.0mm x500 SE(M)

100um

(b)

Hinh 3. Hinh chup SEM (a) Bé mat vt liéu
chitosan. (L}) Bé mat vat liéu chitosan sau
khi dwoc bo sung than hoat héa ter bd mia.

FTIR 1a phuong phap xac dinh céac thanh
phan trong chét can nghién cau dua trén kha
ning hap thu bic xa hdng ngoai. Phuong phap
nay ghi nhan cac dao dong dac trung cua cac
lien két hoa hoc giira cac nguyén ti. Hinh 4
cho thay sy thay di rd rét truge va sau khi
tién hanh phdi tron gitra chitosan va than hoat
héa tir bd mia. Cé sy xuét hién thém cac nhém
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chire dugc bd sung vao vt liéu. Tai cac vi tri
tr 2000 — 3200 cm™%, xuét hién cac nhém chuc
-COO; -OH dac trung cua than hoat hoa tur ba
mia. Trén vat liéu xuat hién cac dinh tai vi tri
1000 cm™* va su ting cudng do cing tir 1000 —
1800 cm™ ciing cho thy su b6 sung cac nhém
churc 1én chitosan.

C @

(b)

%T

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

Hinh 4. Phé FTIR cua: (a) Chitosan trueét
khi ket hop vai than ba mia; (b) Vat li¢u
composit ASB-CBs.

3.2 Anh hwéng ciia pH Ién hiéu qua hip
phu

Hinh 5 cho thiy nhiing thay ddi cua su
hap phu Pb (I1) cia SC-HIS-CCB theo gi4 tri
pH ban dau. Lwong Pb (II) dugc hap phy ting
khi tang pH. Khi pH giam, dién tich bé mat
tong thé trén hat tro nén duong, giy Gc ché su
tiép can cua cac ion kim loai tich dién durong
[4-6]. Luong Pb (11) t6i dala 11.8 mg gt & pH
5.0 & nong d6 Pb (II) ban dau la 25 mg L™
Tuy nhién, khi pH cao hon 7.0, kha ning hap
thu sinh hoc giam do su hinh thanh két tua
hydroxit Pb(OH)2. Két qua nay ‘tuong tu Voi
két qua thu dugc trong mot sé nghién ciu
trude day [1, 4-8]. Do do, gia tri pH 12 5.0 da
duoc chon cho céc thi nghiém tiép theo.
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Hinh 5. Sy dnh huong cia pH lén hi¢u qua
hap phu Pb (1I).

97

3.3 Anh hwéng ciia liéu lwong chéit hip
phu Ién hiéu qua loai bé Pb (II)

Mot trong nhiing théng sb quan trong
nhat anh huéng manh dén kha ning hap phu
1a liéu luong chét hip thu. Su phu thudc kha
niang hap phu Pb(ll) vao ABS-CB dugc
nghién ctu bang cach thay d6i luong chat
hip tir 0.5 dén 5 g L™ trong khi van giir cac
thong sb khac, nhu pH, thoi gian tiép xdc va
Pb (II) ban dau ndéng do khong doi. Nhu da
thay trong hinh 6, kha nang hap phu giam khi
tang lieu chat hap phu. Két qua nay do sy béo
hoa cua cac vi tri hip phu trén bé mit chat
hap phu do d6 khi ting liéu lugng chat hap
phu ciing khong xay ra su hap phu tiép.

22

q.(mgg’)

Dose(gL™")
Hinh 6. Su dnh huong cia liéu lwong chdt
hap phu lén hiéu qua hap phu Pb (11)
3.4 Cén bang dafmg nhiét va nhiét dong hoc
qua trinh hap phu
Bdng 1. Thang s¢ dang nhiét qua trinh hap
phu Pb (1) bang ASB-CB tai nhiét dg 303°K

Phuong tr_i nh Phwong trinh Freundlich
Langmuir
KL Omax r2 (‘) KF(mgl-(lm) n (') r2 (')
(Lmg?) (mg g*) L g?)
0.011 | 185.1 |0.9517 | 3.475 0.7739 | 0.9958
8 6.2

Céc gia tri bang 1 cho thay phuong trinh
Freundlich dugc dung ¢é md ta cho s6 liéu
hip phu chi trén vat liéu composit véi dé tin
cay R? =0.9958. Gia tri n=0.7739 <1 chung
t6 day la qué trinh hip phu héa hoc, ¢ xay ra
lien két gitra cac nhém chtc véi chi trong ciu
tao cia ASB-CB. Diéu nay phi hop véi két
qua phan tich FTIR da néu. Bén canh do, kha
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ning hip phu cuc dai cia qua trinh gmax
=185.18 mg g chung té kha niang ung dung
cua vat liéu méi trong thuec te.

Sy phu thudc nhiét do caa qué trinh hap
phu c6 lién quan dén su thay doi trong céc
thdng s6 nhiét dong nhu ning luong ty do
(AG), entanpy (AH) va entropy (AS) cua qua
trinh hap phu. AGo da thu dugc bang cach s
dung méi quan hé sau:

Al'=—-PThv k (1)

Trong d6 R 1a hang sd khi (8,314
Jmol-K-1), k 1 hang s6 can bang thu duoc tir
phuong trinh Freundlich va T 1a nhiét d6 (K).
AH va AS 1a céac gia tri st dung phuong trinh
Van't Hoff:

AH
= T (2)
Gia tr; AH va AS duoc tinh toan bang
phuong phap hoi qui tr d6 doc va do chan
cia duong thang Van't Hoff tuyén tinh cua
Ink qua 1/T.

Bang 2 liét ké céac thdng sé nhiét dong
hoc cua qué trinh hap phy. Gia tri AG am cho
thiy qua trinh dién ra ty nhién va tinh kha thi
cia qua trinh hap phu sinh hoc. Gié tri cua
AH va AS lan luot 14 22.5 kJ mol ~* va 110.0
Jmol " K -1, Sy thay d6i entropy duong cho
thidy sy ngiu nhién tang l1én ¢ bé mat chét
hap thu sinh hoc trong qué trinh hap thu sinh
hoc [1, 4-17].

InK =

Bdng 2. Gi4 tri thong sé nhiér déng hoc qué
trinh hdp phu Pb (11) trén ASB-CB

Nhiét dé AG AH AS
CK) | (kImol?) | (kImolY) | (I molt K?)
298 | -5.647
303 | -6.094

22.5 110.0
308 | -8.091
313 | -9.625
4. KET LUAN

Vit liéu composit duoc diéu ché tir than
bd mia bang phuong phap microwave va
chitosan dugc diéu ché thanh cong. Két qua
phan tich ciu trdc vat lieu SEM va FTIR
chung t6 c6 sy thay doi trén bé chitosan
truéc va sau khi phéi tron véi than hoat hoa
tir bd mia. Két qua thyc nghiém cho thay
pH =5 14 pH tbi vu cho qua trinh hip phu.
Qua trinh hap phu tudn theo phuong trinh
déng nhiét Freundlich va dat duogc hieu qua
hap phu lon nhat gmax=185.18 mg g*. Gia
tri thong s6 dong hoc c6 AG am cho thay qua
trinh dién ra tu nhién, khéng can cung cip
ndng luong.
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