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SUMMARY

ADSORPTION OF METHYLENE BLUE FROM AQUEOQUS SOLUTION USING
ACTIVATED CARBON MADE FROM OF DURIAN PEEL

In this study, activated carbon from durian peel (ACDP) was successfully prepared. The fabricated ACDP
had a porous surface with a specific surface area of 348.0017 m2/g and an isoelectric point of 6.03. The
ACDP materials were applied for adsorption of methylene blue from aqueous solution using static
adsorption method. The effects of pH (3.0 — 10.0), adsorption time (30 - 210 min), the amount of adsorbent
(0.01 - 0.125 g), and initial concentration of of methylene blue (50 - 500 mg/L) on the adsorption were
investigated. The optimum condition was found at pH = 7.0, at adsorption time of 90 min. The maximum
monolayer adsorption capacity of ACDP was 57.47 mg/g. The prepared ACDP therefore could act as a
promising adsorbent for the removal of methylene blue from aqueous solution.

Keywords: Adsorption, Durian shell, Activated carbon, Methylene blue, Aqueous solution.

1. MO PAU

Xanh metylen (MB) 1a mét loai thuéc nhudém
dugc sir dung kha phd bién trong cong nghiép dét
nhudém, thuong dugce sir dung tryc tiép dé nhuom
mau vai, vai soi bong hay dé nhuom gidy, nhuom
cac san phém tr tre, nra, manh truc, da va ché
muc viét. MB co thé giy cac bénh vé mit, da,
dudng ho hip va duong tiéu hoa va tham chi gay
ung thu. Nong d6 MB trong nuéc quéa cao sé can
trd sy hap thu oxy vao nudc tir khong khi, tir d6
lam can trd sy sinh trudng cia cac dong thuc vat,
gay xao tron hoat dong cua cac vi sinh vat va anh
huwong dén qué trinh tw 1am sach cia nuée [1-3].
Dé giai quyét cac vin dé nay, cac phuong phap
khéc nhau da dugc su dung cho viéc xu ly mau
cua nudc thai dét nhudm thong qua viéc tach cac
thubc nhudm, trong d6 c6 MB, ra khoi nudc thai
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trude khi dua ra moéi truong nude. Cac phuong
phép thuong duoc st dung 1a hoa hoc va hda ly
truyén théng nhu trung hoa diéu chinh pH, dong
keo tu, oxy hoéa... Tuy nhién, cac phuong phap
trén rat kho van dung, yéu ciu chi phi du tu cao
va hoa chét dit tién. Mot trong nhitng huéng di vu
tién, gan day dugc nhidu nha khoa hoc ca trong va
ngoai nudc quan tdm la xr ly mau cia nudc thai
dét nhuom bang cac vat liéu hp phu gia thanh
thép, than thién véi moi truong dugce ché tao tir
vt liéu phé thai trong cac hoat dong cong nghiép
va ndng nghiép nhu ba che [17], 1a Neem [5], vo
trau [6,8,18], vo miang cut [4,12,12,19]. Uu diém
chinh ctia né 1a ngudn cung cép vat liéu phong
pha, d& didu ché, khong dit tién, than thién voi

mdi trudng.



Cay siu riéng dugc trong nhiéu & Thai Lan,
Viét
Philippin, Campuchia, Lao, ngoai ra con trong &

Malaysia, Indonesia, Nam, Mianma,
An D9, Srilanca, Brunay. Vo siu riéng 1a phan bo
di tir qua sau riéng. Trong mdt qua sau riéng phan
vo qua chiém téi 70- 85% khdi lugng qua. Trong
vO qua sdu riéng c6 ba thanh phin co ban 1a
xenlulozo (30,92%); hemixenlulozo (17,99%) va
lignin (7,69%). Do d6 vo sau riéng 1 nguyén li¢u
tiém nang dé ché tao va nghién ctru vat liéu hép
phu céc ion kim loai, pham nhudém, thudc khang
sinh trong mdi trudng nudc. Hién nay, sé luong
céc cong trinh cong bd vé than hoat tinh ché tao
tir vo sdu riéng trong nudc va trén thé gidi con
tuong dbi han ché [7,9-11,16,20], ddng thoi chwa
¢6 cong trinh nghién ciru ché tao than hoat tinh tir
vo sau riéng hoat hoa bang axit H,SO4. Chinh vi
vay, trong bai bdo nay, chiing t6i nghién ctru kha
nang hip phu MB ciia than hoat tinh dugc ché tao
tir vo siu riéng.

2. THUC NGHIEM

2.1. Ché tao than hoat tinh tir vé siu riéng

V6 siu riéng khi ldy vé duoc rira sach bang nudce
may va nudc cAt nhiéu 14n dé loai bo tat ca cac hat
bui ban, sau d6 duoc dit trong 10 nung (Carbolite
Sheffield, Anh, LMF4) nung & nhiét d6 600 °C
trong 2 gio. Trong diéu kién thiéu oxy nhu vay,
vat liéu bi phan huy nhiét thanh vat liéu carbonate
x6p va cac hop chit hydrocarbon. Sau d6 mau
duoc léy ra lam ngudi dén nhiét do phong, rua
bang nude cit cho dén khi pH bang 7. Mau sau dé
dugc sdy kho ¢ nhiét d6 105 °C dén khéi luong
khong ddi, nghién nho, ray dén kich thudc d <
Imm. MAu vat liéu vo sdu riéng hoat hoa vat ly
duoc ki hiéu la DS.

Can 10 g vat li¢u DS cho vao cbe ¢6 150 mL axit
H,SO,4 0,1 M dé trong 24 gid. Vat lidu sau khi
duoc hoat hoa béng axit dugc rira sach bé’mg nudc
cit hai ldn cho dén khi gia tri pH nam trong
khoang tir 6,5 - 7,0. Sau d6 dugc séy kho ¢ 105
OC cho dén khéi lugng khong ddi. Than hoat tinh
ché tao tir vo sau riéng sau khi hoat hoa axit dugc
ki hiéu la ACDP. Ching dugc bao quan trong lo
kin, dé trong binh hut am va duoc st dung cho cac
nghién ciru tiép theo.
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2.2. Khio sat dic diém bé mit, cdu trdc va
thanh phan hoa hec cia vat ligu DS va ACDP

Hinh thai hoc cua vat liéu DS, ACDP duoc khao
sat bang kinh hién vi dién tir quét (SEM), thanh
phin cua vat liéu ACDP dugc x4c dinh bang
phuong phéap phd tan xa ning luong (EDS). CAc
nhém chirc bé mat cua vat liéu ACDP dugc phén
tich bang phd hong ngoai (FT- IR). Dién tich bé
mit riéng vat lisu ACDP duoc xac dinh bing
phuong phép BET. Céac phép do SEM, EDS duogc
thuc hién tai Vién Vat liéu - Vién Han lam Khoa
hoc va Céng nghé Viét Nam. Quang phé hdng
ngoai FT-IR dugc do tai Khoa Héa hoc - Truong
Pai hoc Khoa hoc T nhién - Pai hoc Quéc gia
Ha Noi. Dién tich bé mit riéng BET duoc do tai
Khoa Héa hoc - Truong Pai hoc Su pham Ha Noi.

2.3. Nghién ctru kha niing hip phu MB ciia vét
liéu ACDP

Céc yéu t6 anh huong dén qua trinh hap phu MB
duogc tién hanh khao sat 1a: pH dung dich, thoi
gian, khdi lugng ACDP, néng d6 MB ban dau,
nhiét d6. Bé dam bao tinh lap lai, mdi thi nghiém
déu duoc thuc hién it nhét 3 1an trong cung diéu
kién. Két qua 1a trung binh cta 3 1an thi nghiém.

Anh huong cia pH: Cho vao mdi binh 0,05 g
ACDP va 20 mL dung dich MB ¢6 nong d6 dau
trung binh dao dong tir 47,114 mg/L dén 52,831
mg/L, c6 pH dugc diéu chinh tir 3 dén 10 boi dung
dich HNO3 hodc NaOH. Tién hanh lic hdn hop
trén may lic trong 90 phut véi téc do 300
vong/phit ¢ nhiét d6 phong (25+1°C).

Anh hwong cia thoi gian: Can 0,05 g ACDP cho
vao binh tam giac c6 dung tich 100 mL, cho tiép
vao binh tam gi4c 20 mL dung dich MB c6 nong
do trung binh la: 54,91 mg/L, 84,65 mg/L, 112,40
mg/L. Céc dung dich trén dugc diéu chinh vé pH
= 7. Tién hanh lic hdn hop trong khoang thoi gian
30, 60, 90, 120, 150, 180 va 210 phut véi tbe do
300 vong/phut ¢ nhiét do phong (25+1°C)

Anh hwong cia khéi lwong vt lieu ACDP: Can
ACDP cho vao binh tam giac c6 dung tich 100 mL
v6i khéi lugng thay ddi tir 0,01 — 0,125 g ACDP,
cho tiép vao binh tam giac 20 mL dung dich MB
¢6 ndng d6 53,26 mg/L. Cac dung dich trén dugc
diu chinh v& pH = 7. Tién hanh lc hdn hop trong



90 phat véi tbe do 300 vong/phut & nhidt do phong
(2521 °C).

Anh huong ciia nong dg MB ban dau: Cho vao
mdi binh tam giac 0,05 g ACDP va 20 mL dung
dich MB ¢6 nong d6 dau trung binh thay dbi:
54.91 mg/L; 84,65 mg/L; 112,40 mg/L; 152,82
mg/L; 187,53 mg/L; 208,33 mL, 219,18 mg/L;
245,84 mg/L; 294,05 mg/L; 355,02 mg/L; 398,09
mg/L; 499,16 mg/L. Cac dung dich trén dugc didu
chinh v& pH = 7 bang dung dich HNO3. Tién hanh
lic hdn hgp trong 90 phut véi téc do 300
vong/phit ¢ nhiét dd phong (25 + 1°C).

Nong d6 ctia MB trude va sau khi hap phu bang
vét liéu ACDP dugc xac dinh bang phuong phép
phd hdp thu tir ngoai - kha kién do trén may
Hitachi UH5300 tai Truong Pai hoc Y dugc - Pai hoc
Théi Nguyén, tai budc séng A =665 nm, khoang
ndng d6 xdy dung duong chuén tir 2-15 mg/L,
phuong trinh duong chuéan 13y = 0,1509x + 0,0371.

Hiéu suit hap phu MB dugc tinh theo cong thirc:
@)

Trong d6: H 14 hiéu sudt hap phu (%); Co 1 ndng
d6 dung dich MB ban dau (mg/L), Ce 12 13 ndng
d6 dung dich MB sau khi dugc hap phu boi vat liéu
ACDP (mg/L).

3. KET QUA VA THAO LUAN

3.1. Khao sat tinh chét vat Iy va dic diém bé
mit cuaa vat liéu DS va ACDP

Két qua chup anh SEM cua vt liéu DS va ACDP
dugc trinh bay trong Hinh 1 va Hinh 2.

H%=(C°‘cic°b).1oo%
0

Tir Hinh 1 ¢6 thé nhan thdy rang carbon hoat tinh
diéu ché tir vo sau riéng sau khi duoc hoat hoa bang
H,SO, da ¢6 hinh thai hoc bé mit thay dbi 16 rét so
v6i khi chua hoat hoa. Cu thé, trude khi hoat hoa
(Hinh 1a), v6 siu riéng c6 bé mit nhén, tho va kém
x0p. Nguoc lai, sau khi duoc hoat hoa bang H,S0,
(Hinh 1b), vét lidu da hinh thanh cac dng mao quan,
tao nén nhiéu khoang trong va ting do xOp trén bé
mit. Diéu nay hira hen mang lai tiém niing img dung
lam chét hép phu cua vat liéu ACDP t6t hon vat liéu
DS. Su cai thién vé dac diém bé mit ciia vat ligu
ACDP c6 thé duoc giai thich 1a do qua trinh kich
hoat bang H,SO,4 di lam ting tdc do qué trinh dbt
chay carbon, pha v& cac lignocellulose trong vo
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sdu riéng kém theo sy phan huy cua cac hop chit
hitu co dé bay hoi dudi dang CO va CO,, tir d6 hinh
thanh cac 16 va lam x6p bé mat mau.

Két qua phan tich phd tan xa ning luong EDS
cta vat liéu ACDP dugc chi ra trong Bang 1. Cac
két qua cho thdy vat lidu ACDP c6 ham luong
carbon cao, chiém 82,05% theo khdi lugng va
87,06% theo sb nguyén tu. Nguoc lai, ham lugng
oxy trong vat liéu nay kha thap, lan luot la
15,09% va 12,02% tinh theo khbi lugng va theo
s6 nguyén tir tvong ung. So véi than hoat tinh
ché tao tir v ming cut hoat hoa bang ZnCl, ¢
ham lugng carbon la 68,81% [19], thi than
ACDP c¢6 ham luong carbon tuong dbi 16n.

L6

N P e

Hinh 1. Anh SEM cua vit liéu DS (a) Va ciia vit
liéu ACDP (b)
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Do truyén qua (%)
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Sé séng (cm™)
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Hinh 2 Phé héng ngoai FT-IR cua vit liéu
ACDP

Cac nhom chure trén bé mit cua vat liéu ACDP
dugc kiém tra thong qua chup phd hong ngoai FT-
IR trén Hinh 2. Két qua cho thiy ¢6 van phd rong
& 3449,26 cm™ dai dién cho nhom -OH, van phd
tai tan s 1625,38 cm™ duoc gin cho nhém
cacbonyl C=0. Sy hép thu hong ngoai clia nhom
CHs déi xtng dugc chi ra tai van phd 1384,74 cmv
1, van phd tai 1060,14 cm™ ¢6 thé 1a dao dong ctia
lién két C-O ciia nhom axit cacboxylic (-COOH)



[10]. Két qua phén tich phd hdng ngoai FT-IR phu
hop véi két qua phan tich EDS khi thanh phan
chinh cuia vat liéu 1a C va O. Vat liéu ACDP c¢6
dién tich bé mat riéng 1a 348 m?/g. Cac két qua
phén tich EDX va FT-IR cho thay than hoat tinh
ACDP c6 tiém ning la chit hap phu tot

Bdng 1. Két qud phan tich EDS vt liéu ACDP

Nguyén té % khdi | % sb rtguyén
lwgng tur
C 82,08 87,06
o) 15,09 12,02
Cl 0,17 0,06
K 2,66 0,87
Tong cong 100,00 100,00

2.5. Xac dinh diém ding dién ciia vat litu ACDP

Chuén bi cac dung dich NaCl 0,1 M c6 pH ban
dau (pH;) da duogc diéu chinh ting dan tir 1 dén
10. L4y 9 binh nén ¢6 dung tich 100 mL, cho vao
mébi binh 0,05 g vt liéu ACDP, sau d6 cho lan luot
vao céc binh nén 100 mL dung dich c6 pH; ting
dan d3 chuan b sin ¢ trén. D& yén trong vong 48
h, sau d6 dem loc ldy dung dich va xac dinh lai pH
(pHy) cua cac dung dich trén. Sy chénh Iéch gitta
pH ban dau (pH;) va pH can bing (pH,) la
ApH=pH;-pHy, v& db thi biéu dién su phu thuoc
cua ApH vao pH;, diém giao nhau ciia dwdng cong
Vi toa do ma tai d6 gia tri ApH =0 cho ta diém
dang dién can xac dinh. Két qua da xac dinh dugc
diém déng dién (pH,,,.) cia ACDP lapH,,,, = 6,03.

2.8. Khio siat mjt so yéu t6 anh hwong dén kha
ning hip phu MB cia ACDP theo phuong
phap hép phu tinh

2.8.1. Anh hwéng caa pH

Tir Hinh 3a, c6 thé thiy rang khi pH tang thi hiéu
sut hip phu va dung luong hip phy déu ting, dic
biét trong khoang pH tir 3 + 7. Diéu nay c6 thé giai
thich 1a do & gi4 tri pH < pHpzc bé mat vét liéu
ACDRP tich dién dwong do c6 su hap phu ion H*,
dan t6i xuat hién lyc déy gitra thuéc nhudm cation
MB va bé mit chat hip phu. Ngoai ra, & pH thap,
ndng do cua H* 16n, xay ra sy hip phu canh tranh
clia H* voi cation MB tai cac trung tam hép phuy.
Do d6, & pH thip, hiéu sudt hip phu thap. O pH >
PHpzc bé mat vat ligu ACDP tich dién am do hap
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phu cac ion OH, lam xuét hién lyc hut tinh dién
giita ACDP mang dién tich 4m va thudc nhuém MB
mang dién tich duong, mang lai hiéu suat hap phu 16n.
Do vay, pH hip phu tét nhit d6i v6i dung dich MB
duoc lya chon 1a pH = 7 va gia trj nay dugc sir
dung cho cac thi nghiém tiép theo.

T910 a2t ——
=

—e—C= 5481 m

—e—C,= 84,65 mgi]

—a—Cy= 11240 mg

8 9 10 1

o 100 120 180 160
Thirl gian (phit)

a b
Hinh 3. D6 thi biéu dién anh hwong ciia pH dén
qud trinh hap phu MB cia vét liéu ACDP (a) va
Sy phu thugc cia hiéu sudt hd)? phu MB vao thoi
gian (b)

2.8.2. Khao sat thoi gian dat cAn bang hip phu

Tir két qua thu dwoc trén Hinh 3b, ta thiy cac duong
dd thi biéu dién su phu thudc cta hi¢u sut hﬁp phu
MB vao thoi gian khi khao sat & nhirg nong do
khéac nhau déu cho dang di¢u dd thi nhu nhau. Cu
thé, hiéu suét hap phu ting trong dbi nhanh va gin
nhu tuyén tinh trong khoang thdi gian tir 30 - 90
phit, sau d6 dan 6n dinh trong khoang thoi gian tir
90 - 210 phat. Do vy, thoi gian dat can bang hap
phy 14 90 phat. Két qua nay dugce sir dung cho cac
thi nghiém tiép theo.

2.8.3. Khao sat anh hwéng cia khéi lwong ACDP
dén kha ning hap phu MB

Tir Hinh 4a ta thiy khi ting khdi luong ACDP, hiéu
suét hip phu MB tang. Diéu nay c6 thé 1i giai 1a do
su tang 1én cua dién tich bé mat va su tang 1én cla
s6 vi tri cac tim hép phu. Mac du vay, dung luong
hap phu lai giam do dung lugng hap phu ti 1¢ nghich
v6i khdi lwong. Trong khoang khdi lwong ACDP tir
0,05 - 0,125 g, hi¢u suat hip phu ting khong nhiéu
(tir 93,46 - 97,22%). Vi véy, khdi luong ACDP
bang 0,05 g hay ty 1¢ khdi lugng / thé tich 14 2,5 g/L
duoc lua chon la diéu kién t6i wu cho céac nghién
ctiu tiép theo.



984,41 y =
10.00 0,0174x
~ 5.00 *-;
2
o 0.0
= 0 500
° 0,01 0,025 0,05 0,075 01 0,125 U
o Cqp (MglL)
a b

Hinh 4. Su phu thuéc hiéu sudt hap phu MB vao
khai irong chat hap phu (a) va sw phu thuge cua
Ceb /q Va0 Cep doi V6i sir hdp phu MB (b)

Tir cée s6 liéu thue nghiém nghién ctiru anh huong
ctia nong do da duoc phan tich véi mo hinh dang
nhiét Langmuir (Hinh 4b). Tir Hinh 4b, c6 thé
thay rang su hap phu MB cua vat liéu ACDP
duoc mo ta tét theo md hinh Langmuir véi hé
sb hoi quy tuyén tinh cao R? = 0,9858. Dung
lwong hdp phu cuc dai duoc xac dinh Qmax = 57,47

mg/g va hang s b = 0,062 (L/g).
Bang 2: Dung lwong hap phu MB cue dai (Gmax)
cua vat ligu ACDP va mét s6 logi than hoat tinh ché
tao tir sinh khoi thuc vét

Dung
‘ lwgn
STT| Vat ligu hap phu hél;qug TLTK
(mg/g)
1 Bot 14 Neem 58,6 [5]
2 Ba che 85,16 [17]
3 Mun cua 13,02 [15]
4 Vo trau 40,58 [8]
Hal VA vo auz
5 BVAVOQUE | 9090 | 6]
sau riéng
6 Tro trau 8,59 [18]
7 | Lacaychumngady | 136,99 [14]
3 Con
8 | Vo quasau riéng 57,47 R g
trinh nay

Két qua so sanh dung luong hap phu MB trén cac
vt liéu c6 ngudn gbe thyc vat (Bang 2) cho thiy
dung luong hip phu cuc dai (Qmax) cua vat lidu
ACDP d6i véi MB la thudc dang tuong déi cao.
Tuy nhién, so sanh vai than hoat tinh ché tao tir 14
cdy chum ngdy ciing hoat héa biang H,SO, thi
dung lugng hép phu cuc dai cta vat liéu ACDP
nh6 hon kha nhiéu, ¢ thé do dién tich bé mit riéng
ctia ACDP vén con nho [11].

4. KET LUAN
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Di ché tao thanh cong than hoat tinh tir vo sdu
riéng (ACDP). Than hoat tinh ACDP ché tao duoc
¢6 bé mat xdp, dién tich bé mat riéng 1a 348 m¥/g,
diém ding dién bang 6,03. Khao sat duoc mot s6
yéu t6 anh huong dén kha niang hap phu MB ctia
vt liéu ACDP theo phuong phap hap phy tinh cho
két qua: pH hap phu tt nhat d6i véi MB 1a 7; Thoi
gian dat can bang hap phu la 90 phit.; Ty 1& khoi
luong / thé tich 1a 2,5g / L. Qué trinh hip phu MB
ctia vat liéu ACDP tuan theo md hinh hip phu
dang nhiét Langmuir d3 xac dinh duoc dung
lwong hip phu cyuc dai d6i voi MB ciia ACDP la
Omax = 57,47 mg/qg.
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