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ABSTRACT

Activated carbon from bamboo chopsticks (BCAC) was prepared via
hydrothermal pretreatment with 3.5% H,SO, followed by KOH activation.
Pretreatment reduced lignin, ash, and moisture while enriching cellulose,
hemicellulose, and total carbohydrates. The optimal activation condition
was 800 °C for 120 min, yielding a BET surface area of 397.6 m?/g and
micropores with an average size of 1.2 nm. XRD, SEM, and FT-IR
confirmed the structural transformation from cellulose-rich biomass to
amorphous carbon, characterized by the emergence of graphitic domains
and oxygenated functional groups. MB adsorption performance was
strongly pH-dependent, enhanced above the pHpzc (3.4). Kinetic analysis
revealed that the pseudo-second-order model provided the best
description of the process, indicating chemisorption with multi-step
diffusion. The Langmuir isotherm provided the best fit, with a maximum
adsorption capacity of 5495 mg/g. FT-IR after adsorption revealed
multiple interaction mechanisms, including electrostatic attraction, -t
stacking, hydrogen bonding, and van der Waals forces. Desorption studies
indicated ethanol was more efficient than HCl in regenerating BCAC, and
reusability tests showed stable performance over two cycles before
declining. These findings highlight BCAC as a promising, low-cost
adsorbent for dye removal, demonstrating potential for wastewater
treatment applications.

Gidi thiéu chung

do ddc tinh va dd bén hda hoc cao, thudc nhudm cb
thé gay anh hudng tiéu cuc dén sinh vat thong qua

Su phét trién nhanh chong clia cac nganh cong nghiép
nhu dét may, in &n dan dén viéc tao ra mét lugng 16n
nudc thai chlia thudc nhuém chua qua xir ly gay ra
nhiing tac hai nghiém trong déi véi mai trudng va suc
khoe con ngudi [1). Hon 100,000 loai thudc nhudm
dugc st dung trong nganh in va nhudém, nai phan Ién
nudc thai cong nghiép dugc thai ra moi trudng nudc,
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chudi sinh thai [1,2]. Trong do, methylene blue (MB) 1a
mét loai thudc nhudém cation, dugc st dung réng rai
dé nhuém bong, acrylic, lua, gidy va san xudt muc nha
tinh tan trong nudc tét va dé bén mau cao [3]. MB ¢
thé gay ra cac tac déng xdu dén sic khoe nhu budn
nén, ndbn muia, chdbng mat, mét moi va cac phan Ung
bét Igi khac khi vo tinh nuét phai, tham chi ¢ thé gay
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bién chiing nguy hiém tinh mang [4]. Hién nay, cac ky
thudt xr ly thudc nhuém khoi nudc thai bao gdém hap
phu [5], trao déi ion [6), quang xUc tac [7], oxy hoa [8]
va siéu loc [9]. Trong do, hép phu la mét trong nhiing
phuong phép tiém nang dé x ly nudc thai nha uu
diém van hanh don gidn, chi phi thdp va c6 ngudn
nguyén liéu phong phud [10]. Than hoat tinh tU sinh
khéi la vat liéu hdp phu cod uu diém vé ngudn nguyén
liéu doi dao, gid thanh thép, than thién véi moi truong
dugc téng hgp tir tu nhién hodc phé thai ndbng nghiép.
Phuong phép hoat hoa hda hoc la phuong phap phd
bién dugc sit dung dé san xuét than hoat tinh [11]. Tac
nhén hoat hoda thudng dugc st dung gdm HsPOy,
NaOH, KOH va ZnClz2 [11,12]. Trong d6, KOH va ZnCl2
thudng téng hop dugc than hoat tinh ¢6 hiéu sudt va
dién tich bé mét riéng cao, nhung KOH than thién vdi
moi trudng han nén KOH dugc st dung thudng xuyén
haon ZnClz [11].

Trong béi canh chét thai rdn ngay cang tang, viéc tan
dung cac ngudn phé phdm sinh hoc nhu dia tre thai
dang md ra hudng di tiém nang trong linh vuc nang
lugng tai tao. Theo théng k&, mdi ndm thé gidi tiéu thuy
khoang 80 ty doéi dla dung mét lan, trong dé Trung
Qudc va Nhat Ban la hai quéc gia tiéu thu 16n nhat vdi
san lugng 1an lugt khodng 57 — 80 ty déi va 24 ty doi
moi nam [13]. TU d6, cd thé thdy daa tre thai trd thanh
nguodn nguyén liéu sinh khéi giau tiém nang cho san
xudt nang lugng tai tao vi la mét loai phé phédm sinh
kh&i cé sdn va dé thu gom. Mot trong nhitng nghién
clu tiém nang cho viéc tan dung nguén sinh khéi nhu
nghién clu [14] da s dung cac phuang phap tién xtr ly
dé nang cao hiéu qua 1én men sinh hydro ti dich thay
phan sinh khéi tre, nhung san phdm phu la phéan ran
sau qua trinh tién x ly van chua dugc tan dung. Do
do, chuyén héa b3 ran sinh khéi sau qué trinh tién xur
ly thanh than hoat tinh tng dung trong x ly nudc thai
la mét phuong phap tiém nang dé tan dung triét dé
ngudn sinh khéi cho nhiéu ting dung khac nhau.
Nghién clu nay khdo sat anh hudng cua nhiét dé va
thai gian nhiét phan lén qué trinh hoat hoda than sinh
khéi tir da tre da tién xU ly. Bong thai, danh gid dac
diém hinh théi, ciu tric, bé mat cta than hoat tinh
diéu ché dugc va khao sat tinh chat hdp phu cla than
hoat tinh vd&i thuéc nhudm methylene blue. Nghién
cltu md ra hudng mdi khi s&r dung ba tre tién x{ ly sau
giai doan thly phan lén men sinh hydro dé tao than
hoat tinh, tdn dung triét dé san phdm phu trong qué
trinh chuyén héa diia tre thanh nang lugng sinh hoc.

Thuc nghiém va phuang phap nghién clu

Héa chat

Sulfuric acid (H2SOs; 98%), hydrochloric acid (HCI;
37%), sodium hydroxide (NaOH; >96%), potassium
hydroxide (KOH; 85%), sodium chloride (NaCl; 99,5%),
sodium  thiosulfate pentahydrate  (Na25203.5H20),
methylene blue trihydrate (CisHsCIN3S.3H20; 98,5%),
iodine (I2) dugc mua ti Xilong, Trung Quéc.

Thiét bj

N&i hép tiét trung Jibimed (LS — 35HD, Trung Qudéc), 1o
nung chan khéng (GSL — 1100X, MTI, M§), may lac (GFL
— 3006, Buc), ti lac (LSI — 3016R Labtech, Han Qudo),
can dién t 4 s6 1é (Ohanus, PJX1203/E, M§), may
khudy tu gia nhiét (DLAB, MS — H280 — Pro, M¥), may
do quang UV — Vis (Specphotometer, T60U, Anh).

Tao than hoat tinh tir dda tre bdng phuong phdp hoat
héa véi KOH

Diia tre (cg s sadn xudt Hoang Huy, Binh Duong)
thanh than hoat tinh gdm ba budc chinh: tién x ly,
than hoa va hoat hda. Bau tién, dla tre ducc cit nho,
dun nong & 100 °C/1 gid roi sdy khod, xay thanh bt
min. Bot tre thd (BP) thu dugc dem ray qua sang co
kich thudc < 0,075 mm dé dam bao dé min dong
nhat. Budc tién xr ly s&r dung m (g) BP cho vao binh
duran chfa V (mL) dung dich H2S04 3,5% vdi ty 1é
115 (g/mLb). Thay nhiét trong ndi hdp tiét trung &
121 °C/1 gis roi d€ ngudi, loc rira bang nudc cat. Ba ran
thu dugc 1a bét tre tién xir ly (BPT) sdy khd & 80 °C/24
gis. Budc hai, BPT dugc cho vao thuyén nung, qué
trinh than hda thuc hién trong 10 nung chan khéong &
nhiét do 350 °C/1 giG, mdi trudng khi argon (Ar) vdi
t6c do gia nhiét 10 °C/phut dé chuyén héa thanh than
sinh khéi (BCB). Cudi cling, m1 (g) BCB dugc cho vao
chén nhua chifa Vi (mL) dung dich KOH 12 M vdi ti 1é
110 (g/ml). Hén hop nay dugc khudy tU lién tuc trong
1 ngay va loc rita bang nudc cét, séy khod & 80 °C/24
gid. Sau do, chuyén than vao thuyén nung, qua trinh
nhiét phan thuc hién trong 10 nung chan khéng vdi
mai trudng va téc dé gia nhiét nhu qué trinh than héa.
Khao sat dnh hudng cla diéu kién hoat hda bao gom
nhiét dé va thdai gian lan lugt la 700, 800, 900 °C trong
60, 90, 120 phut. Sau quéa trinh nhiét phan, than dugc
riia nhiéu lan bang dung dich HCI 0,1 M va nudc cét
dén pH=7. Cudi cung, séy khod 80 °C/24 gid thu dugc
than hoat tinh (BCAC).

Cdc phudng phdp phdn tich

Thanh phén sgi tre bao gém carbohydrate, d6 &m va
tro dugc xac dinh theo cac phuang phap cla NREL
(National Renewable Energy Laboratory) [15]. Xac dinh
lignin khong tan trong acid, cellulose va hemicellulose
trong tre dugc thuc hién theo cac tiéu chudn ASTM
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D1103-60, ASTM D1104-56 va ASTM D1106-56. Quy
trinh t6ng quét diéu ché than hoat tinh ti dda tre dugc
thuc hién qua ba giai doan chinh. Trudc hét, dua tre
dugc nghién thanh bét tre thd (BP), sau dd trai qua
budc tién xr ly dé thu dugc bot tre tién xdr ly (BPT).
Tiép theo, BPT dugc than hda nham tao ra than sinh
kh&i (BCB). Cudi cung, BCB dugc hoat hoa dé thu dugc
than hoat tinh (BCAC).

Danh gia dac diém hinh thai, cdu tric théng qua cac
phuong phap nhu nhiéu xa tia X (XRD) dugc quét
trong ving tUr 26 = 0 — 80 °, do trén thiét bi D8
Advance Eco (Bruker, BUc). Phuong phap hién vi dién
tl quét (SEM) st dung thiét bj JSM-IT200 (JEOL, Nhat
ban). Quang phé héng ngoai bién déi Fourier (FT-IR)
ghi nhan trén thiét bi Thermal Nicolet 6700 (Hoa ky) &
& song tir 4000 dén 400 e

Dac diém bé mat cla than dugc danh gia qua phép do
BET thuc hién trén may Micromeritics Tristar Il Plus
(Hoa ky) phan tich chat hdp phu N2 & diéu kién nhiét
d6 bé phan tich la 77,300 K. Chi s& iod (IN) si dung
phuong phap chudn dé theo tiéu chudn ASTM D4607 .
PHpze dugc xac dinh bang cach cho 0,100 g than vao
50 mL NaCl 0,10 M & cac dung dich 6 pH tlr 2-10, lac
48 h & 300 rpm, loc, ghi nhan ApH theo pH dung dich
ban dau, pHoz 1a giao diém tai ApH=0.

Hdp phu methylene blue trén than hogt tinh

Qua trinh hdp phu MB trén than hoat tinh khdo sat cac
yéu t6& anh hudng: gia tri pH (1 - 11), thdi gian hdp phu
(0 = 420 phut), néng dé MB ban dau (40 — 80 mg/L),
khéi lugng than (30,0 — 100,0 mg). Cac thi nghiém hép
phu thuc hién trén may 1ac ngang (GFL 3006, Buc) vdi
t6c dé 1ac la 300 vong/phdt & 303 K. Nong dé MB
trong dung dich dugc xac dinh bang phuang phép so
mau tai budc séng 664 nm s dung méy do quang
UV-VIS Specphotometer (T60U, Anh). M&i thi nghiém
dugc 13p lai 3 1an dé tinh gia tri trung binh va do léch
chudn tuong Ung. Nong dé MB tai thai diém t dugc
tinh theo cong thuc (1), trong dé, Ct la ndng dé MB tai
thai diém t (mg/L), Abs la d6 hdp thu quang do dugc,
d 1a hé s6 pha lodng, a va b la gia tri t& phuong trinh
duong chuén.

Luong chat hdp phu tai thai diém can bang (ge, mg/q),
luong hép phu tai thai diém t (g, mg/g), va hiéu sudt
hép phu MB (H, %) dugc tinh toan lan lugt theo céc
cong thuc (2-4):

Abs —b _ GCo—Ce
Ci=——xd 1 G=—7"X%XV
qt=%><v 3) H%=C°C;BC9>< 100 (4)
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Trong dé: Co va Ce (mg/L) 1a ndbng db MB ban déu va
tai thai diém can bang, V (L) la thé tich dung dich hap
phu va m (g) la khéi lugng than hoat tinh.

Mé hinh dbng hoc hdp phu va ddng nhiét hdp phu

Hai m& hinh déng hoc phé bién dugc ap dung rong
réi la moé hinh gid bac 1 (PFO) va gid bac 2 (PSO). M6
hinh PFO, gia dinh rang t6c d6 hép phu ti 1& thuan vdi
su chénh léch gitia lugng chat bi hdp phu tai trang théi
can bang va tai thai diém khao sat, phan anh tét qua
trinh hdp phu vat ly. Mé hinh PSO, gia dinh rang téc
dé hdp phu phu thuéc vao binh phuong lugng chat
con tréng trén bé mat, mé ta hép phu hoa hoc . Ngoai
ra, mé hinh khuéch tan ndi hat Weber-Morris dugc
dung dé danh gid khuéch tan co phéi 1a budc kiém
soat t6c dé hay khong [16]. Phuang trinh hoi quy tuyén
tinh clia ba mé hinh déng hoc hdp phu dugc dua ra
trong cac phuadng trinh sau:

- PFO: In(qe — qi) = Inge — Ky.t )
t 1 1
- . —_ = _t

PSO: q  Kpq2 + de (6)

- Weber-Morris:  q=Kp.t"?+C )

Trong dé: ge la dung luong hép phu tai thai diém can
bang (mg/qg); at la dung luong hép phu tai thai diém t
(mg/q); ki 1a hang s6 t6c d6 hdp phu gia bac nhéat
(1/pht); ko la hdng s6 t6c dé hép phu gid bac hai
(g/mg.phut); Kp 1a hang s6 t6c dé hdp phu khuéch tan
néi hat (mg/g.phut"?).

SU dung cac mo hinh ddng nhiét hdp phu 1a can thiét
nham mé td méi quan hé gilia lugng chat bi hdp phu
va néng dé trong dung dich tai trang thai can bang.
B&n mod hinh phé bién dugc st dung la Langmuir,
Freundlich, Temkin va Dubinin—Radushkevich (D-R),
moi m6d hinh moé t& mot gid dinh khac nhau vé déc tinh
bé mat va co ché hdp phu [17,18]. Phuang trinh hoi
quy tuyén tinh clia bén mé hinh ddng nhiét hdp phu
dugc dua ra trong cac phuang trinh sau:

Ce 1 Ce

- LangmUir: e - KL .Amax E (8)
- Freundlich:  Ing =InKs + J1nC 9)
- Temkin: Cle:];—:]DKl +:—IlnCc (10)
- D-R: Inge = Inqmex — Kpr.£? (1
S:RTln(l+é) (12)

E=_1t
J2KpR (13)

Trong do: gmex la dung lugng hdp phu cuc dai (mg/q);
KL (L/mg) la hang s& Langmuir. Ke (mg™" L""/g) va 1/n
la cac hang s6 clia phuong trinh dang nhiét Freundlich.
Kor (mol?/J?), € (J/mol) 1& hang s& DR va thé nang
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Polanyi, E la nang lugng hap phu trung binh (kJ/mol).
Kr (L/g), bt (J/mol) la hang s& Temkin va hé s& nhiét
hap phu. R 1a hdng s6 khi (8,314 J/mol K). T la nhiét d6
tuyét déi (K).

Két qua va thao luan
Thanh phdn sinh khéi dia tre tru6c va sau tién xa ly

Thanh phan héa hoc clia dla tre thay déi rd rét sau
tien xUr ly. Ham lugng cellulose tang tur 41,07% lén
47,85%, hemicellulose tUr 23,52% 1én 25,60%, trong khi
lignin gidm tu 21,47% xudng 17,30%, tro tu 1,00%
xubng 0,12% va dé am tir 8,35% xudng 5,38%. Nha do,
t6ng carbohydrate tang tU 65,36% |én 77,04%, cho
thdy qué trinh tién x(r ly da loai bd dang ké tap chat
va khoang v6 g, déng thai phan gidi moét phan lignin
dugi diéu kién thdy nhiét. Nhin chung, tién xur ly
H,SO4 3,5% lam giau carbohydrate va gidm lignin,
tro, d6 &m, phu hgp vdi xu huéng dugc bdo cao
trong nghién ctu [19].

Hiéu sudt hogt hda theo khéi lugng va ddc diém bé
mdt cla than hogt tinh tor dda tre (BCAC)

Hinh 1a cho thdy hiéu suét theo khéi lugng cla qué
trinh hoat héa tai cac muc nhiét dd va thdi gian khac
nhau. Nhin chung, hiéu suat c6 xu hudng giam khi
tang nhiét do va thai gian hoat hoa. Co thé la do cac
phan Ung hoa hoc gitta KOH va carbon tao ra cac san
pham khi nhu CO, CO: thoét ra khoi trong qué trinh
nung, trong khi muéi tan nhu K2COs va tap chét bi loai
bo khi rlra sau hoat hda lam gidm khéi lugng than [20].
Kich thudc cia phan t I2 khodng 0,5 nm nén IN phan
anh kich thudc cac 16 x6p vi mao quan < 2 nm. Hinh 1b
cho thdy chi s6 iod tang khi nhiét d6 va thai gian hoat
hoa tdng, nhung & 900 °C c6 xu hudng gidm nhe. Qua
trinh phan hay cac thanh phan hitu cd trong sinh khoi
dién ra manh mé, gilp cau trdc vi mao quan phat
trién. Diéu kién hoat héa phu hop dé tao than co kha
nang hép phu iod tét la 800 °C trong 120 phut, véi IN
la 603,53 mg/g, thdp han nghién clu [21] vai IN la 823
mg/g khi st dung phucng phap hoat hda hoi nudc
cling nhiét dé va thai gian. Tém lai, BCAC tai diéu kién
nhiét d6 1a 800 °C trong 120 phut s& dugc chon dé tiép
tuc danh gia cdu truc, hinh thai, dac diém bé mat va
kha nang hép phu MB.

Hinh 1c va 1d cho thdy dudng dang nhiét hdp phu-giai
hap phu N2 ctia BCAC thuéc dang | (IUPAC), dac trung
cho vat liéu cé hé vi mao quan, su hdp phu manh & é&p
sudt tuong doi thap. Dién tich bé mat riéng BET la
397,59 m?/g; dudng kinh 16 x8p trung binh 1a 1,2 nm
tuong duong so vai nghién cdu [22].
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7 30}
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£ 20f
10F
0
700 800 900
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Hinh 1: Hiéu suét hoat hoa theo khéi lugng ctia BCAC
(a) va chi sé iod (mg/g) cia BCAC & 700, 800, 900 °C
trong 60, 90 va 120 phut (b), dudng déng nhiét hap
phu-giadi hdp phu N2 cla BCAC (c) va dudng phan bé
kich thudc mao quan BJH (d)
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Ddic diém hinh thdi, cdu trdc caa BCAC

Nhiéu xa tia X (XRD) dugc sif dung dé khao sat su thay
déi cau trdc tinh thé clia cdc mau bdt tre thd (BP), than
sinh khéi (BCB) va than hoat tinh (BCACQ). Hinh 2a cho
thdy mau BP co hai dinh dac trung xuét hién tai 26
khodng 16° va 23° cla cellulose trong sinh khdi
lignocellulosic [23]. M&u BCB cho thay dinh 26 & 23° ¢
cudng doé gidm va dinh bau réng han, déng thai dinh
20 tai 16° bién mat. Biéu nay chiing t& cdu trdc tinh
thé d& bj phéd v&, chuyén dan sang carbon vé dinh
hinh. M&u BCAC sau qua trinh hoat hda, xudt hién mét
dinh nhd khoang 26 & 43° trong graphitic carbon, cho
thdy c6 su bat dau tai sdp xép cau tric, két qua nay
pht hgp véi nghién clu [24] khi cling s& dung phuong
phédp hoat hda KOH & clng diéu kién vdi ngudn
nguyén liéu dau la 14 tre. Hinh 2b cho thdy dnh SEM &
10 um va 5um, mau BP cac hat co hinh dang khéi 16n,
bé mat tron nhan phan anh ciu tric nguyén ven dic
trung cla sinh khéi chua qua xtr ly. Mau BCB c6 cac
dau hiéu phan hay thanh phan sinh khéi véi bé méat co
cac vét ndt, tuy nhién, cac 16 x6p van chua hinh thanh
r6. O mau BCAC, anh SEM cho thdy bé mat mau co
muc dd phan hly nhiéu hon, déng thai xuét hién
nhiéu 16 x8p dang tron trén bé mat. Diéu do cho thay
hiéu qua clia qué trinh hoat hda trong viéc dn mon
cau tric carbon, gilip cdu trdc vi mao quan phét trién.

(@) fro) il —er |(C)

(002)
——BCB

{02) ——BCAC
(100)

10 20 30 40 50 60 70 80
2Theta (°)

Cwong d6 (a.u.)
D6 truyén qua (%)

4000 300 30 200 2400 2000 1600 1200 800
S6 s6ng (cm™)

. &

Hinh 2: Gidn dd XRD (a), anh SEM (b) va phé FT-IR clia
ba mau BP, BCB va BCAC (d)

Phé hong ngoai FT-IR clia cac mau dugc trinh bay &
Hinh 2c. Vung 3300-3400 cm™ d&c trung cho dao
dong kéo dan -OH cla cellulose, hemicellulose va
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lignin xudt hién rd & mau BP, nhung gidm manh & mau
BCB do su phan hly cac thanh phan sau khi nung &
350 °C. Mau BCAC c6 dinh —OH r& nét hon BCB, ¢6
thé do hoat hoa KOH lam giau nhém chic chia oxy.
Vung 3000-2800 ¢cm™ (dao déng C-H cla mach
carbon no) yéu dan & BCB va BCAC. Vung 1700-1740
cm™, dinh carbonyl (C=0) dac trung clia nhém ester
va acid carboxylic gidm cudng dé & BCB va BCAC.
Vung 1570-1620 ¢cm™ thé hién dao dong C=C cla
vong tham lignin, dinh m& réng & BCAC phén anh tai
cdu truc carbon thom. Vung 1200-1260 cm™ (dao
dong C-O va O-H cla polysaccharide) rd nét & BP,
giam va dich chuyén & BCB, BCAC cho thdy
carbohydrate bi phan hdy. Cudi cing, vung 1000-1050
cm™ dac trung dao déng C—O-C trong lién két B-1,4—
glucosidic, cudng dé suy yéu va bién mat & BCAC,
chiing 16 su pha hly khung polysaccharide. Nhu vay,
phé FT—IR cho théy qua trinh loai bd nhém chiic chia
oxy va chuyén hoa céu truc ti vat liéu lignocellulose
sang cdu truc carbon hoda cao, giau vong tham cla
than hoat tinh [25]. Hinh nhd trong Hinh 3a cho théy
PHpz ctia BCAC la 3,4. Két quéd FT-IR cho thdy bé mat
BCAC chira cac nhom chic oxy nhu —OH, —COOH va
C=0, tuy nhién cac nhém acid bé méat phan tan va co
méat doé thdp (nhu phenolic —OH, lactone, carbony!
hoac carboxyl yéu) thudng tao tin hiéu réng, cudng dé
thdp va co thé khéng hién ré trén phd. Nhiing nhom
nay dé phan ly proton & pH thap, lam ting tinh acid
clia bé mat va khién pHpz gidm. Do do, gia tri pHpz
3,4 phan anh bé mat BCAC giau nhdm acid oxy hda va
hydroxyl, phu hgp vd&i quan sat FT-IR, dong thdi giai
thich dugc tai sao moét sé nhdm chic acid khdng tao
peak rd rét nhung van anh hudng dang ké dén tinh
chét bé mat [26,27].

Cdc yéu t6 dnh hudng dén qud trinh hdp phu MB

Hinh 3a cho thdy anh hudng clia pH & diéu kién 50,00
mL MB 50 mg/L; 30,0 mg BCAC trong 120 phut. Dung
lugng hap phu va hiéu suét loai bé MB cla BCAC tang
khi pH tang tu 1 dén 11. Biéu nay phu hgp vdi két qua
pHpz do dugc 1a 3,4. pH dung dich > 3,4 thi bé mat
than s& mang dién tich am va BCAC hép phu cation
MB hiéu qua hon. Hiéu suét loai bd tang khéng dang
ké khi pH 16n hon 8, nén cac khao séat tiép theo sé ¢
dinh tai diéu kién nay. Budng cong dnh hudng cta pH
tuong duang vdi nghién cdu [18] dung than sinh hoc
tU sinh khéi tre.

Hinh 3b biéu dién dudng cong anh hudng cta thdi
gian & diéu kién pH=8; 50,00 mL MB 50 mg/L; 30,0 mg
BCAC trong 0 - 420 phut. Hiéu suét va dung lugng
hap phu tang nhanh & 60 phut dau do ¢ san nhiéu v
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trf 16 x8p con tréng, su chénh léch ndng dé gitta dung
dich va bé mat than. Qua trinh dat trang thai can bang
sau 180 phut do céc vi tri hdp phu bat dau bao hoa.
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Con Hinh 3c cho thdy anh hudng khéi lugng than &
diéu kién pH=8; 50,00 mL MB 80 mg/L; 30,0 — 100,0
mg BCAC trong 120 phdt. Khi khéi lugng than tang,
hiéu suét loai bd MB tang do s6 lugng vi tri hdp phu

tang lén. Tuy nhién, dung lugng hap phu gidm nhe tai
100,0 mg mac du hiéu qua loai bd van tang cho thay
kha nang hép phu cé gidi han nhét dinh. C6 thé la do
céc vi tri hdp phu nhanh chéng bi b&o hoa, lién quan
dén su gidm tucong déi s6 lugng phan to MB trén mét
dan vi chét hap phu nhu nghién ctu [22]. Budng cong
anh hudng cta khéi lugng than va sy giam vé dung
lugng hép phu phu hgp véi nghién clu [22]. Hinh 3d
cho thdy &nh hudng clia ndng dé MB ban dau & diéu
kién pH=8; 50,00 mL MB 40 — 80 mg/L; 30,0 mg BCAC
trong 180 phdt. Khi néng dé MB tang, dung lugng hép
phu cla BCAC tang dan do su chénh léch ndng dé
gita dung dich va bé mat hdp phy, gilp cac phan tu
MB dé dang tiép can cac v trf hdp phu. Hiéu suét loai
béd MB gidm do s& lugng phan t&r MB vugt qua s6
lugng vi trf hdp phu trén bé mat BCAC.

Mé hinh dbng hoc va ddng nhiét hdp phu

Pong hoc hép phu dugc sit dung dé€ mo ta ¢ ché
tuong tac gilta chat hdp phu va chat bi hdp phu. Céc
do thi biu dién phuong trinh dong hoc gid bac 1 va
bac 2 dua vao nghién clitu dnh hudng cla thdi gian.
Qué trinh hdp phu MB dugc mé hinh hda bang bén
phuong trinh ddng nhiét & 303 K. MUic do tuyén tinh va
thong s dugc thé hién & Hinh 4 va Bang 1.

Gia tri R? cia mé hinh déng hoc giad bac 2 cao hon so
v&i md hinh gid bac 1. Do dé, mé hinh déng hoc gia
bac 2 phu hgp dé mo ta qué trinh hdp phu MB, t6c do
hdp phu phéan t& MB c6 thé dugc kiém soét bdi qué
trinh hdp phu hda hoc, trong do lién két hoa tri dudc
hinh thanh théng qua su cho nhan electron gitta chéat
hédp phu va chat bi hdp phu, két qua phu hgp vdi
nghién ctu [22] khi dung than tU sinh khéi tre Ung
dung hép phu MB.

Mo hinh khuéch tan néi hat Weber - Morris & Hinh 4c
cho thdy do thi f(t"?) = g: la dudng thang va di qua
gdbc toa dd thi budc gidi han t6c dé la khuéch tan néi
hat. Qua trinh h&p phu c6 thé chia thanh ba giai doan
tuyén tinh: khuéch tan ngoai, khuéch tan ndéi hat, can
bang. Hang s6 Kp gidm dan ching to luc can khuéch
tan tang dan, trong d6 C la hang s6 lién quan dén do
day cla Idp bién trén bé mat, cho biét bé mat than bj
chiém gitr bdi phan t& MB ngay cang tang. Ngoai ra,
khéng cod dusng nao di qua géc toa do, cho thay
khuéch tan néi hat khdng phai la yéu té duy nhét chi
phéi téc dé hép phu [18].

M6 hinh Freundlich xay dung trén cg s& hdp phu xay
ra trén bé mat khong dong nhat va cé thé xay ra hdp
phu da I6p. M6 hinh Temkin cho rdng nhiét hdp phu
gidm tuyén tinh theo mic dé bao phi bé mat, gia tri
br khd nho khoang 0,63 kJ/mol nén mo hinh mo ta

https://doi.org/10.62239/jca.20245.061
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qué trinh hdp phu vat ly xay ra cac tuang tac yéu gitta
bé mat than va phan t0¢ MB. M& hinh Dubinin —
Radushkevich (D-R) phan biét cg ché hap phu vat ly

Bang 1: Thong sé cac mo hinh déng hoc va phuang
trinh dang nhiét hap phu & 303 K
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Hinh 4: Do thi biéu dién cac phuong trinh tuyén tinh
déng hoc hdp phu: gid bac 1 (a), gid bac 2 (b), khuéch
tan ndi hat (c); déng nhiét hap phu & 303 K theo
Langmuir (d), ), Freundlich (e), Temkin (f), D-R (g)

M6 hinh hdp phu don I6p Langmuir thich hgp nhat dé
mé td qué trinh hdp phu MB trén BCAC do hé s6
tuong quan R? cao nhét trong bédn mé hinh. Dung
lugng hdp phu cuc dai dat 54,95 mg/g. Hang s6
Ki=1,017 L/mg thé hién ai luc gita bé mat hdp phu va
phan t& MB. T két qua trén, mé hinh Langmuir ¢é thé
mo ta qué trinh hdp phu MB lén BCAC, cho thdy qua
trinh hép phu xay ra chi yéu theo ca ché don Idp, trén
céc vi trf hdp phu cé néng luong tuong duong.
https://doi.org/10.62239/jca.20245.061
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hop nhiéu tuong tac doéng thgi, bao gém lién két
hydro gitta nhom —NH va cac nhdom —OH/-COOH trén
bé mat, tuong tac tinh dién, va tucong tac m-mt gitia
vong thom clia MB va cdu tric graphitic, dong thai co
thé xudt hién hdp phu vat ly qua luc van der Waals va
hiéu Ung mao quan. Mé hinh déng hoc PSO phu hgp
vai dit liéu vi phan anh qua trinh chiém dung cac vi tri
hép phu dac hiéu trén bé mat, trong khi mé hinh
Langmuir mo ta t6t ddng nhiét hdp phu do cac vi trf
nang lugng tuong déi ddng nhat dan dén hinh thanh
hap phu don I&p. Nhu vay, dit liéu dong hoc va dang
nhiét phu hgp vdi co ché hip phu da tuong tac, bao
goém cé hda hoc va vat ly [17,18].

Hiéu suét gidi hdp phu cla BCAC dugc danh gia vdi
ethanol va HCl 0,10 M trong khodng 30-120 phut
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(50,00 ml dung méi cho 50,0 mg than). Hinh 5c¢ cho
thdy ethanol cho hiéu suét gidi hap phu cao hon do
kha& nang phé v& cac lién két yéu nhu van der Waals va
tuong tac ky nudc gitta MB va bé mat than. Ngugc lai,
HCl hoat déng chu yéu qua cg ché proton hoda va
trung hoa dién tich, nén kém hiéu qua han. Hinh 5c
mo ta khad nang tai sir dung clia BCAC sau céc chu ky
hap phu—giai hdp phu bang ethanol cho thay hiéu suat
loai bd MB gidm dan (ndng dé MB ban dau 50 mg/L).
Nguyén nhan cé thé do vi trf hdp phu bi bién tinh hoac
16 x6p bi bit do MB chua dudc gidi hdp hoan toan.
BCAC c6 thé tai si dung hiéu qua trong khoang 2 chu
ky dau, sau do hiéu suét giam ré rét.
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Khi so sanh v&i mét s6 vat liéu hdp phu & cac nghién
cltu khéc cho thay tuy vao loai nguyén liéu va phuang
phép hoat hda s& c6 hiéu qua hdp phu khac nhau.
Nhu than hoat tinh tUr tre hoat hoa bang HiPO, dat
dung lugng hap phu cuc dai lén t&i 558 mg/g vdi dién
tich bé mat 1075 m%/g [28]. Trong khi d6, cac mau tre
hoat hda bang KOH cho gié tri thadp hon, dao déng tu
67-83 mg/qg, vdi dién tich bé mat trong khodng 366—
562 m%/g [22, 29]. Trong khi d6, d6i véi vat liéu tir diia
tre chua hoat hda, dung lugng hép phu chi dat 4 mg/g
va dién tich bé mat 273 m?/g [30]. Tuy nhién, sau khi
hoat héa bang KOH trong nghién clu nay, dung
lugng hap phu cuc dai da tang dang ké lén 55 mg/g
véi dién tich bé mat dat 398 m?/g, chiing td qua trinh
hoat héa nay da cai thién dang ké kha nang hép phu
cla vét liéu.

Két luén

Qué trinh hoat hda bang KOH két hgp carbon hoa da
lam bién déi dang ké cdu tric cla vat liéu, pha va trat
ty tinh thé va chuyén than sang dang carbon vé6 dinh
hinh, dong thdi tao ra nhiéu 16 x8p kich thudc micro,
cho thdy mang vi mao quan dugc phét trién hiéu qua.
Mau BCAC hoat hoa & 800 °C trong 120 phut dat chi
s& iod 603,53 mg/g va dién tich bé mat 397,59 m?/g.

Hép phu MB trén BCAC tuan theo ddng hoc giad bac 2
va mé hinh ddng nhiét Langmuir, chiing té cc ché hap
phu don I6p vdi su két hgp gilta tuong tac hda hoc va
vat ly. Dung lugng hdp phu cyc dai theo Langmuir dat
54,95 mg/g. Qua trinh gidi hdp phu bang ethanol cho
hiéu quéd cao han so vai HCI 0,10 M; sau 5 chu ky, hiéu
qué loai bo MB con 31,47%. Két qua nay khdng dinh
tiém nang tan dung ngudn phé thai dia tre doi dao dé
s&n xudt than hoat tinh ng dung trong xUf ly nudc thai
nhuém tU nhiéu nganh cong nghiép.

Tai liéu tham khao

1. Y.Sun, T. Wang, C. Han, X. Lv, L. Bai, X. Sun, P. Zhang,
Bioresour. Technol., 344 (2022) 126186.
https://doi.org/10.1016/j.biortech.2021.126186

2. CK. Mangat, S. Kaur, Desalin. Water Treat., 52(19-21)
(2014) 3555-3563. https;//doi.org/10:1080/19443994.2013.803656

3. G. Fadillah, T.A. Saleh, S. Wahyuningsih, E.N.K. Putri, S.
Febrianastuti, Chem. Eng. J, 378 (2019) 122140.
https://doi.org/10.1016/j.cej.2019.122140

4. ). Li, Q. Huang, Z. Peng, J. Environ. Chem. Eng., 12(1)
(2024) 111807. https://doi.org/10.1016/j jece.2023.111807

5. 1. Akgul, B. Isik, V. Ugraskan, Int. J. Biol. Macromal,, 280 (2024)
135800. https://doi.org/10.1016/ jjbiomac.2024:135800

6. VK. Gupta, D. Pathania, P. Singh, A. Kumar, B.S.
Rathore, Carbohydr. Polym., 101 (2014) 684-691.
https://doi.org/10.1016/j.carbpol.2013.09.092

7. SK. Ghadei, M. Ficek, SK. Sethy, J. Ryl, M. Gupta, R.
Sakthivel, R. Bogdanowicz, ACS Appl. Mater.
Interfaces, 16(39) (2024) 52220-52232.
https://doi.org/10.1021/acsami.4c08707

8. S. Alikarami, A. Soltanizade, F. Rashchi, J. Phys. Chem.
Solids, 17 (2022) 110993.
https://doi.org/10.1016/j jpcs.2022.110993

9. C. Ly, H - Mao, J. Zheng, S. Zhang, J. Memb. Sci, 530 (2017)
1-10. https://doi.org/10.1016/.memsci.2017.02.005

10. Y. Zhao, H. Cui, J. Xu, J. Shi, R. Yan, N. Yan, H. Guo,
Chem. Eng. J, 505 (2025) 159241.
https://doi.org/10.1016/j.ce}.2025.159241

1. AH. Jawad, A.S. Abdulhameed, Energy Ecol. Environ,,
5(6) (2020) 456-469. https://doi.org/10.1007/s40974-
020-00177-z

https://doi.org/10.62239/jca.20245.061
49


https://doi.org/10.1016/j.biortech.2021.126186
https://www.google.com/search?q=https://doi.org/10.1080/19443994.2013.803656
https://doi.org/10.1016/j.cej.2019.122140
https://doi.org/10.1016/j.jece.2023.111807
https://doi.org/10.1016/j.ijbiomac.2024.135800
https://doi.org/10.1016/j.carbpol.2013.09.092
https://doi.org/10.1021/acsami.4c08707
https://doi.org/10.1016/j.jpcs.2022.110993
https://doi.org/10.1016/j.memsci.2017.02.005
https://doi.org/10.1016/j.cej.2025.159241
https://doi.org/10.1007/s40974-020-00177-z
https://doi.org/10.1007/s40974-020-00177-z

2.

13.

4.

15.

16.

7.

18.

19.

20.

21.

Vietnam Journal of Catalysis and Adsorption, 14 —issue 4 (2025) 42-50

R.K. Mishra, B. Singh, B. Acharya, Carbon Resour.
Convers., 7(4) (2024) 100228.
https://doi.org/10.1016/j.crcon.2024.100228

The New York Times, Disposable Chopsticks Strip
Asian Forests, 2025. https://byvn.net/8LuP

N.H. Dai, T.T. Vo, LPM. Le, M. Van Tran, T.AD.
Nguyen, Biomass Convers. Biorefin,, 12(8) (2022) 3435-
3446. https://doi.org/10.1007/513399-020-01128-8

A. Sluiter, B. Hames, R. Ruiz, C. Scarlata, J. Sluiter, D.
Templeton, D.LAP. Crocker, Lab. Anal. Proced,
1617(1) (2008) 1-16.

J. Wang, X. Guo, J. Hazard. Mater., 390 (2020) 122156.
https://doi.org/10.1016/j jhazmat.2020.122156

M. Benjelloun, Y. Miyah, G.A. Evrendilek, F. Zerroug, S.
Lairini, Arab. J. Chem., 14(4) (2021) 103031.
https://doi.org/10.1016/j.arabjc.2021.103031

Y. Wang, C. Srinivasakannan, H. Wang, G. Xue, L. Wang, X.
Wang, X. Duan, Diamond Relat. Mater,, 125 (2022) 109034.
https://doi.org/10.1016/j.diamond.2022.109034

X. Qi, J. Chuy, L. Jia, A. Kumar, Materials, 12(16) (2019)
2570. https://doi.org/10.3390/ma12162570

CS. Yang, YS. Jang, HK. Jeong, Curr. Appl. Phys., 14(12)
(2014) 1616-1620. https://doi.org/10.1016/j.cap.2014.09.021
SM.A. Mahanim, IW. Asma, J. Rafidah, E. Puad, H.
Shaharuddin, J. Trop. For. Sci., 23 (2011) 417-424.

https://doi.org/10.62239/jca.20245.061

50

22.

23.

24

25.

26.

27.

28.

29.

30.

.M. Jayachandran,

Q. Ge, L. Li, M. Liu, G.M. Xiao, Z.Q. Xiao, J.W. Mao, XK.
Gai, Bioresour. Bioprocess.,, 10(1) (2023) 51.
https://doi.org/10.1186/s40643-023-00671-2

M. Gale, T. Nguyen, M. Moreno, KL. Gilliard-
AbdulAziz, ACS Omega, 6(15) (2021) 10224-10233.
https://doi.org/10.1021/acsomega.1c00530

SK. Babu, T. Maiyalagan, N.
Rajadurai, T. Vijayakumar, Mater. Lett, 301 (2027)
130335. https://doi.org/10.1016/j.matlet.2021.130335

R. Javier-Astete, J. Jiménez-Davalos, G. Zolla, PLoS
One, 16(10) (2021 e0256559.
https://doi.org/10.1371/journal.pone.0256559

JH.Kim, S.Y. Hwang, J.E. Park, G.B. Lee, H. Kim, S. Kim,
B.U. Hong, Carbon Lett, 29(3) (2019) 281-287.
https://doi.org/10.1007/542823-019-00024-0

K. Jedynak, B. Charmas, Adsorption, 30(2) (2024) 167-
183. https://doi.org/10.1007/510450-023-00399-7

AH. Supee, M.AA. Zaini, Biomass Convers. Biorefin,
14(7) (2024) 8563-8577.
https://doi.org/10.1007/513399-022-03465-2

|.U. Bakara, M.D. Nurhafizah, N. Abdullah, ©.O. Akinnawo, A.
Ul-Hamid, Inorg. Chem. Commun, 166 (2024) 112600.
https.//dai.org/10.1016/j.inoche. 2024112609

H.T.T. Hoa, N.T. Hiép, T.T. Sucng, T.P. Vi, CTU J. Sci,, 60(3)
(2024) 62-72. https://doi.org/10.22144/ctujos.2024.310


https://doi.org/10.1016/j.crcon.2024.100228
https://byvn.net/8LuP
https://doi.org/10.1007/s13399-020-01128-8
https://doi.org/10.1016/j.jhazmat.2020.122156
https://doi.org/10.1016/j.arabjc.2021.103031
https://doi.org/10.1016/j.diamond.2022.109034
https://doi.org/10.3390/ma12162570
https://doi.org/10.1016/j.cap.2014.09.021
https://doi.org/10.1186/s40643-023-00671-2
https://www.google.com/search?q=https://doi.org/10.1021/acsomega.1c00530
https://doi.org/10.1016/j.matlet.2021.130335
https://www.google.com/search?q=https://doi.org/10.1371/journal.pone.0256559
https://doi.org/10.1007/s42823-019-00024-0
https://doi.org/10.1007/s10450-023-00399-7
https://doi.org/10.1007/s13399-022-03465-2
https://doi.org/10.1016/j.inoche.2024.112609
https://doi.org/10.22144/ctujos.2024.310



