TNU Journal of Science and Technology

227(11): 12 - 19

STUDY ON THE ADSORPTION CAPACITY OF ORANGE METHYLENE
ON ACTIVATED CARBON PREPARED FROM SOYBEAN RESIDUE

Nguyen Thi Anh Tuyet!, Vu Thi Hau*
ITNU - University of Medicine and Pharmacy, 2TNU - University of Education

ARTICLE INFO

ABSTRACT

Received: 09/5/2022
Revised: 24/6/2022
Published: 24/6/2022
KEYWORDS
Adsorption

Orange methylene
Activated carbon
Soybean residue
Zinc chloride

Methyl orange (MO) is one of the dyes of the azo family used in the
textile industry, printing, paper production... Recently, scientists have
discovered its pollution and harm to the ecological environment and
humans, especially this compound has the potential to cause cancer for
users. This paper focus on the adsorption of (MO) in aqueous solution
on carbon prepared from soybean residue (TBD). The experiments
were conducted using the following parameters: TBD mass is 0.059/25
mL, shaking speed is 200 rounds/minute, equilibrium time is 120
minutes at room temperature (25 + 1°C); pH is best 3. Mass TBD
needed for MO adsorption is best at 0.05 g/25mL of MO solution. In
the temperature range of 298 - 323K, the values of AG°< 0; AH® = -
122.99 kJ/mol implicates that the process is self-inflicted and
exothermic. According to the Langmuir adsorption isotherm model, the
maximum adsorption capacity of TBD for MO was determined to be
153.85 mg/g at 298K. The results of this study will be useful for the
future expansion of low-cost activated carbon raw materials for dye
removal in industrial wastewater.
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Kém clorua

Metyl da cam (MO) la mot trong nhitng thudc nhuém thudc ho azo
duogc sur dung trong cong nghiép dét may, in 4n, san xuit gidy... Gan
day, cac nha khoa hoc di phat hién ra tinh 6 nhiém va nguy hai ciia n6
dbi véi moi trudng sinh thai va con nguoi, dac biét hop chat nay c6 kha
ning giy ung thu cho nguoi sir dung. Bai bao nay trinh bay cac két qua
nghién ctru hip phu MO ciia than ché tao tir ba dau nanh (TBD). Cac thi
nghiém duoc tién hanh vé6i cac thong sb sau: khdi lugng TBD: 0,05
g/25mL; téc do lic: 200 vong/phut; thoi gian dat can bang hip phu la
120 phat & nhiét do phong (25 + 1°C); pH hip phu tbt nhit 1a khoang
3,0. Khéi lwong TBD can thiét cho su hap phu MO tét nhat 1a 0,05
@/25mL dung dich MO. Trong khoang nhiét d¢ khao sat tir 298 + 323K,
x4c dinh dugc cac gia tri AG®°< 0; AH® = -122,99 ki/mol chiring t6 qua
trinh 14 ty Xdy ra va toa nhiét. Theo mo hinh dang nhiét hap phu
Langmuir di xac dinh dugc dung luong hip phu cuc dai cia TBD ddi
MO 14 153,85 mg/g ¢ 298K. Két qua ctia nghién ctru nay s& 1a hitu ich
cho viéc mé rong nguon nguyén liéu ché tao than hoat tinh trong twong
lai chi phi thap dé loai bo thudc nhudém trong nudc thai cong nghiép.
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1. Gi6i thiéu

Cong nghiép dét nhuém ra doi va ngay cang phat trién khong ngung nham dap g nhu cau
may mac cang ngay cang da dang cua con nguoi. Nganh nay da gop phan ting ty trong xuat khau,
giai quyét duoc cong an viéc 1am cho mot luong 16n lao dong ¢ Viét Nam hién nay. Tuy nhién,
cung véi nhitng loi ich vé kinh té, mot van dé dang dugc quan tAm, d6 13 tinh trang 6 nhiém moi
truong do nudc thai tir cac nha may dét nhudém gay ra. Mau cia nudc thai dét nhudm thuong co
tinh tan cao, cuong d6 16n, nhiéu mau sic khac nhau. Do d6, khi dwoc thai vao méi trudng, nudc
thai s& anh huong xau dén my quan moi truong, gy 6 nhiém dét va nudc, anh hudng xau dén sic
khoe va cudc séng cua nhimg ngudi dan xung quanh. Loai bé MO ra khoi méi trudng nuéc bang
phuong phap hap phu sir dung than ché tao tir cic ngudn khac nhau da dugc cac nha khoa hoc
trong va ngoai nwdc quan tAm nghién ciru [1]-[9].

Cay dau nanh dugc coi 1a cdy cung cip dau thuc vat quan trong vi trong hat d4u nanh c6 chira
ham luong diu béo cao hon céc loai dau dd khac. Hién nay, tir hat dau tuong (dau nanh) nguoi ta
d4 ché bién ra duoc trén 600 san phém khac nhau, trong d6 c6 hon 300 loai lam thwc pham duogc
ché bién bang ca phuong phap cb truyen thu cong va hién dai dudi dang tuoi, kh6 va 1én men
nhu lam gia, dau phu, tvong, xi ddu dén cdc san pham cao cap khac nhu ca phé dau nanh, banh
keo va thit nhan tao... Tuy nhién sau mdi lan ché bién thanh thuc pham ba dau nanh lai bi thai
bo hodc dung cho chén nudi gia stc. Trong bd dau nanh chira mot lwong 16n ham lwong chét xo,
rat thich hop cho viéc ché tao than hoat tinh. Quy trinh ché tao va két qua hap phu xanh metylen
ctia than ba dau da duoc trinh bay trong nghién ctru trude [10]. Bai bo nay tiép tuc trinh bay céac
két qua nghién ciru than hoat tinh ché tao tir ba dau nanh hap phu MO.

2. Thuc nghiém
2.1 Héa chit va thiét bj nghién ciru

Héa chdt:

MO; dung dich ZnCl, 95%; dung dich NaOH 0,1M; dung dich HCI 3M; 0,1M; dung dich
Na2C03 0,1M. TAt ca hoa chit néu trén déu c6 do tinh khiét PA, xuét x(r Trung Quéc.

Thiét bi nghién ciru:

Thiét bi nghién, thiét bi ray (kich thuéc 16 Smm), can phan tich 4 s§ Precisa XT 120A-
Switland (Thuy ST), bép cach thuy, 16 nung Carbolite (Anh), may lic IKA HS-260 (Malaysia),
méay do pH Precisa 900 (Thuy Si), tii sayleitech (Han Qudc), may do quang UV-Vis 1700
Shimadzu (Nhat).

2.2 Ché tao vt liéu hip phu

Nguyén ligu sir dung trong nghién ctru nay la ba dau nanh, viéc chuan bij nguyén liéu va quy
trinh che tao than hoat tinh tir ba dau nanh da dugc trinh bay chi ti€t trong nghién ctru trudc [10].

Két qua la da ché tao dugc 04 mau TBD, cac mau TBD ché tao dugce twong tng véi cac ti 1€
Vznct, (ML) @ khoi lugng nguyén li¢u (g) 1a 0:1; 1:2; 1:1; 2:1 duoc ki higu lan luot la: MO1, M12,
M11, M21.
2.3 Quy trinh thwc nghi¢mva cdc thi nghiém nghién ciru
2.3.1 Quy trinh thuc nghiém

Trong mdi thi nghiém hap phu: .

- Thé tich dung dich MO: 25 mL vé1 nong d6 xac dinh.

- Luong chat hap phuy: 0,05 g. ) )

- Thi nghiém duoc tién hanh & nhiét d6 phong (25 + 1°C), stt dung may lac véi toc do 200
vong/phut.
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2.3.2 Cac thi nghiém nghién ciru

+ Khao sat so by kha nang hép phu MO cua cac mau TBD ché tao duoc: néng d6 dung dich
MO ban dau la 202,12 mg/L; thoi gian hap phu: 120 phut. Cac diéu kién khac nhu: thé tich dung
dich MO, khéi lugng chét hap phy, nhiét d6 hap phuy, tc do lac nhu ghi ¢ trén.

+ Khao sat mot s6 yéu té anh huong dén kha ning hap phu MO ciia TBD:

- Anh hudng ctia pH: thoi gian hap phu 120 phut; nong do dung dich MO ban dau 1a 202,12
mg/L; pH dung dich thay do6i tir 3 dén 12.

- Thoi gian dat cén bang hép phu: str dung gi4 tri pH tdi wu di xac dinh ¢ thi nghiém trudc;
nong do dung dich MO ban d4u 1a 200,18 mg/L;thoi gian hap phu khac nhau (5 + 180 phut).

- Anh huong cua khéi luong: st dung gia tri pH t6i wru; thoi gian da xac dinh o thi nghiém trudc;
nong do dung dich MO ban dau 1 214,47 mg/L; khéi lugng TBP thay doi tir 0,01g dén 0,07g.

- Anh hudng cua nhiét d9: sir dung gia tri pH; thoi gian, khéi lugng TBD tdi wu d3 xac dinh ¢
thi nghiém trudc; nong d6 dung dich MO ban dau 1a 214,47 mg/L; nhiét do thi nghiém thay doi
298 - 323K.

- Anh huéng cua néng d6 ddu MO va xac dinh dung luong hap phu cuc dai: thoi gian hip
phu, khéi luong TBD, pH tdi wu nhu xac dinh duge & thi nghiém trudc; néng d6 ban ddu MO
thay doi tir 154,96 - 396,27 mg/L.

Nong d6 MO trude va sau hip phu dugc xac dinh bang phuong phap do méat do quang & budc

song 430 nm. o
Dung lugng va hi€u suat hap phu dugc xac dinh theo phuong trinh (1) va (2).
_ (C,-C)\V
t
m @)
H =S =%t 1000 )
o]
Trong do:

- 0 dung lugng hip phu & thoi diém t (mg/g)

- V: thé tich dung dich MO duoc lay dé hap phu (L)

- m: khéi lugng chat hip phu (g)

- H: hiéu suit hip phu (%)

- C,, Ci: néng d6 dau va nong d9 tai thoi diém t cia dung dich MO (mg/L)

Dung lugng hip phu cuc dai cia TBP ddi voi MO duoc xac dinh dua vao d thi Cey/q = f(Cep)
— phuong trinh hép phy dang nhiét Langmuir dang tuyén tinh:

C 1 1
D= Cy+ €)

0 G U maxD

Trong do:
- 0, Omax: dung luong hap phu va dung luong hap phu cuc dai
- Cep: nOng do tai thot diém can bang cua dung dich MO
- b: hiang sb
Céc dai luong nhiét dong: bién thién ning luong tu do (AG®), entanpi (AH®) va entropi (AS°)
clia qué trinh hap phu duoc tinh todn bang cach st dung cac phwong trinh sau:

K, = 9e 4)
ch
AG° =—RTIn K, ()
InKDz_AG __AH°  AS ()
RT RT R

Trong d6: Kp: hing sé can bang; R: hing sb khi (R = 8,314 J/mol.K); T: nhiét d6 (K).
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3. Két qua va thio luin
3.1 Mt s6 diic trung ciia nguyén ligu va TBD (méu M11)

Két qua xac dinh hinh thai hoc bé mit ctia nguyén liéu ban diu va ciia TBD dugc trinh bay &
Hinh 1.

Hinh 1. Anh SEM ciia nguyén liéu (a) va cia TBP (b)

Két qua anh SEM cho thiy hinh thai bé mit va ciu trac cia TBD di ¢ sy thay doi dang ké
sau qua trinh hoat hoa bang ZnCl, va xu 1y nhiét. Trén bé mat TBD xuat hién nhiéu 16 xbp, tuy
kich thudc khong dong déu, nhung nhitng 16 X6p nay chinh 1a “trung tdm” hap phu cua TBD.
Diéu nay cho phép ta du doan kha ning hip phu cia TBD s& tét hon bi ddu nanh (nguyén liéu
ban dau).

Theo [10], két qua do dién tich bé mit riéng theo phuong phap BET ctia mau nguyén lidu ban
dau 1a 1,23 m?/g; cua TBD 1a 605,7 m%/g. Sy khac nhau rd rét vé anh SEM va dién tich bé mat
riéng ctia TBD so voi nguyén 1éu ban dau cho thdy TBD c6 kha ning hap phu tét hon nguyén liéu.

Két qua xac dinh diém dang dién cia TBD la pI = 6,35 [10]. Diéu nay cho thay khi pH < pI
thi bé mat TBD tich dién dwong, khi pH > pl thi bé mat TBD tich dién am.

3.2 Khdo sdt so' bp khd ning héip phu MO ciia cdc méu TBD
Két qua khao sét so bo kha niang hap phu MO cuia cac mau TBD ché tao dugc thé hién ¢ Hinh 2.

100 | H(%
80
60 -
40 -
, ,
MO1 MI12 MI11 M21

Tén miu
Hinh 2. Biéu dé so sanh kha nang hap phu MO cua céc mau TBD
Nhan xét: Két qua ¢ Hinh 2 cho thay trong cing diéu kién thi higu suat hip phu MO cta mau
M1 1cao hon so voi cac mau khac va mau thap nhat 1a MO1 (mau khong hoat hoa bang ZnCl,).

Diéu nay cho t~h€'1y tac dung hoat hoa cua ZnCly, d(‘A)‘ng thoi lwong ZnCl, dua vao mﬁuq cling phai
phu hop, it (mau M12) c6 thé khong du hoat hoa bé mat hay nhiéu (mau M21) c6 thé lam giam
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dién tich bé mit nén kha nang hap phyu MO giam. Tur két qua trén, chon |31§u M1 Icho cac nghién
cau tiép theo (Cac mau TBD dugc nhac dén trong cac muc tiep theo 1a mau M11).
3.3 Khdo sdt mgt s6 yéu té anh hwéng dén qud trinh hip phu MO ciia TBD
3.3.1 Anh huong ciia pH
Két qua khao sat anh huong ctia pH dén qua trinh hap phu MO ctia TBD duoc chi ra ¢ Hinh 3.
19 H (%)
90
80
70
60

50
pH
40

0 2 4 6 8 10 12 14

Hinh 3. Anh hiong ciia pH dén dung lirong hdp phu MO

Két qua nghién ciru da chi ra rang, trong mién pH khao sat, hiéu suit hap phu MO ciia TBD
giam khi pH ting. Diéu nay cho thiy trong méi truong kiém khong thuan lgi cho qua trinh hip
phu MO 1én trén bé mat TBD, nguyén nhan 1a da xuét hién sy canh tranh hap phu cta gc OH va
MO Ién trén cac tam hoat dong. Mat khac mure do cong kenh cua MO kha 16n so voi OH™ nén
hiéu qua hép phu s& giam xudng trong méi trudng c6 nhidu géc OH™. Vi vy ¢ pH cao s& khong
thuan lgi cho sy hip phu MO. Vi cac két qua thu dugc, ching toi nhan thay gia tri pH toi uu cho
qué trinh hap phu MO cua TBD 1a 3,08. Két qua thu duoc nay ciing tring hop v6i nhiéu két qua
nghién ctru hap phu MO trén cac vat liéu khac nhau [5], [6].

3.3.2 Anh huéng ciia thoi gian

Két qua khao sat anh huong ctia thoi gian dén kha nang hap phu MO cua TBD dugc trinh bay
6 Hinh 4.
100 1 H o

90

80

70 T T T T T T 1
0 30 60 90 120 150 180 210
Thoi gian (phit)

Hinh 4. Anh huong ciia thoi gian dén hiéu sudt hdap phu MO
Két qua Hinh 4 cho thay: Khi thoi gian hap phu ting thi hiéu suat hip phu ting. Trong
khoang thoi gian tir 30 + 180 phut hiéu suat hap phu ting twong doi nhanh va dan 6n dinh trong
khoang thoi gian tir 120+180 phuat. Hi€u suat hap phu phu thudc vao thoi gian ti€p xuic, thoi gian
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tiép xtc cang nhiu thi hiéu suat hip phu cang cao, dén mot thoi diém nhét dinh, hiéu sut hip
phu khéng ting do qua trinh hip phu da dat can bang (trong trudng hop nay 1a 120 phat). Do vay,
chung t6i chon thoi gian dat can bang hap phu 1a 120 phit va sir dung két qua nay cho céc thi
nghiém tiép theo.

3.3.3 Anh huong ciia khéi lwong

Két qua khao sat anh hudng cta khdi lwong dén kha nang hap phu MO cua TBD duge trinh
bay ¢ Hinh 5.
100 H %)
90

80
70
60
50

40
0 001 002 003 004 005 006 007 008
Khoi lwong (g)

Hinh 5. P6 th; biéu dién dnh hirong cua khoi lwong TBP dén hiéu sudt hdp phu MO

Két qua thuc nghiém cho thdy, khi khoi lugng TBD ting thi hi¢u suit hap phy MO tang.
Trong khoang khoi luong TBD tang tir 0,01+0,05¢, hiéu suat hap phu tang nhanh. Trong khoang
khoi luong tang tir 0,05+0,07g, hi€u suat hap phu tang cham va twong doi 6n dinh (tu 91,01 -
92,53%). bicu nay co6 thé 1i giai la dp sy tang 1én cua dién tich bé mit, su tang 1én sb yi tri cac
tdm hap phu cua TBD va do su cén bang nong do MO trong dung dich va trén beé mat chat ran. Vi
vay, chon khoi lugng TBD 1a 0,05 gam cho cac nghién ctru tiép theo.
3.3.4 Anh huéng ciia nhiét do

Két qua nghién ctru anh hudng cua nhiét do dén dung lwong va hiéu suit hip phu MO cua
TBD dugc trinh bay ¢ Bang 1.

Bang 1. Sy phu thugc dung luong va hiéu sudt hd}? phu MO cua TBD vao nhiét do

T(K) C, (mg/L) Ce (mg/L) a (mg/g) H (%)
208 19,28 139,42 91,01
303 22,18 137,35 89,66
313 214,47 32,67 129,86 84,77
323 35,93 127,53 83,25

Két qua Bang 1 cho thiy trong khoang nhiét do khao sat tir 298 dén 323K khi nhiét d¢ ting thi
dung lugng va hiéu sut hap phu MO ctua TBP déu giam. Didu nay duogc giai thich nhu sau: Do
hap phu 14 qua trinh téa nhiét nén khi ting nhiét do can bang hip phu chuyén dich theo chiéu
nghich tirc 14 1am ting ndng d6 chat bi hip phu trong dung dich din dén lam giam hiéu suat va
dung lugng hip phu ciia qua trinh hip phu. Tir cac két qua thu duoc va dya vao cac phuong trinh
cua nhiét dong luc hoc tinh dugc cac thong s6 nhiét dong. Két qua dugc chi ra trong Bang 2.

Két qua Bang 2 cho thay: Gia tri nang lugng tu do (AG®) thu dugc ¢ gia tri 4m ching t6 quéa
trinh hap phu MO cta TBD 1a qué trinh ty xdy ra; gia tri bién thién ning luong entanpi (AH®) c6
gi4 tri am cho thiy qua trinh hap phuy 13 qua trinh toa nhiét.
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Bang 2. Cdc thong sé nhiét dong doi véi qud trinh hap phu MO ciia TBD

C,(mg/L) UT(KDH InKp AG°(kJ/mol) AH’(kJ/mol) AS°(kJ/mol.K)
0,0034 7,23 -17,91
0,0033 6,19 -15,60
204,05 0.0032 3.97 110,34 -122,99 -0,35
0,0031 3,55 -9,53

3.3.5 Anh huéng ciia nong dé MO ban dau va xdc dinh dung lrong hdp phu cue dai

Tur cac két qua thuc nghiém nghién clru anh huong cua ndéng d6 MO ban dﬁugién dung luong
héap phu cua TBD, dya vao phuong trinh dang nhiét hap phu Langmuir dang tuyén tinh (Hinh 6)
tinh dugc dung luong hap phu cuc dai ciia TBD doi voi MO 1a 153,85 mg/g.

1.2-

1.0
. 0.8-
.|
:52 ]
E 0.6'
O 0.4.- y=0.0065x + 0.0407

] R?=0.9989
0.2-
0.0-
0 50 100 150 200
C.p (mgail)

Hinh 6. Puong ding nhiét hap phu Langmuir dang tuyén tinh ciia TBP doi véi MO

Dung luong hap phu MO cua TBD ché tao dugc cao hon so véi mot s6 than hoat tinh ché tao
tir cac ngudn khac nhu tro trau, vo cay keo 14 liém, nhung thip hon so v6i than than tre va than
ché tao tir lignin. Két qua nay ciing cho thay kha ning hap phu MO cuia cac loai than hoat tinh
phu thudc vao ban chat nguyén lidu dau ché tao than va quy trinh ché tao ciing nhu tac nhan hoat
hoa. Dit liéu cu thé duoc trinh bay & Bang 3.

Bang 3. Dung heong hdp phu MO ciia TBP va mét sé than khéc

STT Nguyén liéu diu ché tao than  Téc nhén hoat héa Omax (M@/g)  Tai liéu tham Khio

1 Thén tre KOH 312,50 [5]
2 Than Tra Béc HNO;, H,0, 9,34 [6]
3 Lignin ZnCl, 300,00 [7]
4 V6 cay keo 14 liém - 10,36 [8]
5 Tro triu HF 33,50 [9]
6 Bi d4u nanh ZnCl, 153,85 Bai béo niy

4. Két luan

Két qua khao sat kha nang hap phu MO ctia 04 mau TBD ché tao dugc cho thiy, mau c6 ti 1¢
Vncr,(mL): khdi lugng nguyén liéu (g) 1a 1:1 cho kha ning hap phu MO cao nhat. Sy hip phu
MO cta TBD da dugc nghién ctru dudi cac diéu kién thi nghiém khac nhau. Két qua thu dugc:
pH t6t nhat cho sy hap phu ctia TBD d6i vi MO 1a ¢ khoang pH ~3; Thoi gian dat can bang hap
phu ctia TBD ddi v6i MO 1a 120 phat. Khéi lwong TBD can thiét cho sy hap phu MO tét nhat la
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0,05 gam/25 mL dung dich MO. Khi ting nhiét do tir 298+323K (+1K) thi hiéu suat hap phu
giam; cac tinh toan nhiét dong cho thiy qua trinh hap phu MO trén TBP 14 qua trinh ty Xay ra va
toa nhiét.Theo mo hinh déng nhiét hép phu Langmuir xac dinh dugc dung lugng hép phu cuc dai
cua TBD d6i véi MO 1a 153,85 mg/g.
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