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NGHIEN CUU KHA NANG HAP PHU XANH METYLEN
CUA THAN CHE TAO TU BA PAU NANH

Vii Thi Hau', Ping Thi Hoai
Truong Pai hoc Su pham - DH Thai Nguyén

TOM TAT

Bai bao nay trinh bay cac két qua nghién ciru hip phu xanh metylen (MB) cua than ché tao tir ba
dau nanh (TBP). Céc thi nghiém dugc tién hanh véi cac thong s sau: khéi lugng TBD: 0,05 g/25
mL; téc do lac: 200 vong/phdt; thoi gian dat can bang hap phu 1a 90 phit & nhiét do phong
(25+1°C); pH hap phu tét nhat 1a 8,0. Khéi luong TBD can thiét cho sy hip phu MB tét nhit 1a
0,05 gam /25 mL dung dich MB. Trong khoang nhiét do6 khao sat tir 298 + 323 K, xac dinh duoc
cac gia tri AG® < 0; AH® = -18,3 kd/mol chirng t6 qua trinh 1a tu xay ra va téa nhiét. Két qua nghién
ctiu cho thdy dung luong hap phu cuc dai cia TBD d6i MB theo md hinh dang nhiét hip phu
Langmuir la 166,67 mg/g & 298 K.

Tir khoéa: hdp phu, xanh metylen, than, bd ddu nanh, kém clorua
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STUDY ON THE ADSORPTION CAPACITY OF METHYLENE BLUE ON
ACTIVATED CARBON PREPARED FROM SOYBEAN RESIDUE
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University of Education - TNU

ABSTRACT

This paper focus on the adsorption of methylene blue (MB) in aqueous solution on carbon
prepared from soybean residue (TBD). The experiments were conducted using the following
parameters: TBD mass is 0.05g/25 mL, shaking speed is 200 rounds/minute, equilibrium time is
90 minutes at room temperature (25+1°C); pH is best 8. Mass TBD needed for MB adsorption is
best at 0.05 g/25mL of MB solution. In the temperature range of 298 - 323K, the values of AG® <
0; AH® = -18.3 kJ/mol implicates that the process is self-inflicted and exothermic. The result
indicates that, maximum adsorption capacity was calculat by the Langmuir adsorption isotherm
model as 166.67 mg/g at 298K.
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1. Mé dau 2.2. Ché tgo vit liéu hip phu

Dét may la mot trong nhiing nganh san xuat
quan trong trong chién lugc phat trién kinh té
xa hoi caa Viét Nam. Tuy nhién, cung vaéi
nhitng loi ich v& kinh té, mot van dé dang
duoc quan tim, d6 1a tinh trang 6 nhiém moi
truong do nudc thai tr cdc nha may dét
nhuém gay ra. Mau ctaa nudc thai dét nhuom
thuong co tinh tan cao, cuong do I6n, nhiéu
mau sic khac nhau. Do d6, khi duoc thai vao
mdi truong, nudc thai s& anh huong xau dén
my quan moi truong, gdy 6 nhiém dat va
nuwéc, anh huong xdu dén cudc sdng cua
nhitng nguoi dan xung quanh. Loai bo MB ra
khoi méi truong nudc bang phuong phap hap
phu sir dung than ché tao tir cac nguon khac
nhau da duoc cdc nha khoa hoc trong va
ngoai nudc quan tdm nghién cau [1-3], [5-7].
Cay d4u nanh 1a cay thuc pham c6 hiéu qua
kinh t&, d& trong. San pham tir cdy ddu nanh
duge st dung rat da dang nhu dung truc tiép
hat thd hodc ché bién thanh dau phu, ép
thanh ddu d4u nanh, nuée tuong, lam banh
keo, sita dau nanh,... dap tng nhu cAu vé chat
dam trong khau phan an hang ngdy cua con
ngudi ciing nhu gia sic. Tuy nhién sau mdi
1an ché bién thanh thyc phim mot s6 bo phan
cua dau nanh nhu ba diu nanh, vo dau
nanh,...lai bi loai bo. Bai bdo nay trinh bay
céc két qua nghién ctru hap phu MB sir dung
chat hap phu 1a than ché tao tir bi dau nanh.
2. Thuc nghiém

2.1. Héa chit va thiét bi nghién ciru

Héa chdt:

MB; dung dich ZnCl, 95%; dung dich NaOH
0,1M; dung dich HCI 3M; 0,1M; dung dich
Na,CO; 0,1M. Tét ca hoa chat néu trén déu co
do tinh khiét PA, xut st Trung Quéc.

Thiét bi nghién ciru: Thiét bi nghién, thiét bi
ray (kich thuéc 16 Smm), can phén tich 4 sb
Precisa XT 120A-Switland (Thuy Si), bép
cach thuy, 16 nung Carbolite (Anh), may lic
IKA HS-260 (Malaysia), may do pH Precisa
900 (Thuy Si), ta sy Jeitech (Han Qudc), may
do quang UV-Vis 1700 Shimadzu (Nhat Ban).

2.2.1. Chudn bj nguyén liéu

Nguyén liéu dugc sir dung trong bai bao nay
12 ba dau nanh lay & xuang san xuat dau phu
0 duong Lé Quy Don, phuong Quang Trung,
thanh phé Thai Nguyén. Rua sach phan
nguyén lidéu di chuan bi bang nudc cit, sy
khé & 105°C, nghién nho, phan loai hat voi
kich thudc d <5 mm.

2.2.2. Ché tao vit liéu hdp phu (than)

Tién hanh hoat hoa nguyén liéu bing ZnCl,
95% voi ti 18 Vznep (ML) @ khoi luong
nguyén lidu (g) 12 0:1; 1:2; 1:1; 2:1 tron déu,
ngam & nhiét do phong trong 24 gid. Hon hop
duoc khudy bang may khudy tir & 90°C trong
2 gio, sau d6 sdy ¢ 105°C trong 24 gio dé khir
nuéc. Tiép do, hdn hop dugc nung ¢ nhiét do
500°C trong 1 gio, rira voi dung dich HCI
3M, sau d6 dun trén bép cach thuy & 95°C
trong 30 phat, tiép d6 loc va rira lai bang
nudc cat 4m dé loai bo ion kém du. Lay phan
ran siy khd & 105°C trong 12 gio. Cudi cung
nghién, rdy ta thu dugc than ba dau (TBD)
[4]. Cac miu TBD ché tao duoc tuong Gng
véi cac ti 1 trén duogc ki hiéu lan luot 1a; My,
MlZv Mllv MZl-

2.3. Quy trinh thwc nghi¢m va céc thi
nghiém nghién ciru

2.3.1. Quy trinh thuc nghiém

Trong mdi thi nghiém héap phu:

- Thé tich dung dich MB: 25 mL véi ndng do
xac dinh.

- Lugng chit hip phu: 0,05 g.

- Thi nghiém dugc tién hanh & nhiét 46 phong
(25 + 1°C), s dung may lac véi toc do 200
vong/phdt.

2.3.2. Cdc thi nghiém nghién ciru

+ Khéo sat so bo kha nang hip phu MB cua
cic miu TBD ché tao duoc: Khdi luong
TBD: 0,05 g; thoi gian hap phy: 120 pht.
Céc diéu kién khac nhu: thé tich dung dich
MB, nhiét d6 hap phy, téc d6 lic nhu ghi &
muc 2.3.1.
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+ Khao sat mot s6 yéu td anh huong dén kha
nang hap phu MB cua TBD:

- Anh huong cua pH: thoi gian hap phu 90
phut; pH dung dich thay d6i tir 2 dén 10.

- Thoi gian dat can bang hap phu: sir dung gia
tri pH tdi uu da xac dinh & thi nghiém trudc;
thoi gian hap phu khac nhau (10 + 150 phat).

- Anh huéng ctia khdi luong: sir dung gié tri pH
t6i uu; thoi gian da xéc dinh ¢ thi nghiém trudc;
khdi luong TBD thay déi tir 0,01 g dén 0,08 g.

- Anh hudng cia nhiét do: s dung gia tri pH;
thoi gian, khdi lugng TBD tbi uu di xac dinh
0 thi nghiém trudc; nhét do thi nghiém thay
d6i 298 - 323K.

Trong cdc thi nghiém trén nong d¢ ban dau
dung dich MB la 204,05 mg/L.

- Anh hudng cua nong do dau MB va xac dinh
dung lugng hap phu cuc dai: thoi gian hap phy,
khéi lwong TBD, pH t6i wu nhu d3 xac dinh
duogc ¢ thi nghiém trudc; néng do ban ddu MB
thay doi tir 157,45 - 439,62 mg/L.

Nong @6 MB trudc va sau hip phu duoc xéac
dinh bing phuong phap do mat 46 quang &
budc song 664 nm.

Dung lugong va hiéu sut hép phu dugc xac
dinh theo phuong trinh (1) va (2).

(CO — Ct )V
O =—7——"—
m @)
H =S =% 1000 )
Trong do:

- 0 dung luwgng hip phu ¢ thoi diém t (mg/g)
- V: thé tich dung dich MB dugc liy dé hép
phu (L)

- m: khéi lugng chit hip phu (g)

- H: hiéu suat hap phu (%)

-C,, C: néng do dau va néng do tai thoi diém
t ciia dung dich MB (mg/L)

Dung lugng hip phu cuc dai cua TBD dbi véi
MB duogc xac dinh dua yéo do thj Calq =
f(Ce) — phuong trinh hap phu déng nhiét
Langmuir dang tuyén tinh:

C., _ 1 C,+ 1
0 Oma U max
Trong do:

©)

- 0, Omax: dung luwong hip phu va dung luong
hép phu cuc dai

- Cep: néng do tai thoi diém can bﬁng cua
dung dich MB

- b: hang sb

Cac dai luong: bién thién nang lugng ty do
(AG®), entanpi (AH®) va entropi (AS°) ctia qua
trinh hap phu duoc tinh toan bang cach sir
dung cac phuong trinh sau:

cb

AG° AH® AS°
InK, =— =— +
RT RT R

Trong d6: Kp: hing sé can bang; R: hing sd
khi (R = 8,314 J/mol.K); T: nhiét 0 (K).

3. Két qua va thao luin

(6).

3.1. Mjt sé dic trung ciia nguyén ligu va
TBD (méu M)

Két qua xac dinh hinh thai hoc bé mit cua
nguyén lidu ban déu va cia TBD duoc trinh
bay ¢ hinh 2.

Két qua SEM cho thay c6 su khac nhau rd rét
gitta bé mat TBD va bé mat nguyén liéu, trén
bé mat TBD xuét hién nhiéu 16 xdp vai kich
thuéc khac nhau, day chinh la “trung tam”
hap phu cua TBD.

Két qua do dién tich bé mat riéng theo
phuong phap BET caa mau nguyén liéu ban
dau 1a 1,23 m?/g; cua TBP 1a 605,7 m*/g. Su
khac nhau rd rét vé anh SEM va dién tich bé
mit riéng caa TBD so vai nguyén léu ban dau
cho thiy TBD c6 kha niang hip phu tét hon
nguyén liéu.

Két qua xac dinh diém ding dién cua TBD la
pl = 6,35. Piéu nay cho thay khi pH < pl thi
bé mat TBP tich dién duong, khi pH > pl thi
bé mit TBD tich dién am.
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3.2. Khdo sdt so by khd ning hip phu MB ciia cic miu TBD

Két qua khao sat so bo kha nang hap phu MB cuia cac mau TBD ché tao duoc thé hién ¢ bang 1
va hinh 1.

Bang 1. Két qua khao sat so bg kha nang hdp phu MB ciia cdc mau TBP ché tao durge

Tile
Tén mu Vznci, (ML) : khéi lwgng nguyén ligu (g) Co(mg/L)  Cep(mg/L) H (%)

Mo 0:1 123,33 39,56
My, 1:2 117,66 42,34
M, 1:1 204,05 18,83 94,74
My, 2:1 39,50 80,64

100 as 74

a0

B8O.GS

850

70

60

é S50
. az 3a

D 39 .50 ‘

Eivl

20

10

o —
Ny, My, M, My

Tén miau
Hinh 1. Biéu do so sanh kha ning hdp phu MB ciia cdc mau TBP
Nhan xét: Két qua ¢ bang 1 va hinh 1 cho thay trong cung diéu kién thi higu suat hap phu MB
ctia mau My; cao hon so véi cac mau khac va mau thap nhat 1a My, (mau khong hoat hda bang
ZnCl,). Piéu nay cho thay tac dung hoat hda cua ZnCl,, ddng thoi lwong ZnCl, dua vao miu ciing
phai phu hop, it (mau My,) c6 thé khong di hoat hda bé mat hay nhiéu (mau My,) c6 thé lam
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giam dién tich bé mat nén kha nang hap phu MB giam. Tir két qua trén, chon mau My; cho cac
nghién ctu tiép theo (Cac mau TBD duoc nhic dén trong cac muc tiép theo 1a mau My,).

3.3. Khdo st mét sé yéu to anh hwéng dén qud trinh hdp phu MB ciia TBD

3.3.1. Anh huong ciia pH
Két qua dugc chi ra ¢ hinh 3:

100

S0

q(mg/g)

50

pH

Hinh 3. Anh huéng ciia pH dén dung lwong hap phu MB

Két qua nghién ctru da chi ra rang, trong mién
pH khao sat, dung lwong hip phu (q) MB cua
TBD ting dan khi pH ting. Diéu nay co thé
dugc giai thich nhu sau: ¢ gia tri pH thp
(ndng do ion H* cao) thi xay ra sy hip phu
canh tranh gifta ion H" va cation MB”, do do
lam giam dung lugng hap phu cua TBP. Vi
gia tri pH ~ 8 thi bé mat vat liéu tich dién am
(do céc gia tri pH nay 16n hon diém dang dién
cia TBD) tao diéu kién thuan loi cho su h?ip
phu cation MB* . Vi viy, véi cac két qua thu
dugc, nhan thiy gia tri pH t6i wu cho qua
trinh hip phu MB ctia TBD la khoang 8. Két
qua thu dugc nay ciing tring hop v6i nhiéu
két qua nghién ctru hip phu MB trén cac vt
liéu khac nhau [1],[2],[5].

Céc két qua nghién ciru trén cho phép nhan
dinh rang, sy hip phu MB trén TBD 1a sy hip
phu tinh dién gilra cation (metylen xanh) trén
bé mat TBD tich dién am.

3.3.2. Anh hudng ciia thoi gian

Két qua dugc trinh bay ¢ hinh 4.

Két qua hinh 4 cho thdy: Khi thoi gian hip
phu ting thi hiéu suat hip phu ting. Trong
khoang thoi gian tir 10 + 90 phut hiéu suat

hép phu ting tuvong ddi nhanh va dan 6n dinh
trong khoang thoi gian tu 90+150 phut. Hi¢u
sudt hap phu phu thudc vao thoi gian tiép xuc,
thoi gian tiép xtc cang nhiéu thi hiéu suat hip
phu cang cao, dén mot thoi diém nhat dinh,
hiéu suat hip phu khong ting do qua trinh hip
phu da dat cin bang (trong truong hop nay la
90 phut). Do vay, chon thoi gian dat cAn bang
hap phu 12 90 phat va st dung két qua nay
cho céc thi nghiém tiép theo.

Py
s
an

qe s

H%

)
a5
PN /
|

Ihai gian (phut)

Hinh 4. Anh huong cua thoi gian dén hiéu sudt
hap phu MB

3.3.3. Anh huong cuia khoi lwong
Két qua dugc trinh bay ¢ hinh 5.
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Hinh 5. D6 th biéu dién anh hweng cua khoi lrong TBP dén hiéu sudt hap phu MB
Bang 2. Su phu thuoc dung luong va hiéu sudt hd}? phu MB cua TBD vao nhiét do

0 0.02

T(K) Co (mg/L) Cep (Mg/L) q (mg/g) H (%)
298 3,29 100,38 98,39
313 204,05 4,20 99,93 97,94
323 5,86 99,10 97,13
Bang 3. Cdc thong sé nhiét dong doi véi quda trinh hap phu MB ciia TBD
C,(mg/L)  1T(KH InKp AG° (kJ/mol) AH® (kJ/mol) AS° (kJ/mol.K)
0,0034 3,42 -8,47
204,05 0,0032 3,17 -8,25 -18,3 -0,03
0,0031 2,83 -7,59

Tir két qua thu duogc ta thdy: Khi ting khoi
lugng chéat hap phu (TBD) thi hiéu suat hap
phu ting. Trong khoang khdi lugng TBD tir
0,01 + 0,05 g, hiéu suét hip phu ting nhanh.
Trong khoang khéi lugng TBD tir 0,05 + 0,08
g, hiéu suét hip phu ting 1én khong nhiéu (tir
98,94 — 99,24%). Piéu nay c6 thé Ii giai la do
su tang 1én cua dién tich bé mat, su ting 1én s6
vi tri cac tdm hap phu caa TBD va do sy can
bing nong d6 MB trong dung dich va trén bé
mat chat ran. Vi vay, chon khéi luong TBPD 1a
0,05 gam cho céc nghién cuu tiép theo.

3.3.4. Anh huong cua nhiét do

Két qua nghién ciru anh hudng cia nhiét do
dén dung lwong va hiéu suat hap phu MB cua
TBD dugc trinh bay ¢ bang 2.

Két qua bang 2 cho thiy trong khoang nhiét
d6 khao sat tir 298 dén 323K khi nhiét do ting
thi dung lugng va hiéu suat hap phu MB cua

TBD déu giam. Piéu nay duoc giai thich nhu
sau: Do hip phu 1a qué trinh toa nhiét nén khi
tang nhiét 4o can bang hip phu chuyén dich
theo chiéu nghich tic 1a 1am ting nong do
chat bi hap phu trong dung dich dan dén lam
giam hiéu suit va dung luong hap phu cia
qua trinh hip phu. Tir cac két qua thu dugc
dua vao cac phuong trinh ctia nhiét dong luc
hoc tinh dugc cac thong s6 nhiét dong. Két
qua dugc chi ra trong bang 3.

Két qua bang 3 cho thiy: Gia tri ning luong
tu do (AG®) thu duoc ¢6 gia tri Am ching to
qua trinh hap phy MB ciia TBD 1a qua trinh
ty xdy ra; gia tri bién thién nang lugng
entanpi (AH®) ¢6 gi tri 4m cho thiy qua trinh
hép phu 14 qua trinh toa nhiét.

3.3.5. Anh huong ciia nong dé MB ban dau va
xdc dinh dung luwong hcfp phu cuc dai

Két qua duoc trinh bay & bang 4.
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Bang 4. Anh huéng ciia nong dé6 MB ban dau dén kha nang hdp phu ciia TBD

Co(mg/L) Cen(mg/L) q(mg/g) H% Cw/q (9/L)
157,45 6,22 96,05 0,080
195,67 7,79 93,94 96,01 0,083
224,42 13,08 105,67 94,17 0,124
283,52 33,23 125,15 88,28 0,266
348,84 71,11 138,87 79,62 0,512
439,62 157,88 140,87 64,09 1,121

Céac két qua thyc nghiém & bang 4 da chung té hi¢u suét hép phu giam, dung lugng hép phu cua
TBD ting khi nong d6 dau ciia MB ting. Didu nay 13 hoan toan phi hop véi quy lut.

Ciing tir cac két qua thuc nghiém nay, dua vao phuong trinh dang nhiét hip phu Langmuir dang
tuyén tinh (hinh 6) tinh dugc dung lwong hip phu cuc dai ciia TBD ddi voi MB 14 166,67 mg/g.

1.2
y=0.006x+0.032 #
1 R™ = 0.999 '
0.8 >

0.6

ch/q (gn)

0.4

0

100

., ang/I300

Hinh 6. Puong ddang nhiét hap phu Langmuir dang tuyén tinh ciia TBD déi véi MB

Bang 5. So sanh dung lwong hap phu MB ciia TBD véi mt sé than khéc

STT Nguyén lidu diu ché tao than Qmax (MQ/g) Tai liéu tham khio
1 Lignin - chitosan 36,25 [1]
2 Cay cam thao 82,9 [3]
3 Than thuong mai 199,9 [2]
4 Hat qua mo 36,68 [2]
5 Ba dau nanh 166,67 Bai b4o nay

Dung lugng hip phu MB ciia TBD ché tao
duge cao hon so v6i mot sb than hoat tinh ché
tao tir cac ngudn khac, nhung thip hon so voi
than thuong mai. Két qua nay ciing cho thiy
kha niang hap phu MB cua cac loai than hoat
tinh phu thudc vao ban chat nguyén liéu dau
ché tao than. Két qua cy thé duoc trinh bay &
bang 5.

4. Két luan

Pi ché tao duoc than tir bd dau nanh va xac
dinh dugc mot sd dic trung ctia nguyén lidu
ban diu va cua TBD ché tao duge nhu: anh
hién vi dién tir quét, dién tich bé mat riéng;

diém dang dién cua TBD. Budc dau khao sat
kha ning hap phu MB ctia cac miu TBD ché
tao duogc, két qua nghién ctru cho thiy mau co
ti 16 khéi lugng ba dau va thé tich dung dich
kém clorua 95% 1a 1:1cho kha nang hap phu
MB cao nhat.

Su hap phu MB cta TBD di dugc nghién
ctru dudi cac diéu kién thi nghiém khéc nhau.
Két qua thu dugc:

- pH 6t nhét cho su hap phu caa TBD dbi véi
MB la ¢ khoang pH ~8;

- Thoi gian dat can bang hip phu ciia TBD
d6i voi MB 1a 90 pht.
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- Khéi lugng TBD can thiét cho sy hap phu MB
t6t nhat 12 0,05 gam/25 mL dung dich MB.

- Khi tang nhiét do tir 298+323K (+1K) thi
hiéu suat hap phu giam; cac tinh toan nhiét
dong cho thay qua trinh hip phu MB trén
TBD la qua trinh ty xay ra va toa nhiét.

- Theo md hinh dang nhiét hap phu Langmuir
xac dinh dugc dung lugng hép phu cuc dai
ciia TBD dbi véi MB 1a 166,67 mg/g.
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