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Ozet

Kataforez (KTL) kaplama, otomotiv ve genel endustride metal
yUzeylerin korozyon direncini maksimize etmek ve karmagsik
geometrilerde yiksek ylzey homojenligi saglamak amaciyla
kullanilan, elektro-kimyasal temelli bir daldirma prosesidir.
Sistemin basarisi; boya kimyasinin 6tesinde, sirkilasyon
hidrodinamigi, diyaliz (anot) yonetimi, ultrafiltrasyon (UF)
verimliligi ve hassas muhendislik hesaplarina dayal ekipman
secimi ile dogrudan iligkilidir. Bu ¢alismada, bir kataforez
tesisinin  sUrddrdlebilirigini saglayan alt sistemler teknik
boyutuyla incelenmekte, saha operasyonlarinda kritik
Oneme sahip hesaplama yontemleri ve mihendislik kriterleri
detaylandinimaktadir.

Giris ve Sistem Mantig

Kataforez kaplama, sulu bir ¢ézelti icerisindeki pozitif yUklU
recine ve pigment partikUllerinin, dogru akim (DC) etkisiyle
negatif yUkll is parcasina (katot) yonelmesi ve burada desarj
olarak bir film tabakasi olusturmasi prensibine dayanir.

Bu prosesin en blyUk avantaji, parganin i¢ kisimlari dahil her
noktasina (throwing power / nifuz etme glcu) esit kalinlikta
boya ulastirabilmesidir. Ancak bu durum; elektriksel, kimyasal
ve hidrodinamik dengelerin milimetrik kontrolinU gerektirir.
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Abstract

Cathodic Electrodeposition (E-Coat/KTL) coating is an
electrochemical immersion process widely used in the
automotive and general manufacturing industries to maximize
corrosion resistance and achieve highly uniform coating
thicknesses on complex geometries.

The success of the system is directly related not only to paint
chemistry but also to circulation hydrodynamics, dialysis (anode)
management, ultrafiltration (UF) efficiency, and equipment
selection based on precise engineering calculations.

In this study, the subsystems ensuring the sustainability of an
E-coat facility are examined from a technical perspective, while
critical calculation methodologies and engineering criteria used
in field operations are discussed in detail.

Keywords

Cathodic electrodeposition, E-coat, ultrafiltration, anode design,
surface coating technologies

1. Introduction And System Principle

Cathodic electrodeposition coating is based on the principle
that positively charged resin and pigment particles suspended
in an aqueous solution migrate toward the negatively charged
workpiece (cathode) under the influence of direct current (DC),
where they are discharged and form a paint film.

https://www.tuyider.org
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One of the greatest advantages of this process is its ability
to deposit a uniform coating thickness on every surface of
the component, including recessed and complex internal
geometries, due to its high throwing power.

However, achieving this capability requires precise control of
electrical, chemical, and hydrodynamic balances. Any disruption
in these balances may result in coating defects such as:

e cratering

® orange peel appearance

e insufficient corrosion resistance

e coating thickness heterogeneity

Therefore, proper process equipment selection is critical in
E-coat plant design.

2. Circulation System: Hydraulic And Chemical Stability
The E-coat bath must remain in continuous motion. Stagnation
of the paint causes pigment sedimentation and deterioration of
bath characteristics (aging).

2.1 Pump Selection and Shear Stress

E-coat paints consist of submicron colloidal micelles. This
sensitive structure is vulnerable to excessive mechanical forces.

Rotational Speed

Pumps should always operate at low speed (maximum
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Dengenin bozulmasi ise krater, portakal kabugu gérdnimu
veya yetersiz korozyon direnci gibi kalite hatalarina yol acar.

Sirkllasyon Sistemi: Hidrolik Ve Kimyasal Stabilite

Kataforez banyosu, surekli hareket halinde olmalidir.
Boyanin durgun kalmasi, pigment ¢dkelmesine ve banyo
karakteristiginin bozulmasina (aging) neden olur.

2.1. Pompa Segimi ve Kayma Gerilmesi (Shear Stress)

Kataforez boyalari, mikron alti boyuttaki misellerden olusan
hassas yapi, ylksek mekanik kuvvetlere karsi dayaniksizdr.

¢ Devir Sayisi: Pompalar mutlaka dustk devirli (maks. 1450
rpm) secilmelidir. 2900 rpm gibi yUksek devirli pompalar,
boya molekullerini mekanik olarak pargalayarak flokilasyona
(topaklanma) neden olur.

¢ Debi Belirlenmesi: Pompa debisi belirlenirken genel olarak
kabul gbren 5 tur/saat kapasitesine gére debi belirlenir. Boru,
dirsek ve vanalardan kaynaklanan kayiplar hesaba katilarak
toplam debi kapasitesi belirlenir. Bu kapasite hesabinda tur
sayisini artirmanin avantajl hem banyo homojenizasyonu
daha efektif olur hem de ayrisan iyonlarin hareketi hizlanacagi
icin kaplanan pargalar daha homojen kaplanrr.
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e Sizdirmazlk: Boyanin asindirici yapisi nedeniyle cift
mekanik salmastra kullanimi tavsiye edilir. Disaridan beslenen
temiz su hatti (flush sistemi), boyanin kuruyup salmastra
yUzeylerini tahrip etmesini onler.

Anot ve Diyaliz Hucreleri (pHY6netimi)

Kataforetik kaplama (E-coat) prosesinde, boya fiminin
katot (is pargasl) Uzerinde dengeli bir sekilde olusabilmesi
icin banyo kimyasinin elektriksel ve kimyasal olarak stabil
tutuimasi gerekir. Kaplama reaksiyonu sirasinda banyoda
sUrekli olarak asidik yan Urtnler (anyonlar) agiga cikar. Bu
durum, banyonun pH degerini dlsUrerek boyanin stabilitesini
bozar.

Diyaliz Hucreleri (anot kutular), bu noktada bir elektro-
kimyasal filtre gorevi gorlr. Secici gegirgen membranlar
yardimiyla fazla asidi banyodan ¢ekerek anoliz tankina
transfer eder ve bdylece pH ydnetimini otonom bir sekilde
saglar.

3.1. Anot Yiizey Alani ve Akim Yogunlugu Analizi
Sistemin kurulum maliyeti ve isletme verimliligi, toplam aktif
anot alaninin dogru hesaplanmasina baglidir. Bu hesaplama
yapilirken, tesisin kapasitesine bagl olan “Pik Akim Talebi” ve

boyanin elektriksel karakterini belirleyen “Coulombic Verim”
parametreleri esas alinir.

3.1.1 Coulombic Verim ve Akim ihtiyaci Formiilasyonu
Coulombic verim, belirli bir ylzey alaninda hedeflenen
kuru film kalinidini olusturabilmek igin gerekli elektrik yuku

miktarini ifade eder.

Kataforez proseslerinde pratik muhendislik yaklagimi olarak
kullanilan temel iliski asagidaki gibidir.

Denklem Q=AxtxC

Burada;

Q : Toplam gerekli elektrik ytkt (Coulomb)

A : Kaplanacak ylzey alani (m?)

1 : Hedef kuru film kalinh@i (um)

C : Boyaya ait coulombic sabit (C/m2-pm)

Tipik kataforez boyalarinda coulombic sabit genellikle:

C =15 - 30 C/m2-pm araliginda degismektedir.

Bir redresér tasanminda gerekli akm ihtiyaci asagidaki
denklem ile hesaplanabilir.

Denklem | =Q/T
Burada;

| - Gerekli akim (A)

42

1450 rpm). High-speed pumps operating at 2900 rpm may
mechanically break paint molecules and cause flocculation.

Flow Rate Determination

Pump flow rate is generally designed according to the widely
accepted circulation criterion of five tank turnovers per hour.
Pressure losses caused by pipes, elbows, and valves must be
included in the hydraulic calculation.

Increasing the circulation rate provides the following advantages:

e more effective bath homogenization
e accelerated ion movement
e improved coating uniformity

Sealing System

Due to the abrasive nature of E-coat paint, double mechanical
seals are recommended.

An external clean water flush system prevents paint drying and
seal surface damage.

2.2 Eductor Nozzle Dynamics

Eductors are the primary components responsible for
maintaining bath homogeneity.

Operating according to the Venturi principle, these devices
generate flow rates approximately four to five times greater than
the pumped liquid volume, preventing dead zones inside the
tank.

In an ideal arrangement:

e eductors should be directed toward the tank bottom at a 45°
angle

e sufficient turbulence should be created to prevent sediment
accumulation

3. Anodes And Dialysis Cells (Ph Management)

During the cathodic electrodeposition process, acidic by-
products accumulate in the bath while the paint film deposits
on the cathode surface.

To maintain bath chemistry stability, dialysis cells (anode boxes)
are used.

These units function as electrochemical filters, removing excess
acid from the bath through ion-selective membranes and
transferring it to the anolyte circuit.

3.1 Anode Surface Area and Current Density Analysis
The installation cost and operational efficiency of the system
depend on accurate calculation of the total active anode

surface area.

This calculation is based on the peak current demand of the
facility and the coulombic efficiency of the coating material.

3.1.1 Coulombic Efficiency and Current Requirement
Formulation

Coulombic efficiency represents the amount of electrical charge

required to produce a target dry film thickness on a given
surface area.

https://www.tuyider.org



The general engineering relationship used in E-coat processes
is shown below.

Equation (1)
Q=AxtxC

Where:

Q : Required electrical charge (Coulomb)

A : Surface area to be coated (m?)

t : Target dry film thickness (um)

C : Coulombic constant of the paint (C/m2-pm)

Typical coulombic constants for cathodic E-coat paints range
between:

C =15-30 C/m2-um

The required current for rectifier sizing can be calculated as
follows.

Equation (2)
I=Q/T

Where:

| : Required current (A)
Q : Total electrical charge (C)
T : Coating time (s)

Application Example

Surface area to be coated:
A =100 m2

Target film thickness:
t=25pum

Paint constant:

C =20 C/m2pum

Total required charge:

Equation (3)

Q=100 x 25 x 20
Q=50,000C

Coating time:

T=120s

Required average current:

Equation (4)

| =50,000 /120
|~ 417 A

Technical Evaluation

Under actual process conditions, the system efficiency is never
100% due to factors such as:

e current efficiency
® part geometry

e throwing power
e bath conductivity
® temperature

e resin type

Therefore, rectifier capacity is generally designed with a safety
factor of 20-40%.

3.1.2 Technical Analysis: MMO-Coated Titanium Anodes

info@tuyider.org
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Q : Toplam elektrik yuku (C)
T : Kaplama stiresi (s)

Uygulama Ornegi

Kaplanacak ylzey alani: A = 100 m2

Hedef film kalinlhigi: t = 25 ym

Boya sabiti: C = 20 C/m2-um

Toplam gerekli yuk:

Denklem (12) Q = 100 x 25 x 20 = 50.000 C
Kaplama stresi: T=120 s

Gerekli ortalama akim:

Denklem | =50 000/ 120 1 = 417 A

3.1.2. Teknik Analiz: MMO Kapl Titanyum Anotlar

Modern kataforez tesislerinde ylksek performansi MMO
(Mixed Metal Oxide) kapli titanyum anotlar tercih edilmektedir.

Bu anotlann avantajlan sunlardir:

e Yiksek Akim Kapasitesi: 80 - 100 A/m2 bandinda stabil
calisma.

® Boyutsal Kararlilik: Zamanla asinma yapmaz, anot-katot
mesafesini sabit tutar.

e Enerji Verimliligi: Dustk asin gerilim degerleri ile enetiji
tasarrufu.

3.2. Yerlesim Geometrisi ve Dagilim Tasarimi
Hesaplanan anot alaninin tank icerisindeki stratejik yerlesimi,
kaplama Kkalitesini dogrudan etkiler. Tasarmda U¢ Kkritik
parametre baz alinmaldir:

¢ Espotansiyel Dagilim: Anot-katot arasi ideal mesafe 400-
600 mm olmalidir. Kisa mesafe “yanma” (burn) riskini, uzun
mesafe ise enerji kaybini artirir.

e Diyaliz Hicre Konumlandirmasi: Anotlar tabandan en az
200 mm yukarida, sivi seviyesinden ise 100 mm asagida

sonlanmalidir.

¢ Anolit Sirkllasyonu: Membran saglidi icin anot basina 2-5
L/dk anolit akis hizi saglanmalidir.

3.3. Uygulamali Tasarim Ornegi ve Metodolojisi

Sistemin fiziksel boyutlarini belirlemek icin standart bir tesis
senaryosu Uzerinden yapllan hesaplama asagidadir:

Sistem Verileri:
e Kaplanacak Maks. Alan (A-katot): 100 m2

e Tank Boyutlari: 5m (U) x 2m (G) x 2.5m (D)
* Boya Akim ihtiyact: 20 A/m2
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