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Ché tao than hoat tinh tir vé trau va danh gia kha ning hap phu methylene blue

Lé Hiru Quynh Anh’, Tran Duy Hai
Trwong Pai hoc Tai nguyén va Méi trwong TP, H6 Chi Minh, 236B Lé Vin Sy, phwong Tan Son Hoa, TP HO Chi Minh, Viét Nam
Ngay nhan bai 16/5/2025; ngay chuyén phan bién 19/5/2025; ngay nhin phan bién 12/6/2025; ngay chidp nhan ding 15/6/2025

Tém tdt:

Vat liéu than hoat tinh rng dung trong linh virc hiap phu chit mau hitu co methylene blue (MB) di dworc chiing
toi ché tao tir vo trau bang phwong phap than héa, sau d6 hoat héa bing NaOH véi cac néng dé khac nhau va
két hop véi acid nitric va acid citric dé nang cao dd x6p, ting dién tich bé mat. Cac két qua phan tich kinh hién
vi dién tir quét (SEM), Brunauer-Emmett-Teller (BET) cho thiy, vat liéu thu dwgc c6 dién tich bé mat ting tir
55,47 dén 300,20 m?/g sau Khi dwoc hoat héa. Quang phé hong ngoai bién ddéi Fourier (FT-IR) cho thiy, vat
liéu hidp thu manh trong vung tir 2000 dén 400 cm™ véi cac peak hip thu dac trieng cac lién két cua than hoat
tinh. Kha niang hiap phu MB cua vit liéu phu thudc vao nong do NaOH khi hoat héa, ciing nhw d§ pH va néng
do MB trong dung dich. Mau than hoat tinh dwoc hoat héa bang NaOH véi nong dé 0,3 M va acid citric cho kha
nang hip phu MB 1&n nhit 1én dén 200 mg/g. Két qua nghién ciru cho thiy, vt liéu nay dap wng tét trong viéc
tng dung lam vat liéu hip phu chit mau hiru co’ MB c6 trong méi tried'ng nwwére thai cong nghiép dét.

Tir khéa: hap phu, methylene blue, than hoat tinh, vo triu, xir Iy nwéc.
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Abstract:

Activated carbon for the adsorption of the organic dye methylene blue (MB) was synthesised from rice husk
through carbonisation, followed by activation using sodium hydroxide (NaOH) at various concentrations
and subsequent treatment with nitric acid and citric acid to enhance porosity and increase the surface area.
Scanning electron microscopy (SEM) and Brunauer-Emmett-Teller (BET) analyses revealed a significant
increase in surface area from 55.47 to 300.20 m?/g after the activation process. Fourier transform
infrared (FT-IR) spectroscopy demonstrated pronounced absorption bands in the 2000-to-400-cm™ range,
corresponding to characteristic functional groups of activated carbon. The adsorption capacity of the
material for MB was influenced by the NaOH concentration used during activation as well as the pH and MB
concentration in the solution. The activated carbon sample treated with 0.3 M NaOH and citric acid exhibited
the highest MB adsorption capacity, achieving up to 200 mg/g. These findings indicate that this material
is suitable for application as an adsorbent for the removal of the organic dye MB from textile industrial
wastewater.
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1. it van de

Trong nhitng thap ky gan day, vdn dé 6 nhiém moi
trwdng, dic biét 1a 6 nhiém ngudn nwéc, da tré thanh
mdi quan tAm toan ciu. Sw gia tang cic hoat dong cong
nghiép va sinh hoat da dan dén sy phat thai mot lwong
16m c4c chit 6 nhiém vao méi tredng nwédc, gdy mat can
bang hé sinh thai va 4nh hudng tiéu cuc dén sirc khoe
con ngudi. Trong s6 cac tdc nhan gy 6 nhiém, thudc
nhudém téng hop, dién hinh 1a MB, 12 mét trong nhitng
chit mau hitu co phd bién c6 mat trong nwéc thai cong
nghiép, dic biét la nganh dét nhuém [1]. MB c6 do bén
héa hoc cao, kh6 phan hiy sinh hoc va cé thé gy doc cho
sinh vat thiy sinh cling nhw con nguwoi, néu khong dwoc
loai bo hiéu qua khéi ngudn nwéc [2]. Do sw phirc tap
cla nwéc thai cong nghiép thuéc nhudm, sw két hop cta
nhiéu phwong phap x& ly nhw phwong phap hap phuy,
sinh hoc, loc mang, 6xy héa nang cao sé phut hop dé loai
bé cac thu6c nhudm khédi nwéce. Trong d6, phwong phap
hip phu dwoc xem 13 hiéu qua, kinh t& va than thién véi
moi trwdng [3], véi than hoat tinh, zeolite va cac vat liéu
tw nhién nhw vo triu [4, 5] thwong dwgc st dung phé
bién.

Vo trdu, mot phu phdm néng nghiép c6 triv lwong
16m va chi phi thip, da thu hut sw quan tAm dang ké nho
thanh phan chita ham lwong carbon va silica cao, cé
kha niang hip phu nhiéu loai chit 6 nhiém trong nwéc
nhu thu6c nhudm va kim loai ndng [6]. Thanh phén héa
hoc cda vo trdu chira mot ty 1€ 1én cellulose (28-36%),
hemicellulose va lignin, khién n6 tré thanh mot Gng vién
tét dé bién d6i bé mat véi cac nhém chirc nham ting
cwong kha ndng hip phu [7]. Cic nghién ctu truéc diy
da chi ra rang, vo triu cd thé dwgc sir dung dé loai bo
khong chi cac hgp chit mau hitu co, ma con ca cac ion
kim loai ning nhw chi (Pb?*), cadmium (Cd**), selen
(Se?*), dong (Cu®*), kém (Zn**) va thuy ngan (Hg*")
trong nwéc thai [8].

Trong nghién cu nay, vé trdu dwoc st dung lam
nguyén liéu dé tdng hop than hoat tinh théng qua hai
giai doan chinh: than hoéa [9] va hoat ho6a. V6 trau dau
tién dwoc nung & nhiét do cao trong qua trinh than hoéa
dé tao thanh than vé triu, sau d6 dwoc hoat hoa bang
dung dich kiém (NaOH) két hgp véi acid nitric vo co va
acid citric hiru co, nhdm tang cwong kha nang tao 16 x6p
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va gia ting dién tich bé mat, gitip ning cao kha nang hip
phu MB. Nghién ctru khao sat cac yéu t6 anh hwdng dén
kha nang hip phu nhw d6 pH, néng d6 ban d4u ciia MB
va néng do chat hoat héa NaOH. Két qua nghién ciru mé
ra tiém niang ing dung cho xtt Iy nwéc thai c6 do 6 nhiém
MB cao va dinh hwéng trng dung & quy mo cdng nghiép.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vat liéu va hoa chdt st dung

Vo trau (kich c¢& hat 0,5-2 mm, d6 4m toan phin 3-8%
va ham lwong tro 8-12%) dwoc cung cp tir Ci Chi, TP.
HO Chi Minh, Viét Nam.

Cac hda chit st dung: sodium hydroxide (NaOH)
97%; acid nitric (HNO,) 70%; acid citric (C,;H,0,) 99%;
acid hydrochloric (HCI) 37% déu dat d6 sach phan tich,
dwoc mua tir Hing Merck (Ptrc) dung dé lam sach va
bién tinh than. Pham mau MB (C H, ,CN.S) dwoc mua tir
Hang Merck dung dé khéo sat hip phu.

2.2. Mdu nwéc nghién ciru

MAu dung dich thudc nhuém: thuéc nhudém dang bot,
pha trong nwéc cat theo néng doé 30, 50, 100, 150, 200,
300 va 400 mg/1.

2.3. Phwong phdp nghién ciru
2.3.1. Quy trinh thwc nghiém

Giai doan than hoa
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Hinh 1. Quy trinh téng hop vat liéu than hoat tinh.
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Quy trinh chuén bi vat liéu hdp phu tir v6 triu gom
hai giai doan: than héa va hoat héa (hinh 1).

Giai doan than héa: Vo triu dwoc xay nhd va nung
trong moi trwong khong Khi voi thoi gian 60 phut &
nhiét do nung 400°C [9].

Giai doan hoat hda: 1 g than v triu dwoc ngdm trong
5 ml dung dich NaOH (n6ng d6 khao sat 0,05, 0,1, 0,3 va
0,5 M) trong 24 gi¢. Sau d6, hén hop dwgc loc va phan
ran thu dwoc ngdm trong 10 ml dung dich acid nitric 1
M trong 1 gid. Sau do, loc va rira phan ran dén pH trung
tinh. C4c mau than dwoc sdy kho & nhiét do 110°C trong
1 gio va nung & 650°C trong 1 gio. Than sau khi nung
dwoc nghién nhoé va ray vé cung kich thwéc d<1 mm.

Cac bwdc thwe nghiém tién hanh twong tw khi thay
acid nitric bang acid citric 1 M.

Cac mAu than hoat tinh Ian lwot dwoc ky hiéu AC-60-
0,05-N, AC-60-0,1-N, AC-60-0,3-N, AC-60-0,5-N doi véi
acid nitric va AC-60-0,05-C, AC-60-0,1-C, AC-60-0,3-C,
AC-60-0,5-C d6i voi acid citric.

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

0,2 g vat liéu hdp phu hoat héa bang acid citric hoic
acid nitric dwoc khudy tron trong 400 ml dung dich chira
MB. Dung dich sau hap phu dworc loc va do UV-Vis. Cac
théng s6 dugc khao sat bao gom do pH cta dung dich
(pH 3-9) va néng dd ctia chat mau hitu co MB (30, 50,
100, 150, 200, 300 va 400 mg/1).

Dung lwong hap phu (g, mg/g) dwoc tinh théng qua
cong thirc sau:

(CO _Ce)xV

qe = m

trong dé: C, C, (mg/1) lan lwot 1a nong do MB tai thoi
diém ban dAu va & trang théi can bang; V (1) 1a thé tich
dung dich MB; m (g) 1a kh6i lwong than hoat tinh.

2.3.3. Phwong phdp phan tich

Cac dac tinh héa ly ctia than hoat tinh nhw kich thwéc
hat, d6 x6p, hinh dang bé mét, va mirc d6 phéan tan cla cac
hat dwoc danh gid bang SEM. FT-IR (dai s6 s6ng tir 4000
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dén 400 cm™) dwoc st dung dé€ xac dinh thanh phan hoéa
hoc ctia vat liéu va phan tich sw bién ddi ciu tric héa
hoc. Dién tich bé mat va kich thwéc 16 x8p ctia than hoat
tinh dwgc phan tich bang BET va BJH (Barrett-Joyner-
Halenda). Nong d6 MB trong dung dich dwoc danh gia
bang phwong phap do do hip thu 4nh sing trong ving
UV-Vis, buwéc song 500-700 nm.

< SN -
3. Ket qua va ban luan

3.1. Anh hwéng ciia néng dé NaOH dén tinh chdt
than hoat tinh

Anh kinh hién vi dién tir quét: Hinh 2 trinh bay anh
SEM ciia cac mau than truéc va sau hoat héa, khao sat
theo néng dd NaOH. Két qua thu dwoc cho thay, sw khac
biét rd rét trong cau triic 16 x6p cta than hoat tinh khi

noéng do NaOH thay déi d6i véi 2 loai acid nghién ctru.

Két qua cho thiy, diéu kién hoat héa c6 anh hwéng ro
rét dén hinh thai bé mat cua vat liéu than hoat tinh. Vé&i
mau st dung acid nitric, khi ting ndng doé NaOH, dién
tich bé mat va ciu tric x0p cda vat liéu ting 1én do qua
trinh an mon vat liéu. 0] nong do NaOH 0,1 M, sw phat
trién 16 x6p dat mirc t6i wu vdi dién tich bé mat cao dworc
gitr nguyén gidp cai thién kha ning hip phu. Trong khi
v&éi nong do NaOH 0,3 M, hiéu rng hoat h6a manh hon,
dan dén ciu tric x8p phat trién manh, xuat hién nhiéu 16
c6 kich thuéc 16n hon, bé mat bi pha hiy va dan tré nén

phang min hon [10].

Twong tw nhw vy, khi khao sat ting hay gidm nong
do NaOH trong qua trinh hoat héa véi mau than vé trau
st dung acid citric, két qua thu dwoc cho thay, nong do
NaOH thép chwa du dé kich hoat ciu tric x0p t6i wu hay
nong dd cao c6 thé lam pha hiy ciu tric. Do d6, mau AC-
60-0,3-C v&i nong ddo NaOH 0,3 M dat cAn bang t6t nhat

gitra viéc tao 16 xOp va c6 cau tric 6n dinh.

Dién tich bé mdt riéng: Puwdng dang nhiét hap phu -
gidi hap N, & 77 K va cac thong s6 bé mat ctia than hoat
tinh trwéc va sau khi hoat héa dwoc trinh bay trong
bang 1 va hinh 3. MAu than chwa hoat héa c6 dién tich

bé mit riéng va thé tich 16 x8p déu thip, twong tng la
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Hinh 2B. Than vé trau dwoc hoat héa bang acid nitric: (A) AC-60- Hinh 2C. Than vé trdu dwoc hoat héa béng acid citric: (A) AC-60-
0,05-N; (B) AC-60-0,1-N; (C) AC-60-0,3-N. 0,1-C; (B) AC-60-0,3-C; (C) AC-60-0,5-C.

Hinh 2. Anh kinh hién vi dién tir quét ciia cac mau than hoat tinh truwéc va sau khi hoat héa theo cac néng dd ctia NaOH. Hinh 2A: Than vo
trdu dwoc than héa & 400°C; Hinh 2B: Than vé trdu dwoc hoat hda béng acid nitric; Hinh 2C: Than vo trdu dwoc hoat hda béng acid citric.

55,47 m?/gva 0,061 cm?/g. Sau hoat héa vai acid, c6 sw Bang 1. Dién tich b& mat than hoat tinh trwéc va sau khi hoat héa.

gia tang dang ké vé dién tich bé mat riéng va thé tich

X~ o x , . NN Thong s6 khao sat Than AC-60-0,3-C AC-60-0,1-N
16 x6p, cu thé mau AC-60-0,3-C st dung acid citric la
287,32 mz/g va 0,298 cm3/g; mau AC-60-0,1-N1a 300,20 ]()I;élr}gt;Ch bé m3triéng 55,47 287,32 300,20
m?/g va 0,246 cm?/g. Hon nira, kich thudc 16 x8p cia ca
3 mAu than hoat tinh trwdc va sau khi hoat héa déu nim ~ Thétich16x6p (em?/g) L e

trong khodng 2-10 nm, chirng té sy hién dién cia ciu  Dwongkinh trung binh 15

p 4,4 7,1 38
x6p (nm)

tric mesopore [11].
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C-O trong ether, anhydride hoac alcohol [14]; cwdong do
phé FT-IR ting dan khi nong d6 NaOH tang tir 0,05 dén
0,1 M roi sau d6 giam véi néng do 0,3 M, cho thiy cac
nhom 6xy héa hoat dong manh mé nhit & nong do NaOH
trung binh (0,1 M). Céc peak tai 1400-1470 cm™ dwoc
giai thich 1a dao dong bién dang C-H (CH,, CHz), ddu hiéu
cla ciu trdc aliphatic, c6 thélién quan dén cac tan dw cla
acid citric chwa phan &ng hodc cac hop chit hitu co phan
huy tir cellulose, hemicellulose. Peak tai 1800 cm™ lién
quan dén dao déng co giin cua lién két C=0 trong nhém
carboxyl hodc lactone [14]; cwong do cua peak nay tang
manh véindng do NaOH cao (0,3 M), cho thiy sw 6xy hda
manh mé va su hinh thanh cac nhém carboxyl.

Twong tw nhw vy, viéc xt ly than vé trdu bang NaOH
v&i cac ndng do khac nhau va hoat héa bang acid citric
anh hwdng dén cac nhém chirc 6xy hda trén bé mit than
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Hinh 4. Quang phé héng ngoai bién ddi Fourier ctia cac mau than hoat tinh khao sat theo néng dé 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.

Phé FT-IR: Hinh 4 thé hién phé FT-IR cua cdc mau
than hoat tinh hoat héa bang cic néng do NaOH khac
nhau twong rng v&i tirng loai acid nitric va acid citric.

Cac peak tiéu biéu trong phé FT-IR ctia cAc mau hoat
héa bang acid nitric dwoc xac dinh nhw sau: peak tai 465
cm™1a dao dong ctia lién két C-X (X c6 théla Cl, Br, I) hoic
dao dong uén ctia nhém ngoai lai trén bé mat carbon
[12]; cwong d6 gidm khi nong d6 NaOH tang cho thiy,
su thay d6i trong ciu tric bé mit cia than khi phan Gng
v&i cAc nhom chirc 6xy hda. Peak tai 805 cm™ twong (rng
v6i dao ddng ngoai mit phing cta C-H trong vong thom
hodc dao dong cia nhom chirc lactone [13]; peak nay
khong co6 su thay d6i 16n gitra cic ndong dd6 NaOH. Peak
tai 1090 cm™ lién quan dén dao dong co gidn cia nhém
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va xudt hién nhitng peak dic trweng nhuw trén. & nong do
NaOH 0,1 M, cac peak 6xy héa (C=0, C-0) vin con ton tai;
trong khi d6 khi nong dé kiém ting 1én 0,5 M, peak C=0
(~1790 cm™) gidm manh, cho thdy nhém ether hodc
ester bi pha v& gdn nhuw hoan toan [15].

3.2. Kha ndang hdp phu methylene blue

Trong ndi dung nay, khd ning hip phu MB cida cac
mau than hoat tinh dwoc chon lam tiéu chi danh gia.
Theo két qua danh gia & noi dung 3.1, mau than hoat tinh
AC-60-0,1-N dwoc hoat héa bang acid nitric va mau than
AC-60-0,3-C v&i chit hoat hda acid citric dwoc lwa chon
12 t6i wu vé hinh dang bé mat 16 x6p ciing nhw ciu tric
héa hoc. Do d6, hai mau than hoat tinh nay dugc st dung
lam vat liéu hap phu trong nghién ctru nay.



Anh hwéng ciia pH dung dich nwéc thdi mdu: Do pH
cta dung dich tic dong manh dén qué trinh hdp phu do
cac tinh chat bé mit than thay doi khi tiép xic véi dung
dich c6 pH khac nhau. Hinh 5 thé hién kha nang hip phu
MB ctia AC-60-0,1-N va AC-60-0,3-C & cac gia tri pH dung
dich ban diu khac nhau, thoi gian hap phu la 120 phut.
Hinh 5 cho thiy, vat liéu AC-60-0,3-C c6 dung lwong hip
phu MB cao hon AC-60-0,1-N tai hau hét cac gia tri pH
dwoc khao sat. O pH 3-4, ca hai loai than hoat tinh nay
déu c6 dung lwgng hap phu thiap do bé mat vat liéu ¢
thé bi proton héa manh, 1am gidm kha ning twong tac
véi cation MB. Khi pH ting tir 5 dén 7-8, kha nang hip
phu ting dan va dat gia tri cao nhat & khoang pH 7-8.
Diéu nay c6 thé do sw can bang gitra dién tich bé mat vat
liéu va dang ton tai ctia chat hap phu. O pH 9, dung lwong
hap phu gidm nhe, c¢6 thé do sw canh tranh cta ion OH
trong dung dich, lam giam twong tac hdp phu.
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Hinh 5. Anh hwéng cta pH I1én dung Iweng hap phu cia hai loai
vat liéu AC-60-0,1-N va AC-60-0,3-C.

Than hoat tinh AC-60-0,3-C c6 kha ndng hap phu MB
cao hon AC-60-0,1-N & moi gia tri pH, c6 thé dwoc giai
thich béi acid citric tao ra nhiéu nhém chitc ¢é loi cho
qua trinh hap phu hon. Khoang pH t6i wu cho qua trinh
hép phu 1a tir 6 dén 8, do sw can bang giita dién tich bé
mat vat liéu va dang ton tai ctia chit hip phu trong dung
dich. & pH qué thap (pH 3-4), kha ning hip phu giam
manh do su proton héa ctia bé mit vatliéu. O pH qué cao
(pH 9), kha ning hdp phu cling gidm do sw canh tranh
véiion OH™ [16].

Anh huéng ctia ndng dé methylene blue: Nong d6 MB
ban dau sé anh hwdéng dén néng d6 MB & trang thai cin
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bang hip phu, l1am thay ddi dung lwong hip phu ctia vat
liéu. Trong phan nay, dung dich MB v&i cdc ndong d6 ban
dau khac nhau (30, 50, 100, 150, 200, 300 va 400 mg/1)
sé 1an lwot dwoc xt ly véi AC-60-0,1-N va AC-60-0,3-C
trong 120 phiat & pH 7-8. Hinh 6 thé hién sw phu thudc
cda dung lwong hap phu vao nong d6 MB ban dau.
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Hinh 6. Anh hwéng ciia ndng dé methylene blue ban dau dén doé
héap phu cla hai loai vat liéu AC-60-0,1-N va AC-60-0,3-C.

Trong ving néng do MB thap (C,=30-150 mg/1), kha
nang hap phu tang nhe khi C tdng tir 30 1én 100 mg/],
sau d6 gan nhw 6n dinh. & giai doan nay, sw khac biét
gitta hai loai than hoat tinh chwa ro rét, nhung AC-60-
0,3-C c6 kha nang hip phu MB cao hon so v&i AC-60-
0,1-N. Diéu nay c6 thé dwoc giai thich do & néng do
thép, cac vi tri hip phu trén bé mit vat liéu chwa bi bio
hoa, nén ca hai vat liéu déu cé kha ning hip phu twong
dwong. Véi nong d6 MB cao (C,;=300-400 mg/1), dung
lwgng hip phu ting manh, dac biét ddi véi AC-60-0,3-C
cho thdy, dung lwong hap phu MB 1a 200 mg/g cao hon
so v&i AC-60-0,1-N (185 mg/g). Piéu nay cho thiy, AC-
60-0,3-C c6 kha niang hap phu MB t6t hon & néng dd cao,
c6 thé do dién tich bé mat 16n hon hodc nhém chirc phu
hop hon véi chat hip phu.

Y.S. Reddy va cs (2024) [16] da tong hop than hoat
tinh tir 14 Ficus religiosa va danh gia kha niang hap phu
déi véi thuéc nhuém AB9 1a 123,04 mg/g va MG la
138,58 mg/g. Dung lwgng hidp phu trong nghién ctru
nay cling dwgc danh gia la twong dwong véi cac cong
bd truwéc day. A.H. Jawad va cs (2019) [17] da khdo sat
dung lwgng hap phu 200 mg/g cda than hoat tinh vo
qua dwa hiu. Do d6, két qua dat dwoc trong nghién ctru
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nay 1a than hoat tinh tir vé trdu dwoc hoat héa bang acid
citric thé hién tiém ning &ng dung 16n cho x 1y nwéc
thai c6 dd 6 nhiém MB cao va dinh hwéng ng dung &
quy mo cong nghiép.

4. Két luan

Trong khuén khé nghién ciu nay, chung téi da ché
tao than hoat tinh tir vé trau bang con dwdong than hoa
& nhiét do 400°C va sau d6 dwoc hoat hod bang NaOH va
acid. Két qua thu dwoc vatliéu c6 do x6p cao véi dién tich
bé mat 1én dén 300,20 m?/g. Kha nang hip phu MB cua
vat liéu phu thudc vao do pH va néng do chit mau trong
dung dich. Mau than hoat tinh dwoc hoat hod bang NaOH
véi nong do 0,3 M va acid citric cho kha ndng hiap phu
MB t6t nhit trong moéi trieong trung tinh véi dung lwong
hip phu 1én dén 200 mg/g. Két qua nghién ctru nay cho
thay, vatliéu dap rng tot kha nang x& Iy nwde thai trong
cdng nghiép dét nhudm cé chira MB véi than hoat tinh tir
vO triu 1a phé phadm tir néng nghiép.
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