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Abstract

Copper recovery from waste mud of printed circuit boards (PCBs) via a three steps (leaching, filtration and
electrowinning) process was studied. The copper mud was leached by the sulphuric acid leachant to form a concentrated
copper ion solution for electrolysis. X-Ray diffraction, EDX, UV-Vis spectrophotometer, and ICP-MS analyses were
done to characterize the structure and the ingredient of the solid samples and also determine the concentration of the
liquid samples. The influences of the leaching solution content, concentration, time, temperature, ratio of solid and
liquid phase, stirring speed and size of waste mud on the efficiency of waste mud leaching by sulfuric acid media were
studied. The copper leaching was optimized done in the 1 M sulphuric acid solutions at room temperature for one hour.
The solid/liquid phase ratio is 14 %, the copper mud grain size is 0.1 mm and the stirring speed is 600 rpm. The
obtained results from this study are planning in the actual deployment of the Hanoi Urban Environment One Member

Limited Company in Viet Nam.
Keywords. Copper muds, leaching, PCBs fabrication.

1. PAT VAN BE

Trong nhiig nim gan diy, nganh san xuit ban
mach dién tor (PCBs) tai Viét Nam dang phat trién
manh m&, ding tht 8 trén thé gisi theo s6 liéu nim
2012. Ban mach 1a mdt by phan thiét yéu cia cac
thiét bi dién, dién tir v&i cdu tao dya trén mot nén
nhya cling (thuong la sg thiy tinh va epoxy) trén co
phu dong va cac thanh phan co chira kim loai khac
[1]. Qua trinh san xuat ban mach phat sinh dung dich
thai c6 chira mot lugng 16n ion kim loai ma chu yéu
la ddng tir cac qua trinh ma xuyén 15 va dn mon
ddng. Luong dung dich thai c6 chira ham luong kim
loai 16n nay, thudng dugc thu gom vao cac bé chira,
xtr Iy bang phuong phap két tiia héa hoc voi voi, da
voi va thai ra 1a bun. Lugng bun thai nay néu khong
dugc xir 1y tot s& gay 6 nhiém méi trudng nghiém
trong [2, 3]. Bé xir 1y cac nguodn rac thai dang nay,
hién nay phuong phap nung két dang dugc ap dung
tai nhiéu khu xir 1y rac thai dé tao cac hop chat
ceramic khong gay 6 nhiém méi truong [4, 5]. Tuy
nhién, phuong phap nay khong thu hdi lai duoc
luong kim loai c¢6 trong chat thai, trong khi ngudn
kim loai nguyén liéu trén thé gioi dang ngay cang
thu hep. Hién nay dé xur 1y va thu hoi duoc kim loai
tir mun thai c¢é hai phuong phap chinh 1a hoa luyén
va thuy luyén. Tuy nhién phuong phap hoa luyén co
mot s6 nhuoc diém nhat dinh nhu tiéu ton ning

lwong 16n ciing nhu chat lwong kim loai thu dwoc c6
d6 tinh khiét khong cao. Phuwong phép thiy luyén
gitip giam bot nang luong ti€u hao trén moét don vi
réc thai can xir 1y ciing nhu cho san pham cu01 c6 do
tinh khiét cao hon. Phuong phéap thuy luyén gém hai
giai doan chinh la giai doan hoa tach va giai doan
dién phan thu hdi. Xuét phat tir nhu cau xu 1y bun
thai cong nghiép co chira kim loai ndi chung va bun
thai tr qué trinh san xuét ban mach dién tir noi riéng,
nghién ctru nay tp trung vao viéc tim hiéu qua trinh
hoa tach bun thai c6 chira ddng dé tmg dung cho quy
trinh xir 1y bun thai ¢6 chira dong tir qua trinh san
xuit ban mach dién tir bang phuong phap dién phan.

2. THUC NGHIEM

Mau bun thai tir cong ty TNHH Mot thanh vién
Mbi trudong d6 thi Ha Noi duoc sdy kho, nghién nho
dé xac dinh ciu tric, thanh phén va ham luong dong
bang cac phuong phap phé nhidu xa tia X (XRD),
phé tan sic ning luong tia X (EDX). Dé thuc hién
phan tich bang cic phuong phap phd khdi nguyén tir
(ICP-MS) va phd tir ngoai va kha kién (UV-Vis),
mAu bun thai dwoc sdy kho, nghién nho va hoa tach
bang axit HNO; dic trong 3 gio. Két qua dugc tinh
trung binh cua 5 lan do véi cac mau ngau nhién.

Cac thong sb duoc khao sat trong qua trinh hoa
tach gdm co: loai dung mai, kich thude bun thai,
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nhi¢t do va thoi gian hoa tach, toc do khqu tron,
ndng d6 dung moi hoa tach va ti 1 hai pha ran long.

Phuong phap phd tir ngoai va kha kién (UV-Vis)
dugc st dung dé phén tich nong d6 ion dong Cu®* ¢6
trong cac dung dich. Do & budc song A = 805 nm
pick hap thu cao nhat ing véi sai s6 cua phép do nhé
nhit nén duong chuin ndng d6 Cu* duoc dung
tuong ng voi két qua do tai budc song nay. Vi
moi mét nong d6 Cu®* trong dung dich s& img voi
mot d6 hap thy khac nhau. Do d6 duong chuin duoc
dung v6i nhitng dung dich chuan pha sin 1a dung
dich CuSQ, ¢ cac ndng do 0,07 M; 0,08 M; 0,09 M;
0,1 M; 0,12 M; 0,15 M. Tu phuong trinh duong
chudn va két qua do d6 hap thy ciia may ta tinh dugc
ndng d6 Cu?* cia dung dich hoa tach.

Hiéu suat hoa tach dugc tinh theo cong thirc:

Mgq
H=
Mha

Trong dé: Mgy 1a khdi lugng dong co trong dung
dich sau hoa tach (g); My 1a khdi lugng ddng cb
trong bun thai (g).

3. KET QUA VA THAO LUAN

Hinh 1 cho thay pho nhiéu xa tia X ctia mau bun
thai c6 chira dong thu hoi tir qua trinh san xuét ban
mach dién tir - PCBs. Thanh phan chinh ctia bun thai
a calcite - CaCO3 va mot lwong nho SiO, xuét phat
tr khau xir Iy nudc thai tir diy chuyén san xuat
PCBs. Nudc thai ¢6 chra ion kim loai di ra tir cac
khau cta day chuyén s& dugc két ta lai bang cach
bd sung du voi, da voi va sau do cac két ta s& duoc
loc ép va thai bo [6]. Pong kim loai ton tai trong
mau dudi dang CuCO3 va can chi ¥ ring mot s6 kim
loai khac c6 thé tdn tai trong mau dudi dang vo dinh
hinh nén khéng duoc thé hién trén phd XRD [6, 7].

7z CaCO3

<~ CuCO3

7 CaSOq
Si0;

10 40 50 60
2-Theta - Scale

Hinh 1: Gian dd nhiu xa tia X ctia miu bun thai

Cac ~két qua cho thdy ham luong dong c6 mit
trong mau do bang ca ba phuong phap EDX, ICP-
MS va UV-Vis c6 gia tri trong khoang tir 21,5 dén

Nguyén Thi Thu Huyén va céng su

23 %. Trong mau con ton tai mot loat cac kim loai
khac nhu Fe, Mg, Ni, Mn véi ham lugng nho. Ham
luong dong trong bun thai khoang 23 g trén 100 g
mau la da 16n & tao hidu qua kinh té cho qua trinh
hoa tach va thu héi bang phuong phap dién hoa.
Ham luong dong kim loai tir cdc phuong phap 1a
tuong dong nén phuong phap UV-Vis duogc lua chon
dé dam bao toc d6 va hiéu qua kinh té cua cac thi
nghiém.

100 89.93 93.93

80

§— 60
ko
S
n

2 40
T

20

0

H2504 1M HNO3 1M (NH4)ZSO4 1M + NH40H

Hinh 2: So sanh hiéu sudt hoa tach cta ba dung dich
H,S0,1 M, HNOz; 1 M va
(NH4)2:SO41 M + NH,OH 1M

Bdng I: Anh huong ciia cac théng s6 nhiét do, toc
d6 khuay va kich thudc hat dén qua trinh hoa tach

A LA 2 B Hiéu suét
STT Y¢éu to anh hudng hoa tach (%)
25 85,64
1 Nhiét d6 (°C) 50 87,90
80 94,02
‘. 45 ki 400 85,04
2 Toc do khuay 64, 85,64
(vong/phut
800 85,83
. 0,03 86,04
g | Kichthuochat 175 707 a5 64
(mm)
0,25 81,34

Ba h¢ dung dich thong dung la axit sunphuric,
axit nitric va hdn hop amoni sunphat va amoni
hydroxit d3 duoc thir nghiém dé hoa tach miu bun
thai. Hiéu suét cua qué trinh hoa tach duogc tinh dua
trén lwong dong kim loai c6 thé hoa tan ciia cac dung
dich trong 1 gi¢ tai nhiét d6 phong. Két qua (hinh 2)
cho thdy hiéu suit ctia cac dung dich H,SO, 1 M va
(NH4),S0O4 1 M + NH,OH 1 M 1a twong duong va
cao hon 10 rét so vdi dung dich HNO3z 1 M. Qua céc
thuc nghiém va tinh toan, dung dich H,SO, duogc lya
chon do hiéu suit hoa tach tdt, thich tmg tét voi cac
qua trinh dién phén tiép theo, hiéu qua kinh té cao.
Trong khi do, dung dich HNOj3 c6 hi¢u suét hoa tach
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thép hon, qua trinh hoa tach doc hai, khong thich
hop voi qua trinh dién két tia do sinh san pham phu
(NO,) va hiéu suit dong dién thip, hé dung dich
amoni ¢6 hiéu suit hoa tach tdt, tinh chon loc cao
nhung gia thanh cao, dé gdy 6 nhiém trong qua trinh
dién phan tiép theo (sinh khi NHz) nén s& khong
duoc lya chon.

Bang 1 trinh bay cac két qua khao sat sy anh
hudng cua cac thong sb nhiét do, tde do khqu tron
va kich thudc hat dén qué trinh hoa tach dong tir bun
thai. Khi ting nhiét do qué trinh hoa tach hiéu suat
qué trinh hoa tach tang. Tuy nhién, so sanh voi diéu
kién nhiét do cao thi hiéu suat cua qué trinh hoa tach
& nhiét d6 phong khong thap hon quéa nhiéu. Trong
khi d6, dé hoa tach & nhiét do cao, viéc thiét ké ché
tao cac hé thong bé hoa tach co kém theo dng gia
nhiét, 16p bao on, hé théng dng dan hoi qua nhiét,
thiét bi 10 hoi s& phirc tap va doi hoi dau tu 16n. Do
do, ching t61 chon gidi phap hoa tich ¢ nhi¢t do
thudng dé dam bao van dé kinh té va cong nghé.

Téc d9 khuay ciing dugc khao sat nhu mot thong
s6 trong qué trinh hoa tach bun thai ¢ chira dong do
thong s6 nay c6 anh huong dén do day 16p khuéch
tan . Tuy nhién két qua khao sat cho thiy sy anh
huong khong 1 rét cta téc do khudy lén hiéu suat
hoa tach bun thai. Trong diéu kién thi nghiém, tde
do khqu 600 vong/phut duogc chon lya.

Kich thu6c hat bun thai s& anh huéng truc tiép
dén tong dién tich bé mit tiép xuc giira hai pha ran
long. R& rang rang, khi kich thuéc hat bun giam,
dién tich tiép xuc S tang 1én da anh hudng tryc tiép
dén téc d0 va hiéu suét qué trinh hoa tach. Tuy
nhién, dé c6 kich thudc hat bun thdi nhé 0,1 mm,
qua trinh nghién doi hoi tén nhiéu thoi gian hon
dong thoi néu hat bun qua nho, trong qua trinh san
sudt sau nay dé gay that thoat va bui nha xuéng. Do
do, qua khao sat, kich thudc hat bun 0,1 mm dugc
lira chon dé tién hanh hoa tach kim loai dong.
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Hinh 3: Anh hudng cia néng do axit HSO4
dén hiéu suit hoa tach dong trong 1 gio tai nhiét do
phong tir bun thai qua trinh san xudt ban mach
dién tr

Nghién ciru cdc yeu to anh hudéng...

Anh huéng cta noéng do axit H,SO, dén hiéu
sudt quéa trinh hoa tach ddng tir bun thai PCBs da
duge khao sat (hinh 3). Khi tang nong do axit, hiéu
sudt hoa tach tang ro rét va dat gia tri t6i wu 1a
khoang 85 % tai nong do axit 1 M. Tiép tuc tang
noéng do axit, hiéu suat qua trinh hoa tach thay doi
khong dang ké. Ngoai ra, dé tranh ton hao axit, an
mon thiét bi, bay hoi mu axit trong budc dién phan
tiép theo thi viéc chon lua néng do axit tha‘ip cho
dung dich hoa tach 1a v6 cung quan trong. Vi vay
dung dich axit H,SO4 1 M duoc chon lam dung dich
hoa tach dong tir bun thai PCBs.
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Hinh 4: Anh huéng cua thoi gian dén hiéu suat hoa
tach dong trong dung dich axit H,SO, 1M tai nhiét
d6 phong tir bun thai qua trinh san xuét ban mach
dién tir

Thoi gian hoa tach ciing 1a mot thong sé anh
huong quan trong dén qué trinh hoa tich dong tir
quéang no6i chung va bun thai PCBs ndi riéng. Hinh 4
thé hién mdi quan hé giira thoi gian hoa tach va hiéu
suat hoa tich dong tir bun thai. Tai thoi diém bt dau
hoa tach, hiéu suat hoa tach déng thu dugc 1a tuong
d6i thap. Tuy nhién khi thoi gian hoa tach 1a 1 gid
thi hiéu suét hoa tach déng dat mac 85 % va sau do
tang twong ddi cham theo thoi gian. Pé dam bao
hiéu suat va tinh kinh té, thoi gian dugc lya chon dé
hoa tach dong tir bun thai 1a 1 gio.

Ty 1¢ ran/long cia bun thai va dung dich axit
cling 1a mot théng s6 anh huong dén qua trinh hoa
tach. Trong nghién ctru ndy ty 18 rin/long dugc tinh
bang s6 luong bun thai dua vao hoa tach (g) trén thé
tich dung dich hoa tach (ml). Hinh 5 cho thdy mdi
quan hé gitra ty 1¢ bun thai cho vao va luong dung
dich axit H,SO4 1 M dung dé hoa tach. Hiéu suit
hoa tach giam khi khi ty 1€ bun thai dua vao dung
dich hoa tach tang 1&€n. Tuy nhién, khi ty 1€ nay thay
dbi trong khoang tir 6 dén 14 %, su thay ddi cua hiéu
suat hoa tach 1a khong dang ké. Chi khi higu suét
hoa tach ting quéa 14 % thi hi¢u suat hoa tach dong
tir bun thai méi giam xudng dot ngodt. Bé giam thiéu
kich thuéc thiét bi, tiét kiém axit, ddm bao van dé
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kinh té, ti 18 ran/long cho phép hoa tach cang cao
cang tot. Do d6 ty 1¢ ran 16ng dugc lya chon qua
nghién ctru nay 1a 14 %.
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Hinh 5: Anh hudng cua ti 16 ran/long dén hiéu suit
hoa tach dong trong dung dich axit H,SO4 1 M tai
nhiét do phong trong 1 gid tir bun thai qua trinh san
xuat ban mach dién tir

4. KET LUAN

Xuéat phat tir nhu cau cdp thiét vé viéc xu 1y an
toan rac thai cong nghiép va dong thoi giam thiéu
viéc khai thac cac nguén lgc ty nhién, cac nghién
ctru vé thu hoi tai ché kim loai dong tir bun thai day
truyén san xuit PCBs bang phuong phap hoa tach va
dién phan di duoc tién hanh. Qua nhitng nghién ciru
bude dau vé qua trinh hoa tach, anh hudng cia cac
thong sb hoa tach nhu loai dung dich, nhiét do, thoi
gian, néng do, toc do khu?iy, kich thudc hat dén qua
trinh hoa tach da duoc tim hiéu. Vi bun thai tir cac
qué trinh san xuit PCBs, viéc tach déng duoc thuc
hién t6i wu vé6i dung dich H,SO4 ndng do 1 M tai
nhiét d6 phong, trong 1 gio hoa, ty 1& ran/long 1a 14
%, voi toc do khudy tron 1a 600 vong/phut va do hat
12 0,1 mm. Cac két qua tir nhiing nghién ctru budc
dau nay c6 gia tri thuc tién cao, hoan toan c6 thé ap
dung vao viéc xay dung mot quy trinh tong quat bao

Lién hé: Nguyén Thi Thu Huyén
Vién K¥ thuat Hoa hoc
Truong Dai hoc Bach khoa Ha Noi

Nguyé~n Thi Thu Huyén va cong su

gdm day du cac phan doan hoa tach va dién phéan thu
hoi dong kim loai tir bun thai cua cong nghé san xuat
ban mach dién tir.

Loi cdm on. Bai bdo nay dwoc hoan thanh voi sy hé
tro kinh phi ciia dé tai cia quy Newton ciia Vieong
Quéc Anh — Nghién civu xir Iy va thu hoi kim loai tir
rdc thai cong nghiép bang phwong phdp dién hod va
dé an dao tao tién si 911.
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