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Degerli Okurlarimiz,

TUm Yiizey Islemler Dernegi (TUYIDER) olarak, kurulusumuzun 8. yilini ve sektdriimiizin ortak sesi
olma hedefiyle hayata gecirdigimiz dergimiz TUyidergi'nin 4. yayin yilini gururla kutluyoruz. Kisa
sayllabilecek bu sure igerisinde atilan her adim, ylzey islemler sektériintin gelisimi adina énemli bir
kazanm olmustur.

TUYIDER, kuruldugu giinden bu yana; bilgi paylasimini tesvik eden, sektér paydaglanni ayni cati
altinda bulusturan ve ylzey islemler alaninda kalite, strdrlebilirlik ve teknolojik gelisimi énceleyen
bir anlayisla faaliyetlerini sirdtrmektedir. Bu anlayisin en somut yansimalarindan biri olan TUyidergi,
yalnizca bir yayin organi degil, ayni zamanda sektorimuzin hafizasi ve referans kaynagl olma
yolunda emin adimlarla ilerlemektedir.

Dergimiz; akademik calismalardan uygulama &rneklerine, teknik yeniliklerden sektorel
degerlendirmelere kadar uzanan genis bir igerik yelpazesiyle bilgiye erisimi kolaylastirmayi ve ortak
akl guclendirmeyi hedeflemektedir. Bu ydnuyle Tulyidergi, sanayi ile bilimi bulusturan énemli bir
platform haline gelmistir.

OnUmUizdeki dénemde de; cevresel sorumluluk bilinci yiksek, uluslararasi rekabet giicl artan ve
teknolojiyi etkin kullanan bir ylzey islemler sektoru icin calismalarimiza kararliikla devam edecegiz.
TUYIDER ve Tiyidergi, bu yolculukta sektériimiizin tiim paydaslaryla birlikte yirimeyi stirdiirecekir.

Bu vesileyle; dernegimizin buglnlere gelmesinde emegdi gegen tUm Uyelerimize, yazarlarimiza,
editorlerimize ve katki sunan herkese tesekkur ediyor, TUyidergi’nin sektérimuze uzun yillar boyunca
deger katmasini diliyorum.

Saygllarimla,




Dear Readers,

As the Surface Treatment Association (TUYIDER), we are proud to celebrate the 6th anniversary of our
establishment and the 4th year of publication of our magazine Tuyidergi, which we launched with the
goal of being the collective voice of our industry. Every step taken within this relatively short period has
represented a significant achievement for the development of the surface treatment sector.

Since its establishment, TUYIDER has operated with an approach that encourages knowledge
sharing, brings industry stakeholders together under one roof, and prioritizes quality, sustainability, and
technological advancement in the field of surface treatments. One of the most concrete reflections
of this vision, Tuyidergi is not merely a publication, but is steadily becoming the memory and a key
reference source for our sector.

Our magazine aims to facilitate access to knowledge and strengthen collective intelligence through
a broad range of content, from academic studies to practical applications, and from technical
innovations to sectoral evaluations. In this respect, Tuyidergi has become an important platform that
brings industry and science together.

In the coming period, we will continue our efforts with determination to support a surface treatment
sector that is environmentally responsible, increasingly competitive on an international scale, and
effectively utilizes technology. TUYIDER and Tuyidergi will continue to walk this path together with all
stakeholders of our industry.

On this occasion, | would like to extend my sincere thanks to all our members, authors, editors, and
everyone who has contributed to bringing our association to where it is today, and | wish Tuyidergi
many more years of adding value to our sector.

Sincerely,
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Horoloji Camiasinin
En Tartigmali Markasinin
Malzeme Teknolojilerine Katkisi

Contribution of the Most Controversial
Brand in the Watchmaking Community
to Material Technologies

Prof. Dr. Hatice DURAN

TOBB ETU - Malzeme Bilimi ve Nanoteknoloji Miihendisligi

Saninm kirk yasini gegmis herkesin bir mekanik kol saati hikayesi
vardrr. Benim hatirladigm ilk kol saatim, rahmetli dedemin
bayramlarda elini dperken alnima deden kocaman altin kaplama
kadranli saatiydi (simdi benim!). Sonra ilkokul ikinci sinifta, babamin
garpim tablosunu ezberlemem karsiliginda aldigi ik kol saatimi hala
unutamam. GUnlerdir kiz kardesimi, o saati birkag dakika takabilmesi
icin pesimden kosturup yalvartmistim. Kol saatlerinin beni bu kadar
cezbetmesi, sinirli bir alan igerisine yerlestirilen minicik parcalarin bir
araya gelip kucik bir fabrika gibi calisma mekanizmasina duydugum
hayretti. Bu garklarin enerjisi nereden geliyordu? Libya’dan amcamin
getirdigi yesil sivi kristal ekranli Japon dijital saat de dahil olmak
Uzere epey bir saati acip bu sorunun cevabini aramisimdir. Ancak
muUhendis olduktan sonra isin sirmni égrendim. Her ne kadar kol
saatleri, akill saatlerin hayatimiza girmesiyle birlikte bambaska bir
yone dogru evrilmis olsa bile ben hala bir mekanik saat meraklisiyim.
GUnUmUzde mekanik saatler sadece bir aksesuar degil, ayni
zamanda yatirm araci olarak da kullanimaktadir. Akill saatlerin
hayatimiza girmesi onlari daha az gérindr yapabilir; ancak ¢ok daha
degerlenmis durumdalar.

Bugtn dikkatinize, son yillarda horoloji camiasinda ¢okga tartisilan
bir konuyu getirmek ve bir malzeme muhendisi ve ylzey kimyacisi
perspektifinden tartigmak istiyorum. Isvigre'nin Nyon sehrinde
bulunan lilks saat markasi Hublot (Tlrkge “lomboz”), italyan
Carlo Crocco tarafindan 1980 yilinda kurulmustur (1). Markanin
karakteristigi, Italyan tasarmini isvicre zanaatkarigiyla birlestirip
sira digl saatler Uretmesidir. Ancak bu sira disiik ¢ogu zaman saat
severler tarafindan olumsuz elestirilerle karsilanmaktadir. Firma,
0 dbénemde luks saatlerde gdrdlmemis bir tasarm yaparak dogal
kaucuk bir kayigla altin kadrani tek bir modelde birlestiren ilk marka
oldu. Bu yaklasim, “Flzyon Sanat” adi verilen; geleneksel saat

Everyone over forty has a story about a mechanical wristwatch.
The first wristwatch | remember was my late grandfather’s, with a
large, gold-plated dial that touched my forehead when | kissed his
hand during holidays (now minel). Then, | still can’t forget the first
wristwatch my father bought me in second grade in exchange for
memorizing multiplication tables. | had chased after my sister for
days, so that she could wear that watch for a few minutes. The
reason wristwatches fascinated me so much was my admiration
for the tiny parts, placed within a limited space, coming together
to form a working mechanism like a small factory. Where did the
energy for these gears come from? | even disassembled many
watches, including the Japanese digital watch with a green liquid
crystal display that my uncle brought from Libya, to find the answer
to this question. But after becoming an engineer, | learned the
secret of how it works. Although wristwatches have evolved into a
completely different direction with the advent of smartwatches, | am
still a mechanical watch enthusiast. Today, mechanical watches are
not only accessories but also used as investment tools. The arrival
of smartwatches in our lives may make them less visible, but they
are now much more valuable.

Today, | want to bring up a topic that has been widely discussed
in the horology community in recent years and discuss it from the
perspective of a materials engineer and surface chemist. The luxury
watches brand Hublot, located in Nyon, Switzerland, was founded
in 1980 by ltalian Carlo Crocco. The brand’s characteristic is its
combination of Italian design with Swiss craftsmanship to produce
extraordinary watches. However, this uniqueness is often met with
negative criticism from watch enthusiasts. At that time, the company
became the first to introduce a design never seen in luxury watches,
combining a gold dial with a natural rubber strap in a single model.

https://www.tuyider.org



This approach represents a new vision that merges traditional
watchmaking, called ‘Fusion Art,” with unconventional materials
and modern aesthetics. The rubber strap was practical and
comfortable, setting it apart from traditional leather or metal straps,
and was very well-liked by users. The strategy of combining these
two very different materials changed the rules of the game in the
watch industry. Despite initial reservations, this bold move definitely
paid off for the company. First and foremost, the luxury watches and
sports sectors became much closer. Hublot’s sponsorships with
FIFA and UEFA Premier League, along with famous footballers and
athletes wearing this model, increased interest in the brand and, of
course, its economic value. This commercial success also inspired
other brands, and today, combining a precious metal with a rubber
strap has become a common practice.

BIG BANG

In fact, for three centuries, the mechanical watch industry has
primarily focused on developing mechanisms and complications.

info@tuyider.org

yapimini alisiimadik malzemelerle ve modern estetikle birlestiren yeni
bir vizyonu temsil etmektedir (2). Kauguk kayis, pratik ve konforlu
olmasindan dolayi geleneksel deri veya metal kayislardan ayriliyordu
ve kullanicilar tarafindan ¢ok begenildi. Bu iki ¢ok farkli malzemenin
birlestirilmesi  stratejisi, saat endUstrisinde oyunun kurallarini
degistirdi. Ik cekincelere ragmen bu cesur hamle, kesinlikle firmaya
karsiigini verdi. Her seyden dnce liks saat ve spor sektorl birbirine
cok daha yakinlasti. Hublot'un FIFA ve UEFA Premier League
sponsorluklari, dinyaca UnlU futbolcularin ve sporcularin bu modeli
kollarina takmalar firmaya olan ilgiyi ve tabii ki markanin ekonomik
degerini de artirdi. Bu ticari basar diger markalara da ilham olmus,
degerli bir metali kauguk kayisla birlestirmek giinimdizde yaygin bir
hale gelmistir.

Aslinda Ug¢ ylzyildir mekanik saat sektori agirlikl olarak mekanizma
ve komplikasyon gelistirmek Uzerine odaklanmigken, nasil oluyor
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da daha piyasaya yeni ¢ikan bir firma sadece malzeme tasarimi
Uzerinden bu kadar revag¢ goriyordu? Firma bu elestiriyi dikkate
aldi mi bilinmez; ancak 2005 yilinda ¢ikarttiklan “Big Bang” serisinde
sadece dig tasarm degil, mekanizmaya devrim niteliginde bir de
kronograf yerlestirmiglerdir. Bu tasanm; karbon, seramik, titanyum
ve tantal gibi cesur malzeme kombinasyonlar sayesinde saat
yapimciidi ve tasarm yarismalarinda bir dizi 6dul kazanmistir.
Sonraki ses getiren komplikasyonu ise 2017 senesinde piyasaya
sUrdigu “Hublot Techframe Ferrari Tourbillon Kronografi” olmustur
(4). Tourbillon, mekanik saatlerde en Ust komplikasyon olarak
bilinir ve saatin esapman c¢arki, spiral yay ve balans kisminin tek
bir platform Uzerinde dénmesi sonucu yercekimi kaynakli mikro
sapmalar ortadan kaldirlarak ayar hassasiyetinin  gok yuksek
olmasini saglar (5).

So how is it that a relatively new company on the market is so
popular solely based on material design? It is unknown whether the
company took this criticism into account, but in 2005, they released
the “Big Bang” series, which featured not only an external design
but also a revolutionary chronograph integrated into the movement.
This design, thanks to bold material combinations such as carbon,
ceramic, titanium, and tantalum, has won a series of awards in
watchmaking and design competitions. The next high-profile
complication they introduced was the “Hublot Techframe Ferrari
Tourbillon Chronograph’ launched in 2017. The tourbillon is known
as the top complication in mechanical watches, and it eliminates
micro-variations caused by gravity by allowing the escapement
wheel, spiral spring, and balance to rotate on a single platform,
resulting in very high accuracy.

Ancak bu yaratici ve yiksek teknoloji iceren sunumlarin, hala
mekanizmaya 6nem veren saat severlerin gonlini kazanamadigi
gorilmektedir. Hatta marka, horoloji diinyasinda en ¢ok elestirilen
markalardan biri haline gelmistir. Bu negatif bakis agisinin birkag
nedeni bulunmaktadir. Birincisi, modellerinin cogunun sektdrdeki
rakiplerine son derece benzedigine inanimasidrr. Ikinci olarak ise
kimligi ve yeniliklerinin gogunlukla degerli bir metali kauguk bir
kayisla eslestirme fikrine dayandigi ve bunun da gigir agmaktan uzak
oldugu degerlendiriimektedir. Ancak bu konuda firmaya haksizlik
yapildigini  dustinmekteyim. YUzylllara dayanan mekanik saat
sektdrinde estetik gdrindm ve yeni mekanizma cabalar zaten 20.
yUzyilda doyuma ulagsmig, pek ¢ok firma da birbirine ¢ok benzeyen
saatler Uretmeye baslamisti. Zaten 1970’li yillarda Seiko’nun quartz
ucuz saat devrimi ve 2000’li yillann akilli saat furyasi ile sektor
gerilemeye baslamigken, bu firma piyasaya yeni bir yol agmistir.
Malzeme bilimi ve teknolojiyi horoloji ile bir Ust seviyeye tasimistr.
Firma bUnyesindeki Metalurji ve Malzeme boluminde kendi Ar-
Ge'sini yapmakta ve piyasaya yenilikgi malzemeler (seramik,
titanyum, PEEK (Polieter Eter Keton), karbon fiber ve kauguk) veya
kaplamalar (fiziksel buhar biriktirme PVD, firmanin ikonik eserlerinin
vazgecilmezi elmas benzeri karbon DLC kaplama, altin kaplama)
kazandirmaktadir. Firmanin yeni kazandirdigi patentli onlarca saat
malzemesi de bulunmaktadrr. Ornegdin; Magic Gold adini verdigi,
muhtemelen bir altin alasimi olan ¢izimez altin; Ustin mekanik
dayanmli, tok ve tamamen cizimeye Kkarsi dayanikl seramik

However, it appears that these creative and high-tech presentations
still have not won the hearts of watch enthusiasts who prioritize
the mechanism. In fact, the brand has become one of the most
criticized in the horology world. There are several reasons for this
negative perception. First, it is believed that most of their models
closely resemble those of their competitors; second, their identity
and innovations mostly rely on pairing a precious metal with
a rubber strap, which is considered far from groundbreaking.
However, | believe that the company has been treated unfairly in
this matter. In the mechanical watch industry, which has a history
spanning centuries, efforts toward aesthetic appearance and new
mechanisms had already reached saturation in the 20th century,
and many companies started producing watches that looked very
similar to each other. Back in the 1970s, when Seiko’s quartz
watch revolution and the smartwatch craze of the 2000s caused
the industry to decline, this company paved a new path in the
market. It elevated materials science and technology to a higher
level through horology. The company’s Metallurgy and Materials
department conducts its own R&D and introduces innovative
materials (ceramics, titanium, PEEK—Polyether Ether Ketone—
carbon fiber, and rubber) or coatings (Physical Vapor Deposition—
PVD, diamond-like carbon—DLC coating, which is indispensable
for the company’s iconic pieces, and gold plating) to the market.
The company also holds dozens of patents for watch materials
it has developed. For example, the scratch-resistant gold called
Magic Gold, which is likely an alloy, features superior mechanical

https://www.tuyider.org



durability, a solid, fully scratch-resistant ceramic (probably
ceramic-glass), internal parts sintered with zirconium at very high
temperatures, transparent sapphire that reveals the heart of the
watch, and hypoallergenic rubber materials. In fact, | believe that
these advanced materials, endowed with such superior properties,
will find applications in other fields in the future (such as jewelry,
radar technologies, and kitchenware). After all, Teflon pans, which
are widely used in our kitchens and later became subjects of health-
related debates, were also produced as part of a defense industry
project, albeit in an unrelated manner. Another criticism is that the
designs lack aesthetic appeal. Hublot's extremely complex dial
designs, which are quite large (many models have a width of 42mm
or more and a thickness of around 15mm), are far from traditional
watchmaking standards. Their latest models are almost distant from
the elegance of classic watches and resemble more modern engine
blocks. Some watch enthusiasts believe that these designs bring
a different perspective on how the industry can be more creatively
utilized. The final and most crucial criticism concerns the prices of
these watches. It is stated that the models are very expensive and
that it is unfair to other brands that sell more complex watches at
lower prices.

In conclusion, | appreciate the company for its focus on materials
science and technology, its R&D efforts, and its introduction of new
hybrid/composite materials to the market, and | will continue to
follow its developments.
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(muhtemelen cam-seramik); i¢ kisimda cok yUksek sicakliklarda
zirkonyumla sinterlenmis parcalar; saatin kalbini ortaya c¢ikaran
seffaf safir ve hipoalerjenik kauguk malzemeler gibi. Aslinda bu
UstUn 6zellikler kazandinimig malzemelerin kullanim alanlarinin ileride
diger alanlarda da (kuyumculuk, radar teknolojileri, mutfak esyalari
gibi) yer bulacagina inaniyorum. Sonugta mutfaklarimizda yaygin
olarak kullandigimiz ve sonradan saglikla ilgili tartismalara konu olan
teflon tavalar da alakasiz bir sekilde bir savunma sanayi projesinden
Uretilmedi mi?

Bir diger elestiri noktasl ise tasarmlarn estetik bulunmamasi
yonundedir. Hublot’un son derece karmasik kadran tasarimlari,
oldukg¢a buyUk boyutlan (birgok modelin genigligi 42 mm veya
daha buylk, kalinligi ise 15 mm civarinda) saatgilik normlarindan
cok uzaktr. Neredeyse yeni modelleri, klasik saatlerin zarafetinden
uzak ve daha ¢ok gunimulz motor bloklarini animsatmaktadir.
Baz saat severler ise bu tasarmlarin sektériin daha yaratici nasil
kullanilabilecegine dair farkli bir bakis getirdigini distinmektedir. Son
ama en 6nemli elestiri konusu ise bu saatlerin fiyatlandir. Modellerin
¢cok pahall oldugu ve daha karmasik saatleri daha ucuz fiyata satan
diger markalara haksizlik yapildigi ifade edilmektedir. Sonug olarak
firmayl; malzeme bilimi ve teknolojilerine énem vermesi, Ar-Ge
yapmasl ve piyasaya yeni hibrit/kompozit malzemeler sunmasindan
dolay takdir etmekteyim ve takip etmeye devam edecegim.

-1.  https://www.hublot.com/en-int/40-years/digital-book-products -2. https://www.bachmann-scher.de/en/magazine/luxury-watches-brand-stories/hublot/hublot-story.ntml  -3. https://
mygemma.com/blogs/news/the-rest-is-hublot-history?  -4. https://www.ablogtowatch.com/hublot-techframe-ferrari-70-years-tourbillon-chronograph-watch/ -5. https://www.teksaat.com/
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Borik Asitsiz Yeni Nesil

Parlak Nikel Kaplama Sisteminin
Teknik ve Endustriyel Analizi

Technical and Industrial Analysis of the
New-Generation Boric-Acid-Free Bright
Nickel Plating System

riag Oberflachentechnik AG isvigre / Erdener Makine ve Kimya A.S

Elektrolitik nikel kaplama endustrisi; dekoratif ve teknik kaplamalardan
elektronik komponentlere kadar genis bir uygulama alanina sahiptir.
Geleneksel nikel elektrolitlerinde borik asit, diistik maliyetli ve etkili bir
tampon malzemesi olarak pH stabilitesi, hidrojen gelisimini kontrol
etme ve nikel ¢o6zUnUrligunt destekleme fonksiyonlar nedeniyle
standart bir bilesen héline gelmistir (Lowenheim, 1978).

Ancak borik asidin insan saglig Uzerindeki toksikolojik etkileri
nedeniyle Reproductive Toxicity 1B olarak siniflandinimasi ve
ECHA tarafindan “yUksek 6énem arz eden madde (SVHC)” olarak
tanimlanmasi  (ECHA, 2020), sUrdurUlebilir alternatif tampon
sistemlerinin gelistirilmesini zorunlu héale getirmistir. Ayrica Kanada,
Tayvan ve ltalya gibi (lkelerde bor seviyelerine yoénelik atik su
limitlerinin sikilastinimasi da kullanicilar agisindan énemli operasyonel
zorluklar dogurmustur.

Bu dizenlemelerle birlikte borik asitsiz nikel kaplama strecleri, hem
regllasyon uyumu hem de cevresel sirdUrUlebilirlik agisindan kritik
hale gelmistir.

Nikel kaplama proseslerinde kullanilan borik asit; zayif bir Lewis asidi
olarak, nikel sulfat ve klorur iceren elektrolitlerde pH dalgalanmalarini
absorbe ederek hidrojen gelisimini sinirlar ve bodylece kaplamanin
stinekligini artinr. Ancak borik asidin toksikolojik siniflandirmasi ve
yUksek hacimli endUstriyel kullanimi, borik asitsiz sistemleri zorunlu
hale getirmistir (ECHA, 2020). Son 10 yilda 6zellikle organik tampon
yaplilar, karboksilik asit tlrevleri, aminoalkol bazll tamponlar ve hibrit
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The electrolytic nickel plating industry has a broad range of
applications, from decorative and functional coatings to electronic
components. In conventional nickel electrolytes, boric acid has
become a standard component due to its low cost and effective
buffering capability, providing pH stability, controlling hydrogen
evolution, and supporting nickel solubility (Lowenheim, 1978).

However, due to the toxicological effects of boric acid on human
health, its classification as Reproductive Toxicity 1B, and its
designation as a “Substance of Very High Concern (SVHC)” by ECHA
(ECHA, 2020), the development of sustainable alternative buffering
systems has become mandatory. Additionally, the tightening of
wastewater limits for boron in countries such as Canada, Taiwan,
and ltaly has created significant operational challenges for users.

With these regulations, boric-acid-free nickel plating processes have
become critical for both regulatory compliance and environmental
sustainability.

In nickel plating processes, boric acid—acting as a weak Lewis
acid—absorbs pH fluctuations in nickel sulfate- and nickel chloride-
based electrolytes, limits hydrogen evolution, and thereby improves
ductility. However, due to its toxicological classification and high-
volume industrial usage, boron-free systems are now necessary
(ECHA, 2020).

Over the last decade, intensive research has focused on organic
buffer structures, carboxylic acid derivatives, amino alcohol-based

https://www.tuyider.org



buffers, and hybrid systems.

Through R&D efforts, newly developed buffers not only replace boric
acid but also enable the discovery of new molecular combinations
that surpass the performance of existing brighteners. Thanks to
these advancements, new-generation boric-acid-free bright nickel
electrolytes have begun to replace boric acid, offering both technical
and economic advantages.

Nickel electrolytes developed entirely without boric acid offer
significant advantages over classical Watts electrolytes, including
a broad pH operating range (3.8-5.2), high buffering capacity,
high brightness, and superior metal distribution. The new buffering
system enables stable brightness even at pH 4.8-5.2, reduces
additive consumption, and allows plating at high current densities
without burning. Measurements show that brightness values can
reach >70 GU at a 60° angle.

Compared with  traditional  boric-acid-containing  systems,
boric-acid-free systems exhibit noticeably improved thickness
distribution and brightness, particularly in low-current-density
areas. As a result, production reaches minimum thickness faster,
consumption decreases, and overall efficiency increases. Improved
metal distribution also leads to 15-20% savings in nickel anode
consumption, further reinforcing the economic benefits.

One of the most significant technical advantages of new-generation
boric-acid-free nickel plating is its resistance to iron contamination.

info@tuyider.org

sistemler Uzerine yogun caligmalar yapilimistir.

Ar-Ge calismalan ile gelistirilen yeni tamponlar sayesinde, borik
asidin yalnizca yerini almakla kalmayan, ayni zamanda mevcut
parlaticilarin  performansini asan yeni molekdl kombinasyonlari
da kesfedimeye baglanmisti. Bu gelismeler sayesinde teknik
ve ekonomik avantajlarlyla yeni nesil borik asitsiz parlak nikel
elektrolitleri, borik asidin yerini almaya baslamistir.

Tamamen borik asitsiz gelistirilen nikel elektrolitleri; genis pH
araldi (3,8-5,2), ylksek tamponlama kapasitesi, ylUksek parlaklik
ve Ustln metal dagilimi ile klasik Watts elektrolitlerine gére énemli
avantajlar sunmaktadir. Yeni tampon sistemi sayesinde pH 4,8-5,2
seviyelerinde bile stabil parlakiik elde edilebilmekte, katki maddesi
tlketimi dismekte ve yiksek akim yogunluklarinda yanma olmadan
kaplama yapilabilmektedir. Olctimler, 60° acida parlaklik degerinin
>70 GU seviyelerine ulasabildigini gostermektedir.

Geleneksel borik asit igeren sistemlerle karsilastiridiginda, borik
asitsiz sistemlerde 6zellikle dusik akim yogunluklu bdlgelerde
kaplama kalinligl ve parlakdi belirgin sekilde iyilesmektedir. Bu
sayede Uretimde minimum kalinlga daha hizl ulasiimakta, tiketim
azalmakta ve verimlilik artmaktadir. Daha iyi metal dagiimi sayesinde
nikel anot tlketiminde %15-20 oraninda tasarruf saglanmasi da
ekonomik avantajlar pekistirmektedir.

Yeni nesil borik asitsiz nikel kaplamanin en &nemli teknik

13
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Ustunldklerinden biri de demir kontaminasyonuna karsi dayanimidir.
Klasik nikel banyolarinda demir, Fe(OH)s gamuru olusturarak anot
torbalarini tikar ve gukurcuk, pUttr gibi hatalara neden olurken; yeni
nesil kaplamada demir gokelmesi olusmaz ve elektrolit, yliksek demir
seviyelerinde dahi performans kaybi yasamaz. Bdylece hidrojen
peroksit temizligi, sik filtre degisimi veya Uretim kaybi gibi sorunlar
ortadan kalkar. Ayni zamanda sistem, durus zamanlarinda isitmanin
kapatiimasina olanak tanir; borik asitte gdrilen kristallesme, torba
tikanmasi veya ekipman yUzeylerinde birikme gibi problemler
yasanmaz. Bu 6zellik, dzellikle blytk hacimli tanklarda ciddi enerji
tasarrufu saglar.

Borik asitsiz nikel kaplama prosesleri yalnizca bir regulasyon
gerekKliligi degil, ayni zamanda teknik ve operasyonel avantajlar
sunan yeni nesil bir yaklasimdir. LiteratUr verileri, modern organik
ve hibrit tampon sistemlerinin; pH stabilitesi, kaplama morfolojisi,
ic gerilim kontroll, korozyon direnci ve gevresel uyum agisindan
geleneksel borik asitli proseslerle esdeger veya Ustin performans
gOsterebildigini ortaya koymaktadir.

Bu nedenle borik asitsiz nikel kaplama, gelecek yillarin strdurdlebilir
kaplama standartlarindan biri olarak degerlendirilmektedir.

Referanslar | References

In classical nickel baths, iron forms Fe(OH)s sludge, clogging anode
bags and causing defects such as pits and surface roughness.
In contrast, the new-generation system does not form iron
precipitation and maintains performance even at elevated iron
levels. This eliminates issues such as hydrogen peroxide cleaning,
frequent filter changes, and production losses.

The system also allows heaters to be turned off during idle
periods. Problems typically associated with boric acid—such
as crystallization, anode bag clogging, or buildup on equipment
surfaces—do not occur. This feature provides significant energy
savings, especially in large-volume tanks.

Boric-acid-free nickel plating processes represent not only a
regulatory necessity but also a new-generation approach offering
technical and operational advantages. Literature data indicate that
modern organic and hybrid buffer systems can deliver performance
equivalent to or superior to traditional boric-acid-based processes
in terms of pH stability, coating morphology, internal stress control,
corrosion resistance, and environmental compliance.

For this reason, boric-acid-free nickel plating is considered one of
the sustainable coating standards of the coming years.

1. Lowenheim, F. A. Modern Electroplating, Wiley-Interscience, 1978. - 2. ECHA. “Boric Acid — SVHC Documentation.” European Chemicals Agency, 2020. - 3. Zhang, Y. et al., “Organic Buffer
Systems in Nickel Electroplating,” Electrochimica Acta, 2014. - 4. Huang, K. et al., “Development of Boric-Acid-Free Nickel Baths,” Surface &amp; Coatings Technology, 2019. - 5. Kim, J.,
Lee, S. “Corrosion behaviour of boron-free nickel coatings,” J. Mat. Eng., 2020. - 6. RIAG AG, “Nickel Plating Systems — Technical Bulletin,” 2018. - 7. Atotech GmbH, “Boron-Free Nickel

Processes,” Technical Publication, 2021.
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Metal Yuzeylerin
Elektropolisaji

Electropolishing of

Metal Surfaces

Dog.Dr. / Assoc Prof. Dr. Metehan Erdogan

Ankara Yildinm Beyazit Universitesi / Metalurji ve Malzeme Muih. Bo|.
University of Ankara Yildinm Beyazit, Dept. of Metallurgy and Materials Eng.

1. Ozet

Elektropolisaj; elektrolitik parlatma veya anodik parlatma olarak da
bilinen, metalik bilesenlerin ylizey kalitesini iyilestirmek icin kullanilan
elektrokimyasal bir islemdir. Bu yéntem, uygun bir elektrolit icerisinde
metal ylzeyin kontrolli anodik ¢&zinmesine dayanir ve daha
dlzgUn, daha parlak bir ylzey elde edilmesini saglar. Cizikler, kalinti
gerilmeler ve gémullu asindinci pargaciklar birakabilen mekanik
polisajin aksine, elektropolisaj temiz, gerilimsiz ve korozyona
dayanikli bir ylzey UGretir [1,2].

Baslica avantajlan arasinda ylzey pUrdzIGlaganin azaltimas,
korozyon direncinin artirimasi, yorulma dayaniminin iyilestirimesi
ve biyomedikal, havacilk, gida ve kimyasal isleme gibi sektérlerde
kritik olan sterilizasyonun kolaylastirimasi yer alir [3,4]. Elektropolisaj
uygulanmig KOVAR malzemesinden yapilmis bir X-isini tipUnin
fotografi Sekil 1’de veriimistir.

Sekil 1: Elektropolisaj uygulanmis

KOVAR X-igini ttpdnuin i¢ kismi
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1. Abstract

Electropolishing, also known as electrolytic polishing or anodic
polishing, is an electrochemical process used to improve the surface
finish of metallic components. The method relies on controlled
anodic dissolution of the metal surface in a suitable electrolyte,
resulting in a smoother and more reflective finish. Unlike mechanical
polishing, which may leave scratches, residual stresses, and
embedded abrasive particles, electropolishing produces a clean,
stress-free, and corrosion-resistant surface [1,2].

[ts main advantages include the reduction of surface roughness,
enhancement of corrosion resistance, improvement of fatigue
strength, and facilitation of sterilization critical in industries such
as biomedical, aerospace, food, and chemical processing [3,4]. A
photograph of an electropolished X-ray tube, made up of KOVAR,
is given in Figure 1.

Figure 1: Inside of an electropolished
KOVAR X-ray tube

https://www.tuyider.org



2. Fundamentals of Electropolishing

Electropolishing is conducted in an electrolytic cell, where the
workpiece is connected as the anode and an inert material
(e.g., stainless steel, graphite, or lead) serves as the cathode.
The electrolyte typically contains concentrated acids such as
phosphoric and sulfuric acid mixtures. The process mechanism is
often described by three key stages [1,2]:

1.Anodic dissolution: Metal atoms at the surface oxidize into ions.

2.Viscous layer formation: A diffusion-limited layer of reaction
products and high-viscosity film develops at the metal-electrolyte
interface.

3. Selective dissolution: Protrusions on the surface dissolve faster
due to thinner diffusion layers, while recesses dissolve more slowly,
leading to a leveling effect.

The effectiveness of the process is governed by Faraday’s law,
which correlates the amount of dissolved material with the charge
passed. The advantages of the process can be listed as follows:

e Surface smoothening: Reduction of Ra values by up to 80%
(e.g., from 0.4 ym to 0.05 um) [2].

e Improved corrosion resistance: Stainless steels develop
chromium-rich passive layers that enhance durability in aggressive
environments [3,4].

¢ Enhanced biocompatibility: Electropolished titanium and

stainless steel implants show superior performance in biomedical
applications [5].

info@tuyider.org

2. Elektropolisajin Temelleri

Elektropolisaj, is pargasinin anot; paslanmaz gelik, grafit veya kursun
gibi inert bir malzemenin ise katot olarak baglandigi bir elektrolitik
hicrede gergeklestirilir. Elektrolit genellikle fosforik ve sulfirik asit
karisimlari gibi konsantre asitler icerir. islem mekanizmasi genellikle
U¢ ana asamada aciklanir [1,2]:

1. Anodik ¢dztnme: YUzeydeki metal atomlari iyonlara oksitlenir.

2. Viskoz tabaka olusumu: Metal-elektrolit araylziinde, reaksiyon
UrGnlerinden olusan diftizyon sinirli, yUksek viskoziteli bir tabaka
meydana gelir.

3. Secici ¢bzlnme: Ylzey c¢ikintlar, daha ince diflizyon tabakasi
nedeniyle daha hizli ¢ézintrken cukurlar daha yavas ¢6zindr;
bdylece ylzey duzlesir.

Elektropolisajin etkinligi, ¢6zlinen malzeme miktarini gegen elektrik
yUkd ile iliskilendiren Faraday kanunu ile agiklanir. Prosesin avantajlari

asagidaki gibi listelenebilir:

e Yiizey duzlesmesi: Ra degerlerinde %80’e varan azalma (6rnegin
0,4 um’den 0,05 pm’ye) [2].

e Gelismis korozyon direnci: Paslanmaz celikler, agresif ortamlarda
dayanikliig artiran kromca zengin pasif tabakalar gelistirir [3,4].

¢ Artan biyouyumluluk: Elektropolisaj uygulanmis titanyum ve pas-
lanmaz celik implantlar Gstiin performans gosterir [5].
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e Yorulma direnci: Mikro ¢entiklerin giderilmesi, gerime yigiimalarini
azaltarak havacilik pargalarinin yorulma émrinu artirr [3].

® Mekanik hasar olmamasi: Asindiric polisajin aksine kalinti gerilme
veya gomull partikdl kalmaz.

* Karmasik geometrilere uygunluk: ig kanallar, karmasik sekiller ve
ince duvarl parcalar etkin sekilde islenebilir.

Sinirlamalari ise sunlardir:

o Agresif elektrolitler: Cogu elektrolit kuvvetli asitlere (HsPO4, H2SOa,
HCIO4) dayanir ve ciddi glivenlik énlemleri gerektirir [5].

¢ Cevresel endiseler: Asidik atiklarn bertarafi strdurdlebilirlik
sorunu olusturur.

* islem hassasiyeti: Yanlis parametre ayarlar portakal kabugu
benzeri ylzeyler, gukurlagsma veya mat gériinime yol agabilir [2].

e Genis ylzey alani sorunlari: BlyUk veya dizensiz is pargalarinda
akimin esit dagilmasi zordur.

Cesitli proses degiskenleri elektropolisaj performansini dogrudan
etkilemektedir [1-3]:

e Akim yogunlugu: Metal tirtine bagl olmakla birlikte genellikle
5-20 A/dm? arasindadir. Daha dusUk degerler beklenen etkinin
gorulememesine, daha ytksek degerler ise lokal yanma ve
cukurlasmalara yol agabilir.

e Sicaklik: Metale baglidir; eksi sicakliklardan 80°C’ye kadar
degisebilir. Yuksek sicaklik ¢éziinmeyi hizlandinr ancak ylzeyde
bozulmalara ve kontrol kaybina neden olabilir.

* islem suresi: Baslangig pUriizIGligu ve istenen ylizeye bagl
olarak 1-20 dakika arasinda degisir.

e Elektrot geometrisi: Katot sekli, akim dagiiminin esit olmasi igin
optimize edilmelidir.

e Karistirma: Elektrolitin uygun sekilde karistinimasi, lokal konsan-
trasyon gradyanlarini azaltir ve homojen polisaj sagdlar.

3. Endiistriyel Uygulamalar
Elektropolisaj birgok endustri icin vazgegilmezdir. Cok daha genis
uygulama alanlar bulunmasina karsin, bu metinde yalnizca birkagina

deginilmektedir:

Biyomedikal: Cerrahi aletler, stentler, ortopedik implantlar ve kateter-
ler yUksek temizlik, korozyon direnci ve biyouyumluluk gerektirir [3].

Gida ve igecek sektorl: Tanklar, borular ve mikserler bakteri
tutunmasini énlemek ve hijyenik kosullar saglamak igin elektro-

polisajdan gegirilir.

Havacilik ve savunma: Turbin kanatlari, yakit enjektérleri ve titanyum
baglanti elemanlari daha iyi yoruima direnci kazanir.
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e Fatigue resistance: Micro-notch removal reduces stress
concentration, thereby increasing fatigue life of aerospace
components [3].

e No mechanical damage: Unlike abrasive polishing, no residual
stress or embedded particles remain.

e Suitability for complex geometries: Internal channels, intricate
shapes, and thin-walled components can be processed effectively.

while the limitations are:

e Aggressive electrolytes: Most electrolytes are based on strong
acids (HsPOs, H2SO4, HCIO4), requiring strict safety measures [5].

e Environmental concerns: Disposal of acidic waste poses
sustainability challenges.

e Process sensitivity: Incorrect parameter settings may result in
orange-peel surfaces, pitting, or matte finishes [2].

Large surface area challenges: Uniform current distribution is more
difficult for large or irregular workpieces.

e Several process variables directly influence electropolishing
performance [1-3]:

e Current density: Optimum range depend on the metal to be
polished and is typically 5-20 A/dm?. Below the correct range
required for the specific metal, polishing is inefficient; above it,
localized pitting may occur.

e Temperature: Depends on the metal to be polished and may vary
from negative temperatures up to 80 °C. Elevated temperature
accelerates metal dissolution but may also lead to burning or loss
of control.

¢ Processing time: Ranges between 1 and 20 minutes, depending
on initial roughness and desired finish.

e Electrode geometry: Cathode shape must be optimized to
ensure uniform current distribution.

e Agitation: Proper mixing of the electrolyte minimizes localized
concentration gradients and ensures consistent polishing.

3. Industrial Applications

Electropolishing is indispensable in several industries. Although
the application areas are much wider, only some of which will be
mentioned here:

Biomedical: Surgical instruments, stents, orthopedic implants,
and catheters require highly clean, corrosion-resistant, and
biocompatible surfaces [3].

Food and Beverage Industry: Tanks, pipes, and mixers undergo
electropolishing to prevent bacterial adhesion and ensure hygienic
processing environments.

Aerospace and Defense: Turbine blades, fuel injectors, and titanium

fasteners benefit from improved fatigue resistance and reduced
stress concentrations.

https://www.tuyider.org



Microelectronics: Connectors, micro-components, and semicon-
ductor equipment demand ultra-smooth surfaces for reliable
performance [4].

4. Applications by Material

Electrolyte composition is critical and varies depending on the
substrate. Optimizing the electrolyte composition is essential
to avoid overheating, non-uniform dissolution, and hydrogen
embrittlement risks. Some of the electrolytes used commonly for
electropolishing of metals are given in Table 1.

Table 1: Typical electrolyte compositions used for stainless steel,
aluminum, titanium and nickel alloys.

©©0000

Mikroelektronik: Konektorler, mikro bilesenler ve vyarn iletken
ekipmanlar guvenilir performans icin ultra plrlzsUz yUzeylere ihtiyag
duyar [4].

4. Malzemelere Gére Uygulamalar

Elektrolit bilesimi kritik Snemdedir ve parlatilan metale gére degisir.
Uygun bilesim; asin 1sinmayi, dizensiz ¢dzinmeyi ve hidrojen
gevrekligini - 6nler. Metallerin  elektropolisajinda yaygin olarak
kullanilan elektrolitierden bazilar Tablo 1’de verilmigtir.

Tablo 1. Paslanmaz ¢elik, aliminyum, titanyum ve nikel alagimlarinda
kullanilan tipik elektrolitler.

Malzeme Tipik Elektrolit Bilegimi Kaynak
Material Typical Electrolyte Composition Reference
Paslanmaz Celik %60-70 fosforik asit + %20-30 sulflrik asit [12]

Stainless Steel

Aliminyum
Aluminum

Titanyum
Titanium

Nikel Alagimlar
Nickel Alloys

Stainless steel is the most widely electropolished metal due to
its extensive use in biomedical, food processing, and chemical
industries. Electropolishing increases the chromium-to-iron ratio at
the surface, enhancing passive film stability [4]. ASTM B912 defines
the standard requirements for stainless steel electropolishing [4].
Electropolished aluminum surfaces achieve high reflectivity, often
serving as substrates for anodizing. Applications include optical
components and decorative finishes [5]. Titanium and its alloys,
particularly Ti-6Al-4V, are widely electropolished for biomedical
implants. Surface cleaning and microstructural modification improve
osseointegration and long-term stability in vivo [5]. Nickel-based
superalloys used in aerospace and energy industries benefit from
electropolishing due to the removal of machining-induced stresses
and improvement in fatigue strength [1].

Etil alkolde perklorik asit (gUvenlik riski yUksek)
Perchloric acid in ethanol (safety concerns apply)

Metanol + perklorik asit karigimlar

Fosforik + silfirik asit karigimlari
Phosphoric + sulfuric acid mixtures

60-70% phosphoric acid + 20-30% sulfuric acid

5]

5]

)

Paslanmaz celik, en yaygin elektropolisaj uygulanan metaldir
Bu islem, ylzeyde krom-demir oranini artirarak pasif tabakanin
kararlligini guglendirir [4]. ASTM B912 standardi, paslanmaz celik
elektropolisaj gerekliliklerini tanimlar [4]. Elektropolisaj uygulanmig
aliminyum ylzeyler yUksek yansiticiiga ulasir ve genellikle eloksal
icin alt tabaka olarak kullanilir. Uygulamalar arasinda optik bilesenler
ve dekoratif ylzeyler yer alir [5]. Ti-6Al-4V gibi titanyum alasimlari
Ozellikle biyomedikal implantlarda tercih edilir. YUzey temizligi ve
mikro yapi modifikasyonu, viicut iginde uzun vadeli stabiliteyi artirir [5].
Havacilik ve eneriji sektérinde kullanilan nikel esasli sUperalasimlar

ise isleme kaynakli gerilmelerin giderimesi ve yorulma dayaniminin
ivilestirimesi amaciyla elektropolisajdan faydalanir [1].

5. Electropolishing of Additively Manufactured (AM) Metals

Metal additive manufacturing (AM) processes such as selective
laser melting (SLM) and electron beam melting (EBM) generate

info@tuyider.org

5. Katmanli imalat (AM) Metallerin Elektropolisaji

Secici lazer ergitme (SLM) ve elektron i1sini ergitme (EBM) gibi
metal katkill imalat (AM) yontemleri, yiksek purizldlige (Ra > 10
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parts with relatively high roughness (Ra often >10 pm), partially
fused particles, and micro-defects. These features reduce fatigue
strength, corrosion resistance, and biocompatibility [1,2].

Electropolishing addresses these challenges effectively by:

e removing adhered powder particles and asperities, reducing Ra
by 70-90% [2],

e smoothing complex geometries such as lattice structures and
internal channels where mechanical finishing is impossible [3],

e enhancing corrosion resistance by producing homogeneous
passive films on AM stainless steel and titanium alloys [4] and

e improving biological response: electropolished AM Ti-6Al-4V im-
plants exhibit better cell adhesion and osseointegration compared
to as-built surfaces [5].

6. Conclusion and Future Perspectives

Electropolishing remains a cornerstone surface finishing technique,
enabling smooth, corrosion-resistant, and biocompatible surfaces
across multiple industries. Its importance has grown significantly
with the rise of additive manufacturing, where it transforms
rough, as-built components into high-performance parts suitable
for demanding biomedical and aerospace applications. Despite
challenges related to electrolyte safety and environmental impact,
ongoing research ensures that electropolishing will continue to
evolve as a sustainable and versatile technology.

Key trends include:

Green electrolytes: Use of deep eutectic solvents and ionic liquids
for sustainable electropolishing.

Hybrid finishing techniques: Plasma-assisted polishing combined
with electrochemistry.

Advanced process modeling: Use of CFD and multiphysics
simulations to optimize current flow in complex AM geometries.

Post-processing of AM parts: Electropolishing will continue to

grow in importance as AM adoption accelerates in biomedical and
aerospace industries.

Referanslar | References

um), kismen ergimis parcaciklara ve mikro kusurlara sahip parcalar
Uretir. Bu Ozellikler yorulma dayanimini, korozyon direncini ve
biyouyumlulugu dustrar [1,2].

Elektropolisaj bu sorunlar etkili sekilde giderir:

® Yapismis toz parcaciklarini ve gikintilar gidererek Ra degerini
%70-90 oraninda azaltir [2].

* Mekanik islenmesi mUmkUn olmayan kafes yapilar ve i¢ kanallar
gibi karmagik geometrileri duzeltir [3].

* AM paslanmaz celik ve titanyum alagimlarinda homojen pasif
tabaka olusturarak korozyon direncini artirir [4].

 Elektropolisaj uygulanmis AM Ti-6Al-4V implantlari, dretilmis
halleri ile karsilastinidiginda daha iyi hticre yapismasi ve kemikle
butinlesme sergiler [5].

6. Sonug ve Gelecek Perspektifler

Elektropolisaj, cok sayida endustride pUrlizsUz, korozyona dayanikl
ve biyouyumlu ylzeyler elde edilmesini saglayan temel bir ylzey
isleme teknigidir. Katmanli imalatin yikselisiyle birlikte énemi daha
da artmig; kaba ve islenmis ylizeyleri yiksek performansli bilesenlere
doénustirmede  kritik bir rol Ustlenmigtir.  Elektrolit glvenligi ve
cevresel etkilerle ilgili zorluklara ragmen, arastirmalar elektropolisajin
sUrdurtlebilir ve ¢ok ydnlU bir teknoloji olarak gelismeye devam
edecegini gostermektedir.

Gelecek egilimleri sunlardir:

Yesil elektrolitler: Strdurllebilirlik icin derin &tektik ¢ozlcUler ve
iyonik sivilarin kullanimi.

Hibrit ylzey islemleri: Plazma destekli polisajin elektrokimya ile
birlestiriimesi.

Gelismis slire¢ modellemesi: Karmasik AM geometrilerinde akm
dagiimini optimize etmek igin CFD ve c¢ok-fizikli simUlasyonlarin
kullanimi.

AM pargalarin son islemesi: Elektropolisajin, biyomedikal ve
havacilk sektdrlerinde artan AM kullanimina paralel olarak daha
fazla 6nem kazanmasi.

-1. Datta, M., & Landolt, D. “Fundamentals and Applications of Electropolishing.” Electrochimica Acta, 26(7), 1981, pp. 899-914. - 2. Landolt, D. “Fundamental Aspects of Electropolishing.”
Electrochimica Acta, 52(27), 2007, pp. 6284-6291. - 3. ASM Handbook, Vol. 5: Surface Engineering. ASM International, 1994. - 4. ASTM B912 — Standard Specification for Passivation of
Stainless Steels Using Electropolishing. - 5. Wernick, S., Pinner, R., & Sheasby, P. G. The Surface Treatment and Finishing of Aluminium and Its Alloys, 5th Ed., ASM International, 1987.
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I’den T’ye, T_’_den M’ye:
Toyota’dan Ogrendigimiz ve
Yarina Tagidigimiz Liderlik Modeli
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Leadership Model We Learned
from Toyota and Carry into Tomorrow
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Mendomi Akademi Kurucusu / Founder of Mendomi Academy
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Otomotiv gibi hata toleransi sifira yakin sektdrlerde yetistiginizde,
liderlik sizin i¢in yalnizca “insanlar yénetmek” anlamina gelmez;
sUregleri gormek, akisi korumak, standartlar yasatmak ve 6grenmeyi

When you’re trained in industries like automotive, where error
tolerance is almost zero, leadership becomes more than just
“managing people.” It means seeing the process, protecting the flow,

orgltlemek anlamina gelir. Benim Toyota ve Toyota ekosistemindeki
sirketlerde (Autoliv, Toyota Boshoku ve sonrasinda yerli sanayide)
edindigim deneyim tam olarak buydu:

keeping standards alive, and organizing learning. My experience at
Toyota and within the Toyota ecosystem (Autoliv, Toyota Boshoku,
and later in the local industry) was exactly that:

LNV

“I Sekilli “

Bir Konuda Uzman

“ Kaltarla “ “T Sekilli

Bir Gok Konuda Yetenekli ve
Bir Tanesinde Uzman

| 1l i

“Ben Sekli” “T Sekli” “T Sekli”
Bir alanda uzman. Bir alanda uzman olup diger
alanlarda da bilgisi olan.

Bir Cok Konuda Yetenekli Ancak
Hicbirinde Uzman Degil

Birgok alanda uzman, diger
alanlarda da bilgi sahibi.

1995 2010 2025

Liderlik = problem ¢6zme + insan gelistirme. Leadership = problem solving + people development.
Bugin Mendomi Akademi’de anlatigm “Toyota Tarzi Liderlik”

This is the foundation of the “Toyota-Style Leadership” approach |
yaklasiminin arka planinda da bu anlayis yer aliyor. Ancak dinyanin

teach today at Mendomi Academy. However, the world’s pace, the
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speed of digitalization, and the integration of artificial intelligence into
the way we work now call us one step further: M-type leadership.
Let’s look step by step at how we arrived here.

1. The I-Type Leader: Deep but Narrow

During the first major industrial growth periods of the 1990s and
early 2000s, companies needed something very specific:

“Give me someone who knows this subject from A to Z.”

This profile is what we call the I-shaped professional.

e \ery deep expertise in a single field (product design, press line
operations, welding technology, costing, etc.)

e | imited horizontal interaction with other processes and disciplines
This model was perfectly sufficient for its time because processes
were relatively predictable and functions operated like closed
systems.

2. The T-Type Leader: Horizontal Awareness and
Vertical Expertise

As the Toyota-style approach began to spread globally, organizations
realized something critical:

“Doing your own job well is not enough; you must also understand
the work of others.”

info@tuyider.org
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temposu, dijitallesmenin hizi ve yapay zekanin is yapis bigimlerimize
girmesi bizi artik bir adim daha ileriye ¢agiriyor: M tipi liderlik.

Bu noktaya nasll geldigimizi adim adim ele alalim.
1. | Tipi Lider: Derin ama Dar

Sanayinin ilk buydk atilim dénemlerinde (1990’lar ve 2000’lerin bagi)
sirketlerin temel ihtiyaci suydu:

“Bana su konuyu A'dan Z’ye bilen birini verin.”
Bu profil, | (I-shaped) olarak adlandirilan liderlik tipiydi.

e Bir alanda son derece derindi (Urin tasarimi, pres hatti, kaynak
teknolojisi, maliyetleme vb.).

® Ancak yatayda, yani diger surecler ve disiplinlerle temasi sinirliydi.
Bu model, dénem kosullari icin oldukga yeterliydi. CUnkU stregler
daha 6ngorulebili, fonksiyonlar ise daha kapall yapilar icinde
calistyordu.

2. T Tipi Lider: Yatay Farkindalik + Dikey Uzmanlik
Toyota tarzi yaklagimin diinyaya yayllmasiyla birlikte organizasyonlar
6nemli bir gergegi fark etti:

“Sadece isi iyi yapmak yetmiyor, bagkalarinin isini de anlamak
gerekiyor.”
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Uretim planlamayi anlamayan bakim miihendisi, lojistigin sorunlarini
bilmeyen Uretim sefi, insan kaynagina kulak vermeyen fabrika
mudurd. .. Bu profillerin tamami akista gecikmelere neden oluyordu.
iste bu nedenle T tipi liderlik modeli &ne gikt.

e Yatay eksen: Ugtan uca deger akisini, komsu suregleri, musteri
etkisini, maliyet ve kalite baglantilarini anlama.

¢ Dikey eksen: Kendi ¢ekirdek alaninda (yalin Uretim, proje yonetimi,
satis, bakim, IK sistemi kurma vb.) derin uzmanlik.

T tipi bir lider, Uretimde gemba’ya gittiginde yalnizca “Bu makine
neden durdu?” sorusunu sormaz; ayni zamanda “Bu durusun
mUsteriye, nakit akisina, teslimata, morale ve glivene etkisi nedir?”
sorusunu da sorar. Yani yalnizca problemi degil, baglami da gorur.

Bugtin Turkiye'de yoneticilerin dnemli bir bolimU hala T seviyesine
ulasmaya calisiyor. Bu olumsuz bir durum degildir; aksine, T
boyutunu saglamlastirmadan M’ye ge¢cmek, temelsiz bir bina insa
etmeye benzer.

3. M Tipi Lider: Goklu Uzmanlik Gaginin Oyuncusu

Gunumuzde igler artk tek bir dikey uzmanlk ve sinirl yatay
farkindalikla yurimuyor. Ayni proje igerisinde asagidaki unsurlarin
ayni zihinsel gergevede bir araya gelmesi gerekiyor:

* Uretim ve operasyon bilgisi

e Dijital yetkinlikler

* MUsteri deneyimi bakis agisi

¢ Tedarik ve surdurulebilirlik etkisi

Yapay zeka, RPA, sensorlt Uretim, EndUstri 4.0 ve veriyle yonetim
sunu agikga soyluyor:

“Sadece kendi isini bimek yetmez; iki-U¢ alanda konusabilir
olmalisin.”

M-shaped (M tipi) liderlik su 6zellikleri tanimlar:

e Yatayda genis bir is gorgusu ve farkll fonksiyonlarla iletisim
kurabilme

¢ Dikeyde birden fazla alanda derinlik (6rnegin yalin Gretim + dijital
dénlsUm + insan gelistirme/kogluk)

® Tum bu yetkinlikleri bir arada tutan Ust sapka olarak stratejik merak

Toyota'da gdzlemledigim iyi liderlerin ortak &zelligi de buydu.
Yalnizca Uretimi bilmezlerdi; maliyetle konusur, insanla iletisim kurar,
mUsteriyle temas eder, hatta tedarikgiye gidip “Gelin, bu streci
birlikte iyilestirelim” derlerdi. Pratikte M tipi liderlige ¢ok benzer
bir yaklasim sergilerlerdi; yalnizca o dénem bu kavram henlz
isimlendiriimemisti.

4. M Tipi Liderin Bes Belirgin Yetkinligi
e Capraz Beceri (Cross-Skill): Satig ile Uretim, Uretim ile bakim,

bakim ile kalite arasinda c¢evirmenlik yapar. “Onlar anlamiyor”
demez; “Benim anlatmam gerekiyor” der.

24

A maintenance engineer who does not understand production
planning, a production supervisor who is unaware of logistics
constraints, or a plant manager who does not listen to HR all create
delays in flow. That is why the T-shaped model came to the forefront.

e Horizontal axis: Understanding the end-to-end value stream,
neighboring processes, customer impact, and the relationship
between cost and quality

e Vertical axis: Deep expertise in one’s core area (for example,
lean manufacturing, project management, sales, maintenance, or
building HR systems)

When a T-type leader goes to the gemba, they do not only ask,
“Why did this machine stop?” They also ask, “What is the impact of
this stop on the customer, cash flow, delivery, morale, and trust?”
In other words, they see not only the problem, but also the context.
Even today, many managers in Turkiye are still striving to reach the
T level. This is not a weakness. On the contrary, trying to move
to M without firmly establishing T is like adding floors without a
foundation.

3. The M-Type Leader: The Player of the Multi-Expertise Era

Why M? Because today, work can no longer be handled with a
single vertical expertise combined with limited horizontal awareness.
Within the same project, leaders must now integrate the following
elements within a single mindset:

e Production and operations knowledge
e Digital capabilities

e A customer-experience perspective

e Supply chain and sustainability impact

Artificial intelligence, RPA, sensor-based production, Industry 4.0,
and data-driven management all deliver the same message:

“It is not enough to know only your own job; you must be able to
speak the language of two or three domains.”
This is exactly what the M-shaped profile describes:

e Broad horizontal business literacy and the ability to communicate
across functions

e Multiple vertical depths (for example, lean manufacturing plus
digital transformation plus people development and coaching)

e A unifying layer that connects them all, which can be described
as strategic curiosity

This was the shared strength | observed in the best leaders at
Toyota. They did not only understand production; they could speak
the language of cost, people, and customers. At times, they even
visited suppliers and said, “Let’s improve this process together.” In
practice, they were already M-type leaders long before the concept
had a name.
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4. Five Distinct Competencies of the M-Type Leader

e Cross-Skill Ability: Acts as a translator between functions such
as sales and production, production and maintenance, and
maintenance and quality. They do not say, “They don’t understand.”
They say, “It is my responsibility to explain.”

e Upskill and Reskill Discipline: They never say, “l learned this, | am
done.” Digital tools, data literacy, Al assistants, and process mining
are all learned at least at a user level.

e Systemic Thinking: They recognize that a problem visible in
one department may actually originate from incentive systems or
supplier quality.

¢ People Development: They do not keep knowledge to themselves.
They think, “This system should continue even after me.” Coaching,
on-the-job training, and writing standard work are all part of their
toolkit.

e Building a Learning Organization: They do not only learn
individually. They push the team to learn and translate lean tools
such as A3, hansei, and after-action reviews into everyday working
language.

5. Why M-Type Leadership and Why Now?
Because three pressures are arriving at the same time:

e Customer speed: Customers no longer want standardized
products; they demand personalized solutions.

e Technology speed: A manager who does not understand Al tools
will soon resemble a 1990s manager who did not know Excel.

e Generational speed: Young employees do not want to remain in
the same department for ten years, and organizations can no longer
retain them with that expectation.

M-type leadership responds to all three pressures simultaneously

because it is flexible, multi-dimensional, open to learning, and
capable of breaking down departmental boundaries.

info@tuyider.org
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e Upskill / Reskill Disiplini: “Bunu 6grendim, bitti” yaklagimini
benimsemez. Dijital araclar, veri okuryazarlidi, yapay zeka asistanlari
ve stre¢c madenciligi gibi gelismeleri en azindan kullanici seviyesinde
ogrenir.

e Sistemik Bakis: Bir departmanda goériinen sorunun aslinda tesvik
sisteminden ya da tedarik¢i kalitesinden kaynaklanabilecegini fark
eder.

¢ insan Gelistirme: Bilgiyi kendinde tutmaz. “Benden sonra da bu
sistem yUrsin” anlayisiyla kogluk, is basinda egitim ve standart is
yazimi gibi yontemleri kullanir.

» Ogrenen Organizasyon Kurma: Sadece kendisi 6grenmez; ekibini
de d6grenmeye tesvik eder. A3, hansei ve after action review gibi
yalin arac¢lar gunlik is diline gevirir.

5. Neden Simdi M Tipi Liderlik?

GUnkd ayni anda U¢ temel baski ile kargl karsiyayiz:

e Musteri hizi: MUsteri artk tek tip Grln degil, kisisellestirilmis
¢AzUmler talep ediyor.

e Teknoloji hizi: Yapay zeké araglarini bilmeyen yonetici, 1990’larda
Excel bilmeyen ydnetici konumuna disecek.

e Kusak hizi: Geng galisanlar tek bir departmanda on yil gegirmek
istemiyor. Kurumlar da bu beklentiyi gérmezden gelerek yetenekleri
elde tutamiyor.

M tipi liderlik, bu ¢ baskiya ayni anda yanit verir; ¢inkl esnek,
coklu yetkinliklere sahip, 6grenmeye acik ve departman duvarlarini
yikan bir yapi sunar.

6. Mendomi Akademi’nin Onerdigi Yol

Sahada net olarak gdzlemlenen durum sudur: Bircok sirket T
seviyesine bile tam olarak gegmemisken M’yi konusmak IUks gibi

algilanmaktadir. Oysa izlenmesi gereken yol oldukca agiktir:

» Once T'yi standardize et: Her ydneticiye yatayda 7-9 temel yetkinlik
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SURDURULEBILIR iNOVATIF URETIM TEKNIKLERI ILE
ELIMIZDE!

THE KEY TO THE FUTURE LIES IN SUSTAINABLE INNOVATIVE
PRODUCTION TECHNIQUES!

EKSAS olarak, YESIL MUTABAKAT kapsaminda gevre duyarlilifini misyonumuzun merkezine koyuyor,
sektérdeki SURDURULEBILIRLIK standartlarini yiikseltmek icin DIJITAL DONUSUM ve en son teknolojileri
kullaniyoruz. iS SAGLIGI VE GUVENLIiGI galismalarimizda, riskleri azaltmak, calisan giivenligini saglamak ve
yasal diizenlemelere uyumu desteklemek igin kapsamli ¢cézimler gelistiriyoruz.

As EKSAS, we place environmental sensitivity at the core of our mission under the GREEN DEAL, aiming to elevate
SUSTAINABILITY standards in the industry through DIGITAL TRANSFORMATION and the utilization of cutting-
edge technologies. In our OCCUPATIONAL HEALTH AND SAFETY endeavors, we develop comprehensive
solutions to mitigate risks, ensure employee safety, and support compliance with legal regulations.
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6. Mendomi Academy’s Recommended Path

What | consistently observe in the field is this: many companies
have not fully transitioned to T yet, so discussing M may feel like a
luxury. In reality, the path forward is very clear.

e First, standardize the T: Equip every manager with seven to nine
horizontal core competencies, including communication, problem
solving, data-driven decision making, delegation, time management,
coaching, and process thinking.

e Then, select secondary depths: One manager develops along
a “lean plus digital” axis, another along “sales plus channel
management,” and another along “production plus supplier
development.”

e Make Al and digital the top layer: On top of all these vertical
depths, add data literacy and Al acceleration. This completes the M.

e Align organizational design accordingly: If M-type leaders are
confined within functional silos, their potential cannot be fully
realized.

7. Final Words

Those who come from industry know this well. Even the best
machine will stop if it is not maintained. Leadership works in the

same way.

The I-type leader resembled a machine from the 1990s. It was
powerful but designed to do only one thing.

The T-type leader was similar to a CNC machine of the 2010s, more
flexible and adaptable.

The M-type leader, however, resembles the flexible cells of today’s
smart factories. It can perform multiple tasks, in different sequences,
for different customers.

This is exactly what Turkish industry needs today.

Not single-depth masters, but M-type leaders with multiple depths,
leaders who organize learning and build bridges across processes.

This is precisely the journey we aim to convey at Mendomi Academy.

info@tuyider.org
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kazandr (iletisim, problem ¢dzme, veriyle karar alma, delegasyon,
zaman yonetimi, kocluk, stire¢ bakisi vb.).

« ikinci derinlikleri sectir: Bir yonetici “yalin + dijital”, digeri “satis +
kanal yénetimi”, bir baskasi “Uretim + tedarik¢i gelistirme” ekseninde
derinlessin.

e Yapay zeka ve dijitali Gst katman yap: TUm bu derinliklerin Gzerine
“veri okuryazarligi + yapay zeka ile hizlandirma” becerisini yerlestir.
Bdylece M tamamlanir.

o Orgiitsel tasarimi buna uydur: M tipi liderler fonksiyonel silolara
hapsedilirse potansiyelleri bosa gider.

LW ¢ o

7. Son S6z

Sanayiden gelenler bilir: En iyi makine bile bakimi yapiimazsa durur.
Liderlik de boyledir.

| tipi liderlik 1990’larin makinesiydi; glcliydl ama tek is yapardi.

T tipi liderlik 2010’larin CNC’si gibiydi; daha esnek ve uyarlanabilirdi.
M tipi liderlik ise bugtntn akill fabrikalarindaki esnek hicreler gibidir:
Farkli srayla, farkl musteri ihtiyaclari icin birden fazla isi ayni anda
yapabilir.

Turkiye sanayisinin bugtin tam olarak ihtiyag duydugu sey sudur:

Tek derinlikli ustalar degil; goklu derinlige sahip, 6grenmeyi
orgUtleyen ve sUrecler arasinda kdprd kuran M tipi liderler.

Mendomi Akademi’de anlatmaya calistigimiz yolculuk da tam olarak
budur.
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Yiizey Islem ve Metal
Kaplama Tesislerinde

Kimyasal Gtiven

Chemical Safety in
Surface Treatment and
Metal Plating Facilities

Derleyen:
KAYA KOG VIB Makina Miihendislik San. Tic. Ltd. $ti

Yizey islem, metal kaplama ve endustriyel boyama tesisleri; Uretim
sUreglerinde yogun kimyasal kullanminin s6z konusu oldugu, bu
nedenle is saglid ve guvenligi agisindan ylksek risk barindiran
endUstriyel alanlardir. Bu tesislerde asitler, alkaliler, solventler,
agrr metal bilesikleri ve gaz formundaki kimyasallar farkl proses
adimlarinda yaygin olarak kullanimaktadir. Elektrolitik kaplama,
anodizasyon, fosfatlama, galvanizleme, kimyasal parlatma, yag
alma ve ylizey aktivasyonu gibi islemler, kimyasal maruziyet riskinin
en yogun oldugu uygulamalarin basinda gelir.

Kimyasal riskler yalnizca cgalisan saghdini tehdit etmekle sinirl
kalmaz; ayni zamanda Uretim surekliligini, ekipman guvenligini,
cevresel etkileri ve yasal uyumlulugu da dogrudan etkiler. Bu
nedenle modern ylzey islem tesislerinde kimyasal gtivenlik, yalnizca
bir is glivenligi baslidr degil; proses muhendisligi, kalite yénetimi ve
kurumsal surdurdlebilirigin ayrimaz bir pargasi olarak ele alinmalidir.

Kimyasal Maruziyet Turleri ve Saglk Etkileri

Kimyasal maruziyetler genel olarak akut ve kronik olmak Uzere
iki ana grupta degerlendirilir. Akut maruziyet, kisa sirede yUksek
konsantrasyonda kimyasala maruz kalinmasi sonucu ortaya ¢ikar ve
hizll midahale gerektirir. Solunum yetmezIigi, kimyasal yaniklar, biling
kaybi ve ciddi nérolojik semptomlar bu tir maruziyetlerin baglica
sonuglandrr. Ozellikle klor gazi, hidrojen sillfiir, solvent buharlar ve
asit dumanlari akut risk grubunda yer alrr.

Kronik maruziyet ise uzun suUreli, dislUk dozlu kimyasal etkiler
sonucunda gelisir ve gogu zaman ge¢ fark edilir. Mesleki astim,
kronik bronsit, dermatit, sinir sistemi hasarlari, bdbrek ve karaciger
fonksiyon bozukluklari bu maruziyet tirlntn en yaygin sonuglaridir.
Ozellikle alti degerlikli krom (Cr®*) ve nikel bilesikleri gibi bazi agir
metaller, uzun vadede kanser riskini ciddi 6l¢lide artirmaktadir.
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Surface treatment, metal plating, and industrial coating facilities are
industrial environments where intensive chemical use is an inherent
part of production processes, and therefore pose significant
occupational health and safety risks. In these facilities, acids, alkalis,
solvents, heavy metal compounds, and gaseous chemicals are
widely used at various stages of production. Processes such as
electrolytic plating, anodizing, phosphating, galvanizing, chemical
polishing, degreasing, surface activation, and coating applications
represent the areas with the highest potential for chemical exposure.

Chemical risks not only threaten employee health but also directly
affect production continuity, equipment safety, environmental
sustainability, and regulatory compliance. For this reason, chemical
safety in modern surface treatment facilities is no longer merely an
occupational safety issue; it has become an integral component
of process engineering, quality management, and corporate
sustainability.

Types of Chemical Exposure and Health Effects

Chemical exposures are generally classified as acute or chronic.
Acute exposure occurs as a result of short-term contact with high
concentrations of chemicals and requires immediate intervention.
Respiratory failure, chemical burns, loss of consciousness, and
severe neurological symptoms are among the most common
outcomes. Chlorine gas, hydrogen sulfide, solvent vapors, and acid
fumes are particularly associated with acute exposure risks.

Chronic exposure, on the other hand, develops due to long-term
contact with low concentrations of chemicals and is often detected
at a later stage. Occupational asthma, chronic bronchitis, dermatitis,
nervous system damage, and kidney and liver dysfunction are
among the most frequent consequences. Certain heavy metals,
especially hexavalent chromium (Cr®) and nickel compounds,
significantly increase cancer risk over prolonged exposure periods.
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Critical Chemicals Used in Surface Treatment Facilities

Among the chemicals commonly used in the surface treatment
sector, strong acids, strong alkalis, solvents, and heavy metals
stand out. Acids such as hydrochloric acid, sulfuric acid, and nitric
acid are widely employed in metal cleaning and pickling processes,
while alkalis such as sodium hydroxide and potassium hydroxide
are used in degreasing and chemical cleaning operations. These
substances can cause severe skin and eye burns as well as serious
respiratory tract damage.

Heavy metals and organic solvents exhibit toxic effects on the
nervous system. Solvents such as toluene, methyl ethyl ketone
(MEK), and acetone can negatively affect the central nervous
system, particularly under conditions of inadequate ventilation.

Among these chemicals, hydrofluoric acid (HF) represents one
of the most hazardous substances used in the surface treatment
industry. Due to its ability to penetrate deeply into tissue, HF can
reach bone structures and cause systemic toxicity. Even small-scale
exposures may be life-threatening; therefore, facilities handling HF
must implement specialized engineering controls and emergency
response protocols.

Engineering-Based Chemical Safety Approach

In modern surface treatment facilities, chemical safety cannot be
ensured solely through the use of personal protective equipment.
An effective safety system must be supported by engineering-
based preventive measures. Local exhaust ventilation systems,
process-specific ventilation solutions, closed chemical transfer
lines, and automated dosing systems constitute the foundation of
this approach.

In addition, gas and vapor detectors, emergency showers and

info@tuyider.org

Yiizey islem Tesislerinde Kritik Kimyasallar

Ylzey islem sektdrinde kullanlan kimyasallar arasinda kuvvetli
asitler, kuvvetli alkaliler, solventler ve agdr metaller 6ne cikar.
Hidroklorik asit, sUlfurik asit ve nitrik asit gibi asitler metal temizleme
ve asitleme proseslerinde yaygin olarak kullanilirken; sodyum
hidroksit ve potasyum hidroksit gibi alkaliler yag alma ve kimyasal
temizleme islemlerinde tercih edilmektedir. Bu maddeler ciddi cilt ve
g6z yaniklari ile solunum yolu hasarina neden olabilmektedir.

Agdir metaller ve organik solventler ise sinir sistemi Uzerinde toksik
etkilere sahiptir. Toluen, metil etil keton (MEK) ve aseton gibi
solventler, ¢zellikle yetersiz havalandirma kosullarinda merkezi sinir
sistemi Uzerinde olumsuz etkilere yol agmaktadir.

Bu kimyasallar arasinda hidroflorik asit (HF), yuUzey islem
sektorindeki en tehlikeli maddelerden biri olarak 6ne ¢ikar. HF,
dokuya derinlemesine nifuz edebilme 6zelligi nedeniyle kemik
dokusuna kadar ilerleyebilir ve sistemik toksisiteye yol acabilir.
DusUk miktarlardaki maruziyetler dahi hayati risk olusturdugundan,
bu kimyasal ile ¢alisilan tesislerde 6zel mihendislik ve acil midahale
protokolleri zorunludur.

Miihendislik Temelli Kimyasal Giivenlik Yaklagimi

Modern yuzey islem tesislerinde kimyasal gtivenligin yalnizca kisisel
koruyucu donanimlar ile saglanmasi yeterli degildir. Etkin bir glivenlik
sistemi, mUhendislik temelli dnlemlerle desteklenmelidir. Lokal emis
sistemleri, proses bazll havalandirma ¢oézUmleri, kapal kimyasal
transfer hatlari ve otomatik dozajlama sistemleri bu yaklasimin temel
unsurlandir.

Buna ek olarak gaz ve buhar sensorleri, acil dus ve gbz ykama
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eyewash stations, isolation of chemical storage areas, and PLC-
controlled process management significantly reduce chemical
exposure risks. These measures not only protect employee health
but also enhance overall process safety and operational reliability.

The Importance of CE and OSHA Compliance

To ensure sustainable chemical safety in surface treatment
facilities, it is essential to establish a management system aligned
with international standards. Within the scope of European Union
regulations, the Machinery Directive and ATEX directives are of
critical importance for facilities where chemical vapor and gas
formation is possible. Risk assessment, machine safety, and
operator protection form the core of CE compliance.

OSHA standards, on the other hand, provide guidance on hazard
communication, exposure limits, personal protective equipment
usage, and emergency response procedures. The integrated
implementation of CE and OSHA requirements strengthens both
regulatory compliance and operational safety in industrial facilities.

Corporate Integration and Occupational Health Monitoring

An effective chemical safety system must be supported not only
by technical measures but also by corporate integration. The
development of chemical risk maps, process-based exposure
analyses, regular internal audits, and continuous employee training
are key components of this system.

For employees exposed to chemical risks, periodic occupational
health monitoring programs should be implemented. Pulmonary
function tests, biological monitoring for heavy metals, dermatological
examinations, and laboratory analyses play a critical role in early
detection and prevention of permanent health damage.

Conclusion

Chemical risks in surface treatment and metal plating facilities can
be largely controlled through appropriate engineering solutions,
effective training programs, and management systems compliant
with international standards. Safe production is not merely a legal
obligation but a strategic investment in quality, efficiency, and
sustainability.

Facilities that establish a strong chemical safety culture experience
fewer occupational accidents, maintain more stable production
processes, and achieve a stronger position in international markets.
Therefore, chemical safety should not be regarded as a cost factor,
but as one of the fundamental pillars of industrial sustainability.

Referanslar | References
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istasyonlari, kimyasal depolama alanlarinin izole edimesi ve
proseslerin PLC kontrollli olarak y&netilmesi; kimyasal maruziyet
risklerini dnemli dlglde azaltmaktadir. Bu énlemler, hem calisan
saghgini korumakta hem de proses guvenligini artirmaktadir.

CE ve OSHA Uyumunun Onemi

YUzey islem tesislerinde kimyasal glivenligin surddrtlebilir olmasi igin
uluslararasi standartlarla uyumlu bir yénetim sistemi olusturulmasi
gerekmektedir. Avrupa Birligi CE mevzuati kapsaminda Makine
Direktifi ve ATEX direktifleri, kimyasal buhar ve gaz olusumu riski
bulunan tesisler icin kritk dneme sahiptir. Risk analizi, makine
glvenligi ve operatdér korumasi CE uyumunun temel yapi taslarini
olusturur.

OSHA standartlari ise kimyasal iletisim, maruziyet sinirlari, kisisel
koruyucu donanim kullanimi ve acil durum mudahale prosedurleri
acisindan yol gosterici niteliktedir. CE ve OSHA gerekliliklerinin
entegre bir sekilde uygulanmasi, tesislerde hem yasal uyumu hem
de operasyonel guvenligi glclendirmektedir.

Kurumsal Entegrasyon ve Saglik izleme

Etkili bir kimyasal guUvenlik sistemi, yalnizca teknik &nlemlerle
degil, kurumsal entegrasyonla da desteklenmelidir. Kimyasal risk
haritalaninin olusturulmasi, proses bazli maruziyet analizleri, dizenli
i¢ denetimler ve galisan egitimleri bu sistemin temel bilesenleridir.

Kimyasal maruziyet riski bulunan cgalisanlar i¢in periyodik saglik
izleme programlari uygulanmalidir. Solunum fonksiyon testleri,
agr metal biyolojik izleme calismalan, dermatolojik kontroller ve
laboratuvar analizleri; erken teshis acisindan kritik rol oynamaktadir.

Sonug

Ylzey islem ve metal kaplama tesislerinde kimyasal riskler; dogru
muhendislik ¢ézUmleri, etkili egitim programlar ve uluslararasi
standartlarla uyumlu ydnetim sistemleri sayesinde buUylk o6lglde
kontrol altina alinabilir. Glvenli Gretim, yalnizca yasal bir zorunluluk
degil; ayni zamanda kalite, verimlilik ve strdUrUlebilirlik agisindan
stratejik bir yatinmdir.

Kimyasal glvenlik kiltirind benimsemis tesisler; daha az is kazasi
yasamakta, Uretim sUreglerini daha stabil sekilde surdurebimekte
ve uluslararasl pazarlarda daha gigli bir konum elde etmektedir.
Bu nedenle kimyasal gtvenlik, bir maliyet unsuru degil; endustriyel
sUrddrtlebilirligin temel yapi taglarindan biri olarak degerlendiriimelidir.

-1. IS0 45001:2018 — Is Saghgi ve Guvenligi Yénetim Sistemleri — Kullanim Rehberi ile Gereklilikler. Uluslararasi Standardizasyon Orgit (ISO). -2. 1SO 14001:2015 — Gevre Yonetim Sistemleri
— Gereklilikler ve Kullanim Rehberi. Uluslararasi Standardizasyon Orgiitii (ISO). -3. ISO 12100:2010 — Makine Givenligi — Tasanm igin Genel Prensipler — Risk Degerlendirmesi ve Risk
Azaltma. ISO. -4. EN 60204-1:2018 — Makinalarin Elektrik Donanimi — Makine Guvenligi. Avrupa Standardizasyon Komitesi (CEN). -5. Makine Direktifi 2006/42/EC — Avrupa Parlamentosu
ve Avrupa Konseyi — Makine Guvenligi Dizenlemesi. -6. ATEX Direktifi 2014/34/EU — Patlayici Ortamlarda Kullanilan Ekipman ve Koruyucu Sistemler. Avrupa Birligi. -7. OSHA 29 CFR 1910
— Genel Endstri igin Is Sagligi ve Guvenligi Standartlan. ABD Is Sagdligi ve Givenligi Idaresi (OSHA). -8. OSHA Tehlike lletisim Standardi (Hazard Communication Standard — HCS), 29 CFR
1910.1200 — Kimyasal Tehlike iletisimi Gereklilileri. -9. OSHA izin Verilebilir Maruziyet Limitleri (Permissible Exposure Limits — PEL) — Is Yeri Hava Kirleticileri igin Kimyasal Maruziyet Sinirlari.
-10. NIOSH Kimyasal Tehlikeler Cep Rehberi (NIOSH Pocket Guide to Chemical Hazards) — Ulusal Is Saghgi ve Givenligi Enstitiisti (NIOSH), CDC. -11. ACGIH TLV ve BEI Degerleri — Kimyasal
Maddeler ve Fiziksel Etkenler icin Esik Limit Degerleri. Amerikan EndUstriyel Hijyenistler Konferansi (ACGIH). -12. Avrupa Kimyasallar Ajansi (ECHA) — Kimyasal Guvenlik Degerlendirmesi ve Risk
Yoénetimi Rehberi. REACH Tiizigu (EC) No 1907/2006. -13. Diinya Saglik Orgiti (WHO) — Saglikli Gevre ile Hastaliklarin Onlenmesi: Kimyasal Tehlikeler. -14. NIOSH Endstriyel Havalandirma
El Kitabl — Endlistriyel Havalandirma Sistemlerinin Tasarimi ve Kontrol(i igin Onerilen Uygulamalar. -15. Korozyon ve Asinma Direnci igin Yiizey Mihendisligi, J.R. Davis, ASM International. -16.
Elektrokaplama Muhendisligi El Kitabi (Electroplating Engineering Handbook), L.J. Durney, Springer. -17. Yiizey Islem ve Kaplama Proseslerinde Givenlik, Avrupa Yiizey Islem Birligi (ESTAL)
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Eklemeli Imalat icin
Yuzey Ardil Islem

Teknolojileri

Surface Post- Processing
Technologies for
Additive Manufacturing
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Yildiz Teknik Universitesi, Makine Mithendisligi Balimdi, Besiktas, istanbul

Yildiz Technical University, Mechanical Engineering Department, Besiktas Istanbul

Ozet

Eklemeli imalat (Ei) teknolojileri, kompleks geometrilerin tretiminde
Onemli avantajlar sunsa da sutre¢ dogasi geregi yuksek purtzItluk,
toz bagliiklar, basamak etkisi, mikro gdzeneklenme ve kalinti
gerilmeler gibi yUzey kusurlarinin olusmasina yol agmaktadir. Bu
kusurlar, 6zellkle yorulma dayanimi, asinma direnci, geometrik
dogruluk ve fonksiyonel ylzey Ozellikleri Uzerinde belirleyici olup
endUstriyel uygulamalarda ardil iglemleri zorunlu kilmaktadir.
Literatiir calismalari incelendiginde Ei parcalarinin mekanik, tribolojik
ve servis performansini artirmaya yodnelik ¢ok sayida farkl ardil
islem oldugu goértimektedir. Bu yazida ardil islemler ¢ ana grupta
ele alinacaktir: mekanik, lazer tabanl ve kimyasal/elektrokimyasal
yontemler. Mekanik yontemler (abrasif akisl isleme, titresimli ylizey
islem, bilyeli ddévme, kumlama, manyetik alan destekli isleme
ve mikro isleme) ylzeyde plastik deformasyon veya kontrolll
talas kaldirma ile pUrUzIOlugu azaltr ve basma kalinti gerimeleri
olusturarak yorulma dayanimini artinr. Lazer tabanl teknikler (lazer
parlatma, lazer sokla dévme, lazer tekstirleme ve lazer kaplama)
temassiz calisma avantajlyla ylzey topografisini iyilestirir, mikro
yapisal kusurlari dizeltir ve fonksiyonel ylzey modifikasyonlarini
mumkin kilar. Kimyasal ve elektrokimyasal iglemler ise reaksiyon
temelli ¢dzUmlerle toz bagliliklarini giderir, pUrtzIUIiga homojenlestirir
ve ylksek parlaklk, korozyon direnci ve biyouyumluluk gibi
dzellikleri gelistirir. Sonug olarak, Ei'nin dogasinda bulunan yiizey
kaynakli sinirlamalarin gideriimesi; uygun ardil iglem y&nteminin
malzeme, geometri ve hedeflenen performans gereksinimlerine
gdre secilmesiyle mimkidnddr. Bu teknikler, ylzey butinligunu
iyilestirerek El pargalarinin glivenilir, uzun émurli ve fonksiyonel
kullanimini saglayan kritik adimlardir.
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Abstract

Although additive manufacturing (AM) technologies offer significant
advantages in producing components with complex geometries,
the inherent nature of layer-by-layer fabrication often leads to
surface defects such as high roughness, powder adhesion, balling,
micro-porosity, and residual stresses. These defects critically
influence fatigue resistance, wear behavior, geometric accuracy,
and functional surface properties, making post-processing
indispensable for industrial applications. A review of the literature
reveals a wide range of post-processing techniques developed to
enhance the mechanical, tribological, and service performance of
AM parts. In this study, post-processing methods are examined
under three main categories: mechanical, laser-based, and
chemical/electrochemical approaches. Mechanical methods
(abrasive flow machining, vibratory polishing, shot peening, blasting,
magnetic-field-assisted finishing, and mechanical micromachining)
improve surface quality by inducing plastic deformation or controlled
material removal, thereby reducing roughness and generating
compressive residual stresses that enhance fatigue performance.
Laser-based techniques (laser polishing, laser shock peening, laser
texturing, and laser cladding) improve surface topography, mitigate
microstructural defects, and enable functional surface modification
through the advantages of non-contact processing. Chemical and
electrochemical methods remove powder adhesions, homogenize
surface roughness, and enhance properties such as brightness,
corrosion resistance, and biocompatibility through reaction-based
mechanisms. In conclusion, overcoming the inherent surface-
related limitations of AM requires careful selection of appropriate
post-processing methods based on material type, part geometry,
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and performance requirements. These techniques are essential for
improving surface integrity and ensuring the reliable, long-term, and
functional use of AM components.

Keywords: Additive Manufacturing, Surface Post-Processing,
Mechanical Surface Treatments, Chemical Surface Treatments,Laser
Surface Treatments

Introduction

Additive manufacturing technologies provide substantial advantages
in producing components with complex and functionally tailored
geometries; however, due to the intrinsic characteristics of layer-
based fabrication, various surface defects and poor surface quality
frequently arise, necessitating the application of post-processing
techniques. These defects are critical factors that adversely affect
both the mechanical performance and the service life of the
components. Surface quality in metal AM processes is influenced
by the combined effects of process parameters, energy density,
material properties, and thermal cycles. Powder adhesion and
balling defects, arising from melt pool instability or insufficient
melting of powder particles, produce irregular surface topography
and high roughness. Additionally, the stair-stepping effect—an
inherent geometric limitation of layer-wise production—becomes
pronounced on inclined or curved surfaces, reducing geometric
accuracy. Insufficient energy input and rapid solidification may
trigger the formation of micro-pores and micro-cracks on the
surface. These microstructural defects become especially critical
under dynamic loading, significantly reducing fatigue strength [1].
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Anahtar kelimeler: Eklemli imalat, Yizey ardil iglemleri, Mekanik
yUzey islemleri, Kimyasal ylUzey islemleri, Lazer yUzey islemleri

Girig

Eklemeli imalat teknolojileri, karmasik geometrilere sahip ve
fonksiyonel &zellikleri &zellestirimis pargalarin Uretiminde 6nemli
avantajlar sunmakla birlikte, katmanl Uretim sUrecinin dogasina
bagl olarak ortaya c¢ikan dusUk ylzey kalitesi ve cesitli yluzey
kusurlari, ardil islem gerekliligini zorunlu kilmaktadir. Bu kusurlar
hem mekanik performansi hem de parganin servis Smrint olumsuz
etkileyen kritik faktdrlerdir. Metal eklemeli imalat sUreclerinde ylzey
kalitesi, imalat parametreleri, enerji yogunlugu, malzeme ozellikleri
ve termal ¢evrimlerin coklu etkilesimine bagldir. Toz yapismalar ve
kirelesme (balling) olarak adlandirilan kusurlar, ergime havuzunun
kararsizligi veya toz partiklllerinin tam ergimemesi sonucunda
ortaya cikarak ylzeyde dizensiz topografiye ve ylksek plrizltlige
yol agmaktadir. Buna ek olarak, katmanli Uretimin temel geometrik
sinrflamasi olan basamak etkisi (stair-stepping effect), 6zellikle
egimli ve egrisel ylzeylerde belirginleserek geometrik dogrulugun
azalmasina neden olmaktadir. Yetersiz eneriji girisi ve hizli katilasma
davranigl ise yUzeyde mikro gbézenekler ve mikro ¢atlak olusumunu
tetikleyebilmektedir. Bu mikro yapisal kusurlar, 6zellikle dinamik
yUkler altinda kritik hale gelerek yoruima direncini énemli élctde
azaltmaktadir [1].

El parcalarinda katman yéniine bagh gelisen anizotropi ve yilksek
termal gradyanlardan kaynaklanan kalinti gerimeler de ylzey
bUtinligund olumsuz etkileyen bir diger énemli faktordir. Uretim
sirasinda farkli bolgelerin farkll hizlarda sogumasi, gekme tipi kalinti
gerilmelerin birikmesine ve bunun sonucunda pargada distorsiyon,
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ylzey deformasyonu veya catlak baglatma egilimine neden
olmaktadir. Bu tur gerilmeler, ¢zellikle yorulma gerilmesine maruz
kalan kritik bilesenlerde mekanik performansin zayiflamasina katki
saglamaktadir. Bu nedenle, Ei'ye 6zgli bu imalat kusurlarinin kontrol
altina alinmasi ve uygun yUzey iyilestirme yéntemlerinin uygulanmasi,
guvenilir ve fonksiyonel parcalarin elde edilmesi icin buyUk dnem
tasimaktadir [2].

Eklemeli imalatla Uretilen parcalarin endustriyel 6lcekte glvenilir
ve uzun OmuUrlu bir bigimde kullanilabilmesi, uygulanan ylzey
ardll islemlerinin  etkinligine dogrudan bagldr. Bu iglemler,
yalnizca ylUzey pUrizlUlagundn giderilmesiyle sinirl - olmayip,
parcanin fonksiyonelliginin teyit edilmesi, geometrik dogrulugunun
iyilestirimesi ve servis kosullarindaki performansinin  artirimasi
agisindan kritik bir rol Ustlenmektedir. Ozellikle biyomedikal
implantlardan havacilk bilesenlerine kadar uzanan genis bir
uygulama yelpazesinde ylzey kosullar, bilesenin  biyomekanik
uyumu, asinma davranigi ve genel hizmet &mrini belirleyen temel
parametrelerdendir [3]. Ylzey pUrlzIUligunin azaltimasi, temas
mekanigi agisindan daha kararli bir ylzey elde ediimesini saglayarak
hem implantlarda hem de genel makine elemanlarinda performansin
artirimasina  katkida bulunmaktadir. Yizey ardil iglemleri Ei
parcalarin tribolojik performansin iyilestirimesinde de buyidk 6énem
tasimaktadir. PUrlzsuzlestiriimis yUzeyler, yaglayici filmin daha kararli
bir sekilde olusmasina olanak taniyarak, hidrodinamik yaglama
rejimine yaklasiimasini saglayacaktr. Boylelikle slrtinme katsayisi
ve asinma oranlar da énemli dl¢tide azalacaktir. Bu durum, 6zellikle
yUksek hizlarda calisan ya da surekli strtinme yUkine maruz kalan
El pargalarinda operasyonel verimliigi dogrudan artirmaktadir
[1]. Buna ek olarak, El siireclerine 6zgl yilksek termal gradyanlar
nedeniyle olusan kalinti gerilmelerin giderilmesi de ytzey islemlerinin
temel katkilarndan biridir. Ozellikle mekanik ardil iglemler (6rnegin
bilyall dévme, vibrasyonlu parlatma, kumlama), ylzeyde basma
kalinti gerilmeleri olusturarak parc¢a bUtunligunu arttirmakta, catlak
ilerlemesini baskilayarak, distorsiyon egilimini azaltmaktadir [4]. Bu
yazida, eklemeli imalatla Uretilen parcalarin ylzeylerine uygulanan
mekanik, kimyasal ve lazer tabanl ardil islemler incelenerek, bu
tekniklerin temel calisma prensipleri ve uygulama alanlan ele
alinacaktr.

2. Mekanik Yiizey islemleri

Mekanik yUzey islemleri, malzeme yUzeyinde kontrolli bir mekanik
etki olusturarak pUrdzIUIGgyu  azaltmayi, yUzey bUtunlGgunu
iyilestirmeyi ve performansi artirmayr amaglayan ardil islemlerdir. Bu
islemler, yUzeyin plastik deformasyonu veya mekanik ézelliklerinin
asindiricllar, pargaciklar veya takimlar araciigiyla iyilestirilmesi
prensibine dayanmaktadir. Bu yontemler, 6zellikle eklemeli imalat
parcalarinda yaygin gérulen ylzey purtzIGlugu, gevsek toz kalintilar
ve ylzey kaynakll kusurlarin giderimesinde kritik rol oynamaktadir.
Mekanik ylzey iglemleri arasinda Asindirici Akigla Isleme, Titregimii
Yiizey Igleme, Bilyeli Dévme, Kumlama, Manyetik Alan Destekli
Yiizey Islem ve Mekanik Mikro isleme gibi yontemler yer almakta
olup, her biri farkll ylzey gereksinimlerine yonelik ¢oztmler
sunmaktadir [5].

Agindinci Akigla Isleme: Yéntem agindinci  partikller igeren
viskoelastik bir macunun yiksek basing altinda dar kanallardan
gegiriimesi prensibine dayanir. Ozellikle Ei ile tretilen karmasik ic
kanallann pUrdzItligund azaltmak ve toz kalintilarini temizlemek
icin son derece etkilidir. Geleneksel ydntemlerin erisemedigi kritik
bolgelerde kontrolli malzeme kaldirma saglar [6].
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Anisotropy associated with the build direction and residual stresses
generated by steep thermal gradients further degrade surface
integrity in AM components. Variations in cooling rates during
production cause the accumulation of tensile residual stresses,
leading to distortion, surface deformation, or crack initiation.
Such stresses contribute to reduced mechanical performance,
particularly in fatigue-critical applications. Therefore, controlling
these AM-specific defects and applying appropriate surface
improvement techniques are essential for achieving reliable and
functional components [2].

The industrial-scale use of AM parts in a reliable and long-lasting
manner is directly dependent on the effectiveness of surface
post-processing. These processes not only aim to reduce surface
roughness but also play a critical role in confirming part functionality,
improving dimensional accuracy, and enhancing performance
under service conditions. Across a wide spectrum of applications—
from biomedical implants to aerospace components—surface
conditions determine biomechanical compatibility, wear behavior,
and overall service life [3]. Reduced surface roughness contributes
to more stable contact mechanics, enhancing performance both
in implants and in general machine components. Surface post-
processing is also crucial for improving tribological performance,
as smoother surfaces promote the formation of stable lubricant
films, facilitating the transition toward hydrodynamic lubrication
and reducing friction coefficients and wear rates. This is particularly
advantageous for AM parts exposed to high-speed or continuous
sliding conditions. Furthermore, the mitigation of residual stresses
arising from steep thermal gradients inherent to AM processes
is among the fundamental contributions of surface treatments.
Mechanical post-processing methods (e.g., shot peening, vibratory
polishing, blasting) introduce compressive residual stresses that
enhance structural integrity, suppress crack propagation, and
reduce distortion tendency [4]. In this study, mechanical, chemical,
and laser-based surface post-processing techniques applied to
AM components are examined, with a focus on their fundamental
operating principles and application domains.

2. Mechanical Surface Treatments

Mechanical surface treatments are post-processing methods that
aim to reduce surface roughness, improve surface integrity, and
enhance performance by inducing a controlled mechanical effect
on the material surface. These methods rely on plastic deformation
of the surface layer or mechanical modification using abrasives,
particles, or tools. They play a critical role in mitigating common AM
surface defects such as roughness, loose powder residues, and
surface-originating flaws. Mechanical treatments include Abrasive
Flow Machining, Vibratory Polishing, Shot Peening, Blasting,
Magnetic-Field-Assisted Finishing, and Mechanical Micromachining,
each offering specific advantages tailored to different surface
requirements [5].

Abrasive Flow Machining (AFM): This method is based on extruding
a viscoelastic abrasive-laden media through narrow channels under
high pressure. It is particularly effective for reducing roughness and
removing powder residues from the complex internal channels
commonly produced by AM. AFM enables controlled material
removal in critical regions inaccessible to conventional methods [6].
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Vibratory Polishing: In this technique, parts are processed inside
a vibrating chamber containing an abrasive media. Mechanical
abrasion occurs through the relative motion between the parts and
the media, enabling the removal of surface irregularities. It is suitable
for achieving moderate surface quality and is cost-effective for batch
processing. Vibratory polishing is frequently used for general surface
improvement after support structure removal in AM parts [4].

Figure 1. (Left) Vibratory polishing device, (Right) abrasive media.

Shot Peening: Plastic deformation is induced on the surface through
the impact of high-velocity shot, generating beneficial compressive
residual stresses. This mechanism enhances fatigue resistance
and reduces the risk of surface-initiated crack formation in AM
components. It is widely employed for critical AM parts produced
for aerospace and automotive applications [3].

(a
Yizeyde
malzeme

\ ’ kopmasi yok
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Titresimli Yiizey Islem: Bu yéntemde pargalar, asindirici ortamla
birlikte titresimli bir hazne igerisinde hareket ederek ylzeyden
mekanik asindirma yoluyla malzeme kaldirilir. Orta hassasiyette
ylzey kalitesi elde etmek icin uygundur ve 6zellikle ¢coklu parca
isleminde ekonomiktir. Ei pargalarinda destek yapisi alma sonrasi
genel ylzey iyilestirme amaciyla siklikla kullanilir [4].

Sekil 1. (Solda)Titresimli Parlatma cihazi, (Sagda) asindirici ortam

Bilyeli Dévme: YUksek hizli bilyelerin ylzeye carpmasiyla plastik
deformasyon vyaratilir ve ylzeyde basma kalinti gerilmeleri olusur.
Bu mekanizma, yorulma dayanimini artirarak El parcalarindaki yiizey
kaynakll catlak baglama riskini azaltir. Havacillk ve otomotiv igin
Uretilen kritik El bilesenlerinde yaygin bigimde uygulanir [3].

Figure 2. (a) Schematic illustration of the shot peening process,
(b) Surface morphology of an AM-produced AlSi10Mg specimen
after shot peening, (c) 3D optical profilometry image, (d) Scanning
electron microscopy micrograph [3].

Sandblasting: Abrasive particles carried by pressurized air are
projected onto the surface to achieve cleaning, roughening, or
homogenization. It is one of the most fundamental mechanical
post-processing methods in AM for removing support structures
and eliminating surface oxides. Sandblasting enables rapid and
cost-effective control of surface roughness within a defined range.

Sekil 2. a) Bilyeli dévme igleminin prensibi, b) Ei ile Uretimis,
AISi10Mg numunenin bilyeli ddvme islemi sonrasi elde edilen ylzey
gorintUst, c) 3B optik profilometre gériintlst, d) Taramali elektron
mikroskobu goéruntUst [3].

Kumlama: Basin¢l hava ile tasinan asindirici partikiller yuzeye
carptirilarak  temizleme, puUrizlendirme veya homojenlestirme
saglanir. Destek yapilarnin  temizlenmesi ve yUzey oksitlerinin
giderimesi agisindan El  sUrecinin en temel mekanik ardil
islemlerindendir. YlUzey pUrizIiligunt beliri bir aralikta hizli ve
ekonomik sekilde kontrol etmeye imkan tanir [3].

Figure 3. (Left) Sandblasting process, (Right) (a) schematic
representation of sandblasting, (b) surface morphology of an
AM-produced AISi1OMg specimen after sandblasting, (c) 3D
topographic image of the sandblasted surface, (d) SEM micrograph
of the sandblasted surface [3].
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Sekil 3. (Solda) Kumlama islemi, (Sagda) a) Kumlama isleminin
prensibi, b) Ei ile Uretilmig, AISi10Mg numunenin kumlama iglemi
sonrasi elde edilen ylzey gorintisu, ¢) kumlanmis yizeyin 3B optik
profilometre goruntisy, d) kumlanmis ylzeyin taramali elektron
mikroskobu (SEM) gortintUsu [3].
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Manyetik Alan Destekli Yiizey iglem: Manyetik partikiiller ve
asindiricilann olusturdugu “manyetik firga”, manyetik alan altinda
yUzeye baski yaparak mikro talas kaldirir. Erisilmesi zor i¢ ylizeylerde
yiksek yiizey kalitesi elde edilmesini saglar. El ile Uretilen paslanmaz
celik, titanyum ve seramik bilesenlerin hassas bitirme ihtiyaclarinda
etkilidir.

Mekanik Mikro Iisleme: Mikro frezeleme, mikro taslama veya benzeri
yilksek hassasiyetli mekanik talas kaldirma yéntemlerini kapsar. El
parcalarinin fonksiyonel ylzeylerinde boyutsal dogrulugu artirmak
ve lokal purlzltlagu kontrol etmek amaciyla kullanilir. KlgUk
capl takimlar sayesinde keskin kdse ve detay bolgelerde yiizey
performansini iyilestirir [7].

Magnetic Field-Assisted Finishing: A “magnetic brush” formed by
magnetic particles and abrasives applies pressure to the surface
under an external magnetic field, removing material at the micro-
scale. It enables high-quality finishing of hard-to-reach internal
surfaces and is effective for precision finishing of AM-produced
stainless steel, titanium, and ceramic components.

Mechanical Micro-Machining: This category includes high-precision
mechanical material removal processes such as micro-milling and
micro-grinding. It is used to improve dimensional accuracy and
control local roughness on functional surfaces of AM parts. Owing
to the use of small-diameter tools, it enhances surface performance
in sharp edges and intricate geometrical features [7].

3. Lazer Tabanl Yiizey islemleri

Lazer tabanl yUzey islemleri, yiksek eneriili lazer isinlarinin malzeme
yUzeyi ile etkilesimini kullanarak yUzey purizIGligunu iyilestirmeyi,
mekanik &zellikleri artirmayi ve mikro yapisal kusurlar kontrol etmeyi
amaglayan ardil islem teknikleridir. Temassiz calisma prensibi,
yUksek konumlandirma hassasiyeti ve karmasik geometriye sahip
El parcalarinda etkin uygulanabilirigi sayesinde eklemeli imalat
uygulamalarinda yaygin olarak tercih edilmektedir. Bu ydntemler
arasinda Lazer Parlatma (LP), Lazer Sokla Dévme (LSD), Lazer
Tekstlrleme (LT) ve Lazer Kaplanmasi (LK) gibi farkli teknikler yer
almakta olup, her biri ylzey kalitesini ve islevselligini artrmaya
yonelik etkin alternatifler sunmaktadir.

Lazer Parlatma: Lazer parlatma, ylzeydeki mikron élcekli ¢ikintilar
kontrolll bigimde ergitip yeniden katlastirarak purtzIUliga azaltan
bir termal yUzey iyilestirme yontemidir. Lazer 1sini ylzeyde ince bir
tabakay eritir ve ylzey gerimeleri, erimis malzemeyi daha disuk
enerjili bir topografyaya dogru akmaya zorlar. Bu sayede makine
izi, toz bagliliklari ve mikro ¢ikintilar ortadan kalkar. Temassiz bir
yéntem olmasi, karmagik geometrili metal Ei parcalarina kolaylikla
uygulanabilmesini saglar [8].

Lazer Sokla Dovme: Lazer sokla dévme, malzeme ylzeyine
yUksek guclu, kisa sureli lazer darbeleri uygulanarak ytzeyde sok
dalgalarinin olusturulmasi ve bunun sonucunda derin basma kalinti
gerimeleri meydana getirilmesi prensibine dayanmaktadir. Yapilan
islem ylzeyin yorulma dayanmini arttirarak, catlak baslama ve
lerleme hizini 6nemli dlglide diistirmektedir. Ozellikle ucak, enerji ve
otomotiv sektérlerinde yer alan yorulma kritik bilesenlerde eklemeli
imalat sonrasi en etkili iyilestirme tekniklerinden biri olarak 6ne
¢lkmaktadir [9].
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3. Laser-Based Surface Treatments

Laser-based surface treatments comprise post-processing
techniques that utilize the interaction between high-energy laser
beams and the material surface to improve surface roughness,
enhance mechanical properties, and control microstructural defects.
Owing to their non-contact nature, high positioning accuracy, and
effective applicability on additively manufactured (AM) components
with complex geometries, these methods are widely preferred in
AM applications. Laser Polishing (LP), Laser Shock Peening (LSP),
Laser Surface Texturing (LST), and Laser Cladding (LC) are among
the primary techniques in this category, each offering effective
routes for improving surface quality and functionality.

Laser Polishing: Laser polishing is a thermal surface refinement
method that reduces surface roughness by locally melting and
resolidifying micron-scale asperities. The laser beam melts a thin
surface layer, and surface tension forces promote the flow of molten
material toward a lower-energy topography. As a result, machining
marks, partially fused powder particles, and micro-scale protrusions
are eliminated. Its non-contact nature enables easy application to
metal AM components with complex geometries [8].

Laser Shock Peening: Laser shock peening is based on applying
high-power, short-duration laser pulses to the material surface,
generating shock waves and inducing deep compressive residual
stresses. This process significantly enhances fatigue resistance
and decreases both crack initiation and propagation rates. It is
considered one of the most effective post-processing techniques
for fatigue-critical AM components used in aerospace, energy, and
automotive sectors [9].
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Laser Surface Texturing: Laser surface texturing aims to enhance
surface functionality by creating controlled micro-dimples,
channels, grooves, or periodic patterns using a laser beam. These
textures can be designed to improve lubrication performance,
reduce friction, modify wettability, promote biological cell adhesion,
or impart antibacterial properties. It is increasingly utilized in the
functional surface engineering of AM components.

Laser Cladding: Laser cladding is a surface reinforcement method
in which metallic powders or wire materials are melted onto the
surface using a laser to form a coating layer. This technique is widely
used to enhance wear resistance, corrosion resistance, and surface
hardness. For AM components, it provides major advantages for
localized reinforcement, repair processes, and tailoring material
properties in specific regions [7].

4. Chemical and Electrochemical Surface Treatments

Chemical and electrochemical surface treatments aim to modify
the material surface in a controlled manner through chemical
reactions or electrochemical interactions. These processes operate
via mechanisms such as dissolving oxide fims, altering surface
energy, forming thin protective layers, or inducing controlled anodic/
cathodic reactions. In additively manufactured components, they
are widely employed to reduce surface roughness, remove adhered
powder, increase corrosion resistance, and enhance functional
properties such as biocompatibility. The principal methods include
chemical etching, chemical polishing and electrochemical polishing
(electropolishing).

Chemical Etching: Chemical etching removes material selectively
through controlled chemical reactions at the surface. Acidic or
alkaline solutions react more rapidly with high-energy surface
regions, removing adhered powder, micro-protrusions, and
solidification defects. For AM parts, it offers notable advantages in
cleaning inaccessible internal channels and homogenizing surface
roughness [10].

Chemical Polishing: Chemical polishing achieves micron-scale
surface refinement through controlled chemical dissolution. Since
it does not require mechanical contact, it is highly suitable for
AM components with complex topologies. Due to surface energy
differences, protrusions dissolve faster than depressions, gradually
leading to a smoother surface topography. It is widely applied to
titanium, nickel, and stainless-steel alloys.

Electrochemical Polishing: Electrochemical polishing involves
smoothing the surface through electrochemical dissolution while
the component is connected as the anode in an electrolyte solution.
Micro-asperities experience higher current density and thus
dissolve preferentially, resulting in a bright, homogeneous surface
with enhanced corrosion resistance. It is a critical method for AM
components due to its effectiveness in removing adhered powder
and achieving high surface quality for biomedical implants [11].

The summary table below (Table 1) presents a comparative

overview of the fundamental principles, technical advantages, and
application areas of the post-processing methods discussed.
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Lazer YlUzey TekstUrleme: Lazer yizey tekstlrleme, lazer isini
ile ylzey Uzerinde kontrolli mikro-cukurlar, kanallar, hatlar veya
duzenli desenler olusturarak vyizey fonksiyonelligini artirmay
amaglar. Olusturulan tekstdrler; yaglama performansini iyilestirme,
sUrtnmeyi azaltma, slanabilirligi  degistirme, biyolojik hlcre
tutunmasini artirma veya antibakteriyel davranis kazandirma gibi
uygulamalara yénelik olarak tasarlanabilir. Ei pargalarinin fonksiyonel
yUzey muihendisliginde giderek daha fazla kullanilimaktadir.

Lazer Kaplama: Lazer kaplama, ylzeye metal tozlan veya tel
formundaki malzemeyi lazer ile ergiterek bir kaplama tabakasi
olusturmayr hedefleyen bir ylzey glglendirme islemidir. Bu yontem
asinma direncini, korozyon dayanimini ve ylUzey sertligini artirmak
icin yaygin olarak tercih edilmektedir. Eklemeli imalatla Uretilen
parcalarda bdlgesel glgclendirme, onarm islemleri ve malzeme
Ozelliklerinin lokal olarak optimize edilmesi agisindan buytk avantaj
saglamaktadir [7].

4, Kimyasal ve Elektrokimyasal Yiizey islemleri

Kimyasal ve elektrokimyasal ylzey islemleri, malzeme yUlzeyinin
kimyasal reaksiyonlar veya elektro-kimyasal etkilesimler araciligiyla
kontroll  bicimde doénustirtimesini  amaclayan  yontemlerdir.
Bu islemler; ylUzeydeki oksit filmlerinin ¢ozUndurtlmesi, ylzey
enerjisinin degistirilmesi, ince koruyucu tabakalarin olusturulmasi
veya kontrollli reaksiyonlarla yUzey iyilestirimesi gibi mekanizmalar
Uzerinden caligi. Eklemeli imalat parcalarinda 6zellikle ylzey
pUrdzIGligint azaltmak, bagdl tozlan gidermek, korozyon direncini
artirmak ve biyouyumluluk gibi fonksiyonel dzellikleri gelistirmek icin
yaygin olarak kullanimaktadir. Baglica kimyasal islemler arasinda
kimyasal daglama, kimyasal parlatma, elektrokimyasal parlatma
(electropolishing) ve oksitleme/kaplama islemleri yer almaktadir.

Kimyasal Daglama: Kimyasal daglama, ylzeyde kontrolli bir
kimyasal reaksiyon olusturarak malzeme yiizeyinden segici olarak
materyal kaldinlmasi esasina dayanir. Asidik veya bazik ¢ozeltiler,
yUzeyin yUksek eneriili bolgelerinde daha hizli reaksiyon vererek
bagli tozlan, mikro gikintilar ve katilasma kusurlarini uzaklastirr. AM
parcalar icin ¢zellikle karmasik i¢ kanallarda erisilemeyen bolgeleri
temizleme ve ylzey pUrGzIUIGGunG homojenlestirme acisindan
avantaj saglamaktadir [10].

Kimyasal Parlatma: Kimyasal parlatma, yUzeyde asindirici
reaksiyonlarin  daha kontrollli ilerleyerek mikron seviyesinde
ylzey dizeltmesi gerceklestirdigi bir islemdir. Mekanik temasa
ihtiyag duymadigindan karmasik topolojili El pargalar igin oldukca
uygundur. Yizey enerjisi farki nedeniyle ¢ikintilar ¢okuntilere gore
daha hizli ¢6zUnlr ve zamanla ylizey topografyasi daha diizgiin hale
gelir. Titanyum, nikel ve paslanmaz celik alasimlarinda siklikla tercih
edilmektedir.

Elektrokimyasal Parlatma: Elektrokimyasal parlatma, parganin
anot olarak baglandigi bir elektrolit ortaminda ylzeyin elektro-
kimyasal ¢6zinme ile purizsizlestiriimesidir. Mikro-gikintilar daha
ylUksek akim yogunlugu nedeniyle éncelikli olarak ¢éztnur ve ylzey
parlak, homojen ve ylksek korozyon dayanimina sahip héle gelir.
Eklemeli imalat parcalarindaki bagl tozlan etkin sekilde giderdigi ve
biyomedikal implantlarda yiksek ylzey kalitesi sagladigi igin kritik
bir islemdir [11].

Asagidaki 6zet tablo (Tablo 1), bu yazida ele alinan ardil iglemlerin
temel prensiplerini, teknik kazanimlarini ve kullanim alanlarini
karsilastirmal bir bicimde sunmaktadir.

Gortlmektedir ki, eklemeli imalatin katmanli yapidan kaynaklanan
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Tablo 1. Eklemeli imalat Yéntemleri ile Uretilmis Pargalara Uygulanan Yiizey islemleri
Table 1. Surface Treatments Applied to Parts Produced with Additive Manufacturing Methods

islem Adi
Process Name

Asindirici Akisla isleme
Abrasive Flow Machining

Titresimli Yiizey islem
Vibratory Finishing

Bilyeli Dévme
Shot Peening

Kumlama
Sandblasting

Manyetik Alan Destekli
Yiizey islem

Magnetic Field-Assisted
Finishing

Mekanik Mikro isleme
Mechanical Micro-Machining

Lazer Parlatma
Laser Polishing

Lazer Sokla Dévme
Laser Shock Peening

Lazer Yiizey Tekstirleme
Laser Surface Texturing

Lazer Kaplama
Laser Cladding
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Uygulama Prensibi
Application Principle

Asindirici partiklli viskoelastik macunun dar kanallardan
yUksek basingla akmasi

Forcing a viscoelastic abrasive-laden media through narrow
channels under high pressure

Asindirici ortamla birlikte pargalarin titresimli haznede
asindinlimasi

Mechanical abrasion of parts in a vibrating chamber with
abrasive media

Yiksek hizli bilyelerin ylizeye garpmasiyla plastik deformasyon
ve basma gerilmesi olusturmasi

High-velocity shots impacting the surface, inducing plastic
deformation and compressive stresses

Basincli hava ile agindirici partikUllerin ylizeye carptirimasi

Propelling abrasive particles onto the surface using pressurized air

Manyetik-abrasif karisimin manyetik alan altinda ytizeye mikro
talag kaldirmasi

Magnetic—abrasive mixture forming a “magnetic brush” that
removes micro-scale material under magnetic field

Mikro frezeleme/taglama ile yliksek hassasiyetli talas kaldirma

High-precision micro-milling or micro-grinding

Lazerle ylzeyin lokal ergitilip yeniden katilasmasi

Local melting and resolidification of the surface using a laser beam

Lazer darbeleriyle sok dalgalari olusturup derin basma gerilmesi
Uretme

Generating shock waves via high-energy laser pulses to induce
deep compressive residual stresses

Lazerle mikro-gukurlar, kanallar veya desenler olusturma

Creating micro-dimples, grooves, or patterns using a laser
beam

Toz veya tel malzemenin lazerle ergitilerek ylizeye kaplanmasi

Depositing metallic powder or wire onto the surface via laser
melting

Genel imalat Uygulamalari ve Onemi
General Manufacturing Applications and Importance

Karmasik i¢ kanallarin purizIGligund dusdrdr; erisilemeyen
boélgelerde kontrollli malzeme kaldirma saglar.

Reduces roughness in complex internal channels; enables
controlled material removal in inaccessible regions.

Coklu parga icin ekonomik islemdir; genel ylzey iyilestirmede
kullanilr.

Economical for batch processing; widely used for general surface
improvement.

Yorulma dayanimini artirir; ylzey kaynakli gatlak baglama riskini
azaltir.

Enhances fatigue strength and reduces crack initiation on AM
surfaces.

Destek temizleme ve ylizey homojenlestirme icin temel bir
mekanik iglem; hizli ve ekonomiktir.

Essential for support removal and surface homogenization; fast
and cost-effective.

Erisiimesi zor i¢ ylzeylerde ylksek kalite saglar; paslanmaz gelik
ve titanyum Ei pargalarnnda etkilidir.

Achieves high-quality finishing in hard-to-reach internal surfaces;
effective for stainless steel and titanium AM parts.

Fonksiyonel ytizeylerin boyutsal dogrulugunu artirir; keskin
koselerde lokal pUrlizIUligu kontrol eder.

Improves dimensional accuracy of functional surfaces; controls
local roughness in sharp features.

PUrtzItlugl azaltir; toz bagliliklarini giderir; temassiz uygulanmasi
nedeniyle karmagik El pargalarina uygundur.

Reduces roughness, removes adhered particles; suitable for
complex AM geometries due to its non-contact nature.

Yorulma dayanimini énemli élgiide artirir; kritik Ei pargalara
uygulanir.

Significantly improves fatigue performance; widely applied to
critical AM components.

Surtinme, yaglama, islanabilirlik ve fonksiyonelligi gelistirmek igin
kullanilr.

Enhances lubrication, friction behavior, wettability, and bio-
functionality.

Asinma, korozyon ve sertlik artisi saglar; bolgesel gliclendirme igin
uygundur.

Improves wear, corrosion resistance, and hardness; ideal for
localized strengthening and repair.
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islem Adi
Process Name

Uygulama Prensibi
Application Principle

Kimyasal Daglama
Chemical Etching

Kontrolli kimyasal ¢éztinme ile mikron 6lgeginde ylzey

Kimyasal Parlatma diizeltme
Chemical Polishing

Controlled chemical dissolution for micron-scale smoothing

Elektrokimyasal Parlatma
Electrochemical Polishing

It is evident that the intrinsic surface imperfections arising from
the layer-by-layer nature of additive manufacturing—such as
high roughness, micro-porosity, remelting traces, and anisotropic
surface characteristics—directly limit the mechanical, tribological,
and functional performance of components. For this reason,
mechanical, chemical, and laser-based post-processing methods
play a crucial role in improving surface topography, controlling
subsurface residual stresses, stabilizing microstructure, and
optimizing functional surface properties (e.g., wettability, hardness,
fatigue resistance). Since each method has distinct mechanisms of
action and limitations arising from material-geometry interactions,
process selection should be made in accordance with the

Kimyasal reaksiyonla ylizeyden secici malzeme ¢oézinmesi

Selective material dissolution via controlled chemical reactions

Electrochemical dissolution of the anodic surface

900

Genel imalat Uygulamalan ve Onemi
General Manufacturing Applications and Importance

Karmasik i¢ kanallarda toz temizligi ve homojen plrtzlluk saglar.

Cleans inaccessible internal channels and homogenizes surface
roughness.

Temassizdir; karmasik topolojiler igin idealdir.

Contact-free; ideal for complex topologies; common for Ti, Ni,
and stainless steels.

Parlak ve korozyona dayanikli ylizey saglar; implantlar igin kritik

Elektro-kimyasal ¢oziinme ile anot yUzeyinin pUrlizstzlestirilmesi  bir islemdir.

Produces bright, smooth, corrosion-resistant surfaces; essential
for biomedical implants.

yUksek purtzItlik, mikro gézeneklenme, yeniden ergime izleri ve
anizotropik ylUzey karakteri gibi kusurlari, bilesenlerin mekanik,
tribolojik ve fonksiyonel performansini dogrudan sinirlamaktadir.
Bu nedenle mekanik, kimyasal ve lazer tabanli ardil islemler; ylzey
topografyasinin iyilestiriimesi, alt ylzeyde kalinti gerime kontrold,
mikro yapi stabilizasyonu ve fonksiyonel yuzey Ozelliklerinin
(islanabilirlik, sertlik, yoruima dayanimi vb.) optimize edilmesi
acisindan kritik dneme sahiptir. Her yéntemin etki mekanizmasi
ve malzeme-geometri  etkilesiminden  kaynaklanan  sinirlarn
farkll oldugundan, islem secimi uygulamaya 6zgl performans
gereksinimleri dogrultusunda yapilmalidir.

application-specific performance requirements.

Referanslar | References

-1. Sagbas, B., Gencelli, G., & Sever, A. (2021). Effect of process parameters on tribological properties of TiBAI4V surfaces manufactured by selective laser melting. Journal of Materials
Engineering and Performance, 30(7), 4966-4973. -2. Narasimharaju, S. R., Zeng, W., See, T. L., Zhu, Z., Scott, P,, Jiang, X., and Lou, S., (2022), “A Comprehensive Review on Laser
Powder Bed Fusion of Steels: Processing, Microstructure, Defects and Control Methods, Mechanical Properties, Current Challenges and Future Trends,” J. Manuf. Processes, 75, pp.
375-414. -3. Sagbas, B. (2020). Post-processing effects on surface properties of direct metal laser sintered AISi1OMg parts. Metals and Materials International, 26(1), 143-153. -4.
Hashmi, A. W., Sagbas, B., Arguin, E., Tian, Y., & Sankar, M. R. (2026). Investigating the Tribological Performance of Laser Powder Bed Fusion-Manufactured Maraging Steel through
Advanced Post-Processing Techniques. Journal of Tribology, 1-32. -5. Hashmi, A. W., Mali, H. S., Meena, A., Ahmad, S., Puerta, A. P. V., and Kunkel, M. E., (2023), “A Critical Review
of Mechanical-Based Post-Processing Techniques for Additively Manufactured Parts,” Post-Processing Techniques for Additive Manufacturing, Z. Alam, F. Igbal, and D. A. Khan, eds.,
CRC Press, Boca Raton, FL, pp. 99-127. -6. Samoilenko, M., Lanik, G., & Brailovski, V. (2021). Towards the determination of machining allowances and surface roughness of 3D-printed
parts subjected to abrasive flow machining. Journal of Manufacturing and Materials Processing, 5(4), 111. -7. Maleki, E., Bagherifard, S., Bandini, M., and Guagliano, M., (2021), “Surface
Post-Treatments for Metal Additive Manufacturing: Progress, Challenges, and Opportunities,” Addit. Manuf., 37, p. 101619. -8. Ali, M., Aimotari, A., Algamal, A., and Qattawi, A., 2023,
“Recent Advancements in Post Processing of Additively Manufactured Metals Using Laser Polishing,” J. Manuf. Mater. Processes, 7(3), p. 115. -9. Thangamani, G., Tamang, S. K., Patel,
M. 8., Narayanan, J. A., Pallagani, J., Rose, P,, ... & Anand, P. |. (2025). Post-processing treatment of Wire Arc Additive Manufactured NiTi shape memory alloy using laser shock peening
process: a study on tensile behavior and fractography analysis. The International Journal of Advanced Manufacturing Technology, 136(7), 3315-3327. -10. Gurkan, D., & Sagbas, B.
(2024, September). Determining Acid Etching on Topographical and Dimensional Properties of Additive Manufactured Lattice Structures. In International Congress on 3D Printing (Additive
Manufacturing) Technologies and Digital Industry (pp. 137-151). Cham: Springer Nature Switzerland. -11. De Oliveira, D., Gomes, M. C., Dos Santos, A. G., Ribeiro, K. S. B., Vasques,
I. J., Coelho, R. T., Da Silva, M. B., and Hung, N. W., 2023, “Abrasive and Non-Conventional Post-Processing Techniques to Improve Surface Finish of Additively Manufactured Metals:
A Review,” Prog. Addit. Manuf., 8(2), pp. 223-240.

Yiizey Islem Sektiriinde ©) ienemeRmes

Yeni Bir Soluk!

medya@tuyider.org

ETUYIDERG

&) www.tuyider.org

info@tuyider.org 4



S FETAS

-....- materials that create solutions
g

1964'TEN BERI YUZEY ISLEM
VE HAMMADDEDE LIDERLIK

FETAS GROUP OLARAK YARIM ASRI ASKIN TECRUBEMIZ VE AVRUPA'DAN ITHAL ETTIGIMIZ
URUNLERLE COZUM ORTAGINIZ OLMAYA DEVAM EDIYORUZ. GENI$ URUN YELPAZEMIZLE
SUNDUGUMUZ KUMLAMA MALZEMELERINDE MUKEMMEL SONUGC iCiN SIMDI DE
KUMLAMA MAKINES] SATISLARIMIZA BASLADIK!

Paslanmaz Celik Grit (GRITTAL)

5.. S R
= e r 14 = {3 3 e

Celik Grit

MERKEZ OFiS IMES DEPO VE YUZEY ISLEM MERKEZI

Istanbd Tuzla Org. San Bolg 4, Cadde
M2 Topedeen Movk Tuzln § kst
50 216 364 34 01 [phg

#9001 216 364 B0 47

infoiif=groupeomr | foregnsmdefiiisgoup comar

TUZLA DEPD

istanbul Tuza Ong. San. Bolg. 4. Cadda Mo2 1
Tapadnan Makd Tura / Istanbul

+B0 218 354 34 O1 (pa]

+B0 216 364 20 &7

BAES Sanm Sitest U Biok 404, Sokak
o8 34775 Y Duchuhu 7 Lrrranded / [Stemibol
+2K) 216 364 34 01 (ph]

=80 216364 90 47

= inhEEN s, oo

EGE BOLGE

Evkia 3 Mahaila 12002 Bk No:1/4G Bomova |/ zm
=30 530 143 14 76 fpbx

rrfod sgroUn. com.t




HANNOVER
MESSE
eyent

. WIN

WIN EURASIA

RARAS] (
faﬁﬁfv?#ma:mm FUAR/

_13 HAZIRAN 2026
j.ftaanbul Fuar Merkezi

BiRLESTIRME, KESME,; YUZEY
ISLEM TEKNOLOJILERI

= r,h._ '-'.‘ , 8% e 3J
nmms?c‘fﬂmbg« AILERI
Deutsche Messe win-eurasia.com @WIHE'?._

BU FUAR 5174 SAYILI KANUN GEREGINCE TOBB (TURKIYE ODALAR VE
BORSALAR BIRLIGI) DENETIMINDE DUZENLENMEKTEDIR.



ETOYIDERG J ki

Kasim - Aralik 2025 / Ocak 2026 | November - December 2025 / January 2026 | Sayi - Issue 21

Insansiz
Vin¢ Sahasi

Autonomous Crane
Operation Area

Mehmet Alp Mahmutoglu
Duygu Turan

Gokhan Akduman
Aysenur Kurtulus Okutan

Diler Holding, Yazici Demir Celik, DNA PC Strand & Wire

Bu c¢alisma, Diler Holding binyesinde DNA PC Strand catisi
altinda faaliyet gdsteren ylUzey islem tesisinde uygulanan
otomasyon sistemleri ve is sagligr ve glvenligi énlemlerinin detayl
olarak incelenmesini amaglamaktadir. Tam otomatik tavan vinci
sistemlerinden alan sensorlerine, gaz ylkama sistemlerinden kisisel
koruyucu donanimlara kadar ¢cok sayida entegre dnlem sayesinde,
kimyasal risklerin yogun oldugu bu Uretim sahasinda insan saglidina
yonelik tehlikeler minimize edilmistir. Ayrica, ¢evresel strdUrUlebilirligi
destekleyen asit geri kazanim tesisi ve artma sistemleriyle sektor
icerisinde gevreci Uretim yaklasimina onculik —ediimektedir.
Calismalarda, hem teknolojik modernizasyonun hem de proaktif
guvenlik uygulamalarinin entegre edilerek is kazalarinin ve gevresel
etkilerin dnlenmesinde ne derece etkili oldugu ortaya konulmustur.

Literatirde, demir-celik sektdrinde otomasyon destekli Uretim
hatlarinin is saghgi ve guvenligi ile gevresel strdurulebilirlik Uzerindeki
etkilerini inceleyen ¢ok sayida calisma bulunmaktadrr. Lan ve ark.
M, Uretim alanlarinda bilgisayarla gort sistemlerinin  kullanimini
degerlendirerek, kisisel koruyucu donanim takibi ve riskli etkilesimlerin
tespiti konusunda otomasyonun is kazalarini dnlemedeki etkinligini
ortaya koymustur. Sokinll ve arkadaglar® ise EndUstri 4.0
teknolojilerinin, sensor tabanli izleme sistemleriyle birlikte, Gretim
ortamindaki tehlikeli durumlarin énceden belirlenmesini saglayarak
is gUvenligi performansini artirdigini géstermistir. Xi ve ark.l, yizey
islemeye yonelik otomatik denetim sistemlerinin hem Griin kalitesini
artirdigini hem de manuel denetim kaynakll hatalan azalttigini
raporlamistir. Jakubowski ve ekibil, gelik sektoriinde kestirimci
bakim uygulamalari igin yapay zeka destekli sistemlerin ekipman
arizalarinin dnlenmesi ve glvenligin saglanmasindaki rolinU analiz
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This study aims to provide a detailed examination of the
automation systems and occupational health and safety measures
implemented at the surface treatment facility operating under the
DNA PC Strand umbrella within Diler Holding. Through a wide range
of integrated measures—from fully automated overhead crane
systems and area sensors to gas scrubbing systems and personal
protective equipment—the risks to human health in this production
environment, where chemical hazards are highly intensive, have
been minimized. In addition, the company has taken a leading role
in promoting an environmentally friendly production approach within
the sector through its acid recovery plant and wastewater treatment
systems that support environmental sustainability. The study
demonstrates how the integration of technological modernization
and proactive safety practices is highly effective in preventing
occupational accidents and reducing environmental impacts.

In the literature, numerous studies have examined the effects
of automation-supported production lines in the iron and steel
industry on occupational health and safety as well as environmental
sustainability. Lan et al.l'l evaluated the use of computer vision
systems in production areas and demonstrated the effectiveness
of automation in preventing occupational accidents through
personal protective equipment monitoring and the detection of risky
interactions. SOkunlu et al.”’! showed that Industry 4.0 technologies,
combined with sensor-based monitoring systems, improve
occupational safety performance by enabling the early detection of
hazardous situations in production environments. Xi et al.l¥ reported
that automated inspection systems for surface treatment not only
improve product quality but also reduce errors associated with
manual inspection. Jakubowski and colleagues!” analyzed the role
of artificial intelligence-based systems in predictive maintenance
applications in the steel industry, particularly in preventing
equipment failures and ensuring safety. Real-time quality control
systems developed by Straat et al.®! contribute to the reduction

https://www.tuyider.org



of environmental impacts by detecting deviations in production
lines. In this context, the automated crane systems, area sensors,
recipe-based production, and safety-oriented designs used in the
surface treatment facility examined in this study are consistent
with the existing literature and successfully reflect their practical
implementation.

1. Introduction

For 73 years, Diler Holding one of the leading companies in the
iron and steel sector in Turkey and worldwide has continued its
operations under the DNA PC Strand umbrella, in addition to its
strength, quality, and expertise in the production of prestressed
concrete strands and prestressed concrete wires:

¢ Wire rod phosphating

e Production of drawn phosphated wire / prestressed concrete
strands and wires

e Acid recovery plant and iron sulfate production

e \Wastewater treatment and reverse osmosis system

e Recep Sami Yazici Product Development Center

Through its solar power plant (SPP) and acid recovery facilities,
the company plays a pioneering role in the sector in terms of
environmental awareness.

In the surface treatment facility, surface cleaning with acid and zinc
phosphate coating processes are applied to wire rod raw materials.
Production can be carried out without human intervention through
an automation control panel. By selecting recipes appropriate
to the diameter and quality of the material being processed, the
automation system is activated and the production process is
executed accordingly.

info@tuyider.org

etmistir. Straat ve ark.® tarafindan gelistirilen gergek zamanli kalite
kontrol sistemleri ise Uretim hatlarnda sapmalarn tespit ederek
cevresel etkilerin azaltimasina katki saglamaktadir. Bu baglamda,
calismamizda incelenen yUzey temizleme tesisinde kullanilan
otomatik ving sistemleri, alan sensorleri, regeteye dayall Uretim ve
guvenlik destekli tasarmlar, mevcut literatir ile ortismekte olup
uygulamadaki karsiligini basariyla yansitmaktadir.

1. Giris

73 yldir demir-gelik sektérinde Turkiye ve dinyanin 6ncl
firmalarindan biri olan Diler Holding, 6n gerilmeli beton demeti ve 6n
gerimeli beton teli tretiminde gticy, kalitesi ve uzmanhginin yani sira
DNA PC Strand catisi altinda faaliyetlerini strdirmektedir:

 Filmagin fosfat kaplama

e Cekilmis fosfatli tel / beton demeti ve teli Uretimi
o Asit geri kazanim tesisi ve demir silfat Gretimi

* Aritma ve reverse osmoz sistemi

* Recep Sami Yazici Uriin Gelistirme Merkezi

Gunes enerijisi santrali (GES) ve asit geri kazanm tesisleri sayesinde
cevre duyarliigi anlaminda sektore dnciilik edilmektedir.

Yizey islem tesisinde, fimasin hammaddesine asit ile ylzey
temizleme ve cinko fosfat kaplama iglemi yapiimaktadir. Tesiste,
insan mudahalesi olmadan otomasyon kontrol paneli sayesinde
Uretim  gergeklestirilebilmektedir.  Uretimi  yapilan malzemenin
capl ve kalitesine uygun receteler secilerek otomasyon sisteminin
calistinimasi saglanmaktadir.
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2. Tesis incelenmesi ve Giivenlik Onlemleri

Yizey islem tesisinde fosfath fimasin Uretimi esnasinda kullanilan
kimyasallar tehlikeli sinifa aittir. Uretim alaninda stirekli tavan vinci
hareketi mevcuttur. Bu nedenle calisan saghgini temin etmek
amaciyla, tim risklerin minimize ediimesi icin surekli iyilestirme
kapsaminda proaktif bir cercevede detayli calismalar yuritdlmektedir.

2.1. insansiz Ving Sahasi

Yizey islem tesisi; Sekil 2'de gosterilen hammadde yikleme
istasyonu, Sekil 3'te gosterilen asit banyolar, fosfat kaplama
islemine yardimci kimyasallarin bulundugu banyolar, fosfat banyolari
ve Sekil 4'te gosterilen fosfatl fimasin bekleme istasyonlarindan
olusmaktadr. Tesiste iki adet robot tavan vinci bulunmaktadir. Bu
tavan vingleri, otomasyon kontrol panelinden operatérin saha igine
girmesine gerek kalmadan kontrol edilmektedir.

Filmasinler yikleme istasyonuna forklift yardimiyla birakilir. Yukleme
istasyonunda bulunan sensérler sayesinde operatérler, otomasyon
kontrol panelinden hangi istasyonda filmasin bulundugunu tespit
ederek vinci dolu istasyona gonderir ve uygun regeteyi devreye
alarak Uretimi baglatir. Sekil 1’de gdsterilen regete, Uretime alinan
filmaginin banyolarda ne kadar slUre bekleyecegini ve hangi
banyolarda islem gorecegini belirler.

Birinci tavan vinci, yikleme alanindan alinan fimasinin ortak
banyolara (iki tavan vincinin de hareket alanini kapsayan banyolar)
kadar olan hareketinden sorumludur.

ikinci tavan vinci ise ortak banyolardan filmagini alarak fosfatl
filmagin bekleme istasyonuna birakimasindan sorumludur. Her iki
tavan vinci de bu gérevlerin tamamini tek bagina gergeklestirebilecek
kapasiteye sahiptir.

Sekil 2. Hammadde yUkleme istasyonu
Figure 2. Raw material loading station

Sekil 4. Fosfatll filmasin bekleme istasyonu
Figure 4. Phosphated wire rod storage station
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2. Facility Assessment and Safety Measures

The chemicals used during the production of phosphated wire rods
in the surface treatment facility belong to the hazardous category.
Continuous overhead crane movement is present in the production
area. Therefore, in order to ensure employee health and safety,
detailed studies are carried out within a proactive framework as part
of continuous improvement efforts to minimize all potential risks.

2.1. Unmanned Crane Area

The surface treatment facility consists of a raw material loading
station shown in Figure 2, acid baths shown in Figure 3, baths
containing auxiliary chemicals used in the phosphating process,
phosphate baths, and phosphated wire rod storage stations shown
in Figure 4. The facility is equipped with two robotic overhead
cranes. These overhead cranes are controlled via an automation
control panel without requiring the operator to enter the production
area.

Wire rods are placed at the loading station using forklifts. Thanks to
the sensors installed at the loading station, operators can identify
which station contains wire rods via the automation control panel,
direct the crane to the occupied station, and initiate production
by activating the appropriate recipe. The recipe shown in Figure 1
defines how long the wire rod will remain in each bath and which
baths it will be processed in.

Sekil 1. Regete ekrani
Figure 1. Recipe screen

The first overhead crane is responsible for transporting the wire rod
taken from the loading area to the common baths (baths that fall
within the operating range of both overhead cranes).

The second overhead crane is responsible for transferring the wire
rod from the common baths to the phosphated wire rod storage
station. Both overhead cranes are capable of independently
performing all of these tasks on their own.

Sekil 3. Banyolar
Figure 3. Baths

https://www.tuyider.org



2.2. Area Sensors

Area sensors are installed at the raw material loading station and
the phosphated wire rod storage station. The predefined area is
scanned using infrared waves with a resolution of 0.1 degrees, and
information regarding the presence of any intrusion within the area
is transmitted to the overhead cranes in real time.

As shown in Figure 5, the area sensor has been programmed in
accordance with the physical structure of the facility. If any intrusion
is detected while the crane is operating within the area, the overhead
crane stops at its current position. The sensors are sensitive enough
to detect human movement.

When the crane receives a command to move to the raw material
loading or phosphated wire rod storage station, it does not proceed
over the baths unless it receives confirmation from the area sensor
that there is “no intrusion in the area.” In the event of an intrusion, the
overhead crane exits automatic operation mode and must operate
in semi-automatic mode until it reaches the next safe position in
the process. This ensures that both the area and the crane are
inspected and verified following an intrusion event.

To restrict access to the areas monitored by the area sensors,
sectional doors are installed to allow entry only for forklifts. External
personnel access to the facility is permitted solely through the
automation control panel room where the surface treatment
supervisor is located. Unauthorized entry into the production area
is strictly prohibited.

©0000

2.2. Alan Sensorleri

Tesiste hammadde yikleme ve fosfatl filmasin bekleme
istasyonlarinda alan sensorleri bulunmaktadir. Onceden belirlenen
alan, 0,1 derecelik ¢ozUnUrlUkle kizildtesi dalgalar araciigiyla
taranmakta ve bodlgede bir ihlal olup olmadidi bilgisi anlik olarak
tavan vinclerine iletimektedir.

Sekil 5’te goruldugu Uzere alan sensorl, tesisin fiziksel yapisina uygun
sekilde programlanmistir. Ving alanda iken herhangi bir ihlal tespit
edilmesi durumunda tavan vinci bulundugu konumda durmaktadir.
Sensorler, insan hareketini algilayabilecek hassasiyettedir.

Ving, hammadde yUkleme veya fosfatli filmasin bekleme istasyonuna
gitme komutu aldiginda, alan sensoériinden “boélgede ihlal yok”
teyidini almadan banyolar Uzerindeyken hareket etmemektedir.
ihlal durumunda tavan vinci otomatik calisma modundan gikar ve
prosesteki bir sonraki glvenli pozisyona gelene kadar yar otomatik
modda ¢alismak zorunda kalir. Bu durum, alan ihlali halinde sahanin
ve vincin kontrol ediimesini zorunlu kimaktadir.

Alan sensorlerinin bulundugu alanlara yalnizca forkliftlerin - giris
yapabilmesi igin seksiyonel kapilar mevcuttur. Tesise harici personel
girisleri sadece yUzey islem sorumlusunun bulundugu otomasyon
kontrol paneli odasindan yapilabiimektedir. Tesiste yetkisiz
personelin Uretim alanina girisi kesinlikle yasaktir.
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Sekil 5. Alan sensorl denetleme alani

2.3. Traffic Lights

Traffic lights for forklifts have been integrated at the external access
points of the raw material loading and phosphated wire rod storage
stations. As shown in Figure 6, these traffic lights provide a red
signal when overhead crane movement is present or planned within
the area, and a green signal when passage is permitted. Forklift
operations are organized in accordance with these signals. This
measure has been implemented to prevent occupational accidents
resulting from potential overhead crane—forklift collisions.

info@tuyider.org

Figure 5. Area sensor monitoring zone

2.3. Trafik Lambalari

Tesisinhammadde yUkleme ve fosfatli filmasin beklemeistasyonlarinin
dis giris noktalarina forkliftler igin trafik lambalar entegre edilmistir.
Sekil 6’da gosterilen bu trafik lambalar, ilgili alanlarda tavan vinci
hareketi mevcut veya planli ise kirmizi, gecise uygun ise yesil renkte
ikaz vermektedir. Forkliftler bu lambalara gére hareketlerini organize
etmektedir. Bu uygulama, olasi tavan vinci-forklift ¢carpismalarina
bagll is kazalarinin dnlenmesi amaciyla hayata gegirilmistir.
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Sekil 6. Trafik lambasi
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Figure 6. Traffic light

2.4. Asin Yk Alma Durumu

Vinglerde bulunan loadcell ve indikatorler tavan vinglerinin
belirlenen agirigin Uzerindeki yukt almasi durumunda hareketini
durdurmaktadir.

2.5. Banyo Hizalama Toleranslar

Vingler recetede belirtilen banyo konumlarina lazerler sayesinde
gitmektedir. Sekil 7.’de gorlldigu gibi otomasyonumuzda banyo
pozisyonlar kayith olarak bulunmaktadir. Ving banyo konumunda
durdugu esnada kendi konumunu recetede belirtilen konum ve
tolerans degerini de hesaba katarak karsilastirmaktadir. Vincin
bulundugu konum, tarafimizca belirlenen konum ve toleranslarin
icinde degil ise tavan vinci banyo icine indirme ve kaldirma islemini
yapmamaktadir.

2.4. Overload Condition

Load cells and indicators installed on the cranes stop crane
movement if a load exceeding the predefined weight limit is
detected.

2.5. Bath Alignment Tolerances

The cranes move to the bath positions specified in the recipe using
laser guidance systems. As shown in Figure 7, bath positions are
stored within the automation system. When the crane stops at a
bath position, it compares its actual position with the recipe-defined
position while taking tolerance values into account. If the crane
position falls outside the predefined tolerances, the overhead crane
does not perform lowering or lifting operations into or out of the
bath.
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Figure 7. Bath position screen

2.6. Banyo Kapaklari

Tehlikeli kimyasal banyolarinin Gzerinde acilip kapanabilen kapaklar
bulunmaktadir. Bu kapaklar kapall konumda kalmaktadir. Yalnizca
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2.6. Bath Covers

Hazardous chemical baths are equipped with openable and
closable covers, which remain in the closed position under normal
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conditions. The covers open only when the overhead crane places
material into or retrieves material from the bath. This prevents
hazardous chemical vapors from spreading inside the facility and
causing harm to humans and the environment.

2.7. Feedback-Controlled Vertical Motion Brake

The brake used during the vertical movement of the cranes
continuously transmits open/closed status information via a switch.
An emergency operation mode has been implemented to prevent
free fall of the crane in the event of a brake malfunction. If a problem
is detected in the feedback signal received from the brake, the
overhead crane lowers the load at the slowest possible speed.
During this process, audible and visual warning systems, along with
alerts displayed on the automation control panel, provide on-site
personnel with sufficient time to move to a safe position.

2.8. Sensors Mounted on the Crane

For the bridge group, control is carried out using lasers. To prevent
movement beyond the defined positions, limit switches are installed
on the overhead crane. The corresponding stopping brackets of
these switches on the crane runway are schematically shown in
Figure 8. If the crane moves outside the designated area, the switch
and the bracket come into physical contact, causing the crane to
stop.

©0@000

tavan vinci banyo igerisine malzeme birakirken veya malzeme alirken
acllimaktadir. Tehlikeli kimyasal buharinin tesis igerisine yayilarak
insana ve gevreye zarar vermesinin éniine gecilmektedir.

2.7. Geri Beslemeli Dikey Hareket Freni

Vinglerin dikey hareketini yaptigi esnada kullandigi fren, switch
yardmi ile sUrekli acik/kapali bilgisi gondermektedir. Frende
olusabilecek bir arniza ile vincin serbest dustsunt engellemek icin
acil durum hareketi olusturuimustur. Bu frenden alinan geri bildirimde
bir problem algilanir ise tavan vinci malzemeyi mimkin olan en
yavas sekilde asagiya indirir. Bu esnada sesli, 1sikli uyar! sistemi ve
otomasyon kontrol paneline gelen uyar igeride bulunan personele
kendini glivene almasi i¢in gerekli stireyi kazandirmaktadir.

2.8. Ving Uzeri Sensérler

Kopri grubu icin kontrol lazerler ile gerceklestirilir. Belirlenen
pozisyonlarin digina ¢lkma ihtimaline karsi tavan vinglerinde switchler
bulunmaktadir. Vin¢ yolunda bu switchlerin karsilik saseleri temsili
olarak Sekil 8'de gosterilmistir. Ving belirlenen alanin disina ¢ikarsa
switch ve sase fiziksel olarak temas ederek vinci durmaktadir.

For the trolley group, control is also performed using lasers. The
switch indicated by number 3 in Figure 9 checks whether the
crane is positioned exactly at the center of the bath. This switch
prevents the crane from lowering or lifting the material off-axis. If
a communication problem occurs with this switch during lowering
or lifting, or if the position shifts, the lowering or lifting operation is
stopped.

During trolley group movements, there is a risk of the crane hook
colliding. For this reason, a switch that provides information
indicating that the desired position has been reached is located in
the area represented by number 2 in Figure 9. This switch provides
positional feedback required by the process. In the location
represented by number 1 in Figure 9, there is a switch that performs
a stopping function as a safety precaution. These switches are
installed on both sides of the crane.

info@tuyider.org

Kedi grubu icin kontrol lazer ile gergeklesmektedir. Sekil 9'da
3 numara ile temsil edilen switch, vincin banyonun tam orta
noktasinda oldugunu kontrol etmektedir. Bu switch sayesinde vincin
malzemeyi eksen digi indirmesi veya kaldirmasi énlenmektedir.
indirme veya kaldirma esnasinda bu switch ile saglanan iletisimde
bir problem olursa veya pozisyon kayar ise indirme veya kaldirma
islemi durmaktadir.

Kedi grubu hareketlerinde vincin kancayl carpma riski olusabilir.
Bu nedenle Sekil 9.’da 2 numara ile temsil edilen bdlgede istenilen
konumunda bilgisi veren switch vardir. Bu switch proses geregi bilgi
vermektedir. Sekil 9.’da 1 numara ile temsil edilen yerde ise gtivenlik
Onlemi olarak durdurma islemi yapan switch bulunmaktadir. Bu
switchlerden vincin iki tarafinda da bulunmaktadir.
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Kanca grubu i¢in kontrol lazerler ile gerceklestiriimektedir. Kancanin
banyo igerisinde oldugu, Sekil 10’da temsil edilen 2 numarali switch
ile teyit edilmektedir. Kancanin filmasini alacadi pozisyon yere
banyo hizasindan daha yakindir. Sekil 10.’da 3 numara ile temsil
edilen switch kancanin en alt noktada oldugu bilgisini verir. Vincin
bu noktadan daha asagiya indirmesine izin vermez. Sekil 10’da 1
numara ile temsil edilen switch kancanin ¢ikabilecegi en tst noktada
oldugunun bilgisini verir. Vincin daha fazla yukar hareket etmesini
engeller. Lazer ile yapilan kontrole ek olarak bu switchler tavan vinci
kancasinin dogru pozisyonlarda durmasi icin uygulanan glvenlik
Onlemleridir. Bunlarn yani sira halatin yukar ve asagiya calisma
aralidini belirleyen tur switchi de bulunmaktadir.

it
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2.9. Kanca Tespit Sensori

Ving, mevcutta kanca bulunan istasyona kanca birrakma amaci
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For the hook group, control is performed using lasers. Confirmation
that the hook is inside the bath is provided by the switch represented
by number 2 in Figure 10. The position where the hook picks up
the wire rod is closer to the ground than the bath level. The switch
represented by number 3 in Figure 10 indicates that the hook has
reached its lowest position and does not allow the crane to lower the
hook any further. The switch represented by number 1 in Figure 10
indicates that the hook has reached its maximum upper position and
prevents any further upward movement of the crane. In addition to
laser-based control, these switches are safety measures implemented
to ensure that the overhead crane hook stops at the correct positions.
Furthermore, there is also a rotary limit switch that defines the upward
and downward operating range of the hoisting rope.

2.9. Hook Detection Sensor

When the crane moves to a station to place a hook, it checks
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whether there is already a hook present at the target station. This
prevents possible collisions that could occur if an attempt is made
to place a hook onto an occupied station.

2.10. Risk of Collision Between Cranes

The horizontal movements of the cranes are continuously monitored
by laser systems. If overhead crane No. 1 intends to move to a
station defined in its recipe and overhead crane No. 2 is present in
that area, the cranes reposition themselves while maintaining a safe
distance according to the priority rules defined in the recipe.

As an additional safety measure, collision sensors are installed to
stop crane movement if the cranes approach each other closer than
a predefined minimum distance.

2.11. Semi-Automatic Crane Operation Mode

In automatic mode, the crane performs movements defined by
the recipe. To address the possibility of manual operation, a semi-
automatic mode is available. This mode replicates the automatic
operation logic but does not execute the movement as a single
continuous sequence. Instead, the automatic operation is divided
into step-by-step actions. Each command given by the operator
from the control cabin executes one step of movement.

This mode restricts manual crane movements by personnel and
helps prevent occupational accidents that may arise from operator
error.

2.12. Crane Lifelines

To ensure safe working conditions for maintenance personnel
during faults or maintenance activities in the baths, lifelines are
installed under the overhead cranes, allowing workers to attach
their safety harnesses. Additionally, lifelines are installed on the
overhead cranes themselves to enable safe access during crane
maintenance and fault rectification.

2.13. Scrubber (Gas Washing System)

Vapors generated by hazardous chemicals in the baths are
extracted from the environment using a scrubber (gas washing
system). This minimizes harm to both the environment and human
health. The washed chemicals are transferred to the wastewater
treatment equalization tank, where they are treated.

2.14. Personal Protective Equipment and In-Plant OHS
Measures

The use of personal protective equipment is mandatory for surface
treatment operators, maintenance personnel, and acid recovery
plant personnel. Required equipment includes safety helmets,
chemical-resistant boots, full or half-face chemical-resistant masks,
chemical-resistant clothing, fully enclosed safety goggles, and
chemical-resistant gloves.

Each bath in the facility is equipped with informative and warning
signs specific to the chemicals it contains, including chemical
composition, operating conditions, and hazard symbols. When
personnel need to intervene in the baths, these signs help refresh
awareness and ensure that critical precautions are reviewed.

2.15. In-Plant Health and Safety Measures

Emergency kits for chemical spills and leaks are available throughout
the facility.

Emergency showers and eyewash stations are installed for

info@tuyider.org
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ile gittiginde, birakacagi istasyonda kanca olup olmadigini kontrol
etmektedir. Dolu istasyona kanca birakmaya calisarak olasi
carpismalarin yasanmasinin éniine gegilmektedir.

2.10. Vinglerin Birbirleri ile Carpisma Riski

Vinglerin yatay hareketleri lazer tarafindan anlk olarak takip
edilmektedir. 1 numarali tavan vinci, regetesinde belirtilen istasyona
gitmek ister ve o alanda 2 numarall tavan vinci var ise, tavan vingleri
yine regetede belirtilen dncelige gére arasindaki mesafeyi koruyarak
konum degistirmektedir. lave énlem olarak tavan vingleri birbirlerine
belli bir mesafenin altinda yaklasir ise vincin hareketini durduracak
carpisma sensort bulunmaktadir.

2.11. Ving Yari Otomatik Galisma Modu

Ving otomatik modda regete tarafindan belirlenen hareketleri
gerceklestirmektedir. Vincin manuel kullaniima ihtimaline karsilik yar
otomatik mod mevcuttur. Bu mod vincin otomatik ¢alisma modunu
kopyalar. Fakat hareketi bastan sona bir bitin halinde yapmaz.
Vincin otomatik calismasini stepler halinde uygular. Operatoriin
kumanda kabininden verdigi her komut bir step hareketi gerceklestir.

Bu mod personelin tavan vinci Uzerindeki manuel hareket olanagini
kisitlanmaktadir ve personel hatasindan kaynakli is kazasi risklerinin
onune gecmektedir.

2.12. Vinglerin Yasam Halatlan

Banyolarda olan arizalar ve yapilacak bakimlar esnasinda, bakim
personellerinin glvenli sekilde galisabilmeleri icin emniyet kemerlerini
baglayabilecekleri tavan vinci altinda yasam halatlan bulunmaktadir.
Vincte olan arizalan gidermek ve bakim yapilabilmesi igin tavan vinci
Uzerinde yasam halatlar bulunmaktadir.

2.13. Scrubber (Gaz Yikayici Sistemi)

Banyolarda bulunan tehlikeli kimyasallarin  olusturdugu buhar,
scrubber (gaz yikayicl) yardimi ile ortamdan emilir. Bu sayede gevreye
ve insan sagligina verilen zarar minimize edilmektedir. Yikanmig
kimyasal artma dengeleme havuzuna aktarilarak aritimaktadir.

2.14. Kisisel Koruyucu Donanimlar ve Tesis i¢i iISG Onlemleri

Ylzey islem tesisinde galisan personellerinin, bakim personellerinin
ve asit geri kazanim tesisinde c¢alisan personellerin baret, kimyasala
dayanikli gizme, tam/yarim kapall kimyasala dayanikli yliz maskeleri,
kimyasala dayanikli elbiseler, tam kapall gdzlik ve kimyasala
dayanikli eldiven kullanimlari zorunludur.

Tesisteki her banyoda igerisinde bulunan kimyasin igerigi, ¢alisma
kosullar ve tehlike sembolleri gibi banyo &zelinde bilgilendirici ve
uyaricl tabelalar bulunur. Personellerin banyolara midahale etmesi
gerektigi durumda bu tabelalar sayesinde farkindalidini tazeler ve
dikkat etmesi gereken hususlar yeniden gdézden gegirmesini saglar.

2.15. Tesis ici Saglk Onlemleri

Tesis igerisinde kimyasal dokintd ve sizinti icin acil durum kitleri
bulunmaktadir.

Olasi kimyasal sigrama durumlarinda acil olarak kullanilabilecek dug
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ve gbz duslar mevcuttur.

Yizey islem laboratuvarinda yapimakta olan kimyasal analizler
esnasinda kimyasala maruziyeti minimize etmek adina havalandirma
sistemi bulunmaktadir.

Soguk havalarda meydana gelen banyo ve atmosfer sicaklid
arasinda olusan fark sebebi ile olusabilecek buhar miktarinin
minimuma indirilimesi igin tesis ici Isitma sistemi bulunmaktadir. Tesis
ici sicaklik belirlenen set degerinde tutulmaktadir. Bu sayede havaya
karisan tehlikeli kimyasal buhari minimuma indirilmektedir.

2.16. Aritma Sistemleri

Tesiste bulunan durulama ve yardmci kimyasal banyolarn
yenilenmesi gerektiginde dengeleme havuzuna aktarilir. Kimyasal
artma ile dengeleme havuzunda biriktirilen kimyasallar OSB’nin atik
su standartlarina uygun hale getirili. Reverse Osmoz sisteminden
geciriimesinin ardindan makine sogutma suyu olarak kullanilir. Bu
sayede kimyasallarin bertaraf edilmesi esnasinda olasi cevreye
verilecek zararlann 6ntne gegilir. Disandan daha az su alinarak
ekosisteme de katkida bulunulur.

2.17. Asit Geri Kazanim Tesisi

Asit banyolarinda Uretim esnasinda reaksiyon sonucu ortaya gikan
demir, asit geri kazanm tesisinde, yan Urin olarak demir sulfata
donusturdlir. Bu sistem sayesinde, asit banyolarinda kalan asit
tekrar tekrar kullanilabilir, asit tUketimleri azalr ve asit bertarafi
esnasinda olasi ¢evreye verilecek zararlarin dnine gegilir.

2.18. Banyo Tagsma Havuzlari

Banyolarin delinme, tasma gibi dis ortama kimyasal sizdirma
ihtimaline karsilik banyolarin altinda tasma havuzu bulunmaktadir. Bu
havuz dengeleme havuzuna baglidir. Bu sayede ¢evreye sizabilecek
tehlikeli kimyasallar glvenli bir sekilde uzaklastinimaktadir.

2.19. Kancalarin Kaplamasi

Tesisimizde kullanilan kancalar zararl kimyasallarn kendisine ve
buharina maruz kalmaktadrr. Bu maruziyet kancalarda asinma
olusumuna sebebiyet vermektedir. Bu asinma sonucu kancada
olusacak catlak veya kirima, geri ddnulemez is kazalar yasanmasina
sebebiyet verebili. Bu nedenle kancalar zararli kimyasallardan
korunmasi amaciyla kaplanir. Bu kaplama periyodik olarak kontrol
edilir.

3. Bulgular ve Degerlendirme

Bu calismada, kimyasallarin yogun olarak kullanididi yizey islem
tesisinde, is glvenligi ve ¢evre koruma alanlarinda gergeklestirilen
ileri dlizey uygulamalar analiz edilmigstir. Ulasilan baslica bulgular ve
degerlendirmeler agagida sunulmustur:

Otomatik tavan vinci sistemleri, Uretim alaninda insan varligini
azaltarak hem is kazasi riskini dustirmekte hem de Uretim verimliligini
artirmaktadir. Alan sensoérleri, trafik lambalan ve garpisma nleyici
sistemlerle desteklenen bu yapi sayesinde tavan vinci-forklift-insan
etkilesimleri gtivenli sekilde yonetilmektedir.

Tehlikeli kimyasallarla temasin  minimuma indiriimesi, yalnizca
otomasyonla degil ayni zamanda banyo kapaklar, scrubber
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immediate use in case of chemical splashes.

A ventilation system is installed in the surface treatment laboratory
to minimize chemical exposure during chemical analyses.

To reduce vapor formation caused by temperature differences
between bath temperatures and ambient air during cold weather,
an in-plant heating system is installed. The facility temperature is
maintained at a predefined set value, thereby minimizing the release
of hazardous chemical vapors into the air.

2.16. Treatment Systems

When renewal of rinsing baths and auxiliary chemical baths is
required, they are transferred to the equalization tank. Chemicals
collected in the equalization tank are treated via chemical
wastewater treatment to comply with the wastewater discharge
standards of the Organized Industrial Zone (OlZ). After passing
through a Reverse Osmosis system, the treated water is reused as
machine cooling water.

This approach prevents potential environmental damage during
chemical disposal and contributes to ecosystem protection by
reducing freshwater consumption.

2.17. Acid Recovery Plant

During production in the acid baths, iron generated as a result of
chemical reactions is converted into iron sulfate as a by-product
in the acid recovery plant. Thanks to this system, the remaining
acid in the baths can be reused multiple times, acid consumption is
reduced, and potential environmental damage during acid disposal
is prevented.

2.18. Bath Overflow Basins

To mitigate the risk of chemical leakage into the environment due to
bath perforation or overflow, overflow basins are installed beneath
the baths. These basins are connected to the equalization tank,
ensuring that hazardous chemicals potentially leaking into the
environment are safely collected and transferred.

2.19. Coating of Hooks

The hooks used in the facility are exposed to harmful chemicals
and their vapors. This exposure leads to wear on the hooks. Cracks
or fractures that may occur as a result of such wear can cause
irreversible occupational accidents. Therefore, the hooks are coated
to protect them from harmful chemicals. This coating is inspected
periodically.

3. Findings and Evaluation

In this study, advanced practices implemented in the fields of
occupational safety and environmental protection within a surface
treatment facility where chemicals are intensively used were
analyzed. The main findings and evaluations are presented below.

Automatic overhead crane systems reduce human presence in
the production area, thereby decreasing the risk of occupational
accidents while increasing production efficiency. With the support
of area sensors, traffic lights, and collision prevention systems,
interactions between overhead cranes, forklifts, and personnel are
managed safely.

Minimizing contact with hazardous chemicals is achieved not

only through automation but also through the use of bath
covers, scrubber (gas washing) systems, and personal protective
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equipment. This multilayered approach provides significant benefits
in terms of personnel health.

The acid recovery plant and treatment systems contribute to
reducing production costs while transforming hazardous substances
that could be released into the environment, thereby supporting a
sustainable production approach.

Recipe-based systems and laser-controlled positioning minimize
process deviations, enhance product quality, and reduce operator
dependency.

The integrated implementation of these systems enables not only
risk reduction but also improvements in operational efficiency and
quality control processes. Collectively, these measures present a
holistic approach that can serve as a model for sectors with high
occupational accident risks, such as the iron and steel industry.

4. Conclusion

The automation and occupational safety systems implemented
in the surface treatment facility have contributed significantly to
the prevention of occupational accidents and the reduction of
environmental impact. While the sensor-supported automatic crane
system enhances safety and continuity in production, acid recovery
and treatment systems support environmental sustainability. Diler
Holding’s integrated approach serves as a benchmark for similar
facilities.
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(gaz yikayicl) sistemleri ve kisisel koruyucu donanim kullanimiyla
da saglanmaktadr. Bu ¢ok katmanl yaklasim, personel saglidi
acisindan ciddi faydalar saglamaktadir.

Asit geri kazanim tesisi ve aritma sistemleri, hem tretim maliyetlerinin
dusUrilmesine katki saglamakta hem de cevreye salinabilecek
tehlikeli maddeleri donusturerek surdurllebilir Gretim  anlayisina
uygunluk gostermektedir.

Recete sistemleri ve lazer kontroll konumlama, Uretim surecindeki
standart sapmalar minimize ederek kaliteyi artirmakta ve operatére
bagimiiigr azaltmaktadir.

Bu sistemlerin bir arada uygulanmasi, yalnizca risklerin azaltimasini
degil, ayni zamanda isletme verimliliginin ve kalite kontrol stire¢lerinin
iyilestiriimesini de mimkdn kilmistir. TUm bu 6nlemler, demir-¢elik
sektdrl gibi yUksek is kazasi riski barindiran alanlarda érnek teskil
edebilecek butuncul bir yaklasim ortaya koymaktadir.

4. Sonug

Ylzey islem tesisinde uygulanan otomasyon ve is glivenligi sistemleri,
is kazalarinin dnlenmesi ve ¢evreye verilen zararin azaltimasina katki
saglamistir. Sensor destekli otomatik ving sistemi Uretimde guvenligi
ve surekKliligi artirirken, asit geri kazanimi ve aritma sistemleri gevresel
sUrdurdlebilifige hizmet etmektedir. Diler Holding’in bu entegre
yaklasimi, benzer tesisler igin 6rnek niteligi tagimaktadir.
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Galvanoteknikte On Yiizey
Islemleri Egitimi

Sarais PROLILIRE S FUSTY SaT I

A s TR TUITY

Pre-Treatment Processes in

Galvanotechnics Training

12 Subat 2026 Persembe gunu, saat 10.00-17.00 arasinda TOSB
Yonetim Merkezi'nde gergeklestirlen “Galvanoteknikte On Yiizey
islemleri” egitimi; endUistriyel kaplama proseslerinde kaplama kalitesini
dogrudan etkileyen en kritik asama olan 6n ylzey hazirlik proseslerini
btiincul ve uygulamaya dontk bir yaklasimla ele almistir.

Toplam 6 saat (10.00-12.00 / 13.00-17.00) stiren egitim programi
kapsaminda; 6n yUzey islemlerinin kaplama performansi, yapisma
dayanimi, korozyon direnci ve proses guvenilirligi Uzerindeki etkileri
teknik ve bilimsel gercevede degerlendiriimis, sektdrden 6rnek vaka
analizleri ile desteklenmistir.

Egitimin Amaci ve Kapsami

EndUstriyel kaplama hatlarinda karsilagilan hatalarin buyUk bir kisminin
(%70-80) 6n ylUzey islemlerindeki yetersizliklerden kaynaklandidi
bilinmektedir. Bu dogrultuda egitim programinin temel amaci;

* Yizey kirliliklerinin kaplama hatalarina etkisini ortaya koymak,

¢ Mekanik, kimyasal ve elektrokimyasal 6n ylzey islemlerinin dogru
siralama ve parametrelerle uygulanmasinin énemini vurgulamak,

e Farkll alt malzemelere 6zgl 6n islem yaklasimlarini aktarmak,

¢ Kalite kontrol, hata analizi ve standartlara uygunluk konularinda
katiimcilara sistematik bir bakis agisi kazandirmaktir.

Egitim icerigi
Egitim kapsaminda asagidaki basliklar detayl olarak ele alinmistir:

 On ylizey islemlerinin galvanoteknikteki kritik rolti
e Y(zey kirlilikleri ve kirlilik kaynaklari

* Mekanik 6n ylzey islemleri

* Kimyasal yag alma prosesleri

o Elektrolitik yag alma yéntemleri

* Asitle temizleme ve aktivasyon islemleri

¢ Durulama sistemleri ve durulama kalitesi

® Alt malzemeye 6zgU 6n ylizey hazirlik prosesleri
* On ylizey islemlerinde hata analizi

e Kalite kontrol ydntemleri ve standartlar
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On Thursday, 12 February 2026, between 10:00 and 17:00, the
training titled “Pre-Treatment Processes in Galvanotechnics”, held
at the TOSB Management Center, addressed surface pre-treatment
processes — the most critical stage directly affecting coating quality
in industrial coating processes — through a halistic and practice-
oriented approach.

Within the scope of the training program, which lasted a total of 6
hours (10:00-12:00 / 13:00-17:00), the effects of pre-treatment
processes on coating performance, adhesion strength, corrosion
resistance, and process reliability were evaluated within a technical
and scientific framework and supported by industry-based case
studies.

Purpose and Scope of the Training

It is well known that a large proportion (70-80%) of defects
encountered in industrial coating lines originate from inadequacies in
surface pre-treatment processes. In this context, the main objectives
of the training program were to:

* Reveal the impact of surface contaminants on coating defects,

* Emphasize the importance of applying mechanical, chemical, and
electrochemical pre-treatment processes with correct sequencing
and parameters,

e Present pre-treatment approaches specific to different substrate
materials,

e Provide participants with a systematic perspective on quality
control, defect analysis, and compliance with standards.

Training Content

Within the scope of the training, the following topics were addressed
in detail:

e The critical role of pre-treatment processes in galvanotechnics
e Surface contaminants and sources of contamination

e Mechanical surface pre-treatment processes

e Chemical degreasing processes

e Electrolytic degreasing methods

e Acid cleaning and activation processes

* Rinsing systems and rinsing quality

https://www.tuyider.org



e Substrate-specific surface preparation processes
e Defect analysis in pre-treatment processes
e Quality control methods and standards

Throughout the training, examples were used to explain how organic,
inorganic, and oxide-based contaminants present on the surface
lead to coating defects; the effects of process parameters on quality
were supported by case study analyses.

Training Program
Session 1
Prof. Dr. Ekrem Altuncu - SUBU / SUMAR

In the first session, the fundamental principles of surface preparation
in electroplating were discussed. It was emphasized that the majority
of coating defects originate from surface pre-treatment processes,
and the relationship between surface condition, adhesion, and
coating performance was elaborated.

Within this scope:

e Chemical, mechanical, and electrochemical cleaning methods,

® Types of surface contamination such as oil, grease, oxide, rust, and
salt residues,

e Contamination originating from part manufacturing, storage, and
transportation processes,

e Mechanical pre-cleaning processes such as blasting, shot peening,
brushing, grinding, and polishing,

e The effects of mechanical processes on surface roughness and
coating adhesion were addressed.

Session 2

Emrah incal - Dede Kimya / SurTec Group

In the second session, chemical and electrolytic degreasing
processes were examined in detail. The operating principles of

alkaline degreasing baths, the chemical systems used, and the
effects of process parameters on coating quality were explained.

info@tuyider.org

Egitim sUresince; ylzeyde bulunan organik, inorganik ve oksit bazli
kirliliklerin, kaplama hatalarina nasil yol actigr érneklerle aciklanmis;
proses parametrelerinin kalite Uzerindeki etkileri vaka analizleri ile
desteklenmistir.

Egitim Programi
1. Oturum
Prof. Dr. Ekrem Altuncu - SUBU / SUMAR

ilk oturumda galvanik kaplamada yiizey haziliginin temel prensipleri
ele alinmigti. Kaplama hatalannin blyUk bir boliminin 6n ylzey
islemlerinden kaynaklandigi vurgulanmig; yUzey, aderans ve kaplama
performansi arasindaki iliski detaylandinimigtir.

Bu kapsamda;

¢ Kimyasal, mekanik ve elektrokimyasal temizlik yontemleri,

® Yag, gres, oksit, pas ve tuz kalintilar gibi ylzey kirlenme tirleri,

® Parca Uretimi, depolama ve tagima sureclerinden kaynaklanan
kontaminasyonlar,

® Kumlama, bilyalama, firgalama, zimparalama ve polisaj gibi mekanik
on temizleme islemleri,

® Mekanik islemlerin yUzey pUrizIUlugu ve kaplama aderansi
Uzerindeki etkileri ele alinmistir.

2. Oturum

Emrah incal - Dede Kimya / SurTec Group

ikinci oturumda kimyasal ve elektrolitik yag alma prosesleri detayli
olarak incelenmistir. Alkali yag alma banyolarnin galisma prensipleri,
kullanilan kimyasal sistemler ve proses parametrelerinin kaplama
kalitesine etkileri agiklanmistrr.

Bu oturumda ayrica;

® Alkali ve solvent bazll yag alma sistemleri,
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In addition, the following topics were covered:

e Alkaline- and solvent-based degreasing systems,

e Cathodic and anodic methods in electrolytic degreasing,

e Hydrogen bubble effects and risks on sensitive parts,

e Potential hydrogen embrittlement,

e Single-stage and multi-stage rinsing systems,

e Cascade rinsing, use of DI water, and ionic contamination tests.

Session 3
izzet Aydin - Hillebrand Chemicals

In the third session, acid cleaning, pickling, and activation processes
were discussed. The purpose, limitations, and oxide dissolution
mechanisms of pickling were explained, and the negative effects
of excessive pickling on metal loss and coating performance were
evaluated.

In this section, the following topics were also addressed:

e Use of acid inhibitors,

e Hydrogen embrittlement and testing methods,

e Substrate-specific pre-treatment processes (carbon steels, alloy
steels, aluminum, stainless steels),

e Desmutting, zincate, and passivation processes.

Session 4
ilker Karabulut — MacDermid Enthone Industrial Solutions

In the final session, defect analysis, quality control, and standards
in surface pre-treatment processes were discussed. Material-,
process-, equipment-, and human-related defects were classified,
and the effects of these defects on coating performance were
evaluated.

Within this scope:

e Root Cause Analysis (RCA),

e Visual inspection and adhesion tests,

® Microscopic examinations and surface analyses,

e Review of process records (SPC),

e Case studies and final product inspections were shared.

Evaluation and Conclusion

As emphasized at the end of the training, surface pre-treatment
processes represent the most critical stage determining the quality
and service life of coatings in industrial coating processes. Coatings
do not adhere directly to the metal surface but to the chemical and
physical condition of the surface. Therefore, oil, grease, and silicone
residues, as well as oxide, rust, and salt residues, must be completely
removed.

Otherwise, adhesion weakens, blistering and peeling occur,
and capillary corrosion begins beneath the coating. As stated in
international standards such as ASTM B322 and NADCAP, surface
preparation processes must be carried out in a systematic and
controlled manner. Monitoring surface preparation parameters is
mandatory, especially in critical sectors such as automotive and
aerospace.

In conclusion, coating quality does not start in the bath but in surface
preparation. A clean, active, and properly prepared surface is the
foundation of long-lasting and high-performance coatings.
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o Elektrolitik yag almada katodik ve anodic yontemler,

¢ Hidrojen kabarcik etkisi ve hassas pargalar Uzerindeki riskler,

¢ Hidrojen gevrekligi intimali,

¢ Tek kademeli ve cok kademeli durulama sistemleri,

 Kaskat durulama, DI su kullanimi ve iyonik kalinti testleri ele alinmigtir.

3. Oturum
izzet Aydin - Hillebrand Chemicals

Uglinci oturumda asidik temizleme, asitleme ve aktivasyon iglemleri
Uzerinde durulmustur. Asitlemenin amaci, sinirlan ve oksit ¢ézinme
mekanizmalari agiklanmig; asir asitlemenin metal kaybi ve kaplama
performansi Uzerindeki olumsuz etkileri degerlendirilmistir.

Bu boélimde ayrica;

e Asit inhibitorlerinin kullanimi,

¢ Hidrojen gevreklesmesi ve test yontemleri,

¢ Alt malzemeye 6zgli 6n ylzey prosesleri (karbon celikler, alasimli
celikler, aliminyum, paslanmaz celikler),

® Dekapaj, zincate ve pasivasyon iglemleri ele alinmigtir.

4. Oturum
ilker Karabulut - MacDermid Enthone Industrial Solutions

Son oturumda 6n ylizey islemlerinde hata analizi, kalite kontrol ve
standartlar ele alinmigtir. Malzeme, proses, ekipman ve insan kaynakli
hatalar siniflandinlarak, bu hatalarin  kaplama Uzerindeki etkileri
degerlendirilmistir.

Bu kapsamda;

® Kok neden analizi (Root Cause Analysis),

e Gorsel muayene ve yapisma testleri,

¢ Mikroskobik incelemeler ve yizey analizleri,

e Proses kayitlarninin incelenmesi (SPC),

e Vaka calismalari ve nihai Grdin kontrolleri paylasiimistir.

Degerlendirme ve Sonug

Egitim sonunda vurgulandigi Uzere, 6n ylzey islemleri, endustriyel
kaplama proseslerinde kaplamanin kalitesini ve servis émrinu
belirleyen en kritik asamadir. Kaplama dogrudan metal ylzeye degil,
yUzeyin kimyasal ve fiziksel durumuna tutunur. Bu nedenle yag, gres,
silikon kalintilar; oksit, pas ve tuz kalintilan mutlaka giderimelidir.

Aksi halde; aderans zayiflar, blister ve soyuimalar olusur, kaplama
altnda kapiler korozyon baglar. ASTM B322 ve NADCAP gibi
uluslararasi standartlarda da belirtildigi Uzere, ylzey hazirlik prosesleri
sistematik ve kontrollii sekilde yiritiimelidir. Ozelikle otomotiv ve
havacilik gibi kritik sektérlerde ylizey hazirlik parametrelerinin izlenmesi
zorunludur.

Sonug¢ olarak; kaplama kalitesi banyoda degil, ylzey haziriginda
baglar. Temiz, aktif ve dogru hazilanmis bir yizey; uzun é6murll ve
yUksek performansli kaplamanin temelidir.

Tesekkir

Bu degerli egitimin gerceklestiriimesinde emegi gecen egitmen-
lerimize, katlimcilara, akademik kurula, sektdr temsilcilerine,
TUYIDER uyelerine, TOSB Yénetimine, katki ve desteklerinden dolay:
sponsorlanimiza tesekkur eder; Ylzey Akademisi egitim programlarini
takip etmenizi ve katiliminizi éneririz.
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Sanayinin Bulusma Noktasi: WIN EURASIA 2026
10 - 13 Haziran, istanbul Fuar Merkezi

The Meeting Point of Industry: WIN EURASIA 2026
June 10 - 13, Istanbul Expo Center
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Kaynak, Robotik Kaynak, Birlestrme, Kesme ve Yiizey Iglem
Teknolojileri; en glincel gdzumler ve yeniliklerle, ilk kez bu denli genis
bir kapsamda WIN EURASIA 2026 Fuar’nda sektérle bulusmaya
hazirlaniyor. Bu 6nemli bulusma 6ncesinde; Kaynak, Robotik
Kaynak, Birlestirme, Kesme ve Yiizey islem Teknolojileri alanlarinda
faaliyet gosteren sektdrin dnde gelen ve degerli temsilcilerini bir
araya getirmek amaciyla, 16 Aralik 2025 Sall gint 6zel bir Kahvalti
Bulusmasi duzenlenmistir (16 Aralk 2025 Sali, Swissotel The
Bosphorus Istanbul, Mimosa Salonunda).

Deustche Messe Turkiye- MENA Genel MUdUri Mehtap Glrsoy’un
aclls konusmalar ile Sn Sena Mengul ve Arzu Firat Ozener
tarafindan 2026 fuar programi ve planlanan organizasyon hakkinda
bilgilendirme ve tanitm gerceklestirimistir. Cok sayida sektor
temsilcisi, akademisyen ve Istanbul Sanayi Odasi temsilcilerinin
katildigi programda farkl acilardan fuar degerlendirimis, soru-
cevap ve Oneriler toplanmistir. Win eurosia fuar komitesine ve satis
pazarlama grubuna tesekkUr ederiz, birlikte daha etkili ve verimli,
basaril bir fuar gecirmeyi diliyoruz.

info@tuyider.org

Welding, Robotic Welding, Joining, Cutting, and Surface Treatment
Technologies are preparing to meet the industry at WIN EURASIA
2026 Fair for the first time with such a comprehensive scope,
showcasing the latest solutions and innovations.Prior to this
important gathering, a special Breakfast Meeting was held on
Tuesday, December 16, 2025, with the aim of bringing together
leading and esteemed representatives of the sectors operating in
Welding, Robotic Welding, Joining, Cutting, and Surface Treatment
Technologies (Tuesday, December 16, 2025 — Swissotel The
Bosphorus Istanbul, Mimosa Hall).

The program opened with welcome remarks by Ms. Mehtap
Gursoy, General Manager of Deutsche Messe Turkey — MENA. This
was followed by an informative and promotional presentation on
the 2026 fair program and planned activities, delivered by Ms. Sena
Mengul and Ms. Arzu Firat Ozener.The event, which was attended by
numerous industry representatives, academics, and representatives
of the Istanbul Chamber of Industry, provided a comprehensive
evaluation of the fair from various perspectives. During the program,
a Q&A session was held, and valuable feedback and suggestions
were collected. We would like to extend our sincere thanks to the
WIN EURASIA Fair Committee and the Sales and Marketing Team,
and we look forward to organizing a more effective, efficient, and
successful fair together.
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Kura Nehri Kiyisinda
Bir Mayis Yolculugu: Tiflis

A May Journey Along the

Kura River: Discovering Tbilisi

Ersan Hamza TURGUT

Gurme Grubu Uyesi
Gourmet Member of Kangurus
Web: https://www.kangurular.com | Instagram: @kangurular

Yillardan beri gitmeyi istedigim Tiflis’e gitmek, 2025 Mayis'inda
kismet oldu. Sehri ziyaret etmek icin hava kosullar agisindan en iyi
zamanlar Ekim ve Mayis aylarl. Bu dénemlerde hava asin sicak ya
da soguk olmuyor. Tiflis’in gegmisi M.S. 550’li yillara dek uzaniyor.
Ulkemizde dogup Hazar Denizi'ne ddkilen Kura Nehri’'nin iki
yakasina yayilmis bir yapisi var. Ulke nifusunun yaklagik (cte biri
baskentte yasiyor. Bu nedenle blyudk bir sehir sayilir.

Sehrin  eski mahallelerinden Sololaki'de kalmay tercih ettik.
Konakladigimiz David Otel’in 6zgtin bir atmosferi vardi. Etnik unsurlar
kullanilarak dekore edilen oteli gercekten sevdik. Bizi havaalanindan
Ucretsiz transfer ettiler. Sizler ise ekonomik bir ydntem olarak,
havalimanindan duzenli araliklarla kalkan belediye otobUsinu
kullanabilirsiniz. Personel son derece misafirperverdi. Lobide ve
kahvalti salonunda Ucretsiz ve limitsiz caga icme imkani olmasi da
bir diger olumlu yanlarindan biriydi. “Caga nedir?” diyecek olursaniz,
%45-65 alkol oranina sahip bir tir Girct brendisi diyebilirim. Acll,
tarcinli, limonlu gibi pek ¢ok farkli tird var.

Otelimiz, sehrin merkezi noktalarindan biri olan Ozgiirlik Meydani'na
yakin bir konumdaydi. YUrlyUs mesafesinde bazi mizeler, lokantalar
ve Betlemi olarak bilinen Yahudi Mahallesi bulunuyordu. Yahudi
Mahallesi'ndeki yokuslu ve merdivenli sokaklar gezmeye deger.
Gezerken karsimiza bina cephelerini sUsleyen grafitiler gikiyordu.
Oldukga eski bir sehir olmasina ragmen, heykel ve grafiti gibi estetik
detaylarla stislemeyi ihmal etmemigler.

Sehrin en merkezi bolgesi diyebilecegim Ozgirlik Meydanr’nda
fazla trafik 19191 yok. Yayalar alt gegitleri kullaniyor. Civarda pek gok
market, manti evi, lokanta, ddviz birosu ve magaza var. Buraya
yakin Lumier’s Chimney Cake adli dikkénda Prag’a 6zgi olan

60

I could go to Thilisi, which | had wanted to visit for years, in May
2025. October and May are the best visiting times in terms of
weather conditions. The weather is not excessively cold or hot
during these months. The history of Thilisi goes back to 550 A.D.
It has a structure extending on both sides of the Kura River, which
rises in our country and flows into the Caspian Sea. Approximately
one third of the country’s population lives in the capital. That is why
it can be considered a big city.

We preferred to stay in one of the old neighborhoods of the city,
called Sololaki. The David Hotel, where we stayed, has a unique
atmosphere. We really liked the hotel, which is decorated with
ethnic elements. They transferred us from the airport for free. You
can prefer public transportation originating from the airport at
scheduled times as an economical method. The personnel were
very welcoming. Having the facility to drink unlimited free cha-cha in
the lobby and breakfast area was another positive factor. Cha-cha
is a kind of Georgian brandy with 45-65% alcohol by volume. There
are many different kinds, such as cinnamon, lemon, and bitter.

Our hotel was located at one of the central points of the city, near
Liberty Square. There were some museums, restaurants, and the
Jewish neighborhood known as Betlemi within walking distance.
The steep and stair-filled streets of Betlemi are worth visiting. You
can come across graffiti decorating the walls. Thbilisi is an extremely
old city, but they did not neglect to decorate it with aesthetic details
such as statues and graffiti.

Liberty Square is the most central part of the city. There are not
many traffic lights. Pedestrians use underpasses. There are many
markets, dumpling houses, restaurants, exchange offices, and
shops around. The shop called Lumier’'s Chimney Cake makes the

https://www.tuyider.org



trdelnik dessert, which is native to Prague. It might be better to
share one because it has a dense taste similar to a waffle. If you
continue walking from here, you will arrive at the twisted-shaped
clock tower built in 2010, after passing the ruins of the city walls.
Figures come out of the tower every hour and hit the tower bell. The
famous Gabriadze Puppet Theater is located under the tower. On
the street where the tower is located, there are statues shown as
“The Monuments” on the city map. If you keep walking parallel to
the river after the tower, you will first reach a touristic street and then
the Peace Bridge. Many people around the bridge, which has a
modern and unique architecture in contrast to the historical pattern
of the city, offer boat tours. Since we did not find it attractive to take
a tour on a brown river, we went up the hill where the Kartlis Deda
statue is located by cable car. You can also see the ruins of Narikala
Castle, but it was closed because it was under renovation. There is
a botanical garden and a zipline park behind the statue.

During the four days we stayed, we mostly explored the west side of
the Kura River. On our last day, we stopped by the Sabina Cathedral
on the eastern side using Bolt. Bolt is a local version of Uber and a
useful application. We paid attention to blog warnings advising not
to use taxis, and we were satisfied with its affordable price.

We spared one day for a daily tour that | had reserved in advance
through the application called GetYourGuide. Our guided tour
started with being picked up from our hotel in the morning
and continued throughout the day. Our first stop was the huge
monumental structure called the Georgian Chronicles. The columns
summarizing Georgian history are worth seeing. Then we tasted
wine, cha-cha, and churchkhela in Manavi village. We also tasted
different kinds of cheese and tandoori bread in Badiauri village. After
visiting the Bodbe Saint Nino Monastery, we had lunch in Sighnani

info@tuyider.org

trdelnik tatlisi yapiliyor. Waffle gibi yogun bir lezzet oldugu igin bir
tanesini paylasmak daha iyi olabilir. Buradan yUrlyerek devam
ederseniz, eski sur kalintilarini gegtikten sonra 2010 yilinda yapilmis
egri bugru sekilli saat kulesine ulasirsiniz. Saat baslarinda kuleden
cikan figurler, kule ganina vuruyor. Kulenin altinda Unli Gabriadze
Kukla Tiyatrosu bulunuyor. Kulenin oldugu sokakta ise haritada “The
Monuments” olarak gdrilen heykeller yer aliyor. Saat kulesinden
sonra nehre paralel devam ederseniz, dnce turistik bir sokaga,
ardindan Barg KoprusU’'ne ulasirsiniz. Sehrin tarihi dokusuna tezat
olusturan modern ve 8zgln bir mimariye sahip kdprl civarinda
pek cok kisi size tekne turu teklif edecektir. Ancak kahverengi bir
suda gezinti yapmak bize cazip gelmedigi igin teleferikle Gurcu
Ana Heykeli'nin bulundugu tepeye c¢iktik. Burada Narikala Kalesi
kalintilan da yer aliyor; ancak restorasyonda oldugu icin kapaliyd.
Heykelin arkasinda ise botanik bahgesi ve zipline parkuru bulunuyor.

Kaldigimiz dért gtin boyunca genellikle Kura Nehri’'nin bati yakasini
kesfettik. Dogu yakasina gegecegimiz giin Bolt ile gidip Sabina
Katedrali'ne ugradik. Bolt, Ulkenin Uber’i diyebilecegim faydali
bir uygulama. Mevcut taksilerden uzak durulmasini 6neren blog
yazilarini dikkate alarak denedik ve ekonomik fiyatindan memnun
kaldik.

Bir glinti de “Get Your Guide” adli uygulamadan énceden rezervasyon
yaptigim glinUbirlik tura ayirdik. Sabah otelden alinmamizla baslayan
rehberli turumuz giin boyu stirdi. ilk duragimiz, “Giircistan Ginlikleri”
olarak adlandirilan devasa anitsal yapi oldu. Gurcu tarihini 6zetleyen
kocaman sUtunlar gérmeye degerdi. Sonrasinda Manavi Koéyi’nde
sarap, ¢aca ve cevizli sucuk tadimi yaptik. Badiauri K&yU’'nde tandir
ekmegdi ve peynir gesitlerini denedik. Bodbe Aziz Nino Manastin’na
ugradiktan sonra Sighnani Koyi’'nde 6gle yemegi molasi verdik.
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village. We had another wine tasting before lunch and walked on the
historical walls after lunch. Our 20-person minibus returned to the
city before sunset. It is obvious that this tour would be much more
expensive if you tried to do it by renting a car.

| would also like to talk about our food experiences. We went to a
restaurant called Dario, near our hotel. We ate khachapuri there.
When the waiter learned that we came from Turkey, he had an extra-
large flatbread prepared for us. The roots of khachapuri are based
in a sailor city, Batumi. In the past, women of the city used to make
these boat-shaped pastries to bring good fortune to their husbands
who sailed. The egg yolk cracked in the middle symbolizes the sun
and is expected to bring good luck. We could only partially finish
our pastry, which consisted of two kinds of cheese. The hamburger
place called Good Choice is also worth visiting, with its tasty and
huge burgers.

The most different restaurant was Littera. It is hard to find because
there is no sign outside. You can reach the venue, which is located
in a green courtyard, by passing through a small passage. The menu
prices are higher than the city average in this venue, which has won
the Gault & Millau award several times. However, the flavors are
very unique and have aesthetic presentations. For example, | tried
orange wine, which you cannot find everywhere.

We had lunch at Oro’s House, located on the street leading to the
Hammams area. You can order khinkali by the piece. We preferred
minced meat and cheese ones. The price of the most expensive
one was 2.2 GEL. | also tried the pear-flavored soda typical of the
country and liked it.

The bar located on the top floor of the Ibis Hotel might interest
you with its colorful decoration and successful cocktails. Khinkali
Factory, located in Liberty Square, is worth visiting for its different
kinds of dumplings. You can even find chocolate khinkali.

You can find wine shops on almost every corner, as Georgia is
considered the first country to produce wine in the world. | shopped
at two wine stores. The first one was a small shop called Suliko. You
can taste wines for free, and there are many options. The second
place is called 8000 Vintages. It is a very large store that also
includes a restaurant section, and you can find countless varieties
of wine. Since | could not find time to talk to the staff about wine,
| chose from the shelves by myself. The transportation packages
provided there were very sturdy.

Georgia has a very rich culture that cannot be discovered in a single
visit. You should spare four to five days just to explore Thilisi. The
rural regions of the country, which have unique characteristics,
should also not be overlooked.

info@tuyider.org
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Yemekten 6nce bir sarap tadmi daha yaptk, yemekten sonra
ise tarihi surlarin Gzerinde yartdik. Yirmi kisilik minibdstimdiz gin
batmadan sehre dondi. Boyle bir turu araba kiralayarak yapmaya
kalkarsaniz maliyetinin cok daha fazla olacagi kesin.

Biraz da yemek deneyimlerimize deginecek olursam, otelimize yakin
Dario adl restorana gittik. Burada hacapuriye doyduk. Garson
Turkiye’den geldigimizi duyunca bize ekstra buyUk bir pide yaptird.
Hacapurinin  kokeni, bir denizci sehri olan Batum’a dayaniyor.
Eskiden denize acilan kocalarina sans getirmesi icin sehrin kadinlari
tekne seklindeki bu pideleri yaparmis. Ortasina kirlan yumurta
glinesi sembolize ediyor ve iyi sans getirmesi bekleniyor. ki cesit
peynir iceren pidemizi ancak kismen bitirebildik. Yine buraya yakin
Good Choice adl hamburgerci, devasa ve leziz burgerleriyle gitmeye
deger bir mekan.

Gittigim en farkl lokanta, disarida tabelasi olmadidi icin bulmasi
zor olan Littera’ydi. Kiglk bir tinelden gegilerek girilen mekan,
bol yesillikli bir avluda yer aliyor. Gault & Millau 6dulint birkag
kez kazanmayl basarmis olan bu mekanda menul fiyatlan sehir
ortalamasina goére yUksek. Ancak lezzetler de buna paralel olarak
oldukga 6zgiin ve estetik sunumlara sahip. Ornegin burada, her
yerde bulunmayan turuncu renkli portakal sarabini denedim.

Hamamlar Bolgesi'ne giden sokadin Uzerinde yer alan Oro’s
House'ta 6gle yemegi yedik. Hinkali tane ile sdylenebiliyor. Biz
peynirli ve kiymali olanlari tercih ettik. En pahalisinin tanesi 2,2 lariydi.
Ulkeye 6zgti armut aromali gazozu da burada denedim ve sevdim.

ibis Otel'in Ust katinda yer alan bar, renkli dekoru ve basarl
kokteylleriyle ilginizi gekebili.  Ozgiirlilk Meydan’'nda bulunan
Khinkali Factory ise farkl gesitlerde sunduklar mantilariyla ziyarete
deger. Cikolatall hinkali bile vardi.

Dlnyada sarabin Uretildigi ilk Ulke oldugu igin, adim basl karsiniza
sarap dukkani gikiyor. Oradayken iki sarap magazasindan aligveris
yaptm. ki, ufak bir dilkkan olan Suliko’ydu. Ucretsiz sarap
tadimi imkani sunuyor ve secgenekler oldukga fazla. Diger yer ise
8000 Vintages adini tagiyor; son derece buylk ve iginde lokanta
balimi de bulunan bir magaza. igerisinde envai gesit sarap var.
Yogunluktan dolayl gorevliyle sarap hakkinda konusma firsati
bulamayinca raflardan kendime gdre secim yaptim. Burada verilen
nakliye ambalajlan son derece korunaklydi.

Gurcistan, tek seferde kesfedilemeyecek kadar zengin bir kilttre
sahip. Sadece Tiflis’i kegfetmek igin bile dort-bes gin ayirmak
gerekiyor. Ulkenin kendine has &zellikler tagiyan kirsal bélgeleri de
kesinlikle g6z ardi ediimemeli.
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BAGLAYICI ILE PUSKURTME:

Toz malzemeleri birlestirmek icin sivi bir baglayici/
recine maddesinin kullanilarak tozlarin bir araya
getirildigi eklemeli tretim sureci.

BINDER JETTING:

Additive manufacturing process in which a liquid
bonding agent is selectively deposited to join
powder materials.

DMD:
Dogrudan metal biriktirme.
DMD:

Direct metal deposition.

NET SEKLE YAKIN:

Pargalarin boyut toleransini karsilamak icin gok az
son islem gerektirmesi durumu.

NEAR NET SHAPE:

Condition where the parts require little post-
processing to meet dimensional tolerance.

SERT DOLGU

Sert dolgu, daha az dayanikl bir metalin yizeyine
daha fazla korozyona ve asinmaya dayanikli bir
malzemenin kaynaklanmasini igceren bir kaplama
teknigini ifade eder. islem, alt tabaka metalinin
kullanimindan dnce veya periyodik olarak mekanik
bakim olarak gerceklestirilebilir.

HARDFACING

Hardfacing refers to a coating technique that involves
welding a more corrosion and wear resistant material
onto the surface of a less durable metal. The process
may be performed prior to the use of the substrate
metal or periodically as mechanical maintenance.



LAZER SINTERLEME:

Kapall bir bélmede yutzeydeki parcaciklar katman
katman secici olarak kaynastirmak veya eritmek
icin bir veya daha fazla lazer kullanarak toz haline
getirilmis malzemelerden nesneler Uretmek icin
kullanilan toz yatakli fizyon islemi.

LASER SINTERING:

Powder bed fusion process used to produce
objects from powdered materials using one or more
lasers to selectively fuse or melt the particles at the
surface, layer upon layer, in an enclosed chamber.

3D BASKI:

Bir yazici kafasi, plskiirtme ucu veya baska bir yazici
teknolojisi kullanilarak bir malzemenin biriktiriimesi
yoluyla nesnelerin imalati. Terim genellikle teknik
olmayan bir baglamda katmanli imalatla esanlamli
olarak kullanilir.

3D PRINTING:

Fabrication of objects through the deposition of a
material using a print head, nozzle, or another printer
technology. Term often used in a non-technical
context synonymously with additive manufacturing.

KURLEME:

Bir malzemenin fiziksel 6zelliklerini kimyasal
reaksiyon yoluyla degistirmek.

CURING:

Changing the physical properties of a material by
means of a chemical reaction.

HIDROJEN KIRILGANLIGI

Hidrojen kirilganhgi (HE), atomik hidrojenin varligi
nedeniyle bir metalin toklugunun veya stnekliginin
azalmasiyla sonuglanan bir siregtir.

HYDROGEN EMBRITTLEMENT

Hydrogen embrittlement (HE) is a process resulting
in a decrease of the toughness or ductility of a
metal due to the presence of atomic hydrogen.
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PC Strand’in
DNA'sI

73 yildir demir celik sektérinde, Tiirkiye ve diinyanin
dncu firmalanndan olan Diler Holding, on gerilmeli
beton demeti ve n gerilmeli beton teli Gretiminde
glict, kalitesi ve uzmanhiginin yani sira DNA PC Strand
catisi altinda faliyetlerini sirdirmektedir:

# Filmasin Fosfat Kaplama

e Cekilmis Fosfath Tel Uretimi

e Asit Geri Kazanim Tesisi ve Demir Siilfat Uretimi

¢ Recep Sami Yazici Uriin Gelistirme Merkezi, Hitachi SU 7000 Taramali Elektron
Mikroskobu ile miisterilerine ve sektdrdeki diger firmalara analiz hizmeti

Ayrica tesiste bulunan glines enerjisi santrali (GES) ve asit geri kazanim tesisleri sayesinde
gevre duyarlilig anlaminda sektdre onciiliik edilmektedir.
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