ELEKTROMETALURIJI

ELKTROTASINIM HIZI



METAL TASINIMINDA YUZEYIN YAPISI

Yizey kinetik, akim yogunlugu ve tasinma hizini
etkileyen onemli yapidir. Yizeye tasinimdaki
sekiller;

1. Ince Film(Kompak),
2. Dendiritik,
3. Taneli, olur.

Bu sekillerin meydana gelmesinde prosesin akim
yvogunlugu etkili olur.



Akim degisimi onemli bir gosteriri. Taneli yapi
dusuk akim yogunluguyla, dendirit ise yuksek
vogunlukla meydana gelir. Genis aralikta
degisim de dendrit olusturur. C6zUnme orta ve
dusuk potansiyellerde olusur. Cozeltiye ilave
edilen organiklerin de tasinimdaki etkisi
onemlidir. Organik madde ilavesiyle dlizglin
yvuzeyler;

* Kaplama ve elektrosekillendirmede,
* Aritma ve elektrokazanimda,

* Toz metal Uretiminde

Katodda Uretimde saglanmaktadir.



Ince film yuzey kaplamasi icin kristallesme:
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Sekil 1.Cd Kaplamada 1,5 cm? yiizeyli spiral platin katod,, 05M dm™ CdSO,
elektrolit, I= 65 pA, n,, cekirdek, 1, kristal, ve n, asir1 potansiyelde birikme.



Kristallesme zamaninin artmasi(t) asiri akim
potansiyelini meydana getirir. Sekil 1 den de
gorulecegi gibi b den ¢’ kadar azalma meydana
gelmektedir. Asir1 Akim potansiyell

n=RT/nFIn(C,,/C,,)
Burada; C,, t anindaki derisim, C, ,; t = 0 anmindaki
derisimdir.
Cia=Cy.t )i/ nFolup,
n=RT/nFIn(1+])./nFC,,)bulunur.
Cekirdeklenmede;

n,=RT/nFIn(C,, /Cy,) olur. C,, Kritik
derisimdir.



Kristallesmede tasinim reaksiyonuyla asiri akim
potansiyeli ihmal edilerek cikarilirsa;
j=jo1C, / Cy, exp ((anFn /RT) —exp[ (o -1 )nFn /RT]}
elde edilir ki j/ j, =0 alinirsa
N,=RT/nFIn(C,,/Cy,)
elde edilir. Burada a, yilizey gecis diren¢ katsayisi
olup bir 6rnek olarak; a=0,5 t = 298K, n=1 veya
2 alinarak j/J; — n / mV degisimi Sekil 2 de
oldugu gibi elde edilir. C_., / Cy, = Ligin J/ Jo=
2,5 — 10 bulunur.
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Sekil 2: a- Aki orani j / jj ile asir1 akim potansiyeli Cc, ,/ C  , arasindaki degisim. b-
Kristallesme asir1 akim potansiyelinin n, (mV), katod reaksiyonundaki j/j0 in Cc,,/ C ,
Oraninin degisimi.



Asirt akim potansiyelinde Tasinim ve
Cekirdeklenme Hizi

Dusuk cekirdeklenme Hizi Hizli Cekirdeklenme Hizi
Kararli bir cekirdeklenme hizi igin;
J =Ky exp (K,/m?)
Olup buradaki K, ve K, asiri akim potansiyelinden bagimsiz sabitler olup .
N = N, [1 —exp(-At)] ve A= K, j, exp(- K,/ n?) dir.

N, , asirt akim potansiyeline, elektrometalurjik prosese, akim yogunluguna bagli birim
yuzeydeki cekirdektir(cekirdek/Alan)
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Cozinme elektrolite baglh olarak degismekte olup, dogrusal degistigi bir sinira sahiptir.
Cdi¢in 1,5.103, Cu 3,2.10* ve Ni i¢in 1,6.107 (j,/A cm™)
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Figure 3.14. Cadmium deposit on the middle of a copper electrode, a) at 40 mV in the
absence of adsiorption of additive; b) at 530 mV in the presence of adsorption of additive. The
deposit thickness is 3 um.” (Reprinted with permission from Elsevier Science).




Optimum Akim Yogunlugu

Yizeyin kaplanmasinda akim potansiyelinin  akim
vogunlugun ile degisimi Sekil 3 de logoritmik olarak
verilmistir.
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Sekil 3. 0,1 mol dm-3 CuSO, ve 0,5 H,SO, ¢bzeltisinde Akim Potansiyelinin Degisimi



Kitap sekil 3.21 de Bakir tel icin 90 mV potansiyel ve
3,3 mA cm akim yogunlugunda, 140 mV potansiyel
4,2 mA cm? akim yogunlugunda ve 210 mV
potansiyel 6,5 mA cm™ akim yogunlugunda 21 n
boyuttaki griintiiller metalografik olarak verilmistir.
Asagida bu tasinimin sematik goriintiisii Sekil 4 de
cizildigi gibidir.
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Figure 3.21. Copper deposits obtained from 0.1 mol dm™ CuSOy in 0.5 mol dm™ H,SO..
Quantity of electricity, 20 mAh cm™. a) Activation-controlled deposition; deposition
overpotential, 90 mV; initial current density 3.3 mA ¢cm™. b) Electrodeposition under mixed
activation-diffusion control; deposition overpotential 140 mV; initial current density 4.2 mA
cm™. ¢) Electrodeposition under mixed activation-diffusion control; deposition overpotential
210 mV; initial current density 6.5 mA cm™. The substrate was a copper wire electrode.?
(Reprinted with permission from Elsevier Science).



Dendritik Kristallesme

Polarizasyon dendritik katilasmanin meydana
gelmesinde etkili olmaktadir. Sekil 5 de olusum sekli

gosterilmistir.
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Sekil 5: Cu Kaplama i¢in; 0,2 mol dm2 CuSQO, i¢inde 0,5 mol dm H,SO, a-200 mV, 6 Saat. b-
300 mV, 5 Saat. c- 700 mV, 2 dakika
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Figure 3.42. log I as a function of time for copper deposition.
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Figure 3.41. SEM micrographs of copper deposits obtained by deposition from 0.3 mol dm™
CuSO; in 0.5 mol dm™ H,SO; onto a copper wire electrode. Deposition overpotential, 550 mV.
Quantity of electricity a) 2 mAh cm-%; b) 2 mAh cm™; ¢) 5 mAh cm™; d) 10 mAh cm™; €) 10 mAh
cm™. 7% (Reprinted with permission from the Serbian Chemical Society, Belgrade, Yugoslavia).
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Figure 3.43. Polarisation curve for the potentiostatic deposition of copper from 0.2 mol dm™
CuSO, in 0.5 mol dm™ H,SO, and the cross sections of copper deposits obtained on copper
wire electrodes previously plated with nickel. a) overpotential 200 mV, deposition time 6
hours; b) ov%rpotential 300 mV, deposition time 5 hours; c) overpotential 700 mV, deposition
fime 2 min.1"™.
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Figure 3.44. Polarisation curve for the potentiostatic deposition of cadmium from 0.1 mol dm™
CdSO; in 0.5 mol dm™ H,SO, and the cross section of cadmium deposits obtained on copper
wire electrode a) overpotential 20 mV, deposition time 8 hours; b) overpotential 40 mV,
deposition time 2 hours; c) overpotential 120 mV, deposition time 9 min. ™



Toz Seklinde Katilastirma

Olusan cekirdeklerin bir birinden bagimsiz
bliyumesiyle taneli toz kristallesmeler olusur.
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Figure 3.45. Copper powder particles obtained at different constant overpotentials from 0.1
mol dm™ CuSO, in 0.5 mol dm™ H,SO, onto stationary platinum wire electrodes painted
with shellac. Deposition time 15 min. at room temperature at deposition overpotentials of: a)
500 mV, b) 600 mV, c) 700 mV."



q
|50 pm b)

Figure 3.46. a) Silver powder particles obtained at a constant overpotential of 150 mV from
0.1 mol dm™ AgNO; in 0.5 mol dm™ HNO;. Deposition time 15 min. b) Silver powder
particles obtained at a constant overpotential of 600 mV from 0.1 mol dm™ AgNO; in 0.5 mol
dm™ (NH,),SO,. Depositions time 15 min. The depositions were carried out on platinum
electrodes at room temperature.® (Reprinted with permission from ISE).



Figure 3.49. Silver deposits obtained potentiostatically on platinum electrode from 0.1 mol
dm™ AgNO; in 100 g dm™ NaNO; at room temperature. Quantity of electricity 2 mAh cm™.
Deposition overpotential: a) 60 mV; b) 60 mV; c¢) 70 mV, d) 70 mV®. (Reprinted with
permission from Springer-Verlag).
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Figure 3.50. Silver deposits obtained potentiostatically on silver electrodes from 0.5 mol dm™
AgNO; in 100 g dm™ NaNO; at room temperature. Deposition overpotential 100 mV.
Quantity of electricity: a) 2 mAh cm™, b) 2 mAh cm™, ¢) 20 mAh cm™ and d) 60 mAh cm™.
2 (Reprinted with permission from Springer-Verlag,).



Figure 3.51. Photomicrograph of a silver whisker.” (Reprinted with permission from Elsevier
Science).



