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BANG DUNG DICH AXIT HNO,
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*Vién Nghién citu Dia chdt va Khodng sdn Han Quéc

ABSTRACT

With

the aim of recovering Cu from waste printed circuit boards (PCBs) in

hydrometallurgical route, the HNO; leaching of copper containing in the metal enriched fraction
collected from previous study was studied. Parameters such as HNO; concentration, initial
temperature, agitation speed, and pulp density were investigated. The leaching rate of copper was
almost independent of agitation speed and mainly dependent on HNO; concentration, initial
temperature and pulp density. 99% of Cu was leached within 30 minutes at 20% in HNO;
concentration, 50°C in initial temperature and 120 g/l in pulp density.

- MO PAU

Trong khoang 10 nam tr& lai day, cic san
phdm dién tir di tré thanh mot phan khong thé
thiéu trong doi song thudong ngay clia moi ching
ta. Di doi v6i su phét trién kinh t€ va cdc tién bo
vé khoa hoc k¥ thuat, cic san pham dién tir ngay
cang ré hon va tién dung hon, khién ngudi su
dung c6 xu huéng thay thé, mua mdi hon la stra
chita, nang cap san phdm cii. Su phat trién song
hanh d6 dang lam nay sinh ra mot thanh thiic méi
d6i v6i moi trudng, d6 chinh 1a rac théi dién ti.

Hién nay rac thai dién tr 1a mot trong nhiing
dong thai phét trién nhanh nhat & khu vuc Chau
A - Théi Binh Duong va cic khu vuc khic trén
th€ gidi [1]. Viéc quan 1y va xir 1y loai chit thai
nay dang la mdi quan tam 16n bdi ching chia
mot luong dang ké kim loai niang va céc héa
chit doc hai khac (phin 16n nim & cdc ban
mach dién tr). M6i quan tam nay khong chi &
cip do quoc gia ma con vugt xa dén cap do khu
vuc cling nhu toan cdu bdi cdc hoat dong thuong
mai xuyén bién gidi lién quan dén rac thai dién

tr dién ra rat soi ndi, dac biét 12 & nhitng nudc
dang phét trién nhu Viét Nam.

Trong khi cdc phuong phip xU 1y truyén
thong nhu chon 14p, thiéu hiay to6 ra khong phu
hgp d6i v6i chat thai dién tir thi phuong phép téi
ché, thu hoi dang ndi lén nhu mot gidi phap ddy
htda hen trén ca hai phuong dién xu 1y chét thai
va thu hoi vat liéu ¢6 gia tri, gép phan bao ton
ngudn tai nguyén thién nhién. Da c6 nhiéu
nghién ctu tap trung vao Ilinh vuc tdi ché, thu
h6i vat lieu c¢6 gid tri tr ban mach dién tir
(PCBs) vé6i nhiéu phuong phép khac nhau. Vi
du: Hall va cong su thyc hién qué trinh phan
loai va thu héi kim loai tir PCBs bang phuong
phap nhiét phan [2]; Sheng va cong su su dung
nudc cudong toan dé thu hoéi vang tir PCBs [3];
Veit va cong su st dung phuong phap phan loai
bang tir tinh va tinh dién dé thu hoi kim loai tir
PCBs [4]; Eswaraiah va cong su dung phuong
phdp tuyén khi dé phan tiach nhua va kim loai tir
PCBs [5]; Kim va cdng su thuc hién nghién ciu
hoa tach déng tir PCBs bang phuong phdp dién
héa trong méi truong axit HCI [6] ....
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Ném trong noi dung nghién citu thu héi kim
loai tir ban mach dién ti, mot nghién ctu trudc
day da tién hanh phan tich nhua, lam giau kim
loai ¢6 trong ban mach dién tir bing phuong
phdp tuyén khi va cho ra pha ning chita ham
lugng kim loai dugc lam giau 1én t6i xap xi
80%, trong d6 ham lugng Cu chiém 49% [7].
V6i muc tiéu thu héi Cu tr phan vat lieu duoc
lam giau kim loai & trén theo phuong phép thuy
luyén, nghién cttu nay tap trung vao qud trinh
hoa tdch dong bang dung dich axit HNO;, mot
loai axit thong dung, c6 kha nang hoa tan kim
loai t6t bdi tinh oxy héa manh. Cic yéu t6 anh
hudng chi yéu dén qua trinh hoa tach kim loai
nhu néng do axit, nhiét do, t6c do khudy va
nong do chat ran Ian luot dugc khdo sit nhim
xéac dinh ch& do t6i uu cho qua trinh.

Il - THUC NGHIEM

1. Xir Iy méu

M4u su dung trong nghién ctru nay 1a phan
vat liéu da dugc lam giau kim loai tir ban mach
dién tir bang phuong phdp tuyén khi clia mot
nghién ctu truée d6 [7]. Tai nghién ciu do, ban
mach dién tr dugc céit va nghién nho téi kich
thudc dudi 1mm. Tiép theo mau dugc sang dong
nhat kich thudc vé6i 5 loai sang c6 kich thudc
khac nhau: 850, 600, 425, 212, va 63 um. Céc
phan doan véi kich thuéc hat khic nhau thu

duoc sau khi sang dugc dem di tuyén khi & ché

do tuyén t6i uu. Nho su chénh léch khé 16n vé ty
trong giita nhya va kim loai, cdc hat nhua bi
cuon theo dong khi va tach ra khoi cdc hat kim
loai.

Phan vat liéu chita kim loai duoc lam giau
tuong tng véi cidc phan doan kich thuéc khac
nhau dugc tron déu va duge ding lam déi tuong
nghién cttu cho nghién ctu nay. Ham lugng mot
s0 kim loai chinh chita trong vat liéu nay dugc
thé hién trén bang 1.

Bdng 1: Ham lugng mot s6 kim loai cht yé&u c6
trong mu rin cin hoa tich

Ham 1 493 | 383 | 1325 | 571

luong, %

Kim loai Cu Fe Pb Zn

II - KET QUA VA THAO LUAN
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2. Quy trinh thi nghiém

Tat ca cac thi nghiém hoa tich duoc thuc
hién trong binh phan dng thuy tinh chiu nhiét
hinh céu, dung tich 500 ml, dugc két noi véi cac
thiét bi phu trg theo hé thong thé hién trén hinh
1 (bép gia nhiét cung bo diéu khién nhiét do c6
tdc dung 6n dinh nhiét do trong qud trinh phan
ung, ong sinh han cé tic dung ngung tu phein
dung dich phan tng bi bay hoi, duy tri thé tich
hén hop phan tng, mo to gin canh khuay c6 tdc
dung khudy tron héon hgp phéan tng). 400 ml
dung dich HNO; duoc cho vao binh phan tng,
duoc dun néng va duy tri & nhiét d6 mong mudn
trudc khi b6 sung méu ran chita kim loai vao.
Trong qua trinh phan tng, 2 ml dung dich dugc
hit ra bang xi lanh & céc thoi diém xdc dinh.
Tong thé thich mau 14y ra trong mot mé thi
nghiém 1a 12 ml (6 1an x 2 ml/lan) chi chiém
3% téng thé tich dung dich phan tGng, vi vay sai
s6 do thay déi thé tich l1a khong dang ké, c6 thé
bo qua. MAu hit ra duge loc qua gidy loc véi
kich thu6c mang 0,45 pm, pha lodng bing dung
dich HNO; 5% va dem phan tich ham luong Cu
trén may quang phd hap thu nguyén tir Analyst
800 ctia hiang Perkin Elmer.
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Hinh I: So d6 hé thong thi nghiém hoa tich
kim loai
1. Binh phan tng, 2. Bép gia nhiét, 3. Bo diéu khién
0. 4. 0 ,smh han O gan canh khudy,
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Nhim x4c dinh anh hudng chia néng do
HNO; t6i hiéu qua hoa tich dong, céac thi
nghiém dugc tién hanh tuong tng véi cdc ndng
do HNO; tang dan tix 5 dén 30% & diéu kién
nhiét do ban ddu cta dung dich 1a 50°C, t6¢ do
khuay la 300 vong/phdt va ty 1& rén 16ng la 20
g/l. Theo tinh todn can bang vat chat duva trén
cdc phuong trinh phan dng hoa tan kim loai
trong HNO; nong do 5% cua HNO; trong binh
phan tng 1a du cho phan ting hoa tan hoan toan
luong kim loai ¢6 trong méu ran dugc dua vao.
Tuy nhién két qua trén hinh 2 cho thdy & nong
do 5%, 10% HNO; téc do hoa tich ciia Cu kha
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Hinh 2: Anh huéng ctia néng do HNO,
(nhiét do ban dau: 50°C, t6¢ do khudy: 300
vong/phiit, ty 1é ran 16ng: 20 g/1)

Dé xdc dinh nong do HNO, t6i uu cho qua
trinh hoa tach Cu, bén canh yéu t6 ky thuat can
phai xét dén cac yéu t6 lién quan dén kinh t€ va
moi truong. Néu lya chon HNO,; néng do
> 30%, phan tung xay ra méanh liét véi toc do rat
nhanh nhung cling chinh vi dé6 ma nhiét do va
mot luong 16n khi NO va NO, sinh ra trong mot
khoéang thoi gian ngén s& gay kho khin cho qué
trinh van hanh va an toan lao dong. Mat khac
mot luong du 16n ctia HNO; s€ gay lang phi héa
chit va gy kho khan cho viéc diéu chinh pH
phuc vu cho qué trinh trich ly, thu héi Cu sau
nay. Néu lya chon HNO; néng do < 15%, thoi

thap, sau 60 phit hiéu suat hoa tach ctua Cu chi
dat khoang 70 - 80%. Nguyén nhan cé thé do
qué trinh hoa tan déng thoi cia cdc kim loai
khéc ¢6 trong miu nghién ciu, 1am giam nong
do HNO; trong binh phan ting va lam giam mat
do ti€p xic cta Cu véi HNO,. Khi néng do
HNO, tang 1én 15%, 20% va 30%, toc do hoa
tach Cu ciing tang theo rat nhanh. Hiéu suat hoa
tich dat 99% sau khoang thoi gian tuong dng:
60, 30 va 10 phit. Diéu nay cho thdy dong hoc
cia qua trinh hoa tich Cu trong HNO; phu
thuoc rat I6n vao néng do HNO,.
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Hinh 3: Anh huéng ctia nhiét do ban dau
(néng do HNO,: 20%, toc do khuay: 300
vong/phiit, ty 1é ran 1ong: 20 g/1)

gian luu cla cla qud trinh s€ lau (60 phit) dong
nghia véi viéc thiét bi phan dng phai dugc ché
tao v6i kich thudc 16n, s& khong c6 loi vé mat
kinh t€. Véi nhitng nhan dinh & trén, 20% HNO,
dugc chon 1a néng do t6i uu cho qué trinh hoa
tach Cu.

2. Anh huéng ciia nhiét do ban dau

Anh huéng cla nhiét do ban ddu t6i qud
trinh hoa tdch Cu dugc khao sdt bang céch tién
hanh céac thi nghiém véi cac gid tri nhiét do ban
dau tang dan tir 30 - 60°C & diéu kién nong do
HNO; 12 20%, téc do khuay 1a 300 vong/phuit, ty
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1¢ rin long 1a 20 g/l. Két qua thé hién trén hinh
3 cho thay t6c do phan tng ting déu theo nhiét
do dau vao. O nhiét do ban ddu > 50°C, phéan
tng hoa tach xay ra khd nhanh. Nhiét sinh ra tir
phan ting lam nhiét d6 trong binh phan tng tang
t61 70 - 80°C trong vong 5 pht va c6 tic dong
trd lai lam tang t6c do phan tng. Hiéu sudt hoa
tach Cu dat 99% trong vong 30 phit. Do vay
nhiét do ban ddu 50°C duoc lua chon dé thuc
hién cédc thi nghiép ti€p theo. Trén thuc t&, qua
trinh hoa tach thuong duoc tién hanh lién tuc,
nho ¢é nhiét lugng sinh ra tit phan tng hoa tach
kim loai ma c6 thé khong céan gia nhiét cho thiét
bi phan tng.

3. Anh huéng ca téc do khudy
Cac thi nghiém duoc tién hanh tuong tng
v6i cdc gia tri clia toc do khuay thay déi tir O -
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Hinh 4: Anh huéng cta t6c do khudy
(néng do HNO;: 20%, nhiét do ban dau: 50°C,
ty 1& rdn long: 20 g/1)

4. Anh huéng ciia ty Ié rin long

Anh huéng cta ty 1¢ rin 10ng t6i qué trinh
hoa tach Cu trong HNO; dugc khdo sit bang
céach tién hanh cdc thi nghiém véi véi ty 1€ rén
16ng thay déi tir 20 - 160 g/l & diéu kién nong do
HNO; 1a 20%, nhiét do ban dau l1a 50°C, t6c do
khudy tron la 0 vong/phit. Két qua trén hinh 5
cho thdy toc do va hiéu sudt hoa tich Cu gan
nhu khong thay ddi trong khoang ty 1é ran 1ong
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400 vong/phit & diéu kién néng do HNO, la
20%, nhiét do ban dau 1a 50°C, ty Ié ran long la
20 g/I. Két qua dugc thé hién trén hinh 4. Hiéu
suét hoa tach Cu gan nhu khong thay déi trong
khoang téc do khudly dugc khao sit. Cac thi
nghiém tuong tng vGi cic gid tri toc do khudy
khdc nhau déu cho hiéu suit hoa tich déu dat
99% trong vong 30 phiit. Tir d6 c6 thé rit ra két
luan ring dong hoc cta phan tng khong phu
thudc vao téc do khudy. Toc do phan tng hoa
tan kim loai c6 tinh quyét dinh dén t6c do cua
ca qud trinh hon 1a toc do khuéch tan cic chat
phén ting va san pham phan ng. Hon nita, ban
than cac bong khi NO, NO, sinh ra tir phan tng
c6 thé dam béao su khuay tron trong binh phan
ting, vi viy viéc tang cuong khudy tron cudng
biic ¢ qué trinh hoa tdch nay 1a khong can thiét.
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Hinh 5: Anh huéng cta ty 1¢ rén 10ng
(néng do HNO;: 20%, nhiét do ban dau: 50°C,
toc do khudy: 0 vong/phtit)

tir 20 dén 80 g/l. T6c do phan tng va hiéu qua
hoa tach bit ddu giam khi ty 1€ rdn 10ng ting lén
t6i 120 g/l va giam 6 rét & gia tri 160 g/l. Nhu
viy, viéc ting ty Ié rin 16ng c6 tac dong tieu cuc
t6i qud trinh hoa tach Cu do ty I¢ rdn 1ong cang
tang thi lugng HNO; tiéu hao cang 16n, lam
giam ndng do HNO; trong binh phan ting va dan
dén lam giam hiéu qua cta qud trinh hoa tach
kim loai. C6 thé nhan thay rang ty 1& ran 1ong

1
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120 g/l kha t6i wu cho qua trinh hoa tich Cu &
céc diéu kién da dugc khao sét & trén.

IV - KET LUAN

Tir cdc két qua nghién cdu thu dugc & trén,
mot s6 két luan cho qua trinh hoa tich Cu trong
ban mach dién tir dung HNO; ¢6 thé dugc téng
két lai nhu sau:

Véi tinh oxi héa manh, kha nang hoa tan
kim loai t6t, HNO, t0 ra rat hiéu qua cho qua
trinh hoa tach Cu c¢6 trong ban mach dién ti.
Hiéu qua ctia qua trinh hoa tach phu thudc 16n
vao cédc yéu t6 nhu néng do HNO,, nhiét do, va
ty 1é rén long. & ch€ do t6i wu dugc lua chon
(nébng d6 HNO;: 20%, nhiét do ban ddu: 50°C,
ty 1é rén long: 120 g/1), hiéu sudt hoa tdch Cu
dat 99% trong khoang thoi gian 30 phit. Qua
trinh hoa tach Cu bang HNO, khong doi hoi
diéu kién nhiét do va dp suét cao, vi vay viéc
ché tao thiét bi trd nén don gian, chi phi thap.

Tuy nhién véi phuong phdp hoa tich nay,
lugng khi doc (NO, NO,) sinh ra tir phan tng tr&
nén rat dang lo ngai cho moi trudng. Viéc xu 1y
khi thu héi HNO,, tudn hoan tr¢ lai cho qué
trinh hoa tdch 12 mot véan dé rat dang quan tam.

Lién hé: Lé Hoang Long

Vién Khoa hoc va Cong nghé Moi trudng,

Truong Pai hoc Bach khoa Ha Noi
So6 1 Dai C6 Viét, Ha Noi.
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