... (Ozairy & et al.)

Neural Network Modeling of the Process of Extraction from
Iranian Chemical Engineering Journal — Vol. 21 - No. 121 (2022): 21-32

© 000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Research Article

d DOI: 10.22034/ijche.2021.284629.1112 Lan:
This journal is an open access journal licensed under an
Attribution-NonCommercial-NoDerivatives 4.0

International license(CC BY-NC-ND 4.0).

DOR: 20.1001.1.17355400.1401.21.121.2.4

Neural Network Modeling of the Process of Extraction from Mobile
Printed Circuit Boards by Lemon Juice Organic Acids

R. Ozairy', R. Beigzadeh?’, S. O. Rastegar?
1- M. Sc. in Chemical Engineering, University of Kurdistan
2- Assistant Professor of Chemical Engineering, University of Kurdistan
E-mail: r.beigzadeh@uok.ac.ir

Abstract

In this study, the application of bio-acid leaching method based on the use of
lemon juice to extract copper and zinc metals from mobile printed circuit
boards has been investigated. Three important factors were investigated
include lemon juice concentration, Solid / Liquid (S/L) ratio, and hydrogen
peroxide (H,0O,) concentration. Response surface methodology (RSM) was
used to optimize the effective factors. The results showed that for particles
with a size of 150 to 180 um at a constant temperature of 20 ° C and time 4 h
under optimal conditions including 1.41% (w/v) S/L ratio, 12.2% (v/v) H,O,
and 74% (v/v) lemon juice, copper and zinc recovery efficiencies are 89%
and 73%, respectively. Moreover, the artificial neural network was used to
predict the extraction of copper and zinc metals as a function of the studied
factors. To validate the model, laboratory results were considered as
evaluation data. The results of neural network modeling showed high
accuracy to predict the target variable. The values of MRE, MSE, and R®
were 9.485, 15.254, and 0.9356% for the copper extraction model and
1.854%, 1.094, and 0.9963% for the zinc extraction model, respectively.

Received: 11 May 2021
Accepted: 20 July 2021
Page Number: 21-32

Keywords:

Bio-Acid Leaching,
Mobile Printed Circuit
Boards (PCBs),

Response  Surface
Methodology,

Artificial Neural Network

Please Cite this Article Using:

Ozairy, R., Beigzadeh,R., Rastegar, S. O., "Neural Network Modeling of the Process of Extraction from Mobile
Printed Circuit Boards by Lemon Juice Organic Acids", Iranian Chemical Engineering Journal, Vol. 21, No. 121,
pp. 21-32, In Persian, (2022).


https://dx.doi.org/10.22034/ijche.2021.284629.1112
https://dorl.net/dor/20.1001.1.17355400.1401.21.121.2.4
mailto:r.beigzadeh@uok.ac.ir

pya——— O8O

d DOI: 10.22034/ijche.2021.284629.1112

This journal is an open access journal licensed under an

B‘z? DOR: 20.1001.1.17355400.1401.21.121.2.4 Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

3 ! il 3l SRSM g cwas 450 6 b9y (55w Joo duns lio
g0 8 il Ay ol o (420 ol sl Oilxawo

Ty ool s o3 Lo, g e 59,

QL’Z....:Q; olKiils « DN PNN o P ..\.,.’L)‘ wL;..i})lf—\
Olewd )8 oisls ¢ cands cwdige HLoliwl Y
r.beigzadeh@uok.ac.ir :,55 oLy

ouSs
VE- [ BV 1l g b gl Clrio 55, 5 oo SIS gl (Sl god 825 ] ool Lb

g.A_E[Cj -.LQ_‘M—T/)J U)j)M ekl n.b[o—w.' ‘5/[6,9.6,0 dazls duw ool oS P OW
RIM) gy o 39, 1 Fge (sloaadls (jlwdigy (Sl bl (oo 0 o) 525
Vo °C ol slos o 1A um 618+ 51l b (1,3 (sl 45 ol olis golsi . ai solazn/
ST gy il [1/F (W) wiloay S ol digy Ll o PN Sloj 5
JAY iy 9y 9 pwo SIS 5L 035b JVF (VIN) gt 8,28 e ilé 5 ) 1/F (VIV)
5 e S Elin] Glie (i S (FEgias (mae I8 I izppn .l TV 5

et ooz oo miw lie] sl Al ooliin] w050 slodazli b e 59,
ol o H3l5 gl e Slio A (il e gl s 48,8 L7 0 ] (sloools plpiedy 2l loj] (slaosls
$Lbs polio 45 g 0 ba b Hlid Buo psio o yio jobiods [ oY C8S  cac

FY B YY) iolxio o lod

ojlgands

el gl il 5uiiS” i i Jo sl +/TDF 5 18/VOF JV/FAD o R? s MSE MRE
Eae gras A o Cawndds (59, il 5uiiS i s ko (sl +/TIEY 5 1/ F JV/ADF 5 o

gonls gdkiges 09,5 ¢ guadigee 8ISl ¢l ST olRils cpaiiw (yliws S
o 4 olciwl

OF V) VV-TY o AV ojleds (050 g Jlo ool pl (cond (csdigo g 5 < gad

© 00 0000000000,00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

S ybas $ilwd e duylio

"1S. &

RSM 5 puac
P1-vY :(\\‘-\)Qg%gma,l«i’:-‘o&”% dl*”-C)')i'wi'(s‘”W i

a0

(O,)Ken 5 5 5d8) eae cl).-iam


https://dx.doi.org/10.22034/ijche.2021.284629.1112
https://dorl.net/dor/20.1001.1.17355400.1401.21.121.2.4

PI-YY L yan - OLSeR 9 (s 0 3e

o)l Cl)’“"‘”l 2,8 RSM s S s by silwdsw A Lo

Sl Szdsn anl b 95lbl Glsieas slzsn 5 Dol Sen
oozl ol yom (il o los Slmio 51 S 5 e gyl
B NVE L NVE 5 g clale ayl58 L aS ols oLis s s S
5 o Slp e SR TAY g TN gl as s 4 lgioe ) »
Sl (il lab slagstg, 51NVl en 5 loges s, JS5
Slxio 51 (59, 9 5 cpmms gliml a0 Al (sl
aS ol s amlos ass )5 eolaiwl ol yen o ali Gl Jlas
(e Sl (SELSe il Jlsd 5l LS ksl gl Fel as o
e 5 35 IVV/0 o LY 158 IVEINE o oy 53, 5 S
sy LA IYA 9 784 /5 AT 4 SlSe (g5lo b

Slp 380 (et sl Ul ladoe slahs) 5l eslinul
bl s g 5 sl Lagl sjluatgn 50 Wl oo gl el
EF—ae (hed slrdasgere ) 5l (S (oras ras glaaSid
loodls (i 5 Silbwdos Sl (9, Sled 5 Sl
Il SO (e 3 g e oalitul ARt loj]
Silodoe | sloaummy L sbaailbols wilgi oo a5 ol a5 8
PP O P PC R P I P PR AR A PV R¥Cy
39 g oolainl Lot (e sl sole )3 Glsiey
i Sl smas b iy il ealiul b olatag, VA
95 42 S Sslomy 5 55, 9 meedlS (e S 2l
OH)en g 06l .l oas aloxil Acidithiobacillus ferrooxidans
Gl 318 Mol ss s i sl | A B 70 glas (Y]
ot gl (sl OS5 g, 5 VY] ) lSan 5 50 adlos S
Sibedde () Sl dlie oS osliiul (ol jlae Slxio S
e AT (Kien oy Ly (a4 a5 ol plis
ol 1y o Slas

\u;?.l%')b—" Slrio 5l 555 5 e gl Oliee (@i Gl 5o
S gy Sbile pod 508l e 55 ol e (Al
sl 00l oy 2 (b 4 Bl Cod) Silony (S 5 (H2O2)
gl lp (Seiolam sl @ie plgreas 9o 8,031 5 oslinu
9o alllas 4" Zewl )b gl (61 PCB 5l e 9 (59, S35
39 Alobw @bl (mtam lp i 9 335 Joo SO &

1. Printed Circuit Board, PCB

oo )
(S5 slasllinl Sgne 9 555L3 pylae Cdyiny e o9yl
L Ve sgas alo el ool adgs (g uSUT AL (60l jlase
Slordo 9B oo g Ldo ;0 (Sig iUl Al (5 (ygeles O
oS Aozl (com 5 )l S 5 o9y (8 Jdoar ol e
e 9 G aied)l plgieds Sl g IS SILS s oo
Dy g¥aslass 513 as g5 590 Sig 21 sloalls loo 5o 52
Sy L lamio I ISt glalae Slrio (ol 5L
S yban ol NS0l L oadiu sk (Sl 235 5 e
5 Saidly 1Y+ l3 s | Sl ol 511 a5 CaS ol e
089 p sla 555 51 o5 SO ¥ lamo o JuSits Sl oo VY
5 o VYo Kg M YT oo, ai YO Kg Jolds )& j9bay
0ol s oYL ao s ey o [Flecul agus¥L VF- g
L esimae pobae lap] & b i & cond Laallyy ol 50
9 51 (g xS slaadly <dbsb cplply 0 g8 oo 5 419l
s arg LlFgdlew cosal 3l ey 5 golal &>
slaanlp Jlss o el o3V (i sla by slals
slagsy, adorsl IVleas, oyl oe U 5500 (So5ols
5 59y 0 (55,809 4 GlaT e IS Pl
5 ook QY2 b b5k slas,sld 55 o)Ll (65 glliese
92 5 A oSS o) anas slaall; 5 wisl auaeS
loadlj anedsy)l il c8b5L 6l bl (65)gllag o (i
5 055 (650! O yae cdeary Lol e oy ool _Sig 2SI
ey DV e gV Vs oS gol_amdl 88, o, 5 Sl e
@Yh S g o5 Ol o 1) ilulaz anl (65, glleg 00e
ool lond s0ls oly) o 5l ez Lol s ool
EITE R AL TSR DO SO £Y U | PTBHEEL
235k ezl Glol 3 slacs i p bls Jdo 4 (65)9llieg 0umsm
635 e 51 bl g (6,138 Ao peo (slaaissa el YL
Olds il &) )0 jw (5,08 SO lgiedy Gl &5
o0y Jliial Sy ayil olas 5 ome slacSin 51 oS
Lo s, 5 cesdiylyl slo g5 LS 5 asliul L1Y) Flee
S g ams l3l]) STy Sy Wil (o0 (S (55l 13

9 9o 0SS J> 1) (65,dleg amgn a8 os SV b

Iranian Chemical Engineering Journal - Vol. 21 - No. 121 (2022)



o iolojT o>1b Y-¥
iy a5 el ook slaghs, 5l slacgemme Gl o s,
WS o0 Gt |y daie Jins (gl orie bl i L S5 ol
Sy b ) el e (b it sl g, o )
Sl S5 Bl i g ilie prlans ey caaSls w535 50
@il Slxio ;o 0520 DL gl Sl bulpd 5leage
G BLE (o) 2 b (635 0 &5 50 (il g, ol ool
e Al aoeii o 5 ;e gl os Loty plo 4y Cad

w0 Sl 5 580
Bgod Sy ealz)lae Slxio )3 9290 I8 Jlade (281 jslarea
Sel) Ol Jolome S (oo Voo S 50 del> 509 Sl (0057
O 59 Sl VY Saedny (Sl SIS g y0m 9 S i
Yo °C Ly s gloo 5 Ve o 1pM LS e yas Uy uboliie
i o0l 3 ICP 4355 (6l yatidlos 3l igas 5 00 boglie

el o 5155 (V) Jsor o gl

)

ot Sl emas 8L Jae S Al aghy cnl 5l Sas

L gy 90lee.Y

sl Glxiio o4 g jlwoslol \-¥

gt 20 e bge e laoslin I ol e Slxdo
Yoem slaslasl o ool o8 Aliwga lanl ol g 5laex
VO MIN Goe an i (28 Ol G ol 0 5
as g0l lewl V0 pm L5 l)d 85lasl aile gl o oolasul
sle Blo dwgas , 31 008 ad,5 IS 4 min Soea
o talesT plol gl YA um B YO+ 551l b (51,3 oo gois e
V) ISy oo olxa o ile ;o ol iaiad las

ol 00 00l UL““’

(4)

s 5 (1) 5 2081 2 i g Tla 3 (1) oo ks i Syl (1) o oo ke (a3 dalye ) i3
990 loaT Alucs ges s 3 (F) (oS olboa dlacu gy

Figure 1. The stages of shredding printed circuit boards (1) The main size of printed circuit boards (2) Shredding with iron scissors (3)
Shredding with a hammer mill (4) Shredding with a spice grinder.
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Table 1. Elements in the residue sample after ICP analysis.

Element Cu

Concentration (ppm) 4974.6

37.3

Zn Ag Fe Ni Pb

20.2 172.7 142.2 37.5

1. Response Surface Methodology (RSM)

2. Central Composite Design (CCD)
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Figure 2. The steps of the process performed on the magnetic

stirrer (a) at zero time (b) after 4 hours (c) the filtered and
centrifuged solution.
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Figure 3. The modeling algorithm in the research.
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Figure 4. The effect of different parameters on the extraction of (a) copper and (b) zinc.
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Table 2. Relative error percentage values for different number of
hidden neurons (estimation of Cu extraction).

Number of MRE (%) of all MRE (%) of test
neurons data points data set
1 46.243 16.184
2 9.525 12.589
8 9.485 8.747
4 14.256 13.819
5 8.189 11.954
6 8.011 10.819
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Figure 5. Comparison of predicted (by ANN) and experimental data for Cu recovery.

Iranian Chemical Engineering Journal - Vol. 21 - No. 121 (2022)



100 3\
O Train data (experimental) v
90 o
* Test data (experimental) g
20
® Train data (predicted)
70 - ¢ ® i E)
- A Test data (predicted) |
2 60 - @ _ 3)
17 ¢ @
g 504 @ . o5
- 2—
I i el
= 40 L I
5 ° 4 .
30 A e
20 L X
10 A
U T T T T T T

o 1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15 16
Data number

1530 L0 6l (2023 9 (ANN L) ouddi g lacals dunlis # Jsib

Figure 6. Comparison of predicted (by ANN) and experimental data for Zn recovery.
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Table 4. Weights and biases of neural network for predicting Cu extraction.

Neuron i ; b,=0.3954
s/l ratio H,0, Citric asid % Wi
1 6.7708 1.6416 4.1761 -10.6058 -0.3176
2 4.4288 -17.4526 2.7492 0.2640 -0.3853
3 -6.2255 5.1849 -0.0419 -4.9349 4.7845
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Table 5. Weights and biases of neural network for predicting Zn extraction.

Neuron " ; by=-2.4504
s/l ratio H,0, Citric asid % Wi
1 -2.6712 -9.2332 -4.2628 14.5666 2.2255
2 5.9290 -8.0154 -4.2946 4.9076 -0.3564
3 -1.1203 3.9208 -0.9081 0.7430 1.3260
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Table 6. Error values for the models used in the research.

Cu recovery ANN 9.485 15.254 0.9356
RSM 0.552 0.067 0.9997
Zn recovery ANN 1.854 1.094 0.9963
RSM 5.044 6.391 0.9783
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