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Full Otgmatize Robotik Kaplama
Uretim Hathi Satista

Krom hattimiz 2017 Intesys (italya) firmasi ile ABS ve ABS PC
hammadeli Urinlerin kaplamasini gergeklestirmek igin kurulmus ve
sadece otomotiv sektdriine parga Uretmek i¢in kullanilmigtir.

Hattimizin tamami 2.100 m2 alan kaplamaktadir, Max. kapasitesi
glinde 363 Bara uretimdir.

Hat icinde asindirma (etching) islemi silfokromik asit ile yaplilir.

Krom hattinda15 robot galismaktadir.

Banyolar 1 adet hexavalent krom kaplama, 4 adet trivalent krom
kaplama ve toplamda 101 adet 10 farkl tipte banyodan olugsmaktadir.

Tum filtreler La Fonte markadir.

Hattimizda toplam 41 adet redresor (mersan marka) vardir ve tim
redresoérler PLC baglantisi ile otomasyon lizerinden yénetilmektedir.

Havalandirma igin 6 adet scrubber (gaz yikama kulesi) bulunmaktadir.

Tum ekipmanlar tam randimanli ve eksiksiz olarak galismaktadir.

Tum Hat Bilecik fabrikamizda kurulu olarak bulunmaktadir. Tim hat ve
ekipmanlar parga parga kullanima uygundur.

Gokhan Ozdemir
Durden Genel Muduira
Tel.: 0542 538 53 72

Bilge Yazmaci
Durden Dénisim ve Strateji Direktoru
Tel.: 0544 811 76 10
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Goriunmeyen Operasyondan Stratejik Rekabet Gliciine

Sanayide bazi sUrecler vardir; nihai Grinin Uzerinde dogrudan goériinmez, fakat
Uriindn - kalitesini, dayanikliigini, kullanim émrind ve pazardaki rekabet gucini
belirleyen en dnemli unsurlardan biri olur. Ylzey islem sektérl de tam olarak bu
noktada, tretimin cogu zaman arka planda kalan ancak degeri her gegen giin daha
iyi anlagilan stratejik alanlarindan biridir.

Buglin otomotivden savunma sanayisine, beyaz esyadan makine imalatina,
medikalden havaciliga kadar birgok sektdrde Urlin performansinin arkasinda gucli
bir ylizey islem bilgisi bulunmaktadir. Bir par¢anin yalnizca dogru él¢tide Uretilmis
olmasi artk yeterli degildir. O parganin yizey kalitesi, korozyona karsi direnci,
asinma performansi, temizligi, capaksizidi ve uzun vadeli guvenilirligi de en az
Uretim hassasiyeti kadar 6nem tasimaktadir.

Bu nedenle yizey islemi yalnizca Uretim zincirinin sonunda yapilan tamamlayici bir
islem olarak gdrmek eksik bir bakis acisidir. Yizey islem; muihendislik bilgisinin,

kesistigi kritik bir uzmanlik alanidir.
Degisen Sanayi, Yeni Sorumluluklar

Dinya sanayisi bugiin buyUk bir ddnistimden gegiyor. Rekabet artik sadece daha
hizl Gretmek veya daha distik maliyetle galismak tizerinden sekillenmiyor. Misteriler
daha uzun 6mdrlt, daha guvenilir, daha strdirllebilir ve daha izlenebilir Grinler talep
ediyor. Kuresel tedarik zincirlerinde yer almak isteyen firmalar icin kalite belgeleri,
Uretim standartlari, cevresel duyarlilik ve proses guvenilirligi vazgegilmez hale geliyor.

Bu ddnlsiim, yizey islem sektoriine de yeni sorumluluklar ylkldyor. Artik yalnizca
iyi bir ylizey elde etmek yeterli degildir; bu ylizeyin hangi yéntemle, hangi standartta,
hangi tekrarlanabilirlik diizeyiyle ve hangi ¢evresel sorumluluk anlayisiyla elde edildigi
de 6nem kazanmistir. Ozellikle ihracat odakli galisan sanayi kuruluslari icin ylizey
islem kalitesi dogrudan rekabet glicl anlamina gelmektedir.

Kalite Son Kontrol Degil, Strecin Kendisidir

Gecmiste kalite cogu zaman Uretimin sonunda yapilan bir kontrol adimi olarak
gorulirdd. Bugln ise kalite, slrrecin tamamina yayilmis bir yénetim anlayisidir.
Yuzey islem sektorinde bu gergek gok daha belirgindir. Clinkd dogru sonug; uygun
proses se¢imi, dogru ekipman, dogru sarf malzeme, kontrolli stire, dizenli bakim,
Olgimleme ve tekrarlanabilirlik sayesinde ortaya ¢ikar.

Bir parganin ylzeyindeki kliclk bir hata, sahada bulylk problemlere yol agabilir.
Yetersiz korozyon direnci, eksik ¢apak alma, hatali temizlik veya uygun olmayan
yUzey pUrtzIUltgu; nihai trinde performans kaybina, garanti maliyetlerine, musteri
memnuniyetsizligine ve marka itibbarinda zedelenmeye neden olabili. Bu ylzden
yUzey islemde Kkaliteyi yalnizca gérsel sonugla degerlendirmek mimkun degildir.
Asll dnemli olan, ayni kaliteyi her partide ve her Uretim kosulunda glvenilir sekilde
tekrarlayabilmektir.

Sirdurdlebilirlik ve Verimlilik

Ontimiizdeki dénemde sektérimiiz igin strdirtilebilirik daha merkezi bir baglk

haline gelecektir. Enerji tiketimi, su kullanimi, kimyasal yénetimi, atik kontrold, is
glvenligi ve proses verimliligi artik yalnizca maliyet kalemleri degil; ayni zamanda
kurumsal sorumluluk ve rekabet gtict unsurlandir.

Ylzey igslemde surdurllebilirik, sadece daha az tlketmek anlamina gelmez.
Daha dogru proses tasarlamak, hatali Gretimi azaltmak, yeniden isleme ihtiyacini
distrmek, ekipman 6mrinU uzatmak ve nihai Grindn kullanm émrine katki
saglamak da bu anlayisin pargasidir.

Ustalik, Teknoloji ve insan Kaynagi

Sektdrimuzin en 6nemli avantajlarindan biri glclt tecriibe ve ustalik kulttradar.
Ancak buginin sartlarinda bu tecribenin teknoloji, élcimleme, kayit disiplini ve
standart Uretim anlayisiyla desteklenmesi gerekmektedir. Teknoloji, ustaligin yerini
alan bir unsur degildir; dogru kullanildiginda ustaligi daha gtivenilir, daha dlgulebilir
ve daha surdurdlebilir hale getiren bir aractir.

Gelecegin yUzey islem tesislerinde yalnizca makine parki degil; proses takibi, kalite
izleme, bakim planlamasi, enerji verimliligi ve personel egitimi de rekabetin belirleyici
unsurlan olacaktir. Geng muihendislerin, teknisyenlerin ve girisimcilerin yizey islem
alanini gelecegdi olan, teknik derinligi ylksek ve katma degerli bir uzmanlik alani
olarak gérmesini saglamallyiz.

Ortak Vizyon, Gicli Sektor

Hicbir firmanin tek basina ¢dzemeyecedi bazi meseleler vardrr. Kalite algisinin
yUkselmesi, standart bilincinin gelismesi, nitelikli insan kaynaginin yetismesi ve
sektérimizin sanayi icindeki gergek degerinin daha iyi anlatimasi bunlann basinda
gelmektedir. Bu nedenle dernek catisi altinda kurulan her temas, yapilan her teknik
paylasim ve olusturulan her ortak giindem, sektérimizin gelecegine yapimis
onemli bir yatinmdir.

Turkiye, guglu Uretim altyapisi, gelisen sanayi kabiliyeti, cografi avantaji ve esnek
Uretim kultrdyle 6nemli bir potansiyele sahiptir. Ancak bu potansiyelin yiksek
katma degere donlsebilmesi icin ara sureglerdeki kalite seviyesinin de surekli
yUkselmesi gerekir. YUzey islem sektort bu noktada kritik bir rol Ustlenmektedir.

Bizlere dusen gorev, ylUzey islemi yalnizca bir Uretim adimi olarak degil, Turk
sanayisinin rekabet glclnU artiran stratejik bir deger olarak anlatmak ve
konumlandirmaktir. Sektérimuiztn sahip oldugu bilgi birikimini daha guclu bir kalite
kltlrine dénustirmek hepimizin ortak sorumlulugudur.

Bu bilingle, sektérimizin tim paydaslarini daha fazla is birligine, daha fazla bilgi
paylasimina ve daha yuksek kalite hedefi etrafinda birlesmeye davet ediyorum.

Yizey islem sektorinin gelecegine glveniyorum; ¢lnkU bu sektérin temelinde
emek, tecrlbe, mihendislik disiplini ve strekli gelisme iradesi vardir.

Dergimizin bu sayisinin, sektérimuiz icin yeni fikirlerin, yeni is birliklerinin ve daha
gugll bir ortak vizyonun gelismesine katki saglamasini diliyorum.



A New Era in Surface Finishing:

From an Invisible Operation to a Strategic Competitive Advantage

An Invisible Yet Decisive Value

There are certain processes in industry that may not be directly visible on the final
product, yet they play a decisive role in determining its quality, durability, service life,
and competitiveness in the market. The surface finishing industry stands exactly
at this point: often operating in the background of production, but increasingly
recognized as one of the most strategic fields in manufacturing.

Today, from automotive to defense, from white goods to machinery manufacturing,
and from medical applications to aerospace, strong surface finishing know-how
lies behind product performance in many industries. It is no longer sufficient for
a component to be produced only with dimensional accuracy. Its surface quality,
corrosion resistance, wear performance, cleanliness, burr-free condition, and long-
term reliability are just as important as manufacturing precision.

For this reason, viewing surface finishing merely as a complementary process
carried out at the end of the production chain is an incomplete perspective.
Surface finishing is a critical field of expertise where engineering knowledge,
process discipline, quality awareness, environmental responsibility, and customer
expectations intersect.

Changing Industry, New Responsibilities

Global industry is undergoing a major transformation. Competition is no longer
shaped only by faster production or lower costs. Customers now demand products
that are longer-lasting, more reliable, more sustainable, and more traceable. For
companies aiming to take part in global supply chains, quality certifications,
production standards, environmental awareness, and process reliability have
become indispensable.

This transformation also brings new responsibilites to the surface finishing
industry. It is no longer enough to achieve a good surface; the method, standard,
repeatability level, and environmental responsibility behind that surface have also
become increasingly important. Especially for export-oriented industrial companies,
surface finishing quality directly means competitive strength.

Quality Is Not Final Inspection; It Is the Process ltself

In the past, quality was often regarded as a control step performed at the end
of production. Today, however, quality is a management approach that extends
across the entire process. This reality is even more evident in the surface finishing
industry. The right result is achieved through the correct process selection, suitable
equipment, proper consumables, controlled processing time, regular maintenance,
measurement, and repeatability.

A small defect on the surface of a component can lead to major problems in the
field. Insufficient corrosion resistance, incomplete deburring, improper cleaning,
or unsuitable surface roughness may result in performance loss, warranty costs,
customer dissatisfaction, and damage to brand reputation.

Therefore, in surface finishing, quality cannot be evaluated only by visual
appearance. What truly matters is being able to repeat the same quality reliably in
every batch and under every production condition.

Sustainability and Efficiency

In the coming period, sustainability will become an even more central topic for our
industry. Energy consumption, water usage, chemical management, waste control,
occupational safety, and process efficiency are no longer merely cost items; they
are also elements of corporate responsibility and competitive power.

Sustainability in surface finishing does not simply mean consuming less. Designing
more accurate processes, reducing defective production, minimizing the need for
rework, extending equipment life, and contributing to the service life of the final
product are also part of this approach.

Craftsmanship, Technology, and Human Resources

One of the most important advantages of our industry is its strong culture of
experience and craftsmanship. However, under today’s conditions, this experience
must be supported by technology, measurement, documentation discipline, and
standardized production practices. Technology does not replace craftsmanship;
when used correctly, it makes craftsmanship more reliable, measurable, and
sustainable.

In the surface finishing facilities of the future, competitiveness will not be determined
only by machinery parks. Process monitoring, quality control, maintenance planning,
energy efficiency, and personnel training will also become decisive factors. We must
ensure that young engineers, technicians, and entrepreneurs see surface finishing
as a future-oriented, technically deep, and high value-added field of expertise.

Shared Vision, Stronger Industry

There are certain issues that no company can solve alone. Raising the perception of
quality, developing standardization awareness, training qualified human resources,
and better explaining the true value of our industry within manufacturing are among
the most important of these issues.

For this reason, every connection established under the umbrella of the association,
every technical exchange, and every shared agenda created together is an
important investment in the future of our industry.

Turkey has significant potential with its strong manufacturing infrastructure,
developing industrial capabilities, geographical advantage, and flexible production
culture. However, for this potential to turn into high added value, the quality level
of intermediate processes must also continuously improve. The surface finishing
industry plays a critical role at this point.

Our responsibility is to present and position surface finishing not merely as a
production step, but as a strategic value that increases the competitiveness of
Turkish industry. Transforming our industry’s know-how into a stronger quality
culture is our shared responsibility.

With this awareness, | invite all stakeholders of our industry to come together
around greater cooperation, more knowledge sharing, and higher quality goals.

| have confidence in the future of the surface finishing industry, because at its core,
this industry is built on hard work, experience, engineering discipline, and the will
for continuous improvement.

| hope this issue of our magazine contributes to the development of new ideas, new
collaborations, and a stronger shared vision for our industry.
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EV Otomotiv Elektron
Malzeme ve Kaplama Trendleri

Trends in Conductive Materials and
Coatings in EV Automotive Electronics

Prof. Dr. Ekrem ALTUNCU

SUBU- SUMAR/ Ylizey Akademisi | SUBU- SUMAR / Surface Academy

Elektrikli arag (EV) otomotiv elektroniginde iletken malzemeler
ve kaplama teknolojileri, son vyillarda yalnizca bir malzeme
secimi konusu olmaktan cikarak sistem seviyesinde
bir mudhendislik optimizasyon alanina  ddnusmustur.
Elektrifikasyonun hizlanmasi, 400V mimarilerden 800V ve
Uzeri sistemlere gegcis, otonom surls elektroniginin artigi
ve batarya enerji yogunlugundaki yUkselme; iletkenlik,
1Sl yénetimi, elektromanyetik uyumluluk (EMI/EMC) ve
dayanikliik gereksinimlerini ayni anda zorunlu hale getirmistir.
Bu baglamda klasik metalik iletken c¢ozimler yerini
giderek daha hibrit ve fonksiyonel malzeme sistemlerine
birakmaktadir.

Geleneksel olarak bakir ve gimus bazl iletkenler otomotiv
elektroniginde baskin konumdayken, ginimuizde maliyet
optimizasyonu ve suUrdurUlebilirlik baskilar nedeniyle giimus
kapl bakir, karbon bazli kompozitler ve iletken polimerler
daha yaygin kullanimaktadir. Ozellikle giimus fiyatlarindaki
dalgalanmalar, Ureticileri daha dustk maliyetli ancak
benzer performans sunabilen alternatiflere yoneltmistir. Bu
noktada grafit, karbon nanotlp ve grafen katkil kompozitler
hem hafifik hem de elektriksel iletkenlik agisindan &nemli
avantajlar sunmaktadir. Ayrica iletken polimer sistemleri,
esnek elektronik yapilar ve EMI koruma uygulamalarinda
metal bazl ¢bzimlere gdre daha disiuk yodunluk ve daha
yUksek tasanm 8zgurlugl saglamaktadir.

iginde Iletken

In electric vehicle (EV) automotive electronics, conductive
materials and coating technologies have evolved from being a
simple material selection issue into a system-level engineering
optimization field. The acceleration of electrification, the
transition from 400V architectures to 800V and above
systems, the increasing complexity of autonomous driving
electronics, and the rise in battery energy density have
collectively intensified the requirements for conductivity,
thermal management, electromagnetic compatibility (EMI/
EMC), and durability. In this context, traditional metallic
conductive solutions are gradually being replaced by more
hybrid and functional material systems.

While copper and silver-based conductors have traditionally
dominated automotive electronics, cost optimization pressures
and sustainability concerns are now driving the increased
use of silver-coated copper, carbon-based composites, and
conductive polymers. In particular, fluctuations in silver prices
have pushed manufacturers toward alternatives that offer
comparable performance at lower cost. At this point, graphite,
carbon nanotube, and graphene-reinforced composites
provide significant advantages in both lightweighting and
electrical conductivity. In addition, conductive polymer
systems offer lower density and greater design flexibility
compared to metal-based solutions, especially in flexible
electronics and EMI shielding applications.

https://www.tuyider.org



On the coating technology side, the most significant
transformation is that coatings are no longer merely
corrosion-protection barriers but have become multifunctional
engineering layers. As the density of electronic control units
in electric vehicles increases, electromagnetic interference
becomes a critical challenge. Therefore, conductive polymer
coatings, graphene-enhanced surfaces, and carbon
nanostructured fims are increasingly used for EMI/EMC
shielding. At the same time, these coatings contribute to
vehicle lightweighting, thereby improving overall energy
efficiency.

Thermal management has also become one of the most
critical design parameters in EV systems. Heat generated
in battery packs, inverters, and power electronics modules
directly affects performance degradation and safety risks.
For this reason, ceramic-filled thermal conductive coatings
and high-performance thermal interface materials (TIMs) are
becoming more widespread. These systems simultaneously
provide electrical insulation and high thermal conductivity,
delivering a dual-function solution. At the PCB level,
conformal coatings with UV-curable and low-VOC properties
are improving environmental compliance while protecting
increasingly miniaturized and sensitive electronic structures.

In conclusion, the overall trend in EV automotive electronics
is a shift away from single-function metallic solutions toward

info@tuyider.org

Kaplama teknolojileri tarafinda ise en bulylk doéntsim,
kaplamalarin artik yalnizca korozyon koruyucu bir bariyer
olmaktan cikip ¢ok fonksiyonlu muahendislik katmanlarina
doénusmesidir.  Elektrikli  araglarda  elektronik  kontrol
Unitelerinin - yogunlugu arttikga  elektromanyetik  girisim
riski kritik bir konu haline gelmisti. Bu nedenle iletken
polimer kaplamalar, grafen takviyeli ylzeyler ve karbon
nano-yapili filmler EMI/EMC korumasi i¢in giderek daha
fazla kullaniimaktadir. Ayni zamanda bu kaplamalar hafiflik
avantajl sagladigi icin ara¢ toplam agirhigini azaltarak enerii
verimliligine katkida bulunmaktadir.

Bunun yaninda termal ydnetim, EV sistemlerinin en kritik
tasarm parametrelerinden biri haline gelmistir. Batarya
paketleri, inverterler ve guc¢ elektronigi moddllerinde olusan
Is1, performans kaybi ve guvenlik riskleri agisindan dogrudan
belirleyicidir. Bu nedenle seramik dolgulu termal iletken
kaplamalar ve yUksek performansli ara ytz (TIM) kaplamalari
yayginlagsmaktadir. Bu sistemler ayni anda hem elektriksel
yalitim hem de yUksek isI transferi saglayarak ¢ift fonksiyonlu
bir ¢dézim sunmaktadir. PCB seviyesinde ise konformal
kaplamalar, UV kirlenebilir disik VOC yapllaryla hem
cevresel uyumlulugu artirmakta hem de miniaturizasyon
nedeniyle olusan hassas elektronik yapilar korumaktadir.
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multilayered, nano-structured, and functional coating
systems. In the future, conductive materials and coatings will
not only serve as electrical pathways but will also function as
integrated engineering platforms that simultaneously address
thermal management, EMI shielding, mechanical durability,
and sustainability requirements.

Printed circuit boards (PCBs) used in electric vehicles are
critical components that require high reliability, long service
life, and electrical stability from the perspective of coating and
surface technologies. In these systems, surface finishes not
only protect conductive paths but also improve solderability,
prevent corrosion, and optimize electrical contact resistance.
Nickel-gold based coatings such as ENIG (Electroless Nickel
Immersion Gold) are widely preferred, especially in power
electronics applications, due to their high durability and low
contact resistance, whereas organic protective fims such
as OSP offer more cost-effective solutions but have more
limited environmental resistance. In addition, immersion tin
and silver coatings provide good solderability; however, they
must be used with caution in EV systems due to risks such
as electromigration.

Electric
Vehicle PCB

Conformal coatings applied on PCB surfaces also play a
critical role. These thin films—based on acrylic, silicone,
polyurethane, or epoxy—provide protection against
moisture, dust, and chemical exposure, thereby preventing
surface leakage currents and enhancing high-voltage safety,
particularly in inverters and battery management systems.
With the increasing electronic density in electric vehicles,
EMI/EMC protection has also become essential. Conductive
polymers, graphene-enhanced thin films, and metal-
based shielding layers are used to reduce electromagnetic
interference. Furthermore, the need for thermal management
is driving the development of coating technologies; ceramic-
filled thermally conductive coatings and thermal interface
materials (TIMs) efficiently dissipate heat generated by power
semiconductors, improving overall system safety.

In conclusion, surface coating technologies in EV PCBs
have evolved from being merely protective layers into
multifunctional engineering solutions that simultaneously
optimize electrical performance, thermal control, and
electromagnetic compatibility.
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Sonug olarak EV otomotiv elektroniginde genel egilim, tek
fonksiyonlu metalik ¢codzimlerden uzaklasip ¢ok katmanli,
nano-yapill ve fonksiyonel kaplama sistemlerine ydnelim
seklindedir. Gelecekte iletken malzemeler ve kaplamalar
yalnizca elektriksel iletkenlik saglayan yapilar degil; ayni
zamanda termal yonetim, EMI koruma, mekanik dayanim
ve sUrdurdlebilirlik hedeflerini ayni anda karsilayan entegre
mUhendislik platformlart olarak konumlanacaktir.

Elektrikli araclarda kullanilan baski devre kartlar (PCB’ler),
kaplama ve ylzey teknolojileri agisindan yuksek guvenilirlik,
uzun 8mur ve elektriksel kararlilik gerektiren kritik bilesenlerdir.
Bu sistemlerde ylUzey kaplamalar yalnizca iletken yollari
korumakla kalmaz, ayni zamanda lehimlenebilirligi artirr,
korozyonu Onler ve elektriksel temas direncini optimize eder.
ENIG (Electroless Nickel Immersion Gold) gibi nikel-altin
bazl kaplamalar yUksek dayanm ve disUk temas direnci
sagladigi icin Ozellikle glc elektronigi  uygulamalarinda
yaygin olarak tercih edilirken, OSP gibi organik koruyucu
filmler daha ekonomik ¢ézimler sunmakla birlikte cevresel
dayanim agisindan daha sinirlidir. Buna ek olarak, immersion

Battery management system

tin ve gimis kaplamalar iyi lehimlenebilirlik saglasa da
elektromigrasyon gibi riskler nedeniyle EV sistemlerinde
dikkatli kullanimaktadir. PCB ylzeylerinde konformal
kaplamalar da kritik bir rol oynar; akrilik, silikon, politiretan
ve epoksi bazll bu ince filmler, nem, toz ve kimyasal etkilere
karsi koruma saglayarak 6zellikle inverter ve batarya yonetim
sistemlerinde ylzey kagaklarini 6nler ve vyiksek voltaj
guvenligini artinr. Elektrikli araglarda artan elektronik yogunluk
nedeniyle EMI/EMC korumasi da énemli hale gelmis olup,
iletken polimerler, grafen katkili ince filmler ve metal bazl
koruyucu katmanlar elektromanyetik girisimi azaltmak igin
kullaniimaktadir. Bunun yaninda termal yonetim ihtiyaci
da kaplama teknolojilerinin  gelisimini  yonlendirmektedir;
seramik dolgulu termal iletken kaplamalar ve termal ara
yUz malzemeleri (TIM), gic yarn iletkenlerinden kaynaklanan
Isinin etkin sekilde dagitimasini saglayarak sistem guivenligini
artirmaktadir. Sonug olarak EV PCB’lerde ylzey kaplama
teknolojileri, sadece koruyucu bir katman olmaktan ¢ikmis,
ayni zamanda elektriksel performans, termal kontrol ve
elektromanyetik uyumlulugu ayni anda optimize eden ¢ok
fonksiyonlu muihendislik ¢ézimlerine ddntsmdastr.

11



Tovioerel

Mayis, Haziran, Temmuz 2026 | May, June, July 2026 | Sayi - Issue 23

Elektrokaplama
Teknigini

Electroplating Technology
and Its Key Role

izzet AYDIN
Hillebrand Chemicals Kimyasal Pazarlama Ltd. Sti. - Genel Mudur
Hillebrand Chemicals Chemical Marketing Ltd. Co. - General Manager

Galvanizleme teknigi, gectigimiz birkag on yil icinde ciddi deneysel
kaplama tekniginden bilimsel esasl bir teknolojiye dogru gelisme
gOstermistir. Kaplama metotlar, katmanlarn tipi, bilesimi  ve
Ozelliklerinin dikkate alinmasiyla sistematik olarak gelistirilmis olup
belirli proses parametrelerine (6rnegin birikim hizi, elektrolitlerin
etki derecesi ve dagiim miktar) &zellikle dikkat edilmistir. Bu
metodun yardimiyla saf metal ve alasim tabakalarinin neredeyse
istenilen kalinlikta ayriimasi mimkdnddr. Bu tr metalik tabakalarin
Ozellikleri esasen, metallrjik olarak Uretilen metallerden ve
alagsimlardan farklidir. Bunun sebepleri, bu tir metal tabakalarinin
mikroskobik ya da submikroskopik yapisinda aranmalidir. Vickers-
mikro-sertligi érneginde bu olgu acik bir sekilde gdrtimektedir.
Tablo 1’deki bilgilerden, galvanizleme teknigi ile Uretilen metal
tabakalarinin metalUrjik yolla kazanilan metallerden daha sert oldugu
gdrilmektedir.

Galvanizleme  teknigi, donustimll  tabakalarnin  Gretimesini
saglar, bilesim sistemlerinin metal ve metalik olmayan tortulardan
(dispersiyon tabakalari) ayrimasini, kismi tabakalarin (selektif metal
ayrimasi) gerceklestiriimesini, hasarli kaplamalarin tamir ediimesini
(parca geri donustimu) ve parcalarin komplike sekillendirimis ytzey
profillerinden hazirlanmasini (Galvaniz  sekillendirme) saglar. Bu
imkanlarin coklugundan dolay tablo 2’de birkag drnek gdsteriimistir.
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Anahtar Rolu

Electroplating technology has evolved over the past several decades
from a largely experimental coating technique into a scientifically
based technology. Coating methods have been systematically
developed by taking into account the type, composition, and
properties of the deposited layers, with particular attention paid to
specific process parameters such as deposition rate, electrolyte
activity, and distribution characteristics. With the aid of this method,
it is possible to deposit pure metal and alloy layers at almost any
desired thickness. The properties of such metallic layers differ
significantly from those of metals and alloys produced through
conventional metallurgical processes. The reasons for these
differences can be found in the microscopic or submicroscopic
structure of these deposited metal layers. This phenomenon can
be clearly observed in the example of Vickers microhardness.
As shown in Table 1, metal layers produced by electroplating
technology exhibit greater hardness than metals obtained through
metallurgical methods.

Electroplating technology enables the production of multilayer
coatings, the deposition of composite systems containing metallic
and non-metallic particles (dispersion coatings), the formation of
partial coatings through selective metal deposition, the repair of
damaged coatings (component refurbishment), and the production
of parts with complex surface profiles through electroforming.
Owing to the wide range of these possibilities, several examples are
presented in Table 2.
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Tablo 1: Vickers-Mikro-Sertlik HV farkl metaller

‘ Table 1: Vickers Microhardness (HV) of Different Metals

Uretim Metotlan / Production Methods

Metalurjik
Metallurgical

Kadmiyum
Krom
Kobalt
Bakir

Nikel
Cinko

Kalay

info@tuyider.org

Cadmium
Chromium
Cobalt
Copper
Nickel
Zinc

Tin

30
350
200

50
150

Electroplating technology
50
1000
500
150
500

130
10
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Tablo 2: Galvanizleme teknigi ile Uretilmis koruyucu
tabaka ve kaplamalar

Kaplama tipi

Coating type

Metal kaplamalar
Metal coatings

Katman kombinasyonlari
Combinations of layers

Alagim tabakalar
Alloy layers

Ornek

Krom, sert krom

Degerli metaller
(altin, platin, paladyum, rodyum, gimus

Bakir

Nikel

Ginko

Kalay

Bakir-Nikel
Bakir-Nikel-Krom
Altin-Bakir-Kadmiyum

Bakir-Nikel-Krom

Nikel-Kadmiyum, Nikel-Kobalt,
Nikel-Fosfor

Ginko-Kobalt, Ginko-Demir, Ginko-Nikel

Table 2: Produced by Electroplating Technology

Sample

Chrome / Chromium coating

Precious metals
(gold, platinum, palladium, rhodium, silver)

Copper

Nickel

Zinc

Tin

Copper-Nickel
Copper-Nickel-Chromium
Gold-Copper-Cadmium
Copper-Nickel-Chromium

Nickel-Cadmium, Nickel-Cobalt,
Nickel-Phosphorus

Zinc-Cobalt, Zinc-Iron, Zinc-Nickel

Kalay-Kursun, Kalay-Kobalt

Krom-+Aliminyum oksit
Dispersiyon tabakalari
Dispersion layers

(Nikel-Fosfor) + SiC, (Nikel-Fosfor)+Teflon

Browning/kahverengilestirme
Dénustmlit tabakalar
) Kromatlama
Alternating layers

Fosfatlama

Aliminyumun eloksilenmesi
Anodlama tabakalan
) Magnezyumun anotlanmasi
Anodized layers

Titanin anodlanmasi

Demir
G ) . .
alvan!zl §eklllenQ|rme Bakir
Galvanizing forming

Nikel, Nikel-Kobalt

1.1 Metalik Tabakalar

Asagidaki uygulamalar, Tablo 2’de belirtiimis olan metalik tabakalarin
ve kaplamalarin ve uygulama alanlarinin spesifik 6zellikleri ile ilgilidir.

1.1.1 Krom Tabakalari

Galvanik olarak ayrimis olan krom tabakalar, ylksek kararma
direnci, sertlik ve asinma mukavemeti ve de distk sUrtinme sayisi
ve asgari yapisma egilimi ile digerlerinden ayrilirlar. 0,2 ile 0,6 ym
arasindaki kalinliklarla ve parlak gimis ve mat arasindaki renk
tonlaryla dekoratif amaclh kullanimalar mumkundur. Boylelikle 6zel
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Kobalt+Krom karbur, Kobalt + Krom oksit

Tin-lead, Tin-cobalt

Chromium + Aluminum oxide

Cobalt + Chromium carbide, Cobalt + Chromium oxide
(Nickel-Phosphorus) + SiC, (Nickel-Phosphorus)+Teflon
Browning

Chromating

Phosphating

Anodizing of aluminum

Anodizing of magnesium

Anodizing of titanium

Iron

Copper

Nickel, Nickel-Cobalt

1.1 Metallic Coatings

The following applications relate to the specific properties of the
metallic coatings and platings specified in Table 2, as well as their
fields of application.

1.1.1 Chromium Coatings

Electrolytically deposited chromium coatings are distinguished by

high tarnish resistance, hardness, and wear resistance, as well
as a low coefficient of friction and minimal tendency to adhesion.
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With thicknesses between 0.2 and 0.6 um and color tones ranging
between bright silver and matte, they can be used for decorative
purposes. In this way, special design effects can be achieved. In
addition to bluish-white chromium, black chromium coatings with
thicknesses between 0.5 and 2 um are used for optical devices
and cameras. Hard chromium refers to chromium coatings applied
to components with thicknesses ranging from 10 to 500 pm
depending on requirements. The use of hard-chromed cylinders,
valves, and piston rods in diesel locomotives has made it possible
to extend general maintenance intervals from 10,000 kilometers to
over 1 million kilometers. Hard-chromed parts are used in mining,
the aerospace industry, hydraulic and forming technology, as well as
in the production of medical and surgical instruments.

1.1.2 Precious Metal Coatings

Even extremely thin layers of precious metals produce a significant
effect. The electrolytic deposition of precious metals therefore
plays an important role in electrical engineering/electronics, optics,
aerospace applications, and chemical apparatus construction.
In special cases, partial or localized coating is permitted, for
example in electronic contacts or segmented strips. Silver-plated
high-frequency conductors produced by electroplating serve
the same purpose as solid silver conductors. The process of
precious metal deposition enables the production of gold alloys
with different properties and specific technological characteristics.
Such gold coatings are highly effective wherever there is a risk of
metal allergies. Their excellent corrosion protection capability is
self-evident. Palladium coatings are used not only for decorative
purposes but especially due to their sliding properties and high
hardness in contact components and plug-in connections.

1.1.3 Nickel Coatings

Nickel coatings are widely used for decorative corrosion protection.
Accordingly, fittings, vehicle components, and lighting elements
are—among other examples —coated with a protective nickel layer.
Nickel plating of plastic parts combines a metallic appearance, high
reflectivity, and low weight in a practical way. In electroforming,
nickel layers also play an important role due to their hardness,
providing wear resistance and corrosion resistance.

1.1.4 Zinc Coatings

In the automotive industry, corrosion protection of structural
components is of major importance. For this reason, such parts are
galvanized. Subsequent passivation and sealing in special organic
or inorganic solutions further enhance the protective effect of zinc
coatings. This effective corrosion protection has led to an increasing
use of zinc-plated and additionally treated components in motor
vehicles. Visually appealing passivation layers often eliminate the
need for painting steel structural parts.

1.2 Layer Combinations

Layer systems consisting of copper, nickel, and chromium (applied
in the specified order on metal or plastic substrates) have proven
themselves as decorative protective surfaces and initially enabled
aesthetic automotive design. In addition, such coating combinations
protect metallic components against corrosion and wear and
impart properties to plastics that they otherwise only possess to a

info@tuyider.org
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tasanm etkileri gerceklestirilebilir. Mavimsi beyaz kromun yani sira
0,5 ile 2 ym arasinda kalinliklari olan siyah krom tabakalar da optik
cihazlar ve kameralar icin kullanilir. Sert krom ile ihtiyaca gore 10
ile 500 pm arasindaki bir kalinlikta yapi parcasina uygulanan krom
kaplamasi kastedilmistir. Dizel lokomotiflerin sert kromlagtinimis
silindirlerin, valflerin ve piston gubuklarnin  kullanimiyla genel
bakim araliklarinin 10.000 kilometreden 1 milyon kilometre Uzerine
ckarlmasi midmkdn olmustur.  Sert kromlastinlmis  parcalar,
madencilikte, ucak sanayinde, hidrolik ve sekillendirme tekniginde
ve de tibbi ve cerrahi enstrimanlarin Uretiminde kullanilir.

1.1.2 Degerli Metal Tabakalar

Degerli metallerin  cok ince tabakalan bile bUylk bir etki
gostermektedir. Degerli metallerin  galvanik olarak ayriimasi
bu nedenle elektroteknikte/elektronikte, optik, hava ve uzay
yolculugunda ve de kimyasal aparat yapiminda 6nemli bir rol
oynamaktadrr. Ozel durumlarda kismi sinifandinimis kaplamaya
izin verir, 6rnegin elektronik kontaklar veya kesimis bantlarda.
Masif gimus iletkenler ile ayni amaca hizmet eden galvanizleme ile
glimus kaplanmis yiksek frekansli iletkenler buna baska bir 6rnektir.
Degerli metal ayirma islemi, farkli degerlerdeki altin alagimlarinin
Ozel teknolojik dzelliklerle Uretiimesini saglar. Bu tur altin kaplamalar,
metal alerji tehlikesinin oldugu her yerde ¢ok iyi is gorlr. Bunlarin cok
iyi korozyon korumasi sagladigina dair bagkaca agiklamaya gerek
yoktur. Paladyum tabakalarn sadece dekoratif amacl degil, aksine
Ozellikle kayganlik 6zelliklerinden ve yuksek sertliklerinden dolayi
kontak yapi elemanlarinin ve gecmeli baglantilar igin kullanilir.

1.1.3 Nikel Tabaka

Nikel kaplamalar blylk oranda dekoratif amagh korozyon
korumalarinda kullanimaktadir. Boylelikle armaturler, araclarin ve
isiklandirma elemanlarinin pargalar — birkag 6rnek — nikel koruyucu
tabaka ile kaplanir. Plastik parcalarin nikelle kaplanmasi ile metalik
gorinum, yuksek refleksiyon yapisi ve asgari agirlik birbiri ile
mantikli sekilde birlestirilmis olunur. Galvanik sekillendirmede de
nikel tabakalar sertlikleri nedeniyle asinma mukavemeti ve korozyon
mukavemetinde 6nemli bir rol oynar.

1.1.4 Ginko Kaplama

Otomobil sanayinde taslyici parcalarin korozyondan korunmasi gok
6nemli bir konudur. Bu parcalarin ylzeyleri bu nedenle galvanizlenir.
Sonrasinda gerceklestirilen pasiflestirme ve 6zel organik veya
inorganik ¢ozeltilerde sizdirmaz hale getiriimesi, ¢inko kaplamanin
koruyucu etkisini artinr. Bu sekilde elde edilmis olan etkili korozyon
korumasi, galvanik yolla ¢inko kaplanmis ve ek isleme tabi tutuimus
parcalarin motorlu araglarda gittikge daha fazla sayida kullaniimasini
sagdlamistir. Optik olarak giizel gériinen pasiflestirme tabakalar, gelik
yap! parcalarinin boyama islemini genellikle gereksiz kilar.

1.2 Tabaka Kombinasyonlari

Bakar, nikel ve kromdan olusan tabaka sistemleri (belirtilen siralamada
metal veya plastik maddelerden ayrilir), dekoratif ylzey koruyucu
olarak kendini kanitlamistir ve otomobillerde estetik tasarimi ilk olarak
mumkdn kilmistir. Bunun disinda bdyle bir tabaka kombinasyonu
ayni zamanda metalik yapi pargasini korozyona ve asinmaya karsl
korur ve plastik maddeye, sadece sinirli bir kapsamda sahip olmadig
Ozellikler verir. Buna dahil olanlar: gizimeye karsi mukavemet,
sertlik, esnemezlik/katilik, 1si mukavemeti, elektrik ileten ylzey
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ve dekoratif gérindm. Ayrica galvanizlenmis plastik maddelerin
kullaniimasiyla otomobil dretimindeki agirlikta ciddi derecede bir
azalma saglanmistir. Bu baglamda 6zellikle belirtimesi gereken
nokta, elektrik ve elektronik yapi elemanlarinin ve makinelerinin,
plastik muhafazanin galvanizlenmesi ile elektromanyetik dalgalarin
(elektrosmog) alinmasi ve veriimesine karsi perdeleme (shielding)
imkanina sahip oldugudur.

1.3 Alasim Tabakalari

Cogunlukla ylzeylerde, saf bir metal tabakasinin tek basina
gerceklestirmesi mimkiin olmayan gereklilikler s6z konusu olur. Bu
gibi durumlarda yUzeyler alasim tabakalar ile kaplanir. Altin-bakir-
kadmiyum alasim tabakalari, mikemmel korozyon mukavemetleri
ile kendilerini ortaya koyarlar. Nikel-kobalt tabakalan, ylksek
mukavemetleri nedeniyle hedef caprazlarinin ve durbunlerin
Uretiimesinde galvanik sekillendirmede kullanilirlar. %8-15 arasinda
fosfor muhteviyatl kimyasal olarak ayrimig nikel-fosfor alagim
tabakalar ile (kimyasal nikel olarak da adlandirlir) kesin konturlu
ve diz paralel tabakalar elde edilir ve bunlar ylksek korozyon
ve asinma mukavemetine sahip olup ¢ok iyi lehimlenir ya da
kaynaklanabilir. Ginko-kobalt tabakalar dekoratif amagh kullanilr.
Ginko-kobalt, ginko-demir ve ginko-nikel tabakalar, korozyona karsi
mikemmel koruyucu etki ile kendilerini ortaya koyarlar ve gittikce
artan bir sekilde otomobil sanayinde korozyondan koruyucu tabaka
olarak kullaniimaya baslanmistir.

limited extent. These include scratch resistance, hardness, rigidity,
heat resistance, electrically conductive surfaces, and decorative
appearance. Furthermore, the use of metallized plastics has
significantly reduced vehicle weight in automotive manufacturing.
It should also be noted that electrical and electronic components,
when plastic housings are metallized, gain shielding capability
against electromagnetic waves (electrosmog), both in terms of
emission and reception.

1.3 Alloy Coatings

In many cases, surface requirements arise that cannot be fulfilled
by a single pure metal layer alone. In such cases, surfaces are
coated with alloy layers. Gold—copper—cadmium alloy coatings
exhibit excellent corrosion resistance. Nickel-cobalt coatings are
used in electroforming due to their high strength, for example in
the production of sighting devices and binoculars. Chemically
deposited nickel-phosphorus alloy coatings with a phosphorus
content of 8-15% (also known as electroless nickel) provide
precisely contoured and uniformly thick layers with high corrosion
and wear resistance and very good solderability or weldability. Zinc—
cobalt coatings are used for decorative purposes. Zinc-cobalt,
zinc—iron, and zinc-nickel coatings exhibit excellent corrosion
protection properties and are increasingly used in the automotive
industry as protective coatings.

1.4 Dispersiyon Tabakalari

Bu metal ve kati madde partikullerinden olusan koruyucu tabakalar,
sahip olduklarr mikemmel asinma ve zorlu sartlarda 6zelligini
koruma 6zelligi ile kendilerini ortaya koyarlar. %8-10 vol. silisyum
karburll nikel tabakalar, motorlarin kullanm &mrinin uzatimasi
icin kullanilirlar (6rnegin agag testerelerinde). Ayni zamanda yanmali
motorlarin hafif metal silindirlerinin i¢ kaplamasinda da kullanilirlar;
fakat son zamanlarda bagka tabaka sistemleri bunlarn yerini
almigtir. Kobalt-krom karbUrll dispersiyon tabakalarn, 800 °C’a
kadar daimi bir zorlanmaya maruz kalan ugak turbinlerinin asinma
pargalarinin kaplanmasinda kullanilir. AlzOs igeren krom tabakalari,
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1.4 Dispersion Coatings

These protective coatings, consisting of metal and solid particle
dispersions, are characterized by excellent wear resistance and
performance under severe operating conditions. Nickel coatings
containing 8-10 vol.% silicon carbide are used to extend the
service life of engines (e.g., in wood saws). They are also used in the
inner coating of lightweight metal cylinders in internal combustion
engines; however, these have recently been replaced by other
coating systems. Cobalt—chromium carbide dispersion coatings
are used to protect wear components of aircraft turbines subjected
to continuous stress up to 800 °C. Chromium coatings containing
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Alz0s are used in the production of piston rings for diesel engines.
Single-crystal diamonds embedded in nickel electrolytically are
used as cutting edges in tools such as band saws, grinding wheels,
or dental drills.

1.5 Conversion Coatings

Conversion coatings formed on the surface as a result of chemical
reaction with a special solution (such as chromate layers) increase
the corrosion resistance of components. This is particularly relevant
for zinc and its alloys. Very thin chromate layers can be transparent
or appear blue, yellow, or black, thus serving decorative purposes
as well. They also provide an excellent adhesion base for organic
coatings and are highly paintable. In this way, the optical properties
of individual structural groups can be more effectively designed.
Inaluminum and its alloys, special chromating-phosphating
combinations are used.

1.6 Anodized Coatings

The wear resistance and corrosion resistance of aluminum and its
alloys are significantly improved by anodic oxidation of the surface
(anodizing). The resulting anodized layers, with thicknesses of
5-25 um (aluminum electrolytic oxidation), are highly suitable for
painting. Color particles penetrating the pores of the anodized layer
can produce durable colors ranging from dark brown to black on
aluminum surfaces. The same effect can be achieved by processing
aluminum parts in self-coloring anodizing electrolytes or by metal
particles deposited in the pores of the anodized layer. Applications
of anodized parts include the construction industry, aerospace,
electronics and computer industry, optics, and medical engineering.

1.7 Electroforming

Metal parts with complex shapes and surface structures can be
produced using a special technique known as electroforming.
Dimensions range from tools for micro-precision components (e.g.,
watch bezels) to large automotive and aircraft parts, and even rocket
combustion chambers with cooling channels. Models made of wax,
plaster, plastic, or metal are used as negative forms of the part and
are coated electrolytically with a sufficiently thick metal layer. The
electrolyte used must have good throwing power so that metal
can be deposited uniformly in all depths and corners. In this way,
a complete replica of the surface is produced. The electroformed
part is then separated from the model and further processed. Other
application areas of electroforming include mechanical engineering,
the printing industry, and dental technology.

Applications

The applications described so far demonstrate that electroplating
technology facilitates a wide range of manufacturing methods and,
in some cases, makes them possible in the first place. Coatings
produced by electroplating are characterized by properties tailored
to their intended use, fulffilling different technical or aesthetic
requirements. In this way, the service life and maintenance intervals
of components, machines, and equipment are significantly
extended. Table 3 provides data on hardness, wear, and friction
coefficients of various galvanically or chemically deposited coatings,
which clearly demonstrates this.
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dizel motorlarinin piston halkalarinin Gretiminde kullanilir. Elektrolit
olarak nikele gdbmulmus olan tek kristalli elmaslar, serit testere,
taslama diski veya disci matkabi gibi aletlerin kesme kenari olarak
islem gorurler.

1.5 Dénlisimli Tabakalar

Ozel ¢ozelti ile tabakanin kimyasal reaksiyonu sonucunda ylizeyde
olusan donlsUmld tabakalar (6rnek olarak kromat tabakalarinin
sayilldidr), yapi pargasinin korozyon mukavemetini yUkseltir. Bu imkan
Ozellikle ¢inko ve alasimlarindan olan tabakalarda s6z konusudur.
Cok ince kaplama tabakasinda olusan kromat tabakalar transparan
veya mavi, sar ve siyah olabilir ve boylelikle farkli dekoratif amaclar
ifa ederler. Bunlar ayni zamanda organik tabakalar icin mtkemmel
bir yapisma zemini saglarlar ve yine ¢ok iyi boyanirlar. Boylelikle
tekil yapr gruplarinin optik 6zellikleri daha etkili sekilde yapilandirilir.
Aliminyum ve alasimlarinda 6zel kromatlama-fosfatlama karigimlari
kullanilir.

1.6 Anotlama Tabakalari

Aliminyum ve alagimlarindan olan parcalarn asinma mukavemeti
ve korozyon mukavemeti, ylzeyin anodik oksidasyonu ile (eloksal
kaplama) ciddi sekilde iyilestirili. Burada ortaya ¢ikan 5-25 pm
arasinda kalniga sahip eloksal kaplama tabakalar (aliminyum
elektrolit oksidasyon), boyama igin gok uygundurlar. Eloksal
tabakanin  gdzeneklerinin icine nUfuz eden renk partikdlleri,
aliminyum ylizeylerde solmayan koyu kahverengiden siyaha kadar
renklere sebebiyet verebilirler. Ayni etki, aliminyum pargalarin
kendiliginden renklenen anotlama elektrolitleri iginde islenmesi
veya elektrolit olarak anotlama tabakasinin gézeneklerinde biriken
metal partikUllerle islenmesi ile de elde edilebilir. Eloksal kaplanmig
parcalarin kullanm alanlari sunlardir: yapi sanayi, hava ve uzay
yolculugu, elektronik sanayi ve bilgisayar sanayi, optik ve tip teknigi.

1.7 Galvanik Sekillendirme

Komplike sekilli ve ylzey yaplilarina sahip metal pargalar, galvanik
sekillendirme olarak bilinen 6zel bir teknik yardimiyla Uretilebilirler.
Boyutlar, mikro-hassas pargalarin Uretilmesi icin olan aletlerden
(6rnegin kol saatlerinin kenarlar) genis ylzeyli otomobil ve ugak
parcalarindan sogutma kanall roket yanma hicresine kadar
uzanmaktadir. Bunun icin vaks, algl, plastikten veya metalden
modeller, parcanin negatifleri olarak kullanilirlar ve yeterli kalinlikta
metal tabaka ile galvanik olarak kaplanirlar. Kullanilan elektrolitin iyi
bir dagiim o6zelligine sahip olmasi gerekmektedir, bdylelikle metal
tim derinliklerinde ve kdselerinde ayrilabilir. Boylelikle ylzeyin tam
bir kalbi hazrlanir. Sonrasinda galvanik olarak sekillenen parga,
modelden ayrilir ve isleme tabi tutulur. Galvanik sekillendirmenin
diger kullanm alanlari, makine muhendisligi, grafiksel sanayi ve dis
teknigidir.

Kullanim Alanlar

Su ana kadarki uygulamalar, galvanik tekniginin bir dizi Uretim
metodunu  kolaylastirdidini, hatta ik olarak imkan verdigini
gdstermistir. Galvanik teknigi ile Uretilmis tabakalar ve kaplamalar,
kullanim amaglarna uygun olarak belirli 6zelliklere sahip olup
farkli gereklilikleri estetiksel veya teknik sekillerde yerine getirirler.
Bdylelikle yapi parcalarinin, makinelerin ve tertibatlarin kullanim
Omri ve bakim araliklar kat kat uzatilir. Tablo 3’te bazi galvanik veya
kimyasal ayrimis tabakalarla ilgili olarak verilen sertlik, asinma ve
sUrttinme katsayisi ile ilgili bilgiler bunu belgelendirmektedir.

17



ETOYIDERG J ki

Tablo 3: Galvanik ya da kimyasal olarak ayrimis tabakalarin sertlik,
asinma direnci ve sUrtinme katsayisi

Table 3: Hardness, wear resistance, and coefficient of friction of
electrochemically or chemically deposited coatings

Tabaka Birakim hizi Sertlik HV Asinma Sirtinme katsayisi
[um/min] [mg * 10-3]3)

Sert krom 06-08 800 - 1100 09 0,15-0,18
Nikel 1) 1-10 200 - 450 4-5 04-06

Ni (PTFE) 1-2 300 4-5 0,15-03

Ni (SIC) 2-5 400 - 500 04-06 05-0,7
Nikel 2) 03 400 - 700 2-4 0,3-0,4

NiP (PTFE) 0,05-08 300 - 700 07-3 0,1-0,2

NiP (SIC) <03 500 - >1000 0,2-04 05-07
Ni-Co-P (CFx) 1-2 700 - 1200 2-3 01-0,15

1. Galvanik olarak ayirma
2. Kimyasal olarak ayirma
3. Taber Abraser ile tayin edildi

Tablo 4'te galvanik teknigi ile Uretilmis tabakalarn dnemli 6zellikleri
gOsterilmis olup farkll sanayi dallarnda pratik uygulamalar icin
ornekler gostermektedir.

Tabaka Ozellikleri
Layer Properties

Uygulama Amaci
Application Purpose

tik Ozellikler /

Op

1. Electrochemical deposition
2. Chemical deposition
3. Determined using a Taber Abraser

Table 4 shows the key properties of coatings produced by

electroplating technology and provides examples of practical
applications in different industrial sectors.

Ornek
Example

Optical Properties

Renk Estetik géruinim: Dekoratif

Color Aesthetic appearance: Decorative
Parlaklik Gorlintm/Refleksiyon yapisi

Gloss Appearance / Reflectivity structure

Messing islemine tabi tutulmus mobilya donanimlar ve isiklar
Furniture fittings and lighting fixtures treated with brass finishing
Kromlanmig armatUrler, gimuUs kaplanmis ayna

Chromium-plated fixtures, silver-plated mirror

Fiziksel Ozellikler / Physical Properties

Elektriksel iletkenlik Elektrik akiminin ylizeyde iletimi

Electrical conductivity Surface conduction of electric current

Termik iletkenlik Ylzeyde iyilestirimis 1sI transferi

Thermal conductivity Improved heat transfer at the surface

Manyetik iletkenlik YUksek koersivite kuvveti

Magnetic permeability High coercivity

Baskill devrelerde bakir-iletken hatlar

Copper conductive tracks in printed circuit boards

Elektrikli ocak icin olan tencereler i¢in bakir kapli tabanlar

Copper-clad bases for cookware used on electric stoves

Manyetik aynalarda kobalt-nikel alasimlar

Cobalt-nickel alloys in magnetic mirrors

/ Chemical Properties

Kimyasal Ozellikler

Kimyasal mukavemet Kimyasallara karsl koruma

Chemical resistance Resistance to chemicals

Korozyon mukavemeti Korozyon saldirlarina karsi koruma

Corrosion resistance Protection against corrosive attack

18

Baskill devrelerde asinmaya karsi koruyucu olarak kursun-kalay-tabakalar

Lead-tin coatings used as wear protection in printed circuit boards

Celik yapi pargalarinda ¢inko ve ginko alagimlar

Zinc and zinc alloys in steel structural components
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Tabaka Ozellikleri Uygulama Amaci
Layer Properties Application Purpose

00000

Ornek
Example

Mekanik Ozellikler / Mechanical Properties

Stineklik Plastik deformasyonun iyilestiriimesi
Ductility Improvement of plastic deformation
Sertlik Yapigskan asinmanin iyilestirimesi
Hardness Improvement of adhesive wear resistance

Cok katmanli iletken plakalarda bakir kaplanmis matkap dikleri
Copper-plated drill lands in multilayer conductive boards
Madencilik sanayinde nikel-fosfor-tabakalar

Nickel-phosphorus coatings in the mining industry

Fiziksel Ozellikler / Physical Properties

Kayganlik kabiliyeti Kuru kayganlik 6zelliklerinin iyilestiriimesi
Lubricity Improvement of dry lubricity properties
Yapigkanlik kabiliyeti Yapigkanhgin iyilestirilmesi

Adhesion capability Improvement of adhesion
Lehimlenebilirlik Agresif aki/fluks olmadan lehimleme
Solderability Soldering without aggressive flux
Yaglama kabiliyeti Deformasyonun iyilestirilmesi
Lubricating ability Improvement of deformation behavior
Asinma mukavemeti Kullanim stiresinin uzatimasi

Wear resistance Extension of service life

The examples in Table 4 have demonstrated that, through
electroplating methods, the specific properties of a material can
be effectively combined with a suitable coating layer, thereby
enabling a purposeful distribution of functions between the
individual components of the composite system (substrate/
coating). For instance, when the base material must fulfill the
mechanical requirements expected of the structural component
due to its inherent mechanical properties, the coating provides
sufficient corrosion resistance, hardness, wear resistance, and the
desired surface gloss. Thus, a distinction can be made between
the functional and decorative roles of coatings. In this context,
functional or decorative electroplating techniques are generally
referred to. The objective of functional electroplating is to produce
coatings with corrosion and wear resistance, or to provide suitable
lubricity, resistance under severe operating conditions, or good
soldering or welding properties. In such cases, appearance is of
secondary importance, as these coatings may be subjected to
additional mechanical processing under certain conditions. In
decorative surface finishing, however, the aesthetic appearance
of the surface is of primary importance. A strong adhesion of the
coating to the base material is required. Due to the continuously
increasing demands of technologically advanced modern industrial
society and the constantly changing awareness of fashion trends,
a strict separation between functional and decorative electroplating
may in some areas no longer be appropriate. Ultimately, however,
what is decisive is that, while considering economic and ecological
aspects, the properties of the component and the coating are fully
compatible.
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Kayicl yatak icin kursun-kalay-bakir-tabakalar

Copper conductive tracks in printed circuit boards

Topuk telinde messing kaplama

Brass plating on heel wire

Baskill devrelerde iletken hatlarda kalay-kursun-tabakalar

Tin-lead coatings on conductive tracks in printed circuit boards

Tel gekmede bakir kaplama

Copper coating in wire drawing

Sert kromlasmis alet

Hard-chromed tool

Tablo 4teki drnekler, galvanik teknigi kaplama metotlan ile bir
malzemenin spesifik 6zelliklerinin uygun bir tabaka ile iyi bir bicimde
kombine edilebilecegini ve boylelikle de bilesik sistemin (yapi
parcasi/tabaka) tek tek bilesenleri arasinda amaca uygun bir gérev
dagiliminin olacagini géstermistir. Ornegin ana malzemenin, mekanik
ozelliklerinden dolay yapi parcasindan beklenen gereklilikleri yerine
getirmesi  gereken gorevlerinin olmasi halinde, tabaka, yeterli
derecede korozyon mukavemeti, sertlik, ve asinma mukavemeti
ve istenen ylzey parlakigini saglayacaktr. Boylelikle tabakanin
fonksiyonel ve dekoratif gorevieri arasinda farklilk s6z konusu
olur. Burada genellikle fonksiyonel ya da dekoratif galvanik teknigi
s6z konusudur. Fonksiyonel galvanik teknigin hedefi, korozyon ve
asinmaya karsi mukavemeti olan tabakalar tretmek veya bunlari
uygun kayganlik ve zorlu sartlarda yapisini koruma 6zelligine sahip
olarak ya da iyi lehimlenme veya kaynaklanma 6zelliklerine sahip
olarak Uretmek olmalidir. Gérindm burada ¢ok 6nem tasimamalidir,
zira bu tUr tabakalar belirli sartlar altinda mekanik ek isleme tabi
tutulmaktadir. Dekoratif ylzey iyilestirmelerinde ise ylzeyin estetik
gorinUmu 6n planda tutuimaktadir. Tabakanin ana malzemeye
cok iyi yapismasi istenir. Modern sanayi toplumunun teknolojik
ilerlemeyle lintili sUrekli olarak artan talepleri ve strekli olarak
degisen moda bilinci nedeniyle, fonksiyonel ve dekoratif galvanik
teknigi arasindaki kesin farklilik, bazi alanlarda uygun degilmis gibi
durmaktadir. Fakat sonug¢ olarak énemili olan, ekonomik ve ekolojik
yonlerin dikkate alinmasiyla yapi parcasi ve tabakanin dzelliklerinin
tam olarak uyumlu olmasidir.
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Otuz yla yakin suredir endUstriyel atiksuyla ugrasiyorum;
bu strede metal kaplama, karsima ¢ikan sektorlerin hem
en zorlusu hem de en Ogreticisi oldu. Zor; ¢unkl tek bir
atiksu degil, kimyas! birbirine diisman birkag¢ ayr atiksu ile
ugrasirsiniz. Ogretici; clinki bu sektdrde dogru miihendislik
ile yannm muhendislik arasindaki farki bir desarj dlcimi
acimasizca ortaya koyar. Bugin suyun her gecen yil daha
kiymetli hale geldigi bir dinyada ben hep suna inandim: su
azallyorsa, kazanan onu temizleyip yeniden kullanandir.

Bir kaplamaci igin atksu, ¢ogu zaman Uretimin sonunda
akla gelen bir yUk, bir zorunluluk olarak gérdlir. Oysa dogru
bakildiginda o atiksu; geri kazanilacak su, geri kazanilacak
metal ve azaltlacak bir maliyettin. Bu yazida, kaplama
tesislerimizin atiksuyunu hem mevzuata uygun artmanin
hem de onu bir gider kalemi olmaktan cikarp kaynaga
ddnUsttrmenin yolunu; degisen kaplama teknolojilerini de
g6z 6nune alarak, sahadan ve literatlrden stzdlmus haliyle
paylasmak istiyorum.

Metal kaplama atiksuyu neden 6zeldir?
Tipik bir kaplama hatt; yag alma, asit daldirma (dekapaj),

kaplama banyosu, ¢ok kademeli durulama ve pasivizasyon
adimlarindan olusur. Her adim arasindaki durulama suyu,
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| have been dealing with industrial wastewater for nearly thirty
years, and during this time, the metal finishing industry has proven
to be both the most challenging and the most instructive sector |
have encountered. Challenging because you are not dealing with a
single wastewater stream, but with several different streams whose
chemistries are often incompatible with one another. Instructive
because in this industry, the difference between sound engineering
and mediocre engineering is mercilessly revealed by a single discharge
measurement. In a world where water becomes more valuable
every year, | have always believed one thing: if water resources are
diminishing, the winners will be those who clean and reuse it.

For a metal finisher, wastewater is often regarded as a burden or
an obligation that comes to mind only at the end of production.
Yet, when viewed correctly, that wastewater represents recoverable
water, recoverable metals, and a cost that can be significantly
reduced. In this article, | would like to share through insights distilled
from both field experience and the literature how we can not only
treat the wastewater generated by our plating facilities in compliance
with regulations, but also transform it from an expense item into a
valuable resource, taking into account the changing landscape of
plating technologies.

Why Is Metal Finishing Wastewater Unique?
A typical plating line consists of degreasing, acid pickling, plating
baths, multi-stage rinsing, and passivation processes. The rinse

water between each stage, the process solution carried over on the
surface of the parts (drag-out), and the periodic discharge of spent
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process baths together generate the wastewater.

Water consumption can vary widely, ranging from 20 to 100 m? per
ton of product. In other words, metal finishing facilities are, in fact,
major consumers of water.

The key issue is this: metal finishing wastewater is not homogeneous.
There are four main types of wastewater streams, and when they are
indiscriminately mixed, the result can be disastrous:

e Qily/organic stream (degreasing baths): Contains high COD, oil
and grease, and surfactants; disrupts metal precipitation and fouls
membranes.

e Cyanide-bearing stream (Cu-CN, Zn-CN, Au-CN): Highly toxic and
requires oxidation for destruction.

e Chromium-bearing stream (Cr¢*): Contains carcinogenic hexavalent
chromium that must first be reduced.

o Acid-alkali’lheavy metal stream (Ni, Cu, Zn, Fe, F): Typically treated
through pH adjustment and precipitation.

Therefore, the first rule of engineering is clear: stream segregation
is essential. Cyanide-bearing and chromium-bearing streams should
never enter the same pretreatment system. Mixing the effluent of an
oxidation process with the effluent of a reduction process is chemically
equivalent to pouring two mutually destructive formulations into the
same tank. | consider this separation an indispensable requirement
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parcanin Uzerinde tasinan banyo sivisi (drag-out) ve periyodik
banyo bosaltmalari atiksuyumuzu olusturur. Su tlketimi Grdn
basina 20-100 m?3/ton gibi genis bir aralikta seyreder — yani
kaplamaci, aslinda ¢ok ciddi bir su tlketicisidir.

Asll mesele sudur: kaplama atiksuyu homojen degildir.
Baglica dort farkll karakterde akim vardir ve bunlar
dusuncesizce kanstinldiginda felaket olur:

e Yagl / organik akm (yag alma banyolan): yiksek KOI,
yag-gres ve ylzey aktif madde (surfaktan) igerir; metal
¢Oktirmeyi bozar, membrani tikar.

e Siyanurlt akim (Cu-CN, Zn-CN, Au-CN): toksiktir, oksidas-
yonla pargalanmasi gerekir.

e Kromlu akim (Cr%): O6nce indirgenmesi gereken,
kanserojen bir bilesendir.

e Asit-alkali / agir metal akimi (Ni, Cu, Zn, Fe, F): pH ayariile
coktardlar.

Bu ylzden mihendisligin birinci kurall nettir; akim ayrnmi

sarttir. SiyanUrld ve kromlu akimlar asla ortak bir 8n antmaya
girmemelidir. Bir oksidasyon cikigi ile bir indirgeme ¢ikisini
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karistirmak, kimyasal olarak birbirini iptal eden iki regeteyi
ayni kazana ddékmek demektir. Ben bu ayrimi, tesisin daha
proje masasindayken vazgecilmez sarti olarak koyarim.

Yag alma banyolarini kiigiimsemeyin:

Kaplama hattinin en basinda, ¢ogu zaman gbzden kacan
yag alma banyolari bulunur ve bunlar gesit gesittir: alkali
yag alma, solvent yagd alma, elektrolitik yag alma ve dzellikle
zorlayici olan emdlsiyon tipi yag alma. Bu banyolarin
atiksuyu; yliksek KOI, yag-gres ve ylzey aktif maddeler
bakimindan zengindir. Yag ve surfaktanlar, metal ¢céktirme
ve flokulasyonu fillen sabote eder, Ustelik membranlan tikar.
Bu nedenle yagl akim ayr toplanmall ve 6nce yagindan
anndinimalidir: serbest yag igin siyirma ve ylzdirme (DAF),
kararll emdlsiyonlar icin ise kimyasal emdlsiyon kirma veya
ultrafiltrasyon gerekir. Yagdan arndinimis su ancak bundan
sonra metal artma hattina verilmelidir.

Konsantreyi seyreltikten ayirin:

Akim ayriminin bir inceligi daha vardir. Tikenmis konsantre
asit banyolar (dekapaj) ile tikenmis konsantre alkali banyolan
(yag alma) ayri toplanmall ve ana hatta ani degil, kontrolli
ve yavas - tercinen kesikli (batch) - dozlanmalidir; konsantre
asidi konsantre alkali ile bir anda karistirmak siddetli Isinma,
kopirme ve kontrolsliz reaksiyon demektir. Buna karsilik,
asit daldirma sonrasi ve alkali islem sonrasi gelen seyreltik
durulama sulari birbirini blyUk 6l¢tide nétralize ettiginden
rahatlkla birlestirilebilir; bu, hem kimyasal tiketimini dugtrur
hem de pH ayar Unitesinin yUkunU dengeler. Yani sir, her seyi
ayirmak degil; neyi ayiracagini, neyi birlestirecegini bilmektir.

Degisen Kaplama Teknolojileri: Alagimlar ve
Yeni Nesil Kaplamalar

Atksuyu dogru antmanin ilk sarti, Uretimin ne Grettigini iyi
okumaktir. Son yillarda kaplama teknolojisi hizla degisiyor ve
bu degisim dogrudan atiksu karakterine yansiyor. Iki drnek
Uzerinde durmak isterim, ¢UnkU artik sahada sikga karsimiza
cikiyorlar.

Cinko-nikel ve diger alasim kaplamalar:

Ozellikle otomotiv ve savunma sanayinin talebiyle, saf cinko
kaplamanin yerini giderek c¢inko-nikel alasim kaplamalar
aliyor. BUnyesinde yaklasik %12-15 nikel barindiran bu
alasim, saf ¢inkoya kiyasla kat kat tGstun bir korozyon direnci
sagliyor. Ne var ki muUhendislik agisindan bedeli vardir:
Ozellikle alkali cinko-nikel banyolar, metalleri ¢ozeltide kararl
tutabilmek icin glcll kompleks (selat) yapicilar igerir. Bu,
artmada isimizi zorlastinr - ¢ciinkdl kompleks halindeki nikeli
klasik hidroksit coktirme ile gideremezsiniz; metali serbest
birakmak igin kompleksi dénce kirmaniz (pH'1 dustrmeniz,
gerekirse selati pargalamaniz) gerekir. Cinko-nikelli bir
atiksuyu, siradan bir ginko atiksuyu gibi tasarlamak, desarjda
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from the very beginning of the plant design stage.
Never Underestimate Degreasing Baths

At the very beginning of the plating line are the often-overlooked
degreasing baths, which come in various forms: alkaline degreasing,
solvent degreasing, electrolytic degreasing, and the particularly
challenging emulsion-type degreasing systems.

Wastewater from these baths is rich in COD, oil and grease,
and surfactants. Oils and surfactants effectively sabotage metal
precipitation and flocculation and, moreover, cause severe membrane
fouling. Therefore, oily streams should be collected separately and
first subjected to oil removal. Free oils can be removed through
skimming and dissolved air flotation (DAF), whereas stable emulsions
require chemical emulsion breaking or ultrafiltration. Only after oil
removal should this water be directed to the metal treatment system.

Separate Concentrated Streams from Dilute Streams

There is another important aspect to stream segregation. Spent
concentrated acid baths (pickling) and spent concentrated alkaline
baths (degreasing) should be collected separately and introduced
into the main treatment line slowly and in a controlled manner—
preferably in batch mode. Instantly mixing concentrated acids with
concentrated alkalis leads to intense heat generation, foaming, and
uncontrolled reactions.

In contrast, the dilute rinse waters generated after acid and alkaline
processes can generally be combined, as they largely neutralize one
another. This approach not only reduces chemical consumption but
also balances the load on the pH adjustment unit.

The secret, therefore, is not to separate everything, but rather to
know what should be separated and what can safely be combined.

Changing Plating Technologies: Alloys and
New-Generation Coatings

The first prerequisite for proper wastewater treatment is a clear
understanding of the production process itself. In recent years,
plating technologies have evolved rapidly, and these changes are
directly reflected in wastewater characteristics. | would like to focus
on two examples that are increasingly common in practice.

Zinc-Nickel and Other Alloy Coatings

Driven particularly by the demands of the automotive and defense
industries, zinc-nickel alloy coatings are increasingly replacing
conventional pure zinc coatings. Containing approximately 12-15%
nickel, these alloys provide corrosion resistance far superior to that
of pure zinc.

However, this performance comes at an engineering cost. Alkaline
zinc-nickel baths, in particular, contain strong complexing (chelating)
agents to keep metals stably dissolved in solution. This significantly
complicates wastewater treatment because nickel present in
complexed form cannot be removed through conventional hydroxide
precipitation. The complexes must first be broken—typically by
lowering the pH and, if necessary, chemically destroying the chelating
agents—to release the metal ions.

Designing a zinc-nickel wastewater treatment system as if it were a

conventional zinc wastewater stream is a certain recipe for failing to
meet nickel discharge limits.
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Zirconium-Based (Nano-Ceramic) Conversion Coatings

Traditional chromium and phosphate-based pretreatment systems
are increasingly being replaced by zirconium-based nano-ceramic
conversion coatings due to their environmentally friendly profile.

The absence of hexavalent chromium is a major advantage; however,
these baths are typically based on hexafluorozirconic acid and
therefore introduce fluoride into the wastewater. Fluoride requires a
specific treatment approach: precipitation as calcium fluoride (CaF2)
using lime, Ca(OH)z, reducing fluoride concentrations below the
discharge limit of 15 mg/L.

Therefore, when a facility transitions from chromium conversion
coatings to zrconium-based systems, its wastewater treatment
process must also be redesigned from chromium reduction to
fluoride precipitation.

The lesson here is clear: as the plating line changes, the wastewater
changes as well. A well-designed treatment plant should be flexible
enough to accommodate not only today’s chemistry but also the
chemistry of tomorrow.

The Right Chemistry in the Right Sequence

Success in treating metal finishing wastewater depends less on
expensive equipment and more on applying the correct chemical
sequence. Based on both field experience and the literature, the
treatment backbone can be summarized as follows:

Cyanide Destruction (Two-Stage Alkaline Chlorination)

In the first stage, at pH 10-10.5, cyanide is oxidized to cyanate. In
the second stage, at pH 7-8, cyanate is further oxidized to carbon
dioxide and nitrogen.

In practice, the total chlorine demand is approximately 10 mg Clz per
mg of CN". With proper ORP control, removal efficiencies above 99%
can be achieved, resulting in effluent concentrations below 0.5 mg/L.

Chromium Reduction (Cré* » Cre):

Under acidic conditions at pH 2-3, sodium metabisulfite (Na,S,0,) or
bisulfite is used to reduce hexavalent chromium, lowering the ORP
below 250 mV and reducing Cré* concentrations to below 0.1 mg/L

within 15-30 minutes.

Subsequently, chromium is precipitated in its trivalent form under
alkaline conditions.

Precipitation — The Part That Requires True Expertise

This is where experience separates experts from beginners: each
metal has a different minimum solubility pH. Consequently, it is
impossible to remove all metals simultaneously from a mixed-metal

wastewater stream using a single pH value.

The following operating window includes several critical pitfalls that
years of experience have taught us to avoid.

info@tuyider.org
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nikel sininni tutturamamak demektir.
Zirkonyum esasli (nano-seramik) déniisim kaplamalar:

Geleneksel krom ve fosfat esaslidn kaplamalarinyerini, gevreci
profilleri sayesinde giderek zirkonyum esasli nano-seramik
déntsum kaplamalari aliyor. Alti de@erlikli krom icermemeleri
bUyldk bir avantaj; ancak bu banyolar hekzafloro-zirkonik
asit esaslidir ve atiksuya flortir getirir. FlorUr, kendine has bir
artma ister: kireg (Ca(OH),) ile kalsiyum florir (CaF,) olarak
¢cOktUrallr ve desarj sinir olan 15 mg/L’nin altina indirilir. Yani
bir tesis krom dénidsimden zirkonyuma gegctiginde, atiksu
artmasl da krom indirgemeden flortr ¢oktirmeye dogru
yeniden tasarlanmalidir.

Buradan ¢ikan ders sudur: kaplama hatti degistikge atiksu da
degisir. lyi bir antma tesisi, bugiinin degil, tesisin gelisecegi
yarinin kimyasini da éngdrerek esnek tasarlanir.

Dogru kimya, dogru sira

Kaplama atksuyunda basar, pahall ekipmandan 6nce
dogru kimyasal siralamadan geger. Sahada uyguladigimiz ve
literatrin de dogruladigi omurga sudur:

Siyanir yikimi (alkali klorlama, iki kademeli):

Birinci kademede pH 10-10,5'te CN- siyanata yUkseltgenir;
ikinci kademede pH 7-8’de siyanat CO,ve N,’ye pargalanir.
Pratikte toplam klor ihtiyaci yaklagikk 10 mg Cl, / mg CN-
dizeyindedir ve dogru ORP kontrollyle %99’un Uzerinde
giderim, yani 0,5 mg/L alti ¢ikis elde edilir.

Krom indirgeme (Cré* » Cr3):

Asidik ortamda, pH 2-3'te sodyum metabistllfit (Na,S,0,) ya
da bistilfit ile, ORP 250 mV altina ¢ekilerek 15-30 dakikada
Cré* 0,1 mg/L altina indirilir. Ardindan krom, U¢ degerlikli

haliyle alkali pH’ta ¢okturaltr.
Coktirme - isin ustalik isteyen kismu:

Burada acemiyi ustadan ayiran sey sudur: her metalin
minimum ¢&zunrltk pH’1 farkldir, dolayisiyla tek bir pH ile
kanisik metalli bir atiksuyun hepsini birden gideremezsiniz.
Asagidaki pencere, yillarca 6grendigimiz kritik tuzaklar da
icerir:
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Chromium (Cr3*)

Metal Optimum Coktirme pH | Mihendis Notu
Metal Optimum Coktirme pH | Mihendis Notu
Krom (Cr3¥) 25_85 pH > 12’de yeniden ¢dzUnUr (amfoter)

Becomes soluble again at pH > 12 (amphoteric).

Cinko (Zn2¥)

Dar pencere! pH > 10,5’te ¢6zUndr; NH4* ¢coktlrmeyi engeller

Cadmium (Cd#)

8,5-9,2 ‘ ) - N
Zinc (Zn#) Narrow operating window! It becomes soluble above pH 10.5; NH4* inhibits precipitation.
Bakir (Cu?*) 85-95 Genis ve glvenli aralik
Copper (Cu?*) ' ' Wide and safe operating range
Nikel (Ni2*) 90-100 YUksek pH gerektirir; ayr toplanirsa geri kazanilir
Nickel (Ni2*) ' ' Requires high pH; if collected separately, it can be recovered.
Kadmiyum (Cd?*) 100-110 Disuk seviyede slftr cokttirme daha gvenli

Sulphide precipitation is safer at low levels.

Bu tabloya Ug uyari eklerim: (1) Amonyum (NH4*), ginkoyu
kompleks vyaparak ¢oktirmeyi fillen durdurur c¢inkolu
atiksuda amonyum mutlaka kontrol edilmelidir. (2) EDTA
gibi selat yapicilar metali kiskagta tutar; pH 2 altina inilerek
pargalanmalar, gerekirse CaCl> ile selat kapasitesinin
kinimasi gerekir. (3) Ug degerlikli krom banyolarinda kobalt
varliginda, alkali ortamda Cr3* tekrar Cré*’ya yUkseltgenebilir;
kobalt énceden sulftrle giderilmelidir. Bunlar kitapta kiguk
dipnotlardir ama sahada bir tesisin desarjini tutturup
tutturamayacagini belirleyen ayrintilardir.

Coktlrme sonrasi berraklastirmada klasik filtrasyon yerine
mikrofiltrasyon (MF) membran kullanmak, hem yer ihtiyacini
yaklasik yariya indirir hem de ¢ikis kalitesini bambagka bir
dUzeye tasir: endustriyel verilerde MF ¢ikisinda nikel 0,15
mg/L, toplam krom 0,1 mg/L, AKM 1 mg/L altina iner.
Bu, hem SKKY Tablo 15’in ¢ok altinda bir ¢ikis hem de bir
sonraki adimin geri kazanimin kapisidir.

Cikista ince Aritma: Kum, Aktif Karbon, Zeolit ve Regine

Cikis suyunu hem mevzuat sinirlarinin gok altina gekmek
hem de yeniden kullanma uygun hale getirmek igin, biz
cogu tesiste pahall nanofiltrasyona (NF) gerek kalmadan,
kademeli bir ince aritma bir nevi cila treni tercih ediyoruz. Her
katmanin net bir gorevi vardir:

e Kum filtresi: Coktlirme veya membran sonrasi kalan
askidaki katilar tutar; arkadan gelen aktif karbon ve recine
Unitelerini erken tikanmaya karsi korur. Sistemin emniyet
stizgecidir.

e Aktif karbon: Kalan organik yiki, KOI'yi, rengi ve eser
organik bilesikleri adsorplar. Yag alma banyolarindan ve
banyo katki maddelerinden gelen organikler icin kritiktir;
recineyi de organik kirlenmeden korur.

e Zeolit: Yiksek katyon degisim kapasitesiyle eser agir
metalleri ve amonyumu tutar. DUsUk maliyetli, dayanikl ve
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| would add three key warnings to this table: (1) Ammonium (NH4*)
forms complexes with zinc and effectively prevents precipitation;
therefore, ammonium must be strictly controlled in zinc-containing
wastewater. (2) Chelating agents such as EDTA bind metals strongly
and keep them in solution; they must be degraded by lowering the
pH below 2, and if necessary, their chelating capacity should be
broken using CaClz. (3) In trivalent chromium baths, in the presence
of cobalt, Cr3* may be re-oxidized to Cré* under alkaline conditions;
cobalt must therefore be removed in advance using sulphide
treatment. These are minor footnotes in textbooks, but in practice
they are the details that determine whether a facility can meet its
discharge limits.

After precipitation, using microfiltration (MF) membranes instead
of classical sedimentation reduces space requirements by
approximately half and significantly improves effluent quality.
Industrial data show that MF effluent can achieve nickel levels below
0.15 mg/L, total chromium below 0.1 mg/L, and TSS below 1 mg/L.
This is well below SKKY Table 15 limits and also opens the door to
the next stage: recovery.

Polishing Treatment: Sand, Activated Carbon,
Zeolite, and Resins

To reduce effluent concentrations well below regulatory limits and
make the water suitable for reuse, we typically prefer a staged
polishing train—essentially a “finishing line” —instead of expensive
nanofiltration (NF). Each layer has a distinct function:

Sand filter: Removes residual suspended solids after precipitation
or membrane treatment; protects downstream activated carbon
and resin units from early fouling. It acts as the system’s safety
barrier.

Activated carbon: Adsorbs remaining organic load, COD, color,
and trace organic compounds. It is critical for removing residues
from degreasing baths and bath additives and also protects the
resin from organic contamination.
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Zeolite: With high cation exchange capacity, it captures trace heavy
metals and ammonium. It is a low-cost, durable, and regenerable
polishing stage.

lon exchange resin (optional final step): Reduces metals to below
0.1 mg/L and upgrades water quality to a level suitable for rinsing
or process reuse. Selective resins also enable recovery of valuable
metals such as nickel during regeneration.

This configuration provides a robust and easily maintainable solution
that ensures both regulatory compliance and water reuse for most
plating facilities, without the capital and maintenance burden of
nanofiltration systems. For plants targeting higher recovery rates
and near-total water circulation, this train can be completed with
reverse osmosis (RO), which brings us to the core topic: recovery.

Wastewater Is No Longer Waste—It Is a Resource

This is the most exciting part of the system. Properly treated plating
wastewater is not a disposal burden; it is a source of reusable water
and recoverable metals. \When reverse osmosis (RO) is added after
MF, 60-80% of the wastewater can be returned to the process as
rinsing and process water. In zero liquid discharge (ZLD) systems,
the configuration becomes: pretreatment » MF P> activated
carbon » RO P evaporator/crystallizer for concentrate. In this
way, no liquid leaves the facility; only solid residues remain for
disposal.

Metals themselves are also valuable. Separately collected nickel,
copper, and chromium streams can be recovered via ion exchange
and electrowinning. For gold and silver, recovery from cyanide
streams is already an economic necessity. Thus, the same system
that ensures regulatory compliance simultaneously reduces water
consumption, chemical usage, and metal losses.

It is essential to evaluate costs not only in terms of capital
expenditure, but through a 5-10 year total cost of ownership (TCO),
including water, chemicals, discharge penalties, and recovered
metal value. In many cases, recovery systems effectively pay for
themselves within this framework.

The Emerging Horizon: Less Chemistry, More Recovery

The sector continues to evolve. Three emerging directions in the
literature are worth highlighting:

Graphene oxide (GO)-based selective membranes promise to
separate and recover chromium and nickel from mixed-metal
wastewater with efficiencies above 95%. Boron-doped diamond
(BDD) electrodes enable cyanide destruction without chemicals,
relying solely on electrical oxidation to convert it into CO2 and Na.
Nanoscale zero-valent iron (nZVI) reduces Cré* within 30 minutes
instead of hours. Although these technologies are still at pilot
scale, they are likely to become standard as metal prices rise and
water scarcity increases. Combined with automation and intelligent
dosing, the circular economy is becoming not a slogan, but an
engineering reality.

info@tuyider.org
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rejenere edilebilir bir cila katmanidir.

* iyon degisim reginesi (opsiyonel son adim): Metalleri
0,1 mg/Lnin de altina indirir ve suyu durulama/proses
suyu olarak geri kullanilabilir kaliteye tasir. Secici recgineler
ayrica nikel gibi degerli metalleri rejenerasyon sirasinda geri
kazanma imkani sunar.

Bu dizilim; nanofiltrasyonun yatinm ve membran yenileme
maliyetine girmeden, ¢ogdu kaplama tesisi icin hem mevzuat
uyumunu hem de geri kullanimi saglayan, saglam ve bakimi
kolay bir ¢c6zUmdur. Daha ylksek geri kazanim hedefleyen,
suyunu tumdyle déndirmek isteyen tesislerde ise bu treni
ters ozmoz ile taglandirinz — ki bizi yazinin asil meselesine,
geri kazanima getirir.

Atiksu Artik Bir Atik Degil, Bir Kaynaktir

isin beni en ¢ok heyecanlandiran kismi burasi. Dogru
artilmis kaplama atiksuyu, ¢ope giden bir yik degil; geri
kazanilacak su ve metal demektir. MF ¢ikisinin ardina ters
ozmoz (RO) eklediginizde, atksuyun %60-80’ini proses
ve durulama suyu olarak hatta geri déndurebilirsiniz. Sifir
sivi desarj (ZLD) hedefleyen tesislerde zincir su hale gelir:
on antma » MF P aktif karbon » RO P konsantre igin
evaporator/kristalizator. Béylece tesisten disar sivi glkmaz;
geriye yalnizca bertaraf edilecek kati kalrr.

Suyun yaninda metalin kendisi de degerlidir. Ayri toplanan
nikel, bakir ve krom akimlari iyon degisimi ve elektrokazanim
(electrowinning) ile geri kazanilabilir; altn ve gimus
icin siyanUr hattindan geri kazanim zaten ekonomik bir
zorunluluktur. Yani ayni sistem, bir yandan sizi mevzuata
uygun hale getirirken bir yandan su faturanizi, kimyasal
maliyetinizi ve metal kaybinizi azaltir.

Maliyeti yalnizca yatirm bedeliyle degil; su, kimyasal, desarj
cezasl ve geri kazanilan metal kalemleriyle birlikte, 5-10
yillik toplam sahip olma maliyeti (TCO) ile dederlendirin. Geri
kazanim, bu denklemde ¢ogu zaman sistemi kendi parasini
Oder hale getirir.

Yaklagan Ufuk: Daha Az Kimyasal,
Daha Cok Geri Kazanim

Sektorimiz yerinde durmuyor. Literatlrde olgunlasan Ug
yonelimi yakindan izliyoruz: grafen oksit (GO) esasl secici
membranlar, karigsik metalli atiksudan kromu ve nikeli ayr
ayr, %95’in Uzerinde verimle geri kazanma s6zU veriyor.
Bor katkill elmas (BDD) elektrotlar, siyandrd hi¢c kimyasal
kullanmadan, yalnizca elektrikle COz ve Nz2'ye parcgaliyor.
Nano sifir degerlikli demir (nZVl) ise Cré* indirgemesini
saatlerden 30 dakikaya ¢ekiyor. Bu teknolojiler hentiz pilot
Olcekte; ama metal fiyatlan ylkseldikge ve su kisitlandikga,
yarinin standart ¢dziimleri arasinda olacaklar. Uzerine eklenen
otomasyon ve akill dozlama ile birlikte, donglsel ekonomi
artik bir slogan degil, mihendislik pratigi haline geliyor.
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Global Outlook: Standards Are Tightening

Wastewater treatment systems should not be designed solely
according to today’s national regulations, but with future trends
in mind. The European Union’s discharge limits for the surface
treatment sector are already stricter than many of the current
Turkish SKKY limits in several parameters. For exporters integrated
into global supply chains, these limits effectively represent future
domestic standards:

00000

Kuresel Pencere: Standartlar Sikilasiyor

Bu isi yalnizca buginin Turkiye mevzuatina gére degil,
gittigimiz yone bakarak tasarlamak gerekir. Avrupa Birligi’nin
yUzey islem sektort icin 6ngdrdigu desarj sinirlar, birgok
metalde bizim SKKY degerlerimizden daha sikidrr. Ihracat
yapan, kuresel tedarik zincirine eklemlenen bir kaplamaci
icin bu sinirlar, yarinin kendi sinirlarndir:

Parametre Turkiye (SKKY) AB ABD (EPA)
Parameter Tarkiye (SKKY) EU ABD (EPA)
Toplam Krom (mg/L]
P . (mg/) 2 1 2,77
Total Chromium (mg/L)
Cré* (mg/L
(mg/L) 05 0,1 0,32
Cré* (mg/L)
Nikel (mg/L]
(mg/L) 3 2 3,98
Nickel (mg/L)
Bakir (mg/L]
(mg/L) 3 2 3,38
Copper (mg/L)
inko (mg/L]
¢ (ma/t) 5 2 2,61
Zinc (mg/L)
Siyan(r (toplam, mg/L)
v (top o/L) 1 0,5 1,20
Cyanide (total, mg/L)

(The table to be inserted) The comparison clearly shows that the
EU applies significantly stricter limits for chromium and cyanide.
A facility that already recovers water and achieves effluent levels
below these thresholds today will not be caught unprepared when
regulations tighten tomorrow—in fact, it will gain a competitive
advantage.

Conclusion: A Threefold Gain Through Proper Design

In metal finishing, wastewater treatment is not a cost when properly
designed; it is a threefold gain. You ensure regulatory compliance
and protect your reputation, reduce operating costs by recovering
water and metals, and future-proof your facility against increasingly
strict environmental requirements. The key is not expensive
equipment, but an engineering mindset that separates streams
correctly, sequences chemistry properly, and treats wastewater as
a resource from the very beginning.

Within the TUYIDER framework, we are in a strong position to
drive this transformation across the industry. At GESU, with our
combined role as both manufacturer and process engineer, we
believe this: the facility that manages water best is not only investing
in the environment, but also in its own competitiveness. Water is
becoming scarce; the winners will be those who clean it and reuse
it.
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Tablo acgikga g&steriyor: AB, krom ve siyanUrde bizden
belirgin bicimde daha katidir. Suyunu geri kazanan, ¢ikisini
bugtinden bu siki degerlerin altina geken bir tesis, yarin kural
degistiginde hazirliksiz yakalanmaz — tam tersine, rakibinin
ondnde olur.

Sonug: Dogru Tasanm, Ug Yénlii Kazang

Metal kaplamada atiksu arntma; dogru kurgulandiginda bir
maliyet degil, U¢ yonlU bir kazanctir. Mevzuata uyarsiniz,
itibarinizi korursunuz; suyu ve metali geri kazanarak tasarruf
edersiniz; ve giderek sikilasan ¢evre baskisina karsl tesisinizi
gelecege hazrrlarsiniz. Bunun anahtan pahall kutular degil;
akimlari dogru ayiran, kimyayl dogru siraya koyan ve
atiksuyu en bastan bir kaynak olarak géren bir mihendislik
yaklasimidir.

TUYIDER catisi altinda bir araya gelen bizler, bu déniisimi
sektérimiize taslyacak konumdayiz. GESU olarak hem
imalat¢ hem prosesci kimligimizle inancimiz sudur: suyu
en iyi yoneten tesis, sadece cevreye degil, kendi rekabet
glclne de yatinm yapmig olur. Su azaliyor; kazanan, onu
temizleyip yeniden kazanan olacak.
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ISUZU GALISANLARINA YONELIK IKI GUNLUK
YUZEY iSLEMLERI EGITiMi

A Two-Day Surface Treatment Training Program for ISUZU Employees

Otomotiv sektdriinde Urln  kalitesi, korozyon dayanimi,
estetik gorlnim ve fonksiyonel performans agisindan kritik
6neme sahip olan yuzey iglemleri konusunda, 21-22 Mayis
tarihlerinde Gebze’de bulunan ISUZU fabrikasinda kapsamli
bir egitim programi diizenlendi. Egitim, SUMAR, TUYIDER ve
Karfo Akademi is birligiyle gergeklestirildi.

iki giin stren egitm programina ISUZU’nun kalite, Cretim,
proses gelistirme, satin aima ve mihendislik birimlerinde gérev
yapan teknik personel ve ydneticiler katiim sagladi. Program
boyunca ylzey muhendisligi uygulamalarnnin  otomotiv
endustrisindeki yeri, gincel teknolojiler ve kalite gereklilikleri
detayl sekilde ele alindl.

Egitimin ilk gUinUnde ylUzey islemlerinin temel prensipleri,
yUzey hazirlama ydntemleri, temizleme prosesleri, fosfatlama
uygulamalari, elektrokaplama teknolojileri ve korozyon
mekanizmalari tzerinde duruldu. Katiimcilar, dzellikle otomotiv
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A comprehensive training program on surface treatment
technologies—critical to product quality, corrosion resistance,
aesthetic appearance, and functional performance in the
automotive industry —was held on May 21-22 at the Anadolu
Isuzu factory in Gebze. The training was organized through
the collaboration of SUMAR, TUYIDER, and Karfo Academy.

The two-day program brought together technical personnel
and managers from ISUZU’s quality, production, process
development, purchasing, and engineering departments.
Throughout the training, the role of surface engineering
applications in the automotive industry, current technologies,
and quality requirements were discussed in detail.On the
first day, participants focused on the fundamental principles
of surface treatments, surface preparation methods,
cleaning processes, phosphating applications, electroplating
technologies, and corrosion mechanisms. They gained
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comprehensive knowledge about the operating principles,
advantages, and application areas of zinc, zinc-nickel, nickel,
and chromium coating systems, which are widely used in
the automotive sector.The second day addressed more
advanced topics, including root-cause analysis of coating
defects, process control methods, quality assurance systems,
coating thickness measurement techniques, porosity and
adhesion testing, environmental sustainability practices, and
international standards. In addition, participants were informed
about the surface treatment performance requirements
expected by automotive manufacturers from their suppliers,
as well as the latest developments in environmentally friendly
coating technologies that are becoming increasingly important
across the industry.

Alongside theoretical knowledge, the training also featured
real-world industrial case studies and practical examples
encountered in automotive manufacturing. This approach
aimed not only to enhance participants’ process knowledge
but also to strengthen their ability to address production
challenges through an engineering-oriented perspective.The
training program conducted at the ISUZU Gebze Factory made
a significant contribution to increasing technical awareness in
surface treatment technologies, strengthening the culture of
quality, and supporting sustainable manufacturing practices.
Organized by SUMAR, TUYIDER, and Karfo Academy, the
program attracted considerable interest and served as a
successful example of industry—academy collaboration. Such
educational initiatives, which promote knowledge sharing in
the field of surface engineering, are expected to continue
making valuable contributions to improving quality, durability,
and competitiveness within the automotive industry.

info@tuyider.org
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sektdriinde yaygin olarak kullanilan ¢inko, ¢cinko-nikel, nikel ve
krom kaplama sistemlerinin ¢alisma prensipleri, avantajlan ve
kullanim alanlar hakkinda kapsamii bilgiler edindi.

ikinci glin ise daha ileri diizey konulara odaklanildi. Kaplama
hatalarinin kdk neden analizleri, proses kontrol ydntemleri,
kalite glivence sistemleri, kaplama kalinidr dlgtim teknikleri,
porozite ve aderans testleri, c¢evresel sUrdlrllebilirlik
uygulamalan ve uluslararasi standartlar kapsamli sekilde
degerlendirildi. Ayrica otomotiv Ureticilerinin  tedarikcilerden
bekledigi ylizey islem performans kriterleri ve sektorde giderek
dnem kazanan c¢evre dostu kaplama teknolojileri hakkinda
guincel bilgiler paylasiidi.

Egitim sUresince teorik bilgilerin yani sira, otomotiv sektoriinde
karsllasilan gercek uygulama &rnekleri ve vaka analizleri
de katlmcilarla paylagildi. Bdylece calisanlann yalnizca
proses bilgilerini gelistirmeleri degil, ayni zamanda Uretim
sirasinda karsilagilan problemlere mihendislik bakis agisiyla
yaklasabilmeleri hedeflendi.

ISUZU Gebze Fabrikas’'nda gerceklestirilen bu egitim
programi, ylzey islemleri konusunda teknik farkindaligin
artinimasi, kalite kilttrinin guglendiriimesi ve surdurdlebilir
Uretim anlayisinin desteklenmesi agisindan dnemli bir katki
sagladi. SUMAR, TUYIDER ve Karfo Akademi tarafindan
yUrGtdlen program, sektdr-sanayi is birliginin basarili bir érnegdi
olarak katiimcilar tarafindan buyuk ilgi gérdu.

Ylzey muihendisligi alanindaki bilgi paylasimini artirmayi
amagclayan bu tir egitimlerin, otomotiv sektdrinde kalite,
dayaniklilik ve rekabet gictinun gelistiriimesine dnemli katkilar
sunmaya devam etmesi beklenmektedir.
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Akimsiz Nikel 100 Saatlik
Korozyon Testini Nasil Gecer?

How to Pass a 100-Hour Salt
Spray Test for Electroless Nickel ?

Fatih KAYA
Kimya MUhendisi
Chemical Engineer

Akimsiz nikel kaplama; dis bir akim kaynagdi olmaksizin,
nikel iyonlarinin sodyum hipofosfit gibi bir indirgen maddeyle
parca yUzeyinde otokatalitik(kendi kendini tetikleyen) olarak
indirgenmesi esasina dayanan; karmasik geometrilerde bile
mikron hassasiyetinde homojen kalinlik, ylksek mikrosertlik
ve korozyon bariyeri saglayan fonksiyonel bir ylzey islem
prosesidir.

Elektrik akiminin  kisitlamalarindan bagdmsiz olarak elde
edilen bu Ustin kimyasal ve mekanik O6zellikler matrisi;
asinma, surtinme ve agresif ¢evre kosullarinin es zamanl
yonetilmesi gereken kritik komponentlerde bu kaplamayi
vazgecilmez kilmaktadir. Bu durumun endUstrideki en net
yansimalari, yUksek katma degerli sektdrlerde Ustlendigi su
hayati gorevlerde acikga gorilmektedir:

F1 motorlan (asinma direnci), otomobil pistonlan (kendi
kendini yaglama), uzay optikleri (sifir optik bozulma), askeri
aviyonikler (elektromanyetik kalkanlama), derin deniz valfleri
(ekstrem kimyasal direnc).

Ancak bu Ustin fonksiyonlarnn tamami igin parcanin
Uretimden &nceki son durag, ASTM B117 standardina
goére uygulanan 100 Saatlik Notr Tuz Paskirtme Testidir.
Dolayisiyla bu son duraktan kil payr” degil, her partide ayni
kararlilikla gecebilmek icin su kritik proses parametrelerinin
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Electroless nickel (EN) plating is a functional surface
treatment process based on the autocatalytic (self-triggering)
reduction of nickel ions on a substrate surface via a reducing
agent, such as sodium hypophosphite, without the need for
an external current source. This process provides a micron-
precise uniform thickness distribution, high microhardness,
and an effective corrosion barrier, even on components with
highly complex geometries.

This matrix of superior chemical and mechanical pro-
perties, obtained independently of the constraints of
electrical current, renders this plating indispensable for
critical components where wear, friction, and aggressive
environmental conditions must be managed simultaneously.
The most distinct reflections of this situation in the industry
are clearly observed in the following vital duties it undertakes
in high value-added sectors:

F1 engines (wear resistance), automotive pistons (self-
lubrication), space optics (zero optical distortion), military
avionics (EMI shielding), and deep-sea valves (extreme
chemical resistance).

However, for all of these premium functional features,

the final destination of the component before production
release is the 100-Hour Neutral Salt Spray Test conducted

https://www.tuyider.org



in accordance with the ASTM B117 standard.Therefore, to
safely pass this final destination—not by a “narrow margin”
but with consistent reproducibility in every batch—the
following critical process parameters must be managed
flawlessly.

Here are some suggestions that will help you understand
EN, and how EN can pass this rigid requirement:

Phosphorus in Deposit: EN coatings are an alloy of nickel
and phosphorus. The amount of phosphorus in the deposit
dictates the crystallinity of the deposit. Generally, the higher
the phosphorus content, the higher the amorphous nature
of the coating and hence corrosion resistance. Typically,
mid phos EN chemistries have a %P range of 4-9 percent.
Select the higher ranges, if possible, to achieve the more
amorphous deposit.

Many of the RoHS-compliant EN chemistries available today
tend to be in the lower phosphorus range. Keeping pHs at
the lower recommended ranges can raise %P levels higher,
thus providing a less crystalline deposit.

Heavy Metal Brighteners/Stabilizers: Many EN chemistries

also use heavy metals for stabilizers and brighteners. Their
presence can be deleterious to the deposit. Micro-pitting

info@tuyider.org

hatasiz yonetilmesi sarttir.
Akimsiz Nikel kaplamayi anlamak ve testi gegmek icin bazi
tavsiyeler:

Fosfor Birikmesi: AN kaplamalar nikel ve fosforun bir
alagimidir. Fosfor birikiminin coklugu kaplamanin kristalligini
belirler. Genellikle, fosfor icerigi arttkgca kaplamanin amorf
yapisi da artar dolayisiyla korozyon direnci de artar. Tipik
olarak orta fosforlu banyolar %4-9 araliginda fosfor icerir.
YUksek fosfor oranina sahip kimyasal secerek ylUksek amorf
yaplya ulasabilirsiniz.

GUnUumUizde mevcut olan RoHS uyumlu AN kimyasallarinin
¢ogu, daha dustk fosfor aralidinda olma egilimindedir.
pH seviyelerini dustk aralklarda tutmak % P seviyelerini
yUkseltebilir, bdylece daha az kristal yapill kaplama saglanir.
AJrr Metal Parlaticilar/Stabilizatérler: Bircok AN kimyasall
tedarikgisi stabilizetdrler ve parlaticilar icin agir metaller
kullanir.  Bunlann varl@ kaplama icin zararll olabilir.
Kaplamada mikro-gatlak ve porozite olusumu direkt
bu kimyasallarin varlidyla ilgili oldugu bulunmustur. Bu
kimyasallarin azaltimasi kaplama igin faydalidr.

Banyo émri: AN banyosu yaslandikga, AN kaplamasinin

stresi daha fazla geriimeye baglar. Yiksek ¢cekme gerilim
degerleri (High tensile stress values) daha kirlgan kaplama
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yapilarina dolayisilyla tuz sisi deneyinin erkenden basarisiz
sonuglanmasina ya da kétl yapismaya neden olur.

Kaplama kalinhgi: Tuz sisi deneyi igin tutarli degerler
verecek min kaplama kalinidr 13 mikrondur.AN kaplamasi
bu degerin altinda dogal porozite derecesine sahiptir. 25-50
mikron araligindaki kaplamalar genellikle daha iyi sonuglar
verecektir fakat bunlara ulasmak pratik olarak mumkin
olamayabilir ve maliyetlidir.

Yiizey kalitesi: Parganin ylUzey kalitesi tutarli sonuclar elde
etmede gok dnemli etkiye sahiptir. Genellikle, daha az keskin
koselere ve purlzsUz ylUzeylere sahip olan parcalar ya da
paneller daha iyi sonuglar verir.

Onislem: lyi dnyiizey islemleri de tutarl, saglikli sonuglar
elde etmek icin kritk ®éneme sahiptir. lyi alkalin temizleme
ve tekdlze asit asindirma, aktif tekdlze ylzey elde
etmede kritik dneme sahiptir. Fazladan asindirma iglemleri
(aluminyum igin glclu alkali temizleyiciler, celik icin gUclU asit
solUsyonlar) erken basarisiz test sonuclari olusturur. Tekdlize
ve porozitesi az veya hi¢ olmayan bir kaplama olusturmak
icin baglangigtaki dizgun kristal bUyUmesi zorunludur.

Cifte kaplama: Bu kaplama Uzerine ya da altina ylUksek
fosforlu AN kaplama uygulamasi tuz sisi testini sonuglarini
belirgin olarak olumlu sekilde artiracaktir. Ancak bu degisikligi
uygulamaya koymadan ©nce bunun parcanin Ureticisi
tarafindan kabul edilebilir oldugundan emin olunmalidir ve
¢ogu zaman bu tercih edilen secenek degildir.
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and porosity of the deposit have been found to be directly
attributable to the presence of certain stabilizers. The
elimination or reduction of their usage can be advantageous.

Age of EN Chemistry: As EN baths age, the stress of the EN
deposit generally becomes more tensile. High tensile stress
values can lead to more brittle deposits and sometimes
cracking, which can lead to premature salt spray failures or
bad adhesion.

Deposit Thickness: The minimum thickness that will give
consistent values in salt spray tests for EN is 0.5 mils. EN
deposits have an inherent degree of porosity below that
value. Coatings of 1.0 -2.0 mils will generally give better
results but may not be practical or cost effective.

Substrate Quality: The incoming surface quality of the
part is paramount to produce consistent results. Generally,
parts or panels with less sharp edges and smoother surface
texture will give better results.

Pretreatment: Good surface preparation is also critical for
consistent, reliable results. Excellent alkaline cleaning and
uniform acid pickling are critical in creating a uniform active
surface for the EN chemistry to initiate upon. Over-etching
the substrate with strong alkaline cleaners (aluminum) or
strong acidic solutions (steel) will set up premature failure.
Initial uniform crystal growth is mandatory to create a uniform
deposit with little or no porosity.

https://www.tuyider.org
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Duplex Coatings: Use of a high phosphorus EN overlayer or
underlayer will absolutely help improve the salt spray values
of the overall coating. But make sure this is acceptable
to the manufacturer of the part before introducing this
modification—many times it is not an option.

Chrome Rinse: It has also been proven that the addition of
a final chrome rinse can be advantageous in sealing porosity
and increasing salt spray results. Unfortunately for RoHS
applications, this type of rinse is out of favor due to the
potential presence of hexavalent chrome.

Salt Spray Test Operational Parameters: \While pre-plating
and plating variables are vital, the execution parameters of
the salt spray test itself are equally critical. Key operational
safeguards include:

- Salt Purity & Specifications: Industrial or food-grade
salts containing anti-caking agents must never be used;
only pharmaceutical/reagent-grade sodium chloride is
acceptable. The certified analysis certificate must strictly
satisfy: Total Impurities < 0.3\%, Halogens (Fluorine, Bromine,
lodine) < 0.1\%, and Copper Cu< 0.3 ppm. Exceeding these
limits acts as a corrosion catalyst, causing premature failure.
Internal labs must verify these values, and external testing
facilities must provide documented certification.

- Temperature Integrity: Chamber temperature profiles
must be continuously logged. To mitigate latent equipment
calibration errors, independent, externally calibrated
temperature sensors should be utilized to cross-verify the
chamber’s internal readings.

- Atomizer Nozzle Maintenance: Atomizing nozzles are

info@tuyider.org

Krom durulamasi: Final krom durulamasinin kaplamadaki
poroziv yaplyl kapadigi ve tuz sisi spreyi sonuclarini
iyilestirdigi  dogrulanmisti. Bununla birlikte bu durulama
uygulamasi heksavelent krom icerme potansiyeli yizinden,
RoHS uygulamalart kapsaminda, populerligini yitirmigtir.

Tuz Sisi Testi Parametreleri: Kaplama dncesi ve esnasindaki
parametreler kadar tuz sisi testi icrasindaki parametreler de
oldukga dnemlidir. Bunlardan bazilari sunlardir;

- Tuzun saflik derecesi farmasétik kalitede olmall, gida tipi
tuzlar olmamali, topaklanma énleyici icermemelidir. Ayrica
tuzun analiz raporunda sonuglar su sekilde olmalidir: Toplam
kirllik/safsizik < 0.3 % , Halojenler (Flor,Brom,iyot) < 0,1%
, Bakir < 0.3 ppm. Bu degerlerin fazlalid durumunda test
numuneleri ¢ok daha hizll ve fazla miktarda korozyona
ugrayacakt. Dolayisiyla ic laboratuar testlerinde bu
degerlerin teyidi, dis laboratuar testlerinde ise bu degerlerin
belgelenmesini istemek oldukg¢a dnemlidir.

- Kabin sicaklik degerleri kayit altnda olmali, olasi
kalibrasyon hatalarina harici bir cihazla daha bu degerler
kontrol altinda alinmalidir.

- Tuz sisini pUskudrten nozul, tuz kristallerinden dolay aginir
veya tikani. Nozul asindikga puskurtllen damlaciklarin
boyutu blyUr. BlyUk damlaciklar havada asili kalmak yerine
yercekimiyle parcalanin Uzerine mermi gibi dUser.Teste
baslamadan &nce nozul kontrol edilip, gerekli dnlemler
alindiktan sonra teste baglanmalidir.

- Kabin dogrulama verilerinin - kontroll testin  saglikli

gerceklestiriimesi icin oldukga 6nemlidir. Bu degerler (Notr
Tuz Testi — NSS i¢in) su sekilde 6zetlenebilir; kabinin icinde
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highly susceptible to crystallization, erosion, and clogging.
As a nozzle erodes, the generated droplet size increases,
causing the mist to turn into a heavy drizzle that falls directly
onto the substrates rather than remaining suspended as a
uniform fog. Nozzle integrity must be inspected and serviced
prior to initiating any test cycle.

- Chamber \Verification & Collection Metrics (NSS):
Continuous verification of the collection parameters is
mandatory to ensure testing validity. For Neutral Salt Spray
(NSS), the following collected solution metrics—measured
via strategically placed funnels and graduated cylinders
over a 24-hour period—must be strictly maintained and
auditable:

Collection Rate: 24 ml to 48 ml over 24 hours
pH Value: 6.5 to 7.2 at 25 °C
Specific Gravity: 1.029 to 1.036 g/ml at 25 °C

Excellent EN Control: Finally, maintaining pH, temperature,
nickel and hypo-concentrations is paramount to providing
consistent quality deposits. Low temperatures, pHSs,
or nickel or hypo-concentrations can and will lead to
inconsistent results.

In conclusion, it is possible to meet and exceed 100-hour
salt spray with mid phosphorus EN. The suggestions should
result in not only achieving salt spray success but also
fewer rejects and overall positive results. As more engineers
recommend EN coatings for aerospace, electronics and
automotive applications, passing salt spray criteria is
becoming increasingly important.

Referanslar | References

farkli yerlere konumlandirimis dereceli mezlir ve huni
yardimiyla 24 saatlik sire sonunda alinan tuzlu su yogunlugu
(25 °C’de 1,029-1,036 g/ml), pH"1 (25 °C’'de 6,5 - 7,2) ve
miktari (24 ml — 48 ml) i¢ laboratuar testlerinde takip edilmeli,
dis laboratuar testlerinde ise gdzlemlenebilir olmalidir.

Daha iyi AN Kontroli: Son olarak pH, sicaklik, Nikel ve
Hipofosfit parametrelerini belli degerlerde tutmak daha tutarli
kaplama kalitesi elde etmede dnemlidir. DlsUk sicaklik, pH
araliklan ya da Nikel ve Hipofosfit konsantrasyonlar tutarsiz
sonuglara sebep olacaktir.

Sonug olarak orta fosforlu AN ile 100 saatlik tuz spreyi test
sonuglarina ulasmak ve asmak mimkindur. Oneriler yalnizca
tuz sisi testi bagarisi elde etmek igin degil, ayni zamanda
geri donen red iglerde azalmayla ve genel olarak olumlu
sonuglarla sonuglanmalidir. Tasanim muhendisleri havacilik,
elektronik ve otomotiv uygulamalari icin AN kaplamalari
Onerdikge, tuz puUsklrtme testi kriterlerini gegcmek giderek
daha 6nemli hale gelmektedir.

-1. https://www.pfonline.com/articles/how-to-pass-a-100-hour-salt-spray-test-for-electroless-nickel -2. ASTM B117-26: Standard Practice for Operating Salt Spray (Fog) Apparatus
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Kataforez (KTL) Kaplama
Sistemlerinde Teknik Tasarim,
Operasyonel Parametreler ve

Ekipman Secimi

Technical Design, Operational Parameters
And Equipment Selection In Cathodic
Electrodeposition (E-Coat) Systems

Cihad AYDIN
Karakaya 86 A.S. - Uretim Mudiri
Karakaya 86 - Production Manager

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



'-----=u

s igg;s:aiwvu._! H!M\\T

= i ’
e A M v

-

?_::!Ell‘!'__ﬂ!-.* —=1,

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

info@tuyider.org

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)
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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.
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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
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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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Modern E-coat facilities commonly use high-performance MMO
(Mixed Metal Oxide) coated titanium anodes.

Advantages include:

e stable operation at current densities of 80-100 A/m2

e dimensional stability without significant wear

e improved energy efficiency due to low overpotential

3.2 Placement Geometry and Distribution Design

The strategic placement of the calculated anode area within the
tank directly affects coating quality.

Three critical design parameters must be considered.

Equipotential Distribution

The ideal anode-to-cathode distance should be between 400-
600 mm.

Short distances increase burn risk, while excessive distances
increase energy losses.

Dialysis Cell Positioning
Anodes should terminate:

e at least 200 mm above the tank bottom
e approximately 100 mm below the liquid level

Anolyte Circulation

For membrane health, anolyte circulation rates of 2-5 L/min per
anode are recommended.

3.3 Practical Design Example and Methodology

The following example demonstrates the methodology used to
determine physical system dimensions.

System Data

Maximum coating area (Acathode): 100 m2
Tank dimensions: 5m x2m x 2.5 m

Paint current demand: 20 A/m?

Selected anode: @50 mm MMO tubular anode
Active length: 2.2 m

Calculation Steps

1. Peak Current Demand
Imax = 100 x 20
Imax = 2000 A

2. Required Total Anode Area
Assuming Jlimit = 100 A/m2:
Aanode = 2000 / 100
Aanode = 20 m?

3. Active Area of a Single Anode
aunit = 1 x d x Lactive

aunit = 3.14 x 0.05 x 2.2

aunit = 0.345 m2

4. Required Number of Anodes
N =20/0.345
N = 57.9 = 58 anodes

5. Anode Pitch Calculation
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e Secilen Anot: @ 50 mm MMO Boru Anot (Aktif Boy: 2.2 m)
Hesaplama Adimlari:

1. Pik Akim Talebi (I-maks): I-maks = 100 m? x 20 A/m? =
2000 A

2. Gerekli Toplam Anot Alani (A-anot): (J-limit = 100 A/m?
kabull ile) A-anot = 2000 A / 100 A/m? = 20 m?

3. Tek Bir Anodun Aktif Alani (a-birim): a-birim = Pi x d x
L-aktif a-birim = 3,14 x 0,05 m x 2,2 m = 0,345 m?

4. Gerekli Toplam Anot Adedi (N): N =20 m? / 0,345 m? =
57,9 (Yaklagik 58 Adet)

5. Yerlesim Plani (Anot Arali@i - Pitch): Tankin her iki yan
duvarina (toplam 10 metre uzunluk) dizilecek olan 58 adet
anot icin: Aralk = 1000 cm /58 = 17,2 cm

Teknik Degerlendirme: Hesaplanan 17,2 cm’lik yerlesim
araligl, elekiriksel golgeleme yapmayacak kadar genis,
ancak akim surekliligini (homojenligini) saglayacak kadar sik
bir dizilimdir. Eger bu aralik 15 cm’nin altina dusseydi, “iyonik
sikisma” riskine kargi daha blyUk capl (6rn. @ 75 mm)
anotlar kullanilarak adet disurtlmeli ve elektriksel rahatlama
saglanmaliydi. Mevcut @ 50 mm secimi bu senaryo igin
idealdir.

Not: Bu hesaplamalar banyonun “Throwing Power”
(Cukurlara Sizma Gucu) dzelligini dogrudan etkiler. Yetersiz
anot alani veya yanlis yerlesim, sadece pH dengesizligine
degil, ayni zamanda kompleks pargalarnn i¢ kisimlarinda
kaplama zafiyetine yol agar.

Ultrafiltrasyon (UF) Ve Durulama Stratejisi

Ultrafiltrasyon (UF) modUilleri, kataforez kaplama prosesinde
boya geri kazanimi, banyo stabilitesi ve su tiketiminin
azaltiimasi agisindan kritik bir rol oynar. UF sistemi sayesinde
boya banyosundan tasinan (drag-out) fazla boya geri
kazanilarak hem ekonomik kayiplar azaltilir hem de proses
kimyas| dengede tutulur.

4.1 UF Sisteminin Calisma Prensibi

UF membranlar yar gecirgen bir yapilya sahiptir ve boya
banyosundaki bilesenleri molekuler boyutlarina gére ayirir.
Bu ayrm sonucunda iki farkl akis elde edilir:

Permeat (UF suyu)

Membrandan gecen dustk molekdl agirlikli bilesenleri igerir.
Bunlar genellikle:

® su

e dustk molekul agirlikli solventler
¢ notralizan asitler

e kiicuk iyonik bilesenler
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UF permeati genellkle durulama banyolarinda yeniden
kullanilir.

Konsantre (retentate)
Membran tarafindan tutulan blyldk molekullt bilesenleri
icerir:

¢ boya reginesi
e pigment partikUlleri
e kolloidal yapidaki katkilar

Bu akis tekrar kataforez tankina geri génderilir.

Bu sayede sistem kapall bir boya geri kazanim doéngtsu
olusturur.

4.2 Boya Geri Kazanimi (Drag-Out Yonetimi)
Kataforez prosesinde pargalar tanktan c¢iktiginda yuUzey-

lerinde belirli miktarda boya banyosu tasinir. Bu olaya drag-
out denir.

Drag-out kaybi asagidaki faktdrlere baghidir:
® par¢a geometrisi

e ylzey alani

e aski sistemi

e cekilme hizi
* viskozite

UF destekli durulama sistemlerinde drag-out boyasi geri
kazanilarak tekrar sisteme kazandirilr.

Tipik bir UF geri kazanim sistemi sayesinde:
¢ boya kayiplar %20 — %30

e kimyasal tUketimi %15 — %25

e atik su yUku ise %30 — %40

oraninda azaltilabilir.

4.3 Cok Kademeli Durulama Tasarimi

Modern kataforez hatlarinda genellikle 3 veya 4 kademeli UF
durulama sistemi uygulanir.

Tipik bir durulama mimarisi asagidaki gibidir:

1. UF Permeat Durulama (Rinse 1)

Parca tanktan ¢ikar ¢lkmaz UF permeati ile durulanir. Bu
asamada ylzeydeki boya yogunlugu yuksek oldugu igin
boya geri kazanimi maksimum seviyededir.

2. Kademeli UF Durulama (Rinse 2)

Daha duslik boya konsantrasyonu iceren ikinci bir UF

durulama banyosu uygulanir.

3. DI Su Durulamasi (Final Rinse)
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For 58 anodes distributed along both tank walls (total length:
10 m):

Pitch = 1000 cm / 58

Pitch ~ 17.2 cm

Technical Evaluation

The calculated spacing of 17.2 cm is sufficiently wide to
prevent electrical shielding while maintaining current distribution
uniformity.

If the spacing were below 15 cm, larger diameter anodes (e.g.,
@75 mm) should be selected to reduce ionic crowding and
improve electrical relaxation.

The selected @50 mm anodes are optimal for this scenario.

4. Ultrafiltration (Uf) And Rinsing Strategy

Ultrafiltration modules play a critical role in paint recovery, bath
stability, and water consumption reduction.

Through UF systems, drag-out paint carried out of the tank is
recovered and returned to the process.

4.1 UF Operating Principle

UF membranes are semi-permeable structures that separate
bath components according to molecular size.
Two separate streams are generated.
Permeate

Contains:

® water

e low molecular weight solvents

e neutralizing acids

e small ionic species

UF permeate is typically reused in rinse stages.
Concentrate (Retentate)

Contains:

e paint resin

e pigment particles

e colloidal additives

This stream is returned to the E-coat tank.
Thus, the system forms a closed-loop paint recovery cycle.

4.2 Paint Recovery (Drag-Out Management)

When parts leave the E-coat tank, a certain amount of paint is
carried out on the surface. This phenomenon is called drag-out.

Drag-out losses depend on:

® part geometry

e surface area

® hanger design

e withdrawal speed

® viscosity

UF-assisted rinse systems can reduce:

e paint losses by 20-30%
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e chemical consumption by 15-25%
e wastewater load by 30-40%

4.3 Multi-Stage Rinse Design

Modern E-coat lines generally utilize three- or four-stage UF
rinse systems.

Typical rinse architecture:
1. UF permeate rinse (Rinse 1)
2. Secondary UF rinse (Rinse 2)

3. DI water final rinse

This arrangement minimizes paint losses while maximizing
surface cleanliness.

4.4 Pressure Management (Trans-Membrane Pressure —
TMP)

The pressure differential across UF membranes must be
continuously monitored.

TMP is defined as:

TMP = (Pin + Pout) / 2 — Ppermeate

Where:

Pin : membrane inlet pressure

Pout : membrane outlet pressure

Ppermeate : permeate line pressure

Typical operating range:

TMP = 1-3 bar

Increasing pressure differentials generally indicate:
° membrane fouling

e paint agglomeration

e piological contamination

e increased particulate loading

In such cases, chemical cleaning (CIP) is required.

4.5 Membrane Flux

One of the most important performance indicators of UF
systems is membrane flux.

Flux is defined as:

Flux = Permeate flow rate / Membrane area
Typical unit:

L/m2h

Typical flux values in E-coat UF systems:
40-80 L/m2h

Flux reduction may indicate:

e membrane fouling

e increased paint concentration

e viscosity increase

e insufficient pump flow

4.6 Membrane Cleaning (CIP Strategy)

UF membranes must undergo regular chemical cleaning to
ensure long service life.
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Son asamada deiyonize su kullanilarak ylzeydeki iyonik
kalintilar uzaklagtirilir.

Bu sistem sayesinde boya kayiplar minimize edilirken ylzey
temizligi maksimum seviyeye cikarilir.

4.4 Basing Yonetimi (Trans-Membrane Pressure - TMP)

UF sistemlerinin verimli caligabilmesi icin membran Uzerindeki
basing farki strekli izlenmelidir.

Trans-membrane pressure su sekilde tanimlanir:
TMP = (Pin + Pout) / 2 — Ppermeat
Burada:

Pin » membran giris basinci
Pout » membran ¢ikis basinci
Ppermeat » permeat hatti basinci

Tipik UF ¢alisma araligi:
TMP =1 -3 bar

Basing farkinin zamanla artmasi genellikle su problemlerin
gbstergesidir:

® membran gézeneklerinin tikanmasi
e boya aglomerasyonu

e biyolojik kirlenme

 partikdl yuku artigi

Bu durumda sistemin kimyasal temizligi (CIP) yapiimalidir.
4.5 Membran Aki Degeri (Flux)

UF sistem performansinin  énemli gdstergelerinden  biri
membran aki degeri (flux)’tur.

Flux su sekilde tanimlanir:

Flux = permeat debisi / membran ylzey alani

Genellikle birimi:

L/m2-h

Kataforez UF sistemlerinde tipik flux degerleri:

40 - 80 L/m2h

Flux degerinin dismesi asagidaki problemlere isaret edebilir:
* membran fouling

® boya konsantrasyonu artigi

e viskozite artigl

® pompa debisi yetersizligi

4.6 Membran Temizligi (CIP Stratejisi)

UF membranlarinin uzun émdarlt ¢alisabilmesi icin dlzenli
kimyasal temizlik uygulanmalidir.

Temizlik proseduri genellikle agagidaki asamalardan olusur:

1. Alkali temizlik (organik kirler icin)
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2. Asidik temizlik (mineral birikimler icin)
3. DI su durulamasi
CIP sikiig tipik olarak:

e 2 — 4 hafta (proses yUkUne bagl olarak)
olarak planlanir.

Dlzenli temizlik yapilimadiginda membran akisi diser ve
sistem verimliligi ciddi sekilde azalir.

5. Kritik Ekipman Spesifikasyonlari

Typical cleaning procedure:
1. Alkaline cleaning

2. Acid cleaning

3. DI water rinse

Typical cleaning interval:
2-4 weeks

Insufficient cleaning leads to severe flux reduction and
decreased system efficiency.

5. Critical Equipment Specifications

Ekipman ideal Malzeme Kritik Teknik Kriter
Equipment Preferred Material Critical Technical Criteria
Is1 Degistirici Titanyum / AISI 316L Wide-gap (genis aralikl) plaka tasarimi.

Heat Exchanger Titanium / AISI 316L

Wide-gap plate design

Redresor Tristorll veya Switch-mode Dustk dalgalanma (ripple) orani (< %3).
Rectifier Thyristor or Switch-mode Ripple ratio < 3%
Filtre Unitesi AISI 304 / 316 Duplex Sureklilik icin ¢iftli sistem; 25 um torba filtre.

Filtration Unit AISI 304 / 316 Duplex

Dual system with 25 pm bag filters

Boru Tesisati
Piping System

Paslanmaz veya HDPE/PP
Stainless Steel or HDPE/PP
6. Sonug

Kataforez kaplama sistemleri ¢ok disiplinli mUhendislik
yaklasimi gerektiren kompleks proseslerdir.

Sistem performansi;

e dogru sirkllasyon tasarimi

e uygun anot alani

e etkin UF geri kazanimi

e dogru ekipman segimi

ile dogrudan iligkilidir.

Bu calismada verilen hesaplama yontemleri ve tasarm

kriterleri  kataforez tesislerinin - muUhendislik tasariminda
referans niteligi tasimaktadir.

Referanslar | References

PUrlzsuz i¢ yUzeyli, korozyona dayanikl malzeme.
Smooth internal surface and corrosion resistance

6. CONCLUSION

Cathodic electrodeposition systems are complex processes
requiring a multidisciplinary engineering approach.

System performance is directly related to:

e proper circulation design

e sufficient anode surface area
e efficient UF recovery

e correct equipment selection

The calculation methodologies and design criteria presented in
this study provide a technical reference for engineering design
of E-coat facilities.
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TUYIDER’In  dizenledigi  “Yizey Islem Proseslerinde
Otomasyon ve Dijital Entegrasyon” paneli buydk ilgi gordd.

Uretim teknolojilerinin en &nemli bulusmalarindan biri olan
WIN EURASIA 2026, 10-13 Haziran tarihleri arasinda
istanbul Fuar Merkezi'nde sanayinin farkli disiplinlerinden
binlerce profesyoneli bir araya getirdi. Otomasyon, robotik
sistemler, dijital fabrikalar, kaynak teknolojileri, makine
Uretimi ve endUstriyel donlistm alanlarinda faaliyet gésteren
yUzlerce firmanin yer aldigi organizasyon, Uretim dinyasinin
gelecegine yon veren teknolojilerin sergilendigi énemli bir
platform oldu.

TUYIDER TUm YUlzey Islemler Dernegi olarak bu &nemli
organizasyonun destekleyen kuruluglar arasinda yer almanin
yani sira, ylzey islem sektdrinUn gelecegine isik tutan
kapsamli bir panel diizenleyerek fuara dnemili bir teknik icerik
kazandirdik.

12 Haziran'da gergeklestirien “Yiizey islem Proseslerinde
Otomasyon ve Dijital Entegrasyon” baslikli panel, sektor
profesyonellerini, Ureticileri ve teknoloji saglayicilarni ayni
platformda bulusturdu. Panel boyunca otomasyonun yiizey
islem proseslerine etkileri, dijital donistim uygulamalari,

TUYIDER Panel Showcases the Future of Digital Surface
Treatment

WIN EURASIA 2026, one of the manufacturing industry’s
leading exhibitions, brought together thousands of
professionals at the Istanbul Expo Center from 10 to 13
June 2026. Featuring companies specializing in automation,
robotics, digital manufacturing, welding technologies,
machinery, and industrial solutions, the exhibition once again
demonstrated its role as one of the region’s most important
meeting points for manufacturing innovation.

As one of the supporting associations of the exhibition,
the Turkish Surface Treatment Association (TUYIDER)
contributed to the event’s technical programme by organizing
a panel dedicated to one of the industry’s most significant
transformation topics, Automation and Digital Integration in
Surface Treatment Processes.

Held on 12 June, the session brought together manufacturers,
technology providers, and industry professionals to discuss
how digital transformation is reshaping modern surface
treatment operations. The programme explored automation,
robotics, intelligent process control, digital manufacturing,
and sustainable production, providing participants with
valuable insights into the technologies shaping the future of
the sector.

https://www.tuyider.org
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Digital Transformation Is Reshaping Surface Treatment

Surface treatment facilities are evolving far beyond traditional
production lines. Today’s plants are becoming intelligent
manufacturing environments that collect and analyze data,
optimize energy consumption, ensure complete process
traceability, and monitor quality in real time.

Throughout the panel, speakers demonstrated that
automation delivers benefits well beyond higher production
rates. Improved process reliability, greater operational
transparency, enhanced product quality, and increased
energy efficiency have become essential elements of a
competitive manufacturing strategy.

One message was consistent throughout every presen-
tation. Digital transformation is no longer a future ambition.
It is a business necessity for companies seeking to
remain competitive in an increasingly demanding global
marketplace.

Practical Solutions for Modern Manufacturing
One of the panel's greatest strengths was its emphasis

on practical industrial applications rather than theoretical
concepts.

info@tuyider.org
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robotik teknolojiler, akilli kontrol sistemleri ve strdUrdlebilir
Uretim anlayisi farkli bakis acilaryla degerlendirildi.

Dijitallesme Artik Bir Tercih Degil

Gunimizde ylzey islem tesisleri yalnizca kaliteli kaplama
yapan Uretim merkezleri olmaktan c¢ikip verileri yoneten,
sUreclerini analiz eden, enerji tuketimini optimize eden ve
kaliteyi gercek zamanli takip eden akilli Gretim sistemlerine
dénusuyor.

Panelde yapilan sunumlar da bu déntsimin sektore
yansimalarini somut 8rneklerle ortaya koydu. Otomasyon
sistemlerinin  yalnizca Uretim hizini  artrmadigi; proses
guvenilirigi, izlenebilirlik, enerji verimliligi ve surddrdlebilir
kalite acisindan da isletmelere 6nemli avantajlar sagladig
vurgulandi.

Basarnl Uygulamalar Paylasildi
Panel kapsaminda sektorin 6ncu firmalar kendi uygulama-
larinive deneyimlerinikatiimcilarla paylasti. Kataforez kaplama

proseslerinde akill kontrol sistemleri ve dijital dondstm
uygulamalari, proseslerin  daha hassas yonetimesini
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saglayan ¢codzimlerle ele alinirken; otomatik takip sistemleri,
veri toplama altyapilarn ve proses optimizasyonu sayesinde
kalite surekliliginin nasil saglandigi érneklerle aktarildi.

Robotik  ylzey isleme teknolojileri Uzerine yapilan
sunumlarda ise ¢zellikle manuel islemlerden robot destekli
sistemlere gegisin Uretim kalitesine, is guUvenligine ve
sUrdurUlebilir  dretime sagladi§i  katkilar -~ degerlendirildi.
Robotik zmparalama ve ylzey hazirlama uygulamalari,
karmagik geometrilere sahip pargalarin ylksek hassasiyetle
islenebilmesine olanak tanirken, operatér bagimiiigini
azaltarak standart kalite seviyesinin korunmasina dnemli
katkilar sagliyor.

Panel boyunca yapilan sunumlar, dijital dénUstmun yalnizca
blyUk olcekli tesisler icin degil, rekabet guctnt artirmak
isteyen tum isletmeler igin stratejik bir gereklilik haline
geldigini agikga ortaya koydu.

Bilgi Paylagiminin Giicu

WIN EURASIANIN en 6nemli &zelliklerinden biri, Gretim
teknolojilerinin yalnizca sergilendigi bir fuar olmanin étesinde
bilgi paylasimini, sektdrel is birliklerini ve teknik gelismeleri
destekleyen bir platform olmasidir.

TUYIDER tarafindan diizenlenen panel de bu anlayisin &nemli
orneklerinden biri oldu. Akademi, teknoloji saglayicilari,
Uretici firmalar ve sektdr profesyonellerinin ayni salonda
bulusmasi, bilgi alisverisini gliglendirirken yeni is birliklerinin
de temelini olusturdu.

TUYIDER Sektériin Gelisimine Katki
Sunmaya Devam Ediyor

Ylzey islem teknolojileri; otomotiv, savunma sanayi, beyaz
esya, makine imalati, havacilik, enerji ve birgok stratejik

Tare FUZEY TREMLIW S{NNECE

Egitim, sertifikasyon, damsm~nlik,
test analiz rapor, fizit

aragtirma ugulan
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Leading companies presented real-world examples of
smart process control, digital integration, and automation
solutions already implemented in modern surface treatment
facilities. Their presentations demonstrated how automated
monitoring systems, integrated data management, and
advanced process optimization improve production
consistency, strengthen traceability, and increase operational
efficiency.

Robot-assisted surface finishing was another major focus.
Speakers explained how robotic grinding, sanding, and
surface preparation improve precision when processing
complex components while reducing dependence on
manual operations. These technologies not only increase
productivity but also enhance workplace safety and help
manufacturers maintain consistently high quality standards.
Together, these case studies demonstrated that digital
transformation is not reserved for large-scale manufacturers.
Companies of every size can benefit from intelligent
automation as they pursue greater efficiency, flexibility, and
long-term competitiveness.

A Platform for Knowledge Exchange

WIN EURASIA is far more than a showcase for new products
and technologies. It is a platform where manufacturers,
technology providers, researchers, and decision-makers
come together to exchange ideas, share expertise, and
build new partnerships.

TUYIDER’s panel reflected this spirit by creating an
environment where practical experience and technical
knowledge could be shared openly among industry
stakeholders. The lively discussions and active audience
participation demonstrated the sector’s growing interest
in digital technologies while highlighting the importance of
collaboration in addressing future challenges.

TUYIDER’s Commitment to the Industry

Surface treatment technologies play a vital role in strategic

i
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industries including automotive, aerospace, defence,
machinery manufacturing, home appliances, and energy.
As manufacturing continues to evolve, encouraging
technological innovation and promoting the exchange of
technical knowledge have become more important than
ever.

As the Turkish Surface Treatment Association, TUYIDER
remains committed to supporting the sector through
knowledge sharing, professional collaboration, and the
adoption of advanced manufacturing technologies.
Strengthening the international competitiveness of Turkiye’s
surface treatment industry remains one of our principal
objectives.

We extend our sincere appreciation to Mr. Emin Kalip, Vice
Chairman of the TUYIDER Board, for moderating the panel.
We also thank Mr. Yavuz Sentlrk, Business Development
Manager at PODIM Robotics, for sharing his expertise on
robotics and digital manufacturing, Mr. Semih Senocak,
Sales Manager at BOYSIS, for presenting valuable practical
experience in surface treatment applications, and Mr. Fatih
Karakaya, R&D and Business Development Manager at
Karakaya 86, for his presentation on automation and
process optimization.

Our thanks also go to all industry professionals, TUYIDER
members, visitors, and the Hannover Fairs Turkey team for
their contribution to the success of this event. TUYIDER
will continue to support initiatives that promote innovation,
encourage knowledge sharing, and strengthen collaboration
across the surface treatment industry. Through these efforts,
we aim to build a more competitive and sustainable future
for the sector.

Yiizey Islem Sektoriinde
Yeni Bir Soluk!
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& & TOvioer

00000

E Tivioer

sektdrln kalite standartlanni dogrudan etkileyen kritik Gretim
sUregclerinin basinda geliyor. Bu nedenle sektorin teknolojik
gelismeleri yakindan takip etmesi ve bilgi paylagimini artirmasi
her zamankinden daha blyUk énem tagiyor.

TUYIDER olarak temel hedefimiz Uyelerimiz arasinda
teknik bilgi paylagimini artirmak, yeni teknolojilerin sektére
kazandirnimasina katki saglamak ve Turk ylzey islem
sektdrinUn uluslararasi rekabet glicinU yUkseltmektir.

Panelimizin moderatérigini Ustlenen TUYIDER Yénetim
Kurulu Baskan Yardmcisi sayin Emin Kalip’a, robotik
uygulamalar ve dijital Gretim teknolojileri konusundaki degerli
paylasimlaryla PODIM Robotik Is Gelistirme Midirl sayin
Yavuz Sentlrk’e, ylzey islem proseslerindeki uygulama
deneyimlerini aktaran BOYSIS Satis MUdurl sayin Semih
Senocak’a ve otomasyon ile proses optimizasyonuna yénelik
sunumuyla katki saglayan Karakaya 86 Ar-Ge/BY Yoneticisi
sayin Fatih Karakaya'ya icten tesekkirlerimizi sunariz.

Ayrica panelimize ilgi gdstererek bilgi paylasimina katkida
bulunan tim sektdr profesyonellerine, Uyelerimize ve
ziyaretgilerimize bu degerli organizasyonun gerceklesmesine
katki saglayan Hannover Fairs Turkey ekibine tesekkir
ederiz.

TUYIDER olarak, ylzey islem sektdrinin teknolojik
gelisimini destekleyen, bilgi paylasimini tesvik eden ve sektor
paydaslarni bir araya getiren bu tir etkinliklerde yer almaya
sektérimuzin  strdurdlebilir gelisimine katki  saglamaya
kararliikla devam edecegiz.

@ +90 542 682 37 32

medya@tuyider.org

www.tuyider.org

info@tuyider.org
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SURFACE TECHNOLOGY STUTTGART 2026 FUARI TEKNIK
DEGERLENDIRME VE SEKTOREL iZLENIMLER

Technical Evaluation and Industry Observations from Surface Technology
Stuttgart 2026

Kamil OZCIKMAK
TUYIDER - Yénetim Kurulu Bagkan Yardimcis
Teknobak Tekn. Mak. Bak. ve Muh. Hiz. Ltd. $ti.

@ Qéilvéi 10lin '

HIGH PERFORMANG
SURFACE._'I'REATMENT__SDEUTIDHS

SurfaceTechnology Stuttgart 2026 Fuarn, 5-7 Mayis
2026 tarihleri arasinda gerceklestiriimis olup, ylzey islem
teknolojileri, endUstriyel kaplama sistemleri ve proses
muhendisligi  alanlarinda mevcut teknolojik  egilimlerin
deg@erlendirimesi agisindan énemli bir platform olarak éne
clkmistir. Fuar stresince gerceklestirilen teknik incelemeler
ve katilima firmalarla yapilan goérismeler, sektorin dzellikle
proses verimliligi, strdtrdlebilir Gretim, dijitallesme ve kalite
kontrol ekseninde 6nemli bir ddnUsim igerisinde oldugunu
ortaya koymustur.

Teknik G6zlemler

Fuar kapsaminda sergilenen teknolojiler incelendiginde;
yUzey hazirlama, temizleme, 6nislem, kaplama ve son kontrol
sUreclerinin giderek daha entegre bir yapiya déntstigu
gozlemlenmistir. Ozellikle otomatik proses kontrolii saglayan
sistemler, veri tabanli Uretim izleme ¢éztmleri ve dijital kalite

The SurfaceTechnology Stuttgart 2026 exhibition, held from
May 5-7, 2026, stood out as an important platform for
evaluating current technological trends in surface treatment
technologies, industrial coating systems, and process
engineering. Technical reviews conducted throughout the
exhibition and discussions with participating companies
demonstrated that the industry is undergoing a significant
transformation, particularly in the areas of process efficiency,
sustainable manufacturing, digitalization, and quality control.

Technical Observations

An examination of the technologies showcased at the
exhibition revealed that surface preparation, cleaning,
pretreatment, coating, and final inspection processes are
becoming increasingly integrated. In particular, automated
process control systems, data-driven production monitoring
solutions, and digital quality management infrastructures

https://www.tuyider.org



attracted considerable attention. The widespread adoption of
sensor-supported control mechanisms aimed at minimizing
production errors and enhancing process stability indicates
that digital transformation within the industry is accelerating.

In the field of coating technologies, high-performance
functional coatings, corrosion-resistant surface solutions,
environmentally friendly chemical processes, and energy-
efficient applications were among the most prominent
developments. Surface engineering solutions designed
for the automotive, aerospace, machinery manufacturing,
and other high-precision industrial sectors were especially
noteworthy. Furthermore, the extensive presentation of digital
measurement systems for process traceability and quality
standardization signals a new level in the industry’s approach
to quality assurance.

Sustainability and Efficiency

From a sustainability perspective, low-VOC emission
processes, systems that reduce chemical consumption,
recovery and recycling technologies, and energy-optimized
production equipment were among the primary focus areas of
many exhibitors. Engineering approaches aimed at increasing
resource efficiency are gaining strategic importance not
only for environmental compliance but also for reducing
operational costs.

Industry Trends

Technical discussions held throughout the exhibition
indicated that manufacturers are moving beyond a traditional
equipment-sales approach and increasingly focusing on
process optimization, application engineering, and long-
term production efficiency as solution partners. Topics
such as digital monitoring, predictive maintenance, process
simulation, and real-time data analysis are expected to
become key factors determining competitiveness in the
surface technology sector in the coming years.

Participation from Tiirkiye and TUYIDER Representation

The exhibition attracted strong interest from TUrkiye, both
from exhibitors and visitors. TUYIDER member companies
participating as exhibitors included PROMETAL, EPLAS,
TORANTO, OTMK, GALVONORM, ARTKIM, and KP/
TEKNOBAK.

Other exhibitors from TUrkiye included Bozkurt Endustriyel
Yizey Islem and SAYRON. Representatives from Alp
Havacillk, Cimtas, and Umicore were also present at the
exhibition.

Among the visitors were representatives from Mahle, Knorr-
Bremse, Alcoa, and Pure Battery Technologies. In addition,
numerous Turkish-owned companies operating in Germany,
along with Turkish technical and administrative professionals
employed by these organizations, visited the TUYIDER stand.

info@tuyider.org
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yénetim altyapilari dikkat cekmistir. Uretim siireclerinde hata
oranlarini azaltmaya ve proses stabilitesini artirmaya ydnelik
sensdr destekli kontrol mekanizmalarinin  yayginlasmasi,
sektorde dijital ddnisUmuUn hiz kazandigini gostermektedir.
Kaplama teknolojileri alaninda ise yUksek performansli
fonksiyonel kaplamalar, korozyon dayanmini artran ylzey
¢OzUmleri, disUk cevresel etkiye sahip kimyasal prosesler
ve enerji verimliligi saglayan uygulamalar 6n plana gikmistir.
Ozellikle otomotiv, havacilik, makine imalati ve yilksek
hassasiyet gerektiren endulstriyel uygulamalara yoénelik
yUzey muhendisligi ¢bzUmlerindeki gelismeler dikkat gekici
bulunmustur. Bununla birlikte, proses parametrelerinin
izlenebilirligi ve kalite standardizasyonuna ydnelik dijital
Olcim sistemlerinin yaygin olarak sergilenmesi, sektdrin
kalite glvence yaklasiminda yeni bir seviyeye ulastigini
gOstermektedir.

Surdurilebilirlik ve Verimlilik

Surdurdlebilirlik perspektifinden degerlendirildiginde; dustk
VOC emisyonlu prosesler, kimyasal tUketimini azaltan
sistemler, geri kazanim teknolojileri ve enerji optimizasyonu
saglayan Uretim ekipmanlan birgok katlimcinin  odak
alanini olusturmustur. Kaynak verimliligini artirmaya yonelik
muhendislik yaklasimlarinin yalnizca ¢evresel uyumluluk
acisindan degil, ayni zamanda operasyonel maliyetlerin
azaltimasl bakimindan da stratejk 6nem kazandigi
gordimustar.

Sektorel Egilimler

Fuar boyunca gerceklestirilen teknik gdrismeler, Ureticilerin
yalnizca ekipman satigl yaklagimindan uzaklasarak; proses
optimizasyonu, uygulama muihendisligi ve uzun vadeli Gretim
verimliligine odaklanan ¢ézim ortakligi modeline yoneldigini
gostermistir. Ozellikle dijital izleme, kestirimci bakim, proses
similasyonu ve gercek zamanl veri analizi baslklarinin
onlmulzdeki ddnemde vyizey teknolojileri  sektérdnin
rekabet guclnu belirleyen temel unsurlar arasinda yer
alacagi degerlendirimektedir.

Turkiye’den Katiim ve TUYIDER Temsiliyeti

Fuara Turkiye’den hem katilimci hem de ziyaret¢i olarak
yogun ilgi gosteriimisti. TUYIDER (yesi firmalar arasinda
katiimci olarak yer alan; PROMETAL, EPLAS, TORANTO,
OTMK, GALVONORM, ARTKIM ve KP/TEKNOBAK firmalar
dikkat ¢cekmistir.

Turkiye'den diger katiimcilar arasinda Bozkurt Endustriyel
Yiizey islem ve SAYRON yer almigtir. Ayrica Alp Havacilik,
Cimtas ve Umicore temsilcileri de fuarda bulunmustur.

Ziyaretciler arasinda ise Mahle, Knorr-Bremse, Alcoa ve Pure
Battery Technologies gibi firmalardan temsilciler yer almistir.
Bunun yani sira Aimanya’da faaliyet gosteren Turk firmalar
ile bu kuruluslarda goérev yapan ¢ok sayida Turk teknik ve
idari profesyonel de TUYIDER standini ziyaret etmistir.
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Teknoloji Mentorluk Programi

Destek Kapsami

Bu program, KOBI’lere teknolojik danismanlik, kapasite
analizi, problem belirleme, ¢c6zim yaklasimlari yol haritasi
hazirlama hizmetlerini kapsamaktadir.

1831 Proje maliyetinin %90’ TUBITAK tarafindan hibe
olarak karsilanmaktadir.

Mentorliik programi kapsaminda firmalarimizin
mevcut durumlan tespit edildikten sonra, Diinya
Bankasi, Avrupa Birligi, Bakanliklar, TUBITAK,
KOSGEB tarafindan finanse edilen Yesil Doniisiim
Projelerine yénlendirilecektir.

D

= TUYIDER

TUM YUZEY iSLEMLER DERNEGi Bilgi icin info@tuyider.org



00000

General Economic and Geopolitical Observations

During the exhibition period, the effects of ongoing geopoalitical
developments and conflicts in the Middle East were noticeable
within the global business community. Discussions among
participants reflected a general atmosphere of uncertainty,
while the future of traditional trade fairs and their evolving
role alongside digital platforms was a recurring topic of
conversation.

At the same time, there was a clear expectation of increased
investment in the European defense industry. This trend is
anticipated to create new opportunities in surface treatment
technologies, specialized coating applications, and advanced
materials engineering.

Organization and Support

Throughout the exhibition, the organizing team maintained
close communication with exhibitors and contributed
significantly to the efficient operation of the event. In particular,
Ramtin Randjbar-Moshtaghin and Berna Akdag provided
valuable support through their active engagement with
participants, helping ensure the successful execution of the
exhibition.

Conclusion

SurfaceTechnology Stuttgart 2026 proved to be a highly
valuable event for assessing global trends in surface
treatment and coating technologies, examining next-
generation process solutions, and analyzing key themes of
industrial transformation. The observations gathered during
the exhibition clearly indicate that the future of the industry
will be shaped by advanced process control, sustainable
manufacturing, digital  integration, data-driven  quality
management, and enhanced functional surface performance.
Furthermore, the strong participation from Turkiye
demonstrated the increasing international visibility of the
Turkish surface treatment industry and highlighted its growing
potential for global collaboration and business development.

info@tuyider.org

Genel Ekonomik ve Jeopolitik Gozlemler

Fuarin dUzenlendigi dénemde Orta Dogu’da yasanan
jeopolitik gelismelerin kiresel is dinyasi Uzerindeki etkileri
hissedilmistir. Katiimcilar arasinda genel olarak ekonomik
ve ticari belirsizliklere iliskin degerlendirmeler yapimis,
ayrica geleneksel fuar organizasyonlarinin gelecedi ve
dijital platformlarla iligkisi Uzerine cesitli gorts aligverigleri
gerceklestiriimistir.

Bununla birlikte Avrupa’da savunma sanayine yonelik yatinm
beklentilerinin arttigr ve bu durumun ylzey islem, &zel
kaplama teknolojileri ve ileri malzeme uygulamalari alanlarinda
yeni firsatlar yaratabilecegi yoninde degerlendirmeler 6ne
cikmistir.

Organizasyon ve Destek

Fuar slresince organizasyon ekibi tarafindan katilimcilarla
yakin iletisim kurulmus ve etkinligin verimli  sekilde
yuriitiimesine katki saglanmistir. Ozellikle Ramtin Randjbar-
Moshtaghin ve Berna Akdag katiimcilarla yakindan ilgilenerek
organizasyonun etkin ve basarli bir sekilde yUritiimesine
destek vermiglerdir.

Sonug

SurfaceTechnology Stuttgart 2026, ylizey islem ve kaplama
teknolojilerindeki  kiresel  egilimlerin  degerlendiriimesi,
yeni nesil proses ¢cdzimlerinin incelenmesi ve endustriyel
déntsum bagliklarinin analiz ediimesi agisindan yuksek teknik
deger taslyan bir organizasyon olmustur. Fuar kapsaminda
elde edilen gbzlemler, sektdrin geleceginin yiksek proses
kontrolli, sdrdurdlebilir CGretim, dijital entegrasyon, veri
odakli kalite yonetimi ve fonksiyonel ylzey performansi
ekseninde sekillenecegini agikga ortaya koymaktadir. Ayrica
Turkiye’den guclu katiimin gergeklesmis olmasi, Turk ylzey
islem sektdrdnUn uluslararasi pazarlardaki gortndrligu ve
is birligi potansiyeli agisindan 6nemli bir gdsterge niteligi
tasimaktadir.
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TOGG FABRIKASI ZIYARETI: YUZEY ISLEMLERININ ONEMI,
GEREKSINIMLER VE GELECEK PERSPEKTIFi

TOGG Factory Visit: Importance of Surface Treatments, Requirements,
and Future Perspective

Frenler ve Tahrik Sistemleri Teknik Komitesi 2026-
1 Toplantisi, TOGG Gemlik Fabrikasi ev sahipliginde,
otomotiv sektdérinde fren ve tahrik sistemlerine yodnelik
guincel teknolojik gelismelerin, regulasyonlarin ve Uretim
sureglerinin ele alindigl kapsamli bir teknik platform olarak
gergeklestiriimistir. Toplant, sektértin 6nde gelen uzmanlarini,
muhendislerini ve akademisyenlerini bir araya getirerek bilgi
paylasimi ve ortak ¢6zUm gelistirme agisindan énemli bir
etkilesim ortami saglamistir.

Toplanti kapsaminda, 6zellikle elektrikli arag teknolojilerinin
hizla gelismesiyle birlikte fren sistemleri ve tahrik sistemlerinde
ortaya cikan yeni gereksinimler, performans beklentileri ve
dayanikliik kriterleri detayl olarak degerlendirilmistir. Enerji
verimliligi, rejeneratif frenleme sistemleri ile mekanik fren
sistemlerinin  entegrasyonu, NVH (gUrdlti-titresim-konfor)
kriterleri ve glvenlik standartlan toplantinin ana teknik
basliklar arasinda yer almigtir.
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The Brake and Drivetrain Systems Technical Committee
2026-1 Meeting was held at the TOGG Gemlik Factory as
a comprehensive technical platform addressing the latest
technological developments, regulations, and manufacturing
processes in brake and drivetrain systems within the
automotive industry. The meeting brought together leading
experts, engineers, and academics from the sector, creating
an important environment for knowledge exchange and
collaborative problem-solving.

Within the scope of the meeting, emerging requirements driven
by the rapid development of electric vehicle technologies
were thoroughly evaluated, particularly in relation to brake
and drivetrain systems. Key technical topics included energy
efficiency, integration of regenerative braking systems with
conventional mechanical braking systems, NVH (Noise,
Vibration, and Harshness) criteria, and safety standards.

https://www.tuyider.org



Prof. Dr. Ekrem ALTUNCU participated in the event and
delivered a technical presentation focusing on two critical
areas: surface treatments and coating technologies (from
the TUYIDER perspective) and Euro 7 emissions regulations.
Under the surface treatment topic, the discussion highlighted
the role of corrosion resistance, wear performance, and
functional coatings in extending the service life of brake and
drivetrain components. The increasing importance of surface
engineering in next-generation electric vehicles, particularly
with the growing use of lightweight materials, was also
emphasized.

Regarding Euro 7 regulations, the presentation addressed
brake dust emissions, particulate matter control, environmental
sustainability targets, and their impact on manufacturing
processes. It was emphasized that OEMs and suppliers are
increasingly required to adopt new technologies to meet both
performance and environmental compliance requirements.

The technical discussions throughout the meeting enabled
industry representatives to evaluate current systems, analyze
future technological trends, and contribute to the development
of common standards. Held at the TOGG Gemlik Factory, this
meeting represented an important milestone in strengthening
strategic cooperation in advanced engineering, regulatory
compliance, and surface technologies within Turkiye's
automotive ecosystem.

The technical visit to the TOGG manufacturing facility
provided an opportunity to directly observe the critical role
of surface engineering in the electric vehicle production
ecosystem. During the visit, modern automotive production
lines were examined, with particular attention given to surface
treatment technologies applied to body structures, chassis
components, fasteners, and functional parts.
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Etkinlige Prof. Dr. Ekrem ALTUNCU katiim saglamis ve
program kapsaminda iki kritik konu Uzerine teknik bir
sunum gerceklestirmisti. Bu sunumlar; yUzey islemler
ve kaplama teknolojileri (TUYIDER perspektifi) ile Euro 7
emisyon ve gevresel regulasyonlar Uzerine odaklanmigtir.
Ylzey iglemler baghgi altinda, fren ve tahrik sistemlerinde
kullanilan bilesenlerde korozyon direnci, asinma performansi
ve fonksiyonel kaplamalarin sistem &mrlne etkisi detayli
sekilde ele alinmisti. Ayrica yeni nesil elektrikli araglarda
hafif malzemelerin kullanimiyla birlikte ylizey mihendisliginin
artan énemi vurgulanmigtir.

Euro 7 regulasyonlan kapsaminda ise, 6zellikle fren tozu
emisyonlar, partikll kontroll, ¢evresel sUrdurdlebilirlik
hedefleri ve Uretim sUreclerine etkileri degerlendiriimistir. Bu
cercevede, OEM ve tedarik¢i firmalarin hem performans
hem de cevresel uyumluluk agisindan yeni teknolojilere
yoénelmesinin zorunlu hale geldigi ifade edilmistir.

Toplanti  sUresince vyapilan teknik tartismalar, sektor
temsilcilerinin - mevcut  sistemleri  degerlendirmesine,
gelecekteki teknolojik yonelimleri analiz etmesine ve ortak
standartlarin gelistiriimesine katki saglamistr. TOGG Gemlik
Fabrikas’'nda gerceklestirilen bu toplanti,  Turkiye’'nin
otomotiv ekosisteminde ileri mihendislik, regtlasyon uyumu
ve ylUzey teknolojileri alaninda stratejik is birliginin guclenmesi
acisindan dnemli bir platform olmustur.

TOGG Uretim tesisine gerceklestirilen teknik  ziyaret,
elektrikli arag Uretim ekosisteminde ylzey mUhendisliginin
kritik roldnd yerinde gézlemleme imkani sunmustur. Ziyaret
kapsaminda, modern otomotiv Uretim hatlar incelenmis;
Ozellikle gbvde, sasi, baglanti elemanlan ve fonksiyonel
pargalar Gzerinde uygulanan yUzey islem teknolojileri detayh
olarak degerlendiriimigtir.

info@tuyider.org
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Elektrikli ara¢ Uretiminde ylzey islemleri yalnizca estetik
bir unsur degil, ayni zamanda performans, dayanikliik ve
glvenlik agisindan temel bir mihendislik gereksinimi olarak
One gikmaktadir. TOGG gibi yeni nesil ara¢ platformlarinda;
korozyon direnci, elektriksel iletkenlik, termal yonetim, asinma
dayanimi ve hafif malzemelerin korunmasi gibi faktorler,
dogru ylzey muhendisligi uygulamalariyla dogrudan iligkilidir.
Ozellikle aliiminyum ve yiksek mukavemetli celik yapilarin
kullanimi, uygun kaplama ve ylizey modifikasyon tekniklerini
zorunlu hale getirmektedir.

Ziyaret sirasinda ayrica Uretim sUreclerinde  kullanilan
kaplama teknolojileri, 6n igslem hatlari, elektro-kaplama ve
konversiyon kaplama sistemleri ile kalite kontrol asamalar
degerlendiriimistir. Bu kapsamda, ylzey kusurlarinin erken
tespiti, proses stabilitesi ve strdurtlebilir kalite yonetimi gibi
konularin tretim verimliligi Gzerindeki etkisi vurgulanmistir.

Gelecek perspektifi agisindan, elektrikli arag endUstrisi
yuzey muhendisliginde daha ileri teknolojilere ydnelmektedir.
Nanoteknolojik kaplamalar, cevre dostu (Cré* icermeyen)
prosesler, fonksiyonel yUzeyler, kendi kendini onaran
kaplamalar ve dijital proses izleme sistemleri, GnUmuzdeki
ddénemde kritik gelisim alanlan olarak 6ne ¢ikmaktadrr.
Ayrica, hafif malzemelerin yayginlasmasiyla birlikte ylzey
islemlerinin sadece koruyucu degil, ayni zamanda fonksiyon
kazandirici bir rol Ustlenmesi beklenmektedir.

TOGG fabrikasi ziyareti, bu dondsimin sahadaki
yansimalarini gézlemleme agisindan énemli bir deneyim
olmus; ylzey islemlerinin gelecekte sadece bir Uretim adimi
degil, ara¢ performansini dogrudan belirleyen stratejik bir
muhendislik alani oldugunu bir kez daha ortaya koymustur.
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In electric vehicle manufacturing, surface treatments are not
merely an aesthetic feature but a fundamental engineering
requirement directly linked to performance, durability,
and safety. In next-generation vehicle platforms such as
TOGG, factors including corrosion resistance, electrical
conductivity, thermal management, wear resistance, and the
protection of lightweight materials are strongly dependent on
appropriate surface engineering applications. The increasing
use of aluminum and high-strength steel structures further
necessitates advanced coating and surface modification
techniques.

During the visit, pre-treatment lines, electroplating and
conversion coating systems, and quality control stages used
in production processes were also evaluated. In this context,
the impact of early defect detection, process stability, and
sustainable quality management on overall production
efficiency was emphasized.

From afuture perspective, the electric vehicle industry is moving
toward more advanced surface engineering technologies.
Nanotechnology-based coatings, environmentally friendly
(Cre-free) processes, functional surfaces, self-healing
coatings, and digital process monitoring systems are
expected to become key development areas in the coming
years. Additionally, with the increasing use of lightweight
materials, surface treatments are expected to evolve from
purely protective functions to multi-functional performance-
enhancing roles.

The TOGG factory visit provided valuable insight into these
ongoing transformations in practice and once again highlighted
that surface engineering is not just a manufacturing step, but
a strategic discipline that directly defines vehicle performance
in the future automotive industry.

https://www.tuyider.org
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TOYIDER YUZEY AKADEMISi EGITIMLERI - TUYIDER SURFACE ACADEMY TRAINING

15 Mayis / May - 19 Haziran /June 2026

SIEMENS Gebze Kampiisii’'nde Yiizey islemleri ve
Kok Neden Analizi Egitimi

Surface Treatment and Root Cause Analysis Training at
Siemens Gebze Campus

B rivioes s

e AL
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Sanayide kalite, glvenilirik ve strdUrUlebilir Gretimin  temel
unsurlarindan biri olan yizey islemleri, ginimuzde ozellikle
elektrik-elektronik, enerji, otomotiv ve endUstriyel ekipman
Uretiminde kritik bir rol Ustlenmektedir. Korozyon direncinin
artinimasi, elektriksel iletkenligin saglanmasi, asinma dayaniminin
yukseltilmesi ve Urin émrintn uzatiimasi gibi birgok performans
kriteri, dogru yUzey muhendisligi uygulamalar ile mimkin
olmaktadir.

Bu kapsamda SIEMENS Gebze KampuUsi'nde, farkl
disiplinlerden 25 muhendisin katlimiyla gerceklestirilen “Ylzey
islemleri ve Kok Neden Analizi” egitimi, katlimcilara hem
teorik bilgileri hem de endustriyel uygulamalara yonelik ¢ozim
yaklagimlarini bir arada sunmustur. Egitim, iki farkl gtinde Prof.
Dr. Ekrem ALTUNCU ve T. Ali Selen tarafindan gergeklestirimistir.
Egitmenler, sahip olduklar akademik birikim ile uzun vyillara
dayanan endustriyel deneyimlerini katlimcilarla paylasarak,
ylzey muhendisligi uygulamalarini bilimsel temeller ve gercek
Uretim 6rnekleriyle ele almigtir.

Egitimde; yUzey hazirlama yontemleri, elektrokaplama prosesleri,

kimyasal kaplamalar, anodizasyon, pasivasyon, kaplama
kalite kriterleri, kaplama kusurlar ve bunlarin karakterizasyon

62

Surface treatment technologies are among the fundamental
pillars of quality, reliability, and sustainable manufacturing.
Today, they play a critical role in industries such as electrical
and electronics, energy, automotive, and industrial equipment
manufacturing.  Key performance requirements—including
enhanced corrosion resistance, improved electrical conductivity,
increased wear resistance, and extended service life—can only
be achieved through the proper application of surface engineering
technologies.

Within this framework, the “Surface Treatment and Root Cause
Analysis” training was conducted at the Siemens Gebze
Campus with the participation of 25 engineers from various
engineering disciplines. The program provided participants with
a comprehensive combination of theoretical knowledge and
practical industrial solutions. The training was delivered over two
separate days by Prof. Dr. Ekrem ALTUNCU and T. Ali Selen, each
contributing their extensive industrial and academic expertise.

The training covered surface preparation methods, electroplating
processes, chemical coatings, anodizing, passivation, coating
quality requirements, coating defects, and characterization
techniques in detail. In addition, the microstructural evaluation of

https://www.tuyider.org



coating failures, the influence of process parameters on product
quality, and quality control practices based on international
standards were presented through industrial case studies. A
significant part of the program focused on Root Cause Analysis
(RCA), emphasizing systematic approaches to identifying the
underlying causes of surface treatment failures rather than merely
addressing their symptoms.

Throughout the training, case studies and interactive discussions
enabled participants to develop a deeper understanding of the
relationship between process variables and coating quality,
interpret failure mechanisms, and establish data-driven corrective
and preventive actions based on scientific methodologies.
With the active participation of 25 engineers, the program also
fostered knowledge sharing and encouraged the exchange of
experiences from different manufacturing sectors. By the end
of the training, participants had gained a stronger awareness of
quality-oriented surface engineering practices, effective process
management, and the importance of integrating Root Cause
Analysis into a continuous improvement culture. Such training
programs go beyond the transfer of technical knowledge. They
strengthen engineers’ analytical thinking, systematic problem-
solving, and continuous improvement capabilities, ultimately
contributing to higher value-added manufacturing processes,
enhanced product reliability, and sustainable quality excellence.

At the end of the training program, a comprehensive assessment
exam was conducted to evaluate the theoretical knowledge and
practical competencies acquired by the participants throughout
the course. Following the successful completion of the exam,
participants were awarded a “Participation/Certificate of
Achievement for the Surface Treatment and Root Cause Analysis
Training” issued by the TUYIDER Surface Academy.

The certificates formally recognize that the participants have
enhanced their technical knowledge in the field of surface
engineering, adopted a quality-oriented production mindset,
and achieved the competency to effectively apply Root Cause
Analysis (RCA) methodologies in industrial problem-solving
processes.
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yontemleri ayrintil olarak ele alinmistir. Ayrica kaplama hatalarinin
mikroyapisal degerlendirilmesi, proses parametrelerinin Grin
kalitesine etkileri ve uluslararasi standartlar isiginda kalite
kontrol uygulamalar 6rneklerle aciklanmistir. Programin dnemli
bélimlerinden birini olusturan Kok Neden Analizi (Root Cause
Analysis - RCA) kapsaminda ise, Uretimde karsilagilan ylzey
islem hatalarinin yalnizca belirtilerine degil, hatay ortaya gikaran
temel nedenlere ulasmayl saglayan sistematik yaklagimlar
Uzerinde durulmustur. Egitim stresince gercgeklestirilen vaka
analizleri ve interaktif tartigmalar sayesinde muhendisler, proses
degiskenlerinin kaplama kalitesi Uzerindeki etkilerini analiz etme,
hata mekanizmalarini yorumlama ve bilimsel verilere dayall
¢AzUm gelistirme konusunda énemli kazanimlar elde etmistir.

Toplam 25 mihendisin aktif katiimiyla gerceklestirilen egitim,
katlimcilar arasinda bilgi  paylasimini - guglendirirken, farkii
Uretim alanlarinda edinilen deneyimlerin ortak bir platformda
degerlendiriimesine de katki saglamistir. Egitim  sonunda
yUzey muihendisligi uygulamalarinda kalite odakli yaklasimin
gelistiriimesi, proseslerin daha etkin yonetiimesi ve kok neden
analizinin kurumsal problem ¢6zme Kulttrinin ayrimaz bir
pargasl oOlarak benimsenmesi yodnunde 6nemli farkindalk
olusturulmustur. Bu tUr egitim programlari, yalnizca teknik bilgi
aktarmi saglamakla kalmayip; muhendislerin analitik distnme,
sistematik problem ¢dzme ve surekli iyilestirme yetkinliklerini
gelistirerek, ylksek katma degerli Uretim sUreglerine ve
sUrdUrdlebilir kalite anlayisina énemli katkilar sunmaktadir.

Egitim programinin  sonunda, katilimcilarin egitim suresince
edindikleri teorik bilgi ve uygulamaya yonelik kazanimlarini
degerlendirmek amaciyla kapsamli  bir basari  sinavi
gerceklestirimistir. Sinavin basariyla tamamlanmasinin ardindan,
katiimcilara TUYIDER YUzey Akademisi tarafindan diizenlenen
“Yiizey Islemleri ve K&k Neden Analizi Egitimi Katiim/Bagan
Sertifikas!” takdim edilmistir. Sertifikalar, katiimcilarin yUzey
mUhendisligi alanindaki teknik bilgi dizeylerini gelistirdiklerini,
kalite odakli Uretim anlayisini benimsediklerini ve kdk neden
analizi metodolojisini etkin bicimde kullanabilecek yetkinlige
ulastiklarini belgelemektedir.
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Surfacelechnology

GERMANY

Uluslararasi Yiizey Teknolojisi Fuan

SurfaceTechnology GERMANY 2026 | Yiizey
Teknolojileri Sektorii Stuttgart’ta Bulustu

Yuzey teknolojileri sektérinin en énemli uluslararasi bulugsmalarindan
biri olan SurfaceTechnology GERMANY 2026, 5-7 Mayis 2026
tarihleri arasinda Stuttgart’'ta ylzey teknolojileri sektérinin 6nde
gelen ureticilerini, teknoloji saglayicilarini ve karar vericilerini bir araya
getirerek sektdriin uluslararasi bulusma noktasi oldugunu bir kez daha
ortaya koydu.

Ucg giin boyunca yogdun is gériismelerine, yeni is baglantilarina ve teknik
bilgi paylasimina ev sahipligi yapan fuar, 46 ilkeden 4.600’i askin ticari
ziyaretciyi agirladi. Ziyaretgilerin yaklasik %30’unun uluslararasi sektér
profesyonellerinden olusmasi, etkinligin global erisimini ve sektordeki
glcli konumunu bir kez daha gésterdi. Almanya’nin ardindan en
yogun ziyaretci katilimi Isvicre, Tirkiye, italya, Avusturya ve Fransa’dan
gerceklesti.

2026 edisyonunda 21 llkeden 210’un Uzerinde ulusal ve uluslararasi
firma en yeni Urtin, teknoloji ve ¢éziimlerini sergiledi. Katiimci firmalarin
%37’sinin  uluslararasi pazarlardan gelmesi, SurfaceTechnology
GERMANY’nin Avrupa ylzey teknolojileri endustrisi igin stratejik bir is
platformu olma niteligini gliclendirdi.

Fuar kapsaminda diizenlenen STG.ExpertForum ise (¢ gliin boyunca
yaklasik 50 teknik sunum ve Uriin demonstrasyonu ile sektériin giincel
giindemine isik tuttu. Temizleme ve 6n islem teknolojileri, yeni nesil
elektrokaplama uygulamalari, PFAS alternatifleri, yapay zeka destekli
ylzey teknolojileri, enerji ve malzeme verimliligi ile dijitallesme odakli
¢6zUmler forumun 8ne ¢ikan bagliklar arasinda yer aldi.

SurfaceTechnology GERMANY, bir sonraki edisyonunda 20-22
Haziran 2028 tarihlerinde yeniden Stuttgart’ta sektdr profesyonellerini
bir araya getirecek.

Markanizi uluslararasi ylzey teknolojileri sektériinin merkezinde
konumlandirmak, yeni is baglantilan gelistirmek ve Avrupa pazarindaki
gorundrliginiza  guglendirmek igin  SurfaceTechnology GERMANY
2028’de yerinizi simdiden planlayabilirsiniz.

Detayll bilgi ve katilim secgenekleri icin proje ekibimizle iletisime
gegcebilirsiniz.

Berna Akdag
berna.akdag@hf-turkey.com
+90 533 968 55 80

SOZLUK

DICTIONARY

EMI/EMC :

(Elektromanyetik Girisim / Elektromanyetik Uyum-
luluk): Elektronik cihazlarin yaydigi ve birbirlerinin
calismasini bozan istenmeyen radyo dalgalari (girisim)
ile bu cihazlarin ayni ortamda birbirini etkilemeden
sorunsuz  calisabilme yetenegidir  (uyumluluk).
EV’lerde elektronik yogunlugu arttikga bu dengenin
kaplamalarla korunmasi kritik hale gelir.

EMI/EMC :

(Electromagnetic Interference / Electromagnetic
Compatibility): Electromagnetic Interference (EMI)
refers to unwanted electromagnetic waves emitted
by electronic devices that can disrupt the operation
of other nearby equipment. Electromagnetic
Compatibility (EMC) is the ability of electronic
systems to operate reliably in the same environment
without causing or being affected by such
interference. As the electronic complexity of electric
vehicles (EVs) continues to increase, preserving this
balance through advanced coating technologies
has become increasingly critical.

MINIATURIZASYON :

Elektronik bilesenlerin ve devre yapilarinin, islevleri
korunarak veya artirilarak fiziksel boyutlarinin surekli
olarak kigdltilmesi strecidir. EV’lerde yer ve agirik
tasarrufu saglarken, birbirine ¢ok yaklasan hatlar
nedeniyle konformal kaplama ve EMI koruma
ihtiyacini artirr.

MINIATURIZATION:

Miniaturization is the process of continuously redu-
cing the physical size of electronic components and
circuit structures while maintaining or enhancing
their functionality. In electric vehicles (EVs), it
enables significant space and weight savings.
However, as circuit traces and components are
positioned closer together, the need for conformal
coatings and effective EMI shielding becomes
increasingly important to ensure electrical reliability
and long-term performance.



TIM :

(Termal Arayiiz Malzemesi): Isi Ureten bilesenler
(6rnegin inverter veya batarya hiicreleri) ile 1si emici
metal plakalar (sogutucular) arasindaki mikroskobik
bosluklari dolduran termal iletken kaplama veya
malzemelerdir. Amaci, havanin yalitkan etkisini yok
ederek 1sI transferini maksimuma ¢ikarmakiir.

TIM :

Thermal Interface Material (TIM) is a thermally
conductive material or coating that fills the micro-
scopic gaps between heat-generating components,
such as inverters or battery cells, and heat-dissipating
metal plates or heat sinks. lts primary purpose is
to eliminate the insulating effect of trapped air and
maximize heat transfer efficiency. This improves
thermal management, enhances system reliability,
and helps extend the service life of electronic
components in electric vehicles (EVs) and other high-
performance electronic systems.

ENIG :

(Kimyasal Nikel immersiyon Altin): Yiizey hassasiyeti
B ylzey kaliteye gbre daha az olan, daha ¢ok
gérindr olmayan ylzeylerde kullaniimasi tercih
edilen malzemelerdir. Ornegin, dayanikli tiiketim
Urlnleri, beyaz esya, ve otomotiv de i¢ pargalar.. Kapi
iskeletleri, travers ve braket parcalari.

ENIG :

(Electroless Nickel Immersion Gold): These materials
are preferred for surfaces where precision and
surface quality requirements are lower than those
of Class B surfaces, and are typically used in non-
visible or concealed areas. Typical applications
include durable consumer goods, home appliances,
and interior automotive components such as door
frames, cross members, and bracket parts.

KONFORMAL KAPLAMA :

Hassas elektronik devre kartlarinin (PCB) ylzeyini
nem, toz, kimyasallar ve yiksek voltaj kagaklarindan
korumak icin kartin sekline tam uyum saglayacak
sekilde uygulanan, mikron mertebesindeki ince,
koruyucu polimerik (akrilik, silikon, epoksi vb.) film
tabakasidr.

CONFORMAL COATING:

A conformal coating is a thin protective polymer film,
typically applied at a micron-scale thickness, that
conforms precisely to the shape of a printed circuit
board (PCB). Made from materials such as acrylic,
silicone, or epoxy, it protects sensitive electronic
assemblies from moisture, dust, chemicals, and
high-voltage leakage, thereby improving the
reliability and durability of electronic systems
operating in demanding environments.
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Sektorel Etkinlikler

25-28/08 AUTOMECHANIKA MOSKOW ( MIMS ) eng.mims.ru
2026
08-12/ 09 Automechanika Frankfurt https://automechanika.
2026 messefrankfurt.com/frankfurt/en.html
09-12/09 Ebrats 2026 https://www.tradefairdates.com/
2026 EBRATS-M11784/Sao-Paulo.html
15-19/09 Int. Exhibition for Metal Working https://www.messe-stuttgart.de/
2026 amb/en
15-20/09 Otomotiv ve Yan Sanayi Fuari www.iaa-transportation.com/en
2026
06-07/ 10 Fastener Fair 2026 https://www.fastenerfairitaly.com/#
2026
06-08/ 10 Aluminium Deutschland https://www.aluminium-exhibition.
2026 com/#/
07-09/10 International Fastener Expo 2026 https://expoassist.net/etkinlik/
2026 international-fastener-expo
16-12/10 Uluslararasi Plastik Fuan Sanayi Fuari www.fakuma-messe.de
2026
16-12/10 Hardware Tools & Fastener Expo 2026 www.fakuma-messe.de
2026
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ABT Akiskan ve Boya Tekn. A.$. | Akafor Membran Sis. San. ve Tic. Ltd. $ti. | Akay Grup Kimya San. Tic. A.S. | Aken
Miihendislik Aritma Sistemleri San. Tic. Ltd. Sti. | Alfatech Makina Miumessilik San. ve Dig Tic. Ltd. Sti. | Altekma Dis Tic.
Boya Mak. San. A.S. | Altinok Galvona Kimya San. ve Tic. Ltd. Sti. | Arka Kimyasal Uriinleri Mak. San. Tic. A.S. | Armin
Atik Geri D6nustim San. ve Tic. Ltd. Sti. | Artkim Fuarcilik Tic. A.S. | Asem Plast. ve Metal Kaplama San. ve Tic. Ltd. Sti.
| Assa Metal Kaplama ins. San. ve Tic. Ltd. Sti. | Ayoki Yalitim Boya Koruma Kimya Dan. ins. Taah. San. ve Tic. A.S. |
Bilal Ozcan - Berrak Cevre Tekn. Su Aritma Sis. | Boysis Makine Taah. San. ve Tic. A.S. - Selcuk ligaz | BVA Miimessillik
Mak. San. ve Tic. Ltd. Sti. | Coventya Kimya San. ve Tic. A.S. | Dede Kimya San. Tic. A.S. | Deger Kromaj - Ali Deger |
Delta Galvanoteknik Kim. Mad. Tic. San. ve Tic. Ltd. $ti. | Delta Kimya A.S. | Diler Demir Gelik End. ve Tic. A.$. | Dog.
Dr. Ekrem Altuncu | Dog. Dr. Hatice Duran | Dogu Pres Otomotiv ve Tek. San. ve Tic. A.S. | E3 Surface Mihendislik Dan.
Tic. A.s | Eksas End. Metal Kaplama Tesisleri San. ve Tic. A.S. | EKT End. Kaplama Tank ve Tesis imalat San. ve Tic. Ltd.
Sti. | Elektrolize Metal Kaplama San. ve Tic. Ltd. $ti. | Elsisan Makine San. ve Tic. A.S. | Envora Arge Mihendislik A.S. |
Eplas Makina San. ve Tic. A.S. | Erdener Makina ve Kimya San. Tic. A.S. | Erkap End. Kaplama C6z. San. Tic. A.s | Estgal
Sicak Galvaniz Tekn. San. ve Tic. A.S. | Euro istanbul Galvano Cihazlar San. ve Tic. Ltd. Sti. | Fetas ic ve Dis Tic. San. A.S.
| Faztech Kimya San. Tic. Ltd. $Sti. | Forajet Miihendislik San. Tic. Ltd. $ti. | Galvano Mondo Kimya San. ve Tic. Ltd. Sti. |
Galvoplas Yiizey islem Tesisleri San. Tic. Ltd. Sti. | Gef Kimya San. ve Tic. A.S. | Gesu Antma Ltd. Sti. | GP Galvano Proje
Danigmanlik San. Tic. A.S. | Gisa Makina Mumesillik San. Dis. Tic. Ltd. Sti. | Green Chemicals Kimyasal Maddeler San. Tic.
A.S.| Giir Metal Kaplama imalat San. ve Tic. Ltd. Sti. | Giiven Galvano Kimyasallari San. ve Tic. Ltd. Sti. | Hannover Fairs
Turkey Fuarcilik A.S. | Hillebrand Chemicals Kimyasal Paz. Ltd. Sti. | Hakan Ocaktan | IND Yazilim Bilisim Teknolojileri
Sanayi ve Ticaret A.S. | ilker Karabulut | intersonik Makina San. ve Tic. A.S. | inci Kimyasal Maddeler ve Metal San. Tic.
Ltd. Sti. | Kamas Galvaniz San. Tic. Ltd. Sti. | Karakaya 86 Kat. Kap. Kim. Mad. Mak. ins. San. ve Tic. Ltd. Sti. | Koc Vib
Mak. Miihendislik San. ve Tic. Ltd. Sti. | Kromas Metal ve Makina San. Ltd. Sti. | KTL Kimya Ekipmanlar itk. ihr. Dis Tic. Ltd.
Sti. | Kummetal Shotpeening Kumlama ve Yiizey islem Teknolojileri San. Tic. Ltd. Sti. | Lactech Galvano Kimyevi Maddeler
San. ve Tic. Ltd. Sti. | Mars Kaplama San. ve Tic. A.S. | Mertcan Metal San. ve Tic. Ltd. Sti. | Metaltek Tekn. Lab. Egitim
ve Dan. Hizm. San. ve Tic. Ltd. $ti. | Murat Galvano | Murat Ocakeci | Noble Galvano Plastik Ltd. Sti. | Metistec Metal
Sanayi A.S. | Norm Civata - Uysal Mak. San. ith. ihr ve Tic. A.S. | Otsm Group Yazilim ve Makina San. ve Tic. Ltd. Sti. | Ozli
Miihendislik Proje Taah. San. ve Tic. Ltd. $ti. | Petek Kimya ve Metal San. ve Tic. Ltd. $ti. | PH Kaplama | Podim Polisaj
Diskleri ZImpara San. Tic. Ltd. $ti. | Proge Miihendislik Tic. ve San. Ltd. Sti. | Prof. Dr. Volkan Giinay | Prof. Dr. Ali Fuat
Cakir | Prof. Dr. Tamer Sinmazgelik | Prometal Galvano Cihazlar San. ve Tic. Ltd. Sti. | Protechnology End. Makine ve
Kimya San. Tic. Ltd. $ti. | Redarti Elektrik Cihazlan San. ve Tic. A.S. | Regnum Aksesuar ve Metal Kaplama San. ve Tic.
Ltd. Sti. | RMS Kontrol Miih. Otomasyon | Selzey Kimya Turizm insaat Med. San. ve Tic. Ltd. Sti. | Sistempark Artima ve
Cevre Tek. Miih. ve Dan. Hiz. ith. ihr. ins. San. ve Tic. Ltd. Sti. | SPC Sinai Kimyasallari San. ve Tic. Ltd. Sti. | Sahin Metal
Kaplama San. i¢ ve Dis Tic. Ltd. Sti. | Taranto Plast. ve Galvano Cihazlar San. ve Tic. Ltd. Sti. | Teknobak Tekn. Mak. Bak. ve
Mih. Hiz. Ltd. Sti. | Tinkap Yiizey islemler San. ve Tic. A.S. | Unique Tech Miihendislik San. ve Tic. Ltd. Sti. | Uzay Yiizey
islem Kimyasallan Otomasyon Makine San. Tic. Ltd. Sti. | Ucler Galvano San. Tic. Ltd. Sti. | Unverler Mak. Otomotiv Kimya
Metal Kap. San. ve Tic. Ltd. Sti. | Vilmeks ic ve Dis Ticaret Ve Metal San. A.S. | Yasin Haylu | Yildinm Elektrik ve Kimya
San. Tic. - ibrahim Yildinm | Yildizlar Kimya Yiizey islem Tek. A.S. | Yilmer Test ve Olgii Sis. San. ve Tic. Ltd. Sti. | Yongrad
End. Proses Sis. San. ve Tic. Ltd. Sti.
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PC Strand’'in
DNA'sI

Diler Holding'in 194%dan beri stiregelen kékli sanayi

giicliyle entegre faaliyet gosteren DNA PC Strand,

an gerilmeli beton demeti ve én gerilmeli beton tel

tretiminde yiiksek kalite anlayisini ileri teknolojiyle

bulustururken; glcli Gretim altyapimiz, uzmanligimiz

ve siirdiriilebilirlik odakh yaklasimimizla asagidaki

faaliyetleri stirdUriyoruz:

e Fosfatl Filmasin Uretimi

e Soduk Cekilmis Tel Uretimi

® Giines Enerji Santrali(GES),

e Ters Ozmoz{Atik Su Geri Kazamim)

e Asit Geri Kazamm Tesisi

 Recep Sami Yazici Uriin Gelistirme Merkezi, Hitachi SU 7000 Taramali Elektron e
Mikroskobu ile miisterilerimize ve sektordeki diger firmalara analiz hizmeti % {1 .

Cevreye duyarl Gretim anlayisimizi ileri tasiyor, siirdirilebilir sanayi yaklasimimizla

sektore hizmet vermeye devam ediyoruz.

PC STRAND

MERKEZ FABRIKA
Adres Adres
Exki Suyiakdece Cod, Malar No: 1 Kockays s Flace Masine Il isas 058 6, Cod B, Soxgh
gt 85 Markak | ISTANBLIL ! TURKIYE Ko 10 OHovast Kocaeli Thrkiye
| www.dnawirocom | satisdoawitecom | T.-80212 25366830 |



