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Tom tit:

Vit liéu than hoat tinh wng dung trong linh vire hip phu chit mau hiru co methylene
blue (MB) di dugc chiing tdi ché tao tir v6 trau bang phwong phap than hoa, sau dé
hoat hoa bang NaOH véi cac nong dd khac nhau va két hop véi acid nitric, citric dé
ning cao dd xop, ting dién tich bé mit. Cac két qua phan tich kinh hién vi dién tir quét
(SEM), Brunauer-Emmett-Teller (BET) cho thiy, vat liéu thu dwoc ¢é dién tich bé mit
ting tir 55,47 dén 300,20 m?/g sau khi dwgc hoat hoa. Quang phd hong ngoai bién doi
Fourier (FT-IR) cho thiy, vét liéu hap thu manh trong viing tir 2000 dén 400 cm™ véi
cac peak hép thu diic trung cac lién két ciia than hoat tinh. Kha ning hip phu MB ciia
vét liéu phu thudc vao nong dd NaOH khi hoat ho4, ciing nhu @ pH ma nong d6 MB
trong dung dich. Mau than hoat tinh dwoc hoat ho4 bing NaOH véi nong d$ 0,3 M va
acid citric cho kha ning hiap phu MB 16m nhit 1én dén 200 mg/g. Két qua nghién ciru
cho thy, vit liéu nay dap ing tot trong viéc wing dung lam vt liéu hap phu chit mau

hitu co MB c6 trong moi trueong nwée thai cong nghi€p dét.
Tir khéa: hap phu, methylene blue, than hoat tinh, vé trau, xir Iy nwéc.
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Abstract:

Activated carbon derived, which is used for the adsorption of the organic dye
methylene blue (MB) was synthesised from rice husk through a carbonisation process,
followed by activation using sodium hydroxide (NaOH) at varying concentrations,
complemented by treatments with nitric acid and citric acid to enhance porosity and
increase the surface area. Characterisation via Scanning electron microscopy (SEM)
and Brunauer-Emmett-Teller (BET) analysis revealed a significant increase in surface
area from 55.47 to 300.20 m?/g after the activation process. Fourier transform infrared
spectroscopy (FT-IR) analysis demonstrated pronounced absorption bands in the 2000
to 400 cm™ range, indicative of the functional groups characteristic of activated carbon.
The MB adsorption efficiency of the derived material was influenced by the NaOH
concentration utilised during activation, in addition to the pH and initial MB
concentration in the solution. The sample activated with 0.3 M NaOH and with citric
acid exhibited the greatest adsorption capacity, achieving up to 200 mg/g for MB. These
findings highlight the material's potential applicability as a highly effective adsorbent
for removing organic dye MB in textile wastewater treatment processes.

Keywords: activated carbon, adsorption, methylene blue, rice husks, wastewater
treatment.

Classification numbers: 2.4, 2.5, 2.7

1. Pit van dé

Trong nhitng thap ky gan day, van dé 6 nhiém méi trudng, dic biét 13 6 nhiém ngudn
nude, da tro thanh mdi quan tdm toan cau. Sy gia ting cac hoat dong cong nghiép va sinh
hoat da din dén su phat thai mot lugng 16n cac chat 6 nhiém vao moéi trudng nudc, giy mat
can bang hé sinh thai va anh hudng tiéu cyc dén strc khoe con ngudi. Trong sb cac tic nhan
gy 6 nhiém, thudc nhudm tong hop, dién hinh 1a MB, 1a mot trong nhitng chit mau hitu co
phé bién c6 mit trong nudc thai cong nghi¢p, dic biét 1a nganh dét nhudém [1]. MB c6 do
bén héa hoc cao, kho phan huy sinh hoc va ¢ thé giy doc cho sinh vat thay sinh ciling nhur
con ngudi, néu khong dugce loai bo hiéu qua khoi ngudn nude [2]. Do sy phirc tap cliia nude
thai cong nghiép thudc nhudm, sy két hop cta nhiéu phuwong phap xu Iy nhu phuong phap
hap phu, sinh hoc, loc mang, 6xy hoa nang cao s& phi hop dé loai bo cac thuée nhudém khoi
nuéc. Trong d6, phuong phap hip phu duge xem 13 hiéu qua, kinh té va than thién vi moi
truong [3], voi than hoat tinh, zeolite va cac vat lidu ty nhién nhu vo trdu [4, 5] thuong duoc
str dung pho bién.
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V6 triu, mot phu pham ndéng nghiép c6 trit lwong 16n va chi phi thap, da thu hat sy
quan tim dang ké nho thanh phan chira ham luong carbon va silica cao, ¢ kha ning hip phu
nhiéu loai chit 6 nhim trong nudc nhu thude nhudm va kim loai ndng [6]. Thanh ph?m hoa
hoc ctia vo trau chira mot ty 1€ 16n cellulose (28-36%), hemicellulose va lignin, khién né tro
thanh mot ing vién tot dé bién ddi bé mit véi cac nhom chirc nham ting cudng kha ning
hap phu [7]. Cac nghién ctru trude ddy da chi ra rang, vo triu c6 thé dugc st dung dé loai bo
khong chi cac hop chat mau hitu co, ma con ca cac ion kim loai nang nhu chi (Pb*"), cadmium
(Cd?"), selen (Se**), ddng (Cu?*), kém (Zn?") va thiy ngan (Hg?*) trong nudc thai [8].

Trong nghién ctru nay, vo trdu duge sir dung 1am nguyén liéu dé téng hop than hoat
tinh thong qua hai giai doan chinh: than hoa [9] va hoat hoa. Vo triu dau tién dugc nung &
nhiét dd cao trong qué trinh than hoa dé tao thanh than vo triu, sau d6 duoc hoat hoa béng
dung dich kiém (NaOH) két hop véi acid nitric vo co va acid citric hitu co, nham ting cuong
kha ning tao 16 xop va dé gia ting dién tich bé mat, giup nang cao kha nang hap phu MB.
Nghién ctru khao sat cac yéu té anh hudng dén kha ning hap phu nhu do pH, ndng d6 ban
dau cia MB va ndng do chat hoat hoa NaOH. Két qua nghién ctru md ra tiém nang ing dung
cho xir Iy nuée thai c6 do 6 nhiém MB cao va dinh huéng tmg dung & quy mé cong nghiép.

2. Vat liéu va phwong phap nghién ciru
2.1. Vit liéu va héa chit sir dung

Vo trau (kich cd hat 0,5-2 mm, 4o Am toan phén 3-8% va ham lugng tro 8-12%) duoc
cung cap tir huyén Cu Chi, TP H6 Chi Minh, Viét Nam.

Céc hoa chat sir dung: sodium hydroxide (NaOH) 97%; acid nitric (HNOs) 70%; acid
citric (C¢HgO7) 99%:; acid hydrochloric (HCI) 37% déu dat d6 sach phan tich, dugc mua tur
Hang Merck (Puc) dung dé 1am sach va bién tinh than. Pham mau MB (Ci¢HisCiN3S) duge
mua tir Hing Merck dung dé khao sat hap phu.

2.2. Méu nwéc nghién civu

Mau dung dich thudc nhudm: thudc nhuém dang bot, pha trong nudc cat theo néng
dé 30, 50, 100, 150, 200, 300 va 400 mg/1.

2.3. Phwong phap nghién ciru
2.3.1. Quy trinh thuc nghiém
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Hinh 1. Quy trinh tong hop vit liéu than hoat tinh.

Quy trinh chuan bj vt liéu hép phu tur vo triu g6m hai giai doan: than hoa va hoat
héa (hinh 1).

Giai doan than hoa: Vo trdu dugce xay nho va nung trong méi truong khong khi véi
thoi gian 60 phat ¢ nhiét d nung 400°C [9].

Giai doan hoat hoa: 1 g than v triu dugc ngam trong 5 ml dung dich NaOH (ndng
d6 khao sat 0,05, 0,1, 0,3 va 0,5 M) trong 24 gid. Sau d6, hdn hop duge loc va phan rin thu
dugc ngam trong 10 ml dung dich acid nitric 1 M trong 1 gio. Sau dé, loc va rira phan ran
dén pH trung tinh. Cac mau than dugc sy kho ¢ nhiét d6 110°C trong 1 gid va nung & 650°C
trong 1 gio. Than sau khi nung dugc nghién nhé va riy vé cing kich thude d<1 mm.

Céc bude thyc nghiém tién hanh twong ty khi thay acid nitric bang acid citric 1 M.

Cac mau than hoat tinh 1an luot duoc ky hiéu AC-60-0,05-N, AC-60-0,1-N, AC-60-
0,3-N, AC-60-0,5-N d6i véi acid nitric va AC-60-0,05-C, AC-60-0,1-C, AC-60-0,3-C, AC-
60-0,5-C ddi vdi acid citric.

2.3.2. Quy trinh khao sdt diéu kién hdp phu methylene blue

0,2 g vatliéu hép phu hoat hoa béng acid citric hodc acid nitric dugc khuéy tron trong
400 ml dung dich chita MB. Dung dich sau hép phu duogc loc va do UV-Vis. Céc thong sb
duoc khao sat bao gdbm do pH cuia dung dich (pH 3-9) va néng do cua chit mau hitu co MB
(30, 50, 100, 150, 200, 300 va 400 mg/1).

Dung lugng hap phu (qe, mg/g) duoc tinh thong qua cong thirc sau:
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qo = (CO - Ce) xV (1)
m

trong d6: Co, C. (mg/l) lan luot 1a ndng d6 MB tai thoi diém ban dau va ¢ trang thai can
bang; ¥ (1) 1a thé tich dung dich MB; m (g) 1a khéi lwong than hoat tinh.

2.3.3. Phuong phdp phdan tich

Céc dac tinh hoéa ly cta than hoat tinh nhu kich thudc hat, d Xép, hinh dang bé mat,
va muc do phén tan cua cac hat dugc danh gia bang SEM. FT-IR (dai s6 song tir 4000 dén
400 cm™) dugc st dung dé xac dinh thanh ph?ln hoa hoc cua vt li¢u va phan tich sy bién d6i
cAu tric hoa hoc. Dién tich bé mat va kich thudc 16 xép cua thanh hoat tinh duogc phan tich
bang BET va BJH (Barrett-Joyner-Halenda). Nong d6 MB trong dung dich duoc danh gia
bang phuong phap do do hap thu anh sang trong ving UV-Vis, budc séng 500-700 nm.

3. Két qua va ban luin
3.1. Anh hwéng ciia néong @ NaOH dén tinh chit than hoat tinh

Anh kinh hién vi dién tir quét: Hinh 2 trinh bay anh SEM cua cac méu than trudc va
sau hoat hoa, khao sat theo néng d6 NaOH. Két qua thu duoc cho théy, su khac biét ro rét
trong cau tric 16 xdp cta than hoat tinh khi ndng 46 NaOH thay d6i d6i v6i 2 loai acid nghién

2.1. Than vo trdu duogc than hoa & 400°C.
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2.2. Than vé trdu dugc hoat hoa béng acid 2.3. Than vo triu dugc hoat hoa béng acid
nitric: (A) AC-60-0,05-N; (B) AC-60-0,1-N; citric: (A) AC-60-0,1-C; (B) AC-60-0,3-C;
(C) AC-60-0,3-N (C) AC-60-0,5-C.

Hinh 2. Anh kinh hién vi dién tir quét ciia cic miu than hoat tinh truéc va sau khi hoat
héa theo cac ndng dd ciia NaOH. 2.1: Than vo triu duoc than héa & 400°C; 2.2: Than vo
trdu dugc hoat hoa béng acid nitric; 2.3: Than vo trau dugc hoat hoa bﬁng acid citric.

Két qua cho théy, diéu kién hoat hoa c6 anh huong o rét dén hinh thai bé mat cua vat
liéu than hoat tinh. V&i mau st dung nitric acid, khi tdng néng d6 NaOH, dién tich bé mat
va céu trac xép cua vat liéu tang lén do qua trinh d&n mon vat li¢u. O néng do NaOH 0,1 M,
su phat trién 16 x6p dat mirc toi wru v6i dién tich bé mit cao dugc giit nguyén gitp cai thién
kha ndng he”ip phu. Trong khi véi néng do NaOH 0,3 M, hiéu g hoat hda manh hon, dan
dén ciu truc Xép phat trién manh, xut hién nhiéu 15 c6 kich thude 16n hon, bé mait bi phé
huy va dan tré nén phéng min hon [10].

Twong ty nhu vay, khi khao sat ting hay giam ndng d6 NaOH trong qua trinh hoat
hoa voi mau than vo tru sir dung acid citric, két qua thu dugc cho thay, nong do NaOH thap
chua dii dé kich hoat ciu tric x6p toi wu hay ndng do cao ¢ thé 1am pha hay cdu triic. Do
d6, mau AC-60-0,3-C v&i ndng dd6 NaOH 0,3 M dat can bang tot nhat giita viéc tao 16 xop
va ¢6 cu trac 6n dinh.

Dién tich bé mdt riéng: Puong dang nhiét hip phu - giai hap N2 & 77 K va cac thong
s6 bé mit cua than hoat tinh trude va sau khi hoat héa duoc trinh bay trong bang 1 va hinh
3. Mau than chua hoat héa c6 dién tich bé mat riéng va thé tich 16 xop déu thap, twong tng
1a 55,47 m%/g va 0,061 cm?/g. Sau hoat héa véi acid, co su gia ting dang ké vé dién tich bé
mat riéng va thé tich 16 x6p, cu thé mau AC-60-0,3-C sir dung acid citric 1a 287,32 m?%/g va

6
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0,298 cm?®/g; mau AC-60-0,1-N 1a 300,20 m?/g va 0,246 cm3/g. Hon nita, kich thuéc 15 xp
ctia ca 3 miu than hoat tinh trudc va sau khi hoat hoa déu nam trong khoang 2-10 nm, chting
to su hién dién cta cu tric mesopore [11].

Bang 1. Dién tich bé mit than hoat tinh trwéc va sau khi hoat hoa.

Théng sé khao sat Than AC-60-0,3-C  AC-60-0,1-N
Dién tich (m?/g) 55,47 287,32 300,20
Thé tich 16 xdp (cm’/g) 0,061 0,298 0,246
Puong kinh trung binh 15 x6p (nm) 4,4 7,1 3,8
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Hinh 3. Pwong hap phu - giai hiap phu N..

Phé FT-IR: Hinh 4 thé hién phé FT-IR cta cac mau than hoat tinh hoat hoa bé“mg cac
ndéng do6 NaOH khac nhau tuwong Gng véi ting loai acid nitric va acid citric.
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Hinh 4. Quang phd hdng ngoai bién d6i Fourier ciia cAic miu than hoat tinh khao sat
theo n("ing do NaOH. (A) Acid nitric: AC-60-0,05-N, AC-60-0,1-N va AC-60-0,3-N; (B)
Acid citric: AC-60-0,1-C, AC-60-0,3-C va AC-60-0,5-C.

7
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Céc peak tiéu biéu trong phd FT-IR ciia cic mau hoat héa bing acid nitric duoc xac
dinh nhu sau: peak tai 465 cm™ 1a dao dong cua lién két C-X (X c6 thé 1a C1, Br, I) hoic dao
dong ubn ctia nhom ngoai lai trén bé mit carbon [12]; cudng d6 giam khi ndng d6 NaOH
tang cho thiy, sy thay ddi trong céu triic bé mit ciia than khi phan tmg véi cac nhém chire
6xy hoa. Peak tai 805 cm™ twong Gmg v6i dao dong ngoai mit phing cua C-H trong vong
thom hodc dao dong ctia nhom chirc lactone [13]; peak nay khong co su thay doi 16n gitra
cac nong do NaOH. Peak tai 1090 cm™ lién quan dén dao dong co gidn ciia nhém C-O trong
ether, anhydride hodc alcohol [14]; cudng d6 phd FT-IR ting dan khi nong d6 NaOH ting
tir 0,05 dén 0,1 M rdi sau d6 giam véi ndng d6 0,3 M, cho thdy cac nhém 6xy hoa hoat dong
manh mé& nhat & ndng d6 NaOH trung binh (0,1 M). Cac peak tai 1400-1470 cm™ duogc giai
thich 1a dao dong bién dang C-H (CH, CHs), ddu hiéu cua cdu truc aliphatic, c¢6 thé lién
quan dén cac tan du cua acid citric chua phan (mg hodc cac hop chat hitu co phan huy tir
cellulose, hemicellulose. Peak tai 1800 cm™ lién quan dén dao dong co gidn cia lién két C=0
trong nhém carboxyl hodc lactone [14]; cuong do cua peak ndy ting manh voi ndng do
NaOH cao (0,3 M), cho théy sy 0xy hoa manh m€ va sy hinh thanh cadc nhom carboxyl.

Tuong tu nhu vay, viéc xir 1y than vo trdu bang NaOH véi cac nong do khac nhau va
hoat héa bang acid citric anh huéng dén cac nhém chirc 6xy hoa trén bé mit than va xuét
hién nhimng peak dic trung nhu trén. O ndng do NaOH 0,1 M, céc peak 6xy hoa (C=0, C-
0) van con ton tai; trong khi d6 khi ndng do kiém tang 1én 0,5 M, peak C=0 (~1790 cm™)
giam manh, cho thay nhom ether hoic ester bi pha v& gan nhu hoan toan [15].

3.2. Khd nang héap phu methylene blue

Trong ndi dung nay, kha ning hip phu MB ciia cac miu than hoat tinh duoc chon
1am tiéu chi danh gia. Theo két qua danh gid & ndi dung 3.1, mAu than hoat tinh AC-60-0,1-
N duoc hoat hoa béng acid nitric va mau than AC-60-0,3-C v&i chat hoat hoa acid citric
dugce cho 1a tdi vu vé hinh dang bé mat 16 xép cling nhu céu trac héa hoc. Do dé, hai mau
than hoat tinh nay duoc sir dung lam vét liéu hap phu trong nghién ctru nay.

Anh huong ciia pH dung dich nwée thai mau: DO pH cua dung dich tac dong manh
dén qua trinh hap phu do cac tinh chat bé mat than thay ddi khi tiép xtic voi dung dich c6 pH
khac nhau. Hinh 5 thé hién kha nang hap phu MB cua C-60-0,1-N va AC-60-0,3-C & cac gia
trj pH dung dich ban dau khac nhau, thdi gian hip phu 1a 120 phuat. Hinh 5 cho théy, vt liéu
AC-60-0,3-C c6 dung luong hap phu MB cao hon AC-60-0,1-N tai hau hét cac gia tri pH
dugc khao sat. O pH 3-4, ca hai loai than hoat tinh nay déu c6 dung luwong hap phu thap do
bé mit vat liéu c6 thé bi proton hda manh, lam giam kha ning tuong tac véi cation MB. Khi
pH tang tir 5 dén 7-8, kha ning hip phu ting dan va dat gid tri cao nhat & khoang pH 7-8.
biéu nay co thé do sy can bé“mg gitra dién tich bé mat vat liéu va dang tdn tai ctia chat hép

8
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phu. O pH 9, dung lugng hip phu giam nhe, c6 thé do sy canh tranh cta ion OH" trong dung
dich, 1am giam tuong tac hip phu.
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Hinh 5. Anh huéng ciia pH 1én dung lwong hap phu cia hai loai vt li¢éu AC-60-0,1-N
va AC-60-0,3-C.

Than hoat tinh AC-60-0,3-C c6 kha niang hap phu MB cao hon AC-60-0,1-N & moi
gia tri pH, ¢o thé dugc giai thich boi acid citric tao ra nhiéu nhém chtrc ¢6 1gi cho qua trinh
hap phy hon. Khoang pH ti wu cho qua trinh hap phuy 1a tir 6 dén 8, do sy can bang giita
dién tich bé mat vat liéu va dang tdn tai ctia chét hép phu trong dung dich. O pH qua thép
(pH 3-4), kha nang hap phy giam manh do sy proton héa cta bé mat vat liéu. O pH qua cao
(pH 9), kha nang hap phu ciing giam do sy canh tranh v6i ion OH™ [16].

Anh huéng ciia nong do methylene blue: Nong 6 MB ban dau sé anh huéng dén
ndéng d6 MB ¢ trang thai can bang hip phu, lam thay doi dung luong hip phu cta vat lidu.
Trong phan nay, dung dich MB véi cac nong do dau khac nhau (30, 50, 100, 150, 200, 300
va 400 mg/1) s& 1an luot dugc xtr Iy vai AC-60-0,1-N va AC-60-0,3-C trong 120 phat & pH
7-8. Hinh 6 thé hién sy phu thudc cta dung luong hap phu vao ndong d6 MB ban dau.
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Hinh 6. Anh hwéng ciia ndong d methylene blue ban diu dén dd hip phu ciia hai loai
vat liéu AC-60-0,1-N va AC-60-0,3-C.

Trong ving ndong d6 MB thap (Co=30-150 mg/1), kha nang hap phu ting nhe khi Co
tang tir 30 1én 100 mg/1, sau d6 gan nhu 6n dinh. O giai doan nay, sy khac biét gita hai
loai than hoat tinh chua rd rét, nhung AC-60-0,3-C c6 kha nang hép phu MB cao hon so
v6i AC-60-0,1-N. Piéu nay c6 thé dugc giai thich do & ndng do thap, cac vi tri hap phu
trén bé mit vat liéu chua bi bdo hoa, nén ca hai vat liéu déu c6 kha nang hép phu tuong
duong. Véi ndng do MB cao (Co=300-400 mg/1), dung lwong hip phu ting manh, dic biét
d6i voi AC-60-0,3-C cho thay, dung lugng hap phu MB 13 200 mg/g cao hon so véi AC-60-
0,1-N (185 mg/g). Piéu nay cho thy, AC-60-0,3-C c6 kha nang hip phu MB t6t hon ¢ ndng
dd cao, c6 thé do dién tich bé mit 1én hon hodc nhém chirc phu hop hon véi chit hép phu.

Y.S. Reddy va cs (2024) [16] da tong hop than hoat tinh tir 14 Ficus religiosa va
danh gia kha ning hap phu d6i voi thubec nhom AB9 13 123,04 mg/g va MG 1a 138,58 mg/g
[16]. Dung luong hap phu trong nghién ciru nay ciing dugc danh gia 1a twong duong véi
cac cong bd trude day. A.H. Jawad va cs (2019) [17] d3 khao sat dung luong hip phu 200
mg/g cua than hoat tinh vé qua dua hau. Do d6, két qua dat dugc trong nghién ciru nay 1a
than hoat tinh tir vo trau dugc hoat hoa bang acid citric thé hién tiém ning Gng dung 16n
cho xir Iy nuéce thai c6 do 6 nhiém MB cao va dinh huéng tmg dung & quy mé cong nghiép.
4. Két luan

Trong khuén kho nghién ctru nay, chung t6i da ché tao than hoat tinh tir vo triu bang
con dudng than hod & nhiét 6 400°C va sau d6 dugc hoat hoa bang NaOH va acid. Két qua
thu duoc vat liéu c6 do xép cao voi dién tich bé mat 1én dén 300,02 m?/ g. Kha nang hép phu
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MB cua vat liéu phu thudc vao dé pH va néng dd chat mau trong dung dich. Mau than hoat
tinh duoc hoat hoa bang NaOH véi ndng d6 0,3 M va acid citric cho kha ning hap phu MB
t6t nhat trong moi truong trung tinh véi dung lwong hip phu 1én dén 200 mg/g. Két qua
nghién ctru nay cho thay, vat liéu dap tmg t6t kha nang xir Iy nudc thai cong nghiép dét
nhudm c6 chira MB véi than hoat tinh tir vo triu 1a phé pham tir néng nghiép.

TAI LIEU THAM KHAO

[1] C.K. Yadav, A. Bhattarai, T.P. Niraula, et al. (2023), “Critical analysis of
surfactant-dye interaction: A review”’, Amrit Journal, 3(1), pp.66-77, DOI:
10.3126/amritj.v3i1.61543.

[2] S. Noor, M.B. Taj, I. Naz (2021), “Comparative solubilization of reactive dyes
in single and mixed surfactants”, Journal of Dispersion Science and Technology, 43(13),
pp-2058-2068, DOI: 10.1080/01932691.2021.1956528.

[3] R. Agarwala, L. Mulky (2023), “Adsorption of dyes from wastewater: A
comprehensive  review”,  ChemBioEng  Reviews, 10(3), pp.326-335, DOIL:
10.1002/cben.202200011.

[4] E.K. Tsoutsa, A.K. Tolkou, G.Z. Kyzas (2024), “An update on agricultural
wastes used as natural adsorbents or coagulants in single or combined systems for the
removal of dyes from wastewater”, Water Air Soil Pollut., 235, DOI: 10.1007/s11270-024-
06979-9.

[5] S. Kato, Y. Kansha (2024), “Comprehensive review of industrial wastewater
treatment techniques”, Environ. Sci. Pollut. Res., 31(39), pp.51064-51097, DOI:
10.1007/s11356-024-34584-0.

[6] T.W. Chew, P.S. H'Ng, B.C.T.G.L.C. Abdullah, et al. (2023), “A review of bio-
based activated carbon properties produced from different activating chemicals during

chemicals activation process on biomass and its potential for Malaysia”, Materials (Basel),
16(23), DOI: 10.3390/mal16237365.

[7] W.H. Chen, C.W. Wang, H.C. Ong, et al. (2019), “Torrefaction, pyrolysis and
two-stage thermodegradation of hemicellulose, cellulose and lignin”, Fuel, 258, DOI:
10.1016/5.fuel.2019.116168.

[8] S. Karzegar, M. Abedi, M.H.J. Salmani (2024), “Modification of agricultural
wastes carbon adsorbents with iron and iron oxides nanoparticles for heavy metals removal:
A scoping review of the literature”, Journal of Environmental Health and Sustainable
Development, 9(4), pp.2405-2415.

11


https://doi.org/10.1016/j.fuel.2019.116168

DOI: 10.31276/VJST.2025.3455 Khoa hoc kj thudt va céng nghé | Ky thudt héa hoc;
Ky thudt vat liéu va luyén kim; Ky thuat méi truong

[9] J. Jjagwe, P.W. Olupot, E. Menya, et al. (2021), “Synthesis and application of
granular activated carbon from biomass waste materials for water treatment: A review”,
Journal of Bioresources and Bioproducts, 6(4), pp.292-322.

[10] H.T. Luu, D.T.B. Tam, L.M. Thoa, et al. (2024), “Synthesis and
characterization of activated carbon from rice husk ash: Effect of NaOH ratio on properties
of activated carbon”, Sci. Tech. Dev. J. - Nat. Sci., 8(4), pp.3219-3229, DOI:
10.32508/stdjns.v814.1384 (in Vietnamese).

[11] S.M. Ataei, E. Aram (2023), “Mesoporous carbon-based materials: A review
of  synthesis, modification, and applications”,  Catalysts, 13(1), DOI:
10.3390/catal13010002.

[12] C. Sarathchandran, M.R. Devika, S. Prakash, et al. (2021), “Chapter 19 -
Activated carbon: Synthesis, properties, and applications”, Micro and Nano Technologies,
2021, pp.783-827, DOI: 10.1016/B978-0-12-821996-6.00008-7.

[13] Y. Peng, Z. Chen, R. Zhang, et al. (2021), “Oxygen-containing functional
groups regulating the carbon/electrolyte interfacial properties toward enhanced K* storage”,
Nano-Micro Lett. 13(1), DOI: 10.1007/s40820-021-00722-3.

[14] S.Y. Yang, B.C. Bai, Y.R. Kim (2024), “Effective surface structure changes
and characteristics of activated carbon with the simple introduction of oxygen functional
groups by using radiation energy”, Surfaces, 7(1), pp.12-25, DOI: 10.3390/surfaces7010002.

[15] O.A. Hussain, A.S. Hathout, Y.E.A. Mobdy, et al. (2023), “Preparation and
characterization of activated carbon from agricultural wastes and their ability to remove
chlorpyrifos  from  water”,  Toxicology  Reports, 10, pp.146-154, DOI:
10.1016/j.toxrep.2023.01.011.

[16] Y.S. Reddy, N.K. Rotte, B.K. Sudhakar, et al. (2024), “Biomass-derived
sustainable mesoporous activated carbon as an efficient and recyclable adsorbent for the
adsorption of hazardous dyes”, Hybrid Advances, 6, DOI: 10.1016/j.hybadv.2024.100218.

[17] A.H. Jawad, R. Razuan, J.N. Appaturi, et al. (2019), “Adsorption and
mechanism study for methylene blue dye removal with carbonized watermelon (Citrullus
lanatus) rind prepared via one-step liquid phase H2SOg4 activation”, Surfaces and Interfaces,
16, pp.76-84, DOI: 10.1016/j.surfin.2019.04.012.

12


https://doi.org/10.1016/B978-0-12-821996-6.00008-7
https://doi.org/10.1016/j.toxrep.2023.01.011

