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Xir Iy thu hoi dong kim loai tir ban mach dién tir thai
Copper Recovery from Waste Printed Circuit Board

Tran Pic Huy”, Dwong Ngoc Binh, Lé Minh Hai
Truong Pai hoc Béch khoa Ha Ngi - S6 1, Pai Co Viét, Hai Ba Trung, Ha Néi.
Dén Toa sogn: 21-12-2017; chap nhdn dang.: 28-03-2018

Tom tat

Ban mach dién tir thai la ngudn déng kim loai thir cp déc biét quan trong, ham lwong déng trong ban mach
dién tr tha/ c6 thé 1én t6i 27%. Muc tiéu cua nghién ctru nay la xt ly thu héi déng kim loai tir ngudn nguyén
lidu thir cdp nay. Qua trinh xt ly bao gém 4 buéc co ban: tién xiv ly (théo roi cac thanh phan dién tdr, mai
mon va tach ti), thiéu, néu duc anot va dién phén tinh luyén. Sau qua trinh thiéu & nhiét do 750°C trong 45
phut va nghién loai bé tro, mau kim loai thu duoc c6 ham luwong déng khodng 68%. Qua trinh duc anot va
dién phén tinh luyén ting dé sach cua déng kim loai Ién téi 99,9%. Bén canh do, trong qué trinh dién phéan
tinh luyén, mat dé dong dién va néng dé Cu?* trong dung djch dién phan dnh hudng khéng nhdé dén tinh
chét cda déng dién phén.

Tu khéa: thu hdi ddng, ban mach thai, hda luyén, rac thai dién te.
Abstract

Electronic wasted is an important resource of secondary metals, especially copper with copper content in the
wasted being up to 27%. In this work, copper was recovered from wasted printed circiut boards, a major
component in any wasted electronic device. The recovery process consists of four basic steps: pre-
treatment (disassembly of electronic components, abrasion and magnetic separation), roasting, smelting and
anodized casting and finally electrolytic refining. After being roasted at 750°C for 45 minutes, the metal
sample had a copper content of approximately 68%. The smelting and electrolytic refining process increased
the purity of copper to 99.9%. The current density and Cu concentrations in the electrolyte solution are the

major factors that affect the properties of the electrolytic copper.
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1. Pitvén dé

Sy tién bo nhanh chong cta cong nghé trong linh
vuc thiét b dién, dién tir dan t6i tudi doi cua thiét bi
ngay cang ngan di. Cac thiét bi cii, 15i thoi bi thai ra
va thay thé bang cac thiét bi ‘méi hon, tién tién hon.
Tudi doi cua thiét bi rat ngin dong nghia voi viéc
mot lwong 16n rac thai phat sinh. M&i nim thé giéi
thai ra téi khoang 50 triéu tin thiét bi dién tu, dwoc
biét dén nhu rac thai dién tu [1-4].

Chat thai dién tir ndi chung chtra cac kim loai
doc hai nhu cadmi, thuy ngan... va cac chat hiru co
gdy 6 nhiém (vi du nhu cac chat lam cham halogen
hoa). Do nhing nguy co dang ké ddi vai sic khoe
con ngudi va méi truong, rac thai dién tir cin phai
dugc thu thap, tai ché va xir Iy an toan [5,6].

Céc bang mach in (PCBs) chiém khoang 3% khi
lugng cua rac thai dién to dugc thai ra trén toan thé
gigi [7]. PCB 1a mot trong nhitng thanh phan quan
trong nhat caa mot thiét bi dién tir. Cac PCB c6 thanh
phan phtc tap, chi yéu gom céc kim loai (40%), chat
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hitu co va gom s (mdi loai 30%). Trong sé cac kim
loai khac nhau thuong co trong PCBs, ddong 1a kim
loai c6 ham lugng 16n nhat [8-11] (c6 thé 1én toi
27%), do d6 co gia tri dang ké. Cac nd luc nhiam thu
hdi kim loai tir PCB thai khong chi gitp xt 1y rac thai
ma con dem lai hiéu qua kinh té, giam sy phu thudc
vao ngudn kim loai tir quang [12,13].

Thu hdi kim loai tir PCB ¢6 thé dugc thuc hién
bang ca hoa luyén va thuy luyén [14,15]. Mot sb
nghién ctru ciing da tham do sir dung dién phén dé thu
hoi kim loai tir PCB thai [16,17].

Trong nghién ctru nay, dong tir PCB thai duoc
thu hdi bang su két hop cua hai qua trinh hoa luyén
va dién phan. Cac yéu té anh huéng t6i qua trinh nhu
nhiét do thiéu, thoi gian thiéu cac PCB thai cling nhu
cac yéu t6 anh huong t6i qua trinh dién phan tinh
luyén dugc quan tim nghién cuu.

2.  Thuc nghiém

Qué trinh xir 1y ban mach dién tir thai duoc tién
hanh theo ba cong doan: tién xir 1y, hoa luyén va dién
phan.
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Trong giai doan dau tién, cac ban mach thai duoc
thao rdi, cac linh kién gén trén bang mach dugc loai
bo... Phan con lai dwoc nghién nho thanh hat ¢6 kich
thude khoang 1mm.

Céc hat PCB sau d6 dugc thiéu thiéu ¢ nhiét do
tir 350 dén 950 °C trong thoi gian tir 15 dén 60 phut.
Thiéu pham sau d6 dugc nghién 30 phit trong may
nghién hanh tinh & téc d6 300 v/phut. San pham sau
nghién duoc rira dé loai bo tro.

Trong cong doan nau luyén, kim loai thu duoc
sau qua trinh rira dugc nau chay ¢ nhiét d6 1150 °C.
Qué trinh nau duoc thyc hién trong 16 dién tré voi noi
nau graphit. Kim loai long dugc dic thanh cac tim
anot phuc vy cho dién phén tinh luyén.

Dién phan tinh luyén duoc thuc hién trong bé
dién phan voéi dung dich dién phan chira 108g/I
H.SO4 va 50 g/l Cu. Dién cuc dwong 1a cac tim dong
anot va dién cuc 4m duoc ché tao dong sach (99,9%)

3. Két qua va thao luan
3.1 Qua trinh thiéu

Muc dich chinh ciia qua trinh thiéu phé liéu ban
mach 1a st dung nhiét dé phan hay cac hop chat hitu
co nham d& dang tach chung ra khoi kim loai. Vi vay,
nhiét d6 thiéu va thoi gian thiéu dong vai tro dac biét
quan trong.

Nhiét do thiéu thip s& dan dén kha ning khong
phan hiy hét cac chat hitu co ¢ trong ban mach. Do
trong qua trinh ché tao, cac 16p chat hiru co khong
dan dién c6 thé bao phi gan nhu hoan toan cac 16p
mach din dién nén khi khong bi phan hay hét, cac
chat hiru co nay s& khong thé loai bo dugc ra khoi
kim loai. Mat khac, khi tang nhiét d¢ thi€u cao ciing
lam tang kha nang oxi hoa cua cac kim loai trong phé
liéu, lam ting mat mat kim loai trong qué trinh thiéu.
Anh huéng cua nhiét do thiéu t6i ham lwong kim loai
trong san pham sau thiéu dwgc thé hién trén hinh 1
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Hinh 1. Anh huong cua nhiét d¢ thiéu

C6 thé thay rang khi ting nhiét do thiéu thi ham
luong kim loai trong san phim ting 1én (hinh 1). R&
rang la khi tang nhiét do thi€u sé tang kha nang phan
hity ctia cac chat hitu co va ching bi tach ra khoi kim
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loai. Khi cac hop chit nay phan hay hét thi khdi
luong mau thu dugc sau do s& gan nhu khong thay
ddi. Nhu trén hinh 1, khi tang nhiét d6 thi€u 1én trén
750 °C thi ham luong kim loai trong mau gan nhu
khong ting. Nhu vay c6 thé khing dinh chi can thiéu
& khoang 750 °C 1a c¢6 thé phan huy hét cac chét hitu
co trong phé liéu. O nhiét do thiéu thap thi ¢ hat phé
thai khi dua vao thiéu cling s& anh huong dén hiéu
qua cta qua trinh thiéu. Cac hat lon c6 thé chua bi
thiéu hoan toan dan dén hiéu qua khi thiéu mau hat
I6n thiap hon. Khi ting nhiét do thiéu thi sy anh
hudng cua c& hat giam dan.

Hinh 2 1a anh chyp cic hat ban mach sau khi
thiéu ¢ (a) 350 °C va (b) 750 °C. C6 thé quan sat thy
rang sau khi thiéu ¢ 350 °C, san pham thu dugc van
chira mot s6 cac hat nhwa chua phan hay. Trong khi
d6, mau thiéu ¢ 750 °C da xudt hién cac sgi dong
ngan do phan hitu co bao phu da bi dét chay hoan
toan. Bén canh do, trong mau ciing xuit hién mot sé
hat kim loai c6 dang gan hinh cau. Cac hat cau nay c6
thé 1a cac hop kim co nhiét do nong chay thap, vi du
nhu hop kim thiéc han (ndng chay ¢ khoang 200 °C).
Céc hop kim nay co thé b chay trong qua trinh thiéu
va tao thanh hat hinh cau khi lam ngudi.

Hinh 2. San pham thiéu tai (a) 350°C va (b) 750°C

Pé xem xét anh huong cua thoi gian thiéu, cac
mau phé liéu duoc thidu ¢ nhiét do 750°C véi thoi
gian thay ddi tir 15 téi 60 phut, cac két qua thu dugc
trinh bay trén hinh 3
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Hinh 3. Anh huong cua thoi gian thiéu

Vi thoi gian thiéu ngan, qua trinh thiéu chua
dugc triét ¢& dan dén hiéu qua cua qua trinh thiéu
thap. Qué trinh loai bo tro, tap chét ra khoi mau sau
thiéu 15 phut rat kho khan dan dén ham lugng kim
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loai trong mau khong cao (dudi 50%). Khi thoi gian
thiéu dén 45 phut thi ham lugng kim loai ting 1én dén
gan 75% va dugc duy tri & mac 6n dinh khi kéo dai
thoi gian thiéu dén 60 phut. Vi vay, ¢ nhiét do thiéu
750 °C, thoi gian thiéu 45 phut 1a phu hop.

Két qua phan tich hoa hoc mau kim loai thu dugc

sau khi thi€u trong 45 phut ¢ nhiét d6 750 °C va
nghién, tuyén rira dugce trinh bay trén bang 1

Bang 1. Thanh phan chinh ciia miu kim loai sau
thiéu ¢ 750°C

Kim loai Cu Fe Pb Sn

Ham luong (%) | 68.0 | 58 | 23 | 21.2

Trong mau kim loai thu dugc sau qua trinh thiéu,
cing v6i sy ton tai cua cac soi dong ngan, manh c6
thé nhin thay bang mat thudng con c6 cac hat kim
loai khac (hinh 2). Mau hat kim loai nay duoc cat,
mai, danh bong dé soi t6 chic té vi. Hinh 4 1a anh t6
chic té vi cua hat kim loai dang cau trong hdn hop
kim loai thu duoc Vi cac dd phong dai khac nhau.

Hinh 4. T chuc cua hat kim loai dang cau trong san
pham thiéu

C6 thé thy trén anh, trong cac hat kim loai nay
ddng (pha sang mau) di bi lan vao mot kim loai khac,
trong truong hop nay co thé khing dinh 1a thiéc (co
ham lugng 1én t6i trén 20% trong mau Kim loai - bang
1). Khi dugc thiéu ¢ nhiét do cao, thiéc kim loai bi
néng chay va cac soi dong kim loai bi 1an vao thiéc
néng chay. Khi nguéi, cac hat thiéc co lai thanh dang
cau va cac hat dong lan vao tao thanh pha phéan tan
trong hat thiéc. C6 thé thiy trén hinh bién gidi tiép
xuc gitra hat dong va thiéc da hinh thanh dang ring
cua ching to di c6 sy hoa tan 1an nhau giira dong va
thiéc tai bién gidi tiép xuc.

48

Sau qua trinh thiéu, nghién va tuyén ria dé loai
bo cac tap chat, mau kim loai thu dugc dugc nu chay
trong 10 dién va duc thanh dién cuc anot dé c6 thé
tinh luyén bang qua trinh dién phan.

3.2 Dién phdn tinh luyén

Dé danh gia anh huéng cua mat do dong dién t6i
cac tinh chét cua catot ddng, thuc nghiém dién phan
duoc thuc hién & mat d6 dong dién 200, 250, 300 va
350 A/m? trong 24 gio. Sy thay doi cta phan cuc anot
theo thoi gian vai mat do dong dién khac nhau dugc
thé hién trong hinh 5a. C6 thé thay khong cé su thu
dong xay ra trong suét qué trinh dién phan tat ca cac
mat d6 dong. Céac gia tri cuc tri xuat hién trong cac
dudng cong & dau caa qua trinh c¢6 thé 1a do 16p oxit
dugc hinh thanh trén b& mat anot. Sy hinh thanh 16p
oxit dan dén su gia ting phan cuc. Sau khi hoa tan
I6p oxit nay, phan cyuc anot giam vé trang thai on dinh.
Viéc giam dan cia phan cyc anot trong qua trinh dién
phan c6 thé giai thich bang sy hinh thanh mot I6p bun
trén bé mat anot, uc ché su khuéch tan cua cac ion
ddng tir anot.
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Hinh 5. Phan cuc anot va catot voi mat do dong dién
khac nhau.
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Anh huong cia mat do dong 1én dién thé catot
duogc trinh bay trong hinh 5b. Sy gia ting mat do
dong dién da lam tang sy phan cyc catot. Tuy nhién,
su thay ddi cua phan cuc catot chi dang ké khi dién
phan voi mat do dong dién Ién. C6 thé 1a do su anh
huong cua hién tuong giai phong hydro trén bé mat
catot.

Anh huéng cia mat d6 dong dién dén chat luong
bé mat dugc thé hién trong hinh 6. C6 thé thiy bé mat
catot khi dién phan véi mat d6 dong dién thip phing
va min hon bé mat catot khi dién phan vai mat do
dong 16n. Mat do dong dién cang cao thi két tua dong
cang nhanh, c6 thé dan téi sy tao thanh cc hat bot
ddng bam vao catot 1am cho catot co ciu triic xdp.
Mat do dong dién cao ciing co thé dan ti sy hinh
thanh 16p bot khi hydro trén bé mit catot. Dong kim
loai s& két tua trén bé mat cac bot khi hydro 1am cho
bé mit catot bj xop (Hinh 6b, ¢, d).

Thay ddi nong d¢ Cu®* trong dung dich dién
phan ciing anh huong dén sy hinh thanh 16p két taa
ddng trén catot. Anh huong cua néng do Cu?* hinh
thai hoc cua catot déng dugc trinh bay trong

hinh 7.

v

Hinh 6. Anh bé mit catot sau dién phan & (a) 200, (b)
250, (c) 300 and (b) 350 A/m?,

Thay d6i ndong d6 Cu?* trong dung dich dién
phan ciing anh huéng dén sy hinh thanh 16p két tua
ddng trén catot. Anh huong cua nong do Cu? hinh
thai hoc cua catot ddng duoc trinh bay trong hinh 7.

C6 thé thiy, miu dién phan ¢ nong do Cu® thap
¢6 bé mat xop (hinh 7a, b, ¢). Khi ting ndng do Cu?*
bé mat catot tré' nén nhin hon (hinh 6d). Vé co ban,
tang ndng d6 Cu?* s& lam ting kha ning dan dién cua
dung dich va ciing tao ra I6p két tia ban dau c6 do
che phu tét hon trén bé mit catot.

Do sach cua ddng két taa trén bé mat catot duoc
phén tich bang XRD, EDX va XRF. Gian do nhicu xa
XRD thu duoc vai dong catot (hinh 8) cho thay chi cé
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ddng kim loai trong két tua thu dugc. Céc tap chat voi
ham lugng khong du 16n d€ c6 the xuat hién trén gian
do nhiéu xa XRD.

Hinh 7. Anh bé mit catot sau dién phan véi ham
luong dong trong dung dich ban dau bang (a) 30, (b)
45, (c) 70 and (d) 90 g/l
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Anh hién vi dién tr quét (SEM) cua dong catot
thu dugc khi dién phan mat d6 dong dién 300 A/cm?
trong 24h (hinh 9) cho thay hinh thai dic trung cua
dong dién phan, dong nhit va xp. Phéan tich EDS
tuong ung chi cho thdy su xuit hién cua ddng kim
loai. Phén tich XRF cho két qua do sach cia dong
catot dat 99,9%.

4. Kétluan

Céc két qua nghién ciru cho thdy hoan toan cé
thé xir Iy thu hoi dong kim loai tir PCB thai voi quy
trinh bao gdm 4 budc co ban: tién xir 1y (théo roi cac
linh kién dién tir, mai mon va tach tr), thiéu va niu
duc va cudi cling 1a dién phan tinh luyén.

Sau qua trinh thiéu & nhiét ¢ 750°C trong 45
phiit va nghién loai bo tro, mau kim loai thu duoc c6
ham lugng dong khoang 68%.

Qua trinh duc anot va dién phan tinh luyén tang
d6 sach cua ddng kim loai 1én t6i 99,9%. Bén canh do,
trong qua trinh dién phan tinh luyén, mat d6 dong
dién va nong d6 Cu?* trong dung dich dién phan anh
hudng khong nho dén tinh chét cia dong dién phan.
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