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Abstract: The aim of this research was to prepare activated carbon from cassava stem by chemical
activation method using potassium hydroxide as activating agent with different pyrolysis
temperatures (500, 600, 700 va 800 °C). All activated carbon samples (AC) provide the higher
specific surface area than the non-activated carbon sample. The activated carbon (AC-7) sample
prepared at 700 °C with the maximum specific surface area of 1643 m?/g and pore volume of
1.0293 cm?®/g. The obtained activated carbon was used in the removal of tetracycline (TC) in
water. The maximum adsorption capacity of AC-7 for TC reachered 357,14 mg/g. This value was
higher other materials, the improved adsorption capacity of AC-7 could be explained the presence
of mesopores with high specific surface area after KOH activation could be significantly improved
the adsorption performance of the activated carbon materials. The result show the potential of AC
in removing polluted antibiotics.
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Nghién ctu ché tao than hoat tinh tir than cay san
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Tém tit: Muc dich cta nghién ctru nay 1a diéu ché than hoat tinh tir thdn ciy sdn bang tac nhan
hoat hoa potassium hydroxide va nhiét phan ¢ cac nhiét d6 khac nhau (500, 600, 700 va 800 °C).
Tat ca cac mau than sau khi hoat héa (AC-x) déu c6 dién tich bé mit riéng cao hon so v6i mau
than khong hoat tinh. Trong d6 mau than hoat héa & 700 °C (AC-7) c6 dién tich bé mit riéng va
thé tich mao quan 16n nhat (1643 m?g va 1,0293 cm3/g). Céc vit liéu than hoat tinh dugc st dung
dé hap phu khang sinh tetracycline (TC) trong nudc, dung luong hap phu cuc dai cia AC-7 dbi véi
khéang sinh TC dat 357,14 mg/g, gia tri nay cao hon so v6i cac vat li€u than con lai. Kha nang hép
phu cia AC-7 duoc cai thién nhd ¢6 dién tich bé mat riéng cao va thé tich 15 xép 16n dugc hinh
thanh trong qua trinh hoat hoa béi KOH din dén ¢ kha nang hap phu TC cao hon. Két qua nay
cho thay tiém ning cia than hoat tinh trong viéc loai bo cac chat khang sinh 6 nhiém.

Tir khéa: Than hoat tinh, than san, potassium hydroxide, hap phu, tetracycline.

1. M& dau

Than hoat tinh 12 mét trong nhing chat hap
phu lau doi nhét va duge st dung rong rai dé xur
1y nude va nude thai véi nhiéu muc dich nhu
loai bo mau, mui, vi khdng mong mudn va cac
tap chat hiru co, v6 co,... [1-3]. Than hoat tinh
c6 thé dwoc didu ché bang cach nhiét phan
nguyén liéu chira carbon nhw thuc vat. Trong
khi d6, san 1a loai cdy luong thuc c6 dic tinh
noéng hoc dé trong, 1a mot trong nhimg cay
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trong c6 kha niang chiu han tét nhat va thich
nghi dugc voi nhidu loai dt va nhidu ving sinh
thai khac nhau. Hién nay, cdy san duoc trong
nhidu & ving Nam Trung B6 va Ty Nguyén.
Luong phu phdm than cay sin bi loai bo sau khi
trdng sin 1a kha 16n, khac voi phu pham cua cac
cay luong thyc khac nhu lia, ngo, lac,... dugc
sir dung trong chin nudi, than cdy sin gan nhu
chi thai bo/ddt bo sau mdi vu mua. Trong khi
do, sin co thé tan dung dé ché tao ra than hoat
tinh c6 gia tri kinh té [4-7], gop phan han ché 6
nhiém méi trudng do lugng du phy pham nong
nghiép gay ra.
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Tinh chat hap phu cua than hoat tinh phu
thuoc nhiéu vao cau trac, dac tinh hoa hoc be
mat cua than, tec la phu thudc vao ngudn
nguyén liéu ban dau va phuong thuc hoat hda
chung. Qua trinh diéu ché thuong gom 2 budc:
than hoa va hoat héa trong méi truong yém khi.
Hai budc nay cé thé thuc hién trong ciing mot
giai doan hoac hai giai doan vai budc than héa
tru6c va hoat héa sau. Tac nhan hoat hoa
thuong duoc st dung nhu khi CO2, Na,COs,
K2COs, KOH, ZnCl; [8-11]. Trong nghién ctru
nay, than san va KOH dugc sir dung nhu nguon
nguyén lidu carbon va tac nhan hoat hoa. Két
hop hai budc than hoa va hoat hoa ddng thoi
trong cung mdt giai doan dé ché tao than hoat
tinh c6 kha nang hap phu cac chat khang sinh 6
nhiém trong méi trudng nude.

2. Thue nghiém
2.1. Tong hop vt liéu

Than sin duoc ldy cach gbc khoang 5 cm,
cach ngon 15 cm, phan 16i mém bén trong duoc
tach ra khoi than, sau 6 dem siy kho ¢ 105 °C
dé dat duge do 4m dudi 10%. Than sin sau khi
sy kho dugc nghién thanh cac hat co kich
thudc trong khoang 500 um dén 1 mm.

1 g bot than san kho duge tron véi dung
dich KOH ndng d6 10% theo ty 1& khéi luong
bot than san (g)/thé tich KOH (mL) = 1:2. Hn
hop dugce khudy lién tuc trong 3 gid ¢ 50 °C.
Sau d6 lam khd hén hop & 110 °C trong 24 gio,
tién hanh nung yém khi hdn hop & cac nhiét do
500, 600, 700 va 800 °C trong 2 gid. San pham
sau khi nung dwoc rira bang dung dich HCI
0,5N va nudc cit am cho dén khi pH cia dung
dich dat 6,5 va cudi cing rira sach bang nudc
cat lanh. Sau d6, mau duoc séiy khé ¢ 110 °C
trong 24 gid va bao quan trong binh hit am.
Céc vat liéu than hoat tinh dugc diéu ché & cac
nhiét do nung 500, 600, 700 va 800 °C dugc ky
hiéu 1a AC-x (x 1a nhiét d§ nhiét phan va x =
500, 600, 700 va 800) [12].

2.2. Dac trung vt liéu

Phwong phap nhidu xa tia X (XRD)
(D8-Advance 5005) dugc dung dé xac dinh thanh

phén pha cua vat lidu. Phuong phap hién vi dién
tir quét (JEOL JSM-6500F) ding dé khéo sat hinh
anh bé mit. K§ thuat hap phu va giai hap phu N,
& 77 K (Micromeritics Tristar 300) dung dé& xac
dinh dién tich bé mat va phan bé mao quan. Phd
hong ngoai (Nicolet Magna-IR 760 Spectrometer)
dung dé xac dinh cac nhém chic trén bé mit
than truédc va sau khi hoat hda.

2.3. Thi nghiém déanh gid kha nang hap phu

Cén 0,1 g than hoat tinh va 100 mL dung
dich TC 9,56 mg/L cho vao cdc 250 mL.
Khqu déu trén may khqu tur, sau 30, 60, 90,
120, 150, 180 phut. Liy 10 mL hdn hop trén va
ly tim (tbc @6 6000 vong/phut trong 15 phit),
ndng d6 TC duoc xac dinh bing phuong
phap do quang & budc song 355 nm trén may
UV - Vis (CE-2011).

3. Két qua va thao luin
3.1. Ddc trung vat liéu

i Pé xac dinh cac hop phan trong vat liéu
tong hop, cac vat liég AC-x du’qc’ dac trung
bang phuong phap nhieu xa tia X, két qua dugc
trinh bay ¢ Hinh 1.

Cwong do (a.u)

10 2‘0 3‘0 4‘0 5‘0 6‘0 70
2-theta (do)

Hinh 1. Gian dd nhiéu xa tia X cua vat liéu than hoat
tinh AC, AC-5, AC-6, AC-7 va AC-8.

Két qua tir gian d nhidu xa tia X ¢ Hinh 1
cho thdy, ddi voi mau than khong hoat hoa
(AC), xuit hién hai dinh nhiéu xa rong & goc 260
khoang 23 va 43°, tuong tng voi cic mit phing
(002) va (100) cta ciu tric carbon vo dinh hinh
va céu tric graphite [13]. V&i cac mau vt li¢u
than dugc hoat héa bing KOH, céc dinh nhidu
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xa & goc 26 tai vi tri 23° va 43° c6 hién tugong
dich chuyén sang goc nhidu xa bé hon. Déi véi
mau AC-5 va AC-6, xuét hién dinh nhiéu xa &
khoang 27° tuwong tmg vdi KoCOs hinh thanh
con lai sau hoat hoa (theo thé JCPDS 71-1466)
[12]. Su dich chuyén v& phia goc nhidu xa bé
hon cua hai dinh nhiéu xa tai vi tri 20 1a 23° va
43° ¢6 thé 1a do su sap xép lai ciia nguyén tir
carbon trong than hoat tinh. Su dich chuyén nay
cho thiy c6 sy m& rong mao quéan tir cic vi mao
quan nho sy c6 mat cua tac nhan hoat hoa
KOH [12].

Anh vi cdu trac cua cac vat liéu AC, AC-5,
AC-6, AC-7 va AC-8 dugc dic trung bang
phuong phap hién vi dién tir quét, két qua trinh
bay ¢ Hinh 2. Anh SEM ¢ Hinh 2 cho thay, vat
liéu AC c6 dang ciu trlc 16p dic khit, bé mat
tuong ddi nhn; con cac vat liéu than hoat hoa
& cac nhiét @6 500 va 600 °C thi vat li€u co
cAu tric kém dic khit dan, bé mat dan trd nén
16i 16m hon. Khi tang nhiét do hoat hoa lén
700 °C, xuat hién cic mao quan co6 nhiéu
duong kinh khac nhau rd rang, bé mat than go
ghé dang ké. Khi tiép tuc nang nhiét do hoat
hoa lén 800 °C thi bé mit than ciing xuét hién
cic mao quan c6 duong kinh kha 16n va thanh
mao quan kém chic chin hon so v6i mau than
hoat hoa & 700 °C. Két qua nay cho thiy, &
nhiét d0 hoat hoa than 700 °C da tao ra vat
li€u than hoat tinh c6 hé théng mao quan déu
va 6n dinh hon céc vat ligu AC va AC-x khac
trong vung khéo sat.

Hinh 2. Anh SEM cua vit liéu AC, AC-5, AC-6,
AC-7 va AC-8.
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Tinh chat xp cua cac vat liéu AC, AC-5,
AC-6, AC-7 va AC-8 dugc nghien ctru bang
phép do dang nhiét hap phu va giai hap phu
nitrogen. Két qua phép do ding nhiét hap phu
va giai hap phu nitrogen ctia cac vat licu AC,
AC-5, AC-6, AC-7 va AC-8 & Hinh 3 cho thiy,
cac dudng dang nhiét hip phu-giai hip phu N,
ctia cac mau than nghién cau déu co6 dang | theo
su phan loai cia IUPAC [12]. Piéu nay ching
t6 cac mau than AC va AC-x déu thudc loai vat
liéu mao quan nho nhung bén canh do, khoang
ubn trén cac duong dang nhiét hap phu N; cta
cac mau déu kha rong va xuét hién vong tré khi
giai hip phu & cac miu AC-6, AC-7 va AC-8
mic di khong r& 1am. Nhu vy, ngodi cac mao
guan nhé cac mau than ché tao duoc c6 thé con
chura ca mao quan trung binh.
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Hinh 3. Pudng dang nhiét hap phu - giai hip phu N,
cta AC, AC-5, AC-6, AC-7 va AC-8.

Két qua xac dinh dién tich bé mit riéng
va cac ddc trung mao quan (dién tich mao quan
nhé Swon, thé tich mao qudn nhé Vwon Va
tong thé tich mao quan Vr) cua cac mau than
duogc tom tit trong Bang 1.

Béng 1. Dién tich bé mat riéng Sger va dic tinh mao
quan cuia cac vt liéu AC, AC-x

Mau SgeT Smon V1 Vmon
than | (m?g) | (m’g) | (cm¥g) | (cm®/g)
AC 268 251 0,1281 | 0,1162
AC-5 376 362 0,1858 | 0,1677
AC-6 752 694 0,4321 | 0,3934
AC-7 1643 1261 1,0293 | 0,7332
AC-8 1621 1256 0,9041 | 0,7128

Két qua ¢ Bang 1 cho théy, cac vat liéu than
duoc hoat hoa b?mg tac nhan KOH c6 dién tich
bé mit riéng va thé tich mao quan I16n hon
nhiéu so véi than khong hoat hoéa. Cu thé, trong
s cac mau than duogc hoat héa & nhiét d6 500,
600, 700 va 800 °C thi miu than & 700 °C ¢
dién tich bé mit riéng 1a 1643 m?/g va tong thé
tich mao quéan 1a 1,029 cm®g 1a cao hon dang
ké so v&i cac mau than hoat hoa khac (Bang 1)
va mau than khong hoat héa (268 m?g va
0,1281 cm¥g). Piém dang chu y 1a than hoat
tinh ché tao tir than sén c6 bé mit riéng rat phat
trién va chtra chti yéu mao quan nho: ching han
d6i v6i mau AC-7 thi dién tich mao quan nho
chiém 76,75% bé mat riéng va thé tich mao
quan nho 1a 71,25%. Piéu nay cho thiy, tiém
nang cua viéc su dung KOH lam tac nhan hoat
hoéa trong ché tao than hoat tinh.

Puong cong phan b kich thuéc mao quan
cua cac vat ligu AC va AC-x & Hinh 4 hau nhu
khéng xuét hién dinh phan bd rd rang va co
duong kinh mao quan trong khoang 1 - 20 nm.
Piéu nay chi ra rang dic tinh 156 mao quan khéac
nhau trong AC va AC-x bao gém ca vi mao
quan va mao quan trung binh do tac dong cua
chit hoat héa KOH. Sy hién dién cua cac 15
mao quan trung binh sau khi hoat héa bing
KOH c¢6 thé s& cai thién dang ké hiéu sudt hap
phu chit khing sinh cua cac vat liéu than
hoat tinh.
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Hinh 4. Su phan bd duong kinh mao quan cua AC,

AC-5, AC-6, AC-7 va AC-8.

Dic diém lién két trong cac vat liéu AC,
AC-5, AC-6, AC-7 va AC-8 dugc dic trung



N. T. P. L. Chi et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 2 (2025) 14-21 19

bang phd hong ngoai. Tir két qua phd IR & Hinh
5 cho théy, cac vat liéu than sau hoat héoa AC-X
khong xuat hién cac dinh phd la so véi mau
than chua hoat héa AC. Cu thé, trén phé IR cua
vat liu AC, AC-5, AC-6, AC-7 va AC-8 déu
xudt hién dai pic trong khoang 3500 - 3700 cm'
dic trung cho nhém -OH cia nudc trong cu
tric cta than than cdy san. Dinh pho xuat hién
tai 2346 cm™ duoc biét 1a dao dong ctia nhom
ankan hodc ankyl, dinh phd & khoang 1640 cm™
duoc cho 1a dao dong cua lién két C=C lién hop
trong hop chat thom trong than hoat tinh. Dai
hép thu yéu ¢ khoang 790 cm™ tuong tmg véi
dao dong ctia C-H c6 mat trong than hoat tinh
[14]. Tuy nhién, dinh hip thy & khoang s6 song
1050 - 1100 cm™ dic trung cho sy ton tai cta
lién két C-O 1a gan nhu khong xuét hién trén
phd IR cuia cac vat lidu AC-x. Diéu nay c6 thé
1a do, sy giam ham lugng nguyén t6 oxygen
trong qua trinh hoat héa than sin bang KOH.

AC8

Do truyén qua T (%)
-

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Sé séng (cm™)

Hinh 5. Phd IR cua cia cac vat liéu AC,
AC-5, AC-6, AC-7 va AC-8.

3.2. Kha ndng hdp phu tetracyline

Hiéu suét hép phu cta céc vat liéu AC, AC-5,
AC-6, AC-7 va AC-8 dugc danh gia thong qua
kha nang hip phu TC. Két qua Hinh 6 cho thiy,
hidu sudt hap phu khang sinh TC cua cic vat
liéu AC, AC-5, AC-6, AC-7 va AC-8 lan luot la
41,98, 59,96; 69,77; 76,05 va 72,37%. Trong
d6, hiéu sudt hap phu khang sinh TC trén vat
liéu AC-7 1a cao nhat so vé&i vat liéu AC chua
hoat hoa va cac vat liéu AC-x hoat héa. Diéu

nay co thé duoc gidi thich 1a do, mau vat liéu
AC chua duoc hoat hoa nén hé théng 16 xép
trong vat liéu chua nhiéu, dién tich bé mat va
thé tich 16 x6p nho; con vat liéu AC-5 va AC-6
mac du duoc hoat hoa b:fmg KOH nhung & nhiét
d6 500 va 600 °C thi hé thong 16 xp va dién
tich bé mit ting nhung khong nhiéu nén hiéu
suét hép phu TC cua hai vat liéu nay chua cao.
Khi tang nhiét d6 hoat hoa 1&€n 700 °C thi hé
thdng 16 xdp va dién tich bé mat ting manh [12]
dan dén hiéu suat hip phu TC cua vat liéu AC-7
tang 1én. Tuy nhién, khi nang nhiét d¢ nhiét
hoat h6a mau than 1én 800 °C thi hiéu suat hip
phu TC cua vt lidu giam, diéu nay c6 thé 1a do
0 nhiét do nay co6 hién tuong sup cAu tric 1am
cho dién tich bé mit riéng cling nhu thé tich
mao quan c6 su giam nhe. Su hinh thanh 15 xp
trong vét liéu 1a do K»COs dugc hinh thanh tur
phan tng gitta KOH va C trong qua trinh hoat
hoa [15]. Va sau d6, K2CO; tiép tuc bi phan hiy
thanh CO; va K;0O theo phuong trinh sau [16]:
6KOH + 2C— 2K + 3H; + 2K5CO3
K,CO; — K,0O + CO,

80
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Hinh 6. Hiéu suat hap phu TC cuia cac vat liéu AC,
AC-5, AC-6, AC-7 va AC-8.

Nhu vay, tir két qua khao sat kha ning hip
phu TC trén cac vt liéu AC va AC-x cho thiy,
vét lieu AC-7 c6 kha ning hap phu TC 1a tot
nhat so voi cac vat liéu con lai trong vung khao
sat. D& mo ta cac sb lidu thuc nghiém hép phu
TC trén vat liéu AC-7, ching t6i st dung mo
hinh hdp phu déng nhiét Langmuir. Dang tuyén
tinh cta dang nhiét Langmuir duoc viét nhu sau:
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Phuong trinh nay c6 dang tuyén tinh y = ax
+b vaiyla Ce/ge va x la Ce.

Trong d6 qge 1a dung lugng hap phu tai thoi
diém khao sat, qmax 13 dung luong hip phu cuc
dai, Ce 12 nOng d6 chat bi hap phu tai thoi diém
dat can bang hap phu, K 13 hang s6 Langmuir.

Pé danh gia muc do phu hop cua sb liéu
thuc nghiém va phuong trinh Langmuir, ngudi
ta st dung sy phan tach nhan t6 khong c6 thir
nguyén R dugc cho boi biéu thirc sau [17]:

RL = 1/(1+ K.Cy)

Co 14 ndng d6 dau cao nhit cua dung dich
chat hap phu.

Gia tri R > 1, sy hdp phu theo md hinh
Langmuir 1a khong phu hop.

RL = 1, sy hap phu tuyén tinh.

0 <RL<1, su hép phu theo mé hinh
Langmuir [a phu hop.

RL =0, su hip phu khong thuan nghich.

Tir s6 liéu thyc nghiém, hdi quy tuyén tinh
cac gia tri thuc nghiém Ce/ge theo Ce, két qua
duong dang nhiét hap phu Langmuir cia vt
liéu AC-7 duogc trinh bay ¢ Hinh 7.

0,38

y =0,00280x + 0,30327
R2? =0,99619 ]
0,36 4
=
£ 0,34
%)
0,32
0,30 . r ' .
0 5 10 15 20 25
C

Hinh 7. Puong déng nhiét hap phu Langmuir
cua vat liéu AC-7.

Cac gia tri gma, K, R? va RL thu dugc tur
dudng dang nhiét hap phu hap phu TC trén vat
lidu AC-7 duoc trinh bay trong Bang 2. Két qua
thu dugc & Bang 2 cho thiy, qué trinh hap phu
TC trén vt liéu AC-7 tuan theo mo6 hinh dfmg

nhié¢t Langmuir, voi gia tri hé s6 xac dinh R? va
RL va dung luong hap phu cuc dai 1an luot 14 1a
0,99619; 0,56 va 357,14 mg/g. Két qua nay
chtng t6, viéc hoat hoa than sin bang KOH c6
kha nang hip phu khang sinh TC.

Bang 2. Cac thong sb tinh theo md hinh dang nhiét
Langmuir cua AC-7

Mo hinh dang nhiét Langmuir
K R? gmax (Mg/g) RL
0,009 | 0,99619 357,14 0,56

4. Két luan

Cac vat liéu than hoat tinh da duoc téng
hop thanh cong tir ngudn nguyén liéu than sin
va tac nhan hoat héa KOH & cac nhiét 3o nhiét
phan 500, 600, 700 va 800 °C. Tat ca cac mau
than sau khi hoat héa déu c6 dién tich bé mit
riéng cao hon so v&i mau than khong hoat tinh.
Trong d6, mau than hoat tinh nhiét phan &
700 °C ¢6 dién tich bé mit riéng 16n nhit dat
1643 m¥g va thé tich mao quan 1a 1,0293 cm?/g.
Két qua khao sat cho thay, kha ning hip phu
TC ciua AC-7 c6 dung luong hap phu cuc dai
Qmax 12 357,14 mg/g. Két qua nay cho thiy tiém
nang cua than hoat tinh trong viéc loai bd cac
chat khang sinh 6 nhiém.

Loi cam on

Nghién ctru nay duoc tai trg bc}ri B tha
hoc va Cong nghé trong khudn kho deé tai cap
Nha nudc, ma s6 PTPL.CN.33/21.
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