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In this study, Mg-Al layered double hydroxides modified with manganese
nanoparticles were successfully synthesized via a co-precipitation route and
subsequently evaluated for their catalytic performance in the degradation of
methylene blue. The structural and morphological characteristics of the synthesized
materials were thoroughly characterized using X-ray diffraction and scanning
electron microscopy, which confirmed the successful synthesis of the investigated
material. The effect of varying manganese nanoparticle loadings on the catalytic
efficiency was systematically investigated using an advanced oxidation system
comprising bicarbonate and hydrogen peroxide. Among the different formulations
tested, the material prepared with a molar ratio of MgALEMn =
0.15:0.05:12.5%10 * exhibited the highest removal efficiency, achieving over 90%
degradation of methylene blue within 35 minutes. Additionally, the catalyst
demonstrated remarkable stability, maintaining consistent performance across at
least six consecutive reaction cycles. The catalytic role of manganese-modified
Mg-Al layered double hydroxides is clearly demonstrated by the experimental
results obtained in this study, indicating their strong potential for application in the
treatment of wastewater containing organic dyes from the textile dyeing industry.
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TU KHOA

Trong nghién ctru nay, vat liéu hydroxide kép dang 16p Mg-Al dugc bién tinh
bang hat nano mangan da dugc téng hop bing phuong phap dong két tua va
hoat tinh xtic tac dugc danh gia thong qua quéa trinh xir Iy chit mau xanh
methylen. CAu trac cua vat lidu duge dic trung boi nhidu xa tia X va hién vi
dién tir quét, qua d6 xac nhan sy thanh cong ciia qua trinh tong hop vt liéu dang
duogc nghién ciru. Anh huéng ciia ham lugng mangan nano dén hoat tinh xuc tac
dugc khao sat trong hé oxy hoa nang cao st dung bicacbonat va hydrogen

Mn-Mg-Al LDH

Qua trinh oxy hoa nang cao

Xt ly xanh methylen

Oxy hoa xtc tac

Hydroperoxit hoat hoa bicacbonat

peroxide. Két qua cho thdy mau vt lidu dugc tdng hop vdi ti 16 mol Mg:Al:Mn
=0,15:0,05:12,5x10™* dat hiéu qua loai bé cao nhét, trén 90% sau 35 phut, vét
liéu xuc tac duy tri tinh dn dinh cao sau it nhit 6 chu ky lién tuc. Vai tro xuc tac
cta vat liéu hydroxide kép dang 16p Mg-Al dugc bién tinh bang hat nano
mangan dugc xac nhan mot cach rd rang thong qua cac két qua thuc nghiém
trong nghién ctru nay, cho thdy tiém nang tng dung trong xir Iy nudc thai c6
chira cac hop chit mau hitu co phat sinh tir nganh cong nghiép dét nhuom.
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1. Gioi thigu

O nhiém va khan hiém nudc dang két hop tao nén khing hoang nudc toan cau. Mdi nam, khoang
380 ty m® nudc thai dugc tao ra, trong d6 hon 80% khong dugc xir 1y triét dé, gy suy giam ngudn
nudce ngot va de doa strc khde con ngudi cling nhu hé sinh thai thiy sinh [1], [2]. Nganh dét nhudm la
mdt trong nhitng nganh c6 bé day truyén thong & nudc ta, sw phat trién cong nghiép dét may, da thude
da thai mét lvong 16n nudc thai ra moéi truong. Nude thai dét nhudm chira ham lugng 16n chéat mau
hiru co bén viing, chat hoat dong bé mit va kim loai ning, gdy mau, giam d6 tham thau 4nh sang va
can tr6 qua trinh quang hop trong thuy sinh. Sy ton tai lau dai ctia cac hop chit nay khong chi 1am suy
giam chét luong nguodn nudc ma con gy doc cho hé sinh thai va st khoe con nguoi [3]. Céc cong
nghé xur ly truyen thong nhu bun hoat tinh, lang, hip phu hay loc mang khong thé phan huy hoan toan
cac hop chat hitu co phan cuc cao, ddn dén nguy co 6 nhiém thir cap [4 ]. Do dd, céan phat trién cac
cong nghé xir Iy nudc thai hiéu qua, bén vimg va than thién méi truong dé dbi pho véi thach thirc nay
[1]. Cong nghé oxy hoa bac cao (AOPs), voi kha nang tao ra cac gde tu do ¢o tinh oxi hda manh,
dugc xem la giai phap tiém nang nham xu 1y triét dé céc chat 6 nhlem hiru co bén [5]. Co ché pha huy
cAu trac phan tir cac hop chit doc hai ciia AOPs bang cac gbc Oxy hoa hoat tinh (ROS) nhu gbe
hydroxyl (- OH) gbc carbonate (*CO3,HCOy) va goc sulfate (-SOy), co tinh oxy hoa manh. Dudi
diéu kién 1y tuong, AOPs c6 thé khoang hoa hoan toan cac chat gy 6 nhlem thanh céc chat khong
doc hai nhu CO, va H,0. Qué trinh phan hay hop chat doc hai c6 thé bao gdm nhiéu giai doan trong
d6 c6 qua trinh hip phu va sau d6 13 qua trinh oxi hoa — khir hoa hoc. Qua trinh oxi hda nhdm chuyén
dbi cac hop chét 6 nhiém thanh cacbon dioxit, nuéc va cac hop chat vo co khac, bién doi chat 6 nhidm
thanh cac san pham vo hai [4], [5]. Do d6, AOPs khong nhimng noi bat véi hidu qua phan huy cao ddi
Vi cac chit 6 nhidm hitu co kho phan huy, van hanh dé dang, tiéu thu ning lugng it hon, ma con tao
ra it bun thai hon so véi cac cong nghé truyén thong [2]. Trong cac AOPs dua trén tac nhan oxi hoa
hydrogen peroxide H,O, dic biét 1a qua trinh Fenton truyén théng Fe?*/ H,0,, hiéu qua phan g
thuong bi gidi han trong diéu kién pH hep (2-4) do céc tac nhan Fenton bi két tua trong moi truong
trung tinh va méi truong kiém [2], [4]. Fenton ciing 1a mot phuong an c6 nhiéu han ché do thiét bi cho
qua trinh ndy phai van hanh trong didu kién dn mon, dong thoi viée diéu chinh pH thip cho luong
nud6ce 16n s€ 1a ap lyc chi phi van hanh dang ké, tham chi kho chip nhan dugc. Viéc sir dung cdc xtic
tac rin di thé nhu Cu, Co, Feco thé gitp giam han che vé diéu kién pH va ngan ngua sy két tia kim
loai. Tuy nhién, cac giai phap ndy van chua tht su t6i uu khi ma chung co thé di vao nudc va giy 6
nhiém thtr cip [6]. Hé Bicarbonate Activated Hydrogen Peroxide (BAP) dwoc Robbins va Drago gidi
thiéu 1an dau vao nam 1997 véi muc tiéu oxy hoa cac chét 6 nhidm trong nude [7]. Co ché cua hé dua
trén viéc st dung ion bicarbonate (HCO3) dé hoat hoa H,0,, hinh thanh peroxymonocarbonate
(HCO;) — mét tac nhan oxy hda manh c6 kha ning hoat dong hiéu qué trong diéu kién pH trung
tinh dén kiém yéu (pH 6-9) [8]. Trong qua trinh nay, HCO3 khong chi dong vai tro chat hoat hoa ma
con 1a hé dém, giup 6n dinh pH, ting hiéu qua phan huy H,0, va duy tri d6 bén xiic tac [3], [6].
Ngoai ra, H,0, dugc xem 14 chit oxy hoa “xanh” do than thién v6i moi truong, d& xtr 1y va chi tao ra
nude sau phan tmg, ddng thoi co chi phi thdp. Nho nhitng wu diém d6, hé BAP di dugc tmg dung
rong rai trong xir Iy nudc thai, dic biét 1a khir mau va phan hay cac thudc nhudém hiru co nhur
methylene blue (MB), Acid Red va cac thubc nhudm azo [6]. Trong sb d6, MB thuong dugc Iya chon
1am chit 6 nhifm mé hinh do tinh bén, kho phén huy sinh hoc va dgc tinh cao. Day la thudc nhuom
cationic pho bién trong dét nhudm, san xuit gidy, myc in, y dugc va nudi trong thity san, nhung c6 thé
gay anh huéng nghiém trong dén sinh vét thily sinh va sirc khoe con nguoi ngay ca ¢ nong do thap
[9]. Do d6, MB thuong duoc sir dung 1am hop chét dai dién dé danh gia hiéu qua xir Iy cua cac hé oxy
hoa nang cao, trong d6 c6 hé BAP. Trong s cac vat lidu xuc tac, hydroxit kép dang 16p (LDH) ndi
bat nho cau trac 16p bén vimg, kha nang thay thé hodc xen cai cation kim loai va tinh linh hoat trong
diéu chinh céu trac [10]. Dé nang cao kha nang xu ly cac hop cht hiru co kho phan huy trong nudce
thai, nhiéu hé LDH d3 duoc cai tién bang cach pha tap cac kim loai chuyén tiép nhu Ni, Cu, Co, Fe,
Cr va Mn [11]. Trong d6, Jicheng Rui [12] d str dung Mn dé pha tap vao Mg-Al LDH nham xiic tién
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qua trinh hoat hoa peroxydisulfate (PDS) cho phan hity céc chat 6 nhidm hitu co, cho thdy hiéu suit
xuc tac phy thugc manh vao ty 1¢ Mn trong chu trac LDH. Tuy nhién, cac nghién cltu tuong tu dbdi véi
hé Mn-Mg-Al LDH trong phan tng BAP van con han ché, dic biét vé mdi lién hé giita hinh thai cau
tric va hoat tinh xtic tac. Mn 1 nguyén t6 phd bién véi hoat tinh xtc tac manh nho kha nang bién doi
linh hoat gitra cac trang thai hoa tri Mn?*/Mn3*/Mn**, cho phep xuc tlen chu trinh chuyén electron
va tao ra cac gbc oxy hoa manh (ROS) théng qua ca co che gdc va phi gdc. Tuy nhién, viéc su dung
Mn tu do voi luorng 16n c6 thé gay lo ngai vé doc tinh méi trudng. Do do, viée ¢b dinh Mn 1én khung
LDH khong chi gitp han ché phat tin kim loai ma con ting hiéu qua phan tmg va kha ning thu hdi
xuc tac. Nghién ciru ndy tap trung vao viée tong hop va danh gia dic trung ciu tric, hoat tinh xtc tic
ctia vat liéu Mg-Al-Mn LDH trong xtr 1y chat mau methylene blue (MB), hudng téi phat trién mot hé
xuc tac hiéu qua, bén viing va than thién méi trudng cho ing dung xir Iy nudc thai.

2. Phuwong phap nghién ciru
2.1. Vit li¢u, héa chit va dung cu

Hoa chit sir dung trong nghién ctru nay thudc nhom hoa chat cho phén tich va duoc pha ché
bang nudc cat 2 1an. Natri hydroxit (NaOH, > 97%), natri cacbonat (Na,CO5, > 99%), magie nitrat
hexahydrat (Mg(NO3), - 6H,0, 299%), nhém nitrat nonahydrat (AI(NO3)3 - 9H,0, > 98%) va
mangan sulfat monohydrat (MnSO4 H,0, = 98%) dugc mua tir hang Xilong (Trung Qudc). Cac
thiét bi chinh sir dung trong tong hop vat liéu bao gom: can phéan tich Entris (Puc), mdy khudy co
Daihan Scientific (Han Qudc), 10 nung dién Nabertherm (Dirc) va ta siy Memmert (D).

2.2. Quy trinh ché tao Mg-Al LDH

Vit liéu Mg—Al LDH dugc téng hop véi ti 16 mol Mg?* /AI3*Mg>/Al** = 3:1 bang phuong
phép két tia dong. Dung dich Mg(NO3), 0,15 M va AI(NO3); 0,05 M duoc nho giot vao dung
dich Na,C03 0,6 M (ti 18 1:1), khudy & 200 vong/phut va duy tri pH = 11 bang NaOH 1,0 M. Hon
hop duoc u 24 gio ¢ nhiét do phong dé 6n dinh cau tric két tia, sau d6 loc, sdy & 80 °C trong 24
gidy va nung & 500 °C trong 12 gid dé thu dwoc Mg—Al LDH dung cho cac thi nghiém xtc tac [13].

2.3. Quy trinh ché tao Mn-Mg-Al LDH

Vit liéu Mg—Al-Mn LDH véi cac ham lugng Mn khac nhau duoc tong hop bang phuong
phap dong két tua. Dung dich chira Mg(NO3), (0,15 M), AI(NO3); (0,05 M) va MnSO, - H,0
(7,5%10-15x10* M) dugc nhé giot vao dung dich Na,CO5 0,6 M (ty 1& thé tich 1:1) trong khi
khuay lién tuc & nhiét do phong, duy tri pH ~11 bang NaOH 1,0 M. Hon hop duoc 1 24 gid ¢
nhiét d6 phong dé 6n dinh cau tric két tua, sau d6 loc, sdy & 80 °C va nung & 500 °C trong 12 gid
dé thu cac mau Mg—Al-Mn LDH, ky hiéu lan lugt 1a Mg—Al LDH, Mg-Al-Mn-7,5, Mg-Al—
Mn-10, Mg-Al-Mn-12,5 va Mg-Al-Mn-15 [12], [13].

2.4. Diic trung céu tricc va hinh thdi ciia vt ligu

Thanh phan pha tinh thé cta Mg-Al LDH va Mg-Al-Mn LDH dugc xéac dinh bang phuong
phap nhi€u xa tia X (XRD) str dung thi€t bi Rigaku SmartLab diffractometer, Cu Ko (A = 1,5406
A). Hinh thai hpc va kich thudc hat ctia cac vat liéu dugc khao sat bang kinh hién vi dién tir quét
(SEM) trén thiet bi Vega3 -Tescan, Czech.

2.5. Thi nghiém xir Iy 6 nhiém chdt hivu co trong nuwéc
2.5.1. Thi nghiém khd néing xir Iy chat mau MB ciia hé BAP trén xiic tic

Kha nang phén hiy MB cua hé phan tmg BAP duoc khao sat trén cac xuc tac Mg-Al LDH va
Mg-Al-Mn LDH. Cu thé, 0,03 g xtc tac dugce phéan tan trong 30 mL dung dich MB (100 mg/L)
chira 6,7 mL NaHCO5; va khuay 30 phit & nhiét d6 phong. Phan ing duoc khoi dau bang cach
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thém | mL H,0,H. Cu sau moi 5 phut, lay 1 mL dung dich, pha loéng’béng nuée cat va do phd
UV-Vis (400-750 nm) d€ xac dinh nong d6 MB con lai dua trén dinh hap thu tai 664 nm.
2.5.2. Thi nghiém xdc dinh vai tro ciia cdc thanh phan trong hé phan g

Dé xéc dinh vai tro ctia cac thanh phan trong hé phan 1 umng, cac thi nghiém nghién ctru kha nang
xir Iy chat mau MB dugc tién hanh tuong tyr nhung bao gom: Hé phan umg xir ly MB bang BAP
khéng sir dung xuc tac; HE phan ung xur Iy MB bang H,0,, xic tac Mg-Al-Mn LDH (khong c6
NaHCO3); Hé phan ting xir Iy MB bang NaHCO3);, xuc tac Mg-Al-Mn LDH (khong c6 H,0,).
2.5.3. Thi nghiém xdc dinh dg bén xiic tic

Dé xac dinh do bén xtc tac, thi nghi¢m duoc thyc hién twong ty, mdi vong 13p thi nghié¢m 1a
20 phat. Sau moi 20 phit phan ung cta h¢, mot lugng 5 mL MB 600 mL, 6,7 mL NaHCO;);, 1
mL H,0, dugc thém vao hé phan ung dé lap lai dieu kién twong ty ban dau.
2.5.4. Tinh ton hiéu sudt phan ing

Hiéu suat (E, %) cta phan ng xtr Iy chit mau MB duoc tinh theo cc cong thirc sau:
A
E="2"t%x100 (1)
b AO 2
Trong do: Ay va A; lan luot 1a mat 36 quang cia MB trudc va tai thoi diém t khi xi 1y.

3. Két qua va ban luin
3.1. Xdc dinh cdc ddc trung cua vit li¢u xuc tdac

Céu tric cta vat liéu Mg-Al LDH va Mg-Al-Mn LDH dugc dic trung bang k¥ thuat nhiéu xa tia
X (XRD) nhu thé hién trong Hinh 1A. Ca hai mu déu thé hién céu trac LDH dic trung voi anion
carbonate (CO%™) xen k&, dugc xac nhan bdi khoang céch 16p doos gin voi mau Hydrotalcite tham
chiéu (JCPDS 00-014-0191). Trong d6 cac dinh nhiéu xa 2 theta tai khoang 11,6°; 34,5°; 43,0°;
62,4° twong g voi cac dinh (003); (009); (015); (110). Qua tinh toan dya trén thong sé nhiéu xa,
khoang cach 16p doos ctia vét liéu Mg-Al LDH la 7,620 A, hang s6 ¢ 1422,86 A, hing s6 a 14 2,978
A. Piéu nay ciing xac nhan vat lidu c6 ciu tric co ban 1a di thé kép dang 16p (LDH), hé tinh thé mit
thoi (Rhombohedral), trong dong voi Hydrotalcite JCPDS 00-014-0191 [14]. Khi tinh toan trén dit
liéu XRD ciia Mg-Al LDH, gia trj di10 14 1,489 A trong khi kich thude tinh thé (4p dung cong thirc
Scherrer cho gi4 trj dinh 003) 14 20,05 nm. Kich thudc tinh thé cho thiy miu c6 kich thudc tinh thé
nho két tinh doc theo phuong c. Tinh toan trén dinh (110) cho thay kich thudc tinh thé mit trong ab
1a khoang 34,8 nm 16n hon so véi chiéu day, day 1a dic trung cua céu trac LDH véi hinh dang dia
moéng. Cac dinh nhidu xa khac dugc gan cho céc tinh thé NaNO, (Nitratine, JCPDS 01-070-1518),
Na,CO5 (JCPDS 00-001-1166) va Na,S,05 (JSCPDS 00-033-1285) 1a céc tinh thé hinh thanh do
su tham gia cta cc hoa chat 1a nguyén liéu ban dau dé diéu ché LDH.

Trong khi do, khi c6 sy tham gia ciia Mn, vat liéu Mg- -Al-Mn LDH c6 hing s6 ¢ 1a 22,99 A
hang s6 a 1a 3,054 A, cac vi tri dinh (003) va dinh (110) tai 2 theta la 11 54O va 10,60° [15]. Gia
tri a Mg-Al-Mn LDH [6n hon dang ké so voi Mg-Al LDH chiig to Mn®* da tham gia truc tiép
vao cau trac 16p cua LDH. Trong khi d6, sy mo rdng nhe cua 16p hydroxide (dgoz = 7,662 A) co
thé do Mn®* di anh huéng gian tiép dén khoang cach 16p. Ngoai ra, dinh 32,3° cia Mg-Al-Mn
LDH hién thj rit manh, churng té su pha tap vo co két tinh ciia Mn trong tinh thé rat manh, khac
biét so voi cac LDH thong thudng. Ngoai ra cac dinh ddc trung tai vi tri 52,5° va 55,8° 1a udc tinh
cho pha (422) va (511) cua MnOzthe hién céc tinh thé nano MnOyhinh thanh ¢ trang thai khong
lién két vao trong mit LDH ma c6 thé gin trén mit chimg t6 cAu trac pha tap da pha cua Mg-Al-
Mn LDH. D¢ day tinh thé theo phuong ¢ (003) ciia Mg-Al-Mn LDH theo tinh toan 1a 15,0 nm,
trong khi kich thudc mat trong ab 1a 14,7 nm, déc trung cho cAu tric 16p ctia LDH da duoc tao
thanh hoan chinh. Anh chup SEM cho thiy vt liéu Mg-Al LDH (Hinh 1B) dugc hinh thanh véi cac
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ciu tric tim/16p c6 kich thudc vai nanometer xép lai v6i nhau thanh nhimg cum hat 16n xdp dic
trung cho cac LDH. Trong khi voi sy tham gia cua Mn (Hinh 1C), vat ligu Mg-Al-Mn LDH c6 su
thay dbi dang ké v& hinh thai. Céu traic Mg-Al-Mn dudng nhu ddng déu hon va tao thanh nhimng
tam 16n hon két ty thanh 16p mot cach ddng déu. Cac tim LDH hinh hoa kich thudc dudi 20 nm
dugc xép dan xen theo chiéu ngang déu dan. Cau triic nay c6 kha ning gia ting do x6p va dién tich
bé mat hd trg cho su khuéch tan cta cc chat 6 nhidm. Viéc thay ddi hinh thai nay ciing chung minh
sy tham gia cia Mn vao trong cau trac ciia LDH 1a déng ké. Piéu nay ciing ching minh phuong
phap ddng két tia dap (mg yéu ciu tao thanh c4u triic nano ctia Mg-Al-Mn LDH.

\
;:‘ Mg-Al-Mn LDH
S
=
‘»
=
15 Mg-Al LDH
£
00-014-0191 I § i 1
01-070-1518 |. ' =
00-001-1166 Larlet an o
00-033-1285 ] .
T g T T T T T T T
10 20 30 40 50 60 70
2 theta (°)

Hinh 1. Ph6 XRD ciia Mg-Al LDH, Mg-Al-Mn LHD (A4) va anh SEM ciia M-AI LDH (B),
va Mg-Al-Mn LDH (C)

3.2. Khd nang xir Iy MB ciia phan ieng BAP trén cdc chiit xiic tic

Kha ning xir Iy chdt mau MB trén cac hé xuc tic c6 sy tham gia cua Mg-Al LDH va Mg-Al-
Mn-x LDH dugc biéu thi trong Hinh 2A. Trong d6, hi€u suat oxy héa xir 1y mau dugc tién hanh
trong khoang thoi gian 60 phut, tinh tir thoi diem H, O, bat dau dugc bom vao hé.

100 - Q 100 - e
= vEEEYE ,ne"
< 80 T 2o & go- -
‘ i - g
L ]
- i v = Mg-Al LDH : ] =
? 60 $ ®  Mg-Al-Mn-7.5 LDH i‘ 60 e
5 v $ A Mg-Al-Mn-10 LDH 2 = Mg-A-Mn-10 LDH
<@ 40 4 ¥ Mg-Al-Mn-12.5 LDH| g5 40 - = ® BAP Khéng xic tic
7 I 4 Mg-Al-Mn-15 LDH 2 il A Mg-Al-Mn-10 LDH/NaHCO,
fa' 204 i ¢ @' 20 4 : . v Mg-Al-Mn-10 LDH/H,0,
T T 3
O-=.lII-I-...- O_".“!X""‘x;x
T T T T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Thei gian (phuat) Th&i gian (phut)
gwu 0
o . L) ° b/
= 80
>
= 0
= a0
0
a 204
g0 Lan1 Lan 2 Lan 3 Lan 4 LAan5 Lan 6
= O 5 10 15 20 0 5 10 15 20 ©0 5 10 15 20 ©0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Thai gian (phut) Thei gian (phut) Thai gian (phut) Théi gian (phut) Théi gian (phut) Thei gian (phut)

Hinh 2. Hiéu sudt khir mau MB ciia phan itng BAP trén cdc chat xiic tac (4), voi cac thanh phan hé phan
tng khdc nhau (B), va hiéu qua xir Iy sau 6 vong lap (C)
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Két qua thu duogc cho thdy rang, trong truong hop hé BAP duoc xic tac boi Mg- -Al LDH,
duodng biéu dién hiéu xuat xtr Iy MB gén nhu la mot duong thing nam ngang, cho thay toc do
phan huy MB la cuc ky cham trong sudt 60 phut. Mic du ban than Mg-Al LDH thé hién vai tro
rat t6t trong phan tmg AOPs, vi du nhu phan tng Fenton-like [13]. Tuy nhién trong h¢ BAP thi
chat xuc tac nay t6 ra kém hiéu qua. Trén thuc té, nhiu bao co cho thay “LDH thuan” di khi it
¢6 kha ning tao ra radical, tir d6 anh huong dén hiéu qua xir 1y [12]. Hiéu ning nay s& duoc cai
thién dang ké khi trong cau tric LDH duoc tich hop thém cac kim loai chuyén tiép [16], [17].
Dung nhu vay, khi ¢6 sy tham gia cia Mg-Al-Mn-x LDH, hi¢u suat phan mg tr& nén vugt troi.
Sau gan 40 phit phan tmg, 80% MB trong dung dich d3 bi loai bo. Tt ca cac thi nghiém déu cho
thdy toc do phan tmg nhanh, dic trung boi duong cong dbc trong giai doan dau, cho thiy quéa
trinh phan hiy xay ra hiéu qua trong thoi gian ngan. Két qua cta ching t6i vuot trdi so véi
nghién ciru trude day sir dung Zn—Al LDH, von chi loai bé dugc 78% MB sau thoi gian xir Iy kéo
dai téi 100 phat [18]. V6i khoang thdi gian twong tu, hiéu suat xtr Iy MB chi dat 60% khi c6 mat
Mg-Al LDH bién tinh b& mat [19]. Viéc dwa Mn vao hé xuc tac da chimg minh vai trd cia Mn 1a
trung tdm hoat dong chinh cia LDH dé kich hoat AOP ctia hé BAP. Vi hiéu suit xtr Iy chit mau
nhu MB gin nhu hoan toan trong diéu kién phong, cac vat lieu Mg-Al-Mn-x LDH di cho thay
tiém nang 16n dé tng dung trong xir Iy nudc thai cong nghiép chira thudc nhudm va céc chat 6
nhiém hiru co khac nhu mot cong nghé an toan than thién véi méi trudng. Khi so sanh hiéu qua
giita cac chat xuc tac, chung toi nhan thiy Mg-Al-Mn-7,5 LDH c6 hiéu qua xuc tac thdp nhat, co
thé do mat do tdm xtic tic Mn con han ché dan dén tdc do phan ung chua cao. Khi sb luong tam
xUc tac tang 1én, téc d6 phan ung ciing ting 1én 16 rét. Cu thé, trong 20 phit dau, hiéu suat khir
mau MB 14 48,7%, 51,9% va 63,9% lan lugt d6i dbi cac mau xuc tac Mg-Al-Mn-7,5 LDH, Mg-
Al-Mn-10 LDH, Mg-Al-Mn-12,5 LDH. Tuy nhién, khi ty 1é Mn cao hon nita, cu thé & miu xac
tac Mg-Al-Mn-15 LDH, hiéu suat phan (mg c6 xu huéng giam manh (48,4%) tuong dwong véi
hiéu suét thu duoc caa Al-Mn-7,5 LDH. Diéu nay co6 thé do khi ndng d6 tAm xtc tic qua cao, cac
hat Mn ¢6 thé kich thich cho cac gbc tr do ma minh d4 sinh ra ty phan ¢mg véi nhau (tw tiéu thy
gbc tu do) lam giam hi¢u suat phan Ung. Day la hién tuong thuong xuyén bét gip trong cac hé
AOPs va di dugc dé cap trong kha nhiéu nghién ctru vé hé AOPs, ddc biét la cac hé phan ung
Fenton-like [20], [21]. Trong nghién ctru nay, hi¢u ung “tai két hop goc tu do” dugc cung cd mot
lan nira khi tir phut thir 35 cua thi nghiém, khi sO luong gbc tu do bit dau suy giam, hién tuong tu
tiéu thy gdc tu do khong con co uu thé dang ké thi téc do phan Gmg 1am mat mau MB & mau Mg-
Al-Mn-15 LDH lai ting 1én vuot trdi hon so véi thi nghiém & mau Mg-Al-Mn-10 LDH. Trong
sudt qué trinh phan tng, tbc d6 phan mg ctia hé chira xtc tic Mg-Al-Mn-12,5 LDH thé hién hiéu
qué toi wu, khi dat hidu suat hon 90% & khoang 35 phut phan tmg. Mic du hoat tinh rét cao, cac
thi nghiém cho théy d6 1éch chuan cao trong giai doan dong hoc, dac biét tur 10 dén 40 phut cho
thdy, kha ning phan tng & giai doan nay 1a manh mé& nhung ciing phu thudc nhiéu vao diéu kién
thi nghiém, can phai c6 nhiing khao sat sau hon dé co dugce cai nhin toan dién vé ddng hoc cua
phan mg xuc tac. Trong cac thi nghiém tiép theo, khi theo doi hiéu sut khir mau MB trén cac hé
phan tng d6i chtng, vai trd cta cac thanh phan trong hé dugc chimg minh mt cach rd rang. Dbi
v6i hé BAP khong st dung xtc tac, qua trinh xir Iy MB van dién ra, nhung hiéu suat phan tng
khong cao (Hinh 2B). Ban than hé BAP cting tao mot lugng nho gdc tu do nhu carbonate radical
‘CO3 khi tuong tac gitta H,0, va *HCO3. Tuy nhién cac goc tu do nay khong dugc duy tri néu
khong c6 chat xuc tac, dan dén hiéu suit xir 1y chua dugc téi wu [22], su suy giam noéng d6 MB
khong 1o rét. Trong khi do, khi khong bd sung NaHCO3, hé xir Iy MB c6 thé dugc kich hoat nhe
trong khoang 2 phut dau, day 1a két qua cua phan tng Fenton-like. Tuy nhi€n h¢ nay cling khong
dugc duy tri bén vitng, cho nén cang vé sau hiéu qua oxy héa MB cang giam. V& mat Iy thuyet
Hé H,0, duoc hoat hoa bang bicarbonate (BAP) ¢ kha ning tu tao ra cac ROS ma khong can
xuc tac kim loai. Bicarbonate phan ung véi H,0, trong mot phan tmg can bang thuan nghich dé
tao ra peroxymonocarbonate (HCO3). HCO3 c6 toc d6 phan ¢ng véi cac phéan tir myc tiéu (MB)
nhanh hon tir 100 dén 500 1an so v&i H,0,, vi thé né co thé tham gia vao qua trinh oxy hoa
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khong gbc tu do. Tuy nhién, 1a mét phan ¢ng thuan nghich, nén hé BAP gip nhiéu han ché khi
phan huy chat mau.
HCO3 + H,0, = HCOZ + H,0

Khi ¢6 mit trung tim xuc tac Mn (trong Mg-Al-Mn-x LDH), lién két peroxide (O — 0) trong
H,0, va HCOY dé dang bi pha v& dé sinh ra cac ROS ¢6 tinh oxy hoa cao hon nhu géc carbonate
CO3 va gbc perhydroxyl (- OH). DPdng thoi, v6i héa tri linh hoat, Mn dé dang lién tuc chuyén doi
trang thai hoa tri dé dam bao qué trinh sinh gdc ty do lién tyc.

HCO; —- CO3 +: OH

Céc ROS nhu - CO3, - OH c6 kha ning phan ung manh mg, pha hay cau triic ciia chit mau
MB, thong qua co ché nay 1am ting hiéu qua cua phan ung. Tém lai qua trinh phan hay MB dién
ra theo co ché oxy héa ning cao, trong d6 Mg—Al-Mn LDH xuc tac cho su phan hity H,0, tao ra
cac goc hydroxyl ((- OH) va superoxide (- 05) ¢6 tinh oxy héa manh. Cac gbc nay pha v& ciu
trac vong thom ciia MB, din dén qua trinh khoang hoéa thanh CO, va H,0. Sy ¢6 mit cia Mn
trong cdu trac LDH 1am ting mat d6 tim hoat dong va thic ddy sy hinh thanh gbc oxy hoa, giup
vat lidu Mg—Al-Mn LDH dat hiéu suét xur 1y cao hon so vdi Mg—Al LDH thuan.

3.3. Dj bén xiic tic

Két qua ¢ Hinh 2C cho thiy téc d phan tng trén xtc tic Mg-Al-Mn-10 LDH ting dan qua
céc chu ky phan tng 1ap lai trong 120 phiit. Trong chu ky dau tién, hé xuc tac can mot giai doan
khoi dong dé kich hoat va hinh thanh cac gc oxy héa manh, chi yéu do qué trinh thiét 1ap can
bang gitta cac trang thai hoa tri Mn?* /Mn3* /Mn** va tao ra cic tAm hoat dong bé mat trén LDH
[23]. O cac chu ky tiép theo, khi cac tdm xiic tac da dat trang thai 6n dinh, su tai tao gbc oxy hoa
trung gian (HCOy) dién ra nhanh hon, giup phan ng bét dau gan nhu ngay 1ap tire voi hiéu suét
cao [24]. Pang chu y, xtc tac duy tri hiéu sudt xtr Iy 6n dinh qua nhiéu lan st dung ma khong co6
déu hiéu suy thodi hodc nhiém ddc xuc tac, ching té tinh bén virng va kha nang tai tao goc tu do
vuot tri cua vat liéu. HE phan tng dat trang thai 6n dinh sau khoang 50 phut, khi téc do tao va
tiéu thu gdc tu do dat can bang, cho phép phan hiy hoan toan MB ngay khi dugc b sung. Nhimg
két qua nay khing dinh tiém ning cia Mg-Al-Mn LDH nhu mét xuc tac hiéu ning cao, 6n dinh
va bén vimng cho hé BAP.

4. Két luan

Nghién ctru ndy di chimg minh hiéu qua vuot tréi coa hé xuc tac di thé Mg—Al-Mn LDH
trong xu 1y chit mau xanh methylene (MB) thong qua qué trinh BAP. Vit liéu dugc téng hop
thanh cong véi ciu triic hydrotalcite pha tap Mn?* va cac tinh thé MnO, nano gan trén bé mit,
tao hinh thai dang hoa dong déu va ting dang ké hoat tinh xtc tac. Mn déng vai tro 1a trung tam
hoat dong chinh, thuc ddy su hinh thanh ROS manh trong qué trinh kich hoat hé BAP. Hé Mg—
Al-Mn-12,5 LDH dat hiéu suét loai bo MB trén 90% sau 35 phut, dong thoi thé hién do bén va
6n dinh cao sau nhiéu chu ky phan tmg, khong c6 déu hiéu suy thodi hodc doc xuc tac. Nhitng két
qua nay khing dinh Mg—Al-Mn LDH 1a vat liéu xtc tac tiém ning, hiéu ning cao va bén ving
cho xir Iy nudc thai cong nghiép bang cong nghé BAP.
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