Tap chi Khoa hoc & Céng nghé S& 15
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Tom tat

Nghién ctru ndy ing dung phuong phép thay thé dién hoa galvanic dé tao ra cau tric
lap phwong rdng. Tir nguyén liéu Cu,O, nhdm tac gia da tong hop duoc ludng kim
PdCu c6 cau tric lap phuong rdng. Vai cau tric ndy, qua trinh khir o-nitroaniline
thanh o-phenylenediamine (it doc va than thién méi trudng hon o-nitroaniline) xay ra
trong khoang 8 phat. Su khir o-nitroaniline cta cac hat nano PdCu va Pd dugc danh
gi4 bang cach thém NaBH, vao & cac nong do khac nhau. Hang sb tc o phan ting
dat dén gia tri bdo hoa ciia cac hat nano PdCu ludng kim duoc kéo dai, trong khi hing
s6 cua hat nano Pd dat dén gia tri bio hoa nhanh hon. San pham thu duoc cé thé ding
dé xur 1i nuée thai trong cong nghiép nhudm, duge pham,... Ung dung thir nghiém
trong xur li nudc thai nhuém chaa o-nitroaniline cho két qua tt hon khi sir dung ciu
trac don kim loai va giam dugc chi phi do lwong kim loai qui dung trong tong hop it
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1 Pat vin dé

Di véi cac nudc dang phat trién, van dé 6 nhidm
ngudn nude do chat thai hda hoc cang nghiém trong.
Ho nitroaniline (NA) duogc st dung rong rdi trong
cdng nghiép dé san xuat chat nhuom, dwoc pham, chat
déo [1]. Cac hop chét nay c6 tinh 6n dinh cao, d& hoa
tan trong nudc va khong phan huy sinh hoc [2, 3].
Chung c6 doc tinh cao, c6 thé gay ung thu, gay dot
bién gen; vi vay ching c6 hai cho doi séng thuy sinh
va con ngudi [4]. Do d6, can phai xir li chat gay 6
nhiém nay nham nang cao chat lugng cugc séng. CAc
phuong phap da duoc phét trién nham xa i hop chat
hitu co gdc nitroaniline nay nhu: quang xtc tac, hap
phu chit doc hai, phan huy dién héa [5]. Tuy nhién,
cac phuong phap nay ton kém va hiéu suat khong cao.
Chung t6i da su dung x0c tadc hydro hoéa khu o-
nitroaniline thanh o-phenylenediamine, ddi véi qua
trinh hydro hoéa c6 xdc tac thi cac kim loai qui cho

@ Pai hoc Nguyén T4t Thanh
Oyt

NGUYEN TAT THANH

hiéu suat cao [6]. Tuy nhién, cac kim loai qui c6 gia
thanh dat. Chung t6i d& xuét sir dung kim loai chuyén
tiép nham giam chi phi va nguon vat liéu doi dao.
Nghién ctu nay di téng hop cAu trac nano ludng kim
PdCu réng nham xt i o-nitroaniline, st dung Cu,O
VGi Cau trac 1ap phuong dé ché tao PdCu rdng.

2 Phuong phap nghién ctru

2.1 Hoa chat
Dong clorua khan (CuCl,, Sigma — Aldrich, M), natri
dodecyl sulfate (CH3(CH,);;0OSO3;Na, Sigma -

Aldrich), cetrimonium bromide (CTAB, Sigma —
Aldrich), palladium(ll) chloride (PdCl,, Sigma -
Aldrich), amoniac (NH,OH, Trung Qudc), axit
clohydric (HCI, Trung Qudc), natrihydroxit (NaOH,
Trung  Quéc),  hydroxylamine  hydrochloride
(NH,OHeHCI, Fisher Chemical), o-Nitroaniline
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(CsHeN2O,, Fisher Chemical), sodium borohydride
(NaBH,, Fisher Chemical).

2.2 Phuong phap tong hop vit liu

Tong hop tinh thé Cu,0 mau: Mot luong 0,3 mL dung
dich clorua d¢éng khan (11) 0,1 M (CuCl,) va 0,6 mL
natri hydroxit 1,0 M (NaOH) da duoc thém vao lo
chta 28,65 mL nuéc khir ion (DI) dé tong hop tinh thé
nano Cu,O céu tric lap phuong. Dung dich Cu(OH),
duoc khudy cho dén khi déng nhat. Sau d6, 0,261 g
natri dodecyl sulfate (CH3(CH;);;OSO;3Na) da duoc
thém vao dung dich va duoc khudy manh trong 30
phat. Cudi cing, 1,35 mL hydroxylamine
hydrochloride (NH,OHeHCI) 0,2 M di dugc thém vao
dung dich tao ra tinh thé Cu,O céu tric lap phuong.
Téng thé tich cudi cung cua dung dich la 30 mL.
Dung dich dugc 1 trong 2 gio ¢ nhiét do phong, gitp
6n dinh dung dich va thu duoc két taa bang cach li
tdm ¢ 5 000 rpm trong 5 phut va sau do phan tan trong
10 mL nuéc DI.

Tong hop vt liéu nano lwéng kim tir tinh thé Cu,0
mau: Trong quy trinh ndy, céc tinh thé Cu,0O duoc
phan tan lai trong 10 mL H,O chata 0,01 M CTAB.
Sau 10 phat khudy lién tuc, hdn hop duoc gia nhiét
dén 60 °C, dung dich H,PdCl, (20 mM; 1,5 mL) duoc
tong hop tir 89 mg PACl, va 25 mL HC1 0,04 M duoc
thém vao dung dich khudy. Dung dich chuyén sang
mau den lic dau mot vai phat, chirng t6 sy hinh thanh
cau trdc nano 18i PdCu/Cu,0. Nhirng hat PdCu/Cu,0O
sau d6 dugc ngdm trong dung dich amoniac trong 10
gio dé loai bo 16i Cu,O bén trong. Két tua duogc tach
ra bang cach li tam & 4 000 rpm trong 2 phut, rira bang
nuéc cat va ethanol nhiéu lan. San pham thu dwoc sau
d6 phan tan trong 2 mL ethanol.

SEI 10.0kv  X80,000 100nm WD 102mm

Hinh 1 Anh SEM cua Cu,O vai ciu trdc lap phuong
2.3 Phuong phap danh gia cau tric vat liéu
Phirong phdp dénh gid cau trac vat liéu.

Trong nghién ciu nay, ching tdi sir dung cac phuong
phap hién dai dé danh gia ciu tric vat liéu nhu la
SEM, TEM, UV-vis :

Nghién ctru kich thugc va phan bé hat ciing nhu phan
b va hinh dang cau trdc bang phuong phap kinh hién
vi dién tir quét (SEM), kinh hién vi dién tir truyén qua
(TEM).

Dung phuong phap UV-Vis dé xac dinh kha ning hap
thu 4nh sang & ving budc song ngan (UV) va ving
budc séng dai (ving anh sang kha kién) cua vat liu
da téng hop.

SEI 10.0kV  X80,000 100nm WD 10.3mm

Hinh 2 Anh SEM cua PdCu véi ciu tric rong

2.4 Phuong phap danh gia hoat tinh xdc tac

Hiéu suat xuc tac cua vat liéu nano ludng kim PdCu
rong dugc kiém tra bang cach sir dung ching dé khir
o-nitroaniline (CsHsN,0,), duoc biét dén nhu mot vat
liéu hiru co c6 hai phd bién trong nudc thai cong
nghiép. Natri borohydride (NaBH,) dung lam ngudn
hydro. Pé danh gia hoat dong xuc tac cua mau, 6,7
mM vit liéu nano ludng kim PdCu réng trong 1 mL
H,O duogc tron véi 1 mL NaBH, 0,22M va dugc siéu
4am trong 1 phat. Sau dé, 10 mL 7,5 10* M o-
nitroaniline ngay lap tac thém vao hdn hop trong khi
dung dich dang dugc khudy dé bat dau phan ung, thi
nghiém duoc thuc hién ¢ nhiét d6 phong. Cac mau
duoc lay theo thoi gian va duoc xac dinh nong d6 hap
thu biang UV-Vis (Evolution 60S UV-Visible
Spectrophotometer) véi budc séng (190 - 1 100) nm.
Chiéu rong budc song cach nhau 1 nm.

3 Két qua va thao luan

Hinh 1 1a két qua anh SEM cua Cu,O cho thiy ciu
tric kim loai & dang lap phuong. Co6 thé thiy, céc hat
¢6 kich thuéc va céu trac dong déu. Kich thudc cua
ciu tric nay khoang 400 nm. Ludng kim PdCu duoc
tong hop van giir duoc hinh thai ban dau caa Cu,O do
phan Gng thay thé galvanic; phan ng nay gidp cho
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cau trdc 16i bi an mon dwgc md ta ¢ Hinh 2. Ving
séng — vung t6i thé hién trong két qua TEM ¢ Hinh 3,
ching té sy hinh thanh ludng kim PdCu véi cau tric
rdng. Cau tric rong nay duoc hinh thanh cé thé 1a do
hiéu tng Kirkendall. Theo hiéu wng giai thich ciu tric
réng do su chénh léch vé toc do khuéch tan cua Cu va
Pd. Tuc 13, tbc do6 khuéch tan cua céac ion Cu tir bén
trong ra bé mat nhanh hon tc do khuéch tan cua cac

ion Pd tir bé mat vao cau truc bén trong [7], [8].
e

Hinh 3 Anh TEM cua PdCu véi cau tric rdng

Khao sat su hinh thanh ludng kim PdCu véi céc ndng
d6 CTAB khac nhau di duoc tién hanh. Chung toi da
sir dung CTAB & céac n6ng d6 0,01 M va 0,013 M
trong 10 mL nuéc. Hinh 4 thé hién sy chénh léch
nong do anh huong rat Ion dén ciu trdc tinh thé cua
PdCu. CTAB gilp giam sirc cing bé mat cua PdCu.
Strc cang bé mit giam khién cho cac ion kim loai
khong két tu tai bé mat. Tuy nhién, theo thoi gian néu
céc kim loai ling xudng s& gay két tu [9, 10]. Do
lwong kim loai két tua qué nhiéu tai bé mat ludng kim
PdCu dan dén sy hinh thanh céc micelle & nong do
0,013 M CTAB. Sy hinh thanh cac micelle nay lam
giam dang ké hoat tinh xUc tac va kha ning tai sir
dung. Vat liéu duoc téng hop hiéu qua hon & ndng do
0,01 M, khi hdu nhu khéng c6 sy xudi hién céc
micelle.

Nedli |
Hinh 4. Anh huon oat dong bé mit CTAB dén
cau trdc tinh thé ludng kim PdCu: a. CTAB & nong d6 0,01
M; b. CTAB & ndng d6 0,013 M.
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So d6 hinh thanh nano ludng kim PdCu mé phong su
phan b cac nguyén té kim loai trong cau tric rdng.
Khi Pd** tiép can bé mat Cu,O thi phan ung galvanic
lap tac xay ra. Sau d6 kim loai Pd s& phat trién xung
quanh Cu,O. Céu triic xop s& hinh thanh do céc ion
Pd*" di vao trong va Cu® di ra ngoai. Qua trinh nay
lam cho 16i Cu,O bi tiéu hao lién tuc. Khi PdCu duoc
hinh thanh thi su tiéu hao 18i Cu,O cang nhiéu do Pd
lien tuc két taa tai bé mat (do phan ung galvanic).
Phan ng oxi hoa khir cua Pd** s& khong lam anh
huéng dén cac nguyén tar Cu. Néu qué trinh tiéu hao
Cu,O va két tua cua Pd dién ra dén khi lwgng Cu,O
bién mat; san pham thu dwoc 1a Pd cau tric réng [11].
Néu qua trinh nay bi budc dung lai khi lwong Pd*
khong doi dao; san pham thu duoc 1 ciu tric 16i - vo
(PdCu/Cu,0) [11]. San pham PdCu/Cu,0 s& duoc
ngam trong dung dich amoniac dé loai bo 18i Cu,O.
Sau khi loai bo 18i, san phim thu dwoc 1a PdCu voi
cau tric rdng. C6 thé thdy rang su phan bd cua Pd va
Cu déu duoc phan bd trén toan bo cAu tric lap phuong
rong.

O-nitroaniline dugc dua vao cau tric ludng kim PdCu
rong dé khao séat sy hap thu cua ludng kim nay. Hinh
5 cho thiy sy hap thy o-nitroaniline ¢ thoi gian phan
{rng xuc tac khac nhau cua ludng kim PdCu rdng. Phd
UV-Vis thé hién cac dinh hap thu dic trung cua o-
nitroaniline & (283 va 410) nm [12].

Absorbance (a.u)

T T T
300 400 500 600
Wavelength (nm)

Hinh 5 Phd UV-Vis hap thu o-nitroaniline
Trong nghién ctu nay, qua trinh khir o-nitroaniline
lam cho dinh dich chuyén tir 283 nm dén 290 nm va
viing hap thu 410 nm giam dan theo thoi gian ching
to su hinh thanh o-phenylenediamine. Qua trinh hinh
thanh o-phenylenediamine thdng qua xuc tac kim loai
Vi su ¢6 mit cia NaBH,. Faroogi va cong sy da tién
hanh khao sat xuc tac kha o-nitroaniline trong moi
truong nudc st dung polyme chic héa hat nano bac
v6i két qua tuong tu [13]. Véi céu tric lap phuong
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cua ludng kim PdCu rong, o-nitroaline bi khir hoan
toan & thoi gian 8 phdat.

: pd?
cTAB

Cu,0

PdCu réng

Pd ) Cu

Cu Pd

Hinh 6 So o hinh thanh nano ludng kim PdCu cau tric
lap phuwong rdng va sy phan bb nguyén tir trong cAu tric va
anh EDX thé hién sy phan bo caa Pd va Cu.

Chung t6i da so sanh gitra hat nano Pd va ludng kim
PdCu rdng vé thai gian khir o-nitroaniline ¢ cac ndng
d6 NaBH, khac nhau. Hinh 7 thé hién méi twong quan
tuyén tinh gitra In (C,/Co) véi thoi gian ¢ cac nong do
NaBH, cua hat nano Pd va PdCu. Hing sé toc do phan
tng k (k = 0,0051 s™) dat gia tri bao hoa nhanh chéng
& 1 M NaBH, cua hat nano Pd. Béi véi ludng kim
PdCu, gi4 tri ting manh (k = 0,015 s™) khi ting nong
do va dat gia tri bdo hoa & 2 M NaBH,. Su kéo dai toc
dd phan ng nay 1a do ndng d6 NaBH, ting 1én lam
cho lugng H, phan li tai Pd ciing tang. Tdc do khir o-
nitroaniline cang nhanh khi sy phan li dién ra cang
nhiéu. Tuy nhién, phan &ng s& bao hoa khi su hap thu
céc nguyén tir hydro trén bé mat hoat dong cua PdCu
dat tGi han.

Tai liéu tham khéao
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Hinh 7 B4 thi In (C, /Cy) so véi thai gian cho qua trinh khr
o-nitroaniline & cac noéng d6 NaBH, khac nhau
a. Hat nano Pd; b. PdCu céu tric lap phwong rdng.

4 Két luan

Nghién ctru nay da tong hop thanh cong vat liéu ludng
kim PdCu cau tric lap phuong rdng. Ludng kim PdCu
duogc danh gia thong qua xuc tac khir o-nitroaniline.
Két qua chi ra rang, vat liéu cd cau tric dong déu va
hiéu sut xuc tac cao. Vat liu PdCu véi cau tric lap
phuong rong hoan toan phu hop cho ung dung lam
chat xdc tac khtr ho nitroanline.

Loi cdm on Nghién ctru dugc tai trg boi Quy phéat
trién Khoa hoc va Cong nghé - Pai hoc Nguyén Tt
Thanh, ma dé tai 2021.01.16/HD-KHCN.
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Synthesis of PdCu bimetallic nanomaterials from Cu,O as catalyst for o-nitroaniline reduction
reaction
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Abstract This research takes advantage of the galvanic electrochemical replacement method to create a hollow
cubic structure. We used Cu,O to synthesize the hollow cubic structure PdCu bimetal. With this structure, the
reduction of o-nitroaniline to o-phenylenediamine takes about 8 min. O-phenylenediamine is less toxic and more
eco-friendly than o-nitroaniline. The o-nitroaniline reduction of PdCu and Pd nanoparticles was evaluated by
adding NaBH, at different concentrations. The reaction rate constant reaching the saturation value of the
bimetallic PACu nanoparticles was stretched, while the Pd nanoparticle reached the saturation value rapidly. The
obtained products can be applied to wastewater treatment in the dyeing and pharmaceutical industries. The
application in the treatment of dye wastewater containing o-nitroaniline will give better results than using the
single metal structure; and will optimize costs because the amount of precious metals used in the synthesis
process is also less.

Keywords o-Nitroaniline, bimetallic Pd-Cu, o-phenylenediamine, hydrogen catalyst
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