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Received: 14/4/2022 The recovery of metals in mobile phone waste is a matter of concern due to
) environmental issues and the increasingly depleted metal resources. There are
Revised: 141712022 ynany methods to separate metal from mobile phone waste such as:
Published: 14/7/2022 pyrometallurgical method, hydrometallurgical method, electrometallurgical
method.... Promoting the advantages of pyrometallurgical method and
KEYWORDS hydrom_etgll_urgical method, the article presents a copper sepa_ration process
that minimizes the release of harmful gases to the environment, but
Mobile phone waste effectively recovers copper, which is a combination of pyrometallurgical
Pyrometallurgical process method and hydrometallurgical method. Pyrometallurgical stage: mobile

phone waste is chopped and calcined at 750 °C in a closed furnace that can
recover the released gas in 2 hours. Hydrometallurgical stage: the solid is
Copper dissolved in a solution of sulfuric acid (H,SO,) in the presence of hydrogen
Separation process peroxide (H,O,). The factors affecting the copper separation process were
studied such as H,SO, concentration, H,O, concentration, solid/liquid ratio
and temperature showing that H,SO4 4M, H,0, 15%, solid-liquid ratio 0.025
and the temperature 40 °C, the copper (l1) sulfate (CuSO,) solution obtained
has a high concentration with separation efficiency of 71.64% after 1 hour.
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TU KHOA phuong phéap hoa luyén va thuy luyén, bai bao dua ra quy trinh tach d(:‘)ng
giam thiéu sy thoat khi doc hai ra moéi truong, ma hiéu qua thu hoi dong
Réc thai dién thoai di dong hiéu qua, d6 1a két hop phuong phap hoa luyén va phuong phép thay
luyén. Giai doan hoa luyén: phé liu dién tir dugc cit nho va nung & 750
°C trong 10 kin c¢6 thé thu hdi khi thoat ra trong 2 gid. Giai doan thay
Qua trinh thuy luyén luyén: chat rin duoc hoa tan trong dung dich axit sunfuric (H,SO,) c6 mit
Péng ciia hidro peroxit (H,0,). Cac yéu t6 anh huéng dén qua trinh hoa tach
dong duoc nghién cliru nhu néng do H,SO,, nong d6 H,0,, ty 1€ ran/ long
va nhiét d6 cho thiy ndng d6 H,SO, 4M, H,0, 15%, ty 1& rin - long la
0,025 va nhiét d6 40 °C thi dung dich ddng (I1) sunfat (CuSO,) thu duoc
¢6 ndng d6 cao voi hiéu suit tach dat 71,64% sau 1 gio.
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1. Gi6i thiéu

Trong nhitng nim gan déy, su bung nd cta cong nghé da lam cho cudc sdng cua con nguoi tré
nén tién loi hon. Trong do, cac thiét bi dién thoai di dong ngay cang tré nén pho bién va 1a thiét
bi thiét yéu ctia mdi ngudi [1]. Tuy nhién, di cung véi sy phét trién nhanh cua cac thé hé thiét bi
dién thoai thi luong rac thai di€n tir phat thai ra méi truong ngay cang 16n. Trong rac thai dién
thoai c6 nhiéu thanh phan khac nhau nhu cac kim loai quy, kim loai ning, chit déo... Theo udc
tinh trong 1 tin bang mach dién thoai di dong chira khoang 130 kg Cu, 3,5 kg Ag, 340 g Au va
140 g Pd va mét s6 cac kim loai khac [2]. Day s& 1a nguon nguyén liéu quan trong cung cap cho
cac nganh luyén kim néu rac thai dugc tai ché ding cach. Hon nita, viéc tai ché rac thai dién tir s&
giam thiéu duge su 6 nhiém moi truong tr cac kim loai nang [3].

Dé thu hoi kim loai tir rac thai dién tr co nhiéu phuong phap khac nhau nhu: phuong phap vat
Iy (tach trong lyc, tach tir), phuong phap hoa hoc (phan huy nhiét, hoa tan trong axit, chiét...) va
phuong phap sinh hoc [4] — [10]. Trong d6, phuong phap hoa hoc dugc ung dung rong rai hon ca
do hiéu sut cao, kha nang thu hoi da dang, thoi gian thu héi nhanh. Tuy nhién, phuong phap nay
cling c6 nhimng nhugc diém nhu tidu ton hoa chét, phat sinh chit thai thir cip c6 thé gy 0 nhiém
mdi trudng. Do dé viée nghién ctru cac diéu kién phu hop cho qua trinh thu hdi 13 rat can thiét
nham giam thiéu cac nhuge diém cta phuong phap nay. Dé thu hoi Cu thi phuong phap phd bién
la thiy Iuyén dya trén qua trinh hoa tach rac thai dién tir trong cac dung dich axit nhu H,SO,,
HNOs, HCI két hop v6i cac chat oxi hoa nhu H,0,, FeCls, Fe(SOy)s... [5], [11], [12]. Tuy nhién
néu chi s dung phwong phap hoa tach thi lvong hoa chat tiéu ton kha 16n, giam hiéu qua kinh té.
Dbi voi phuong phap hoa luyén, viéc thu hdi cac kim loai kha don gian do cac chat déo da bi dot
chay hét. Mic du vy, phuong phap nay s& phat sinh ra lwong khi 16n va nung ¢ nhiét d6 cao nén
mot sé kim loai s& bay hoi. Do d6 khi thai cia phuong phap ndy s& anh hudng dén méi trudng.
Viéc két hop giita phuong phap hoa luyén va thuy luyén mét cach thich hop s& lam tang hiéu qua
clia qua trinh thu hdi. Trong d6 giai doan hoa luyén s& dong vai tro qué trinh so cip nham lam
giau kim loai va qua trinh thuy luyén s€ hoa tach hoan toan cac kim loai.

Nghién ciru ndy tap trung vao viéc danh gia kha nang két hop giita phuong phép hoa luyén va
thity luyén trong viéc thu hoi Cu tir bang mach dién thoai di dong. Bang mach dugc xir Iy so bo &
750 °C, sau d6 duoc nghién nhé va hoa tach trong dung dich H,SO, véi sy ¢6 mat ciia H,O,. Cac
yéu t6 anh huong dén qua trinh hoa tach nhu nong d6 H,SO,, ndng d6 H,0,, nhiét do va ti 1¢ rin
16ng dugc nghién ctru chi tiét.

2. Vit liéu va phwong phap nghién ciru
2.1. Vit liéu va héa chit

Trong nghién ctru nay chiing t6i st dung céc bang mach dién thoai di dong (hinh 1) dugc mua
tir cac quan sura chira dién thoai. Sau do, cac bang mach duoc cit nho véi kich thudce khoang 2
cm x 2 cm, roi rira sach v6i nudc ct va siy kho. Cac hoa chit duge st dung bao gom H,SO,
(98%, Xilong, Trung Qudc), H,0, (30%, Xilong, Trung Qudc).

2.2. Qud trinh héa luyén

bé xir 1y so bd, 500 g vat liéu duge dua vao 10 va nung & 750 °C trong 2 gid. Sau khi nung,
phan khung thép s& dugc lay ra khoi hdn hop va phan bot con lai s& dugce nghién nho trén may
nghién bi (MM 200) trong thoi gian 20 phut. Chat ran sau khi nghién 1 bot min, ding dé nghién
ctru tiép theo.

2.3. Qua trinh thiiy luyén
Bang mach dién thoai di dong sau khi nghién ly theo ty 1¢ ran/long (0,025 — 0,100) cho vao

dung dich gém 10 mL dung dich H,SO, (0,5M — 4M) va 10 mL dung dich H,O, (7,5% - 30%),
khudy déu ¢ nhiét d6 nghién ctru trong thoi gian 60 phit. Co nhidu yéu té anh huéng dén kha
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ning tach dong nhu ndng d6 H,SO,, luong H,0, thém vao, ty 1¢ rn - 16ng va nhiét d6. Nhu vy,
danh gia kha ning tach dong khoi rac thai dién thoai di dong thong qua viéc khao sat cac yéu td
anh huong dén qua trinh hoa tach déng gom: nong d6 H,SO, [12], ndng do H,0,, ty 1é ran/long
va nhiét 0. Bang 1 thé hién céc gid tri nong d6 H,SO,, ndng do H,O,, ty 18 ran/ 1ong va nhiét do
thyc hién trong qua trinh hoa tach dong.

Hinh 1. Hinh anh cua bang mach dién thoai di dong lam nghién ciu

Bang 1. Gid tri cdc thong sé khdo sat thie nghiém hoa tach dong

STT Nong dd H,SO, (M) Nong @9 H,0,(%)  Tylérin/long®  Nhiét do (°C)
1 05 30 0,025 25
2 1 30 0,025 25
3 2 30 0,025 25
4 4 30 0,025 25
5 4 75 0,025 25
6 4 15 0,025 25
7 4 30 0,025 25
8 4 15 0,010 25
9 4 15 0,025 25
10 4 15 0,050 25
11 4 15 0,100 25
12 4 15 0,025 25
13 4 15 0,025 40
14 4 15 0,025 60
15 4 15 0,025 80

Wsg gam bgt nghien/sé mL dung dich H,SO4 va H,0,

Tién hanh xac dinh d6 hap thu nguyén tir ddng ctia cac dung dich trén may hap thu nguyén tir
Hitachi Z-2000 dé xac dinh ndng do cua dong.
Hiéu suit hoa tach dong dugc tinh theo cong thirc:
m s
H = Cu bi tach .100% (1)
mCu ban dau
Trong do, H 1a hiéu suét hoa tach dong (%); Mcy b aen 12 khdi luong dong duoc tach ra khoi bot

nghién (g); Mcy pan i 12 khéi lugng ddng ban dau trong bot nghién (g).
2.4. Pic trung miu

Thanh phan vat li¢u sau khi nghién dugc x4c dinh bang phwong phép phd EDX trén thiét bj do
pho tan xa nang lugng tia X (phd EDX) EMSA/MAS Spectral Data File (Nhat Ban) — Vién Khoa
hoc vat li¢u — Vién Han 1am Khoa hoc va Céng ngh¢ Viét Nam.
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Xac dinh d6 hép thu nguyén tir dong cua cac dung dich trén may hap thu nguyén tir Hitachi Z-
2000 tai Phong thi nghiém Khoa Hoéa hoc - truong Pai hoc Khoa hoc - Pai hoc Thai Nguyén.

3. Két qua va ban luin
3.1. Qud trinh héa luyén

Két qua phan tich ham luong cic nguyén té c6 trong bang mach dién thoai di dong sau khi
hoa luyén duoc xac dinh bang phuong phép phd tan xa ning lwong tia X (EDX) va dugc thé hién
0 hinh 2 va bang 2.

T hinh 2 va bang 2 cho théy, cic mau bang mach dién thoai di dong duoc sir dung cho thi
nghiém sau khi nung, thanh phan cac kim loai chinh gdm ddng, nhém, magié, thiéc... Trong dé,
thanh phan chu yéu 1a dong chiém 49,83% vé khdi lugng va chiém 21,10% vé s nguyén tir; con

cac kim loai khac 14 kha thap (dudi 2,77% vé khdi luong va dudi 2,75% vé s6 nguyén tir).

Specirum 1

T T T T e N et Ml B et e St R
5 & 7 Ll 4 w1 12 1 14 15 18 17 18 18 20
ull Scale 1477 cts Cursor 18841 keV (3 cts) keV]

Hinh 2. Phé EDX ciia méu sau ciia bang mach dién thoai di dong sau khi hoa luyén

Bang 2. Ham lwong cdc nguyén 16 trong bang mach dién thoai di déng sau khi héa luyén

Neuyén t i Trung binh
% Khoi lwgng % Nguyén tir
C 5,69 12,75
O 35,00 58,81
Mg 0,62 0,70
Al 2,76 2,74
Si 2,96 2,83
P 0,21 0,18
Ca 0,22 0,14
Ni 0,64 0,29
Cu 49,83 21,10
Sn 2,06 0,47

3.2. Qua trinh thiy luyén

Do ham lugng cac kim loai khac it nén sir dung hé thong tach bang H,S0, 1a phu hop véi cac
mau bang mach dién thoai di dong dugc sir dung trong nghién ciru nay dé thu dugc CuSO,. Chat
oxy hoa H,0, c¢6 thé kiém soat d& dang va qua trinh tach hiéu qua hon so véi chit oxy hoa khac
[12]. Do @6, trong bai bao nay sir dung H,SO, va H,0, dé tach dong trong bang mach dién thoai
di dong.

Trong qué trinh tach dong bang H,SO, va H,0,, cic phan (mg x4y ra trong qua trinh tach tan
ddng c6 thé dugc biéu thi bang cac phuong trinh hoa hoc sau:

2H,0, — 2H,0 + O, (2)
2Cu + O, — 2Cu0 3)
CuO + H2804 — CUSO4 + 2H20 (4)
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Phuong trinh hoa hoc tong cong:
Cu+ H202 + H2804 — CuSO, + 2H20 (5)
Theo phan tich EDX, thanh phan phan tram khdi lugng dong trong mau bot nghién 1a 49,83%.
Do d6, 0,500 gam mau bot nghién chtra khoang 0,2492 gam dong kim loai. V& mit 1y thuyét,
theo phuong trinh (2), (3), (4), (5), ddng can 0,3894 gam H,SO, dic va 0,4413 gam H,0, (30%
khdi lwong) dé hoa tan hoan toan thanh dung dich.
3.2.1. Anh huong cua nong dg H,S0,

Dé nghién ciru anh hudng ctia ndng dd H,SO,, bdn thi nghiém duoc tién hanh & cac nong do
H,S0, khac nhau: 0,5; 1,0; 2,0 va 4,0M trong khi cac diéu kién khac gidng nhau (H,0, 15%, ty I¢
ran/long 0,025, nhiét do 25 °C). D6 1a cac thi nghiém co sdthirtu 1,2, 3, 4 (Bang 1). Hinh 3 cho
biét anh huong cia ndng dd H,SO, dén kha ning tach dong.

30
25
20
15 1
10 1
5 4

0 T T T
0 1 2 3 4
Nong d¢ axit sunfuric (M)

H (%)

Hinh 3. D6 thi anh hiong cua nong dg H,SO4 dén kha ning tach dong
(H,0, 15%, ty lé ran/léng 0,025, nhiét do 25 °C)

Hinh 3 cho thy, khi nong d6 H,SO, ting thi hiéu suit tach ddng ting. Cu thé khi nong do
H,SO, bang 0,5M, 1M, 2M va 4M thi hiéu suit tich dong lan luot bang 7,63%; 14,25%:; 16,66%
va 25,49%. Két qua nay c6 thé giai thich boi: khi nong do H,SO, ting thi kha ning twong tic
giita H,SO, va cac chét tham gia phan tng ting. Mit khac, trong qu4 trinh tach dong bang H,SO,
va H;0,, oxy duoc tao ra tur sy phan hiy cua H,O, phan ng voi déng kim loai dé tao thanh CuO,
sau d6 CuO phan tmg véi axit sunfuric dé tao thanh CuSO, theo phuong trinh hoa hoc (2), (3),
(4), (5). Trong khi d6, do hoa tan cua oxy trong dung dich H,SO, giam khi nong do H,SO, giam
[13]. Do vay, dé qua trinh xay ra nhanh hon, can tang nong d6 ctia H,SO,. Tir két qua trén, ndng
do6 H,SO44,0 M duoc lua chon dé nghién clru cac yéu td tlep theo.

3.2.2. Anh huong cia nong dg H,0,

bé nghién ctru anh hudng cua néng d6 H,0,, ba thi nghiém dugc tién hanh & cac néng do
H,0, khac nhau: 7,5; 15 va 30% trong khi cac diéu kién khac giéng nhau (H,SO, 4,0M, ty 1&
ran/long 0,025, nhiét d 25 °C). 6 1a cac thi nghiém c6 sb tha tu 5, 6, 7 (Bang 1). Hinh 4 cho
biét anh huong ciia nong d6 H,0, dén kha ning tach dong.

H,0, va H,S0, déu 1a chat tham gia vao qué trinh hoa tach ddng. Phan tng hoa tach df)ng xay
ra theo phuong trinh (2), (3), (4), (5). H20; phan huy sinh ra oxy, oxy phan ang véi dong tao
thanh CuO, chat nay tiép tuc phan tng v6i HSO, dé tao thanh CuSO, [12]. Tir hinh 4 cho thay,
khi nong d6 H,0, tang tir 7,5% dén 15% thi kha ning tach dong tang tir 21,87% dén 25 ,49%, con
khi nong do H,0, tang tir 15% dén 30% thi kha nang tach dong lai giam tur 25,49% xudng con
12,44%. Do d6, ndng d6 H,0, 15% s& duoc dung dé nghién ciru cac yéu t6 khac.

http://jst.tnu.edu.vn 65 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 227(11): 61 - 67

30
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[
o
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< W

5 10 15 20 25 30
Nong @6 hydro peroxit (%)
Hinh 4. D6 thi anh huong cia nong d@g H,0, dén kha nang tdch dong
(H2S04 4,0M, ty 1¢ ran/long 0,025, nhiét dg 25 °C).
3.2.3. Anh huong cua ty 1¢ ran/léng
D¢ nghién ctru anh hudng cua ty 1¢ ran/long, bon thi nghiém duoc tién hanh ¢ cac ty 18 khac
nhau: 0,01; 0,025; 0,05 va 0,1 trong khi cac (jiéu kién khac giong nhau (H,SO, 4,0M, H202’15%,
nhiét do 25 °C). D6 la céc thi nghiém c6 sb thir ty 8, 9, 10, 11 (Bang 1). Hinh 5 cho biét anh
huong cua ty 1€ ran/long dén kha nang tach dong.
30

25 A

H (%)

20 A

15 T T T
0 0.025 0.05 0.075 0.1
Ty lé R/L

Hinh 5. D6 thi anh hweng cua ty |6 ranllong dén kha néng tach dong
(H,S0, 4,0M, H,0, 15%, nhiér dg 25 °C)

Hinh 5 cho thay, khi ty ¢ rin/long ting tir 0,01 dén 0,025 thi kha ning tach dong ting tir
19,06% dén 25,49%, con khi lugng ran/long tang tir 0,025 dén 0,1 thi kha ning tach dong lai
giam tir 25,49% xudng 21,57%. Do do, ty | rin/long bang 0,025 s& duoc ding dé nghién ctru cac
yéu t6 khac.

3.2.4. Anh huong cua nhiét dg

Dé nghién ctru anh huong cua nhiét ¢ dén kha nang tach dong, cac thi nghiém dugc thuc
hién & cac nhiét do khac nhau: 25 °C, 40 °C, 60 °C va 80 °C trong khi cac diéu kién khac gidng
nhau (H,SO, 4,0M, H,0, 15%, ty 18 rin/long 0,025). D¢ 1a cac thi nghiém co sb thu tr 12, 13,
14, 15 (Bang 1). Hinh 6 cho biét anh huong cia nhiét ¢ dén kha niang tach dong. Tir hinh 6, nhan
thiy khi nhiét d6 ting thi kha niang tach ddng ting, téc do tach ddng tir 25 °C dén 40 °C ting
nhanh (tir 25,48% dén 71,64%) va ting nhanh hon khoang nhiét do tir 40 °C dén 80 °C (tur
71,74% dén 81,68%). Khi nhiét d6 tang thi tdc do phan tng phan ang (2), (3), (4), (5) tang, dan
dén toc do qua trinh tach dong ting [12]. Tuy nhién, trong khoang nhiét do tir 25 °C dén 40 °C
hiéu suét hoa tach ddng ting nhanh. Do vay, can thuc hién phan tng ¢ 40°C dé téc do tach dong
cao, ton it ning lwong va han ché sy phan hay cia H,0,.
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100

80 - ]
= 60 -

0 T T
20 40 60 80
Nhiét do (°C)

Hinh 6. D6 thj anh huong cia nhiét dé dén kha ndng tach dong (H,S0, 4,0M, H,0, 15%, ty ¢ ran/léng 0,025)
4. Két luan

D3 danh gia qua trinh hoa tach kim loai dong tir bang mach dién thoai di dong bang phuong hoa
luyén két hop thity luyén cho thay: bang mach dién thoai di dong sau khi xir 1y so bo & 750 °C trong
trong 16 kin trong 2 gio. Qua trinh tich dong dat hidu qua cao & nong do H,SO,4M, H,0, 15%, ty
16 ran - 1ong 13 0,025 va nhiét d6 40 °C véi hiéu sudt tach dong dat 71,64% sau 1 gid.

Lo1i cam on

Nghién ctru nay duogc tai trg boi dé tai Khoa hoc va cong nghé cép Pai hoc véi ma sd:
PH2020-TN06-05.
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