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ABSTRACT

FesOs—biochar from sugarcane bagasse was used as a biosorbent to
remove Safranin O (SO) dye in an aqueous solution. The surface
characteristics of FesOs—biochar materials were studied by SEM/EDX
method and point of zero charge (pHpzc). Batch adsorption experiments
were carried out to evaluate the influence of solution pH, FesOs—biochar
dosage, adsorption time, and initial SO concentration on the adsorption
of SO by FesO.—biochar. The results showed that pH=6, FesO4s—biochar
dosage of 3 g in 50 mL SO sulution, adsorption time of 120 minutes, and
initial SO concentration of 50 mg/L were optimum conditions for SO
adsorption process. The Langmuir isotherm adsorption models described
well the SO adsorption process at room temperature, with the regression
coefficient R? of 0.94. The maximum adsorption capacity of SO calculated
by the Langmuir model was 12.18 mg/g. The study demonstrated that the
FesO4—biochar can be easily separated from the solution by using an
external magnet and can be effectively used to remove SO cationic dye in
an aqueous solution.

TOM TAT

FesO4-biochar tir ba mia duwoc sir dung lam chdt hap phu sinh hoc dé logi
b6 hop chdt mau Safranin O (SO) trong dung dich. Ddac trung bé mat ciia
FesO4—biochar duwoc nghién cieu bang phwong phap SEM/EDX va pHyye.

Cdc thi nghiém theo 16 dwoc thwc hién nham danh gia anh hwéng ciia pH
dung dich, khéi lirong FesOs—biochar, thoi gian hap phu va nong dé SO
ban dau dén qud trinh hdp phu. Két qua cho thdy ¢ pH=6, khoi lwong
FesOus—biochar sir dung ld 3 g trong 50 mL dung dich SO, thoi gian hap
phu & 120 phiit va nong dé SO ban dau ¢ 50 mg/L la cdc diéu kién thi
nghiém thich hop cho qud trinh hap phu SO. M6 hinh hip phu ddng nhiét
Langmuir mé td tot qud trinh hdp phu SO tai nhiét do phong véi R? la
0,94. Dung lwong hdp phu t6i da ciia qud trinh hdp phu SO la gmax= 12,18
mg/g. Nghién civu di chimg minh rang vit liéu FesQa—biochar tir ba mia
6 thé thu hoi mét cach don gian sau qud trinh xit Iy va cé thé sir dung dé
loai bo cation mau SO trong dung dich.

1. GIOI THIEU

Thuéc nhudm téng hop dugc sir dung rong rai
trong nganh cong nghiép dét, giay, in an, thyc pham

va cac nganh cong nghiép khac (Oladipo, 2013).
Trong qua trinh san xuat, c6 khoang 10-15% luong
thudc nhudm thai ra méi truong cing véi nudc thai
cong nghiép (Mohammed et al., 2014). Trong do,
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Safranin O (tén khac Safranin hay dé co ban 2) l1a
mét loai thudc nhuém sinh hoc thuong duge ding
trong md hoc va té bao hoc. Safranin O ¢6 ciu tric
htru co phuc tap, do do6 sy hién dién caa Safranin O
trong moi trudng nude c6 thé gay quai thai, ung thu
va dot bién gen cho con nguoi (Lellis et al., 2019).
Do d6, can phai c6 cac bién phap xir Iy thich hop dé
loai bo chat 6 nhidm nay ra khoi nudc thai. Nhiéu
phuong phap xur Iy nudc thai dét nhudm da duoc st
dung dé loai b hop chat mau hitu co ra khoi nuéc
thai nhu phuong phéap keo tu tao bong, loc mang,
hay ozon hoéa. Tuy nhién, cac phuong phéap nay céd
nhitng han ché vé mit kinh té do chi phi xt 1y, 13p
dat va van hanh cao, va tao ra cac san pham phu sau
qué trinh xir 1y c6 thé gay 6 nhiém méi truong (Liu
et al., 2020). Gan day, phuong phap hap phu dugc
danh gia la mét trong nhitng phuong phap xtr 1y
thich hop ddi voi nudc thai chira cac ‘hop chat mau
hitu co, nho vao tinh wng dung thyc té, chi phi thap,
dé van hanh va it tao ra san pham phu can xu ly
(Vidovix et al., 2021).

Trén thuc té, cac quy trinh hdp phu sir dung
biochar (con goi 1a than sinh hoc) lam chét hap phu
cac hop chat mau hitu co trong nuéc thai da thu hit
duoc nhiéu su cht y. Nhidu nghién ctru da duoc thuc
hién dé tim ra chat hap phu chi phi thp, tng dung
dé loai bo cac hop chat thubc nhuém khac nhau tir
nudc thai, nhu biochar lam tir ba mia, vo lac, 161 ngo,
x0 dua, vo trau (Maurya & Mittal, 2013). Biochar 1a
san pham ran cua qua trinh nhiét phan sinh khdi va
c6 kha nang hap phu hiéu qué cac chat 6 nhiém, do
¢6 dién tich bé mat cao va su hién dién cua mot s6
nhom chirc trén bé mit, c6 thé tao phuc véi nhiéu
loai thuéc nhuom (Nartey & Zhao, 2014). Tuy
nhién, rit kho dé tach biochar dang bot ra khoi dung
dich nuéc sau khi xir ly dé tai sir dung, do d6 doi hoi
cac qua trinh loc, ly tam dé phén tach (Phuong &
Loc, 2022). Dé khic phyc nhuoc diém nay, gan day
¢6 nhiéu nghién ctiu trong viée dua cac hat c6 tinh
s&t tir 1én bé mat biochar nhim tao ra mot loai vat
liéu hap phu tong hop 1a FesOs-biochar (con goi 1a
biochar tir tinh) dé ting kha ning thu hoi va tai sur
dung sau qua trinh hap phy. FesO4-biochar sau quéa
trinh hip phu dugc thu gom lai bing cach st dung
nam cham, sau d6 c6 thé duoc tai hdp phu va dem di
xir Iy nhu mot chét thai nguy hai. Mot s6 nghién ciru
d3 chi ra rang cac hat tir tinh nhu FesO4 dugc két
dinh tuong d6i véi cac chat hip phu théng qua dong
két tua, thiy phan hodc nhiét phan (Reguyal &
Sarmah, 2018). Mot s6 nghién ciru vé FesO4-biochar
tir ba mia da dwoc thuc hién dé hap phu chat 6 nhiém
trong dung dich. Dung lugng hip phu t6i da thudc
nhuém Congo d6 (Congo red) tir dung dich nudc boi
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FesOg4-biochar bd mia di dugc tim thay 1a 74,07
mg/g (Dharmendra et al., 2022). Khi bién tinh
FesO,-biochar ba mia bang Lantan, thi dung lugng
hap phu téi da cho tetracycline dat duoc dén 122,5
mg/g (Chen et al., 2019). Ngoai ra, FesO4-biochar tur
ba mia c6 thé loai bé cac ion kim loai ra khoi nuéc
vé6i hiéu suat loai bo Fe va Zn twong ung 1a 90 va
96% (Abd Almawgood et al., 2021).

Tuy nhién, hi¢u qua cta FesOs-biochar ba mia
dé loai bo Safranin O khoi méi truong nudc bi 6
nhiém van chua dugc nghién ctru. Vi vay, trong
nghién ctru nay, Fes0s-biochar tir ba mia dugc tong
hop bang phuwong phap dong két taa, sau d6 duogc sir
dung dé danh gia kha nang hap phu SO trong dung
dich, dudi anh huong cua céc yéu té nhu pH dung
dich, khdi lwgng vat ligu hap phy, thoi gian hap phu
va ndng d6 SO ban dau.

2. VAT LIEU VA PHUONG PHAP
2.1. Héa chit

Céc hoa chat gdbm Safranin O, iron (I1) chloride
tetrahydrate (FeCl,.4H,0), hydrochloric acid (HCI),

natri hydroxide (NaOH), natri chloride (NaCl)
dugc san xuat tai Trung Qudc va iron (III) chloride
hexahydrate (FeCls.6H,0) dugc cung cap boi
Merck KgaA - Puc. Dung dich chuan SO 1000
mg/L dugc chuan bi bang cach hoa tan 0,2 g SO vao
binh dinh mtrc 200 mL, tréng nudéc cét téi vach, sau
do st dung méy khudy tir & 1am tan hoan toan lwong
SO. Céu truc hoa hoc cua SO duoc thé hién trong
Hinh 1.

Hinh 1. CAu tric héa hoc cia SO

2.2. Piéu ché biochar va téng hop FesOu-
biochar

Piéu ché biochar tir bd mia: Ba mia sau khi thu
vé dugc rira sach bang nuwéc may va nudc cat nhiéu
lan dé loai bo bui ban va tap chét, phoi khé dudi anh
sang mat troi dén khi d6 4m con lai khoang 17%. Ba
mia sau khi phoi khé duoc cit ngan, nghién thanh
bot, tiép dén ép bot ba mia thanh vién bang chat két
dinh tinh bét. Cac vién sau d6 dugc nhiét phan trong
10 nung (Model VMF 165, Yamada Denki, Adachi,
Tokyo, Nhat Ban) ¢ nhiét do 500°C véi toc do gia
nhiét 10°C/phuttrong 2 gio trong moi truong khi tro
nito. Sau khi lam ngudi & nhiét do phong, biochar
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duoc nghién nho, sang dén kich thudc hat yéu cau
(<0,075 mm), va rira bang dung dich HC1 0,1M dé
lam sach bé mat vat liéu biochar. Sau raa HCI,
biochar tiép tuc duoc rira lai véi nudc cat vai 1an cho
dén khi pH caa dung dich nam trong khoang tir 6,0
dén 7,0. Sau d6, biochar duge lam kho qua dém &
80°C va bao quan trong chai thuy tinh day kin cho
dén khi dugc dem di tong hop dé tao thanh FesOq-
biochar.

Téng hop FesOg-biochar tir biochar: FesOg-
biochar dwoc téng hop bang phuong phap dong két
tua & nhiét do cao. Tron biochar véi huyén phu cua
iron (1) chloride tetrahydrate (FeCl..4H,0) va iron
(1) chloride hexahydrate (FeCls.6H,0) khac nhau
va khudy trong diéu kién rat kiém (pH ~10) dé két
tua Fe(OH); va Fe(OH)s, theo quy trinh dugc tom
tat cua Sun et al. (2015). Cu thé, FesOg-biochar tir
ba mia duoc tong hop trong nghién ctru nay 1a st
dung iron (1) chloride tetrahydrate (FeCl,.4H,0) va
iron (111) chloride hexahydrate (FeCls.6H,0) vai ty
16 3:1, diéu chinh pH ~ 10 bing dung dich NaOH 5
mol/L (Sun et al. 2015). FesOs-biochar thu duoc
bang cach khudy hdn hop nay véi biochar & nhiét do
80°C trén may khudy tir trong 1 gid, khudy vai tc
d6 250 vong/phut. Han hop sau d6 duogc tach bang
cach ly tim & 3.000 vong/phut trong 10 phit va két
tua dugc sdy kho ¢ 60°C dén khéi lugng khong doi.
Chat ran sau d6 duoc thu thap va xac dinh 1a FesO,-
biochar.

2.3. Xac dinh pH tai diém khéng dién tich
(PHpz)

Gia tri pH tai diém dién tich bang khong (pHpzc)
cua vat lieu hip phu dugc xac dinh bang phuwong
phap ciia Phuong and Loc (2022). Chuan bi dung
dich NaCl 0,1M, sau dé diéu chinh gia tri pH ban
dau (pHi) caa NaCl 0,1M tir pH 2 dén 11 bang cach
cho thém vao dung dich NaOH 1M hoac HCI 1M.
Can 0,5g vat lidu cho vao 6ng ly tim 50 mL, cho
thém vao 50 mL dung dich NaCl 0,1M sau khi da
diéu chinh tir pH 2 dén 11. Chuyén cac ong ly tim
vao may lic va lic trong 24 gio vé6i toe do 120
vong/phut. Sau d6, loc dung dich bang may loc
Whatman No.6 va do pH sau cung (pHs). Su khac
biét giira pH ban dau (pH;) va pH sau cing (pHy) 1a
ApH (ApH = pHs — pH;i). Sau d6, ApH dugc vé voi
pHi, va diém giao nhau ciia duong cong (ApH) va
pHi la pHpc cua vat liéu.

2.4. Thi nghiém hip phu

Kha ning hap phu ctua FesO,-biochar dbi vsi SO
trong dung dich da dwoc danh gia trong cac thi
nghiém hap phu theo 16. TAt ca cac phép thir hap phu
dugc tién hanh ba lan va lay két qua trung binh.
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Trong mat thi nghiém dién hinh, mét lwong ¢6 dinh
chat hap phu va 50 mL dung dich SO dugc thém vao
dng ly tam. Cac binh duoc khudy trong may lic &
tbc do 60 vong/phit & diéu kién phong (25 + 2°C)
trong thoi gian c6 dinh, sau d6 dugc loc bang gidy
loc Whatman No. 6. Sau loc, SO con lai trong dung
dich dwoc phan tich bang miy do quang phd
(Shimazdu UV-1900, Japan) & budc song hap thu
cuc dai 530 nm.

Dé xac dinh cac diéu kién thi nghiém thich hop,
c4c thi nghiém da dwoc thuc hién véi sy thay déi cua
pH dung dich (2 dén 10), khéi luong vat liéu hap
phu FesOs-biochar sir dung trong 50 mL dung dich
S0 (0,2; 0,5; 1; 2; 3; 5 g), ndng d6 SO ban dau (10
dén 200 mg/L) va thoi gian tiép xac (1 dén 720
phut).

Hiéu suit hap phu (H, %) duoc xac dinh theo
phuong trinh sau:

(Co — Co). 100

H (%) = C
0

Trong d6:
_ Co: Nong d¢ chat bi hip phy trong dung dich ban
dau (mg/L);
_ Ce: Nong o chat bj hap phu trong dung dich can
bang (mg/L).
2.5. Phén tich mé hinh hip phu ding nhiét
Langmuir va Freudlich
Phan tich mé hinh déng nhiét hép phu Langmuir
va Freundlich duoc nghién ciru bang cach thire thay
d6i nong do ban déau cua SO tir 10 dén 200 mg/L.
DBuong dang nhiét Langmuir duge biéu dien dudi
dang phuong trinh phi tuyén tinh:
qmaxKLCe

9. (mg/g) =7 T K,C,
Trong d6:

0e: Luong chat bi hip phu tai thoi diém can bang
(mg/g).

Ce: Nong do can bang cua chat bi hap phu con
lai trong dung dich (mg/L);

Omax: Lurgng chat bi hap phu cuc dai (mg/g);
Co: Nong do chét bi hap phu ban dau (mg/L);

ok Hﬁngrsé nang lwong hap phu theo md hinh
dang nhiét hap phu Langmuir (L/mg).

_ Mo hinh ddng nhi¢t Freundlich duoc thé hién
bang phuong trinh sau:
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qe = KFCel/n

Trong do:

0e: Luong chat bi hip phu tai thoi diém can bang
(mg/g);

Ce: Nong d6 can bang cua chat bi hap phu con
lai trong dung dich (mg/L);

ke: Hang sb dang nhiét  Freundlich

((mg/g)(mg/L)";

n: Hang s6 dang nhiét Freundlich ¢ quan h¢ dén
cuong do hap phu.

2.6. Xirly sé ligu

Phan mém SPSS dugc sir dung dé phan tich
phuong sai ANOVA, kiém dinh Duncan dé so sanh
cac gid tri trung binh ¢ do qtin cay 95% gifra céc
nghiém thuec. SO liéu dugc kiém tra phan phoi chuan
va dong nhat phuong sai truéc khi phén tich
ANOVA.

3. KET QUA VA THAO LUAN

3.1. Pic trung ciu tric bé mit vat ligu

Anh SEM

Phuong phép hién vi dién tir quét SEM (Hitachi
S-4800, Nhat Ban) dwoc sir dung dé quan sat hinh
thai dic trung cua bé mat vat liéu FesO4-biochar tir
ba mia, két hop voi may quang phd tia X phén tan
ning lwong EDX (Hitachi, Nhat Ban) dé phan tich
thanh phan nguyén t6 cua vat liéu FesO4-biochar.
Két qua chup anh SEM bé mit cua vt liéu FesO,-
biochar cho thay sy xuat hién nhiéu tap hat nano trén
be mat, cac hat vat liéu c6 hinh dang khong déu va
sap xép mot cach ngau nhién, vo dinh hinh (Hinh 1).

Hinh 1. Anh SEM cua vat ligu FesOs-biochar
Két qua EDX

Két qua phan tich thanh phan nguyén t6 cho thay
FesO4-biochar tir bd mia chira chu yeu ba nguyén t6
C, O va Fe trong hdn hop oxit st (Hinh 2).
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ull Scale 1669 ctz Cursor: 0.000

Hinh 2. Pho EDX cua vat ligu FesOs-biochar

Cu thé, vat liéu FesOy-biochar c6 ty 1é phan trim
khdi lugng Fe, O va C, lan lugt 14 52,9; 31,2 va 8%
(Bang 1). Ngoai ba nguyén t6 trén, phé EDX ciing
¢6 su xuét hién cua hai nguyén t6 Na va Cl, 1an luot
chiém ty Ié khéi luong 14 2,3 va 5,7%. Su xuit hién
ciia nguyén t6 Na trén phd EDX cua FeszOs-biochar
ba mia vi co ban 1a hau hét nguyén liéu mia déu giau
Na ty nhién (Ameram et al., 2019). Nguyén t6 Cl
xuat hién c6 thé 1a do 2 nguyén nhan (i) dung dich
HCI duoc sir dung trong qua trinh lam sach bé mat
vt liéu biochar ban dau; va (ii) hdn hop FeCls.6H,0
va FeCl.4H,0 duoc sir dung trong qua trinh tong
hop FesOs-biochar.

Bing 1. Két qua phén tich phin trim nguyén t6
trong vat liéu FesOs-biochar tinh theo

EDX
Nguyén t6 % khoi lwong % nguyén to
C 8,01 17,46
0 31,19 51,00
Na 2,29 2,61
Cl 5,66 4,18
Fe 52,84 24,75
Tong cong 100 100

3.2. pHpzc tai diém khong dién tich

Diém khong dién tich (pHpc) cua vat ligu hap
phu duoc x4c dinh nham phuc vu cho viéc giai thich
anh huong cua pH dén hiéu qua xir Iy SO. Theo
Chintala et al. (2013), khi pH caa dung dich thip
hon pHp cua vat ligu hap phu, bé mat vat lidu s&
tich dién tich dwong do hap phu ion H*, qua trinh
hap phu dién ra theo co ché trao doi ion s& chiém wu
thé. Trong truong hop nay vat liéu s& hap phu tét cac
ion am nhu CI, NO3", SO4* va POs*. Nguoc lai, khi
pH cua dung dich cao hon pHp, cia vat liéu, bé mat
vt liéu sé tich dién tich 4m do giai hap phu ion H*
va vat liéu s& hap phu t6t cac ion duong nhu Na*,
K*, Ca?* va NHy4*. Trong nghién ciru ndy, pHpzc cuia
Fe;0s-biochar dugc xac dinh 1a 7,89 (Hinh 3).
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Hinh 3. pHpzc ciia FesOs-biochar tir ba mia

3.3. Anh hwéng cia pH dén kha ning hép
phu SO

~ pHdungdichla yéutd quan trong trong qua trinh
hép phu vi pH anh huéng dén dién tich bé mat cua
chat hap phu va mirc d6 ion héa cta chat bi hap phu

(SO) (Crini et al., 2007). Hinh 4 cho thay hi¢u suat

xtt Iy thudc nhuém SO tang khi tang pH tir 2 dén 7

va dat gié} tri cuc dai &6 pH=6 (hi‘éu suat dat 99,02%,).

Trong di€u kién trung tinh - kiém, mirc d¢ phén ly

cua —OH tang khi pH tang, lam tang s6 luong cac

nhom chirc dién tich am (OH") trén bé mat vat liéu

FesOs—biochar. Vi vay, luc hut tinh dién gitra SO*

va OH" tang lén.

100 p ¢
80 A
60
40 -

Hiéu suit (%)

20 A

0 4
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pH

Hinh 4. Anh huéng cia pH dén kha ning hap
phu SO

(Piéu kién thi nghiém: Co =50 mg/L, m=3g, t =120
phut, T = 25+2°C).
Ghi chu: Sé liéu duoc trinh bay la gia tri trung binh +
sai s6 chuan, n=3. Nhitng gid tri trén cdg cot co ki ty (a,
b) khac nhau thi khac biét co y nghia thong ké ¢ murc
a=5%.

Diéu nay ciing c6 thé duogc giai thich dua trén gia
tri pH tai diém khong dién tich (pHpzc). Gi tri pHpzc
ctia FesOs-biochar dugce tim thiy trong thuc nghiém
1a 7,89. Trén 1y thuyét, trong diéu kién pH > pHpzc,
bé& mat ciia chat hip phu tich nhidu dién tich 4m hon,
do d6 thuc day cho su két hop giita chat hap phu véi
cac thudc nhudm cation. Nguoc lai, khi pH < pHpzc,
bé mat chat hip phu mang dién tich duong hon, do
d6 1am giam su két hop gitra chat hap phu véi cac
thudc nhuom cation (Phuong & Loc, 2022).
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Tuy nhién, két qua phan tich thong ké cho thay
cac nghiém thurc tir pH=6 khac biét khong c6 y nghia
(a <0,05) d6i vé6i cac gia tri pH 16n hon; nhung khac
biét c6 y nghia dbi véi cac gia tri pH nho hon. Do
d6 pH=6 duoc chon 1a pH thich hop dé thyc hién cac
thi nghiém tiép theo.

3.4. Anh hwéng caa khéi lwong vt ligu hap

phu dén kha ning hip phu SO

Bén canh diéu kién pH, khéi lwong vét ligu h'Qip
phu ciing 12 mot trong nhing yéu té quyét dinh dén
hiéu qua hap phy. Hinh 5 cho thay hiéu suét hap phu
SO cua Fe3Oy-biochar ba mia tang tir 13,61 1én
98,41 % khi tang khdi lugng FesOg-biochar tir 0,2
dén 5 g. Tir d6, hiéu suat hap phu SO ti 1¢ thuan voi
khéi lugng FesOs-biochar, co nghia la ting khoi
lwong FesO4-biochar s& lam ting hiéu suit hap phu
cac ion mau SO. Cac xu hudng nay ciing da dugc
tim thay trong nghién ctru ctia Porkodi and Vasanth
(2007). Piéu nay xay ra do khi ting khdi luong
FesOu-biochar, thi dién tich bé mat chat hap phu
tang va cung cip nhidu vi tri lién két hon, do d6, hi¢u
suat hap phy SO trong dung dich ting manh. Tuy
nhién, khi tang khdi luong vat liéu vuot qué ngudng
can bang, nhiéu vi tri hap phu khong duoc sir dung
hét, nén luong SO bi hap phu trén mot dién tich bé
chit hap phu giam dan (Gomez et al., 2007). Tir d6,
¢6 thé két luan rang ting khéi luong chat hip phu
lam tang ty 1¢ loai bo thudc nhudém Safranin O,
nghién ciru twong tu dugc tim thdy tir bio céo cua
Reguyal et al. (2018). Trong nghién ciru nay, khdi
lugng 3 g FesOy4-biochar dugc chon dé thuc hién qua
trinh hdp phu SO cho cac thi nghiém sau.
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Hinh 5. Anh hwéng cia khoi lwong FesOs-
biochar dén kha niang hap phu SO

(Diéu kién thi nghiém: Co = 50 mg/L, t = 120 phiit, pH ~
6, T = 25+2°C).

Ghi chii: S6 lidu dwoc trinh bay la gid tri trung binh +
sai s6 chudn, n=3. Nhitng gia tri trén cdc cot co ki tu (a,
b) khdc nhau thi khéc biét cé ¥ nghia thong ké ¢ mirc
0=5%.
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3.5. Aph huéng ciia thoi gian dén kha ning
hap phu SO

Viéc xac dinh thoi gian phu hop cho qua trinh
hap phu nham gitip nang cao tinh thyc tidn va c6 thé
rt ngin thoi gian tién hanh thi nghiém. Két qua
nghién ciru vé anh hudng cia thoi gian dén kha nang
hap phu SO duoc trinh bay & Hinh 6. O giai doan
dau (tir 1 dén 120 phut), quéa trinh hip phy dién ra
rat nhanh véi hiéu suat hap phu tang tir 73,82 dén
97,63%. Tuy nhién, qua trinh hap phu dién ra cham
lai va dat can bang khi tiép tuc ting thoi gian hap
phu tir 120 dén 720 phat. Didu nay xay ra la do &
giai doan 120 phut dau, c6 nhiéu vi tréng trén bé mat
FesOg4-biochar dé c6 thé lién két véi cac phan tir SO
nén hiéu suit hap phy tang nhanh. Tuy nhién, tir sau
120 phit tiép xtic tré di, cac vi tri lién két ¢6 thé da
bi bdo hoa, cac phén tir SO da lap day céc vi tri lién
két trén bé mat FesOg-biochar, hiéu suit hip phu
cham lai va dat can bang (Phuong & Loc, 2022), do
d6 120 phut dugc chon 1a thoi gian hap phu cho thi
nghiém tiép theo. Két qua nay phu hop véi bao cdo
trong nghién cuu cua Guptar et al. (2013).
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Hinh 6. Anh hwéng cia thoi gian dén kha ning
hap phu SO cia FesOs-biochar tir ba mia
(Diéu kién thi nghiém: Co=50 mg/L, m=3g,pH~6, T

= 25+2°C).

Ghi chu: Sé liéu dwoc trinh bay la gid tri trung binh £
sai s0 chuan, n=3. Nhitng gid tri trén cdg cot co ki ty (a,
b) khdc nhau thi khac biét co y nghia thong ké o murc
o=5%.

3.6. Anh hwéng cua ndng d6 SO ban diu dén
kha néing hap phu cia FesOgs-biochar

Nong d6 dau vao cta chat 6 nhiém c6 anh huong
manh 1én kha nang hp phu cua vat liéu hip phu.
Hinh 7 cho thdy hiéu suit hip phu c¢6 xu huéng
nguoc lai vai sy ting cua ndng d6 SO ban dau. Noi
cach khac, hiéu suit hap phu SO cua FesO4-biochar
¢6 xu hudng giam dan khi ting ndng do SO ban dau
tir 10 mg/L 1én dén 200 mg/L; cu thé, hiéu suat hap
phu giam tir 94,62% xubng con 80,50%. Dac biét ¢
nghiém thac 50 mg/L, hiéu suat hip phu dat
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98,22%. Diéu nay duogc cho 1a do khi & ndng do thap
(tir 10 dén 30 mg/L) s& khong c6 du sé lugng phan
tr SO dé c6 thé lap day lugng I6n cac vi tri lién két
¢6 san trén bé mat vat liéu, do d6 hiéu suat hap phu
dat gan nhu twong d6i 100%. Nhung khi ¢ nong do
cao hon (tir 50 dén 200 mg/L), lic nay sd lugng phan
tar SO da tang, khi d6 cac vi tri lién két trén bé mat
vt liéu dd bao hoa, lam giam hiéu suat hap phu. Két
qua tuong tu bao cao trong nghién ciru cua Kannan
and Sundaram (2001). Do d6, nong d6 SO 50 mg/L
duoc chon lam néng dd thich hgp nhat cho thi
nghiém danh gia kha ning hap phu SO cia Fes0y-
biochar.
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Hinh 7. Anh hwéng cia nong do SO ban diu
dén kha nang hap phu SO cia FesOs-biochar
(Piéu kién thi nghiém: pH ~ 6, m =3 g, t = 120 phit, T

=25+2°C).

Ghi chu: Sé liéu dwoc trinh bay la gia tri trung binh £
sai s0 chudn, n=3. Nhiing gia tri trén cdc cot ¢ ki tir (a,
b) khac nhau thi khac biét co y nghia thong ké ¢ murc
a=5%.

3.7. M6 hinh ding nhi¢t Langmuir va
Freundlich

Puong ding nhiét hip phu c6 loi ich cho viée
nghién ctru lyc tuong tic giita chat hip phu va bé
mit chat hip phu (Yaoji et al., 2018). Can bang hap
phu cta SO trén Fe304-biochar dugc phan tich trén
hai theo mé hinh dang nhiét Langmuir va Freudlich.
Céac thong sb ding nhiét hdp phu Langmuir va
Freundlich duogc trinh bay trong Bang 2.

Bang 2. Cac thong s6 hip phu ding nhiét SO theo
mé hinh Langmuir va Freundlich

Cic thong sb Langmuir Freundlich
R? 0,94 0,88
Qmax (MQ/Q) 12,18 -
ke (L/mg) 0,49 -
kr (Mma/g) (mg/L)" - 0,76
1/n - 3,13
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Két qua phan tich moé hinh Langmuir va
Freundlich cho thiy hé s6 twong quan ctia mé hinh
dang nhiét Langmuir (R%=0,94) Ién hon so v6i md
hinh Freundlich (R?=0,88), chimg minh ring mo
hinh Langmuir da@ mo6 td mot cach thich hop qua
trinh hap phy thudc nhuém SO cua FesO4-biochar tir
ba mia vai lugng hap phu cuc dai dai qmax=12,18
mg/g. Piéu nay co nghia la bé mit cua FesOs-
biochar ¢6 cac vi tri 16 rong hiru han giéng nhau vai
nang luong hap phu thuéc nhuém ddng nhat, sy hap
phu dién ra tai cac vi tri dong nhit cu thé bén trong
chat hap phu. O mdi mét vi tri hip phu trén bé mat
chi chira mot phan tir thudc nhuom tai vi tri dé
(Mohammed et al., 2014). Két qua cua nghién ctu
phu hop véi cac thi nghiém cua tac gia Farahani et
al. (2015) khi str dung vat liéu ba mia tho (qmax=1,80
mg/g), H2SO4-ba mia (qmax=1,39 mg/g) va NaOH-
b mia (qmax=2,64 mg/g) hip phu SO.

3.8. Kha niing thu hdi vat li¢u FesO4-biochar

sau qua trinh xir ly

Kha nang thu hdi va tach vat liéu FesO4-biochar
tir ba mia sau khi dugc sir dung dé ha“ip phu SO duogc
thé hién trén Hinh 9. Mot nam cham bén ngoai
nhanh chéng thu dugce phan 16n FesO,-biochar ra
khoi hdn hop huyén phui ctia FesO4-biochar va nudc
nhiém hop chat ma Safranin O. Do d6, chat hap phu
FesOu-biochar c¢6 thé tach ra khoi dung dich mot
cach d& dang sau qua trinh hip phu bang cach st
dung mot nam cham ngoai véi tinh hidu suét thu hdi
dat dugc khoang 60 - 70%.
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