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TOm tit

Nganh dét may la mét trong nhitng nganh cé lrong chdt thdi gay 6 nhiém méi truong lon nhdt toan cdu, dé gidi
quyét van dé 6 nhiem ngUOn nwéc nghiém trong do chat thai dét nhugm gay ra, bentonite bién tinh bang citric acid
(BCA) duoc diéu ché bang cach hoat hoa bentonite tho truc tiép véi citric acid. San phdam duwoc xde dinh bang
phirong phdp nhiéu xa tia X va phé FTIR. M4t s6 yéu té danh hudng dén qué trinh hap phu methylene blue (MB) cua
BCA nhu lirong chat hdp phu, thei gian, nong da, nhiét dé da dwoc khao sat. Két qua khdo sat cho thdy, dung lirong
hdp phu tang khi lrong chdt hap phu, nong do va thoi gian va nhiét do ting. Qud trinh hdp phu MB trén BCA phu
hop Véi mé hinh dang nhiét Langmuir, véi dung heong hdp phu dat 244,45 mg/g. Béng hoc hdp phu MB trén BCA
phU hop Vi mé hinh dong hoc biéu kién bdc 2. Qua trinh hdp phu MB trén vat liéu 1a qua trinh thu nhiét va ti xay ra.
Tir cac két qua cho thdy, BCA 1a mét chdt hap phu tiém nang trong viéc logi bé thuoc nhugm tir dung dich nuréc.
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PREPARING THE CITRIC ACID-MODIFIED BENTONITE MATERIAL
TO ADSORB METHYLENE BLUE IN WATER
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Abstract

The textile industry is one of the largest contributors to environmental pollution worldwide. Reducing serious
water pollution by dyeing wastewater, the citric acid-modified bentonite material was prepared by directly activating
the raw bentonite with citric acid. The material was characterized by X-ray diffraction and FT-IR spectrum. The
adsorption process of methylene blue by the citric acid-modified bentonite was examined by the effect of the amount
of material, time, concentration, and temperature. The results indicate that the adsorption capacity increases as the
amount of adsorbent, concentration, time, and temperature increase. The methylene adsorption by the citric acid-
modified bentonite fits the Langmuir model with the max adsorption capacity of 244.45 mg/g. The adsorption kinetic
of this process is the second-order apparent kinetic model. This process is endothermic and spontaneous. Therefore,
the citric acid-modified bentonite may be a potential adsorbent to remove the dye from water aqueous.

Keywords: adsorption, bentonite, citric acid modified bentonite, methylene blue.
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1. Mé dau

Thudc nhuom dugc st dung rong réi trong cac
nganh cdng nghiép nhu dét may, in an, my pham va nhya
do c6 ban chat mau sang, giat dwoc va bat nang (Taher &
cs., 2018; Yu & cs., 2019). Tuy nhién, nudc thai tir cac
nganh cong nghiép nay chira mot lugng l6n thuc nhuom
chua qua xtr ly cé thé gay hai cho strc khoe con nguoi va
sinh vat thay sinh, do dé can dugc loai bo trude khi thai
ra moi truong.

Hién nay, mot sé ky thuat khac nhau da duoc st dung
dé loai bo cac chat & nhidm trong nudc thai gdm hap phuy,
xuc tac, oxi hoa dién hda, ozone hda, loc mang, xu 1y sinh
hoc va enzym (My Linh & cs., 2020). Trong sb nhiing
phuong phap do, hap phu duoc xem la phuong phap phd
bién nhat, don gian, d& van hanh va sir dung nhiéu loai vat
liu hap phu khac nhau (Bellifa & cs., 2017; Qu & cs.,
2016). Trong sb cac loai vat liéu nay, than hoat tinh dugc
xem la vat liéu hap phu hiéu qua, tuy nhién than hoat tinh
c6 gia thanh kha cao, 1am han ché trong viéc tng dung
(Bellifa& cs., 2017; Qué& cs., 2016). Nguoc lai, bentonite
duoc bién tinh bang acid (Toor & cs., 2015), cét silica (P.
Li & cs., 2018), hoa co bién tinh bang sulfuric acid
(Rudzinska & cs., 2018) va khoang dit sét (Bellifa& cs.,
2017; Fosso-Kankeu & cs., 2016) la nhiing chét hip phu
c6 gia thanh thip va da duoc sir dung dé xur Iy nudc thai
chira thube nhudm hiéu qua.

Gan day, cac nha khoa hoc tap trung nghién ctru kha
nang (ng dung cua khoang sét trong viéc xt Iy nudc thai
do chi phi thip, ham lwong doi dao, khong doc hai, bén
va c6 dung luong trao ddi ion cao. Mot sé loai khoang
sét nhu bentonite (Belachew & Bekele, 2020; Taher &
cs., 2017), montmorillonite (Mahmoudian & cs., 2018),
zeolite (Madan & cs., 2019) va kaolin (Niu & cs., 2021)
da dugc str dung va két qua cho thay hiéu qua loai bo cac
chat & nhidm trong nudc thai dét nhuom. Trong sé céc
loai khoang sét, bentonite dwoc xem Ia chat hap phu hiéu
qua do dung lugng hap phu cao, dién tich bé mat 16n va
gia thanh thap. Tarmizi Taher va cong su (Taher & cs.,
2019) da nghién ciu kha ning loai bo chat nhuom do
Congo (CR) bang bentonite hoat héa bing sulfuric acid
v6i dung luong hap phu cuc dai tinh theo Langmuir 1a
20,70 mg/g. Ho ciing da khao sat kha nang xti ly MB
bang bentonite dwoc hoat hda bang acid va bang nhiét,
két qua cho thay bentonite hoat hoa c6 kha nang xir Iy tot

hon so véi bentonite thoé (Taher& cs., 2018). Nghién ctru
cua Manjot Toor va céng su (Toor& cs., 2015), sir dung
bentonite bién tinh bang hydrochloric acid ¢6 hiéu qua
xtr ly CR tét hon so véi bentonite nguyén liéu. Trong
nghién ctu caa Yu va cong su (Yu& cs., 2019) da s
dung citric acid hoat héa bentonite va tng dung xu ly CR
cho thiy, dung luong hap phu CR cua vat liéu nay la kha
cao. Tur cac két qua nghién cau trén cho thay, bentonite
bién tinh bang acid vo co/hitu co c6 kha ning hap phu tét
cac loai thuéc nhuom khéac nhau.

Tuy nhién, viéc st dung acid v6 co manh nhu
sulfuric acid va hydrochloric acid lam pha hay cau tric
ctia bentonite. Trong khi d6, cic phuong phap bién tinh st
dung tac nhan hiru co nhu CTAB/polyacrylic acid (W. Li
& cs., 2018) va chat hoat dong bé mat Gemini chira amine
da chirc (Xu & cs., 2018) thuong gap van dé vé doc tinh,
gia thanh cao va qua trinh bién tinh phuc tap. Do do, tac
nhan citric acid la mét giai phap than thién véi moi truong
va tiét kiém chi phi dé bién tinh bentonite. Citric acid
(CA) la mét acid hitu co va khong doc hai, rat ré va doi
dao vi nd co thé duoc lay tir sinh khéi tu nhién. Ngoai ra,
nhém —OH va —COOH trong CA khong chi 1a nhdm lién
két hieu qua dé gan két CA trén bé mat bentonite ma con
1a nhém tao chelate manh végi thuc nhuém hiru co va loai
bo ion kim loai nang. Trong nhitng ndm gan day, mot s6
chat hap phu bién tinh CA dugc béo céo vé kha ning hap
phu thudc nhuoém va kim loai ning (Wang & cs., 2018).
Theo nghién ciru cua H. Zhang va cong su (H. Zhang &
cs., 2019) cho thidy, CA khéng chi sir dung bién tinh
bentonite than thién véi méi trudng bang qua trinh don
gian va nhanh chéng ma con tranh 6 nhiém thir cap. Do
d6, CA da duoc lya chon dé bién tinh bentonite Binh
Thuan d thu dwoc bentonite bién tinh bing CA (BCA)
trong nghién cau nay va tng dung dé loai bo chat mau
hiru co (methylene blue,v.v.) trong nuréc.

2. Thuc nghiém va phwong phap nghién ciu

2.1. Nguyén li¢u

Bentonite (Bent) dugc st dung trong nghién ctu
nay dugc lay nguodn quing bentonite Tuy Phong (Binh
Thuan). Cac héa chat: citric acid (Trung Qudc),
methylene blue (Trung Qudc) la cac hoéa chat sach phan
tich, khdng can ché héa thém. Cau tric cia MB duoc
trinh bay trong Bang 1.

Bang 1. C4u tric va tinh chat chung ciia MB

A £ , Céng thuc A. A
Tén Cau truc phan tir Kheoi lwgng mol (g/mol) (nm)
N
X
Cr
MB H3C\ = \+/CH3 C16H1sCINsS 319,8 664
N S T
CH, CH,4
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2.2. Piéu ché bentonite bién tinh bang citric acid

Bentonite bién tinh bang citric acid dwoc tién hanh
tuong tu nhu tac gia H. Zhang (Yu& cs., 2019) véi mot s6
cai tién nhu sau: ldy 5 gam Bent phan tan trong 50 ml
nuéc cat thu duoc huyén phu sét. 2,78 gam CA hoa tan
trong 50 ml nudc cit dugc dung dich CA va thém timg
giot dung dich CA vao huyén phu sét. Hon hop tiép tuc
khay 50 °C trong 3 gio, sau do hon hop duoc loc, ria
nhleu lan bang nudc cat va siy khd & 50 °C trong 24 gio;
mau dugc nghién min va giir trong binh hit am (ky hiéu
BCA).

2.3. Phuong phap xac dinh diic trung cta vat liéu

Bent, BCA, BCA-MB duoc xac dinh bai XRD (may
do nhiéu xa X, D/Max 2500V) véi budc xa CuKa trong
khoang tir 1-50° véi toe do quét 1a 5°/phat. Dién tich bé
mat riéng va kich thuéc 16 xdp trung binh cua Bent,
BCA, BCA-MB duoc xac dinh bang thiét bi hip phu/khi
hip phu N, (méy Micromeritics). Cac nhém chirc dic
trung cua mau duoc nghién ctu bang phd FTIR (may
Shimadzu) trong vung tir 4000-400 cm',

2.4. Khao sat qua trinh hap phu MB caa vt ligu

Cac thi nghiém hap phu MB trén Bent va BCA duoc
thuc hién véi 100 ml dung dich MB (200 mg/L) véi
lwong chit hap phu khac nhau (0,25-2,0 g/L) chira trong
binh tam giac (250 mL) va dat trén may lic véi toc do
200 vong/phut, & nhiét @6 30°C trong khoang thoi gian
¢ dinh. Céc nghién ciu dong hoc vé sy hip phu MB
dugc thuc hién biang céch khudy lién tuc 100 ml dung
dich MB (50-300 mg/L) trong binh tam giac 250 mL &
30 °C trong 180 phit cho dén khi dat can bang hap phu.
Dung dich MB con lai dugc loc va xac dinh nong do
trong khoang thoi gian khac nhau. Nong do MB con lai
duoc xac dinh bang may quang phd UV-Vis (UV 2550,
Shimadzu) ¢ budc séng 664 nm. Hiéu suit va dung
lwong hap phuy tinh don vi khdi luong chat hip phu duoc
tinh theo phuong trinh (1-3):
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Trong d6, H% la hiéu suat loai bo chat hap phy; ge
va g 1a dung lugng hap phu (mg/g) tai can bang va tai
thoi gian t (phdt); Co, Ce va C; lan luot 12 nong do (mg/L)
ciia MB tai thoi gian ban dau, tai can bang va tai thoi
gian t; m 1a khdi luong (g) chat hap phu va V 1a thé tich
(L) dung dich MB.

3. Két qua va thao luan

3.1. Anh huéng ciia lwgng chit hip phu

Anh huong caa luong chat hap phu Bent va BCA
khac nhau dén su hip phu MB dugc khao sat va két qua
duoc trinh bay trong Hinh 1. Dung lugng hap phu MB
tang khi luong chat BCA ting tir 0,25 Ién 1,0 gam/L va
sau do dat dén trang thai can bang. Ddi véi mau Bent,
dung lwong hap phu MB ting dan trong khoang khoi
lwong khao sat, diéu ndy cho thay méi quan hé tryc tiép
giira luong chat hap phu va vi tri tim hoat dong (Patil,
2016). Cac vi tri tam hip phu hoat dong ting Ién khi
lwong chit hap phu ting. Hiéu suat loai bo MB cua Bent
va BCA lan luot tang tir 20,18 1én 54,31 % va 30,06 Ién
90,17 % khi luong chat hap phu tang tir 0,25 Ién 2,0 g/L.
Tuy nhién, dung lugng hip phu MB giam khi luong chat
hip phu ting, diéu nay co thé 1a do su keo tu cua vi tri
tdm hap phu voi nhau dan dén giam tong dién tich bé mat
hoat dong cho su hip phu MB va ting chidu dai duong
khuéch tan. Trong Hinh 1, luvong chat hip phu tbi vu cua
Bent la 1,5 g/L va BCA 1a 1 g/L dugc chon cho céac thi
nghiém tiép theo.

—eo—Bent —e—BCA

1,25 1,5 1,75

Luong chat hap phu, m (g/L)

Hinh 1. Anh hwéng cia lweng chit hip phu dén kha ning hiap phu MB ciaa Bent va BCA

3.2. Anh huéng ciia thoi gian va dong hoc hip phu
Anh huong cua thoi gian tiép xac dén su hap phu

MB 1én BCA dugc chi ra trong Hinh 2. D4 thi cho thiy
qua trinh hap phu dién ra nhanh chong trong 30 phut dau
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va sau d6 dan dan cham lai cho dén khi dat trang thai can
bang & 60 phut. Trong giai doan dau cia qua trinh hap
phy, nhiéu vi tri tm hoat dong cia BCA c6 san va theo
thoi gian, s6 lwong vi tri thm hoat dong sin c6 dé hap
phu MB giam dan. Twong ty nhu thoi gian tiép xuc, khi
nong MB ban dau ting, dung luong hap phu MB trén
BCA ciing ting dan do ting cuong luc day cua gradient
nong d6 MB dé chiém céc vj tri tim hoat dong ciia BCA.

Anh huéng cta thoi gian

e
st

0 30 60 90 120 150 180
Thoi gian, t (phat)
300 mg/L

275
250
225
200
175
150

G (Mg/g)

—e—200 mg/L —e—250 mg/L

Hinh 2. Anh huéng cia thoi gian dén dung lwong
hap phu MB ciia BCA
Tham s6 dong hoc & mét trong nhiing yéu t6 quan
trong trong nghién ctru hi¢u qua loai bo chat mau bang
k§ thuat hap phu. Tham s6 dong hoc dugc sir dung dé mo
ta qua trinh hap phy, cling phan anh sy phu thugc cua cac
dac tinh hap phu vat ly hodc hoa hoc. Nhieu mo hinh
dong hoc dugc ap dung dé khao sat co che hap phu bao
gom phé‘n tng hoa hoc, kiem soat khuech tan va ciing
nhu truyén khoi.
(a) M hinh déng hoc biéu kién bac nhat
MG hinh dong hoc biéu kién bac nht dugc xac dinh
bang phuong trinh sau (4):
In(Qe — qr) = In Qe — ky.t (@)
Trong d6: gt va ge la dung luong hip phu MB 1én
BCA tai thoi diém t va tai vi tri can bang, ki la hang s6

tbc do hap phu MB (1/phut). Hang s6 tqc do hap phu
dugc xac dinh tir d6 doc va dé chan cua do thi vé In(ge —

5 (a) Phuong trinh dong hoc
. ‘::j;-_f., . biéu kién bac nhat
z.j: 0 ¢ vf-‘ ....... 0
é_, ...u ,,,, 9
e T A
£ 5 R

0 30 60 90 120 150 180
Thoi gian, t (phat)

4200 mg/L @250 mg/L

o) theo t. Néu db thi nay tao thanh mot duong thang,
diéu d6 co nghia 1a qua trinh hap phu tuan theo mé hinh
dong hoc biéu kién bac nhit.

(b) Mé hinh ddng hec biéu kién bac hai

Mo hinh d6ng hoc biéu kién bac hai duoc biéu dién
nhu sau (5):

LI S (5)

G KO Qe

Trong do, k 1a hang s6 tdc d ciia mo hinh dong hoc
biéu kién bac hai (g/mg.phat). Bang cach vé db thi t/q:
theo t, hang s6 toc do ciia mo hinh dong hoc biéu kién
bac hai dugc xac dinh tir d6 déc va do chan cia do thi.
Mo hinh ddng hoc dong hoc bac hai ap dung cho su hap
phu MB I1&n BCA phu hop tét néu db thi tao thanh mét
duong thang.

D6 thi In(ge — g) qua t md ta cho mé hinh dong hoc
biéu kién bac nhét va d6 thi t/q; qua t cho mé hinh dong
hoc biéu kién bac hai da dwgc minh hoa trong Hinh 3.
Két qua cho thdy ring dong hoc hap phu cua MB Ién
BCA tuan theo md hinh dong hoc biéu kién bac hai véi
gia tri hé s6 tuong quan rat cao (R? = 0,9996-0,9999) so
v6i md hinh dong hoc biéu kién bac mot (R? = 0,8870—
0,9482).

Cac tham sé dong hoc bao gdm hang sé tée do (k)
va gia tri (R?) cua ca hai mo hinh dong hoc duoc mo ta
trong Bang 2. Dua trén dit liéu trong bang, khi ndng do
MB ban dau ting 1én, cac hang sb toc do hip phu giam
dan. Hién tuong nay cé thé duoc giai thich la do su gia
tang nong d6 MB khién diéu kién dung dich ty dong bao
hoa v&i phan tr MB, diéu nay lam giam do phan tng cua
cac vi tri tdm hoat dong trén BCA. Gia tri cua hé sd
tuong quan R? cho mé hinh dong hoc biéu kién bac hai
gan bang 1 (> 0,999) so véi mé hinh dong hoc biéu kién
bac nhit d6i v6i 3 nong dd6 MB ban diu dugc nghién ctu
(d6i voi 200 mg/L, 250 mg/L va 300 mg/L). Cac gié tri
Qe tinh toan (thu duoc ¢ m6 hinh dong hoc biéu kién bac
hai) rat gan voi gia tri thuc nghiém gem (Bang 2). Nhiing
két qua nay chi ra rang su hap phu MB 1én BCA phu hop
v6i md hinh dong hoc biéu kién bac hai.

1,0 | (b) Phuong trinh dong

=) hoc biéu kién bac hai "
E AT PRt
.E? 015 A :::: gLy

%L A,s...é-,:',»‘»'-".‘

\C;: 0,0

= 0 30 60 90 120 150 180

Thoi gian, t (phat)

A 200 mg/L e 250 mg/L = 300 mg/L

Hinh 3. D6 thi biéu dién dang tuyén tinh
(2) mé hinh dgng hoc biéu kién bac nhat va (b) mé hinh déng hoc biéu kien bac hai.
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Bang 2. Mét s6 thong sé dong hoc hap phu MB trén BCA.

Nong do MB Phuong trinh dong hoc biéu kién bac nhat
(mg/L) Qen (MY/9) e (MY/Q) ki (1/phut) R?

200 199,14 68,31 0,0468 0,9368

250 248,94 22,30 0,0397 0,9482

300 262,47 26,20 0,0353 0,8870

Phuong trinh dong hoc biéu kién bac hai

Qean (MY/Q) e (Mg/Q) k2 (9/mg.pht) R?

200 199,14 204,08 0,0068 0,9996

250 248,94 250,01 0,0053 0,9999

300 262,47 263,16 0,0047 0,9998

3.3. Anh hwéng cia nong dd va dwong dang nhiét
hép phu

Dir liéu cin bang thudng dugc biét dén 1a cac dang
nhiét hap phy, 1a nhing yéu cau co ban cho viéc thlet ké
hé hap phuy. Ding nhiét hap phu thudng mo ta mdi quan
hé can bang gilta chat hap phu va chat bi hip phu. Hinh
4, cho thay can bang hap phu cua MB (de qua Ce) trén
Bent va BCA. Pé t6i uu hoa thiét k& hé hap phu loai bo
thudc nhuém MB khoi nude thai bang vat liéu thi viéc
thiét 1ap mbi quan hé phu hop nhét cho dudng dang nhiét
héap phu 1a rit quan trong. Do do, sy tuong quan cua dit
liéu hap phu bang cach sir dung phuong trinh déng nhiét
1a can thiét cho viéc giai thich va du doan muc do hap
phu. Cac m6 hinh duong dang nhiét hap phu rat hitu ich
dé du doan kha nang hap phu va cac mdi quan hé truyen
khéi trong thiét ké hé xir ly. Vi vay, dé téi uu hoa thiét ké
hé hap phu dé loai bo thube nhuém MB khoi nugc thai,
diéu quan trong la phai thiét lap méi tuong quan phu hop
nhit cho cac duong cong can bang. Vé mat nay, di liéu
thuc nghiém can bang hap phu MB trén Bent va BCA
duogc danh gia bang hai mé hinh dang nhiét: Langmuir va
Freundlich.

sy hap phu xay ra tai cac vi tri dong nhat trong chat hap
phu. Nguoi ta cho rang khi mot phan tir thuéc nhuém
chiém mot vi tri, khong thé xay ra sy hip phu ndo nira tai
vi tri d6. Hon nita, phuong trinh Langmuir dua trén gia
dinh vé chat hap phu dong nhat vé mat cau triic, trong d6
tat ca c&c vi tri hap phu déu gidng nhau va tuong duong
vé mit nang luong.

Vé mat ly thuyét, chat hap phu c6 kha ning hap phu
hitu han di voi chat bi hip phu. Do do, khi dat dén gia
tri bdo khdng thé xay ra sy hip phu nira. Phuong trinh
dang nhiét Langmuir dang tuyén tinh duoc chi ra trong
phuong trinh (6) (YU& cs., 2019):

Ce e, 2 (6)
4 dn K.,

Trong do, ge (mg/g) la luong thudc nhuém MB bi hip
phu trén don vi khdi lwong cua chat hap phuy, Ce (mg/L)
la nong d6 thudc nhuom con lai trong dung dich tai thoi
diém can bang, gm (mg/g) 12 dung lugng hap phu don 16p
cuc dai, Ku (L/mg) la hang s6 dang nhi¢t Langmuir.
Hing s6 ding nhiét Langmuir, K. va Om duoc xac dinh
qua dd thi tuyén tinh v& Celge qua Ce, x4c dinh gia tri
1/gm va /K .qm tir phwong trinh (6).

—~ 230 —e—Bent ——BCA Puong ding nhiét Langmuir cua qué trinh hip phu
g 200 MB trén ca Bent va‘BCA ¢ 30°C dugc trinh bay trong
S 150 Hinh 5. Phan tich hoi quy cho thay md hinh Langmuir
£ ———0— —o phu hop véi dit ligu thuc nghiém véi hé so twong quan
100 cao hon 0,98 déi véi Bent va BCA.

50 Mot thong s6 quan trong cua dudng dang nhiét
0 Langmuir duoc biéu thi bang hang s6 khong thir nguyén
0 50 100 150 goi la h¢ so tach, R. (Imane & cs., 2023) dugc dua ra boi

C, (mg/L) phuong trinh (7):

1

. N . R = (7
Hinh 4. Anh huéng ciia ndng dd MB dén kha ning 1+K_ .G,

hip phu ciia Bent va BCA
(a) Mé hinh ding nhiét Langmuir
~ M6 hinh hap phu Langmuir gia dinh rang cac luc lién
ket phan tir giam nhanh theo khoang cach va du doan su
ton tai cua don lop cua chat hap phu ¢ bé mat ngoai cua
chat hap phu. Ngoai ra, m6 hinh dang nhiét gia dinh rang

Trong d6, Co (mg/L) 1 ndng d6 thudc nhuém ban
dau va K_ (L/mg) 13 hing s6 Langmuir lién quan dén
ning luong hip phu. Gia tri Ry biéu thi hinh dang cua
duong dang nhiét 1a khong thuan loi (R > 1), tuyén tinh
(RL = 1), thuan lgi (0 < R_ < 1) hoac khong thuidn nghich
(RL = 0). Céc gia tri R_ 1a 0,011-0,062 ddi voi Bent va
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0,002-0,013 ddi véi BCA nhu thé hién trong Bang 3 cho
thay qua trinh hap phu MB trén ca hai chat hap phu la
mot qua trinh thuan loi.

(b) Mé hinh diang nhiét Freundlich

Phuong trinh ding nhiét Freundlich thuong dugc st
dung dé mo ta dic tinh hép phu cua bé mat khong déng
nhit cta vat lidu, & d6 kha nang hap phu khong dong déu
trén bé mat. Phuong trinh dang nhiét Freundlich dugc
biéu dién dudi dang tuyén tinh (8):

InqezilnCe+In K¢ (8)
n

Trong d6: Kr (mg/g) 1a hang s6 Freundlich lién quan
dén ning lugng lién két va 1/n 13 théng sé cudong d6 hip
phu Freundlich. Tir do dbc va d6 chan cua do thi tuyén
tinh v€ Inge qua InCe xac dinh dugc gia tri 1/n va InKe
cho phuong trinh (8).

Hinh 5b cho thiy cac d6 thi vé& In ge qua In Ce ddi
vé6i sy hap phu thudc nhuém MB trén Bent va BCA. Cac
gia tri ciia Kr va 1/n lan luot thu dugc tir d6 chin va do
déc. Cac gia tri nay 1a 53,50 va 0,1799 d6i vai Bent va
118,12 va 0,2457 d6i v6i BCA. Piéu nay chi ra rang ca
hai hé hip phu déu thuan loi va bentoniet hoat héa bang
acid c6 kha ning hip phu cao hon. Ca hai tham sb duong
ddng nhiét Langmuir va Freundlich cho qua trinh hap
phu MB Ién bentonite va BCA va c4c hé s twong quan
dugc tom tit trong Bang 3. C4c hé sb turong quan ciia md
hinh Langmuir cao hon mé hinh Freundlich, cho thay
qua trinh hip phu don 16p déng nhit pha hop hon.

(a) Phuong trinh Langmuir

—~15 -
%1,0 ABent ®BCA 4
\CUOS ..... .‘ ....................
0 eae P
010 ‘“""
0 50 100 150 -
C. (mg/L)

»300 A Bent @ BCA

<= 200 o« .
e
o ‘ [P TITie A.--kAA
. ------------ ‘ -----
0 e
-3 1 . ; : 7

Hinh 5. Dang tuyén tinh ciia dwong ding nhiét: (a)
Langmuir va (b) Freundlich ap dung cho qua trinh
hap phu MB trén Bent va BCA.

Bang 3. Hing s6 Langmuir va Freundlich qua trinh hap phu MB trén Bent va BCA.

Vit lidu Phuong trinh ding nhiét Langmuir
Qm (Mg/g) Kv (L/mg) R? Ru
Bent 126,6 0,30 0,9995 0,011-0,062
BCA 2494 1,54 0,9999 0,002-0,013
Phuong trinh ding nhiét Freundlich
1/n Kr (mg/g) R?
Bent 0,1799 53,50 0,8955
BCA 0,2457 118,12 0,8429

3.4. Anh huéng nhi¢t d9 va nhi¢t dgng hoc hap phu

Trong qua trinh hap phy, co ché hap phy la mét trong
nhiing yeu t6 quan trong can dugc nghién ctru. Qua trinh
hap phu c6 thé 1a hap phu vat Iy hoac hap phu hda hoc.
Trong hap phu vat Iy, lyc twong tac giita cic phan tir
tuong ddi yéu, chang han nhu luc Van der Waals. Nguoc
lai, trong hip phu héa hoc, c6 thé xay ra co ché trao doi
electron giita chat hip phu va chét bi hap phu, tao ra lién
két hoa hoc bén (Mahmoud & cs., 2016). Cé hai co ché
hap phu nay c6 thé dugc nhén biét thong qua céc thong
s6 nhiét dong hoc, bao gom bién thién niang lugng tu do
Gibbs (AG®), enthalpy (AH°) va entropy (AS°®).
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Céc thong sé nhiét dong hoc dugc tinh toan dya trén
cac dinh luat nhiét dong lyc hoc thé hién qua cac phuong
trinh (9-11):

AG° =—RT InK, (9)
0 0
InK, = AH .l+ AS (10)
R T R
q
K, =—¢ 11
s (11)

e

Trong d6: Kq 1a hing sb can bing, Ce 12 ndng d6 can
biang caa chét bi hap phu (mg/L), ge 1a ndng d6 can bing
cua pha ran (mg/g), R 1a hang s khi Iy tuong va T la
nhiét do tuyét doi (K). Gia tri ciia cac théng s6 AH® va
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AS° duoc xac dinh dua trén do déc va do chan cua db thi
InKg qua 1/T. Két qua thuc nghiém da cho mét duong
thang twong ddi phi hop voi hé sb tuong quan (R2) bang
0,911 (Hinh 6).

Céc gia tri AH® va AS® tir phuong trinh tuyén tinh
duoc tinh va thé hién trong Bang 4. Bdi véi hap phu vat
ly, nhiét lugng sinh ra trong qua trinh hap phu twong
duong véi nhiét ngung tu, thuong nam trong khoang 2—
20 kJ/mol. Trong khi dé, véi hap phu héa hoc, nhiét
lugng sinh ra thuong trong khoang 80-200 kJ/mol.
Trong nghién ciru nay, AH® cua qué trinh hap phu MB
trén BCA vao khoang 78,74 kJ/mol. Gia tri nay I6n hon
20 kJ/mol nhung nho hon 80 kJ/mol, cho thay ring qua
trinh hap phu 1a hap phu vat 1y, nhung c6 xu huéng gan
vé6i hap phu hoa hoc (Amrhar & cs., 2015). Gia tri AG®
am ¢ tat ca cac nhiét do thi nghiém, trong khi AH° c6 gia
tri duong. Diéu nay chi ra rang qua trinh hap phu MB
trén Bent va BCA |a ty xay ra trong khoang nhiét do thi
nghiém va mang tinh chit thu nhiét (Al-Rashed & Al-

Gaid, 2012). Hon nira, khi ting nhiét d(f:) hép phu tir 303

Ien 353 K, gia tri AG® cang am, cho thay rang qua trinh

hap phu thuan lgi hon & nhiét d6 cao.

75 | e

615 . "...

5,5 ‘

4,5 °"

35 T o

2,5
0,0028 0,003 0,0032

UT

In K4

0,0034

Hinh 6. D6 thi biéu dién InKq qua 1/T

Bang 4. Thong s hap phu nhiét ddng ciia xanh methylene 1én BCA

AG? (kJ/mol) AHC (kJ/mol) AS° (kJ/mol.K)
303K 313K 323 K 333K 343 K 353 K
-6,10 890 11,70 -1450 -17,30 -20,10 78,74 0,28

3.5. Pic trung cha vat ligu truwéc va sau khi hap
phu MB

Phé XRD, duong dang nhiét hap phu/giai hap phu
N2 va duong phan bé kich thudc 16 xdp cua mau Bent,
BCA va BCA-MB duogc chi ra trong Hinh 8, Hinh 8 va
Hinh 9. Cac thdng sb vé khoang céach 16p va céu tric 15
x6p cua mau Bent, BCA va BCA-MB dugc trinh bay
trong Bang 5. So vai Bent, dién tich riéng caa BCA giam
1a do su hoat hoa CA dan dén giam céc 15 xdp siéu nho
va tang sb luong cac 16 xp trung binh. Puong kinh 15
x6p cua BCA 16n hon Bent, twong tng voi téc do phan
tmg cao hon duoc thé hién trong Bang 2 (Yu& cs.,
2019). Sy giam dién tich bé mat Bent cia BCA-MB ¢6
thé do hai co ché: (i) Cac ion MB chiém trén bé mat
BET, bé mat ma cac phan tir nitrogen khong thé tiép can
dugc; (ii) Céc phan tr MB c6 thé da chian mot s6 16 xp
nho hon va ngan can su di qua cta cac phan tir nitrogen
vao cac 16 xop nay (Mahmoudian& cs., 2018). Bang 5
ciing cho thiy gid tri khoang cach 16p cua Bent, BCA va
BCA-MB. Goc 26 cua Bent ¢ 5,82° la khoang cach lop
dic trung (doos) 12 15,18 A ddi véi calcium-bentonite (H.
Zhang & cs., 2011). Sau khi hoat héa bang CA, khoang
cach |6p ciaa BCA thay d6i so véi Bent, khoang cach doos
cia BCA-MB ting 0,02 A, cho thay rang phan tir MB
khong xam nhap vao khéng gian xen gitra cia BCA, ttc
1a sy hap phu MB 1én BCA chu yéu dugc kiém soét boi
su hdp phu bé mat vi kich thudc phan tr caa MB 1a 17,0
X 7,6 x 3,3 A (Arias & cs., 1999).

Cuong do (a.u)

I
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Goc nhiéu xa (°)

Hinh 7. Gian @6 XRD cia Bent, BCA va BCA-MB

Biing 5. Khoang céch Iép, dién tich bé m3t BET, thé
tich 16 xop va dwong kinh lo caa Bent, BCA va BCA-

MB.
Chfrlt doo1 SeeT Vis dis
&) | (mg) | (cm¥g) | (nm)
Bent 15,18 | 76,26 0,081 9,12
BCA 15,17 45,08 0,085 11,18
BCA-MB | 15,20 3,76 0,031 28,73

a7
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Hinh 9. Phan bd kich thwéc mao quan
cua Bent, BCA va BCA-MB

Phé FTIR cua Bent va BCA truéc va sau khi hip phu
MB duoc thé hién trong Hinh 10. Déi véi Bent va BCA,
cac pic ¢ 1.024 va 525 cm™ lan luot 14 do dao dong hoa
tri cia nhom Si—O-Si va Si-O-Al (trong d6 Al la cation
bat dién) (Brito & cs., 2018). Céac pic ¢ 3.622 va 3.410
cm™ twong ung véi dao dong héa tri nhom —OH cua
nudée hap phu va lién két hydrogen giita cac phan tir nudc
va bé miat Si-O (C. Zhang & cs., 2014). Pic hap phu xuat
hién trong BCA & 1.636 cm™* dugc gan cho dao dong
hoa tri ddi xing C=0, lién quan dén nhém carboxyl cia
CA (Segovia-Sandoval & cs., 2018). Cac mé hinh lién
két chinh cua CA trén bentonite nhu sau: (i) phan tng
este héa giira bentonite va CA. Cac nhém —OH doi dao
trén bé mat Bent c6 thé phan g véi CA bang cach hinh
thanh lién két este va do d6 dua cac nhém carboxyl vao
BCA (Hinh 11) (EI-Sheikh & cs., 2018; Yu& cs., 2019);
(ii) phan tmg trao doi cation giira ion hydrogen cua CA
va cation trao dbi I6p gitra bentonite (nhu Na, Ca,
Mg,v.v.) theo phuong trinh phan tng (12):

CA"™—nH* + M™—Bentonite — M™ + CA—Bentonite
(12)

Trong d6 M va n la cation trao ddi lop gita cua
bentonite va hoa tri twong (g cua cation d6. Theo phan
ng trao dd6i cation, CA c6 thé lién két dé dang voi
bentonite (Gong & cs., 2018; Yu& cs., 2019).

%T 1 3385
00 aghs 322 (c) BCA-MB
E 369{3622 3402 (b) BCA

_| 3696 3622 3364

T T T T T T T

4000 3600 3200 2800

2400

T T T~ T "
2000 1600

Hinh 10. Phé FTIR caa Bent, BCA va BCA-MB
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Bentonite——QH + HO
OH

OH —> Bentonite—O

OH
OH

Hinh 11. Phan 1ng ester héa giira bentonite va citric acid

Mot sb pic méi xuat hién sau khi BCA hap phu MB
& 1601 cm? dac trung cho dao dong héa tri cia nhém
CH=N, dao dong hoa tri vong bén C=C xuat hién tir
1500-1400 cm?, dao dong hoda tri ua —-CH; hoidc -CHs &
vlng tir 1400-1300 cm™, céac pic dao dong hoa tri cua
nhém —C—N va N-N lan luwot 1251 cm™ va 1215 cm?,
C-H dao dong bién dang miat phang ngoai cua vong &
881 cm™ (Alshehri & Malik, 2019). Do d6, mau BCA-
MB xuét hién nhiéu pic méi dic trung cho cac vi tri tam
hip phu hoat dong chinh.

4. Két luan

Trong nghién ctru nay, sét bentonite va bentonite
bién tinh bang citric acid dugc chon 1am chat hap phu dé
loai b6 MB khoi dung dich nwdc. Bentonite hoat héa
bang citric acid duoc dic trung biang XRD va FTIR.
Bentonite tu nhién duoc sir dung véi thanh phan chinh 1a
montmorillonite, cac phan tich FTIR x&c nhan su bién
tinh cua bentonite bang citric acid. Diéu nay dan dén kha
ning hap phu cua bentonite bién tinh ting 1én. Dung
lugng hap phu MB dugc cai thién tir 124,55 mg/g dbi voi
Bent Ién toi 244,45 mglg dbi véi BCA. Luong chat hap
phu téi da d6i v6i Bent va BCA lan luot 1a 1,5 g/L va 1,0
g/L. Cac nghién ctru dong hoc hap phu cho thiy qua trinh
loai b6 MB la mot qua trinh nhanh chéng va quéa trinh
hip phu tuan theo mé hinh dong hoc biéu kién bac hai,
cho thay thudc nhuém cation c6 &i luc rat manh trén bé
mit bentonite. Dir lidéu dang nhiét ciing cho thay su phu
hop tét v6i mé hinh dang nhiét Langmuir.

Loi cim on: Nghién ctru nay duoc hd tro béi dé tai
mé s6 SPD2022.01.10.
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