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In this paper, copper (1) oxide (Cu20) were successfully synthesized
using copper (Il) sulfate (CuSQa.), glucose and sodium hydroxide
(NaOH). CuSO, solution is separated from electronic waste by
pyrometallurgical process combined with hydrometallurgical process.
The obtained materials were studied the methods of synthesis and the
influence of pH showed that slowly adding CuSOa solution to the
solution including NaOH and glucose and pH = 12 obtained Cu,O
with nanostructure. Through analyzing the structural characteristics
by XRD and SEM methods, it was found that the synthesized Cu,O
material has a crystal size calculated by XRD method of 8.75 nm,
lattice constant of 0.43 nm, the strain of 0.004; The number of
dislocations presenting in the unit area of 0.013. The Cu,0O particles
formed are relatively uniform, the particle size is about 50 nm.
Synthesized Cu,O nanomaterials both solve the problem of e-waste
pollution and open up a source of raw materials for synthesizing
nanomaterials.
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Trong bai bao nay, dong (1) oxit (Cu,0) duoc tong hop thanh cong tir
dung dich ddng (1) sunfat (CuSQs), glucozo, natri hidroxit (NaOH).
Dung dich CuSO4 dugc tach tir rac thai dién tir theo phuong phap hoa
luyén két hop véi thuy luyén. Vit liéu nay dugc nghién ciu tong hop
bang cac phuong phap thuc hién va anh ‘huéng cua pH cho thiy cho
tir tir dung dich CuSO, vao dung dich gdm NaOH va glucozo c¢6 pH
= 12 thu duoc Cuz0 c6 cau tric nano. Qua viéc phan tich cau tric
bang phuwong phap XRD va SEM cho thay téng hop vat liéu Cuz0 c6
kich thudc tinh thé tinh theo phuong phap XRD 1a 8,75 nm, hang sb
mang bang 0,43 nm, d6 bién dang bang 0,004; mat d6 léch vi tri bang
0,013. Céc hat Cu,O tao thanh twong dbi dong déu, kich thuéc hat
khoang 50 nm. Vit liéu Cu,0 c6 cau tric nano tong hop duoc vira
giai quyét van dé 6 nhiém rac thai dién tir, vira tong hop duogc vat liu
nano c6 (rng dung cao.
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1. Gi6i thi¢u

Chat thai dién tir [a mot trong nhitng ngudn chat thai I6n nhat va phat trién nhanh nhat trén thé
gidi, trong d6 c6 chat thai cia dién thoai di dong. Do s6 luong nguoi dung dién thoai di dong
tang nhanh, hon nira voi sy phét trién cua cong nghé lam dan dén tudi tho str dung cua dién thoai
di dong ngén. Do d6, lugng rac thai do dién thoai di dong tao ra la 16n [1].

Thanh phan vé khdi luong ciia cac nguyén té c6 trong dién thoai di dong nhu sau [2]: Kim
loai quy: vang (Au) 350 ppm, bac (Ag) 1340 ppm, paladi (Pd) 210 ppm; Kim loai co ban:
dong (Cu) 13%, nhém (Al) 1%, sit (Fe) 5%, niken (Ni) 0,1%, thiéc (Sn) 0,5%, chi (Pb) 0,3%...;
Chat chay: nhya 57%...; Thuy tinh: 2%; Chat khac: 21%. Nhu véy, dién thoai di dong chira cac
nguyén t6 doc hai, chang han nhu chi, thiy ngan, crom, niken, berili, antimon va asen ciing nhu
cac kim loai c6 gia tri nhu déng, vang, bac, paladi va bach kim [3]. Vi vay, tai ché dién thoai di
dong phé thai 1a can thiét ¢ bao vé méi truong va thu hoi tai nguyén kim loai ngay cang can kiét.

Déng (1) oxit (Cuz0) la chat ban din khong doc hai va dwoc cac nha khoa hoc quan tam
nghién ctru bai cac tinh chat quang dién tir cua nd. Cu,O 1a chat ban dan loai p véi do rong ving
cam tryc tiép theo ly thuyét 1a 2,2 eV, gia tri nay cho phép sir dung Cu0 dé ché tao pin mit troi
hiéu suit cao (hiéu suat ly thuyét ~ 18%) [4]. Ngoai ra, Cu0 con duoc tng dung trong nhiéu linh
vuc, bao gom cdng nghiép hda hoc [5], cam bién sinh hoc [6], pin Lithium ion [7], xUc tac quang
8]....

Mot sb phuong phap da duoc céc nha khoa hoc sir dung dé tong hgp Cu20 dang hat, mang
mang nhu: két tia manh [9], phan hiy hop chat vai toc do cao [10], nhiét phan phun [11], cét dot
bang laser [12], vi nhii twong [13], sono-hoa [14], vi song [15], téng hop pha long [16]-[20].
Trong s6 cac phuong phap trén, phuwong phap tong hop pha long c6 chi phi thap, thuc hién don
gian, it ton thoi gian.

Nhu vay, rac thai dién tur 1a van dé duoc quan tdm caa xa hoi va cua nhiéu nha khoa hoc. Xu
ly rac thai dién tir da dugc nghién ctru nhiéu. Tuy nhién, tong hop Cu,O tir réc thai dién tir chua
duogc nghién cau nhiéu. Bai béo nay tap trung nghién ciru phuong phap téng hop va anh huong
cuia pH dén viéc tong hop Cu,0 tir dung dich CuSO, tach ra tir rac thai dién thoai di dong.

2. Phuong phap nghién ciru
2.1. Xir Iy mdu

Céc réc thai dién tir duoc thu thap tir dién thoai di dong bi hong hodc qua cii. Khéi lugng
trung binh cua réc thai dién thoai di dong thai dé lam thi nghiém khoang 20 g. Ching bao gém
nhya epoxy gia ¢, soi thay tinh mong, két ndi véi nhau boi day va tim kim loai. Ching duoc cat
thanh miéng nho (2 cm x 2 cm) nung & 750°C trong méi truong rat it khdng khi trong 2 gio. Chat
ran duogc lay ra, tach riéng nhitng phan khung kim loai (nghién ctru sau). Sau do, chat ran thu
dugc duoc nghién ¢ may nghién bi MM 200.

Lay m gam phé thai dién tir sau khi nghién cho vao dung dich gém 10 ml dung dich H,SO4
4M va 10 ml dung dich H,0, 15% khuay déu (300 vong/phat) & nhiét do 40°C trong 120 phut.

2.2. Téng hop dong (I) oxit

Cho 20 ml dung dich tich ddng tir phé thai dién thoai di dong tir tir vao dung dich gom
glucozo 1M va NaOH 1M dé duoc hdn hop ¢ pH nghién ciru. Khudy hoac siéu am trong 30 phit
& nhiét d6 70 °C. Sau d6, loc, rira dén pH = 7 dé lay chat ran, say kho ¢ 70 °C, qua dém (15 gio).
Vit liéu sau d6 dwoc phan tich cau tric theo phuong phap XRD.

Qua trinh tdng hop Cu20 duogc nghién ciru thong qua khao sat anh huéng cia méi trudng pH
va cach thuc hién tong hop Cu,0. Cac miu thi nghiém tong hop Cu0 dugc tién hanh theo cac
diéu kién trong bang 1.
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Bang 1. Ki hiéu mau thi nghiém va diéu kién tong hop Cu,0

Ki hiéu mau pH Phwong phap thuc hién
H2 12 Cho glucozo vao hon hgp (CuSO4 va NaOH)
H6 10 Cho CuSOs vao hdn hgp (glucozo va NaOH)
H7 13 Cho CuSOs vao hdn hgp (glucozo va NaOH)
H8 12 Cho CuSO4 vao hdn hgp (glucozo va NaOH)
H9 12 Cho ddng thoi CuSO4 vao hdn hop (glucozo va NaOH)

2.3. Cic phwong phdp phén tich mau

Vit liéu duge do XRD trén thiét bi nhidu xa tia X D2 — Phase (Brucker — Dirc) tai Phong thi
nghiém Khoa Héa hoc, truong Dai hoc Khoa hoc, Pai hoc Thai Nguyén.

Anh SEM cua vt liéu duoc thuc hién trén may FE — SEM (Hitachi S — 4800, Nhat Ban) tai
vién Khoa hoc Vat liéu, Vién Han Iam Khoa hoc va Cong nghé Viét Nam.

3. Két qua va ban luin
3.1. Két qud hoa tich dong

Vi diéu kién hoa tach dong nong do H.SO4 4M, nong do H.02 15%, ty 1 rén - long 1a 0,025
va nhiét d6 40 °C, 1 gid thi hiéu suat hoa tach dong duoc tinh theo cong thirc:

H = oumian 100 (1)
rnCu ban fiag
Trong d6, H 14 hiéu suat hoa tach dﬁ)ng (%); M cubj tsen 12 khdi lugng dong bi tach ra khoi rac
thai dién tr (g); M cuvan diu 12 kh01 lugng dong ban dau trong réc thai dién tir thuc nghiém (g).
Két qua thu duoc hiéu suat tach ddng 1a 71,64% sau 1 gio va dat 100% sau 2 gid.

3.2. Nghién citu thu héi dong dwéi dang dong (1) oxit

Vit liéu Cu,0 dugc tong hop tir khir dung dich CuSO4 dé thyc hién. Mat khac, glucozo duoc
sir dung nhu mot chat khir than thién véi méi truong va thuong duoc sir dung dé ché tao vat lidu nano.
Phuong trinh hoa hoc tong hop Cu,0 ¢6 thé duoc thé hién theo phuong trinh hoa hoc nhu sau:

Cu® + CsH11:05-CHO — Cu,0 + CsH1:0sCOOH (2)

3.2.1. Anh huong cia phwong phdp tong hop Cu,O

Dé nghién ciu anh huong cua phuong phap thuc hién dén qua trinh tong hop Cu,0. Céc thi
nghiém theo cac phuong phap thyc hién dugc nghién cau ¢ day gom:

_+ Phuong phap 1: Cho tur tir dung dich gém NaOH va glucozo vao dung dich CuSOs (ki hiéu
mau H2);

_+ Phuong phap 2: Cho tur tir dung dich CuSO4 vao dung dich gom NaOH va glucozo (ki higu
mau H8);

+ Phwong phap 3: Cho tir tir ddng thoi dung dich CuSO4 vao dung dich gdm NaOH va
glucozo vao binh phan ung (ki hiéu mau H9).

Hinh 1 cho thay, cc hat nano Cu,O dugc diéu ché thanh cong theo cac phuong phap. Song,
d6 tinh khiét va do tinh thé cua cac phuong phap c6 khac nhau.

Quan sét hinh 1 cho thiy c4c mau déu xuat hién cac dinh nhidu xa 20 ¢ 29,6; 36,4; 42,3; 61,3
va 73,6 twong (tng voi cac mat phéng (110), (111), (200), (220) va (311) cua tinh thé Cu,0
(JCPDS No. 78-2076). Tuy nhién, c4c hat nano duoc téng hop theo phuong phap 1 (H2) va
phuong phap 3 (H9) bi lan céc pic caa Cu,0. Cac hat nano Cu,O duoc tong hop theo phuong
phap 2 (H8) c6 d¢ tinh khiét cao, chi cé cac pic dic trung ciia CuO.

Do két tinh cua c4c hat nano ting 1én khi cudng do dinh tang 1én. Tir Hinh 1 cho thdy do két
tinh cia mau HS cao hon so v&i mau H2, H9.
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Nhu vy, phuong phap tong hop CuO la cho tir tir dung dich CuSOs vao dung dich gom
NaOH va glucozo thi vat liéu Cu,O thu dugc co do tinh khiét va d6 két tinh cao. Do d6, phuong
phap nay dugc st dung cho nghién ctru tiép theo.

400 500
350 A H9
300 _WAA__A_/\_~_ 400 -
& 250 - 2
300 HS
T 200 - s S
= 150 1 S 200 7
100 -
50 A J»ﬂt 100 - UL
H2
R VA T OO ..
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2-Theta Scale 2-Theta Scale
, Hinh 2. XRD ciia H6, H7, H8 (Cu,0 tang hop theo
Hinh 1. XRD cza Cu,0 tong hop theo cach thuc cach cho tur ter dung dich CuSQO4 vao dung dich gom
hi¢n khac nhau NaOH va glucozo nhung pH khdc nhau: pH = 10
(H6), pH = 13 (H7), pH =12 (H8))

3.2.2. Anh hwong cua pH

D¢ nghién ctu anh huong cia pH dén qua trinh tong hop Cu.0, céc thi nghiém duoc thuc
hién & cac pH khac nhau: 10, 12 va 13, trong khi cac diéu kién khéc glong nhau (Hinh 2).

Tir Hinh 2 cho thiy, Cuz0 dugc tong hop thanh cdng nhat trong diéu kién maéi trudng kiém co
pH = 12 khi sir dung tién chat dong (11) sunfat véi sy ¢6 mat cia D-glucozo. Trong mdi trudng
kiém, CuSO, dé dang chuyén thanh dong (11) hidroxit (Cu(OH),) va dé dang bi khir thanh Cu,O.
O gia tri pH thap hon, D-glucozo 14 trung tinh, do d6 kha ning tao phuc véi ion dong thap. O gia
tri pH cao hon a-D-glucozo chuyén thanh B-D-glucozo théng qua dang mach hd. So d6 co ché
phan tmg dugc thé hién ¢ Hinh 3.

HO
(o]
OH
HO OH O -
OH
a-D-glucozo
H. =0 coo”
H——OH H——OH
1 Cu** /OH - HO H
HO H _ + Cu,O
H——OH OH
H——OH H——CH
CH,0H
CH,OH
Y D-glucozo
HO %[
oOH
OH

HO
OH

B-D-glucozo

Hinh 3. Co ché tao thanh Cu,0
3.3. Phan tich cdu trac vt liéu Cu,0
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Vat ligu Cuz0 dugc tong hop theo phuong phép cho tir tir dung dich CuSO. vao _dung dich
gém NaOH va glucozo ¢ diéu kién pH = 12 dugc phan tich ciu tric vat liéu bang nhidu xa tia X
(Hinh 4) va hién vi dién tar quét SEM (Hinh 5).

250
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Hinh 4. XRD cua Cu,0 téng hop theo céch cho tir tir dung dich CuSO, vao dung dich gom NaOH va
glucozo va pH = 12

Kich thuéc tinh thé cau tric nano cua vat liéu duoc tinh theo cong thirc Debye Scherrer:
kA
= @)
f.cosé
Trong d6, D la kich thuéc tinh thé, k 1a hing sb Scherrer (k = 0,9), A 1a d6 dai budc séng cua
tia X chiéu vao mau (. = 0,15406 nm), 6 1a goc nhidu Xa (radian), B 1a d6 rong nira chiéu cao cua
pic nhiéu xa (FWHM) (radian).
Kich thuéec tinh thé cta Cu20O dugc tinh theo pic (111) vi pic nay cao va quan sat r6 nét. Tinh
toan theo cong thuc (3), kich thude tinh thé bang 8,75 nm.
Héng s6 mang a cua cAu trdc lap phuong duoc tinh thdng qua mat (111) va duoc tinh theo cong thirc:
1 h+k I @
2 2
) dhkl a
Trong d6, h, k, 1 1a cac chi s6 Miler; dna la khoang cach gitra cdc mat mang duoc tinh theo
cong thuc Bragg:

. ’ n\ = 2.dnk.sind (5)
Tu (4) va (5), suy ra hang s6 mang duoc tinh theo cong thirc:
2
a=J .’12 (h2+k2+|2) (6)
49n° 6

Tinh toan theo cong thic (6), hang s6 mang tinh dugc bang 0,43 nm. ’
Su m¢ rong cia cac dinh XRD chu yeu la do hai yeu to kich thuéc che d6 lugng tir va bien
dang gay ra trong cau trac nano [21]. D6 bién dang dugc tinh theo phuong trinh Stokes —Wilson:

.Cosd
L ™
4
Va mat do léch vi tri (8) duoc tinh theo cong thirc:
1
*“pe @

Két qua tinh todn theo cac cong thirc (7) va (8) cho biét do bién dang bang 0,004; mat do léch
vi tri bang 0,013.
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Anh SEM dé xac dinh hinh thai bé mit vat liéu duoc thé hién ¢ hinh 5. Hinh 5 cho thiy hat

nano Cu,O dugc tao thanh o d6i ddng déu, kich thugc khoang 50 nm.

'

. IMS-kL 5.0kV 4.3mm x100k SE(M) .
Hinh 5. Anh SEM cua Cu20 tong hop theo cach cho tir tir dung dich CuSO4 vao dung dich gom NaOH va
glucozo va pH = 12

4. Két luan

Tach dong dudi dang dung dich CuSO, bang phwong phap hoa luyén két hop thay luyeén.

Téng hop thanh céng Cu,O tir dung dich dong tach ra tir phé thai dién tir voi diéu kién tong
hop theo céch cho tir tir dung dich CuSO, vao dung dich gdm NaOH va glucozo va pH = 12.

Vit ligu ddng (1) oxit ¢ cau trdc nano véi kich thudc tinh thé tinh theo phuong phap XRD 1a
8,75 nm, hang s6 mang bang 0,43 nm, d6 bién dang bang 0,004; mat do léch vi tri bang 0,013.
Céc hat Cu,0 tao thanh twrong ddi dong déu, kich thudc hat khoang 50 nm.
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