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NGHIEN CU'U HOA TACH DONG VA BAC KIM LOAI
TU BAN MACH DIEN TU PHE THAI SU DUNG Fe,(SO0,),

PIEU CHE TU PHOI SAT

RESEARCH OF DISSOLVE COPPER AND SILVER METAL FROM ELECTRONIC CIRCUIT BOARDS

USING Fe,(S0,), FROM WASTE IRON

Nguyén Thi Thoa’, Nguyén Thi Thu Phuong, Nguyén Manh Ha,

TOM TAT

Ban mach dién t{f la mot loai chat thai ran khd phén hiy chiia nhiéu kim loai cé
gid tri kinh té nhu Cu, Ag, Zn... Thu héi cac kim loai mang lai gia tri kinh té dong thoi
gidi quyét van dé 6 nhiém moi trudng. Nghién cu cla ching tdi da tim ra phuong
phdp hoa tach ddng thoi dong va bac kim loai tir bdn mach phé thai sir dung tac
nhén hoa tach Fe,(S0,);. Tac nhan Fe,(S0,); 1a téc nhan hoa tach hiéu qua va an
toan, dac biét dugc diéu ché tirngudn nguyén liéu phoi st phé thai. Két qua nghién
c(iu bao gdm cac diéu kién chuyén hoa phoi sat thanh Fe,(S0,);; diéu kién hoa tach
Cu va Ag tirban mach dién t(t. Qua d6 xéc dinh hiéu suat hoa tach nham dinh hudng
cho qud trinh thu hoi hai kim loai trén. Qua trinh hoa tach kim loai dugc dé xuat
dam béo hiéu sudt cao, an toan véi mdi trung va con nguoi.

Tirkhéa: Hoa tdch kim logi; hoa tdch déng; hoa tdch bac, bdn mach dién ti.

ABSTRACT

Electronic circuit board is a kind of hard-to-decay solid waste but contains
many economically valuable metals such as Cu, Ag, Zn... Recovering metals
brings economic value while solving the problem, environmental pollution. Our
study found a method for simultaneous separation of copper and silver metal
from the waste circuit board using Fe,(S0,), separation agent. Fe,(S0,); is an
effective and safe separating agent, especially prepared from waste iron chips.
Research results include conditions for converting iron chips into Fe,(SO,);;
conditions of simultaneous separation of Cu and Ag from electronic circuit
boards. Thereby determining the separation efficiency to guide the recovery of
the two metals. The proposed metal separation process ensures high
performance and is safe for the environment and people.

Keywords: Metal separation; copper separation; silver separation; electronic
ciruit board.
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1.GIGI THIEU
Chat thai dién ti da va dang tré thanh van dé xa hoi tac
dong khéng nhéd dén méi trudng. Ngoai viéc chat thai dién
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tur la chat thai ran nguy hai, kho x{ li n6 con can khoang
thai gian phan huy rat dai [1, 2]. Tuy nhién, chat thai dién ti
con c6 thé coi la mdt ngudn tai nguyén do chia da dang
cac kim loai trong d6 cé ca cac kim loai quy. Cac nghién cdu
trén thé gi6i vé van dé nay da dugc thuc hién tur rat lau. Cac
nha khoa hoc nghién ctru hoa tach va thu héi cac kim loai
vGi nhiéu giai phap khac nhau [3 - 5]. Viéc thu héi cac kim
loai hién nay chi dung lai & thdo d& thd céng chua mang
tinh déng bo va triét dé.

Theo nghién cdu trudc day cha chung t6i [6], kim loai
Cu da dugc nghién ctru hoa tach ti mau ban mach bé dén
kich thudc khodng 1cm s dung tdc nhan hoa tach la
Fe,(SO,); pha tir hoa chat tinh khiét. Tdc nhan nay chua
mang lai hiéu qua kinh té cao, dong thsi hiéu suat thu hoi
kim loai Cu con kha khiém tén, ham lugng Cu dat khoang
4,5% khoi lugng ban mach. Han ché dé dugc khic phuc
trong nghién ctu nay do mau da dugc nghién déng nhat.
Vi vay hiéu suat hoa tach kim loai tang ré rét. Mat khac, kim
loai nghién ctu bao gém Cu va Ag trong dé Ag kim loai c6
gia tri kinh té€ cao. Nghién ctu hoa tach cac kim loai Cu, Ag
nham hudng t6i thu héi cac kim loai quy c6 y nghia vé mat
kinh t& va xa hoi. Diém dic biét nia trong nghién cliu cda
chung téi la tac nhan chinh hoa tach cac kim loai la dung
dich Fe,(SO,); dugc diéu ché tir phoi sat phé liéu. Diéu nay
gop phan gidm chi phi va gidm thiéu 6 nhiém maéi trudng.
Qua trinh hoa tach an toan véi con ngudi va moi trudng.

Noi dung nghién ciru bao gém chuyén hda phoi sét
thanh dung dich Fe,(SO,);, xac dinh néng d6 dung dich
Fe,(SO,);. Nghién clu céc diéu kién hoa tach Cu va Ag tu
ban mach dién ti: thé tich dung dich Fe,(SO,);, thé tich
H,0,, nhiét d6 hoa tach, téc do khudy tron va thoi gian
phan Uing. Cac diéu kién hoa tach tot nhat la diéu kién thu
dugc ham lugng kim loai cao nhat.

2. THUC NGHIEM
2.1. Héa chat va dung cu

Héa chat: H,S0,, HCl, axit sunfosalixilic, H,0,, NH,, EDTA,
chi thi PAN, dém axetat, urotropin, ancol etylic, xuat xu
Trung Quéc.
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Dung cu: Cac dung cu thuy tinh co ban, bép dién, can
phan tich.
2.2. Piéu ché Fe,(SO,), tir phoi sit
Phoi sat phé thai dugc lay tai xudng Co khi - Trung tam
Co khi, trudng Dai hoc Cédng nghiép Ha Noi. Mau phoi sat sau
khi lay dugc ria sach, loai dau mé roi phoi khé, cat dén kich
thudc 1 + 2cm. Mau duge nghién cdu hoa tach hoan toan
bang H,SO, lodng va H,0, 30%, dun néng va chuyén hoa
thanh Fe,(SO,);. Ham lugng Fe,(SO,); dugc xac dinh theo
phuang phap chudn dé tao phuc véi EDTA tiéu chuén, chi thi
la axit sunfosalixilic trong méi trudng pH ti 1,5 + 2. Néng dé
duong lugng Fe,(S0O,); dugc tinh theo cong thuic sau:
Vi xCy
Vmi
Trong d6: V,: thé tich dung dich EDTA (ml)
V: thé tich dung dich m&u chudn dé (ml)
C,: néng d6 dung dich EDTA chuén (0,08N)

M

N —
Cpey(504)5 =

2.3. Phuong phap xi li mau va xac dinh ham lugng kim
loai
2.3.1. Phuong phdp xit li mau

Mau ban mach phé thai (hinh 1a) dugc thu gom ti cac
clra hang phé liéu, loai b tu, xt |i gia cdng nhu dap, cat thu
dugc mau kich thuéc khoang 1cm (hinh 1b). Sau d6 mau
dugc nghién bang may nghién dén kich thuéc < 0,5mm
(hinh 1¢) dugc mau nghién dang bdt dong nhat. Mau dang
bét min déng nhat dugc st dung trong qua trinh nghién
ctu. Qua trinh gia cong co hoc dugc thuc hién tai xuéng Co
khi - Trung tam Cao khi trudng Pai hoc Cong nghiép Ha Noi.

9]
Hinh 1. Mau bdn mach dién ti nghién ciu

2.3.2. Phuong phdp xdc dinh ham luong Cu

Can m (g) badn mach, hoa tach Cu** bang tac nhan thich
hap, loc thu dung dich va dinh muc dung dich thanh V,,
(ml). Hat V.4 (ml) dung dich Cu** vao binh tam giac 250ml,
thém dung dich dém acetat duy tri méi truong pH =5, 0,2g
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urotropin va 3 giot chat chi thi PAN. Bun s6i dung dich va
chuén dé ngay béng dung dich chuin EDTA dén khi dung
dich chuyén tu tim dam sang vang luc, hét V, (ml). Ham
lugng %Cu dugc tinh theo cong thic:

%Cu =%.‘%100% (2)

Trong d6:

V,: thé tich EDTA (ml)

C,: néng d6 dung dich EDTA tiéu chudn (0,02M)

m: khéi lugng mau ban mach (g)

Ve thé tich ma&u dinh muc (ml)

V,4: thé tich mau dem chuén d6 (ml)

2.3.3. Phuong phdp dinh ham luong Ag

Can m (g) ban mach, hoa tach Cu** bang tac nhan thich
hop, loc thu dung dich. Ldy V(ml) dung dich Ag* cho vao
c6c 250ml, thém 20ml HCI 10%, khudy nhe, dun s6i dung
dich trong 3 phut. D& lang két tda 30 phut, loc va ria két
tda bang NaCl 1%. Sau dé rlra hét CI" bang nuédc cat (thi
bang AgNO, dén khi khong xuat hién két tda trang). Dung
NH, dac hoa tan hét két tha trén gidy loc vao c6c 250ml.
Thém kém kim loai vao trong c6c va ngam trong 24 gid.
Hoa tan hét kém du bang dung dich HCl loang dén khéng
con xuat hién bot khi. Loc két tla bang gidy loc da biét khéi
lugng (m,) va rira sach két tha bang nudc cat. Say gidy loc &
80°C trong 1h. Can khéi lugng gidy loc sau khi sdy (m,) tinh
dugc ham lugng Ag kim loai theo cong thic:

%Ag = % 100 3)

Trong d6: m: Khéi lugng ban mach (g)

m,: Khéi lugng gidy loc (g)
m,: Khéi lugng két tla va gidy loc (g)
2.4. Khao sat qua trinh hoa tach kim loai

Can m (g) ban mach chuyén vao céc 250ml, thém 50ml
Fe,(SQ,);, thém H,0, 30%, dun trong 2h & 200°C. Loc bd can
thu dung dich, d&€ ngudi réi chuyén vao binh dinh muic.

Hat V.4 (ml) dung dich Cu®** vao binh tam giac 250ml.
Chuén d6 xac dinh ham lugng %Cu theo quy trinh 2.3.2.

Hut V4 (ml) dung dich Ag* cho vao céc 250ml. Tién
hanh thi nghiém xac dinh ham lugng %Ag theo quy trinh
2.3.3.

Tién hanh tuong tu véi 75, 100, 150, 200, 250, 300ml
Fe,(SO,); t d6 xac dinh dugc thé tich Fe,(S0O,); hoa tach
kim loai t6t nhat.

Tién hanh tuong tu nhu trén khi tién hanh khao sat cac
diéu kién hoa tach khac: thé tich H,0,; nhiét do; t6c do
khudy va thoi gian hoa tach. Diéu kién hoa tach t6t nhat la
diéu kién tai do thu dugc ham lugng % kim loai cao nhat.

3. KET QUA VA THAO LUAN
3.1. Chuyén phoi sat thanh Fe,(SO,);

Can khoadng 1g phoi Fe cho vao c6c 100ml, thém
khoang 40ml nudc cat sau d6 thém vao c6c 3ml H,S0, dac,
dun s6i hon hgp trén bép dién trong 2 gid. Sau dé thém
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3ml H,0, dun séi khoang 1 gid dén khi hét bot khi. Loc bd
phan can Iy phan dung dich dé ngudi chuyén vao binh
dinh mdc 100ml, dinh muc dén vach. Hat chinh xac mét thé
tich dung dich cho vao binh tam giac 100ml va chuin dé
xac dinh néng d6 dung dich Fe,(SO,); theo quy trinh 2.2.
Ham lugng Fe,(SO,); dugc xac dinh khoang 0,34N va Fe
chiém khodng 96% khéi lugng phoi sit. Phoi sit dugc
chuyén hoéa vaéi lugng I6n theo quy trinh trén va dugc su
dung lam tac nhan hoa tach kim loai tir bdn mach dién tar.
3.2. Két qua nghién ctiru hoa tach kim loai

3.2.1. Két qua khdo sdt thé tich Fe,(SO,),

Tién hanh thi nghiém theo muc 2.3 & cac diéu kién thé
tich Fe,(SO,);, két qua thi nghiém dugc trinh bay trong
bang 1 va hinh 2.

Bang 1. Két qua khdo sat anh hudng thé tich Fe,(S0,); dén qua trinh hoa
tach kim loai

STT | m(g) |V (ml)Fe,(SO,); |V, (ml)| %Cu | m,(g) | m,(g) | %Ag
1 |5,0004 50 1,45 | 7,37 | 0,7844 | 0,7906 | 0,12
3 |5,0007 75 1,75 | 8389 | 0,7862 | 0,7978 | 0,23
5 15,0001 100 26 | 13,22 | 05202 | 0,5361 | 0,32
7 |5,0003 150 35 [ 17,79 | 05278 | 0,5397 | 0,24
9 |5,0003 200 45 12287 | 05278 |0,5377 | 0,20
11 |5,0008 250 3,95 |20,08 | 05338 |0,5382 | 0,09
% Kim loai R

5.00

15( 200 250

Theé tich (ml)

Hinh 2. D thi khao st dnh hudng thé tich Fe,(S0,), dén qua trinh hoa tach
kim loai

Khi tang thé tich dung dich Fe** hiéu suat hoa tach kim
loai tdng. Tuy nhién, khi thé tich cang tang, Ag* két hop vdi
ion sunfat dé tao két ta Ag,SO, va bi mat & phan ran. Vi
vay nén chon thé tich 100ml dé hoa tach Ag va 200ml dé
hoa tach Cu. Hai kim loai hoa tach & hai diéu kién khac
nhau nén cac qua trinh nghién cdu ti€p theo dugc tién
hanh déc lap.

3.2.2. Két qua khdo sdt thé tich H,0,

Bang 2. Két qua khao sat anh hudng thé tich H,0, dén qua trinh hoa tach
kim loai Cu

m(g) V(ml) H,0, V, (ml) %Cu
2,0200 0 6,05 9,52
2,0050 5 9,10 14,42
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2,0250 10 11,60 18,20
2,0002 15 1,75 18,66
2,0988 20 13,20 19,98
2,0908 25 13,40 20,36

Bang 3. K&t qua khao sat anh hudng thé tich H,0, dén qua trinh hoa tach
kim loai Ag

m(g) V(ml) H,0, m, (g) m, (g) %Ag
5,0002 0 0,7692 0,7726 0,07
5,0001 5 0,7689 0,7743 0,11
5,0001 10 0,7707 0,7800 0,19
5,0004 15 0,7862 0,7975 0,23
5,0004 20 0,7797 0,7927 0,26
5,0005 25 0,7834 0,8000 0,33
5,0009 30 0,7691 0,7865 0,35
%Cu
25.00
20.00
15.00
10.00
5.00
0.00 Thé tich
(ml)
0 10 20 30
%Ag
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05 Thé tich
0.00
. (ml)
0 20 40

Hinh 3. D6 thi khdo sat anh hutng thé tich H,0, dén qua trinh hoa tach
kim loai

Tién hanh thi nghiém theo muc 2.3 & cac diéu kién thé
tich H,0,, két qua thi nghiém dugc trinh bay trong bang 2,
3va hinh 3.

Két qua thuc nghiém cho thay khi tang lugng H,0,, ham
luong kim loai hda tach ting. Thé tich H,0, lua chon khi
hoa tach Cu la 20ml; hoa tach Ag la 25ml. Diéu kién nay
dugc tién hanh cho cac nghién ctu tiép theo.

3.2.3. Két quad khdo sdt dnh huéng cia nhiét dé

Tién hanh thi nghiém theo muc 2.3 & cac diéu kién nhiét
dd khac nhau, két qua thi nghiém dugc trinh bay trong
bang 4, 5 va hinh 4.
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Bang 4. Két qua khao sat anh hudng clia nhiét do dén qua trinh hoa tach kim
loai Cu

m (g) t(°0) V, (ml) %Cu
1,0706 30 330 9,79
1,0067 100 470 14,83
1,0125 200 5,80 18,20
1,0123 300 8,15 25,58
1,0517 370 8,55 25,83

Bang 5. Két qua khao sat anh hudng clia nhiét do dén qua trinh hoa tach kim
loai Ag

m(g) t(°0
5,0004 30

5,0002 100
5,0005 200
5,0006 300

m, (g) %Ag
0,7878 0,15
0,7945 0,21
0,7963 0,30
0,8071 0,32

m, (g)
0,7803
0,7838
0,7813
0,7910

%Cu
30.00
25.00
20.00
15.00
10.00

5.00
0.00 Nhiét
0 200 400 d6

%Ag
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00 Nhiét
0 100 200 300 a00 do

Hinh 4. D6 thi khao sat anh hudng cla nhiét do dén qud trinh hoa tach
kim loai

Dé dang nhan thay khi tang nhiét d6 kha nang hoa tach
kim loai tang. Tuy nhién, néu tiép tuc tang nhiét d6, mau sé
sOi ban va mat mau. TU két qua thuc nghiém thu dugc, lua
chon 300°C hoa tach Cu va 200°C hoa tach Ag.

3.2.4. Két qud khdo sdt anh huéng ciia téc dé khudy

Tién hanh thi nghiém theo muc 2.3 & cac diéu kién téc
dé khudy khac nhau, két qua thi nghiém dugc trinh bay
trong bang 6, 7 va hinh 5.

Bang 6. Két qua khao sat anh hudng ctia toc do khudy dén qua trinh hoa
tach kim loai Cu

m(g) Tocdd vV, (ml) %Cu
1,0182 100 74 23,09
1,1017 200 8,25 23,79
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1,0063 300 8,45
1,0482 400 7,2

26,68
21,82

Bang 7. Két qua khdo sat anh hudng clia toc do khudy dén qud trinh hoa
tach kim loai Ag

m(g) Técdo m, (9) m, (9) %hg
5,0002 100 0,5217 0,5333 0,23
5,0009 200 0,5104 0,5222 0,24
5,0004 300 0,5183 0,5323 0,28
5,0002 400 0,5259 0,5388 0,26
%Cu
30,00
2500 &____&_,,f""_‘s'“‘-“\m
20,00
15,00
10,00
5,00 Vong/
0,00 phit
0 2000 4000
%Ag
i ) /--.-_‘_ _
)25 = e
7 b
),20
0,15
0,10
0,05 Vong/
' phut
0,00
0 1000 2000 3000 4000

Hinh 5. D0 thi khdo sat anh hudng ctia toc d6 khudy dén qua trinh hoa téch
kim loai

Khi tang t6c do khudy trén, kha nang hoa tach kim loai
tang. Tuy nhién, néu khudy qua manh mau sé séi ban va
mat mau. Tu két qua thuc nghiém thu dugc, lua chon t6c
dé khudy la 3000 vong/phut dé hoa tach Cu va Ag ti ban
mach dién td.

3.2.5. Két qua khdo sdt adnh huéng cia théi gian

Ti€n hanh thi nghiém theo muc 2.3 & thai gian phan
ung khac nhau, két qua thi nghiém dugc trinh bay trong
bang 8,9 va hinh 6.

Bang 8. Két qua khdo sat dnh hudng thdi gian dén qua trinh hoa tach kim
loai Cu

m(g) Thei gian (phit) V, (ml) %Cu
1,0519 30 5,60 16,91
1,0125 60 5,80 18,20
1,0007 90 6,80 21,59
1,0522 120 8,20 24,76
1,0997 180 8,45 24,41
1,0169 240 7,90 24,68
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Bang 9. Két qua khao sat anh hudng thai gian dén qua trinh hoa tach kim

loai Ag TAI LIEU THAM KHAO
m (g) Théi gian (gi6) m, (g) m, (g) %Ag [1]. Hoang Thuy Lan, Phan Thanh Tung, 2006. E-waste management in the
5,0001 1 0,5240 0,5298 0,12 vyor/d. and Vietnam. Confergnce reports Science, Vietnam e-waste - Current
5,0003 ) 0,5256 0,5387 0,26 situation an: SOIUt:nS’hHa:O;{ o - ’
5,0003 s 0,5308 0,5443 027 ' [2].  http://baochinhphu.vn/Khoa-hoc-Cong-nghe/Rac-dien-tu-va-noi-lo-
tai-che/321017.vgp
5,0002 6 05129 0,5274 0,29 [3]. AuchityaVerma, SubrataHait, 2019. Chelating extraction of metals from
%Cu e-waste using diethylene triamine pentaacetic acid. Process Safety and
30.00 Environmental Protection, 121, 1-11.
25.00 [4]. Keith Scott and Andrea Mecucci, 2002. Leaching and electrochemical
20.00 /‘H recovery of copper, lead and tin from scrap printed circuit boards. Journal of
15.00 Chemical Technology and Biotechnology, 449-457.
10.00 [5]. C. Eswaraiah, T. Kavitha, S. Vidyasagar and S.S. Narayanan, 2006.
5.00 ) (lassification of metals and plastics from printed circuit board (PCB) using air
0.00 phut classifier. Chemical Engineering and Processing: Process Intensification, Pages
0 100 200 300 565-576.
%A [6]. Nguyen Thi Thoa, Bui Thi Lu, Tran Quang Hai, 2020. Research method of
oAg . . . . L.
& recycling methods from emphasize wastes with environmental efficiency. Journal
0'032 of Science & Technology, Hanoi University of Industry Vol. 56 - No. 4.
0.25
0.2
Ubl? AUTHORS INFORMATION
0.65 Nguyen Thi Thoa, Nguyen Thi Thu Phuong, Nguyen Manh Ha,
0 o Dao Thu Ha, Tran Quang Hai, Bui Thi Lu, Pham Thi Lien
0 2 4 6 8 Faculty of Chemical Technology, Hanoi University Of Industry

Hinh 6. D4 thi khdo sat anh hudng thoi gian dén qua trinh hoa téch kim loai

Khi tang thoi gian phan ting kha ndng hoa tach kim loai
tang. TU két qua thuc nghiém thu dugc, lua chon thai gian
hoa tach Cu la 120 phut, con thai gian hoa tach Ag la 2 gid.
4. KET LUAN VA KHUYEN NGHI

Cac két qua nghién ctu cho thay kha nang hoa tach kim
loai Cu va Ag ti badn mach dién t c6 tinh kha thi cao. Bac
biét, ham lugng Cu hoa tach dugc chiém ti 1é cao khi mau
da dugc nghién min. Mat khac, hai kim loai hoa tach co gia
tri kinh té€ cao trong khi tac nhan s dung la phoi sat phé
thai. Do dé giup tiét kiém chi phi khi dinh hudng thu héi
kim loai. Bong thai do tac nhan hoa tach dugc diéu ché tu
chat thai rdn nén ngoaiy nghia kinh té la thu héi kim loai c6
gia tri con c6 y nghia dac biét vé méi truong. D6 la dung
nguén phé liéu dé xa li chat thai rdn nguy hai. Vi vay, can
ti€p tuc nghién clu sdu hon vé chat thai dién t& nham
nghién ctu quy trinh thu héi cac kim loai trén dé phuc vu
yéu cau san xuat. Qua dé gop phan giai quyét triét dé cac
van dé méi trudng lién quan dén chat thai dién tu.
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