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SUMMARY

MODELING OF LEACHING PROCESS OF TIN AND LEAD FROM PRINTED
CIRCUIT BOARDS OF DISCARDED HOUSEHOLD APPLIANCES
This paper presents the results of the reseach on leaching of tin and lead in
hydrochloric acid media by method of experimental planning of general linear model.
The research resultsshow that modelings are very good with excellent predictive
power. Throughtworegression models, theinteractionsbetweenfactors
ofhydrochloricacidconcentration, ratioof solid/liquid, reaction
temperatureandleachingtimeas well astheir influenceson leaching performance were
evaluated.Theoptimalconditionsof 6MHClacidconcentration,160g/L ratio
ofsolid/liquid, temperature60°Candreactiontime150min alsoweredetermined. Leaching

performance of tinandleadobtainedunder

respectively.

1. MO PAU

Ngay nay, san pham thiét bi dién, dién
tr ngdy cang gia ting vé s6 luong va
tudi tho ngay cang giam; la mot thach
thiac 16n d6i véi méi truong vé lugng
chat thai. Ban mach in (PCBs) c6 thanh
phan rit da dang, chaa nhiéu kim loai
nang gay 6 nhiém moi truong khi thai bo
khéng phu hop. Ham lwong trung binh
cua Sn va Pb twong ung khoang 1,0 —
5,28% va 0,99 — 4,19% [1]. Vi vay,
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these conditionsis91.6% and81.4%,

PCBs la chat thai nguy hai khi thai bo
khong phl hop nhung ciing ¢ thé dugc
xem nhu mot ngudn tai nguyén "thi
cap”. Trong nhitng thap ky qua, cac
nghién ciru tai ché chét thai dién te bang
phuong phap thuy luyén dugc cdc nha
khoa hoc quan tam. Barakat M.A [2] da
nghién cuu hoa tach Zn, Sn va Pb tir xi
han kém bang H,SO, va HCI. Myerson
va Cudahy [3] d4 nghién cau thu hdi Zn,
Cu, Pb, Sn va Cd bang céch hoa tach véi



axit H,SO,4 va trung hoa dung dich axit
v6i Zn(OH), nham két taa thu hoi kim
loai. G nghién ctru trude [4], thiée va chi
c6 trong ban mach in (PCBs) cua thiét bi
dién tur thai duoc hoa tach bang HCI, chi
dugc thu hoi trong két taa PbCl,, con
thiéc dugc thu hoi dudi dang SnO,. Két
qua nghién ctu dwa ra mot sb két luan
kha quan nhu hiéu suat hoa tach 16n, toc
d6 nhanh. Tuy nhién cac nghién curu dé
duoc tién hanh chi dwa vao y kién chu
quan cua ngudi nghién ciu dé chon
huéng nghién ctu. Két qua cua cac
nghién ctu chi cho phép tim kiém cac
mdi phu thudc gitra thdng sé danh gia va
cac yéu td anh huong mot céch riéng
biét theo tirng yéu t6 nén khong két luan
chat ch& vé mirc d6 anh huéng cua tirng
yéu té trong mdi tac dong qua lai giira
chdng.

Phat trién y tuong cia nghién ctru trudc,
nghién ctru nay thuc hién qua trinh hoa
tach thiéc va chi tir PCBs trong HCI
bang phuong phap mé hinh héa thuc
nghiém thong qua phuong phap ké
hoach hda thuc nghiém va thdng ké toan
hoc. Tu do, danh gid dugc vai tro tac
dong qua lai 1an nhau cua cac yéu té anh
huéng dén qua trinh hoa tach, dong thoi
xac dinh diéu kién téi wu dé hoa tach
thiéc va chi.

2. THUC NGHIEM

2.1. Vit ligu

PCBs su dung trong nghién ctu nay
duoc thao d& tir tivi (39%), DVD (20%),
may tinh (41%); xu 1y so bd bang cac
qua trinh cat, nghién, tach tir dé loai bo
sat. Thanh phan céc kim loaicha yéu cua
mau nghién ctru dugc trinh bay trong

bang 1.Cac héa chat thi nghiém va phan

tich duoc sir dung thudc loai tinh khiét.

Bang 1.Thanh phan céc kim logi chu yéu
trong mau nghién citu

Kimloai | bong | Thiéc | Chi

Ham luong | 25,5 4,87 2,8
(%) khi
luwong

2.2. Phwong phap nghién ctru

Cac thi nghiém dugc tién hanh trong
binh phan ung dung tich 500 mL, dugc
suc khi nito dé dudi khi 6xy truéc khi
bat dau thi nghiém, duy tri tbc d6 khudy
tron 200 vong/phdt, nhiét do dwgc on
nhiét bang may diéu nhiét. Sau mdi thi
nghiém, phan ba ran PCBs con lai dugc
loc, rira va chia 1am 2 phan bang nhau.
Mot phan ngdm chiét trong dung dich
axit HNO3 5% dé phan tich ham luong
chi con lai. Mot phan duoc ngam chiét
trong axit HCl dam dic dé phan tich
ham Iuong thiéc con lai. Nong do cua
cac kim loai trong dung dich dugc xac
dinh bang quang phd hap thu nguyén tir
(AAS, Perkin Elmer AA800).

Céc thi nghiém duoc xay dung theo
phuong phap quy hoach thyc nghiém ké
hoach bac mot hai mirc ti wu toan phan.
Ham muc tiéu 1a hiéu suat hoa tach cua
thiéc va chi, c6 4 bién doc 1ap (noéng do
HCI, ty 1& rin/ l6ng, nhiét do va thoi
gian hoa tach). Gia tri thuc va gia tri ma
hoa duoc trinh bay ¢ bang 2. Ké hoach
gom 16 thi nghiém & “nhan” va 3 thi
nghiém tai tdm (bang 3).

Bdng 2.CAc muic cuia Cac yéu to dnh huong

Cacyéutd | Ky | Muc cua cac yéu
anh huong | hiéu t6

-1\0\1
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Nong d6 HCI

: 4 | 5 | 6
(M) &
Ty 18
vk 100 | 130 | 160
ranflong (gll) | 2
Nhiétdo °C) | xs | 60 | 75 | 90
Thoi gian

100 | 1

(oht) Xs | 50 | 100 | 150

Cuec tri cua ham hdi quy thu dugc thong

qua ké hoach thuc nghiém duoc xac
dinh bang phuong phap leo dbc theo bé
mat biéu dién (phuong phip Box -
Wilson) [5]. Céng cu hd tro cho viéc
giai bai toan md hinh hoéa va téi wu hoa
cac diéu kién thuc nghiém duoc sir dung
la phan mém Modde 5.0 cua Cong ty
Umetrics (Thuy Bién).

3. KET QUA VA THAO LUAN

3.1. Xac dinh ham hdi quy caa hiéu
suit hoa tach thiéc va chi

M6 hinh hdi quy da thic cua hiéu suat

Tir két qua thi nghiém va tinh toan (bang
3), hiéu suat hoa tach thiéc va chi cua cac
thi nghiém dugc nhap vao phan mém
MODDE 5.0 nhim twong thich hda mé
hinh béi phuong phap hdi quy tuyén tinh
da bién. Sau khi kiém tra tinh c6 nghia
ciia cac hé sb theo tiéu chuan Student,
phuong trinh hdi quy mé ta hiéu suat hoa
tach thiéc va chi dugc biéu didn theo
phuong trinh (2) va (3) twong tng.

Bang 3.Ké hogach thiec nghiém va két qud

Xy | X2 | X3 | Xa | Ypo Ysn

-1]-1]-11]-1] 366 | 451

1/-1|-1]-1|534 | 683

-1]1)-1]-1]199 | 304

111 ]-1]-1]524]| 715

63,8 | 67,2

1/-1]1]-1]|668 | 887

-1 (1)1 ]-1)390 | 835

1 /-1]809 | 820

O 0O N O O | W N -
1
[REN
1
[REN
[EEN
1
[REN

hoa tach thiéc va chi duoc biéu dién theo 1]-1]-11]1]600] 534
bién ma hda khong thi nguyén cé dang 10| 1 |-1] 111760 808
phuong trinh (1) [S]: 111111715 742
y=by+ ib,—xj N ib;uxjxu @ (2] 1[1[-1[1]766 927
= Ju=L( ju) 13|1-1(-1] 1 11769 | 71,7
Trong d6, y — hiéu suat hoa tach cua 141 |11 |1]816 | 744
thiéc, chi (%); xj,xu (j, u = 1 - 4) tuong 15)-1 1] 1]1]547] 711
tng 1a gia tri ma hoa (tir -1 dén 1) cua 16111 /[1]727] 756
nong do axit HCI, ty 1& ran/long, nhiét 17/0/0 0 0] 718 796
do phan ung va thoi gian phan ng; by, 18/ 0l 0] 0 |0] 696 708
bj, b ,u=1-4)lacachesohoiquy [19( 0 | 0| 0 | 0| 672 | 717
ctia mo hinh thong ké.
Ythiée = 71,19 + 8,58%, + 6,12X3 — 5,2X1X3 — 7,16X3Xs )

Veni = 62,7 + 8,62x1 — 2,97X, + 5,623 + 9,82X4 + 3,56X1.X2 — 3,14X1.X4 — 5,4X3.X4  (3)

Sau khi tinh toan phuong sai du va
phuong sai 1ap, gi& tri chuan sé Fisher
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cua phuong trinh (1) va (2)tinh dugc
tuong tng la 2,75 va 12,85. Trong khi



d6 cac gia tri tiéu chuan Fisher theo mirc
¢6 nghia (p = 0,05), sb bac tu do lap (f=
2) va sb bac tu do du cua phuong trinh
(1) (fiq) = 11) va phuong trinh (2) (fi()
— 8) twong tng 13 19,4 va 19,3 [5]. Didu
d6 cho thay ca hai md hinh twong hop
vai thuc nghiém.

3.2. Tac dong qua lai ciia cac yéu td va
anh hwéng cia ching dén hiéu suit
hoa tach thiéc va chi

Anh hwong cua nong do axit HCI: Tur
phuong trinh (2) va (3) cho thay trong
viing thuc nghiém hiéu suat hoa tach chi
va thiéc ty 16 thuan véi ndng do axit
HCI. Mtc d6 anh huong tich cuc dén
hiéu suat hoa tach thiéc ty I& nghich voi
nhiét do phan tng, thé hién qua hé s6 bz
ctia phuong trinh (2) am. Ddi véi hiéu
suit hoa tach chi, micc do anh hudng
tich cuc cia nong do axit HCI ty 18
thuan véi ty 1& rin/long (hé sé by, cua
phuong trinh (3) duong) va ty Ié nghich
v6i thoi gian hoa tach (hé sé by cua
phuong trinh (3) &m). Do do, viéc tang
nong d6 axit HCI s& c6 hiéu qua trong
truong hop nhiét do thap, ty & rin/long
I6n va thoi gian hoa tach ngan.

Anh hwong cua ty 1é ran/long: Tur
phuong trinh (2) cho thdy trong ving
thuc nghiém hiéu suat hoa tach thiéc
khéng phu thudc vao ty Ié ran/long. Con
hiéu suat hoa tach chi ty Ié thuan véi ty
18 ran/long khi ndng d6 axit HCI 16n hon
5,66 M (x; > 0,83) va ty I¢ nghich véi ty
I& ran/long trong truong hop nguoc lai,
tuy nhién anh huong nay khong Ion (hé
sb b, va by, trong phuong trinh (3) ¢o tri
tuyét d6i gan bang nhau va nguoc dau).

Anh hwong cua nhiér do phan ing:
Nhiét d6 phan ung hau nhu ty 18 thuan
v6i hiéu suat hoa tach thiéc va chi, trur
treong hop thoi gian phan tng tiém can
toi 150 phat. Trong truong hop nay,
hiéu suat hoa tach thiéc ty 1 nghich véi
nhi¢t do phan ung (trong phuong trinh
(2) hé s6 bay €O tri tuyét d6i 16n hon va
nguoc dau véi bs), con hiéu suat hoa
tach chi hau nhu khong bi anh hudng
boi nhiét o phan tng (hé s6 bz va by
ctua phuong trinh (3) nguoc diu nhau va
Xap xi nhu nhau vé tri tuyét déi). Do do,
viéc tang nhiét do s€ khong lam ting
hiéu suat hoa tach thiéc va chi khi thoi
gian hoa tach lon.

Anh hwéng cua thoi gian hoa tach:
Trong vung thuc nghiém, thoi gian hoa
tach c6 anh huong tich cuc va tiéu cuc
dén hiéu suat hoa tach thiéc, phu thuoc
vao nhiét do phan tng. Khi nhiét d6
phan tng duéi 75°C (X< 0) thi hiéu suat
hoa tach thiéc ty Ié thuan véi thoi gian
hoa tach, con khi nhiét do phan tng Ion
hon 75°C thi nguoc lai, hiéu suit hoa
tach thiéc ty I¢ nghich véi thoi gian hoa
tach (hé sb bas clia phuong trinh (2) m).
Déi vai qua trinh hoa tach chi, thai gian
hoa tach c6 anh hudng tich cuc dén hiéu
suat hoa tach chi, mic do anh huong
tich cuc ty & nghich véi nong do axit
HCI va nhiét 6 phan ng, thé hién qua
hé sb bis va bs, cua phuong trinh (3)
am.

3.3. T6i wu héa cac diéu kién hoa tach
thiéc va chi

Dé tim diéu kién tét nhat cho qué trinh
hoa tach thiéc va chi vgi hiéu suit hoa
tach 16n nhat trong ving thuc nghiém,
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phuong phap xac dinh cuc tri dugc ap
dung. Coéng cu phan mém Modde 5.0
duoc str dung dé t6i wu hoa ham muc
tiéu theo phuong phap leo déc sau 556
lan Iap lai trong ving nghién ctu (hinh
1). Két qua thu duoc hiéu suat hoa tach
thiéc va chi twong @ng 14 91,6% va
81,4% & diéu kién nong do axit HCI 6
M: ty 18 rin/long 160 g/L; nhiét d6 phan
tng 60 °C va trong thoi gian 150 pht.
Bé mat dap tri biéu dién hiéu suat hoa
tach thiéc va chi theo nhiét do va thoi
gian hoa tach khi nong do axit HCl 6 M
va ty 1& rin long 160 g/L duoc trinh bay
o hinh 2.

4. KET LUAN

1. M6 hinh hdi quy mé ta hiéu suat hoa
tach thiéc va chi tr PCBs dwoc biéu
dién:

Vinisc = 71,19 + 8,58%; + 6,12X3 — 5,2X31X3
— 7,16X3X4

Vem = 62,7 + 8,62x1 — 2,97%, + 5,62%3 +
9,82X4 + 3,56X1.X2 — 3,14X1. X4 — 5,4X3.X4
2. Diéu kién tét nhat trong ving thuc
nghiém dé hiéu suat hoa tach chi va
thiéc 1on nhat 1a nong do axit HCI 6 M;
ty 1¢ ran/long 160 g/L; nhiét do6 phan
{rng 60 °C va trong thoi gian 150 phat. O
diéu kién d6, hiéu suét hoa tach thiéc va
chi thu duoc la 91,6% va 81,4%.

Loi cam on:Nghién ciru nay la mot phan
cuia Dé tai: “Nghién ciru cdng nghé xir ly
chat thai dién tir gia dung”. Dé tai do
Vién Khoa hoc va Cong nghé Mai
truong - truong Pai hoc Bach khoa chu
tri thuc hién.

) Modde 5 - Hoa tach Pb-Sn (lan 3).mip - [Optimizer] =Jo/&d
5% File Edit Wiew Design Worksheet Analysis Prediction Show ‘Window Help — || & X
ODEE & % & [ % E T
Factors: 4 [uncontiolled: 0] | Fesponses: 2 |Runs: 19 Objective: Screening Full Fac [2 levels) - interaction Fitted with MLF
RN E e
Factar | Rale | “alue | Law Limit | High Limit | Response | Criteria | Weight | Min Target | Max |
1 JHEL | Free |~ P! s | 1 [Ph | Maximize = 1 78.6002 | 54,2337
2 |RL Free |= 100 160 2 |Sn Maximize = 1 88.9571 94,3859
3 |t Free | &0 ag
4 |1y Free | 50 150
teration: {956 teration slider, —— |
1| 2 | 3 4 | 5 | 5 | 7 | 8 |
HCI | R/L t ty Ph Sn iter logiD)
5.9995 100.001 88.15987 50.0035 76.1819 86.58416 262 0.2982
159,996 65.342 143.778 78.9677 56.9592 206 0.1375
159.994 60| 149,999 79,6925 89.6046 290 -0.1471
155.514 60.0007 149.999 50.85656 91.0054 556 -0.4295
156.535 77.7739 149.9939 75.6719 53.1054 274 0.4224
100 S0 50 77.7583 87.85940 241 0.1385
5.9685 100.471 59.9959 121.204 75.6065 76.8209 425 0.7584

Hinh 1. C4c tham sé tdi wu héa sir dung phan mém Modde 5.0
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Hinh 2. Bé mdt biéu dién hiéu suat hoa tach cua a) thiéc va b) chi theo nhiér dg va thoi
gian hoa tach khi nong dg axit HCI 6M va ty 1¢ ran/léng 160 g/L
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