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TOM TAT

Bun thai nha may bo mach dién tir chira 19,5% Cu mang gi4 tri thu hdi cao. Phuong
phap dién phan duoc uu tién lya chon vi than thién hon vi méi truong va chi phi thip hon.
Muc tiéu cua nghién ctru nham xac dinh cac thong s tdi wu cho thu hdi dong tir bun thai nha
may bo mach dién tir bang phuong phap dién phén trong dung dich amoniac. Két qua nghién
ctru da cho thiy rang véi dung dich chiét co pH tir 9,5-10, ham lwong Cu® va CI' lan luot 1a
(7,5+0,2)g/L va (7,7 + 0,2)g/L thi qua trinh thu hoi dng tuén theo mé hinh dong hoc bac 1
¢6 hang s6 toc do 0 ,018/phut voi cac diéu kién t6i wu: khoang cach andt va catdt 25 mm, mat
d6 dong 280 A/m?, téc do khudy 200 vong/phut.

Tir khéa: Hiéu suat dong, hiéu suat thu hoi, mat d6 dong, thu hdi dong.

1. PAT VAN DE

Dong 1a kim loai chiém ty 1€ lon nhat trong téng s6 kim loai c6 trong ban mach dién tur
va ung dung nhiéu trong doi song. Do vay, viéc thu hoi dong trong bun thai cta qua trinh san
Xuit bo mach dién tir khong chi c6 'y nghia vé mat moi truong ma con gia tri kinh té va tan
dung tai nguyén. Qua trinh san xuit s& phat sinh bun thai chira déng va amoniac. Bun thai
sau khi thu dugc hoa tach bang dung dich amoniac, bang axit vo co (axit sulfuric, nitric va
hydrochloric...) hodc axit hitu co (axit tartaric, oxalic va citric...) 1a giai doan dau cua
phuong phap thu hoi [1].

C6 nhiéu phuong phap thu hoi dong: hoa hoc (két tia, tach bang dung méi chon loc, tao
phtrc, trao ddi ion, sinh hoc, vat 1y (nghién, tach bang dién trudng, tach tir truong), dién hoa,
két hop (trao ddi ion - ling dong dién hoa) nhung wu diém nhat chinh 1a phuong phap dién
hoa vi qua trinh nay than thién hon véi méi truong va chi phi thap hon [1-3].

Trong nhitng nim qua, viéc ap dung cac phuong phap dién phan ngay cang phd bién
cho muc dich thu héi kim loai quy, trong d6 ¢ dong tir bun thai nha méay san xuat bo mach
dién tu. Tuy nhién, hau hét cac nghién ciu thu hdi dong béng dién phan 1a khao sat cac diéu
kién téi wu trong moi truong axit [1, 2], dién phén thu hoi dong kim loai trong dung dich
amoniac ¢ Viét Nam con rat han ché, do do, nghién ctru da duoc thyuc hién, voi muc tiéu la
khao sat cac thong s toi wu nhu mat do dong, toc do khudy, khoang cach ban dién cuc dua
trén danh gia hiéu suét thu hdi dong va hiéu suit dong.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Phwong phap thu miu

Mau bun thai tir nha may bo mach dién tir thong qua don vi thu gom xtr Iy méi truong
trong thang 10 nim 2018. Mau bun & dang paste, mau xanh bién, chira trong cac thung phuy
nhya xanh 100 lit. MAu dugc lay tir 3 thung ngau nhién 2 kg/thung. Mau sau khi liy duoc
cho qua sang bang nhya c6 kich thuéc 156 1 mm (press seiveing). Mau dugc lam cho dong
nhét va sau d6 dugc bao quan. Mau sau xtr 1y dwoc bao quan trong tai PE kin va tranh dnh
sang. Thanh phan Cu, clorua, pH duoc xac dinh.

2.2. Phwong phap phén tich

Mau bun gi@)ng duge can, hoa tan bang axit sulfuric 1M, dinh muc, loc dé xéac Qinh ham
luong clorua bang phuong phap Morh theo TCVN6194:1996, xac dinh ham luong dong theo
TCVN 3291-80, pH cua lop chat long trén bé mat hon hop theo ASTM D1293-95.

2.3. Phwong phap thuc nghiém PTN
2.3.1. Dung cu va hoa chat thi nghiém

Céc thiét bi sir dung trong nghién ctru gom: May do pH cua Trans instruments HP
9010, may dién phan DC: 0-12V & 0-20A, may khuay tir c¢6 gia nhiét STUART CB162
(BIBBY) — Anh.

Dung cu thuy tinh st dung trong thi nghiém dugc lam sach bang cach ngdm trong
HNO; 1M it nhat 24 gio va xa sach bang nudc khur khoang trudc khi stir dung.

Hoa chat sir dung gom: CuCl,2H,0, KI, KSCN, NaOH, HNO; dam dac dugc cung cap
bsi hang Merck (Purc). Ong chuan Na,S,03 5H,0 0,1M dung trong phan tich Cu®". Nudc sir
dung trong qua trinh thi nghiém dugc loc bang may loc nude siéu sach Model: EASYpure |1
RF (Thermo Scientific — USA).

2.3.2. Bé tri thi nghiém
Nguyén tic thu hdi déng bang dién phan [3]

Catét:

Cu(NH,),* +2e — Cu® + 4NH;, E®=-0,0473V
2H" +2e > H, E’=0Vv
Anét:

2H,0 — 4e —> O, +4H" E° =-1,220V
40H —4e — O, + 2H,0 E®=-0,401V
2Cl - 2e" > Cl, E®=-1,356V

Cac phan wng phu

Cu+ C|2 - CUC|2

Khi O, va H, 1a két qua ciia phan ang phu chinh ¢ cuc dwong va cuc 4m, lam giam hiéu
qua dong [4].

B4 tri thi nghiém thu hdi dong bang phuwong phap dién phan duoc md phong theo [4, 5].
Thi nghiém dugc thyc hién ¢ nhiét do phong.

Céc cuc am (catdt) duoc st dung 1a cac tdm ddng hinh chit nhat c6 kich thudc: chiéu
dai 140 mm, rong 60 mm va day 2 mm (phan chim trong dung dich la 70 mm x 60 mm).

Cac cuc duong (andt) 1a cac tm inox 316 va c6 kich thudc tuong tw nhur ctia catét (Hinh 1).
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Hinh 1. M6 hinh thi nghiém

Ba thong sb di dugc khao nghiém lan luot dé xac dinh diéu kién téi wu cho dién phan
ddng tir ngudn nude thai gom khoang cach dién cuc (12; 25; 40 mm) téc do khudy (200, 300,
400 vong/phut) va mat do dong di¢n (140, 280, 463 va 643 A/m?) [5]. Trong qué trinh di¢n
phan cac mau duoc thu nhan sau 90 phut dé phan tich dong bang phuong phdp chuan d6. Bong
hoc qua trinh dién phén duoc khao sat dua vao két qua nghién ctu t6i wu vé khoang cach ban
dién cyc, mat do dong, toc do khudy va thu nhan mau phan tich ddng sau mdi 15 phut. Panh
gia két qua cuia thi nghiém dya vao hiéu suét thu hdi dong va hiéu suat dong [5].

2.4. Xir ly dir li¢u thi nghiém
2.4.1. Tinh todn két qud

—  Hiéu suit dong
Hiéu suit dong dugc tinh toan tir viéc giam ndng do dong trong dung dich [6]

100%(Co—C¢).V
H = (Co—Cr)

 r (Coéng thiac 1)
Vi
a=—2=25 111 (Cong thuc 2)
z.28,6 2%28,6

Trong d6: | 1a cuong do dong dién (A); t 1a thoi gian (h).

— Hiéu suat thu hdi
_100%(Co—Cy)
=—
— Phuong trinh dong hoc bac 1,

(Coéng thic 3)

Trong thyc t&, mdt xu huéng tuyén tinh cua logarit cia lwgng kim loai kim loai nhu mot
ham cua tham so6 t da dugc xac minh theo phuong trinh [6,7]

LnC£ = —kt (Phuong trinh 1)
0

Trong do6: k 1a hang s6 van toc bac 1 (phat); C 1a ham luong Cu®" trong dung dich dién
phan tai thoi diém t (g/L); Co 1a ham lwong Cu®* trong dung dichdién phan tai thoi diém t,
(9/L); t 1a thoi gian dién phan (phut).

2.4.2. Xir Iy 56 ligu

Céc s6 ligu thu thap dwoc tap hop va xir Iy thong ké bang phan mém co trong Excel. Bé
giam thiéu cac nguon dan dén sai so, mau lap da duoc su dung trong cac phan tich dé danh
gia d6 chinh xéac va sai 1éch. Cac thi nghiém va phan tich déu dugc lap lai 3 lan.
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SPSS 20.0 duoc sir dung dé xéc dinh tinh dong nhat clia phuong sai va su khac bigt co
y nghia thong ké véi gia tri p < 0,05 bang Tukey’s test post hoc khi Sig > 0,05 hoic
Tamhane khi Sig < 0,05 [7].

3. KET QUA VA THAO LUAN

3.1. Pic tinh héa Iy miu bun ddng

Két qua phan tich mau bun dong (Bang 1) cho thay ham luong Cu trong mau cao. Tuy
nhién, do pH va ham luong clorua ciing cao nén bén canh viéc thu hdi Cu ciing s& phai quan
tam vé vin d& moi truong. Két qua xac dinh ham luong Cu ciing phit hop véi nghién ciru cua
Ribeiro va cong su, ham lugng Cu > 18% [8].

Bang 1. Két qua xac dinh cac théng s6 héa 1y bun va dung dich dién phan

STT | Céc thong s6 Pon vi tinh Két qua Sai s6 SD
Thanh phan bun thai (dang bun)

1 |pH 10,1 0,1

2 | Ham luong Cu % 19,5 0,2

3 Ham luong clorua % 20,2 0,2
Thanh phan dung dich dién phéan qua loc

1 |pH 10,5 0,1

2 | Ham lugng Cu** g/L 75 0,2

3 Ham luong clorua g/L 17,7 0,2

3.2. Khao sat khoang cach cac dién cuc

Két qua thi nghiém (Hinh 2) cho thiy hiéu suat thu hdi, hiéu suit dong véi cac khoang
cach khao sat sai khac khong c6 y nghia thong ké, cu thé vai hiéu suat dong dao dong 59 dén
62% va hiéu suat thu hdi dong 1a 63 dén 67%. Do do6, c6 thé két luan viéc thay doi khoang
cach dién cuc it anh huong va két qua thu hdi ciing da twong dong véi nghién cau cua
Ntengwe va cong su [9-11]. Diéu nay dugc 1y giai theo nghién ctru ctia Chen & Lim thi hang
s6 van toc k cua qua trinh dién phan dong khong phu thudc vao khodng cach [11]. Hon nira,
khi ting khoang cach dién cuc thi dién thé ting [3] nhung do trong dung dich dién phén c6
ion CI" nén khi dién thé tang thi Cl, sinh ra cang nhiéu, ngoai qua trinh giam hiéu suat dong
con gy ra hién tugng dn mon dién cuc hodc hoa tan dong vira mai tao thanh [12]. Trong khi
do, khi giam khoang cach xudt hién moc r& trén 16p két tna dong gay phong dién, chap mach,
tang nhiét do dung dich lam tang lugng dién tiéu thu va giam hi¢u suat dong [2]. Do do, lua
chon thong s6 khoang cach andt va catdt 1a 25 mm s€ phu hop hon va ciing tuong dong voi
nghién ciru trude, khoang cach 20-30 mm cho hiéu suat dong cao nhat [3, 9].

3.3. Khio sat tbc dd khudy

Dt liéu thi nghiém cho théy véi khoang cach cac ban dién cuc la 25 mm va mat do
dong 1a 463 A/m’® khong doi thi khi thay doi toc do khudy tir 200 vé 400 vong/phit thi hiéu
suit dong va hiéu suat thu hdi thay déi co y nghia thdng ké, cu thé hiéu suat dong giam tir 98
xudng 73% va hiéu suat thu hdi tir 57 vé& 46% (Hinh 3), két qua pht hop Vi cac nghién ciru
trude d6 [3]. DPé hé théng dién phan hoat dong hiéu qua thi diéu kién khudy thich hop can
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dugc duy tri dé cai thién diéu kién truyén khdi trong h¢ dién phan. Khuay lam tang dién tich
bé mat cyc am va tranh phan cyc dién cuc [3]. Tuy nhién, khi téc do khudy cang nhanh thi
céc hat ddng két tinh ¢ dang rat min, lam bé mat catdt bi che s& ting mat d6 dong trén catdt
gop phan lam giam hiéu suat dong [1, 3]. Do do, tbc d6 khudy 200 vong/phut duoc lra chon
1a diéu Kkién ti wu trong thi nghiém, tuong doéng véi nghién ctu trude do 1a tdi wu ¢ tée do
khudy 123-255 vong/phut [3].
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Dir liéu thi nghiém (Hinh 4) cho thiy véi khoang cach andt va catét 1a 25 mm va téc do
khudy 1a 200 vong/phut khong d6i thi khi ting mat d6 dong tir 140 1én 643 Am?, sau 90 phut
dién phan thi hiéu suat thu hdi Cu ting tir 6,7 1én 69%, két qua thi nghiém phu hop voi
nghién ctru cua Chen va cong su [10]. Trong khi d6, hiéu suat dong ban dau tang 1én dang ké
¢6 ¥ nghia thong ké tir 26,7 1én 91,6% khi mat d6 dong ting tir 140 1én 280 A/m? nhung khi
mat d6 dong tiép tuc ting thi hiéu suit dong giam c6 ¥ nghia vé 40.6%, két qua phu hop nhu
trong nghién cttu cia Mokhtari va cong su [13, 3]. Két qua duoc dién giai 1a do khi mat do
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dong téng cao thi co déy hiéu tang nhiét d¢ trong binh dién phén va qua trinh giai phong
hydro lam giam hiéq suat dong [1, 3].’ Trong dicu kién thir nghiém, mat d6 t6i wu phu hop
cua thong s6 hiéu suat dong va hiéu suat thu hdi dong 1a 280 A/m?.

3.5. Khao sat dong hoc qua trinh

Theo Hinh 5 va Hinh 6, Véi cac théng s khoang cach andt va catdt 25 mm, téc do
khudy 200 Vong/phut mat d6 dong 280 A/m? cho thiy cac cdp gia tri trung binh gilra ham
lwong Cu®* con lai trong dung dich dién phan theo thoi gian 1a khac biét co y nghia thong ke,
duong biéu dién In(C/Cy) theo t 13 tuyén tinh. Do d6, c6 thé két luan qua trinh thu hdi dong
bang phuong phap dién phan tuan theo mé hinh dong hoc bac 1 va hang sé toc do la
0,018/phut, két qua pht hop vé6i cac nghién ciru trude dé caa Khattab va cong su, véi k dao
dong 0,006-0,029 tuy thudc vao mat do dong va ndng d6 ddng ban dau [14, 10]. Két qua thu
hoi dong sau 120 phat dién phan véi cac thong s toi wu cho hiéu suat suat dong 99,1% va
hiéu suét thu hoi 82,5%.
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4. KET LUAN

Tir cac két qua nghién ciru trén, cho phép rat ra mot s6 két luan nhur sau:

Céc thong sb t6i wru vé hiéu suat dong va hiéu sut thu hoi ciia qué trinh dién phan thu
hoi dong trong dung dich amoniac tir bun thai nha may bo mach dién tir gom: Ngam chiét biin
thai bang dung dich amoniac véi pH dung dich dién phan dao dong 9,5-10,0; ham luong Ccu*
1a (7,5 + 0,4)g/L, ham lugng CI" 1a (20,2 + 0,2)g/L; cac thong o t6i wu nhu khoang cach andt
va cat6t 1a 25 mm, mat do dong 280 A/m?, toe do khuay 200 vong/phut. Khao sat dong hoc
thu hoi dong theo cac théng sb toi wu: qua trinh thu hdi tuan theo md hinh dong hoc bac 1
Vi hing sb toc d6 1a 0,018/phit, két qua thu hoi dat 82,5% vai hiéu suit dong 99,1%. Két
qua nghién ciru cho thay viéc ung dung dién phéan thu hoi dong tir chét thai bo mach dién tir
trong dung dich amoniac theo cac diéu kién da khao sat mang tinh kha thi cao véi viéc tan
dyung ham lugng amoniac c6 san trong bun thai.
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ABSTRACT

INVESTIGATION OF OPTIMUM PARAMETERS
FOR RECOVERING COPPER METAL FROM ELECTRONIC CIRCUIT BOARD MUD
BY ELECTROLYSIS IN AMMONIA SOLUTION

Nguyen Van Phuong*, Nguyen Khanh Hoang,
Duong Nguyen Cam Tu, Vo Thi Ngoc Tram
Industrial University of Ho Chi Minh City
*Email: nvphcch@gmail.com

The electric circuit board waste has a high content of Cu (19.5%), which has high
value, need to be recovered. Electrolysis method is preferred because of its
environmental friendliness and lower cost. The objective of the study was to determine
the optimum parameters for copper recovery from electric circuit board waste by
electrolysis method in alkaline ammonia medium. The results have been obtained as
follows: The extraction solution gave the pH (9.5 + 0.5), the content of Cu®* (7.5 + 0.2)g /L,
the content of CI" (7.7 + 0.2) g/L; the optimal parameters of copper recover process were
the distance of anode and cathode (25 mm), the current density (280 A/m?), the stirring
speed (200 rpm), the recover process suited first-order kinetic model with a speed constant
of 0.018 /min.

Keywords: Current density, current efficiency, copper recovery, recover efficiency.
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