Tap chi phén tich Hoéa, Ly va Sinh hoc - Tdp 30, s6 2A/2024

PONG HQC HAP PHU FUCHSIN ACID TREN VAT LIEU
AL-BENTONITE

Pén toa soan 10-05-2024

Nguyén Lé My Linh*, Vé Vin Tan

Dai hoc Sw pham, Pai hoc Hué

*Email: nimlinh@hueuni.edu.vn

SUMMARY
ADSORPTION KINETICS OF FUCHSIN ACID ONTO AL-BENTONITE

In the present work, the Al-bentonite was prepared by the modification of Wyoming bentonite with cation
aluminium by ultrasound-assisted cation exchange. X-ray diffraction (XRD), infrared spectroscopy (FT-
IR), and nitrogen adsorption/desorption isotherms were utilized to characterize the modified bentonite. The
Al-bentonite was employed for the removal of fuchsin acid from aqueous solution. Fuchsin acid adsorption
followed the pseudo-second-order kinetic model. The determined activation energy of this fuchsin acid

adsorption was 5.17 kJ/mol.
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1. MO PAU

Vit liéu Al-bentonite 13 san pham cua qua
trinh chén cac polycation aluminium vao
bentonite [1-5]. Cac polycation nay dugc
hinh thanh trong qua trinh thily phan cac
cation APF* trong méi truong kiém. Su
thiy phan nay sé thu cac cation hydrat
AI** cation monomer Al, cation polymer
Al, cation oligome Alys ... Nhiéu tic gia
dad chén vao khoang gilta cac ldp
bentonite cac ion Keggin Al bang
phuong phép trao d6i cation [6-8] va co
thém sy ho trg cua siéu .am, vi song [9-
12]. Cac cong bd cho rang vat liéu Al-
bentonite ¢4 dién tich bé mit 16n nén
chung c6 nhiéu tmg dung trong linh vuc
hap phu [13-15].

V6i sy phat trién nhanh chong cta nganh
cong nghiép, van dé dang lo ngai 1a nude
sach khong dat tiéu chuan do céc loai chét
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6 nhiém khéac nhau gy ra [16]. Chat thai
hoa hoc tir cong nghiép, nong nghiép va
d6 thi 1a nhitng chit gy 6 nhiém nguy
hiém nhat vi ching giy ung thu va can
phai duoc xir Iy . Trong sb cac chat gay 0
nhiém, thudc nhudém hitu co kho xir Iy do
céu tric phirc tap va rat bén héa hoc.
Fuchsin acid 1a mot loai thubc nhudm gay
ung thu duogc st dung trong nganh cong
nghiép dét may, thudc thir trong phong thi
nghiém va lam chét ¢ ché dn mon [17].
Fuchsin acid trong moi truong nudc
thuong duoc loai bo bang phuong phap
don gian nhung hiéu qua, d6 1 hip phu.

Trong bdo céo nay, bentonite Wyoming
dugc chén chéng bang cation aluminium.
Vit liéu thu dugc dung lam chét hép phu
fuchsin acid. Pong hoc hap phu fuchsin
acid trén vat liéu Al-bentonite cling s€
duoc thao luan.
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2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chéat

AICl; (Guang zhou, Trung Qudc), NaOH
(Xilong, Trung Qudc), bentonite
Wyoming (My), fuchsin acid (Xilong,
Trung Qudc).

2.2. Tong hop vt liéu
Quy trinh téng hop Al-bentonite nhu sau:

- Tong hop dung dich tru chdng: Cho tir
tir timg giot cho dén hét 200 mL dung
dich NaOH 0,IM vao hdn hop chia 100
mL dung dich AI(NO3)3 0,1M, tién hanh
khudy & nhiét d6 phong trong 1 gio, sau
d6 dun cach thuy & 70 °C trong 7 gid, dé
hon hop & nhiét d6 phong trong 48 gio.

- Tao dung dich huyén phu bentonite: Cho
1 gam bentonite Wyoming hoa tan vao
100 mL nudc cat, khudy manh trong 1 gio
& nhiét do phong duoc huyén phi
bentonite.

- Tong hop Al-bentonite: Cho dung dich
tru chdng vao huyén phu bentonite, khuiy
hon hop & nhiét d6 phong trong 30 phit,
réi sieu am 30 phat. Bé dung dich nay
trong 48 gio, sau do li tam, loc rua san
pham bang nuGce cat nhiéu lan va sy kho
bang may siy & nhiét do 80 °C, thu duoc
vat liéu Al-bentonite

bac trung vat liéu dugc nghién clru béng
phuong phap nhidu xa tia X (D8
Advanced Bucker, Buc) voi tia phat xa
CuKa, phd hong ngoai dugc do trén may
FT-IR 8010M (Shimadzu), hap phu - khu
hap phu nitrogen (BET) bang thiét bi Tri
Star 3000 (M¥).

2.3. Pong hoc héap phu fuchsin acid trén
vat liéu Al-bentonite

Hiéu suat hdp phy fuchsin acid trén
bentonite va Al-bentonite

Cho 0,05 gam bentonite hodc Al-
bentonite tong hop dugc vao 50 mL dung
dich fuchsin acid 100 mg/L, day kin va
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khudy bang may khuay & nhiét do phong
trong 4 gio. Sau khi can bang thiét lap, ly
tAm loai bo chit rin iy phan chat long.
Nong do dung dich fuchsin acid con lai
duoc xac dinh bang phuong phap UV -
VIS ¢ budc song 546 nm. Hiéu suit hip
phu dugc tinh theo cong thire sau:

(G, —C.)
C

H% = x100 (1)

(o]

Vi C, Vfal C.la néng dd ban du va né)ng
dd can bang (mg/L) ctia dung dich fuchsin
acid.

Péng hoc ciia qud trinh hdp phy fuchsin
acid trén vdt liéu Al-bentonite.

Cho 0,15 gam chat hip phu Al-bentonite
vao 250 mL dung dich fuchsin acid 100
mg/L. Khudy dung dich bing may khudy
tir va xem day 1a thoi gian bat ddu qua
trinh hap phu. Sau nhiing khoang thoi gian
xac dinh 10, 20, 30, 60, 120, 240 pht, 1iy
5 mL dung dich dem ly tdm. Xac dinh
noéng do dung dich fuchsin acid con lai
bang phép do UV-Vis. Tién hanh lam thi
nghiém & 20 °C, 30 °C, 40 °C, 50 °C.

3. KET QUA VA THAO LUAN
3.1. Pac trung vat liéu

Gian d6 XRD cua vat liéu Al-bentonite
dugc trinh bay & hinh 1.

Al-bentonite

Cuwéng do (CPS)

Bentonite
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Hinh 1. Gidn d6 XRD ciia mau bentonite Wyoming
va Al-bentonite



Mau bentonite Wyoming c¢6 phé XRD
gom cac peak dac trung ¢:

- 20 = 6,4 1a peak dai dién cho mao quan
(khoang cach dgo; gitta cac 16p), door =
13,89 A.

-20=12,16° va 24,6° dai dién cho cao
lanh (kaolinite).

- 20 = 20,02° dai dién cho thach anh
(quartz).

-20=128,99° dai dién cho calcite
(CaCOy).

Nhu vay, trong bentonite Wyoming,
ngoai montmorillonite (MMT) ra con c6
cac khoang tap chit khac. Tu hinh 1 nhan
thdy ring so v6i mau bentonite ban dau,
mau Al-bentonite c6 sy dich chuyén peak
dai dién cho mao quan vé phia 20 nho
hon, d6 rong cua peak thay d6i dang ké,
con cuong d6 cua peak manh hon.
Khoang cach khong gian doo; ctia mau Al-
bentonite (15,13 A) 16n hon méu
bentonite (13,89 A). Sy tiang khoang cach
doo; & do céc cation Al monomer hay
cation polymer Al, cation oligomer Al;3
da chen vao khoang gilta cac 16p cua
MMT, trao doi cation v&i cac cation
Mg?*, Ca?*, Na* hidrat trong bentonite.
Gia tri doop cuia vat li€u Al-bentonite trong
cac cong bd 1a khac nhau: 18,6 A [16],
15,44 A, 18,16 A, 17,33 A [6]. Vi gia tri
doo1 thu dugc trong nghién ctru nay, chiing
t6i cho rang cic cation monomer Al hay
cation polymer Al c6 kich thudc bé hon
cation Alyz (khoang 9,0 A) da chén vao
khoang gifra cac 16p cua MMT. Ngoai ra,
tir gian d6 XRD, c4c peak dic trung cho
pha AI(OH)s, a-Al,O3 hay y- Al,O3 khéng
xuit hién, chimg t6 cac hydroxide va
oxide dang tinh thé nay khong hinh thanh
trong qua trinh tong hop vat liéu.

Hinh 2 trinh bay ph6 hong ngoai IR cua
mau bentonite Wyoming va Al-bentonite.
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Hinh 2. Phé IR ciia bentonite Wyoming va Al-
bentonite

Pho IR cua cac mau Al-bentonite va
bentonite twong tuy nhau. V&i mau
bentonite ban dau, peak hap thu ¢ 3631
cm? dac trung cho dao dong tri nhom OH
lién két véi cac cation AI®*, Mg®* trong
mang bat dién [6, 8]. Peak nay & mau Al-
bentonite chuyén vé tan sé thip hon 3468
cm™. Piéu nay cho thdy dao dong cua
nhém OH céu trac bi anh hudng boéi ham
luong va ban chét cua cac cation & giira
khoang gitra cac 16p cuia MMT. Peak dac
trung cho dao dong bién dang dh.o.n cia
nuéce hap phu vat Iy va nudc gitra cac 16p
cia MMT & 1639 cm™ & mau bentonite co
cuong do yéu hon miu Al-bentonite,
chiing t6 ham lugng H,O trong bentonite
tang do céac cation hidrat & khoang gitra
cac 16p cia MMT di bi thay thé boi cac
cation hidrat monomer Al hay polymer
Al. Véi sy xuét hién peak méi ¢ 731 cm’!
v6i cudng do yéu dic trung cho dao dong
Al-O trong Al-OH [6] cho thay cation
monomer Al hay polymer Al da chén vao
khoang gitta cia MMT nhung véi ham
luong khong nhiéu. Nhan dinh nay phu
hop v6i két qua phan tich XRD & trén. O
mau Al-bentonite ¢d peak hap thu méi &
1382 cm™ dic trung cho dao déng nhom
NOs. Két qua nay cho thdy vat liéu Al-
bentonite c6 cac cation aluminium nam
ngoai khoang gitra cac 16p cua MMT, va
cac anion NO3z™ dong vai tro can bang dién
tich vai cac cation aluminium.

Bentonite Wyoming va Al-bentonite duoc
dac trung thém boi phuong phap hap phu



- khur hép phu nitrogen. Di¢n tich bé mat
cua Al-bentonite va bentonite Wyoming
lan luot 14 125,68 m%/g va 84,2 m?/g. Vay
viéc chén cac cation aluminium vao
bentonite 1am tang di¢n tich bé mit cta
vat liéu ban dau.

3.2. Pong hoc qui trinh hip phu
fuchsin acid trén vat liéu Al-bentonite

Trong phan nay, chung t6i da khao sat so
bd vé kha ning hip phu fuchsin acid cua
bentonite Wyoming va Al-bentonite trong
diéu kién nhu nhau: néng dd dung dich
fuchsin acid 100 mg/L, khdi luong chat
hép phu 0,05 g, nhi¢t do phong. Két qua
cho thiy hiéu suat hap phy fuchsin acid
ctia mau Al-bentonite (84,3 %) 1én hon so
v6i mau bentonite Wyoming (38,7%).
Diéu nay dugc giai thich 1a do bé mit
bentonite chu yéu chira cac nhom silanol
kém hoat dong nén kha nang hép phu
fuchsin acid thap. Sau khi chén cac cation
aluminium vao khoang gilra cac 16p cua
MMT, dién tich bé mat vat liéu ting (va
Khoang cach khong gian dgo; 16n nén kha
nang hap phu fuchsin acid tang. Trén co
s& khao sat so b sy hap phu fucshin acid
trén bentonite va Al-bentonite, nghién ctru
dong hoc hdp phuy fucshin acid s& duoc
khao sat trén vt liéu Al-bentonite.

Mb6 hinh ddng hoc Ciia qud trinh hdp phu

Phuong trinh dong hoc biéu kién bac 1 va
bac 2 dugc su dung dé mo ta qué trinh
hap phu fuchsin acid trén vat liéu Al-
bentonite:

- Phuong trinh dong hoc biéu kién bac
nhat:

IN(ge - gt ) = InQe - ky. t (2

- Phuong trinh dong hoc biéu kién bac hai:
LI @3)
G K Ge Qe

Trong do, de va g (Mg/g) 1a dung lugng
hap phu (DLHP) & thoi diém can bang va
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thoi diém t bat ky, ki (phit?), k,
(mg/g.phit) 1a cac hang so.

gt dugc tinh theo phuong trinh:

(C°-C,)V

G = (mg /9) (4)
Trong do: Co va C; (mg/L) 1a nong do
dung dich fuchsin acid ¢ thoi diém ban
dau va thoi diém t, V (L) la thé tich dung
dich fuchsin acid, m (g) la khoi lugng
chat hap phu (Al-bentonite).

Hinh 3a va 3b 1a do thi m6 hinh dong hoc
biéu kién bac 1 va bac 2 cua sy hap phu
fuchsin acid & cac nhiét do khac nhau trén

vat liéu Al-bentonite.
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Hinh 3. D6 thi mé hinh dong hoc hdp phu biéu
kien bdc 1 (a) va bac 2 (b) cua sy hap phu fuchsin
acid trén vat liéu Al- bentonite o cac nhiét do
khac nhau



Céc tham sb dong hoc ciia phuong trinh
dugc tom tat & bang 1.

Trong khoang nhiét do khao sat, gia tri R?
cua mo hinh dong hoc bac 2 16n hon so
v6i mo hinh dong hoc bac 1 ddi voi su
hap phu fuchsin acid trén vat liéu Al-
bentonite. Dya vao gia tri R? va sy khac
biét (e tinh todn theo hai mo hinh so v&i
Je thuc nghiém, mo6 hinh dong hoc bac 2
phu hop hon moé hinh dong hoc bac 1.
Ngoai ra, nhan thdy gia tri k; ting theo
nhiét d§ khao sat nén nang luong hoat hoa
clia quéa trinh hap phu fuchsin acid trén
Al-bentonite s& dugc tinh toan theo
phuong trinh Arrhenius:
Ea

Ink, T +In A (5)
Trong do6: E, la nang luong hoat hoa; k;
1a hé s6 téc do hip phu biéu kién bac 2; A
1a thira s6 tan sb, ti 16 véi s tam hap phu.

DO thj biéu dién sy phu thudc Ink, vao 1/T
cua sy hap phu fuchsin acid trén vat liéu
Al-bentonite dugc trinh bay ¢ hinh 4.
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Hinh 4. Sy phu thudc Ink, vao 1/T cia sy hcfpphu
fuchsin acid trén vdt liéu Al-bentonite

Tt hinh 4, nang lugng hoat hoéa cua qua
trinh hap phu fuchsin acid trén vat liu
Al-bentonite tinh dugc 1a 5,17 kJ/mol.
Gia tri E; khong 16n nén chung t6i cho
rang qué trinh hap phu fuchsin acid trén
vat lidu Al-bentonite chii yéu mang ban
chat vat 1y (do tuong tac tinh dién).

Bdng 1. Cdc tham s6 ciia phwong trinh dong hoc biéu kién bdc 1, bdc 2 ciia sw hap phu fuchsin acid ¢ cdc
nhiét do khdac nhau trén vat liéu Al-bentonite

Phuong trinh dong hoc bac 1 Phuong trinh dong hoc bac 2
! e (1) tt ka tt
(K) (mg/g) kl (phut-l) Qe ( ) RZ Qe ( ) R2
(mg/g) (mg/g.phtit) (mg/g)
293 131,30 0,0092 22,19 0,906 1,596.107 131,58 0,999
303 135,70 0,0103 21,87 0,905 1,719.10° 136,99 0,999
313 143,42 0,0092 21,73 0,928 1,815.10° 142,86 0,999
323 145,08 0,0080 17,48 0,905 1,951.107 144,93 0,999

Qe (tn): dung luong hap phuy cn bang tinh theo ndng d6 dau va ndng do can bang

Qe (tt): dung luong hip phu can bang tinh theo phuong trinh dong hoc

4. KET LUAN

Cac két qua dic trung cia vat liéu Al-
bentonite bang cac phuong phap XRD, IR
cho thay vat liéu Al-bentonite c6 khoang
cach khéng gian dgo1 ting so véi MMT
ban dau, cac cation aluminium da chén
vao bentonite. Vat liéu Al-bentonite thu
duoc co bé mat riéng 125,68 m%g. Su hap
phu fuchsin acid trén Al-bentonite tuan
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theo mo hinh dong hoc biéu kién béc 2.
Nang lugng hoat hdéa cua sy hap phu
fuchsin acid tinh duogc 1a 5,17 kJ/mol.
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