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Otuz yla yakin suredir endUstriyel atiksuyla ugrasiyorum;
bu strede metal kaplama, karsima ¢ikan sektorlerin hem
en zorlusu hem de en 6greticisi oldu. Zor; ¢unkl tek bir
atiksu degil, kimyas! birbirine diisman birkac¢ ayr atiksu ile
ugrasirsiniz. Ogretici; clinki bu sektérde dogru miihendislik
ile yarm muhendislik arasindaki farki bir desarj dlcimu
acimasizca ortaya koyar. Bugin suyun her gecen yil daha
kiymetli hale geldigi bir dinyada ben hep suna inandim: su
azallyorsa, kazanan onu temizleyip yeniden kullanandir.

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

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

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

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

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

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

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

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

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

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

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

e Acid-alkali/heavy metal stream (Ni, Cu, Zn, Fe, F): Typically treated
through pH adjustment and precipitation.

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

Asll mesele sudur: kaplama atiksuyu homojen degildir.
Baslica dort farkl karakterde akim vardir ve bunlar
dusuncesizce karistinldiginda felaket olur:

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

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

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

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

Bu ylzden muhendisligin birinci kurall nettir: akim ayrnmi

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

Yag alma banyolarini kiigiimsemeyin:

Kaplama hattinin en basginda, ¢ogu zaman gbzden kacan
yag alma banyolari bulunur ve bunlar gesit cesittir: alkali
yag alma, solvent yag alma, elektrolitik yag alma ve dzellikle
zorlayici olan emdlsiyon tipi yag alma. Bu banyolarin
atiksuyu; yliksek KOI, yag-gres ve ylzey aktif maddeler
bakimindan zengindir. Yag ve surfaktanlar, metal ¢okttrme
ve flokulasyonu fillen sabote eder, Ustelik membranlan tikar.
Bu nedenle yagli akim ayr toplanmall ve 6nce yagindan
arindinimalidir: serbest yag icin siyirma ve yuzdirme (DAF),
kararl emdulsiyonlar icin ise kimyasal emdlsiyon kirma veya
ultrafiltrasyon gerekir. Yagdan arndirimis su ancak bundan
sonra metal aritma hattina verilmelidir.

Konsantreyi seyreltikten ayirin:

Akim aynminin bir inceligi daha vardir. Tukenmis konsantre
asit banyolari (dekapayj) ile tikenmis konsantre alkali banyolar
(yag alma) ayri toplanmall ve ana hatta ani degil, kontrolli
ve yavas - tercihen kesikli (batch) - dozlanmalidir; konsantre
asidi konsantre alkali ile bir anda karistirmak siddetli Isinma,
koépurme ve kontrolsUz reaksiyon demektir. Buna karsilik,
asit daldirma sonrasi ve alkali islem sonrasi gelen seyreltik
durulama sulari birbirini blyUk 6l¢tide ndétralize ettiginden
rahatlikla birlestirilebilir; bu, hem kimyasal tuketimini dtsurur
hem de pH ayar Unitesinin yUkunU dengeler. Yani sir, her seyi
ayirmak degil; neyi ayiracagini, neyi birlestirecegini bilmektir.

Degisen Kaplama Teknolojileri: Alagimlar ve
Yeni Nesil Kaplamalar

Atiksuyu dogru arntmanin ilk sarti, Gretimin ne Urettigini iyi
okumaktir. Son yillarda kaplama teknolojisi hizla degisiyor ve
bu degisim dogrudan atiksu karakterine yansiyor. iki drnek
Uzerinde durmak isterim, ¢clnkU artik sahada sikga karsimiza
cikiyorlar.

Cinko-nikel ve diger alasim kaplamalar:

Ozellikle otomotiv ve savunma sanayinin talebiyle, saf ginko
kaplamanin yerini giderek g¢inko-nikel alasim kaplamalar
aliyor. BUnyesinde yaklagik %12-15 nikel barindiran bu
alasim, saf ¢cinkoya kiyasla kat kat tGstln bir korozyon direnci
sagliyor. Ne var ki muhendislik acisindan bedeli vardir:
Ozellikle alkali cinko-nikel banyolari, metalleri cdzeltide kararli
tutabilmek icin glgll kompleks (selat) yapicilar icerir. Bu,
aritmada isimizi zorlastinr - ¢iinkl kompleks halindeki nikeli
klasik hidroksit ¢oktlrme ile gideremezsiniz; metali serbest
birakmak icin kompleksi dnce kirmaniz (pH’1 distrmeniz,
gerekirse selati pargalamaniz) gerekir. Cinko-nikelli  bir
atiksuyu, siradan bir ginko atiksuyu gibi tasarlamak, desarjda

24

from the very beginning of the plant design stage.
Never Underestimate Degreasing Baths

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

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

Separate Concentrated Streams from Dilute Streams

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

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

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

Changing Plating Technologies: Alloys and
New-Generation Coatings

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

Zinc-Nickel and Other Alloy Coatings

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

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

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

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

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

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

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

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

The Right Chemistry in the Right Sequence

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

Cyanide Destruction (Two-Stage Alkaline Chlorination)

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

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

Chromium Reduction (Cré* » Cr3):

Under acidic conditions at pH 2-3, sodium metabisulfite (Na,S,0,)

or bisulfite is used to reduce hexavalent chromium, lowering the ORP
below 250 mV and reducing Cré* concentrations to below 0.1 mg/L
within 15-30 minutes.

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

Precipitation — The Part That Requires True Expertise

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

wastewater stream using a single pH value.

The following operating window includes several critical pitfalls that
years of experience have taught us to avoid.
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nikel sinirni tutturamamak demektir.
Zirkonyum esasli (nano-seramik) dénitisim kaplamalari:

Geleneksel kromvefosfat esasli dnkaplamalarinyerini, cevreci
profilleri sayesinde giderek zirkonyum esasli nano-seramik
déntsum kaplamalari aliyor. Alti de@erlikli krom icermemeleri
bUyldk bir avantaj; ancak bu banyolar hekzafloro-zirkonik
asit esaslidir ve atiksuya florur getirir. FlorGr, kendine has bir
antma ister: kireg (Ca(OH),) ile kalsiyum florlr (CaF,) olarak
¢Okturllur ve desarj sinin olan 15 mg/L'nin altina indirilir. Yani
bir tesis krom doénustmden zirkonyuma gegtiginde, atiksu
antmasi da krom indirgemeden florGr ¢oktlirmeye dogru
yeniden tasarlanmalidir.

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

Dogru kimya, dogru sira

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

Siyanur yikimi (alkali klorlama, iki kademeli):

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

Krom indirgeme (Cré* » Cr3):

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

haliyle alkali pH’ta ¢oktaralur.
Coktirme - isin ustalik isteyen kismi:

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

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

Becomes soluble again at pH > 12 (amphoteric).

Cinko (Zn2¥)

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

Cadmium (Cd#)

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

Sulphide precipitation is safer at low levels.

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

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

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

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

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

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

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

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

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

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

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

Activated carbon: Adsorbs remaining organic load, COD, color,
and trace organic compounds. It is critical for removing residues
from degreasing baths and bath additives and also protects the
resin from organic contamination.

https://www.tuyider.org



Zeolite: With high cation exchange capacity, it captures trace heavy
metals and ammonium. It is a low-cost, durable, and regenerable
polishing stage.

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

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

Wastewater Is No Longer Waste—It Is a Resource

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

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

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

The Emerging Horizon: Less Chemistry, More Recovery

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

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

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

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

Atiksu Artik Bir Atik Degil, Bir Kaynaktir

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

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

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

Yaklasan Ufuk: Daha Az Kimyasal,
Daha Cok Geri Kazanim

Sektérimlz yerinde durmuyor. Literatlirde olgunlasan Uc¢
yonelimi yakindan izliyoruz: grafen oksit (GO) esasl secici
membranlar, karisik metalli atiksudan kromu ve nikeli ayri
ayr, %95'in Uzerinde verimle geri kazanma sdzU veriyor.
Bor katkill elmas (BDD) elektrotlar, siyanUri hig kimyasal
kullanmadan, yalnizca elektrikle CO2 ve Nz2'ye parcaliyor.
Nano sifir degerlikli demir (nZVI) ise Cré* indirgemesini
saatlerden 30 dakikaya ¢ekiyor. Bu teknolojiler hentiz pilot
Olcekte; ama metal fiyatlan yUkseldikge ve su kisitlandikca,
yarinin standart ¢dziimleri arasinda olacaklar. Uzerine eklenen
otomasyon ve akill dozlama ile birlikte, donglsel ekonomi
artik bir slogan degil, mUhendislik pratigi haline geliyor.
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Global Outlook: Standards Are Tightening

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

00000

Kuresel Pencere: Standartlar Sikilasiyor

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

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

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

Conclusion: A Threefold Gain Through Proper Design

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

Within the TUYIDER framework, we are in a strong position to
drive this transformation across the industry. At GESU, with our
combined role as both manufacturer and process engineer, we
believe this: the facility that manages water best is not only investing
in the environment, but also in its own competitiveness. Water is
becoming scarce; the winners will be those who clean it and reuse
it.

info@tuyider.org

Tablo acgikga g&steriyor: AB, krom ve siyanUrde bizden
belirgin bicimde daha katidir. Suyunu geri kazanan, ¢ikisini
bugtinden bu siki degerlerin altina geken bir tesis, yarin kural
degistiginde hazirliksiz yakalanmaz — tam tersine, rakibinin
oninde olur.

Sonug: Dogru Tasarnim, Uc Yénlii Kazang

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

TUYIDER catisi altinda bir araya gelen bizler, bu déniisimii
sektérimize taslyacak konumdayiz. GESU olarak hem
imalat¢i hem prosesci kimligimizle inancimiz sudur: suyu
en iyi yoneten tesis, sadece cevreye degil, kendi rekabet
glicline de yatirm yapmis olur. Su azaliyor; kazanan, onu
temizleyip yeniden kazanan olacak.
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