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Cuprous oxide nanoparticles (CuO) were prepared by a one-step
reduction method at 65, 70 and 85°C temperature. The CuO
nanoparticles were characterized by XRD, Raman, SEM and EDS
techniques, respectively. The adsorption removal of red congo dye from
aqueous solution by the as-prepared Cu.O nanoparticles was studied.

Kinetics and isotherms studies suggested that the adsorption process
followed pseudo-second-order and Freundlich models. The maximum
adsorption capacity was estimated to be 82,6 mg/g, which was the
highest reported value so far for red congo adsorption.

Gidi thiéu chung

Pong | oxit (Cu.0) 1a ban dan loai p vdi nang lugng
vung cdm khodng 2,17eV thu hut nhiéu sy quan tam ca
vé tinh chat hda Iy va Ung dung. Cu,O céu tric nano
c6 kha ndng Ung dung trong nguyén liéu trong cong
nghiép dugc phém va cac thiét bi y t€ chuyén héa
nang lugng, pin lithium, sensor khi, [1-10]... Bac biét,
thai gian gan déy, Ung dung xutc tac quang cta Cu,O
da dugc dé cdp dén kha nhiéu. Mac du c6 dd rong
vung cadm Ién hon gié tri vung cdm ly tudng cho céc
pin mat trdi, nhung Cu,O b nhitng uu diém dé lam
I6p hép thu anh sang trong cac pin mat trdi nhu c6 dé
linh déng cao, chiéu dai khuéch tan hat tai phu kha
I&n, hé s6 hép thu cao trong ving kha kién vai chi phi
san xuat thdp va than thién véi moéi truong. Ngoai ra,
vat liéu nano Cu,O ¢ thé dugc Ung dung lam chéat
hdp phu day htia hen dé loai bd chon loc hodc lam
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giau céc chdt hitu cg anion tU nudc thai ¢ chira cac
thanh phan phic tap [11-20].

Trong bai bao nay, ching téi nghién cltu anh hudng
clia nhiét d6 téng hap tGi sy hinh thanh pha Cu.O va
Ung dung trong khdo sat sy hdp phu chadt mau congo
do cla vat liéu. Pang nhiét hdp phu va mé hinh déc
nhiét cling dugc khao sat.

Thyc nghiém va phuang phap nghién clu
T6ng hap vit liéu

Trudc hét hoa tan 0,025 mol CuSOs4 vao 100mL H,O
c4t tao dung dich CuSO4 0,25M. Thém tU tUr 20mL
dung dich NaxC04 0,005M vao dung dich trén. Bun
cach thly dén nhiét d6 phéan Ung (T = 65 °C; 70 °C va
85 °C).Thém tiép 30ml dung dich NaOH 1M. Sau do
thém 20ml NH>-NH, bang cach nhd giot tr tir trong
1h. Sau khi nho xong, tién hanh phan Uing thém 1h nita.
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Sau phan Ung chdng ta thu dugc két tia mau do gach.
Loc rira k&t tha nhiéu lan vai nudc cét hai lan cho téi
khi pH = 7. Sdy két tla & nhiét dd 80 °C trong vong 24
h. Cac mau téng hap ky hiéu lan lugt 1a T65, T70 va
T85 tuang Ung vdi cac nhiét do téng hap la T = 65; 70
va 85 °C.

Phuang phdp nghién ctu

Pac trung cdu tric clia mau téng hop dugc phan tich
bdi phuong phap nhiéu xa tia X mau bot trén hé X'pert
Pro (PANalytical) MPD vdi buc xa Cu-Kat c6 budc song
(\=1,54065 A), dai do 20 tir 20° dén 80° va phd tan xa
Raman trén hé a Renishaw Invia Raman Microscope st
dung laser 633nm va cong sudt 25mW. Hinh thai bé
mat cla vat liéu va thanh phén cac nguyén té trong
mau khao sat sit dung phuong phap hién vi dién tu
quét SEM trén hé Microscope HITACHI TM4000PIus).

Khdo sdt kha ndng hdp phu

Dac trung hép phu clia vét liéu dugc danh gia dua trén
kha nang hép phu congo doé (CR). Toan bé thi nghiém
dugc thuc hién hoan toan trong téi.

Qua trinh dugc thuc hién nhu sau: can x mg chét xtc
tac vao coc¢ 100mL sau doé cho tiép 60mL dung dich CR
nong do y ppm. Khudy hdn hgp hoan toan trong tdi
dén khi qua trinh hdp phu dat can bang. Binh ky hén
hop dugc &y ra khodng 7mL theo thai gian hap thu. va
xac dinh dé hédp thu & khoang budc séng 510nm, hé
do dugc st dung la Varian CARRY 100.

Dung Iugng hdp phu CR trén don vi khéi lugng mau
chat hép phu theo thdi gian dugc tinh bdi phuong
trinh [21]:

g=((Co-C)*v)/m

Trong dé q la lugng chét bi hdp phu (mg/g). Co va C
la ndng dé ban dau va néng do tai thai diém t cla
chét bi hdp phu (mg/l). V la thé tich dung dich (I). m la
khéi lugng chét hap phu (q).

Két qua va thao luan

C4u trac tinh thé cla cac mau dudc kiém tra bdi
phuang phép nhiéu xa tia X miu boét. Gidn do nhiéu xa
tia X cla cac mau téng hop & cac nhiét dé téng hap
khac nhau trinh bay trong hinh 1. D& nhén thay, trong
tat ca cac mau déu xuat hién cac dinh nhiéu xa & goc
20 = 29,60° 36,45° 42,34°; and 61,40°. Cac goéc nhiéu
xa nay phu hgp vdi cac mat mang (110), (111), (200),
(31) cla CuxO cdu trdc lap phucng [16]. Hon nita,
trong gian do nhiéu xa tia X cac mau T65 va T70 mot
dinh nhiéu xa c6 cudng do thap & khoang 33° tuong
Ung vai méat (133) ctia CuO [22]. Riéng déi véi trusng
hop mau téng hap & nhiét d6 85 °C ( mau T85), ngoai

cac dinh nhiéu xa clia pha Cu,O, ching ta con nhén
thay 02 dinh nhiéu xa & 20 = 43,3° va 50,4° tuong Ung
vdi pha lap phuong cta Cu [23].

Nhu vay, & nhiét do thdp qué trinh phdn Ung hinh
thanh hai pha la Cu,O va CuO. O nhiét dé cao hinh
thanh hai pha la Cu,O va Cu.

T85

.E%
17 %
>

Intensity (au)
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- .
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Hinh 1: Gidn do nhiéu xa tia X cac mau téng hop & cac

nhiét do
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>
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Hinh 2: Phé tan xa Raman cac mau téng hap & cac
nhiét do
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T s6 liéu do phé XRD va st dung phan mém Origin
tach phd theo ham Gaussion, ta tinh dugc kich thudc
tinh thé trung binh cla vat liéu theo phuong trinh
Debye-Scherrer: D= KA\/(B.cosB)

vdi D 1a kich thudc trung binh hat tinh thé, K= 0,9, A =
1,54065 A 1a budc séng nhiéu xa, B 1a gia tri do rong
nifa chiéu cao vach nhiéu xa cuc dai (FWHM), 8 1a goc
nhiéu xa & vi trf mat nhiéu xa (111).

Kich thudc trung binh hat tinh thé tinh dugc déi vdi cac
mau T65, T70 va T85 Ian luct 1& 29,0 nm, 32,7 nm va
33,4 nm.

Tén xa Raman ciing dudc biét la phuang phap quan
trong dé nghién cltu pha va cdu tric tinh thé cla vat
liéu. Hinh 2 xuét hién phd tan xa raman do & nhiét dé
phong clia cac mau T65, T70 va T85. Béi véi mau T65
va T70, phé tan xa raman déu cé cac dinh xudt hién &
raman shift khoang 222, 294 va 617 cm™. Cac dinh 222
va 617 cm™ quy cho céac dao déng clia pha Cu.0. Dinh
294 cm™ quy cho mode dao déng Aq clia pha CuO.
D6i vai mau T85, phd tan xa raman cho thay chi xuét
hién pha CuO [5]. Két qua nay phu hgp vdi cac cong
bé trudc va phi hap vdi két qua do XRD & phan trén.

Hinh 3 1& 4nh SEM clia cac mau. TU dnh SEM ta cé thé
nhan thady, mau t8ng hop & nhiét d6 T65 va T70, hinh
thai bé mat |a cac hat hinh cdu cd kich thudc c& nm va
phan bé kha dong déu. Mau T85 c6 nhiéu hinh thai
khac nhau.

Hinh 3: Anh SEM cac mau t8ng hop & cac nhiét do

Phé tan xa nang lugng tia X (EDX) si dung dé xac dinh
thanh phan nguyén t& co trong mau. Phé EDX cuia cac
mau T65, T70 va T85 trinh bay trong hinh 4. C6 thé
nhan thdy trong ca ba mau déu xudt hién hai dinh
CuKa (8,06 keV) va CuKB (8,93 keV) dac trung cla
nguyén t6 Cu. Hon nifa con c6 dinh OKa(0,5TkeV) dac
trung cho nguyén té O. Hon nifa, két qua EDX con cho
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thdy, khong co dinh dac trung cla cac nguyén té khac.
Nhu vay, trong cac mau thu dudc chi co Cu va O.

T85

-

T70

Intensity (a.u)

Energy (eV)
Hinh 4: Ph& EDX cac mau téng hap & cac nhiét do

Bang 1 dudi day téng hop két qua tinh toan thanh
phan nguyén t6 thu dugc tur két quéa do EDX.

Bang 1: Thanh phan nguyén t& clia cac mau tir két qua

do EDX
% %
Mau | Nguyéntd | khéilugng | khdiluong
li thuyét | thuc nghiém
O nnm
Cu0 18,94
Cu 88,89
T65
O 20
CuO 81,06
Cu 80
O nmnm
Cu0 13,96
Cu 88,89
T70
O 20
CuO 86,04
Cu 80
(@) nmnm 6,18
T85 | CuO
Cu 88,89 93,82

Tu két qud tinh toan & bang 1, mét 1&n nifa ching ta ¢
thé khang dinh mau T65 va T70 gdm Cu.O va CuO.
Lugng CuO trong mau T65 nhiéu hon trong méau T70.
Mé&u T85 gdm Cu,0 va Cu.

Kha nang hédp phu chit mau céng dé cla cac mau
trinh bay trong hinh 5. Cé thé nhan théy tét ca cac
mau déu hdp phu t6t congo dé. Sau 180 phut hap
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phu, hdu nhu cac mau gan dat can bang. Dung luong
h&p phu cao nhét dat dudc clia cac mau T65, T70 va
T85 lan lugt la 32,5; 48,3 va 40.3 mg/g tudng Ung vdi
hiéu xudt la 65; 96,7 va 80,7%. Nhu vay, mau téng hgp
3 70°C cho kha nang hép phu t6t nhat déi vai CR.

50

40 4

30

q(mg/g)

20

101

Absortance (a.u)

w0 &0 s0 7
Wavelength (nm)

0 30 60 9 120 150 180
Time (min)
Hinh 5: Dung lugng hé&p phu congo do clia cac mau va
do hap thu theo thdi gian tiép xtc ciia mau T65

Anh huéng clia ndng dé CR dén kha nang hap phu
clia mau T70 chi ra trong hinh 6. C6 thé thdy, dung
lugng hép phu tang nhanh theo thdi gian tiép xdc &
khodng 30 phut dau tién. Sau dé dung lugng hap phu
tdng cham cho t&i khi gan dat can bang & khoang 160
phut. Dung lugng hép phu tdng véi ndng dé CR ban
dau tang. Diéu nay cé 18 do khi nbng dé CR cao, su
tuong tac gita CR va T70 tang, két qué dung lugng
hap phu tang. Cac két qua nay cé thé quy cho lugng
CR khéng du dé T70 hép phu hét. Ngugc lai véi dung
lugng hap phy, hiéu sudt hdp phu gidam khi tdng néng
dé CR ban dau va gidam thép nhét dat gié tri 24,6% khi
ndng do ban d&u dat dén 100 mg/L.

70

60 - ——
- e
50 4 g T
o~ 404
on
=~
on 304
\a: 201 |—=— 15ppm |
| {—e—20ppm
104 f—a—25ppm
|—¥— 30ppm
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[—4— 100ppm

T T T T T T T T
-20 0 20 40 60 80 100 120 140 160 180
Time (min)

Hinh 6: Dung luang hép phu congo dé clia mau T70
phu thudc néng dé congo dod

T qua trinh khdo sat ndng do CR, ching téi xay dung
hai mé hinh gid hdp phu cda vat liéu, md hinh hap phu
duac biéu dién trong 7. T4t ca cac thong s6 dang nhiét
tinh toan dua trén cac gia tri cla dudng thang fit va
tom tat trong bang 2.

g 35
S o
© o4 E
¥ = 0.5x-0.007 - y = 0.9x-1.000
- R =0.9904 R?=1.0000
o 25 T T T
8 10 16 20 25 15 20 25 3.0 35
Ce InCe

Hinh 7: DO thi dang tuyén tinh dang nhiét hap phu
Langmuir (a), Freundlich (b) cla CR hép phu 1én T70.

Bang 2: Gia tri tinh toan ctia 2 md hinh hép phu

M hinh | Cac tham s6
Omax (MQ/Q) | 147,28
R? 0,999
Langmuir
R 0,08
Ki 0,01
R? 10
Freundlich | n 10
Kr 8,27

Két qud & 2 cho thdy, ddng nhiét Langmuir va
Freundlich déu cé hé s6 tin cay R? rat cao (> 0,999);
ngoai ra cac théng s& can bang Ry d&i vdi ddng nhiét
Langmuir nam trong pham vi 0 <RL < 1va gié tri 1/n=T1
ddi vai mo hinh Freundlich nam trong khoang 0-1, nén
6 thé cho rang qué trinh hdp phu T70 vira tudn theo
ddng nhiét Langmuir, via tuan theo dang nhiét
Freundlich.

Dé xac dinh téc dé hap phu trong qué trinh hdp phu,
mo hinh dong hoc gid bac 1 va mé hinh déng hoc gid
bac 2 da dugc st dung dé phan tich ditr liéu dong hoc.
Cong thuc dua ra theo phuang trinh [24]:

Mo hinh gid bac T: Ln(ge-qr) =Lnge-kit

M6 hinh gid bac 2:

t 1 t

— +—
4 kaqe?  qe

TU di liéu thuc nghiém hép phy, déng hoc hap phu dé
dugc tinh toan theo md hinh giad hdp phu bac 1va mé
hinh gid hap phu bac 2 ( hinh 7). TU gia tri d6 déc va
doan cat vdi truc tung cla cac dudng tuyén tinh, s&
tinh dugc cac hang s6 dong hoc ki va ko, Mc do tuyén
tinh cla cac gia tri thuc nghiém theo md hinh dugc
danh gia bang hé s6 tin cdy R? va cac tham sé tuong
Ung dugc tom tat trong Bang 3. Mé hinh béc hai gia
cho thédy hé s6 tuong quan cao hon (R?) so véi mo
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hinh gid bac mot, chi ra rang méd hinh déng hoc bac
hai gid phu hgp hon dé mé ta qué trinh hdp phu CR
lén vat liéu.

e
dppm
. Sppm. //i
4 ¥ S0ppm /
Sy $ Soom 4 /{/
SN 106ppm
'}\‘t + A
: ke, v v
~ . "‘“"i;‘ . B 7 1
[ " . /
; N . o
g2 NGO H z s [ £
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0 ~ 1 1 & 25ppm
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Hinh 7: a) M6 hinh déng hoc hdp phu bac 1; b) M6
hinh déng hoc hap phu bac 2

Bang 3: Céc thong s6 déng hoc hép phu CR 1én Cu,O
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