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Abstract: Biochar from mimosa pigra was studied to remove methylene blue (MB) from aqueous
solution. The properties of biochars were determined using Fourier Transform Infrared, scanning
electron microscope, and Brunauer—Emmett-Teller. The biochar achieved the yield of 24.62 % at
500 °C pyrolysis. The specific surface area of the biochar is 285.53 m?/g, the total pore size is 0.153
cm®/g and the ash content is 2.79%. The optimal dose of removing MB of the biochar is 5 g/L and
the optimal pH is 2 - 10. MB removal reached over 80% in the first 30 min, followed by a stable
period of 120 to 360 min reaching over 90% of removal. Maximum adsorption capacity reached
20.18 mg/g at 25 °C. MB adsorption data is suitable for kinetic models in order: Avrami > Elovich
> PSO > PFO. The adsorption process may comprise physical and chemical adsorption and
multiple stages.
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Nghién ctru hép phu thuéc nhudém methylene blue trong moi
truong nudce bang than sinh hoc tir sinh khoi cay mai duong

Nguyén Xuan Cudng”

Trwong Pai hoc Duy Tan, 120 Hoang Minh Thao, Pa Nang 550000, Viét Nam

Nhén ngay 02 thang 3 nam 2020
Chinh sira ngay 14 thdng 9 nam 2020; Chap nhan dang ngay 25 thang 9 nam 2020

Tom tit: Thudc nhudm methylene blue (MB) 14 tac nhan giy 6 nhidm ngudn nudc, trong khi d6
cay mai duong 1a loai thuc loai thuc vat xam hai - anh hudng dén moi truong tu nhién. Viéc st dung
cay mai duong ché tao than sinh hoc (TSH) la vira tao ra vat li€éu méi dé xur ly thudc nhuém MB va
vira gop phan bao tdn moi truong va thién nhién. Pic trung ciia TSH duoc xac dinh gdm c6: quang
phé hdng ngoai, kinh hién vi dién tir quét va dién tich bé mat riéng. TSH duoc ché tao & nhiét do
500 °C va thu dugc 24,62% san luong. Dién tich bé mat riéng cua TSH 1a 285,53 m?/g va tng 16
rdng dat 0,153 cm?3/g. Liéu lugng TSH t6i vu loai bo MB 1a 5 g/L va pH téi wu 1a 2 - 10. Hiéu qua
hip phu MB dat trén 80% trong 30 phut d4u tién, tiép theo la giai doan 6n dinh tir 120 dén 360 phit.
Gia tri hap phu MB cuc dai theo mo hinh Langmuir dat 20,18 mg/g tai 25 °C. Dir liéu thi nghiém
phu hop véi cac mé hinh déng hoc theo thir tu: Avrami > Elovich > dong hoc bac 2 > d@ong hoc bac
1. Co ché loai bo MB c6 thé bao gdm hip phu hoa-ly va da giai doan.

Tur khéa: Than sinh hoc, thubc nhuom, hap phu, cay mai duong, methylene blue.

1. Mé dau

Nganh dét nhuém sir dung rat nhiéu nhom
thudc nhuom nhan tao géc Azo nhu methylene
blue (MB) [1, 2]. Thuéc nhudém néi chung khéng
chi gy mau cho nudc thai, ma con la tac nhan 6
nhiém cho con ngudi va méi truong [1, 3]. Trong
d6, MB la mét hop chét di vong tao mau xanh
lam trong nudc va thuong dugc st dung trong
cong nghi¢p dét nhudm va trong linh vuc dugc
pham. Theo thng k&, véi 10 - 15% thubc nhuom
thai bo - chiém tir 15 dén 20% tong luong nudc
thai, nganh cbéng nghiép dét nhuém duoc xem
nhu 1a mét trong nhirng nganh & nhiém nhét thé
gioi hién nay [4].

Pé xu ly thuéc nhuém, c6 nhiéu phuong
phap nhu keo tu, oXy hoa nang cao, cong nghé
mang, va hap phu. Tuy nhién, cac phuong
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phap nay thuong cé chi phi Ién va cé thé gay
6 nhiém thir cap [5]. Trong d6, phuong phap
hap phu cé vu diém la ré tién, hiéu qua cao va
dé van hanh [6, 7], dang dugc mo rong nghién
cuu va ing dung cho khir mau nudc thai. TSH
la vat liéu cacbon chi phi thap, c6 tiém ning
Ién trong hap phu thuéc nhudém tir méi truong
nudc. Mot s6 nghién ciru trude day da s dung
TSH cho loai bo MB trong méi truong nuwdc
[8-11] va nhiéu loai sinh khdi dugc sir dung dé
ché tao TSH nhu gd sbi [3], ba mia [6], phan
heo [11], ph&n ga [12], bun thai [13], va cay
than co [14]. Nang luc hap phu MB cuc dai tir
céc nghién ctru cho thiy cé sy khac nhau 16n
gitra cac loai TSH, vi du: hép phu cuc dai dat
1,623 mg/g ctia TSH tur thue vat [8], 33 mg/g
cua TSH tir bun thai [15], va 7,2 mg/g cua TSH
tir chat thai [16].
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Cac nghién ctu nay chi ra rang, két qua va
dong hoc hap phu thudc nhuém bang TSH phu
thugc rat 16n vao nguyén liéu tho. Diéu nay cho
thay, viéc nghién ciu va thir nghiém nhiéu loai
nguyén liéu méi dé danh gia kha ning hap phu
thudc nhudm, gop phan mo rong tng dung cua
TSH la rat can thiét. Nghién ciru nay tao TSH tur
than cay mai duong - la mot loai cdy xam hai,
moc nhiu ngoai mdi trudng ty nhién va co hai
cho méi truong, ddng thoi 1a mot nguyén ligu
chwa dwoc sir dung dé ché tao TSH.

Muc tiéu nghién ciu la nham danh gia kha
nang va dong hoc hap phu MB bang TSH tir cay
mai duong. Cac thi nghiém trong nghién ciru nay
duoc thyc hién theo dang me trong quy mo
phong thi nghiém v&i cac dac trung cua TSH
duoc xac dinh gdém: quang phé hdng ngoai
(FTIR), anh kinh hién vi dién t quét (SEM) va
dién tich b& mat riéng (BET). C6 2 nhém md hinh
dong hoc hap phu gdm mé hinh hip phu phén tmg
(m6 hinh dong hoc bac 1 - PFO, md hinh déc hoc
bac 2 - PSO, md hinh Elovich va md hinh Avrami)
va md hinh hdp phy phan tin (m6 hinh IDP va
Bangham) dugc str dung dé mé phong va hiéu ban
chét qua trinh hap phu MB boi TSH.

2. Nguyén ligu va phwong phap
2.1. Nguyén liéu va hoa chat

Nguyén liéu thd trong nghién ciru nay la than
cdy mai dwong (Mimosa pigra). Hoa chat phan
tich MB c6 cong thirc C16H1sCIN3S, trong luong
phan tir 319,85 g/mol, thé tich 241,9 cm¥/mol, va
c6 kich thudc phan tu trung binh 0,8 nm [17],
dugc  mua tr  cdng ty  Xilong
(Xilong Chemical Co. Ltd). MB duoc lya chon
dé thir nghiém d6 hap phu bai vi né la hoa chét
duoc st dung phé bién trong nganh dét nhuom,
doc tinh cao va c6 mau rat manh trong moi
truong nuwoc. Dung dich MB ¢6 noéng do 200
mg/L duogc chuén bi bing cach hoa tan 0,2 g MB
trong 1.000 mL nudc cat 2 lan.

2.2. Ché tao than sinh hoc

Nguyeén liéu thd duge bam nho va phoi ngoai
moi truong tu nhién trong 3 ngay, sau do dugc

rira dé loai bo tap chat va sdy o nhiét do 105 °C
trong 24h. Tiép theo, nguyén liéu duoc nung
trong 10 nung voi muc gia nhiét 10 °C/phut cho
dén 500 °C va luu trong 10 nung 2h trudc khi lay
ra. Nhiét d6 500 °C duogc lya chon ché tao TSH
boi vi, day 1a gi tri nhiét d§ dam bao su can béng
giita san xuat TSH c6 hiéu qua hap phu cao trong
diéu kién nhiét d6 1o nung khéng qua cao - giam
tiéu thu niang luong [18-20]. TSH dugc nghién
nho va sang bang ray sé 60 (kich thudc 16 0,25
mm). Cudi cung, TSH duoc ria 2 1an va say kho
trong tu sdy 24 h ¢ 105 °C (Hinh 1).

vy i duong) —> Than i he (0 50°C) —> Tha s o nghi, iy )

Hinh 1. Nguyén li¢u thd — cdy mai duong va than
sinh hoc.

2.3. Dac trung than sinh hoc

TSH dugc xac dinh pH, d6 am, thanh phan
bay hoi va do tro. P 4m, bay hoi va tro duoc
xac dinh bing quy chuin quéc t&¢ ASTM D-
1762-84. pH dugc do bang may do da chi tiéu
(HQ40d, Hach, USA) trong diéu kién: tron TSH
v6i nude cat theo ti 1é khdi lwgng 1: 20, khuay tir
5 phut trude khi do pH. pH déng dién duoc xac
dinh bang phwong phap dich chuyén (drift
method) (c6 bd sung mubi). L4y 20 mL NaCl 0,1
M dit vao 6 cc riéng biét va diéu chinh pH 2, 4,
6,8, 10 va 12 (+ 0,1 pH) bing HCI 0,1 M va
NaOH 0,1 M. Sau dd, cho 0,2 g TSH vao mdi
coc va khudy 150 rpm trong 24h ¢ nhiét do
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phong Thé hién gia tri ApH (pH con lai — pH ban
déu) trén biéu db (truc tung) va pH ban dau (truc
hoanh), diém giao ct chinh la diém dang dién
(pH dién tich dung dich c6 gia tri = 0).

Dién tich bé mat riéng duoc xac dinh bang
phuong phap hap phu/giai hip ni-to (thiét bi
ASAP 2020) va m6 hinh Brunauer—-Emmett—
Teller (BET). Nghién ctru bé mat ciia TSH duwoc
thuc hién bang phuwong phap kinh hién vi dién tir
quét (SEM, SIGMA/Carl Zeiss). Ngoai ra, FTIR
cuia TSH duoc xac dinh béng thiét bi héng ngoai
bién d6i (NEXUS670 FTIR [21].

2.4. Thi nghiém hap phu

Thi nghiém dang mé dugc thuc hién dé danh
gi4 anh hudng cua cac yéu t6 gdbm: thoi gian, lidu
lugng, nhiét @6 va pH. Céc thi nghiém dung 50
mL dung dich MB va sau khi thi nghiém két
thic, dung dich dugc li tam (dé tach bé TSH) vai
tbc d6 4.000 rpm (Centrifuge 80-2, China) trong
10 phiit. Véi didu kién tach TSH bang ly tam,
dung dich sau hap phu c6 thé van con hat TSH
kich thudc rat nho (nhu hat micro), hat TSH ky
nudce (ndi bé mit) hodc chat hitu co hoa tan. Do
d6, mau tring s& duoc str dung (nudc cit + TSH
nhu diéu kién thi nghiém) dé han ché nhidu do
phuong phap ly tdim. Dung dich sau li tdm s&
duge do bang may UV-vis (Carry 60-Agilent,
USA) tai budc song 665 nm. Ngoai tru thi
nghiém thoi gian hdp phu va ding nhiét, cac thi
nghiém kéo dai trong 60 phut ¢ diéu kién nhiét
do phong (26 + 2 °C, 1 atm).

Thi nghiém lidu lugng dugc thuc hién trong
khoang 1:10 g/L trong dung dich MB 50 mg/L
va khudy 150 rpm. Trong thi nghiém anh hudng
hap phu boi pH, khoang pH dwoc chon 1a tir 2
dén 12 véi MB 50 mg/L va liéu lugng 5 g/L.
Diéu kién trong thi nghiém thoi gian: 5 g/L cua
TSH, néng d6 MB tir 10-60 mg/L va thoi gian
ldy mau theo thir tw 30, 60, 120, 180, 240, 300,
360, 420, va 480 phut. Thi nghiém hap phu dang
nhiét dugc thuc hién & 25, 35, va 45 °C.

Luong MB hip phu tai thoi diém t (mg/g)
duoc tinh theo cong thuc (1) va (2) nhu sau:

(Co—Cp).V

g = S0V 1)

E = (Co=Cr)-100 (2)
Ct

Trong d6: Co va Cq 1 néng do ban dau va
ndng do tai thoi diém t. V 1a thé tich cia MB
(mL) va w (g) la khéi luong TSH. q: (mg/g) la
tong lugng MB dugc hap phuy tai thoi diém t va
E (%) 12 hiéu qua hap phu.

2.5. Béng hoc hdp phu
Nghién ctru ndy st dung cdc mo hinh dong

nhu sau (cong thirc 3 — 11):
- M6 hinh dong hoc bac 1 (PFO) [22]:

In(q. — q¢) = Inqe—kp,t (3)
Qe = qe(1 — e~Fr1t) (4)
- M6 hinh dong hoc bac 2 (PSO) [23]:
P (5)
a:  de kp2q2

_ qgkpz t
qe = 1+qekpst (6)

Trong d6: qt 14 lugng hap phy (mg/g) tai thoi
diém t, qe luong hip phu bdo hoa (mg/g), va kpi
1a hang s6 PFO va kyp 12 hang s6 PSO (1/phut).

- M& hinh Avrami [24, 25]:

A = qe — qeexXp(—kat)" (7)
de _
In (ln qe—qt) =n.lnk, +n.int (8)

~ Trongdé:nla hang sb lily thira va ka la hing
s0 dong hoc.
- M@ hinh Elovich (hap phu héa hoc) [10]:

q = lln(1 + aft) 9)

Trong do: a (mg/g.phut) la ti 1¢ ndéng do ban
dau va B 1a hang s giai hdp phu.

- M6 hinh IDP:

qr = kyt? + B (10)

Trong do, kw 1a hz}ng s6 IDP (mg/g. phut'?)
va B 1a hap phu ban dau (mg/g).

- M6 hinh Bangham [26]:

Log log (C . M) = Log (2 303V) + aLlogt
(11)
Trong do, o va ks la hang s6, Co 12 nong do
ban dau (mg/L), V 1a thé tich ciia dung dich (mL)
va M la liéu lugng hap phu (g/L).

2.6. Ddng nhiét hap phu

Hai m0 hinh dang nhiét hap phu duogc st
dung bao gom: Langmuir va Freundlich, c¢6 dang
phuong trinh nhu sau (12, 13):
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- M6 hinh Langmuir [27]:

go = Tm e (12)

Trong d6: ge 13 hip phu bao hoa va qm 12 hap
phu tdi da (mg/g). K. 1a hing s6 Langmuir
(L/mg) va Ce ndng d6 bdo hoa ctia MB (mg/L).

- M6 hinh Freundlich [28]:

e = KsC," (13)

Trong do: Kr 1a hing s6 Freundlich mg/g
(mg/L)™, n 1a h¢ so luy thira Freundlich

3. Két qua va thio luin
3.1. Bdc diém than sinh hoc

Dic diém TSH dugc thé hién ¢ Bang 1. TSH
6 @6 am kha cao, dat 13,7% va do tro 1a 2,79 %
[21]. Theo két qua mot s6 nghién ctu trude day,
TSH c6 d6 tro dao dong 1,1% - 1,5% [29] va
2,72% [8]. pH dang dién cua TSH 14 6,02. Gia tri
nay c6 nghia rang, tong dién tich bé mit s& mang

dién tich 4m (-) néu pH cta dung dich 16n hon
6,02 va nguoc lai. Gia tri pH déng dién (pzc) cac
nghién ctru trudc day kha da dang nhu: pH = 10
[30] va pH = 5,8 [31].

&

pH_sau - pH_ban dau
G doanwsa

D0 truyén qua (%)

500 1000 1500 2000 2500 30( 3500 4000

Sé séng (cm™)

Hinh 2. P3c diém cua than sinh hoc: pH dang dién
(a), anh SEM (b) va phd hong ngoai FTIR (c) [21].

Bang 1. Pac trung vt 1y cua than sinh hoc

Dién tich bé mat | Kich thudc 16 | Thé tich 1 Do am San luong Tro (%) | pHpzc pH
riéng (m?/g) (hm) (cm*g) (%) (%)
285,53 2,16 0,153 13,17 24,62 2,79 6,02 6,66

Gid tri BET va tong thé tich 15 hong ctia TSH
tuong tmg 285,53 m?/g va 0,153 cm3/g. Két qua
nay 1 kha cao so v&i mot s6 nghién ciru gan day,
chang han TSH tir phan ciru c6 BET la 160,53
m?/g, phan tho 1a 21,14 m?/g, phan heo la 13,36
m?/g [20] va |& cay (Magnolia Grandiflora L.) la
27,3 m?/g [18].

Vi kich thudc 16 trung binh la 2,16 nm,
TSH trong nghién ctru ndy co tiém ning cao
trong hap phu théng qua co ché 16 hong (kich
thudc 16 16n hon nhiéu kich thudc phan tir MB).

Nhém chure néng & Hinh 2¢ cho thay, dinh
hap phu tai 1.575 cm! twong g voi cac lién két
ba -C=C- Va —C=N [32]. Dai hap phu tir 1.575
- 1.585 cm* ching t6 t6n tal nhom cacboxyl [33]
va khoang 400 - 1.500 cm™ twong tng v4i nhom
chirc thom C=0 va C=C trén bé mat TSH [34].

3.2. Hiéu quad hdp phu va yéu té anh hiréng

3.2.1. Anh hudng ciia liéu herong va pH

Anh huong cua lidu lwong va pH duoc thé
hién o Hinh 3. Két qua cho thay rang, liéu luong
TSH anh huong rat 16n va ti & thuan véi hiéu
qua hap phu MB (Hinh 3a). Biéu nay duoc Iy
glal boi co ché hap phu nhu sau: khi liéu luong
gia tang s€ kéo theo su gia tang tong bé mat hap
phu ciia TSH trong dung dich, dan dén hiéu qua
loai bo MB ciing tang. Khi dat dén trang thai bao
hoa, hiéu qua hap phu MB sé ting cham va dat
gia tri 6n dinh [20, 35]. Khi liéu luong TSH dat
dén 5 g/L thi higu qua xt Iy MB tang khong dang
ké, dat xap xi 90%.

Hinh 3-b thé hién su bién dong hiéu qua hap
phu MB bdi sy thay d6i pH. Khi pH ting tur
2 - 12, hiéu qua hap phu MB thay dbi it va q: giao
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dong 6,9 — 8,9 mg/g. Khi pH dung dich I6n hon
6, dién tich bé mat cua TSH mang dién tich am,
néu qua trinh hap phu dién tich chiém wu thé thi
hiéu qua hap phu MB sé gia ting. Diéu nay cho
thay qua trinh hap phu MB khéng chi phu thudc
vao co ché hap phu dién tich bé mat ma do cac
co ché khac chi phdi nhiéu, nhu ban chat cua

100 . m-m|a)
- F 30
90 _ -
-m
,D‘D
804 ! & F25
\Jlr
s 70 i L oo
m 907 a(mgg?) |
507 M E (%)
40 A 10
30 F 5

Liéu lugng than sinh hoc (mg/L)

qt (mg g”)
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TSH (nhu dién tich bé mat riéng, kich thudc 15
rong, v.v.) [20, 36].

Nhu vay, nhin chung sy thay d6i pH anh
hudng khong dang ké dén hiéu qua hap phy MB
va khoang pH téi vu 1a tir 2 dén 10. Diéu nay cho
thay rang, cac thi nghiém hap phu MB trong diéu
kién thong thuong khong can diéu chinh moi
truong pH cua dung dich.

b)

Hinh 3. Anh huéng cua liu lugng than sinh hoc (ndng do methylene blue 50 mg/L) (a) va pH dung dich
(liéu lwgng than sinh hoc 5 g/L va nong do methylene 50 mg/L) (b) dén hiéu qua hap phu.

a)

/. T\

100

90

E (%)

25°C A 35°C |

45°C

80

T

10

20

T

30

T

40

50

60

Ndng dé ban dau (mg/L)

100 4 ——

E (%)

)

95 - 10 mg/L
20 mg/L
- 30 mg/L

~—40 mg/L

90 1

£4-50 mg/L

851 60 mg/L

60

T

T T
120 180 240 300 360 420 480

Thoi gian (phut)

Hinh 4. Anh hudng ctia ndng d6 methylene blue ban dau (a) va thoi gian phan (mng (b) dén hiéu qua hap phu
methylene blue trong dung dich. Liéu lugng than sinh hoc 5 g/L.

3.2.2. Anh huong cua thoi gian va nhiét dg

Anh hudng cua thoi gian va nhiét do dén hap
phu MB duoc thé hién trong Hinh 4. Két qua cho
thiy, higu qua hap phu MB chiju anh huong rat
I6n boi ndng do ban dau va toc do hap phu nhanh
o khoang 30 phut dau tién. Chang han, véi ndng
d6 MB ban dau 10 - 20 mg/L, hiéu qua hap phu
dat trang thai bao hoa trong 30 phit. Diéu nay

duoc giai thich bai hiéu tng gradien nong do hoa
tan 16n tai bé mat hap phu [20] va nhiéu diém
hap phy trén bé mat TSH [37]. Khi ting thoi gian
phan g, nang lyc hip phu BM tang cham va tién
toi 6n dinh. Chang han, voi nong do6 ban dau cua
MB 50 mg/L, thoi gian dé phan (g dat trang thai
can bang la 360 phat voi hiéu qua dat 98,4%
Hinh 3b).
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Thi nghiém anh huong nhiét d6 dugc thuc
hién voi nong do ban dau tir 10 dén 60 mg/L o
diéu kién nhiét d6 25, 35 va 45 °C, va két qua
duoc thé hién trong Hinh 4. Nhin chung, nhiét do
tang thic day hiéu qua loai bo MB, tuy nhién thé
hién rd nhat la & ndng d6 MB ban dau tir 20-50
mg/L. Chang han, khi xem xét ndng d6 ban dau
0 50 mg/L va tang nhiét do tir 25 °C dén 45 °C,
hiéu qua hap phu ting 6,3%. Su gia tang nhiét do
thiic day su khuéch tan va ting ning luong cho
phan tor MB, do d6 gia tang kha nang hap phu
cua MB vao TSH [35, 38].

3.3. Pong hoc hap phu

Gia tri cac thong sé dong hoc va biéu dd
duoc thé hién ¢ Bang 2 va Hinh 5. D4i véi cac
mo hinh tuyén tinh, tr Bang 2 c6 thé thay rang,
gia tri RSS cao dan theo thtr tu: Avrami, Elovich,
PSO, va PFO. Piéu d6 cho thdy rang, md hinh
Avarami va Elovich phu hop véi dir liéu hon mo6
hinh PSO va PFO. Két qua nay tuong tu Voi
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nghién ctru cua Royer, Cardoso [39] va Cardoso,
Pinto [40] khi cho rang mé hinh Avrami cé hiéu
qua cao. Gia tri ge trt PSO va PFO kha tuong
ddng va gan vai ge tir thuc nghiém, nhung g tir
mé hinh cua Avrami cao hon nhiéu (Bang 2).
Hinh 5-a cho thay rang, duong “fitting” ciia mo
hinh Avrami tét hon cac md hinh khac va cé xu
hudng ting vao pha cudi cua qua trinh hap phu.
Diéu nay ciing da duoc chi ra trong cac nghién
clru trude day [39, 41].

Két qua hap phu caa PSO va Elovich tét hon
PFO chi ra rang, bén canh hap phu vat Iy thi cung
ton tai co ché hap phu héa hoc — nhur gia thiét cua
mo hinh PSO [35, 42] va Elovich [41]. Ngoai ra,
gia tri n ter 0,03 t6i 0,35 cua Avrami khing dinh
rang, bén canh hap phu thir nguyén (integer-
kinetic order) (PSO, PFO), qua trinh hap phu con
theo thtr tu - phan sé (fractionary kinetic order)
hoac da bac (multiple Kinetic orders). théng qua
cac 16 bé mat nho hon - duoc xem la pha bao hoa,
hiéu qua hip phu 6n dinh [41].
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Hinh 5. Biéu d6 cac m6 hinh dong hoc hap phu: md hinh phi tuyén (a),
da tuyen tinh IDP (b) va tuyén tinh Bangham (c).
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Nhu vy, co ché hdp phu MB bai TSH c6 thé
bao gém hip phu vat 1y va hoa hoc. Hip phu vat
1y c¢6 thé dugc giai thich boi dién tich bé mat
riéng va 16 rong 16n ctia TSH. Bén canh do, cac
nhom chirc bé mit ciia TSH (-C=C— va —C=N,
nhom cacboxyl, lién két d6i C = C va thom C =
O va C = C) la nhiing diéu kién can thiét dé hap
phu MB thong qua cac qua trinh hoa hoc. Tuy
nhién, mirc 46 dong gdp cua qué trinh hip phu
héa hoc vao viéc loai bé MB can duogc nghién
ctru thém vé dic tinh ctia chat hip phy, nhom
chtc théng qua phd hip phu, chit hip phu va
nang lwong hap phu.

Cac md hinh tuyén tinh (Bangham va IDP)
duoc st dung mod phong dé lam rd thém co ché
hip phu va két qua dwoc thé hién & Hinh 5-b va
c. Gia tri R? ciia IDP da tuyén tinh cao hon (0,99)
mo hinh Bangham (0,66 toi 0,87). So sanh md
hinh IDP don va da tuyén tinh cho thiy, mé hinh
tuyén tinh don c6 R? rit thap (0,39 - 0,49) va
khong di qua gbc toa do (Hinh 5-b), cho thay giai
doan tdc 6 phan tng gioi han (rate limiting step)
- chi phéi tbc d6 phan tmg khong chi 1a hap phu
phan tan noi hat (intra-particle diffusion). Két
luan nay da duoc néu ra trong cac nghién cuu
trude day [39, 40]. M6 hinh IDP da tuyén c6 R?
I6n khang dinh gia thiét ring: qua trinh hap phu
la da giai doan. Giai doan dau duogc diéu khién
baoi qua trinh phan tan, va giai doan tiép theo la
phan tan noi hat - nhu 1a pha tré [40, 41].
Giai doan thir ba dugc xem nhu la pha phan tan.

Bang 2. Két qua cac thong s6 cua cac md hinh
dong hoc hap phu

A 4,2e+04
Elovich B 181
RMSE 0,31
RSS 0,94
ka 7,2e-15
Avrami n 0,07
Qe 64,17
RMSE 0,30
RSS 0,90
kw1 1,53
B1 3,5e-15
kw2 0,04
IDP B2 8,27
kws 0,21
B3 5,50
R? 0,99
ks 0,98
Bangham A 0.22
R? 0,66

Mb hinh Théng sb Gia tri

Kp1 0,08

PFO G 921
RMSE 0,49

RSS 2,43

Kp2 0,02

PSO e 949
RMSE 0,41

RSS 1,68

3.4. Pang nhiét hdp phu

124
114
104 .
94 .
—~ 84 n
=] [}
= 74
2 64 m
A .
Qo
T 44 B
34 25°C 35°C 45°C
21 4 Thinghiém e A n
1 Langmuir
0 Freundlich 0
T T T T T T
0 2 3 4 5 6 7
Ce (mg/L)

Hinh 6. Biéu db mo phong dang nhiét hap phu
methylene blue bégi than sinh hoc ¢ 25, 35 va 45 °C.

Nghién ciru dang nhiét hap phy thyc hién o
nhiét d¢ tir 25— 45 °C va su dung 2 md hinh gom:
Langmuir, va Freundlich. Hinh 6 va Bang 3 thé
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hién két qua su phu hop cua mé hinh dang nhiét
voi dir liéu thi nghiém. Khong c6 sy khac biét
16n trong mo phong dir lidu thi nghiém dang
nhiét hap phu gitra cAc mé hinh Langmuirva
Freundlich. Noi cach khac, co ché hip phu MB
cua TSH trong nghién ctiru nay tuan theo ca 2 gia

thiét cua 2 md hinh dang nhiét, d6 la hip phu don
- da phan [20] va su hdp phu trén bé mat TSH la
ddng nhit - cac vi tri hap phu 1a twong duong
nhau va khong thuong tac [18]. Gia tri hdp phu
MB cuc dai theo m6 hinh Langmuir dat cao nhét
v6i 20,18 mg/g tai 25 °C.

Bang 3. Két qua cua cac thong s6 cua mé hinh dang nhiét hip phu Langmuir va Freudlich.

M© hinh Théng s6 25°C 35°C 45°C
kL (L/mg) 0,13 6,07 67,41
gm (Mg/g) 20,18 9,31 9,70

Langmuir RMSE 1,15 1,10 1,25
RSS 7,80 7,20 9,3
MAPE (%) 25 20 27
ke (mg/g (mg/L)™) 2,59 6,53 8,19
n 1,49 3,95 7,63

Freundlich RMSE 1,23 0,42 1,41
RSS 9,13 1,08 11,97
MAPE (%) 26 12 32

4. Két luan

TSH tu cay mai duong — thyc vat xam hai
duoc sir dung dé nghién ciu loai bo MB trong
moi truong nudc. TSH duoc ché tao o nhiét do
500 °C, dat san lugng dat 24,62%. pHpzc cua TSH
la 6,02, BET la 285,53 m%g va thé tich 13 rdng
14 0,153 m¥g. Hiéu qua hip phu MB dat ti uu
tai 5 g/L va khong thay d6i nhiéu theo pH (tdi
wu: 2 — 10). Tai 30 phat dau tién, hiéu qua loai
bo MB dat trén 80 % va su gia ting nhiét do tu
25 °C dén 45 °C lam tang hiéu qua loai bo MB.
Gia tri hip phy MB cuc dai theo md hinh
Langmuir dat 20,18 mg/g tai 25 °C. Két qua thi
nghiém phu hop hon véi mé hinh dong hoc theo
thr tu: Avrami > Elovich > PSO > PFO. Co ché
hip phu c6 thé bao gdm hip phu hod — ly, phan
ng nhiéu hon mot chiéu va theo thir tu da bac.
Khong c6 su khac biét nhiéu khi mé phong dix
liéu dang nhiét hap phu boi md hinh Langmuir
va Freundlich.

Lo1i cam on

~Nghién ctru ndy dugc tai trg boi Quy Phat
trién khoa hoc va cong nghé Quoc gia Viét Nam

(NAFOSTED) trong d& tai mad sé 105.99-
2019.25.
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