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ABSTRACT

In the present paper, a study on laboratory scale to perform a treatment for valuable metals
recovery from printed circuit boards (PCBs) of waste electric and electronic equipment (WEEE)
is reported. A leaching process, coupled by electrowinning, is then proposed in order to reduce
the volume of the waste material and to recover selectively valuable metals, such as copper.
During the leaching step, carried out by using ammonia ammonium chloride solution at room
temperature, several factors were investigated (pulp density, time of treatment). The leached
liguor has been successfully treated with an electrowinning process, to recover copper. The
curent efficiency was of about 93%. The experimental results obtained, showed the technical

feasibility of the process.

I - GIGI THIEU

Trong nhitng nam gan day kinh t€ Viét Nam
tang trudng mot cach rd rét, chat lugng cudc
song cua dai da s6 ngudi dan dugc cai thién nén
co hoi s& hitu nhiing thiét bi dién, dién tir ngay
cang trd nén dé dang hon. Theo két qua diéu tra
muc séng ho gia dinh nam 2002 va 2004, c6
trén 96% s6 ho gia dinh c6 thiét bi dién tr gia
dung [1]. Bén canh dé, theo chinh sach phat
trién kinh t€ - x4 hoi dén nam 2010 va dinh
hudng 2020, nhu ciu st dung céc thiét bi dién,
dién tlr trong cong nghiép trung binh hang nam
tang tir 10 - 30% [4]. Diéu d6 cho thay luong
thiét bi dién, dién tir thai (WEEE) ngay cang gia
tang. Theo [2], ty 1é tang hang nam trong giai
doan tir 2002 - 2005 cta bon loai WEEE chu
yéu: TV, ta lanh, may giat, diéu hda nhiét do 1a
16%; 25%; 31% va 35%, tuong ting theo thi tu.
Dac biét, luong WEEE nam 2006 tang xdp xi
60% so v6i nam 2005 (hinh 1).

Ban mach in (PCBs) 1a mot bo phan céan
thiét trong hau hét cdc thiét bi dién, dién tu.
Ham Iuong kim loai mau nhu Cu, Pb, Sn, v.v[]
trong PCBs chi€m gan 28% [7]. Céic kim loai
nay s& gay nguy hai cho moi truong néu khong
duoc thai bdo mot cach phu hgp. Do d6, tdi ché
PCBs thai 12 viéc hét siic can thiét nham tan thu
ngudn tai nguyén thién nhién ciing nhu giam
thiéu 6 nhiém méi trudng trude khi thai bd cudi
cuing, ddm béo phat trién bén viing.

Céc qud trinh co hoc/vat ly thuong dugc tng
dung rong rai trong tai ché€ PCBs thai, lam tang
ham Iuong kim loai. Uu diém ctia phuong phdp
nay la khong st dung nuéc va héa chat nén
khong ¢6 nudc thai. Tuy nhién, san pham thu
dugc chita nhiéu tap chét. Trong nghién ctu
nay, quy trinh cong nghé méi than thién véi moi
truong nhim thu hoéi dong tir PCBs thai duge
ti€n hanh nghién cttu. Muc tiéu 1a thu héi kim
loai déng bing qua trinh hoa tach sir dung hon
hgp dung dich NH,CI - NH,OH, két hop véi qua
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trinh dién phan két tha dong, véi tiéu chi 1a giam
thiéu tic dong dén moi trudng, nang cao hiéu

suat hoa tach va thu héi dong.
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Hinh 1: Udc tinh s6 luong thiét bi dién, dién tir thai

II - THUC NGHIEM

1. Vat liéu va quy trinh tién xir Iy

Vat liéu PCBs str dung trong nghién cttu nay
dugc thu gom tlr cic mdy tinh hong & khu vuc
thu gom phé& lieu Hoang Cau (Ha Noi). PCBs

thai duoc xir Iy biang qua trinh co hoc nhu cit,
nghién, phan tdch bing phuong phap trong luc
nham loai bo b6t céc thanh phan phi kim nhu
chdt déo, gidy, bakelite. Thanh phan cdc kim
loai chl y&u trong bot PCBs sau qué trinh tién
xt 1y duoc trinh bay & bang 1.

Bdng I: Thanh phan cdc kim loai cht yéu trong bot PCBs sau qua trinh tién xr 1y

Nguyén t6 Cu Sn

Pb Ni Fe

28,7 5,2

Ham luong, %

2,8 3,7 4,5

2. Quy trinh thuc nghiém

Muc tiéu cta nghién ctu ndy nham xdc
dinh: i) thoi gian hoa tach va ty 1€ ran/long thich
hop; i) mat do dong dién thich hop; iii) thoi
gian dién phan.

Hinh 2 trinh bay so d6 quy trinh thuc
nghiém nghién ciu thu héi dong. Quy trinh hoa
tdch va thu héi déng bao gém cdc budc: Hoa
tdch doéng trong dung dich amoniac 5M
(NH,OH - NH,Cl vdi ty 1é 1:1) dugc ti€én hanh &
nhiét do phong (khoang 25°C) trong bé phan
ung c6 dung tich 10 lit vé6i khudy & toc do 200
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rpm. Loc va tidch phan ran ra khoi dung dich,
chuyén toan bo dung dich hoa tich vao bé dién
phan. Dung dich hoa tidch dugc 14y mau theo
thoi gian nhim xé4c dinh néng do dong hoa tan
trong dung dich. Sau khi két thic qué trinh hoa
tdch, 14y mau ba ran, dem rira véi nudc cat, loc,
roi xdc dinh lugng déng con lai trong phan rén.
Bé dién phan c6 dung tich 35 lit, hai anot bang
tdm graphit (300 mm x 170 mm x 2) va mot catot
bang thép khong gi (300 mm x 170 mm). Nguén
dién mot chiéu GEN 8-180 (8VDC—180 ADC,
hang TDK-Lambda, M¥) cung cép dong dién DC



khong déi cho qu4 trinh dién phan. Mau dung dich
trong bé dién phan duoc 14y theo thdi gian dé x4c
dinh néng do doéng codn lai trong dung dich, dong

Hoa tach

thoi, x4c dinh khdi lugng catot gia tang theo thoi
gian tuong dng bang can vi lugng GR-200 AND,
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Hinh 2: So d6 quy trinh thyc nghiém

Doéng duoc xdc dinh bing phuong phap
quang phé hédp thu nguyén tl, sit dung thiét bi
AA800 — Parkin Elmer, M§. Qué trinh th{
nghiém duogc thuc hién trén hai hé théng pilot
tdi ché thu hoi kim loai (hinh 3 va 4) ¢6 cong
suét 10 kg PCBs/ngay.

Hiéu sudt hoa tich dong duoc tinh theo cong
thitc:

C, %[V, ZV]+ZCV

1
77]1 = =
Ca xXm,

x100% (1)

Trong do:
77, - hiéu suat hda téch tai thoi diém n, %

C, - nong do Cu tai thoi diém thd i, mg/L
V. - thé tich mau ding dé phan tich & l1an thi i, L
V, - thé tich dung dich hoa tach ban dau, L

C, - n6ng do Cu tai thoi diém thd n, mg/L

C, - ham luong Cu trong bot PCBs ban dau, %
m,, - khoi lugng bot PCBs st dung dé hoa tach,
mg.

Hiéu sudt dong dién duoc tinh theo cong
thuc [8]:

N =—2 x100%
alit

Trong do:

7) - hiéu suit dong dién, %

m - khai lugng kim loai két tia trén catot, g
a - duong lugng dién hoa, g/A.h

I - cudng do dong dién, A

t - thoi gian dién phan, h.
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Hinh 3: Hé thong hoa tach dong

11 - KET QUA VA THAO LUAN

1. Qua trinh hoa tach dong

Trong dung dich kiém, khi ¢c6 mat cta oxi
= +0,4 V) Cu bi oxi hoda

0
( 0,+2H,0/40H"

0
( EClt2+/CLl
phic NH; tao thanh dung dich phtiic amoniacat
doéng theo céc phan dng sau [9, 10, 11]:

2Cu + O, + 2H,0 — 2Cu(OH), 4
Cu(OH), + 4 NH, — [Cu(NH,),](OH),

Khi ¢6 mat clia mudi amoni, xay ra phan
ting:

= +0,34V) va phan tng véi phoi tir tao

2Cu + O, + 8 NH; + 4NH,CI + 2H,0 —
2[Cu(NH,), ]Cl, +4NH,OH

Mau chét cta phat ting hoa tach cha yéu la
phan tung gitta Cu(Il) va dung dich amoniac.

Hiéu suét hoa tach phu thudc vao pH cua dung
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Hinh 4: Heé thong dién phan thu héi dong

dich. Nhu dia biét, hing s6 axit (K, cia
NH,*(aq) bing 10°%, do d6, khi pH nhd hon 9,3
amoniac chu yéu ¢ dang NH,*(aq). Trong khi d6
phén ting tao phiic ctia Cu(Il) chi c6 thé xay ra
v6i NH, (aq) nhu & dudi day [12]:

Cu*+ NH; < [Cu(NH;)]** ; pK=4,0
Cu* + 2 NH, < [Cu(NH,),] *; pK=7.5
Cu®* + 3 NH; < [Cu(NH;);] **; pK=10,3
Cu® + 4 NH; < [Cu(NH;),] **; pK=11,8

Vai tro clia mu6i amoni clorua 1a két hgp
v6i dung dich amoniac tao thanh dung dich dém
c6 pH Ia 10, tao diéu kién cho phan ting hoa
tdch xay ra dé dang hon.

K&t qua nghién ctu qué trinh hoa tich dong
béng dung dich amoniac dugc trinh bay trong
Hinh 5a-b, cho thdy ring phén ing hoa tach xay
ra rat nhanh trong giai doan dau va én dinh sau
d6. Phan 16n ciac phan dng két thic trong
khoang thoi gian 3 gio. Tir két qua thi nghiém
v6i ba ty 1é ran 10ng khdc nhau cho thdy khi ty



1é ran/long 1a 1/15 (kg/L) thi hiéu sudt hoa tach
tang rdt nhanh theo thoi gian, chi sau 60 phiit
hiéu suét hoa tach da dat 88% va sau 105 phiit
dat 96% (hinh 5b), nhung néng do Cu** trong
dung dich thu dugc ¢6 néng do thap, chi dugc
22 g/L (hinh 5a), s€ bi han ché trong viéc nang
mat do dong dién catot trong cong doan dién
phan thu héi déng do mat do dong dién gidi han
ty 1& thuan véi nong do trong dung dich [5] (qué
trinh dién phan c6 nang sudt cao khi dung dich

dién phan c6 néng do tix 35 - 50 g/L [5]). Trong
khi d6, véi ty 1é ran/léng 1a 1/5 kg/L thi thu
dugc dung dich ¢6 néng do Cu* 16n, tir 51 — 53
g/L sau thoi gian 150 phiit, nhung hiéu suat hoa
tdch lai thap, xap xi 80% sau 150 phit, s& thu
hoi déng khong triet dé. Két qua thuc nghiém
cho thdy vdi ty 1é ran/long 1a 1/7 kg/L thi sau
120 phiit, hiéu sudt hoa tiach dat 95,2% va néng
do clia déng trong dung dich 1a 44,4 g/L, 1a diéu
kién t6i wu nhdt cho qud trinh hoa tach.
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Hinh 5: Su thay déi nong do dong trong dung dich hoa tach (a) va hiéu suit hoa tach (b) theo
thoi gian & 25°C trong dung dich 2,5M NH;, 2,5M NH,CI, pH = 10
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Hinh 6: Quan h¢ gitta hiéu suit dong dién va mat
do dong catot khi dién phan dong trong dung
dich 42 g/L Cu(ll), 2,5 M NH; va 2,5 M NH,Cl
trong thoi gian dién phan 1 gio

Hinh 7: Dién bién hiéu sudt dong dién theo thoi
gian khi dién phan dong trong dung dich ban
dau 44 g/L Cu(I), 2,5 M NH;, 2,5 M NH,Cl va
mat do dong catot 6 A/dm’
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2. Qua trinh dién phan thu hoi dong

Déng trong dung dich hoa tich dugc thu hoi
bang dién phan. Phan ung dién héa xay ra la
phéan dng khir clia phitc amoniacat dong tai bé
mit catot va thoat khi oxy trén bé mat anot theo
cac phan ting sau [13]:

[Cu(NH,),]** +2¢" = Cu + 4NH,
40H = 2H,0+ O, +4¢"

- Anh hudng ciia mat do dong catot

Két qua thi nghiém nghién ctu anh huéng
clia mat do dong catot t6i hiéu sudt dong dién
duoc trinh bay ¢ Hinh 6. Tir két qua nghién ciu
dién phan cho thdy hiéu sudt dong dién di qua
diém cuc dai khi ting dan mat do dong dién
catot, két qua nay ciing phti hop v6i nhan dinh
ctia nhém tac gia [6, 13]. Nhu da phan tich &
trén, moi dung dich dién phan ¢ gid tri mat do
dong dién catot ty 1& thuan véi nong do trong
dung dich. Khi mat do dong catot tt 4 - 7
A/dm?, hiéu suat dong dién dat trén 90% va tai
diém cuc dai 12 93,2%, tuong tGng v6i mat do
dong cathode 12 6 A/dm’.

- Anh hudng ciia thoi gian dién phdn

Tir két qua trén, thi nghiém vé moi quan hé
gitta hiéu sudt dong dién va thoi gian dién phan
dugc tién hanh va két qua cuta thi nghiém dugc
trinh bay trén hinh 7. R6 rang 1a nong do cua
dong trong dung dich dién phan s& giam theo
thoi gian dién phan, khi d6 hiéu suat dong dién
s€ giam do kha nang cung cdp ion lén bé mat
catot bi giam dan [5]. Thi nghiém ciing cho két
qua hoan toan tuong tu, hiéu suat dong dién
giam theo thdi gian. Trong 3 gio ddu, khi néng
do dong trén 30 g/L hiéu sudt dong dién trén
90%, nhung sau 7 gio thi hiéu suat dong dién
chi con 80%. Trong quéng thoi gian tir sau 7 gid
dén 10 gio thi hiéu sudt dong dién cang giam
manh, boi ring noéng do déng trong dung dich
dién phan chi con du6i 15 g/L. Tit két qua thi
nghiém nay cho thay ring c6 thé dién phan
trong khoang thoi gian 10 gio va hiéu suat dong
dién tai thoi diém ngimg dién phan 1a 60%.

IV - KET LUAN

Nghién citu thu héi dong tir PCBs da dugc
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thuc hién. Ty 1€ rdn 10ng c6 anh hudng dén qud
trinh hoa tich dong, ty 1é nay 1a 1/7 (kg/L) va
hoa tich trong 2 gio la diéu kién tot dé dién
phan thu héi dong. Hiéu suét thu hoéi dong dat
dugc 16n nhat 1a 93% & mat d6 dong dién
6A/dm’* va sau 3 gio dién phan hiéu suat dong
dién dat 90%.

Loi cam on: Nghién citu nay la mét phdn trong
chitong trinh [\Phdt trién cong nghé tdi ché’thiét
bi dién dién tir thdill duoc thuc hién tai Phong
thi nghiém Phoi hop tdi ché chdt thdi |1 Vién
Khoa hoc va Cong nghé Moi truong véi su hé
tro cua KIGAM (Korea Institute of Geoscience
and Mineral Resources), RRDC (Resource
Recycling R&D Center).
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