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ABSTRACT

The textile wastewater is guilty of water pollution on a global
scale. As a result, the study, investigation, and development of
green and cheap materials for pollution removal are important and
urgent. In this study, DT-NB biochar material from disposable
bamboo chopsticks was prepared and applied to adsorb methylene
blue dye (MB) in an aqueous solution. It was found that the
synthesized DT-NB through the slow pyrolysis at 500°C followed
by the ball milling process had a large surface area of 273.11 m*/g
and complex pore structures to facilitate the adsorption of MB
onto the adsorbent. At pH 10 and an initial MB concentration of
30 mg/L, DT-NB mass for MB removal is 0.3 g in 60 minutes of
contact time. Experimental data were well fitted to the Langmuir
monolayer adsorption model with the maximum adsorption
capacity of 4.12 mg/g, and the kinetics of MB adsorption was
described with the pseudo-second order model.

Keywords: Adsorption, biochar, methylene blue removal,
pyrolysis, waste bamboo chopsticks
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1. GIOI THIEU

Nhing nam gin day, su phat trién manh mé& ctia
cac hoat dong cong nghiép va tiéu thu cong nghiép
& Viét Nam da thuc day su phat trién cuia dat nudc.
Tuy nhién, 6 nhlem ngudn nudc dén tir cac nganh
nay dang 1a van d& méi trudng nghiém trong do
nhitng anh huéng x4u cta chung dén sirc khoe con
nguoi va su tan pha h¢ sinh thai. Nganh cong nghiép
dét may dang co cac tac dong tiéu cuc dén moi
truong, nhat 1a nudc thai & cac cong doan nau, tay
va nhu¢m. Pac biét, nude thai cong doan nhudm con
chira cac chét hitu co kho phan hity va cac nhom
mang mau c6 cdu triac bén vimg (Huang et al., 2018;
Tkaczyk et al., 2020; Rathi et al., 2021, Thanh va
ctv., 2021).

Hién nay, hon 700.000 tin thuéc nhudém dang
c6 mat trén thi truong thé gidi, hon 100 tan thubc
nhudm duoc thai ra dudi dang nuée thai mdi nam
(Barka et al., 2013; Jia et al., 2015; Huang et al.,
2018; Rathi et al., 2021). Mot trong nhitng loai hoa
chét phd bién duge sir dung nhiéu trong céng nghiép
dét nhudém do 1a Methylene blue (MB), thuong dugc
sir dung truc tiép de nhudm mau vai, soi béng hay
ding dé nhudém gidy, nhudém cac san pham tir tre
ntra, manh trac, da va ché muc viét (Oladoye et al.,
2020; Trudng va Nha, 2023). Vé doc tinh, MB ¢
thé gy ra cac bénh vé& mét, da, dudong ho hép, tiéu
hoéa va tham chi giy ung thu. Nong d6 ciia MB trong
nude qué cao s& can tré hdp phu oxy vao trong nuéc,
do d6 1am anh huéng dén su sinh truéng cua céac
dong thuc vat thuy sinh va anh huong dén qua trinh
ty 1am sach cua ngudn nuéc (Barka et al., 2013;
Assimeddine et al., 2022; Truong va Nha, 2023).

Trudce sirc ép vé moi truong ngay cang 16n, cac
co s& dét nhudom khong nhitng phai san xuat phi hop
v6i tiéu chuin moi tredng Viét Nam da ban hanh ma
con phéan déu dat tiéu chuan vé quan ly chit luong
mdi truong dé dam bao xudt khiu va canh tranh trén
thi truong qudc té (Tkaczyk et al., 2020; Thanh va
ctv., 2021). Nhiéu phuong phép xtr Iy nudce thai dét
nhudm da dugc phat trién trong nhiéu thap ky qua,
bao gém cac phuong phap nhu: keo ty, hép phy,
oxy hoa hay mang loc sinh hoc. Trong d6, hap phu
dugc xem 1a mot trong nhing giai phap thuc té va
kinh t& dé loai bo nudc thai nhiém pham nhudém béi
tinh don gian va hi€u qua cao ciing nhu linh hoat va
phu hop d6i véi hau hét qué trinh xur 1y nude thai
thuc té hién nay (Rafatullah et al., 2010; Huang et
al., 2018; Khan et al., 2023). Nguén vat liéu sir dung
cho phuong phéap hip phu rit da dang va phong ph,
trong do than sinh hoc (TSH) dang 1a mot vat li¢u
hap phu ¢6 tiém ning 16n nhd ¢ dién tich bé mit
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16n, ciu triic x6p, gidu cac nhom chire va chira cac
thanh phan khoang gitp cho n6 co thé loai bo cac
chit 6 nhidm ra khoi dung dich nuéc (Chan et al.,
2008; Barka et al., 2013; Suma et al., 2021; Thanh
va ctv., 2021; Chioma et al., 2023). Pac biét, hién
nay cac ngudn sinh khdi ré tién va san co tir phu
phim néng nghiép nhu tréu, canh thanh long, cy
mai duong,... dang dugc tin dung dé tao ra TSH
ung dung trong linh vyc xtt Iy nudc thai (Ahmed et
al., 2020; Elhamid et al., 2020; Cuong, 2021; Sam
va ctv., 2023). Bay la cach tiép can kha thi vé mit
kinh té de xir Iy nude thai va 14 xu thé tich cuc trong
phat trién néng nghiép bén ving nhim giam chét
thai gdy 6 nhiém moéi truong. O Viét Nam, diia tre
thai, mét hang pho bién tai cic nha hang va quan an
duong phd dan dén phat sinh rac thai dang ké, co thé
duoc xem la nguén vat liéu tiém nang cho qua trinh
tong hop TSH.

Céc nghién ciru gin day cho thdy rang cdu trac
va tinh chét bé mit ciia TSH ciing bi anh hudng déng
ké boi phuong phap co hoc nhu nghién bi, dan dén
thay do6i kha nang hap phu chit 6 nhidm ciia TSH
trong moi truong nudc (Lyu et al. 2018a, 2018b;
Amusat et al., 2021; Zhang et al., 2021). Lyu et al.
(2018a) da chi ra rang so véi TSH khoéng nghién bi,
TSH dugc nghién bi ¢6 dién tich bé mit riéng va thé
tich 16 x6p 16n hon tir @6 cai thién kha nang hap phu
Ni(Il) trong moi trudng nudc. Tuong tu, TSH tir
than cdy mia sau khi dugc nghién bi thi tinh chat bé
mat va cuong do nhom chirc chira oxy gia ting dang
ké dan d&n dung lwong hip phu MB 1a 354 mg/g,
cao hon rat nhiéu so voi TSH khong nghién bi (17,2
mg/g) (Lyu et al., 2018b). Gan day, Xiang et al.
(2020) va Zhuang et al. (2021) ciing cho thiy viéc
nghién bi TSH gitp ting cuong tinh chat bé mit va
tang kha nang hap phu cua chat hap phy dé loai bo
céc hop chét hiru co dé bay hoi. Cac két qua nghién
clru ndy goi y hudng tiép can moi trong viéc thay
d6i tinh chat TSH dé gia ting kha nang hap phu chat
6 nhiém bang phuong phap nghién bi don gian voi
chi phi thdp va dic biét than thién méi trudng hon
phuong phéap héa hoc.

Nhin chung, hién nay chua c6 cong trinh nghién
ctru nao str dung phuong phap nghién bi trong tong
hop TSH tir nguon sinh khi diia tre thai dé tmg
dung trong linh vuc xu Iy nude thai dét nhuo¢m. Do
do6, trong nghién ctru nay, hiéu qua hap phu thudc
nhuém MB trong nudc thai cia TSH dugc tong hop
tir diia tre thai bang phuong phap nhiét phan cham
va nghién bi voi muc dich tan dung ngudn sinh khoi
tir tre va nang cao tinh chét bé mit cia TSH bang
phuong phép nghién bi than thién véi méi truong,
tranh phat sinh thém chét thai méi khi thay doi tinh
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chat bé mat TSH bang phwong phap hoa hoc. Nhiing
két qua nghién ctru nay s& gop phin phat trién céc
phuong phap xtr 1y nude hi¢u qua va bén virg nham
giai quyét nhing thach thic do 6 nhiém méi truong
nude dat ra hién nay.

2. PHUONG PHAP NGHIEN CcUU

2.1. Vit liéu nghién ciru

Piia tre ding mot 1an thu gom tai cac nha hang
va hang quan via hé dugc rira sach va tan dung dé
ché tao TSH. Céc hoa chit duoc mua tir nha san xudt
hoa chit Xilong, Trung Qudc & dang tinh khiét.
Dung dich MB chuin (CsH3CIN3S, >98,5%) c6
ndng do6 1000 mg/L duoc chuan bi bang cach hoa
tan 1 g MB sau d6 chuan dung dich bang nudc cat
trong binh dinh mic 1000 mL, cdc mau nudc thai
gia dinh trong nghién cuu dugc pha tr dung dich
MB chuan 1000 mg/L. Céac hoa chit khac nhu: axit
hydrochloric (HCI, 36-38%), natri hydroxit (NaOH,
98%), natri chlorua (NaCl, 99,5%).

2.2. Quy trinh tao vt liéu hap phu

Diia tre thai sau khi dugc thu gom va lam sach
bang xa phong va nudc dé loai bo bui ban va tap
chat, dugc tién hanh say kho & nhiét do 105°C trong
vong 12 gid (Shih et al., 2010; Koo-amornpattana et
al., 2022; Wijitkosuma & Sriburib, 2023). Tiép theo,
diia tre sach dugc cit nho khoang 5 cm va nhiét phan
trong diéu kién han ché oxy va khong khi trong 16
khong luu thong (Nabertherm L9/11, Purc) véi mitc
gia nhiét 10°C/phit cho dén 200 °C, sau d6 nung tir
200 - 500°C véi mutrc gia nhiét 10°C/phut va luu &
nhiét d6 500°C trong 16 nung 2 gio (Li et al., 2019;
Zhao et al., 2019; Chioma et al., 2023). Trudc khi
nghién bi, TSH tao thanh dugc nghién dén c¢& hat
0,5-1 mm, sau d6 khoang 10 g than tiép tuc dugc
nghién nhé bang may nghién bi (RETSCH, PM 100
CM, Hoa Ky) trong binh thép c6 dung tich 120 mL
v6i 25 vién bi nghién duong kinh 10 mm duoc lam
tir thép khong gi (ti 18 khoi lwong bi/TSH khoang
50/1). Qua trinh nghién bi dwoc thyc hién trong 10
phut véi tbe do 500 vong/phit (Wei et al., 2020;
Amusat et al., 2021). Mau TSH sau nghién bi c6
kich thudc hat < 10 pm dugc dan nhan DT-NB va
dugc sir dung 1am vat liéu hip phuy trong céc nghién
ctru xt ly MB trong moi truong nude.

2.3. Xac dinh tinh chit ciia than DT-NB

Trong nghién ctru nay, hinh thai va ciu trac cua
vat liéu hap phu DT-NB dugc x4c dinh boi kinh hién
vi dién t&t (SEM, Thermo Fisher Scientific, Hoa Ky).
May quang phd hdng ngoai bién d6i FTIR (Fourier-
transform infrared spectroscopy) trén thiét bi
Thermo Scientific, model Nicolet iS5, USA da duoc

64

Tép 60, S6 34 (2024): 62-72

st dung dé xac dinh cac nhom lién két trén than DT-
NB trong viing c6 sb song tir 4000 cm™ dén 400 crm-
! Ngoai ra, dién tich bé mit riéng BET duogc xac
dinh bang cach str dung may do d6 xp hap phu khi
Surfer (Thermo Fisher Scientific, Surfer, USA).

pH déng dién dugc x4c dinh bang phuong phép
dich chuyén ¢6 bd sung mudi (Hafshejania et al.,
2016). Lay 50 mL dung dich NaCl 0,1 M cho vao 5
cde riéng biét va didu chinh pH 2, 4, 6, 8, 10 bang
dung dich NaOH 0,1 M hodc HCI 0,1 M. Sau do,
cho 0,1 g than DT-NB vao mdi cbc va khudy 120
vong/phit trong vong 24 gid & nhiét do phong. Thé
hién gié tri ApH (pH con lai — pH ban dau) trén biéu
dd (truc tung) va pH ban dau (tryc hoanh), diém giao
cét chinh 1a pH dang dién (pH dién tich dung dich
co gia tri = 0)

2.4. Thi nghiém hip phu

Qué trinh hap phu MB dugc khéo sat bang cach
st dung phuong phéap luan phién timg bién dé xac
dinh diéu kién t6i wu cho qua trinh hap phu. Nghién
ctru tién hanh khao sat cac yéu té anh huong (1) gia
tripH: 4,5,6,7,8,9, 10, 11, 12; (2) thoi gian hép
phu: 0, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80,
90 phiit; ndbng do MB ban dau: 10, 20, 30, 40, 50
mg/L va khdi lwong vat liéu hdp phu: 0,1, 0,2, 0,3,
0,4, 0,5, 0,6 g. Cac thi nghiém hép phu thyc hién
trén may lac (Jeio Tech, model OS-2000, Han Qudc)
v6i the @6 lac 1a 150 vong/phut ¢ nhiét d6 phong.
Nong d6 MB trong dung dich dwoc xac dinh bang
phuong phap so mau tai budc song 665 nm sir dung
may UV-Vis spectrophotometer (Thermo Scientific,
model Evolution 350, USA).

Lwong chat hap phu tai thoi diém cén bang (q.,
mg/g), lwong hip phu tai thoi diém t (g, mg/g), va
hiéu sudt hép phu MB (H, %) dugc tinh toan 1an luot
theo cac phuong trinh (1), (2) va (3):

Y M
S @
th—CO e %100 3)

Trong do, C, va C. (mg/L) 12 ndng d6 MB ban
dau va tai thoi diém can bang, V (L) 1a thé tich dung
dich hap phy va m (g) 1a khoi lugng TSH.

Dong hoc clia qua trinh hap phu MB 1én DT-NB
dugc nghién ciru theo hai mo hinh dong hoc phd
bién: mo hinh biéu kién bac nhat (phwong trinh 4)
va mo hinh biéu kién bac hai (phwong trinh 5).
Trong d6, md hinh bac nhat phut hop v6i hap phu co
thoi gian hdp phu dai trude khi dat can bang va co
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ché kiém so4t toc d6 phu thudc vao cac didu kién thi
nghiém va thoi gian hap phu; mo hinh béc hai gia
dinh rang ty 1& hap phu ty 18 thuan d6i véi cac vi tri
bé mit c6 san cua chit hap phu va hip phu héa hoc
1a budc kiém soat toc d6 (Ho & Wang, 2004;
Darweesh et al., 2022).

Phuong trinh dong hoc biéu kién bac nhat:

9= 9. (1-exp™) “
Phuong trinh dong hoc biéu kién bac hai:
2
_ qekzt
qt 1+qek2t (5)

Trong do: q. 1a dung luong hap phu tai thoi diém
can bang (mg/g); q: 1a dung luong hap phu tai thoi
diém't (mg/g); ki la hang SO toc do hép phu biéu kién
béc nhét (ph™); kz 1a hing s6 tbc do hdp phu biéu
kién bac hai (g/mg.ph).

Mb hinh hp phu Langmuir va Freundlich dwoc
sir dung dé nghién ciru dang nhiét hip phu MB 1én
than DT-NB. M6 hinh Langmuir dya trén gia thiét
céc chét bi hap phu hinh thanh mot 16p don phan tir
va tat ca cac tim hip phu trén bé mat chat hip phu
¢6 ai lyc nhu nhau d6i voi chat bi hap phy, trong khi
d6 mo hinh Freundlich gia thuyét rang chat hap phu
c6 bé mit di thé gdm nhitng 16p vi tri hap phu khac
nhau hay bé mit vat liéu khong dong nhat(Ho and
Wang, 2004; Darweesh et al., 2022). Phuong trinh
hdi quy tuyén tinh ctia hai mé hinh nay dwoc dua ra
trong cac phuong trinh (6) va (7).

Ce 1 Ce

de KLAmax

InKp +=InC,

Langmuir

(6)

dmax

Freundlich @)

Trong do6: qmax la dung luong hép phu cuc dai
(mg/g); qe. 1a dung lwong hip phu tai thoi diém can

Ing, =
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bang (mg/g); C. la ndng do6 chét bi hip phu tai thoi
diém can bang (mg/L); Ky la hang s6 hap phu
Langmuir (L/mg) dic trung cho &i Iyc cua tim hap
phu; Kr (mg-"» L' g1y va 1/n 14 cac hing s cua
phuong trinh dang nhiét Freundlich.

3. KET QUA VA THAO LUAN
3.1. Dac tinh cia than DT-NB

Phé FTIR cuia than DT-NB duoc quét trong viing
dao dong tir 4000 dén 400 cm'. Hinh 1 cho thay trén
bé mat DT-NB ton tai dao dong cia cac nhom O-H
(3428 cm™') c¢6 trong alcohol, phenol va axit
cacboxylic, nhom C-O (1118 cm™) c6 trong cac
nhom ruou béc 2. Céc két qua nghién ctru trudce cho
thiy ho vat liéu nay c6 kha ning hap phu rat tt MB
do twong tac giita cac nhom chure chira oxy trén bé
mat than véi cac phan tr MB (Li et al., 2013; Lavita
etal., 2022; Wang et al., 2022). Ngoai ra, trong than
DT-NB ciing ton tai cdc dao dong gidn cua lién két
vong thom C-C (1585 ecm™), va lién két C—H trong
cac hop chit thom va di nguyén tir (680-910 cm™)
(Lietal.,2013; Lietal., 2014). Két qua ndy phu hop
v6i cac nghién ciru khac ve than cé ngudn goc tir tre
(Li et al., 2014; Chioma et al., 2023).

c-0
C-C (1119
(1585)

PO hip thu quang (a.u)

4000 3500 3000 2500 2000 1500 1000 500

S6 séng (cm™)
Hinh 1. FTIR cia than DT-NB

Hinh 2. Hinh 4nh SEM cua than DT-NB
(a) do phong dai x1000, b) do phong dai x2400)

Hinh thai bé mit thé hién qua anh SEM trong
Hinh 2a cho thay than DT-NB ¢6 céu trac giong nhu
modt mang ludi dugce tao thanh tir nhieu duong ong
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nho do chiu anh hudng cAu tric cua vat lién ban dau
la diia tre. Khi phong to énh (x2400) c6 the nhin rd
duogc cau truc 10 xop phuc tap trén bé mat than véi
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nhiéu vi 18 kich thudc khac nhau. Cac két qua nghién
clru trude dd chig t6 rang khi bé mat than c6 cang
nhiéu 18 rdng nho s& dan dén dién tich bé mit riéng
cang 16n va kha ning tiép xtc véi chét bi hap phu
cang dé dang hon (Mai & Tuyén, 2016; Cuong,
2021; Muhammad et al., 2022).

Bang 1 trinh bay dién tich bé mat riéng (surface
area, S), thé tich 15 xdp (pore volume, V,) va dudng
kinh 16 x6p (pore diameter, D) cia TSH khong
nghién bi va TSH da nghién bi (DT-NB). Két qua ¢
Bang 1 cho thiy qua trinh nghién bi lam dién tich bé
mit riéng cua TSH tang dang ké tir 4,71 1én 273,11
m%g va thé tich 15 xdp tang tir 0,01 1én 0,17 cm?/g,
trong khi d6 kich thudc 16 xdp giam tir 8,45 xubng
2,54 nm. Piéu nay chung to, viéc nghién bi lam ting
dién tich b& mat cua TSH bang cach giam kich thude
hat va gia ting hinh thanh cac 16 xop nho c6 kich
thudc khac nhau nhu Hinh 3. Xu hudng nay tuong
tu v6i cac nghién ctru str dung phuong phap nghién
bi tmg dung trong xur Iy chat 6 nhiém trong moi
truong nudc cia Xu et al. (2019) va Lyu et al.
(2020). Nhitng dic tinh nay giup tao diéu kién thuan
loi cho cac chat 6 nhidm hap phu trén bé mit DT-
NB (Xu et al., 2019; Lyu et al., 2020; Wei et al.,
2020; Amusat et al., 2021).

Bang 1. Dién tich bé mit ciia than

Miu S (m¥g) Vp (cm?g) Dp (nm)
TSH khong 4,71 0,01 8,45
nghién bi
DT-NB 273,11 0,17 2,54
030

E 4

£ 0,254

20 ]

E 0204

2 |
& 0,15

x <4
zig 0,10j :B_sr{—:\]léhong nghién
o 0,051

= ]

Y, e

1 10 100
Puong kinh 18 x6p (nm)

Hinh 3. Phén b6 kich thuée 16 x5p theo phwong
phap BJH

pH ding dién (pH,.) 1a gia tri pH ma & d6 vat
lidu c6 dién tich trung hoa toan phan. Déi voi vat
liéu dung 1am chat hap phu, pH,,. déng vai trd quan
trong trong viéc nghién ctru qua trinh hap phuy vi n6
thé hién sy anh huong ciia cac nhom chirc trén bé
mit vat liéu dén cac thanh phan bi hap phu. B& mat
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vat liéu s& tich dién duong néu pH,. cao hon pH
dung dich, va nguoc lai néu bé mit vat liéu sé& tich
dién am khi pH dang dién thdp hon pH dung dich.
Két qua nghién ctru ¢ Hinh 4 cho thdy than DT-NB
¢6 pHy,e khoang 8,8. Piéu nay co nghia la khi pH
dung dich > 8,8, bé mit than s& mang dién tich am
va than DT-NB hép phu cation MB hiéu qua hon.

2
8.8
04-
I -24
o
<
-4 4
L
76- ./
T L} L} T - T
2 4 3] 8 10
pHi

Hinh 4. pH ding di¢n ciia than DT-NB

3.2. Kha néang xir ly MB cia than DT-NB &
cac di€u kién phan @wng khac nhau

Khong c6 diéu kién hip phu c6 dinh ma tai d6
dat duoc kha nang hip phu tdi da, diéu nay lién quan
dén ban chit cta vat liéu hap phu va chit bi hap phu.
Do d6, nghién ctru tién hanh khao sat cac yéu td anh
huéng dén kha ning hap phu MB & nhiét do phong
nhu: pH dung dich, thoi gian hip phy, nong d6 dung
dich MB ban dau va khéi luong than.

3.2.1. Anh heong ciia pH dung dich

100

90 + %
g0 g
= 70 4 4 =
2 g - 2
B =
& 50 - : g
<‘§ 40 A —e— Hiéu sudt hap phy o
= 301 --a--Dung lrong hép phu 2 _E
-‘E' 20 A &
T - 18

10 a

0 0

Gid tri pH

Hinh 5. Anh hwong ciia pH dung dich
(Diéu kién hap phu: pH 4 -12, 50mL MB 30 mg/L, 0,3g
TSH trong 60 phit)

Trong nghién ctru hap phy, pH dung dich dong
vai tro quan trong trong qua trinh hap phu vi n6 anh
huong dén ca dién tich bé mat chat hap phuy va tinh
chat hoa hoc cia chat bi hap phu. Nghién ciru anh
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huéng cua gid tri pH dung dich & Hinh 5 cho thiy
hiéu suat va dung lwong hap phu MB ting theo pH
dung dich. Xu hudng nay phu hgp véi cac nghién
cuu trudc (Guo et al., 2014; Qian et al., 2018; Suma
et al., 2021, Bella & Bendaikha, 2022). Tt Hinh 5
¢6 thé nhan thiy riang hiéu suat hap phu MB twong
dbi thap, khoang 60% trong khoang pH tir 4 dén 5,
sau d6 hiéu suat hap phy MB ting manh khi pH ting
dén trung tinh va kha niang xir Iy MB dat trén 90%
duoc quan sat trong khoang pH dung dich c6 tinh
kiém cao (pH 10-12). C6 thé giai thich nhu sau: khi
pH > 8,8, bé mat than DT-NB s& tich dién 4m va hut
cac phan tr MB mang dién tich duong trong dung
dich nén hiéu suét hap phu MB kha cao. Trong thi
nghiém nay, pH 10 duoc chon la pH t6i wru cho  qua
trinh hép phu MB trén than DT-NB v&i hiéu suat va
dung luong hap phu dat khoang 95,1% va 4,8 mg/g,
mic du kha niang hap phu MB dat cao nhat ¢ pH=11
nhung viéc ting pH >10 khong cho thiy su thay dbi
dang ké nao trong hiéu suit va dung lwong hip phu
MB. _Diéu d6 chimg t6 rang sy hap phu da dat trang
thai 6n dinh.
3.2.2. Anh heong ciia thoi gian hap phu

Hinh 6 biéu dién sy dnh huéng cua thoi gian tiép
xuc dén dung lugng va higu sudt hap phu MB cua
than DT-NB. Trong 05 phut dau tién, hidu suét va
dung lugng hap phu MB ting nhanh vi cac tim lién
két dé dang tao tuong tac véi phan tir MB vao 16
x6p. Sau do, qua trinh hap phu dat trang thai 6n dinh,
chung to rang sy hap phu vat Iy da dat dén trang thai
cin bang va hé théng dang trai qua qua trinh giai hip
tdi thiéu phan tor MB (Vasconcellos et al., 2003;
Inglezakis et al., 2022). Trong nghién ciru nay, tai
thoi diém 60 phat, TSH ¢6 hiéu suét va dung luong
hép phu MB lan luot 1a 94,5% va 4,7 mg/g dugc
chon 1am thoi gian tiép xuc can thiét dé qua trinh
hap phy MB dat trang thai can bang.
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(Piéu kién hap phy: pH 10, 50 mL MB 30 mg/L, 0,3g
TSH trong 0-90 phut)

67

Tép 60, S6 34 (2024): 62-72

3.2.3. Anh hirong cia nong do MB

Khéo sat anh huéng cia nong d6 MB dén kha
nang hip phu thé hién trong Hinh 7 cho thiy hiéu
qua xtr Iy MB dat gan 100% khi nong ¢ MB ban
dau trong khoang 10-20 mg/L. Tuy nhién, khi nong
d6 MB tang tir 20 1én 50 mg/L thi hiéu suét xir Iy
giam tir 99,8 xuéng 83,8%. Nhin chung, khi néng do
MB ting 1én, cac tAm hoat dong trén chat hap phu
tré nén bao hoa, dan dén kha nang hip phu giam,
nhung hiéu suit loai bé6 MB vén ting do chat hap
phu van co thé loai b6 MB khoi dung dich, mac du
cham hon. Khi lidu lugng chit hip phu dugc cd
dinh, sy san c6 cua cac vi tri hoat dong cho qua trinh
hép phu s& bi han ché. Do do, sir dung nong dd dung
dich MB thap hon s& dam bao rang sO luong vi tri
hoat dong du dé loai bo hiéu qua tat ca cac phan tr
thudc nhudm (Hadjittofi et al., 2014; Elhamid et al.,
2020).
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Hinh 7. Anh huéng ciia ndng do MB ban dau

(Piéu kién hap phy: pH 10, 50 mL MB 10-50 mg/L, 0,5g
TSH trong 60 phut)

Nguoc lai, dung luvong hip phu ting manh tir 1
1én 4,2 mg/g khi ndng d6 MB ting tir 10 dén 50
mg/L. C6 thé gidi thich rang khi nong do MB ting
1én, s& co nhiu phan tir MB hon dé twong tac véi
c4c hat than, ddn dén nhiéu phan tir MB bi hdp phu
hon, tuy nhién chéat hap phu chi co thé bi loai bo &
mdt ty 1& nhét dinh phan tir MB trong dung dich nén
hiéu suat hip phu s& giam khi nong d6 MB ting
(Assimeddine et al., 2022). Piéu nay ciing pht hop
v6i cac nghién ctru trude ddy vé hdp phu thude
nhudém bang TSH (Dawood et al., 2016; Subratti et
al., 2021; Hiep et al., 2022). Tém lai, viéc ting nong
d6 MB sé& dan dén ting kha nang hip phu nhung lam
giam hiéu qua loai bo. Nong do MB ban dau tdi uu
ctia nghién ctru nay 13 30 mg/L, tai d6 hiéu suit va
dung lugng hap phu cia than DT-NB lan luot dat
94,2% va 2,8 mg/g.
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3.2.4. Anh hiong cia khéi heong than DT-NB
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Hinh 8. Anh huéng ciia khoi lwong than

(Piéu kién hap phy: pH 10, 50mL MB 30 mg/L, 0,1-0,6g
TSH trong 60 phut)

Khao sat anh huong cta khdi lugng than dén kha
ning hap phu MB dugc tién hanh trong khoang khéi
luong 0,1 - 0,6 g. Két qua & Hinh 8 cho thiy khi ting
khéi lwong than tir 0,1 g dén 0,3 g (trén 50 mL dung
dich MB) thi hiéu suét hap phu MB ting nhanh tir
75% dén 96%. Do d0, c6 thé két luan rang khoi
luong than DT-NB c¢6 anh huong dang ké dén kha
nang hép phu MB vao bé mat vat liéu, khi tang khéi
lwong than s& dan dén ting s6 lwong cac tim hap phu
tir d6 hiéu qua hip phu ciing ting theo, tuy nhién
dung luong hap phu giam (Hadjittofi et al., 2014;
Silva et al., 2018). Piéu nay co thé giai thich 1a khi
khéi lwong vit liéu ting chinh 1a cung cdp vao dung
dich nhiéu tdm hap phu hon, cic phan tir MB c6
nhiéu vi tri dé tiép xtc hon va qua trinh hip phy dién
ra nhidu hon. Tuy nhién, khéi lugng phan tir MB bi
hap phu trén mot don vi khdi lugng cuia vat liéu hap
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phu giam, do d6 dung luong hap phu (q) va khoi
luong vat liéu hap phu (m) ludn ti 1€ nghich véi
nhau, diéu nay thé hién rd & phuong trinh (1). Hinh
8 ciing cho thdy, khi khéi luong than > 0,3 g thi
khong cho thiy su thay d6i dang ké nao dbi vai viéc
loai bo MB. Diéu nay la do cac 16p than co thé chong
1én nhau va che gidu mot s vi tri hip phu ¢ lidu
luong cao hon. O liéu luong t&i wu vé chi phi 13 0,3
g than, hiéu suit va dung lugng hap phu cua DT-NB
1an luot 1a 96,7% va 4,78 mg/g.

3.2.5. M6 hinh déng hoc qud trinh hap phu MB

lén than DT-NB

DPong hoc cac qua trinh hdp phy MB 1én than
DT-NB dugc danh gia thong qua 2 mo hinh dong
hoc biéu kién 1a bac nhat va bac hai, dua vao két qua
nghién ctru anh huong cia thoi gian hip phu tir 5
dén 90 phut toi dung lugng hap phu MB & céc diéu
kién hap phu: 30 mg/L MB, 0,3 g than va pH 10.
Cac két qua dugc thé hién trong Hinh 9 va Bang 2
chimg t6 ring mé hinh dong hoc biéu kién béac hai
phu hop hon véi dir liéu thuc nghiém va dac trung
b6i hé sé trong quan cao. Bén canh d6, két qua tinh
toan cac thong s6 & Bang 2 ciing cho thdy gia tri qe
tinh theo phuong trinh dong hoc biéu kién bac hai
(4,74 mg/g) gan véi gia tri q. xac dinh tir thuc
nghiém (4,7 mg/g) hon va gia tri R? = 0,9998 vuot
tr6i hon mé hinh déng hoc biéu kién bac nhét (R ~
0,7905). Do d6, mé hinh dong hoc biéu kién bac hai

cung cp mo ta chinh xac hon vé qua trinh hap phu
MB ciia than DT-NB. Piéu nay chimng to, toc do hap
phu ion phan tir MB c6 thé dugc kiém soat phan 16n
boi qua trinh hap phu héa hoc (Barka et al., 2013;
Sakr et al., 2015).
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Hinh 9. Phuong trinh dfng hoc qua trinh hép phu MB trén than DT-NB dang tuyén tinh theo: (a) md
hinh bi€u kién bac nhat va (b) mé hinh bié€u kién bac hai

Bang 2. Cic gia tri k va qe tinh theo phuwong trinh dong hoc biéu kién bic nhét va biéu kién bic hai

Phwong trinh dong hoc qe (mg/g) ki (1/phut) k2 (g/mg.phit) R?
Bic nhit 0,58 0,033 - 0,7905
Bic hai 4,74 -- 0,246 0,9998
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3.2.6. M& hinh déng nhiét hap phu MB lén than bién 12 mo hinh dang nhiét Langmuir va dang nhiét
DT-NB Freundlich dya trén dir liéu thuc nghiém & Hinh 10.

Qué trinh hdp phu c6 thé mé ta dua vao dudng Hinh 10 cho thiy mé hinh hip phu don 16p
dang nhiét hap phu biéu din su phu thudc cua dung Langmuir (Hinh 10a) thich hop hon dé mo ta qua
luong hép phu tai mot thoi diém vao néng do can trinh hap phu MB trén than DT-NB, vi céc gia tri
béng cta chét bi hép phu trong dung dich tai thoi cta nd phu hop chédt ché voi dit liéu thuc nghiém.
diém d6 & mot nhiét dd xac dinh. Thong thuong, Trong khi d6, m6 hinh Freundlich (Hinh 10b) thé
duong d'fmg nhiét héip phu duoc xac dinh béng cach hién sy sai 1éch dang ké so véi cac dir lidu thuc
thay d6i nong do chat tan ban dau hoic liéu lugng nghiém véi hé s6 tuong quan R2 & Bang 3 tuong ddi
chat hap phu trong khi van giir cac diéu kién khac thap. Két qua tinh toan & Bang 3 ciing khing dinh
khong d6i (El-Khaiary & Malash, 2011; Al-Ghouti su phu hop clia phuong trinh dang nhiét Langmuir
& Da'ana, 2020). Trong nghién cliru nay, dir v6i mirc do tuyén tinh dat gia tri R = 0,98 va dung
liéu dang nhiét hap phu ion phan tir MB trén than lwong hap phu cuc dai dat 4,12 mg/g.

DT-NB duoc danh gia qua hai mo hinh hip phu phd
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Hinh 10. Phwong trinh hip phu dfmg nhiét: (a) Langmuir, (b) Freundlich

Béng 3. Cac thong s6 dong hoc trong phuwong Langmuir thich hop dé mo ta dir liéu thyc nghiém
trinh Langmuir va Freundlich v6i dung luong hap phu cuc dai dat 4,12 mg/g. Nhin
chung, nghién ctu da chung minh dugc tiém nang

Mo hinh Thong so R’ {mg dung than DT-NB nhu mét chat hap phu ré tién
Langmuir Am= 4,12 (mg/g) 0,9801 va tiém ndng trong viéc khir mau nuéc thai dét
K= 2,975%/ g) nhudm. Dong thoi, két qua nghién ctru gbp phan lam
. n=y,, tién dé cho cac nghién ctru tiép theo nhdm nang cao
Freundlich Kr = 2,74 (mg/g)(L/mg)'"™ 0,9109 kha nang hip phlg_l chét thai MB cua DT-NB. %ang
. _ cach sir dung diia tre thai 1am nguyén liéu tong hop
4. KET LUAN TSH, nghién ctru da dat dugc hai két qua quan trong:
Qua trinh nhiét phan cham va nghién bi gitp (1) giam phat sinh chat thai tir dia tre dung 1 lan va
than DT-NB thu duoc c¢6 dién tich bé mat riéng 16n thuoc nhuom MB va (2) san xuat vat li¢u hap phu c6
va cu trac 16 x&p phire tap, tir d6 gitip ting kha ning gia tri tir vat liéu thai. Cégh tiép can ndy phu hop voi
hép phu céc cht 6 nhidm trén bé mit than. Cac diéu ~ C4C nguyén tac cia nén kinh te tuan hoan va quan Iy
kién hép phu nhu pH dung dich, thoi gian hip phy, chat thai bén vimg.
khoi luong than, nong d6 MB ban dau anh huong LOI CAM TA
dang ké den kha nang xir [y MB trong nudc. Dong
thoi két qua nghién ciru da xac dinh duoc toe do qua Nghién ctru nay duogc tai trg boi Truong Dai hoc

trinh hép phu MB 1én than DT-NB dat can bang sau Tai nguyén va Moi truong Thanh pho H6 Chi Minh,
60 phiit va dugc kiém soat phin 1on béi qua trinh  theo Quyét dinh s6 265/ TDHTPHCM ngdy 20 thang
hp phu hoa hoc theo md hinh dong hoc biéu kién 3 nam 2023 cua Hi¢u truong Truong Dai hoc Tai
bac hai, trong khi d6 mé hinh hip phu don 16p nguyén va Mai truong Thanh pho Ho Chi Minh.
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