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Ngdnh dét may la mot  trong nhd'ng nganh cé lwong chat thai gdy 6 nhiém méi truong Iom nhdt toan cau,
dé gidi quyét van dé 6 nhiém nguon nude nghiém trong do chdt thai dét nhuém gay ra, bentonite bién tinh
bang citric acid (BCA) e diéu ché bang cach hoat hoa bentonite tho tryc tlep Voi citric acid. San pham
e xdc dinh bang phirong phéap nhiéu xa tia X va pho FTIR. Mt s6 yéu t6 anh hwong dén qud trinh hdp
phu methylene blue (MB) ciia BCA nhu lwong chat hdp phu, thoi gian, nong dé, nhiét dg da dwoc khdo sdt.
Két qua khao sdt cho thay, dung heong hdp phu tang khi heong chdt hap phu, nong dé va thoi gian va nhiét
dé tang. Qud trinh hdp phu MB trén BCA phit hop v6i mé hinh dang nhiét Langmuir, véi dung lwong hdp
phu dat 244,45 mg/g. Péng hoc hdp phu MB trén BCA phit hop véi mé hinh déng hoc biéu kién béc 2. Qua
trinh hdp phu MB trén vit liéu la qud trinh thu nhiét va tie xay ra. Tir cdc két qua cho thay, BCA la mét chdt
hdp phu tiém néng trong viéc loai bo thuéc nhuém tir dung dich nuée.
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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

Thude nhudém duge si dung rong rai trong cac
nganh cong nghiép nhu dét may, in an, m§ pham va
nhua do ¢ ban chit mau sang, giat dugc va bét n.'flng
(Taher & cs., 2018; Yu & cs., 2019). Tuy nhién, nudc
thai tir cac nganh cong nghi¢p nay chira mot luong
16n thudc nhudm chua qua xir 1y c6 thé gay hai cho
strc khoe con ngudi va sinh vt thiy sinh, do dé can
duoc loai bo trudc khi thai ra moi truong.

Hién nay, mot ) ky thuat khac nhau da duogc
str dung dé loai bo cac chat 6 nhiém trong nudc thai
gf”)m h?ip phuy, xtc tac, oxi hoa dién hoa, ozone hoa,
loc mang, xtr 1y sinh hoc va enzym (My Linh & cs.,
2020). Trong s nhirng phuong phéap d6, hap phu duoc
xem la phuong phéap pho bién nhat, don gian, d& van
hanh va sir dung nhiéu loai vat liéu hap phu khac nhau
(Bellifa & cs., 2017; Qu & cs., 2016). Trong s6 cac
loai vat liéu nay, than hoat tinh dugc xem la vt liu
hép phu hiéu qua, tuy nhién than hoat tinh c6 gia thanh
kha cao, 1am han ché trong viéc tmg dung (Bellifa&
cs.,2017; Qu& cs., 2016). Nguoc lai, bentonite dugc
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 dat sét (Bellifa&
cs., 2017; Fosso-Kankeu & cs., 2016) la nhitng chét
héap phu c6 gia thanh thip va da duoc sir dung dé xu
1y nudce thai chira thuée nhudém hiéu qua.

Gan ddy, cac nha khoa hoc tap trung nghién
cuu kha nang rng dung cua khoang sét trong viéc
xtr Iy nude thai do chi phi thap, ham luong ddi dao,
khong doc hai, bén va c6 dung luong trao ddi ion cao.
Mot sb 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 duogc st dung
va két qua cho thay hiéu qua loai bo cac chit 6 nhiém
trong nudc thai dét nhudm. Trong s cac loai khodng
sét, bentonite dugc xem 1a chat hép phu hiéu qua do
dung luong hap phu cao, dién tich bé mat 16n va gia
thanh thap. Tarmizi Taher va cong su (Taher & cs.,
2019) da nghién ciru kha ning loai bo chit nhuém do
Congo (CR) bing bentonite hoat hoa bang sulfuric
acid v6i dung lugng hap phu cuc dai tinh theo
Langmuir 1a 20,70 mg/g. Ho cling da khao sat kha
ning xir Iy MB bang bentonite dugc hoat hoa bang
acid va bang nhiét, két qua cho thiy bentonite hoat

ho4 ¢6 kha ning xur 1y tot hon so voi bentonite tho
(Taher& cs., 2018). Nghién ctru ctia Manjot Toor va
cong su (Toor& cs., 2015), sir dung bentonite bién
tinh bang hydrochloric acid ¢ hiéu qua xu Iy CR
t6t hon so v6i bentonite nguyén liéu. Trong nghién
ctru cua Yu va cong su (Yu& cs., 2019) da su dung
citric acid hoat hoa bentonite va img dung xtr Iy CR
cho thdy, dung lugng hap phu CR cua vat lidu nay
1a kha cao. Tir cac két qua nghién ctru trén cho thiy,
bentonite bién tinh bang acid v6 co/hiru co co kha
nang hap phu tét cac loai thuéc nhuém khac nhau.

Tuy nhién, viéc st dung acid v6 co manh nhu
sulfuric acid va hydrochloric acid 1am pha huy ciu
tric cua bentonite. Trong khi d6, cac phuong phap
bién tinh sir dung tac nhan hitu co nhu CTAB/
polyacrylic acid (W. Li & cs., 2018) va chit hoat
dong bé mit Gemini chira amine da chirc (Xu & cs.,
2018) thuong gip van dé vé doc tinh, gia thanh cao
va qué trinh bién tinh phtrc tap. Do d6, tac nhan citric
acid 1a mot giai phap than thién voi moi truong va tiét
kiém chi phi dé bién tinh bentonite. Citric acid (CA)
1a mdt acid hitu co va khong doc hai, rat ré va doi dao
vino co thé dugc lay tir sinh khdi ty nhién. Ngoai ra,
nhom —OH va —COOH trong CA khéng chi la nhom
lién két hiéu qua dé gin két CA trén bé mit bentonite
ma con 1a nhom tao chelate manh v6i thude nhuém
hitu co va loai bd ion kim loai nang. Trong nhitng nam
gan day, mot s6 chat hap phu bién tinh CA dugc bao
céo vé kha nang hip phu thudc nhuém va kim loai
nang (Wang & cs., 2018). Theo nghién ctru cua H.
Zhang va cong su (H. Zhang & cs., 2019) cho thiy,
CA khong chi sir dung bién tinh bentonite than thién
v6i moi trudng bang qua trinh don gian va nhanh
chong ma con tranh 6 nhiém thir cap. Do d6, CA da
duoc lua chon dé bién tinh bentonite Binh Thuén dé
thu dugc bentonite bién tinh bang CA (BCA) trong
nghién ctru nay va tmg dung dé loai bo chat mau hiru
co (methylene blue,v.v.) trong nudc.

2. Thuc nghiém va phuwong phap nghién ciu

2.1. Nguyén liéu

Bentonite (Bent) dugc su dung trong nghién
ctru ndy dugc 1ay ngudn quing bentonite Tuy Phong
(Binh Thuan). Cac hoa cht: citric acid (Trung Qudc),
methylene blue (Trung Qudc) 1a cac hoa chit sach
phan tich, khong can ché héa thém. Cau tric cia MB
duoc trinh bay trong Bang 1.
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Bang 1. Cu triic va tinh chét chung cia MB

CAu tric

QLL

H;

2.2. Diéu ché bentonite bién tinh bing citric
acid

Bentonite bién tinh bang citric acid dugc tién
hanh tuong ty nhu tac gia H. Zhang (Yu& cs., 2019)
v6i mot s6 cai tién nhu sau: 1dy 5 gam Bent phan tan
trong 50 ml nudc cat thu duoc huyén phu sét. 2,78
gam CA hoa tan trong 50 ml nu6c cit duoc dung
dich CA va thém timg giot dung dich CA vao huyén
phu sét. Hon hop tiép tuc khay 50°C trong 3 glo sau
do hén hop duoc loc, rira nhiéu lan bang nudc cat va
sdy kho & 50°C trong 24 gid; mau dugc nghién min
va giit trong binh hiit am (ky hiéu BCA).

2.3. Phwong phap xac dinh dic trung cua
vat liéu

Bent, BCA, BCA-MB duogc xac dinh boi1 XRD
(may do nhiéu xa X, D/Max 2500V) véi budc xa
CuKo trong khoang tir 1-50° véi toc do quét 1a 5/
phit. Dién tich bé mit riéng va kich thude 16 x6p trung
binh ctia Bent, BCA, BCA-MB dugc xac dinh bang
thiét bi hap phu/khir hap phu N, (may Micromeritics).
Cac nhom chuc dac trung ciia mau dugc nghién
ctru bang pho FTIR (may Shimadzu) trong ving tir
4000400 cm™'.

2.4. Khio sat qua trinh hip phu MB ciia vt li¢u

Céc thi nghiém hip phu MB trén Bent va BCA
duoc thuc hién voi 100 ml dung dich MB (200 mg/L)
v6i lwong chat hip phu khac nhau (0,25-2,0 g/L)
chira trong binh tam giac (250 mL) va dat trén may
lac vé6i tée d6 200 vong/phut, & nhiét dd 30°C trong
khoang thoi gian ¢ dinh. Cac nghién ciru dong hoc
vé su hép phu MB dugc thuc hién béng cach khuéy
lién tuc 100 ml dung dich MB (50-300 mg/L) trong
binh tam giac 250 mL & 30°C trong 180 phut cho
dén khi dat can bang hip phu. Dung dich MB con
lai duoc loc va xac dinh n(‘Sng d6 trong khoang thoi
gian khac nhau. Néng do MB con lai dugc xac dinh
bang may quang phd UV-Vis (UV-2550, Shimadzu)
& budc song 664 nm. Hiéu suat va dung luong hip
phu tinh don vi khdi lugng chét hép phu duoc tinh
theo phuong trinh (1-3):
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Cong thirc phin tir  Khdi lwgng mol (g/mol) A (nm)
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Trong d6, H% 14 hiéu suit loai bo chat hip phu;
q,vaq 1adung luong hap phu (mg/g) tai can bang va
tai thoi gian t (phut); C, C va C, lan luot 1a n@)ng do
(mg/L) ciia MB tai thoi gian ban dau, tai can biang va
tai thoi gian t; m 1a khoi lugng (g) chat hap phuva v
1a thé tich (L) dung dich MB.

3. Két qua va thao luin

3.1. Anh huéng ciia lwong chit hip phu
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Hinh 1. Anh huéng ciia hrgng chit hip phu dén kha
niing hip phu MB ciia Bent va BCA

Anh huong cia lugng chat hip phu Bent va
BCA khac nhau dén sy hép phu MB duoc khao sat
va két qua duoc trinh bay trong Hinh 1. Dung luong
hap phu MB ting khi luong chat BCA ting tir 0,25
1én 1,0 gam/L va sau d6 dat dén trang thai can bang.
Dé6i v6i mau Bent, dung lugng hap phu MB ting
dan trong khoang khdi luong khao sat, diéu nay cho
thiy mdi quan hé truc tiép giita luong chit hip phu
va vi tri tam hoat dong (Patil, 2016). Cac vi tri tam
hap phu hoat dong ting 1én khi lugng chat hip phu
ting. Hiéu suit loai bo MB cuia Bent va BCA lan
luot tang tir 20,18 1én 54,31% va 30,06 1én 90,17%
khi lugng chat hap phy tang tir 0,25 1én 2,0 g/L. Tuy
nhién, dung lugng hap phu MB giam khi lugng chat
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hép phu ting, diéu nay c6 thé 1a do su keo tu cta vi
tri tim hap phu voi nhau dan dén giam tong dién tich
bé mit hoat dong cho su hép phu MB va tang chiéu
dai duong khuéch tan. Trong Hinh 1, lugng chit hip
phu tdi wu cia Bent 13 1,5 g/LvaBCAlal g/L dugc
chon cho cac thi nghiém tiép theo.

3.2. Anh huéng ciia thoi gian va dong hoc
hf’lp phu

Anh hudng ca thoi gian tiép xtic dén sy hp phu
MB 1én BCA duoc chi ra trong Hinh 2. D6 thi cho
thdy qué trinh hip phy dién ra nhanh chong trong 30
phut ddu va sau d6 dan dan cham lai cho dén khi dat
trang thai can bang ¢ 60 phut. Trong giai doan dau
cua qua trinh hép phu, nhiéu vi tri tAm hoat dong cua
BCA c6 san va theo thoi gian, sb luong vi tri tdm hoat
dong san c6 dé hip phu MB giam dan. Twong tw nhu
thoi gian tiép xuc, khi néng MB ban dau ting, dung
luong hap phu MB trén BCA ciing ting dan do ting
cuong lyc ddy cua gradient nong d6 MB dé chiém
cac vi tri tam hoat dong ctia BCA.

Anh hudng cia thoi gian
o 275
w250 G ——————
E 25 f’ﬁ
S 200
175 P/.
150

0 30 60 90 120 150 180
Thoi gian, ¢ (phut)

—e—200 mg/L. ——250 mg/L 300 mg/L

Hinh 2. Anh hwéng ciia thoi gian dén dung hrgng
héip phu MB ciia BCA

Tham s6 dong hoc 13 mot trong nhiing yéu t6
quan trong trong nghién ctru hiéu qua loai bo chat
mau bang k¥ thuat hap phy. Tham s6 dong hoc duoc
sir dung dé mé ta qua trinh hp phy, ciing phan anh
su phu thudc cua cac dac tinh hép phu vat Iy hoac hoa
hoc. Nhiéu mé hinh dong hoc dugc ap dung dé khao
sat co ché hip phu bao gdm phan tmg hoéa hoc, kiém
soat khuéch tan va ciing nhu truyén khoi.

(a) M hinh ddng hoc biéu Kkién bac nhit

Mo hinh dong hoc biéu kién bac nhit duoc xac
dinh bang phuong trinh sau (4):

In(g,—q)= In q,— k.t 4

Trong d6: qt va qe 1a dung lwong hap phu MB
1én BCA tai thoi diém ¢ va tai vi trf can bang, k, 1a
hang s6 toc d§ hap phu MB (1/phut). Hang so toc
do hép phu duogc xac dinh tir dbc va do chan cua
dd thi v& In(g, — ¢,) theo . Néu @6 thi nay tao thanh
mot duong thang, dicu do co nghia la qua trinh hap
phu tuén theo mé hinh dong hoc biéu kién bac nhat.

(b) Mé hinh dong hoc biéu kién béc hai

Mo hinh dong hoc biéu kién bac hai dugc biéu
dién nhu sau (5):

1 1
L RS
9. kaq., 4.

Trong do, k,1a hang s6 toc do ctia md hinh dong
hoc bicu kién béc hai (g/mg.phut). Bang cach v€ do6
thi #/g, theo ¢, h?mg s6 tdc d6 cua mo hinh dong hoc
biéu kién bac hai duge x4c dinh tir 4o doc va do chin
ctia d6 thi. M6 hinh dong hoc dong hoc bac hai ap
dung cho su hdp phu MB 1én BCA phu hop tét néu
dd thi tao thanh mot duong théng.

Do thi In(g, - ¢, qua t md td cho mo hinh dong
hoc bi€u ki€n bac nhat va do thi #/g, qua ¢ cho mo
hinh ddng hoc biéu kién bac hai da dugc minh hoa
trong Hinh 3. Két qua cho thay rang dong hoc hap
phu cua MB 1én BCA tuan theo mé hinh dong hoc
biéu kién bac hai véi gia tri hé ) twong quan rat cao
(R,=0,9996-0,9999) so v6i md hinh dong hoc biéu
kién bac mdt (R2 = 0,8870-0,9482).

Céc tham sb dong hoc bao gdm hing sé toe do
(k) va gia tri (R,) ctia ca hai m6 hinh dong hoc dugc
md ta trong Bang 2. Dua trén dir 1i€u trong bang,
khi ndng d6 MB ban ddu ting 1én, cac hang s toc
d6 hap phu giam dan. Hién tugng nay cé thé duoc
giai thich 1a do sy gia ting ndng d6 MB khién diéu
kién dung dich tu dong bao hoa voi phan tt MB,
diéu nay lam giam d6 phan ung cuia cac vi tri tim
hoat dong trén BCA. Gia tri cua hé sb tuong quan
R, cho md hinh dong hoc biéu kién bac hai gan bing
1 (> 0,999) so voi mod hinh dong hoc bi€u kién bac
nhat ddi voi 3 ndong do MB ban dau duoc nghién
ctru (d6i voi 200 mg/L, 250 mg/L va 300 mg/L). Cac
gia tri ge tinh toan (thu dugc & mé hinh dong hoc
biéu kién bac hai) rat gan véi gia tri thyc nghiém
qe,tn (Bang 2). Nhiing két qua nay chi ra rang sy
hap phu MB 1én BCA phu hop v6i mé hinh dong
hoc biéu kién béc hai.
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5 (a) Phuong trinh dong hoc
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Hinh 3. Do thi biéu dién dang tuyén tinh
(a) mo hinh dong hoc bi€¢u kién bac nhat va (b) mé hinh dong hoc bi¢u kien bac hai.

Bing 2. Mt so thong s6 dong hoc hiap phu MB trén BCA

Phuong trinh dong hoc biéu kién bac nhit

Nong do MB (mg/L) :
q,,, (mg/g) q, (mg/g) k, (1/phiit) R,
200 199,14 68,31 0,0468 0,9368
250 248,94 2230 0,0397 0,9482
300 262,47 26,20 0,0353 0,8870
Phuong trinh dong hoc biéu kién bac hai
q,, (mg/g) q, (mg/g) k, (g/mg.phut) 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
33 Anh huéng ciia nong d§ va dwong ding 250 —e—Bent ——BCA
nhiét hap phu S 200
Dit lidu can bang thuong duoc biét dén 1a cac 5 150 S
dang nhiét hip phy, 1a nhitng yéu ciu coban choviéc = 100 ¢ ¢ N N
thiét ké h¢ hap phu. Dang nhiét hap phy thuong mo 50
ta moi quan hé can bang gitta chat hap phu va chat bi 0
hap phu. Hinh 4, cho thiy can bang hap phu cia MB 0 50 100 150 200
(qe qua Ce) trén Bent va BCA. Dé tbi uu hoa thiét ké C, (mg/L)

hé hap phu loai bo thudc nhuém MB khoi nude thai
bang vt lidu thi viéc thiét 1ap mdi quan hé phi hop
nhit cho duong déng nhiét hip phu 1a rat quan trong.
Do d6, su twong quan cua dir liéu hap phu bang cach
sir dung phuong trinh dang nhiét 1 can thiét cho viéc
giai thich va dy doan murc d6 hap phu. Cac mé hinh
duong dang nhiét hap phu rat hiru ich dé du doan kha
ning hap phu va cac mdi quan hé truyén khdi trong
thiét ké hé xir ly. Vi véy, dé téi uu hoa thiét ké hé
héap phu dé loai bo thuéc nhudém MB khoi nuéde thai,
diéu quan trong 1a phai thiét 1ap mdi tuong quan phu
hop nhét cho cac dudng cong cin bang. V& mit nay,
dir liéu thue nghiém can bang hap phu MB trén Bent
va BCA duogc danh gia bang hai mo hinh dang nhiét:
Langmuir va Freundlich.
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Hinh 4. Anh h}r(’)’llg ciia nong do MB dén kha ning
hap phu ciia Bent va BCA

(a) M6 hinh ding nhiét Langmuir

M5 hinh hdp phy Langmuir gia dinh rang cac
luyc lién két phan tir giam nhanh theo khoang cich
va du doan sy ton tai cua don 16p cua chét hép phu
& bé mat ngoai cua chét hép phu. Ngoai ra, m6 hinh
déng nhiét gié dinh réng su hap phu xay ra tai céc vi
tri dong nhat trong chét hap phu. Ngudi ta cho riang
khi mét phan tir thuée nhudém chiém mét vi tri, khong
thé xay ra sy hap phu nao nita tai vi tri 6. Hon nira,
phuong trinh Langmuir duya trén gia dinh vé chat hap
phu dong nhat v& mit cau trac, trong d6 tat ca cac vi
tri hap phu déu giéng nhau va twong duong vé mit
nang luong.
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V& mit 1y thuyét, chat hap phu c6 kha ning
hép phu hitu han ddi véi chit bi hap phu. Do d6, khi
dat dén gia tri bao khong thé xay ra sy hap phu nita.
Phuong trinh dang nhiét Langmuir dang tuyén tinh
duoc chi ra trong phuong trinh (6) (Yu& cs., 2019):

% = L.Ce + ! (6)
KL 'qm

9. 9n

Trong do, ¢, (mg/g) la luong thudc nhuom MB
bi hép phu trén don vi khdi luong cua chét hép phu,
C, (mg/L)la né)ng d6 thudc nhudm con lai trong dung
dich tai thoi diém can bang, gqm (mg/g) 1a dung luong
héap phu don 16p cuc da@, I§L (L/mg) 13 hang sb dang
nhi¢t Langmuir. Hang s6 dang nhi¢t Langmuir, K, va
qm dugc xac dinh qua db thi tuyén tinh v& C/q,quaC,
xac dinh gia tri 1/qm va 1/K, .q, tir phuong trinh (6).

Puong dang nhiét Langmuir cta qua trinh hip
phu MB trén ¢4 Bent va BCA ¢ 30°C duogc trinh bay
trong Hinh 5. Phén tich hdi quy cho thdy mé hinh
Langmuir phu hop voi dit liéu thyc nghiém véi hé
s6 twong quan cao hon 0,98 ddi voi Bent va BCA.

Mot thong sb quan trong ciia dudng déng nhiét
Langmuir dugc biéu thi bang hang sé khong thir
nguyén goi 1a hé s6 tach, R , (Imane & cs., 2023) dugc
dua ra boi phuong trinh (7):

1

= 1+K,.C, @)

Trong do, C, (mg/L) la n(:Sng d6 thudc nhudm
bE}n dauvak, (L/mg) la hang s0 Langmuir lién quan
dén nang lucﬂ}g hap phu. Gia tri R, bi€u thi hinh dang
cua duong dang nhiét 1a khong thuén loi (R, > 1),
tuyén tinh (R, = 1), thuan loi (0 <R, < 1) hodc khong
th}lafm nghich (R, = 0). Cac gia t;j R, 120,01 170,062:
doi véi Bent va 0,002-0,013 doi voi BCA nhu thé
hién trong Bang 3 cho thay qua trinh hap phy MB
trén ca hai chat hap phu 1a mot qua trinh thuén 1oi.

(b) M6 hinh déing nhiét Freundlich

Phuong trinh dang nhiét Freundlich thuong
duoc st dung dé mé ta dic tinh hép phu cta bé mat
khong dong nhit cua vat liéu, & d6 kha nang hap phu
khong dong déu trén bé mit. Phuong trinh ding nhiét

Freundlich duoc biéu dién duéi dang tuyén tinh (8):
lnqezllnCE—FanF (8)
n

Trong d6: K, (mg/g) 1a hing s6 Freundlich lién
quan dén nang lugng lién két va 1/n 1a thong so cuong
d6 hap phu Freundlich. Ttr do dbc va d6 chan cua do
thi tuyén tinh v& In q,qua In C xac dinh dugc gia tri
I/mvaln K, cho phuong trinh (8).

Hinh 5b cho thdy céc do thi vé& In ge qua In C,
dbi v6i sy hap phu thube nhudém MB trén Bent va
BCA. Cac gia tr’i cua K, va l/n lan luot thu dugce tir
d6 chan va d6 doc. Cac gia tri nay 1a 53,50 va 0,1799
ddi véi Bent va 118,12 va 0,2457 déi voi BCA. Diéu
nay chi ra réng ca hai hé hép phu déu thuan loi va
bentoniet hoat héa bang acid c6 kha ning hap phu cao
hon. Ca hai tham s6 dudng dang nhiét Langmuir va
Freundlich cho qué trinh hdp phu MB 1én bentonite
va BCA va céc hé sb twong quan duoc tom tit trong
Bang 3. Cac hé s6 twong quan ciia md hinh Langmuir
cao hon mé hinh Freundlich, cho thay qua trinh hap
phu don 16p dong nhat phu hop hon.

(a) Phuong trinh Langmuir
Sus .
321.0 ABent @BCA 4
S AT e
05 e e
e T
0 0 .“....
0 50 100 150 200
C, (mg/L)
(b) Phuong trinh Freundlich
2300 | ABent eBCA .-
|
£ 200 o .
Y T
100 . () Ao MM
O &
0 -

In C,
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 hip phu MB trén Bent va BCA

Phuong trinh ding nhiét Langmuir

Vit liéu
q, (mg/g) K, (L/mg) R, R,

Bent 126.,6 0,30 0,9995 0,011-0,062

BCA 2494 1,54 0,9999 0,002-0,013
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Phuong trinh ding nhiét Freundlich

1/n K, (mg/g) R,
Bent 0,1799 53,50 0,8955
BCA 0,2457 118,12 0,8429

3.4. Anh hwéng nhiét d§ va nhiét dong hoc
hf’lp phu

Trong qué trinh hap phu, co ché hip phu 1a mot
trong nhing yéu t6 quan trong can dugc nghién ciru.
Qué trinh hap phu c6 thé 1a hip phu vat Iy hodc hap
phu hoéa hoc. Trong hép phu vat ly, luc tuong tac
giita cac phan tir twong ddi yéu, chiang han nhur lyc
Van der Waals. Nguoc lai, trong hép phu hoa hoc,
6 thé xay ra co ché trao doi electron gitra chat hap
phu va chat bi hép phuy, tao ra lién két hoa hoc bén
(Mahmoud & cs., 2016). Ca hai co ché hip phu nay
¢6 thé duoc nhan biét thong qua cac thong sb nhiét
d6ng hoc, bao gom bién thién ning luong ty do Gibbs
(AG®), enthalpy (AH®) va entropy (AS°).

Céc thong s6 nhiét dong hoc dugc tinh toan dua
trén cac dinh luat nhiét dong luc hoc thé hién qua cac
phuong trinh (9-11):

AG’=-RTInK, 9)
0 0
and—AH .l+M (10)
R T R
4.
K, c (11)

Trong do: K, 1a héng sb can bang, C la ndng do
can bang cua chat bi hap phu (mg/L), g, 1a ndng d6
can bang ctia pha ran (mg/g), R 12 hang s6 khi Iy tuéng
va T la nhiét do tuyét dbi (K). Gia tri cua cac thong
s& AH® va AS® duoc x4c dinh dua trén do doc va do
chan cta d6 thi InKd qua 1/7. Két qua thyc nghiém
dd cho mot duong thing twong déi phu hop voi hé
sd twong quan (R?) bang 0,911 (Hinh 6).

Céc gia tri AH® va AS° tir phuong trinh tuyén
tinh dugc tinh va thé hién trong Bang 4. Bdi vai
hép phu vat ly, nhiét lugng sinh ra trong qua trinh
hap phu twong duong véi nhiét ngung ty, thuong
nam trong khoang 2-20 kJ/mol. Trong khi dé,
voi hép phu hoa hoc, nhiét lugng sinh ra thuong
trong khoang 80-200 kJ/mol. Trong nghién cuu
nay, AH° ctia qua trinh hap phu MB trén BCA vio
khoang 78,74 kJ/mol. Gié tri nay 16n hon 20 kJ/mol
nhung nhé hon 80 kJ/mol, cho thay ring qua trinh
hép phu 14 hdp phu vat 1y, nhung c6 xu huéng gan
v6i hap phu hoa hoc (Amrhar & cs., 2015). Gia
tri AG® am & tat ca cac nhiét do thi nghi€m, trong
khi AH® ¢6 gia tri duong. Diéu nay chi ra ring
qua trinh hdp phu MB trén Bent va BCA 1a tu xay
ra trong khoang nhiét dg thi nghiém va mang tinh
chét thu nhiét (Al-Rashed & Al-Gaid, 2012). Hon
nira, khi ting nhiét do hap phu tir 303 1én 353 K,
gia tri AG® cang am, cho thiy rang qua trinh hip
phu thuan lgi hon ¢ nhiét d6 cao.

75 e

6.5 .

55 ..
4.5 o
35

2.5
0.0028

In K

0.003 0.0032
/T

Hinh 6. D thi bi¢u dién InK, qua 1/T

0.0034

Bang 4. Thong s6 hip phu nhiét déng ciia xanh methylene 1én BCA

AG" (kJ/mol) AH' (kJ/mol)  AS° (kJ/mol.K)
303K 313K 323K 333K 343K 353K
6,10 8,90 ~11,70 14,50 ~17,30 20,10 78,74 0,28

3.5. Pac trung cua vat liéu trudc va sau khi
hip phu MB

Pho XRD, dudng dang nhiét hap phu/giai hap
phu N, va duong phan bb kich thude 16 xp ctia mau
Bent, BCA va BCA-MB dugc chi ra trong Hinh 8§,
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Hinh 8 va Hinh 9. Céc thong s6 vé khoang cach 16p
va céu tric 16 xdp ctia mau Bent, BCA va BCA-MB
duoc trinh bay trong Bang 5. So véi Bent, dién tich
riéng ctia BCA giam 1a do su hoat hoa CA dan dén
giam cac 18 x0p siéu nho va tang sé luong cac 15



Tap chi Khoa hoc Pai hoc Béng Thap, Tap 14, Sé 2, 2025, 41-52

xbp trung binh. Puong kinh 16 x6p cia BCA 16n
hon Bent, twong ung véi tbe do phan tng cao hon
duoc thé hién trong Bang 2 (Yu& cs., 2019). Su
giam dién tich bé mat Bent cia BCA-MB c6 thé do
hai co ché: (i) Cac ion MB chiém trén bé mat BET,
bé mit ma cac phan tir nitrogen khong thé tiép can
duogc; (i) Cac phan tt MB ¢co thé da chan mot sb
16 xp nho hon va ngin can sy di qua cia cac phan
tir nitrogen vao cac 15 x6p nay (Mahmoudian& cs.,
2018). Bang 5 ciing cho thay gia tri khoang cach 16p
cua Bent, BCA va BCA-MB. Géc 26 cua Bent ¢ 5,82°
1a khoang cach 16p dac trung (d,,) 1a 15,18 A ddi
voi calcium-bentonite (H. Zhang & cs., 2011). Sau
khi hoat hoa bang CA, khoang cach 16p ciia BCA
thay ddi so v6i Bent, khoang cach d,, cua BCA-MB
tang 0,02 A, cho thay rang phan tir MB khong xam
nhép vao khong gian xen giira cua BCA, tic 1a su
hap phu MB 1én BCA chii yéu dugc kiém soat boi
su hap phu bé mit vi kich thudc phan tir cia MB 1a
17,0 x 7,6 x 3,3 A (Arias & cs., 1999).

Cuong do (a.u)

T T T T 1

0 10 20 30 40 50
Goc nhiéu xa (°)
Hinh 7. Gian dd XRD ciia Bent, BCA va BCA-MB

@ 70 »
mg 60 (a) Bent 'l
= 50
..g. 40 (b) BCA
& 30  ©BCAMB
= 20 : /
o 10 gmene® j
=
= 0

0 0.2 0.4 0.6 0.8 1

Ap suat, P/P°

Hinh 8. Puong ding nhiét hip phy/gii hap phu N,
cua Bent, BCA va BCA-MB

Bing 5. Khoang céch 16p, dién tich bé mit BET,
thé tich 16 xop va dwong kinh 16 ciia Bent, BCA

va BCA-MB
) d s V. d.
a 001 BET 1o 1o
hat X il  (ml (m)
Bent 15,18 7626 0,081 9,12
BCA 15,17 45,08 0,085 11,18
BCA-MB 15,20 3,76 0,031 28,73
» 05+
v:é I
g o4
g
::% 0.3
-
L
024
01 m (b) BCA
& ®—®—8—_ o (aBent (c) BCA-MB
. A
0.0 4 T T T T 1
0 20 40 60 80 100

D6 réng mao quan (nm)
Hinh 9. Phén bd kich thuéc mao quan ciia Bent,
BCA va BCA-MB

Pho FTIR ctia Bent va BCA trude va sau khi
hap phu MB duoc thé hién trong Hinh 10. Déi véi
Bent va BCA, céc pic & 1.024 va 525 cm™ 1an luot 1a
do dao dong hoa tri cua nhom Si—O-Si va Si—O-Al
(trong do Al la cation bat dién) (Brito & cs., 2018).
Cac pic ¢ 3.622 va 3.410 cm™!' twong ung véi dao
dong hoa tri nhom —~OH ctia nude hap phu va lién két
hydrogen giita cic phan tir nuéc va bé mit Si—O (C.
Zhang & cs., 2014). Pic hip phu xudt hién trong BCA
& 1.636 cm™ duoc gan cho dao dong hoa tri d6i xtg
C=0, lién quan dén nhom carboxyl ciia CA (Segovia-
Sandoval & cs., 2018). Cac md hinh lién két chinh
cua CA trén bentonite nhu sau: (i) phan ung este hoa
giita bentonite va CA. Cac nhom —OH dbi dao trén
bé mat Bent c¢6 thé phan tmg v6i CA bang cach hinh
thanh lién két este va do d6 dua cic nhom carboxyl
vao BCA (Hinh 11) (El-Sheikh & cs., 2018; Yu& cs.,
2019); (ii) phan tng trao ddi cation giita ion hydrogen
ciia CA va cation trao ddi 16p giita 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 1a cation trao d6i 16p gitra ciia
bentonite va hoa tri turong tng cua cation d6. Theo
phan tmg trao d6i cation, CA c6 thé lién két d& dang
v6i bentonite (Gong & cs., 2018; Yu& cs., 2019).
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Hinh 10. Pho FTIR ciia Bent, BCA vi BCA-MB
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Bentonite——QH + HO
OH

(0] O
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Hinh 11. Phan &ng ester héa giira bentonite va citric acid

Mot s6 pic méi xuét hién sau khi BCA hap phu
MB ¢ 1601 cm™ dac trung cho dao dong hoa tri cta
nhom CH=N, dao dong hoa tri vong bén C=C Xuat
hién tr 1500-1400 cm™!, dao dong hoa tri ua —-CH,
hodc —CH, ¢ vung tur 1400-1300 cmfl3 cac pic dao
dong hoa tri cia nhém —C—N va N-N lan luot 1251
cem™ va 1215 ecm™, C—H dao dong bién dang mat
phing ngoai ciia vong & 881 cm™' (Alshehri & Malik,
2019). Do d6, mau BCA-MB xuit hién nhiéu pic méi
dac trung cho céc vi tri tam hép phu hoat dong chinh.

4. Két ludn

Trong nghién ctru nay, sét bentonite va bentonite
bién tinh bang citric acid duoc chon 1am chét hap
phu dé loai b6 MB khoi dung dich nuéc. Bentonite
hoat hoa bang citric acid duoc dic trung bang XRD
va FTIR. Bentonite ty nhién dugc st dung voi thanh
phan chinh 1 montmorillonite, cic phan tich FTIR
x4c nhan su bién tinh cua bentonite béng citric acid.
Diéu nay dan dén kha niang hip phu ctia bentonite bién
tinh tang 1én. Dung lwong hip phu MB duogc cai thién
tir 124,55 mg/g ddi voi Bent 1én t6i 244,45 mg/g dbi
v6i BCA. Lugng chat hap phu tbi da di v6i Bent va
BCA lan luot 1a 1,5 g/L va 1,0 g/L. Céc nghién ctru
dong hoc hip phu cho thiy qua trinh loai bo MB 1a
mot qua trinh nhanh chong va qua trinh hap phu tuan
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theo mo hinh dong hoc biéu kién bac hai, cho théy
thudc nhudm cation ¢6 i luc rat manh trén bé mat
bentonite. Dt li¢u dang nhiét cling cho thay sy phu
hop tot véi mo hinh déng nhiét Langmuir.
Loi cam on: Nghién ciru nay duoc hd trg boi
dé tai ma s6 SPD2022.01.10.
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