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BLYGOLD Blygold TURKIYE

Blygold TURKIYE Hakkinda

Blygold, 50 yili askin stredir HVAC sistemleri bataryalari icin korozyon
kaplama sistemleri Uretimi ve uygulamalari yapmaktadir. Sektorinde
dinya lideri markadir. Merkez tesisleri Hollandada olmak Uzere 45 ayri
Ulkede franchisor bayileri ve Ulke bazli Master Franchisor Distribltorleri ile
HVAC sektoriine hizmet vermektedir.

Luftsis AS. Blygold International ile 2018 yili icerisinde Tirkiye Master
Franchisor Distribttor anlasmasi imzaladi ve “Blygold Turkey” olusturuldu.

Tam dinyada BIyGOLD patentli, PoluAl XT aliminyum pigmentli

poliliretan korozyon kaplama sistemi; korozyon énleme, korozyona bagli Eng in KARiniN
1si degisiciler ve metal ylzeylerde olusan %15 varan kapasite kayiplarini
onlemektedir. Devrim niteligindeki bu Urln, yeni imalatlarda basari ile
uygulanmakla birlikte zaman icerisinde korozyona ugramis, hasarlanma ve
kapasite kayiplari olusmus eski klima sistemlerinin saha renovasyonunda
da kullanilmaktadr.

LUFTSIS Klima Sistemleri
San.veTic. AS.

GENEL MUDUR

Uygulamalar Bakir Boru / Aliminyum Kanat, Bakir Boru / Bakir Kanat, Celik Boru / Celik Kanat Bataryalar, Microchannel
Bataryalar, bunlara ait galvaniz sa¢ flanslar ve galvaniz / boyali klima cihazlar metal ylzeylere fabrikasyon veya
santiye sartlarinda gerceklestirilmektedir. Standart ve yuksek calisma sicakhgi (650 C) uygulamalarina uygundur.
Blygold uygulamasi yapilan trinler; Klima santrallari, Chiller, DX /VRF Dis Unite Batarya ve Kondenserleri, Su Kuleleri,
Yiksek Sicaklik ve Endustriyel Tip Isi Degistiriciler, Metalik Ydzeyler, Su Sogutmali Chillerlerin su kutularidir.

Temelde 2 Urlin grubumuz mevcuttur; Isi Esanjor ve Metalik YUzey uygulamalarndir. Kaplamalar Standart, Hijyen ve
Yiksek sicaklik / UV dayanimli dis mekanlar icin gelistirilmistir. Hijyen sarti gerektiren tim Hastane Klima Santrallari,
Gida Sektort Soguk Oda / Deep Freeze Evoparatorleri ve C5 M ylksek korozyon korumasi gerektiren endUstriyel
uygulamalar igin uygundur.

Diger ana Urlin grubumuz, metalik ylzey kaplamalaridir. Uygulamalar galvaniz sag veya boyali ylizeylere yapiimaya
uygundur. Bunlar da 2 ana grupta hava temasl ylzey kaplamalari (VRF dis Uniteleri, Rooftop, Chiller cihazlar metalik
yUzeyleri) ve su temasl (Su Kuleleri, tank ve depolar ) ylzey kaplamalardir.

Klima cihazlarinda olusan korozyon hem hijyen sartlarini bozmakta ve insan saglhdi agisindan riskler olusturmaktadir.
Ayrica dayuUkselen kondenzasyon basinglari dolayisiyla klima cihazlarinin yiksek elektrik enerjisi cekmesine sebebiyet
vermektedir.

Blygold kaplamasi cihaz kullanim émrint en az 2 kat (cogu uygulamada 3 kat) arttirmakla birlikte zaman icerisinde
olusan korozyona bagli performans kayiplarini da onlemekte ve cihazlarin enerji giderlerini distrmektedir.
Korozyona bagl batarya ve diger Grtnlerin yenilenmesine de gerek kalmamaktadir.

Blygold ISO 12944 Korozyon &nleme standartlarindaki C1-C5 M klasindaki 6 farkli korozif siniftaki tim ¢evresel
bolgelerde ki metal ylzeyler icin idealdir.

Uygulamalar, Luftsis A.S. Bandirma tesislerinde atmosferik kontrollli boya kabinlerinde egitim ve sertifikasyonunu,
Blygold Hollanda merkezinde tamamlamis teknisyenlerimiz tarafindan yapilmakta, tim uygulamalar birebir Blygold
kalite kontrol standart ve denetimlerinden ge¢cmektedir.

2018 yilinda basladigimiz Blygold Korozyon énleme ve enerji verimliligi sistem ¢alismasinin kazanimlarr ile Turkiye

klima sektoriinde farkl bir deger yaratacagina, Glkemiz enerji verimliginin arttirmasina katki sunacagina inaniyor ve
tum sektorimize hayirli olmasini diliyoruz.
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BLYGOLD Sirket Genel Bakisi

Sirket Genel Bakis & Uriin ve Hizmetlerin Tanitimi

Kalite
40 yil askin deneyim
Benzersiz uygulama teknikleri
Rakipsiz test sonuclari
Egitimli ve nitelikli tim personel
Kuresel Kalite Standarti
ISO 9001 Sertifikali

(KISMI)
Blygold sirketleri

Blygold Netherlands

Blygold Germany

Blygold France

Blygold America

Blygold Florida

Blygold Netherlands
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Yenilik Siirduriilebilirlik
Devrimci AR-GE Omiir boyu devamlilik
ic Labaratuar Enerji tasarrufu ve gevre dostu
Pazarin derin anlaysi Yasam Dongusu Maliyetini Dusirme
Musteri ihtiyaclarinda Bakim Kolaylidi
kiresel farkindalik Kurumsal Sosyal Sorumluluk

Problem ¢dzme zihniyeti

Korozyon Korunmasinda

Franchise ve

Lisans Sahipleri OEN 0=l Sn

Blygold Netherlands HVAC Ekipman Ureticileri
75+ Blygold Partneri

56+ Ulke

Yerel Servis...




Diinya capinda 56+ iilkede temsilcilik

©
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BLYGOLD Uriinler ve Hizmetler

Hava Sogutmali HX

RTPF MCHE Kanatli Boru

(Kanat / Boru) (Microchannel)
Protection: Polual XT or
Polual High Temp

Protection: Polual XT Protection: Polual MC

Blygold PoluAl Avantajlari

+/ Korozyonu onler

+/  Enerji maliyetinde % 30'a varan
tasarruf saglar

11.000 saat tuz testi ASTM B117
Mikro kanal HX'in

yUksek verimliligini korur

+ Erken mikro kanal HX hatasini &nler

v
v

Su Sogutmali HX

Su kutulari kaplama
(Santrifiijlii Chiller)

Protection: Blygold Ceratec

Blygold Ceratec
Avantajlan

+ Tup tabakasi ve su haznesinde korozyonu onler

+ Farkl metalleri kapatir
+ Yuksek kimyasal ve mekanik direng saglar

+ Yeni ekipman Uzerinde korozyon onleyicidir

+ Etkilenen ylzeylerin duzelterek yeniler

Is iletken koruyucu tabaka olusturur
Gelistirilmis su tahliye

ozellikleri vardir

Esanjor bukme icin son derece esnektir

AN

Yansitici pigment ile
guines isinimini énler
v Yuksek kimyasal direng saglar

Yenileme ve yiizey kaplama

Blygold Yenileme ve kaplama

Koruma: Blygold Refamac

Blygold yenileme
ve kaplama avantajlari

+/ Minimal sorun ile yenileme
+ Mevcut ekipmanin optimizasyonu
+ Standart bakim igin uygunluk
+ Bakim kolaylig
+ 15 yila kadar uzayan émdar
+ Genel degisim maliyetlerinin
cok daha az maliyet

650 ° C'ye kadar isiya dayaniklidir.
3 kat daha fazla dmur saglar
ihmal edilebilir hava tarafi

basing dustst vardir

Fabrika ve saha

operasyonuna uygundur.

AN

<

Yenileme ve ylizey kaplama

Blygold Kabin & Yiizey kaplama

Koruma: Blygold Refamac

Blygold yiizey
kaplama avantajlari

+/ C5-M korozyon sinifina kadar koruma
+ Uzayan 6mur

v Govde, ylizey, destek, boru hatti, déseme vb.

+/ Mimari taleplerin karsilanmasi
+/ Fabrika ve alan uygulamasi




BLYGOLD Uriinler ve Hizmetler

Dis kaplama Iso 12944

Advantages Blygold Casing Coating
Blygold Refurbisment &

Rejuvenation. X Protection up to corrosion class C5-M
X  Extends the lifetime
M  Casing, cabinets, supports, piping, flooring, etc.
X Meeting architectural demands
X Factory & Field application
PoluAl Is1 Bataryasi Korumasi
PoluAl Avantajlari
Batarya imalatindan sonra kaplama uygulamasi
Keskin kenar korumasi
Kanat yaka ve tUp arasinda kaplamasiz
Uygulama yerinde hizmet
Rotus veya onarimi mimkin
Uv direnci
Sinirli kapasite kaybi
Hidrofobik ylzey ézellikleri
Dunya ¢apinda uygulama imkani
Bakir boru koruma
Blygold PoluAl Ozellikleri
Kalite PoluAl
Ist iletkenligi Mikemmel Aliminyum pigmentasyon ve tipler ve kanatlar arasinda dolgu / sizdirmazlik
100% kaplama Evet Yiksek hava hacmi uygulama teknigi nedeniyle
UV direnci Mikemmel
Esneklik Ust seviye
Yapisma Mukemmel
Katman kalinhigi Cokince
Mechanical direng Cok yiksek
Tuz testi ASTM B117-G85 11.000+ saat Kaplanmis bir panelde. (Kaplanmis HX'de 4.000+)
Rekabet

Rakiplerimizden bazilari:

On Kaplama (Precoated)
Electroliz kaplama

Daldirma

uygulanan sprey kaplamalar




BLYGOLD Uriinler ve Hizmetler

Karsilagtirma
Kalite PoluAl XT On Kaplama Daldirma Electroliz
Isi iletkenligi Mikemmel Zayif Zayif Iyi
100% kaplama Evet Hayir (keskin kenar) Hayir (vakum) Hayir (akiskan kalintisi)
UV direnci Mukemmel Zayif Zayif Zayif (ekstra
st kaplama)
Esneklik Ust seviye Gok iyi Yok (catlaklar) Yok (catlaklar)
Yapisma Mukemmel Mukemmel Mukemmel Mukemmel
Katman kalinhigi Gokince Cokince ince Cokince
Mechanical direng Cok ylksek Yiksek Disuk (gatlaklar) Disuk (gatlaklar)
Tuz testi ASTM B117 -G85 11.000+ saat Kaplanmis bir panelde. 5000+ saat 6.048 saat

Diger uygulanan sprey kaplamalar

Blygold'un rakiplerine gore Gstinluguniin 2 sebebi :

Uygulama teknigimiz
Urtnlerimiz

Blygold PoluAl XT, resmi olarak karsilastirildigi tim diger sprey Urlnlerden daha iyidir. ve
uygulama tekniklerimiz, esandrlerin boru ve kanat alanlarinin tam olarak kaplanma sini saglar.

Blygold Uygulamasi Rakip Uygulama




BLYGOLD Uriinler ve Hizmetler

PoluAl XT Test sonuclari

Uygulamamiz sayisiz bagimsiz laboratuvar ve diinyanin en buytk treticileri tarafindan test edilmistir.

TUZ SPREY TESTI (nétr)
SS DIN 50021
ASTM B117

11.000 SAAT TUZ PUSKURTME 11.000 SAATLIK TUZ PUSKURTME
TESTINDEN SONRA TESTINDEN SONRA POLUAL XT
KORUNMASIZ ESANJOR ILE KAPLANMIS BATARYA

PoluAl XT Test sonuclari

Uygulamamiz sayisiz bagimsiz laboratuvar ve diinyanin en buytk treticileri tarafindan test edilmistir.

ASIT SPREY TESTIi
ESS DIN 50021
ASTM B287

4000 SAAT ASIT PUSKURTME 4000 SAATLIK ASIT PUSKURTME
TESTINDEN SONRA TESTINDEN SONRA POLUAL XT
KORUNMASIZ ESANJOR ILE KAPLANMIS BATARYA



PoluAl XT Test sonuclan

Bazi sonuglarimiz:

v/ Mikemmel kimyasal direng
+ Mikemmel UV direnci

+ Mikemmel yapisma

+ Mikemmel esneklik

v Mukemmel asinma direnci

BSRIA test sonuclar:

BLYGOLD Uriinler ve Hizmetler

+ "Blygold PoluAl XT, hava sogutmali isi degistiricilerin isi degisim kapasitesi Gzerinde herhangi bir olumsuz etkiye sahip

degildir”

Vv “On kaplama uygulanmis esanjérler, bakir ve aliminyum arasindaki kaplama tabakasi nedeniyle &nemli kapasite kaybi

gosterir.”

11.000 saate kadar uygulanan tuz piiskiirtme testi!

Miusterilerimiz

+/ Batarya Ureticileri
v/ HVAC Ureticileri
+/ HVAC bayileri

Vv Muteahhitler

+ Danismanlar

+ Son kullanicilar
+ Servis sirketleri

Referanslar

Blygold, diinyanin en saygin projelerinden bazilarini ve diinyanin en buytk Ureticilerinin projelerinin bazilarini basaryla

tamamlamistir:

+/ Trane

+/ Lennox

+ Daikin

+ Johnson Controls (York)
v CIAT

+ Modine

+ Delphi

+ Alfa Laval

+ Mitsubishi

+ Glntner

+ ClimaVeneta

v/ BAC

+ Petra

+ Toshiba

+ Carrier

v LG

+/ Bumyang

+ Hitachi

+ Kelvion

v ve cok daha fazlasi




Blygold Batarya Uygulamalari

Blygold - VRFDis Unite Uygulamasi Blygold - Chiller Uygulamasi
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Blygold Su Kulesi Uygulamasi

Blygold Klima Santrali Uygulamasi







BLYGOLD Teknik Calisma

KOROZYON VE KIiRLILIGIN
ISI DEGISIMI KAPASITESI
UZERINDEKI ETKISI

BOLUM 1




BLYGOLD Teknik Calisma

KOROZYON VE KiRLILIGiN ISI DEGiSiMi KAPASITESiI UZERINDEKI ETKISi

1. GIRiS

Isi esanjorleri, ortamlar arasinda dogrudan temas ol-
maksizin 11 degisimi saglamak Uzere tasarlanmistir.
Aluminyum ve bakir, yiksek iletkenlik sinifinda oldukla-
rindan bu amaca uygun malzemelerdir. Likitten havaya
1si aktaran standart i1s1 esanjorleri bakir borulu ve alu-
minyum kanatli olarak Uretilir.

Bu tasarimin muhtemel bir zaafi bakir ile aliminyum
arasindaki birlesme yeridir. Kanatlar bakir boruyla bos-
luk birakmadan veya organik katmanlar ya da korozif
Grdnlerin midahalesi olmadan siki bir sekilde birlestiril-
digi muddetce 1si transferi optimum duzeyde olacaktir.
Isi esanjorinin st aktarmasini kanat malzemesi Gzerin-
deki kirlilik de etkileyecektir.

Korozyon

Bakir borular ile aliminyum kanatlar arasindaki baglan-
tI, bir klima Unitesinin korozyon en duyarli parcalarin-
dan biridir. Aliminyum ve bakir uyumsuz metallerdir.
Bununla anlatilmak istenen, metallerin farkli potansi-
yelleri oldugudur. Bu metaller birbirine degdiginde ve
ortamda iletken bir akiskan seklinde bir elektrolit bu-
lunuyorsa, daha az soy metalden (aliminyum) daha
fazla soy metale (bakir) dogru bir akim (elektron akisi)
meydana gelecektir. Aliminyum elektron kaybetmeye
basladiginda kolayca ¢oziinmeye baslar ve tepkime so-
nucu bir aliminyum korozyonu driinine dénusdr. Ba-
kir ile aliminyum arasinda bulunan baglantinin yerini
artik bakir aliminyum oksit bir baglanti alir. Aliminyum
oksidin 1si iletimi kapasitesi, korozyona ugramamis alU-
minyumdan ¢ok daha dusiktur. Bu nedenle bakir boru-
lardan aliminyum kanatlara isi transferi &nemli 6lctde
azalir.

Kirlilik

Kanatlar Gzerindeki kirliligin 1s1 esanjérinden hava aki-
sini sinirlandirmasi durumunda, aliminyum kanatlar-
dan gecen havanin sicakligi yikselecektir (daha az kg
havada ayni kW). Bu, bakir borunun icindeki likit/gaz ile

kanatlardan gecen havanin sicakliklari arasindaki farkin
azalmasina neden olacaktir. Daha dusuk bir sicaklik farki
Isi transferinin azalmasiyla sonuglanacaktir.

Isi esanjorlerinde daha az 1si transferinin bir klima Uni-
tesinin sogutma kapasitesine ne yapacagini agiklamak
amaciyla, sogutmanin temel prensibi asagida aciklan-
mistir:

Bir buzdolabinin

ardindaki  temel

fikir ¢cok basittir:

Bir sivinin bu-

harlasmasindan

yararlanarak syl

sogurur.  Soguru-

lan 1s1 daha sonra

daha ytksek bir

basing/sicaklikla

ortama birakilir,

Herhangi bir sogutma (veya iklimlendirme) sisteminin
bes temel parcasi vardir:

- Kompresor

- Unitenin disinda 1s1 transferi yapan borular

- Genlesme vanasi

- Unitenin icinde 1si transferi yapan borular

- Sogutucu akiskan - dustk sicaklik olusturmak icin so-
Jutucunun icinde buharlasan sivi

Bir sogutucu Unitenin temel mekanizmasi nasil ¢alisir:
1. Kompresor sogutucu gazi sikar veya sikistirir. Bu, so-
Gutucu akiskanin basincini ve sicakligini artirir (turun-
cu), boylece buzdolabinin digindaki 1si degisimi yapan
serpantinler sogutucu akiskanin basinglandirma isisini
dagitmasina olanak verir.

2. Sogutucu akiskan sogurken sivi forma yogusur (mor)
ve genlesme vanasindan geger.

3. Genlesme vanasindan gecerken likit sogutucunun
genlesmesi ve buharlasmasi icin yiksek basingh bir

21
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korozyonun elektrik tiketimi Gzerindeki etkisi

bolgeden dusuk basingli bir bdlgeye dogru hareket et-
mesine olanak verilir (agik mavi). Buharlasma sirasinda
Islyl sogurarak sogutur.

4. Buzdolabinin icindeki serpantinler sogutucu akiska-
nin syl sogurmasina olanak vererek buzdolabinin igini
soguturlar. Daha sonra bu ¢evrim devam eder.

Pek tatmin edici olmasa da, bir buzdolabinin nasil ¢alis-
tiginin oldukca standart bir agiklamasi budur. Standart
bir basing - entalpi diyagraminda, bu sogutma cevrimi
mavi cizgileri takip edecektir (Diyagram 1):

DIYAGRAM 1

Yukarida bahsedildigi gibi korozyon ve kirlilik bakir/alG-
minyum baglantilarin iletkenliginin bozulmasina neden
olur ve bu likit/gaz ile dis ortam havasi arasinda daha
dasuk sicaklik farkiyla sonuglanir. Bu yizden, isi transferi
dizgin bir iklimlendirme yapilmasi icin yetersiz kalr.
Bu sorunu telafi etmek icin yogusma sicakhginin artiril-
masi zorunludur. Daha yuksek yogusma sicakligi, bakir
borularin icindeki likit/gaz ile kanatlardan gecen hava-
nin sicakliklari arasinda daha blyuk fark olusturacaktir.
Artan bu sicaklik farki, 1si transferi kapasitesini yeniden
normal diizeyine dondstlrecektir.

Korozyon ve kirlenmeyi gidermek icin iklimlendirme
sistemlerinin daha yiksek yogusma sicakliklarinda ca-
histirimasi gerekir. Bu ancak yogusma basincinin (kom-
presorin atis basincinin) artirimasiyla  basarilabilir.
Buna gore sogutma cevrimi artik Diyagram 2'deki kir-
mizi gizgileri takip edecektir.

22

DIYAGRAM 2

Yikselen yogusma sicakhgi/basinci, daha dustk sogut-
ma kapasitesine ve kompresorden gelen giig talebinde
(enerji tUketimi) artisa yol acar.

Yogusma sicakhiginin/basincinin ne dlgtde ylkselecedi
dis ortam sicakligina, sogutucu akiskanin tirine, kom-
presor tipine, vs. baglidir. Bu, Ureticinin sogutma kapa-
sitesi ve farkli dis ortam sicakliklarindaki enerji tiketimi
ile ilgili verilerine bakilarak kolayca belirlenebilir.

Ornegin Carrier markasinin 38 RA 040 numarali mode-

linde:
Dis Ortam Sogutma Enerji
Sicakhgn Kapasitesi Tiiketimi
25°C 374 kW 11,8 kW
35°C 33,3 kW 14,3 kW

Bu Unite icin yogusma sicakligindaki her 1°C'lik artis,
sogutma kapasitesinde yaklasik % 1,1'lik azalmaya ve
enerji tiketiminde % 2,1 civarinda artisa yol agacaktir.
Korozyon ve kirliligin sogutucu isi esanjorleri Gzerindeki
etkisi

Sogutucu Isi esanjordnin Uzerinde korozyon bulun-
dugunda, iklimlendirme Unitesi Gzerindeki etkisi biraz
farklr olabilir. Meydana gelen i1si transferi sorunu yuka-
rida agiklanan ile ayni olacaktir fakat sogutma cevrimi
Uzerindeki etkisi biraz farkhlik gosterecektir. Sogutma
kapasitesini dogrudan etkileyecek olan sogutucu ser-
pantinde daha azisi sogurulur. Kompresor sadece kismi
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yikle caligir. istenen sogutma kapasitesini elde etmek
icin kompresor olumsuz kosullarda ¢ok daha uzun
sUreyle calismak zorunda kalacaktir. Bir diger secenek
emme basincinin azalmasidir. Bu, yogusma basincinin
artmasl ile ayni etkiye yol acacaktir.

Bu bilgiden yapabilecegimiz ¢ikarim, verimlilik ve kapa-
siteyi blyUk dlcide bir sogutma ¢evrimindeki isi esan-
jorlerinin belirleyecek oldugudur. Ayrica 1si esanjorle-
rinin en ¢ok korozyon ve kirlilige karsi hassas oldugu
sonucuna da varabiliriz. Dolayisiyla korozyon ve kirlilik,
iklimlendirme sistemlerinin kapasitesini ve enerji tlke-
timini dnemli oranda etkileyecektir.

2.TEST ACIKLAMASI

Korozyon ve kirliligin, yogusma sicaklhigi/basinci ve do-
layisiyla 1s1 esanjorinin (ve iklimlendirme Unitesinin
tamaminin) kapasitesi Uzerinde ne kadar etkisinin ola-
cagini belirlemek icin ¢esitli testler uygulanir. Bu ¢alis-
mada Ug test vakasl sunulmustur.

Vaka 1. Son derece asindirici bir ortamda 11 esanjori
kapasitesi kaybi

Birkag 1st esanjory, son derece asindirici kosullara maruz
birakilmistir. Bu maruz birakilmalarin éncesinde ve son-
rasinda termal dayanim ve basing ddstima él¢tlmustar.
Geometrinin, kaplamanin ve korozyonun isi esanjorl
kapasitesi Uzerindeki etkisini 6lcmek Gzere asagidaki isi
esanjorleri teste tabi tutulmustur:

« Ciplak aliminyum diz kanat

- Kaplamali duz kanat

- Ciplak aliminyum panjurlu kanat

- Kaplamali panjurlu kanat

- Ciplak aldminyum panjurlu kanat 17 FPI (kanat/ing)

- Ciplak aliminyum panjurlu kanat 22 FPI

Vaka 2. Enerji tiketiminin kontrold icin pilot tesis

iki adet split iklimlendirme sistemi es zamanli olarak ca-
hisir. Her iki sistemde de emis basinci sensdrleri, atis ba-
sinci sensorleri ve enerji tiketimi sensorleri bulunur. Bir
Unite korozyonu onlemek icin Blygold PoluAl kaplama
ile korunma altindadir, diger Unite ise korozyona ugra-
mis ve kirlenmistir. Uniteler tamamen ayni kosullarda

calismaktadir ve maruz birakilma stresinin baslangicin-
da hicbir basing farki gostermemektedir.

Uniteler 500 saat sonra tetkik edilerek basing dlciimi
yapilir.

3.TEST VAKALARI

Bu bolimde korozyon ve kirliligin 1st esanjoérinin kapa-
sitesine etkisinin belirlendigi U¢ érnek olay sunulmak-
tadir. (Bu Ug grafikteki 80 ft (24 metre) Unitenin denize
olan mesafesini ifade eder.)

Vaka 1. Son Derece Asindirici Bir Ortamda
Is1 Esanjorii Kapasitesi Kaybi

6 ay sonra, 17 FPI serpantin baslangi¢ kapasitesinin
%40 1ndan fazlasini kaybetti. 22 FPI serpantin baslangig
kapasitesinin% 70'inden fazlasini kaybetti. Kanat yo-
Junlugu, korozif kosullarda kapasite kaybi icin 6nemli
bir parametre olarak goéztkmektedir.
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Bu grafikte 1s1 esanjoriinden gecen hava miktarinin et-
kisi belirlenmektedir. Her iki serpantin de ayni boyutta-
dir ve diz kanat tipine sahiptir. 400 fpm (2 m/san) hava
hizinda 1s1 kapasitesindeki kayip % 40'in Gzerindeyken,
600 fpm (3 m/san) hizda kayip % 60'dan fazladir. Hava
hizinin (hava miktari) énemli bir parametre oldugu go-
zikmektedir. Daha fazla hava, 1si esanjorlerinin metalle-
rine daha fazla asindirici ortam getirecektir.

Bu grafikte 4 1si esanjorinin kapasite kaybi belirlen-
mektedir. Kanat tipinin ve kaplamanin etkisi bu grafik
ile tespit edilebilir. Panjurlu kanatlarin kirlilige ve koroz-
yona karsi diiz kanatlardan ¢ok daha fazla hassas oldu-
gu gozikmektedir. Kaplama islemi korozyon surecini
yavaslatmakta fakat durdurmamaktadir. Alti ay sonra
kapasite kaybi kaplama oldugunda da buyuk miktar-
dadr.

Vaka 2. Enerji Tiiketiminin Olclimii icin Pilot Tesis

Uniteler heniiz 500 calisma saati gectikten sonra biyiik
farklar sergilemektedir.
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2,9 barlik atis basinci farki (bu R-410A sogutucu akigkan
icin 4,9°C'ye esittir) yaklasik % 5'lik bir sogutma kapasi-
tesi azalmasina ve enerji tiketiminde % 6 artisa yol agar.

Vaka 3. Hong Kong'daki sogutma gruplar - uygu-
lamali bir vaka:

Blygold uygulanmis Uniteler kirlilik veya korozyon ser-
gilememektedir. Hicbir islem gérmemis Uniteler kirlilik
sergilememekte ancak orta derecede korozyon sergi-
lemektedir. Korozyonun Unitenin kapasitesi Gzerindeki
etkisi atis basincini (veya yogusma sicakliklarini) karsi-
lastirarak kontrol edilebilir.

Korozyon bulunan ile bulunmayan Unite arasinda 4,1
bar atis basinci farki vardir. R22 sogutucu akiskan icin
bu 9 °C farka esittir. TUm bunlar sadece sogutma ka-
pasitesinde bir fark (% 9) olusturmakla kalmaz ayni
zamanda verimlilikte dUslse de yol acar. Korozyona
ugramis sogutma grubunda COP (Performans Katsayi-
si) 3,0 iken bu deger korozyona ugramamis sogutma
grubunda 3,4'dUr.

Sogutma kapasitesinde % 9 azalmaya yol agsa da, ko-
rozyona ugrayan Unitenin enerji tiketimi yaklasik % 12
daha fazladrr.
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4.SONUCLAR

- Korozyon ve Kkirlilik, iklimlendirme sistemlerinin kapa-
sitesini etkileyecektir.

- Korozyon ve kirlilik, iklimlendirme sistemlerinin enerji
tUketimini etkileyecektir.

- Korozyon ve kirliligin ne kadar etkisi olacagini cevre,
serpantin geometrisi, klima tipi, hava akisl, sogutucu
akiskan, vs. belirleyecektir.

- Sogutma kapasitesi kayiplarinin ihmli bir ortamda 500
saatlik calisma sonrasinda % 5 ile asindirici bir ortam-
da 4400 saat sonrasinda % 70 arasinda oldugu tespit
edilmistir.

- Enerji tuketimindeki artigin ilimli bir ortamda 500 sa-
atlik calisma sonrasinda (bakim yapilmadan) % 6 ile
asindirict bir ortamda 7300 saat sonrasinda (iyi sevi-
yede bakim ile) % 12 arasinda oldugdu tespit edilmis-
tir.

- Isi esanjorlerinin Uzerindeki korozyonu énlemek icin
ylksek kaliteli yontemler kullanilmasi klima Unitesi-
nin kapasitesindeki kaybi dnleyecektir.,

- Isi esanjorlerindeki kirliligi yok etmek icin periyodik
bakim yapilmasi gereksiz kapasite kaybini énler ve
enerji tiketimindeki iklimlendirme sistemlerinden
kaynaklanan enerji tiketimini artirir.

5. REFERANSLAR

BIREF1.1 Charles. Manger., Corrosion prevention by
protective coatings (Koruyucu kaplamalar yoluyla ko-
rozyon onleme), National Association of Corrosion en-
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BIREF1.2 Energy Saving, Blygold Info Sheet (Enerji Ta-
sarrufu, Blygold Bilgi Formu), Subat 2000

BIREF1.3 Mines de Douai, Resultats d'essais d'echan-
geurs ailetes, 07-11-1996

BIREF1.4 Cost saving analysis of Chiller with Blygold
and Chiller without Treatment, (Blygold uygulanmis ve
uygulanmamis Sogutma Grubunun maliyet tasarrufu
analizi), Carrier Hong Kong, Ekim 1999

BIREF1.5 Blygold Heat Conducting News, sayfa 3,
Temmuz 1999

BIREF1.6 Carrier SA, corrosion test results of coils at
Kure Beach (Kure Beachdeki serpantinlerin koroyon
testi sonuclar), Haziran 1994

BIREF1.7 Energy saving effect of Blygold coating on
chillers of Twin tower (ikiz kule sogutma gruplar Uze-
rinde Blygold kaplamanin enerji tasarrufuna etkisi), Israil

BIREF1.8 Hudson/Shell test of Blygold corrosion resis-
tance and capacity influence (Blygold korozyon daya-
nimi ve kapasite etkisi Hudson/Shell testi)
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1. GIRIS

Isi esanjorleri, ortamlar arasinda dogrudan temas
olmaksizin 1si degisimi saglamak Uzere tasarlanmistir.
Aliminyum ve bakir, yiksek iletkenlik
olduklarindan bu amaca uygun malzemelerdir. Likitten

sinifinda

havaya Isi aktaran standart isi esanjorleri bakir borulu ve
aliminyum kanatliolarak Uretilir. Bu tasarimin muhtemel
bir zaafi bakir ile aliminyum arasindaki birlesme yeridir.
Kanatlar bakir boruyla bosluk birakmadan veya organik
katmanlar ya da korozif Grtinlerin midahalesi olmadan
siki bir sekilde birlestirildigi muiddetce 1si transferi
optimum dizeyde olacaktir.

Isi esanjorlerinin kaplama yoluyla korunmasi, metal
ylUzeylere organik kaplamalar uygulamak suretiyle
gerceklesir. Farkli sistemler iki tipe ayrilabilir: 6n kaplama
ve sonradan kaplama.

On kaplamali aliminyum kanatlarin Gretilmesinden
once aliminyum levhalara uygulanan ince bir organik
(genellikle vinil veya epoksi) katmandan olusur. Kesme,
bikme ve montaj islemlerinden sonra, bakir boru ile
aliminyum kanat arasinda bir organik katman olacaktir.
Bu 6n kaplama katmaninin isi esanjort kapasitesinde
%710-15 arasinda degisen oranda kayiba yol actigi kabul
edilir.

Sonradan kaplama sistemleri 1si esanjord Uretildikten
sonra uygulanan bir organik katmandan olusur.
Organik bir katman bakir-aliminyum baglantisini ve
geriye kalan metalleri mdhurler.

Blygold sonradan kaplama sistemlerinin baslangictaki
1si transfer kapasitesi Uzerindeki etkisi bu dokimanda
dzetlenmistir.

2. TEST

Uc tip 151 esanjorinin basing disimi ve termal
dayanimi, Blygold PoluAl islemi uygulanmadan once
ve uygulandiktan sonra 6l¢tlmustar.

Isi esanjorii 1 (PoluAl)

Tip s panjurlu kanat (7 eleman)
Kalinhk c1sira, £2cm

FPI 215

Boru :3/8"(0,95 cm), bakir

Isi esanjorii 2 (PoluAl)
Tip . kaliptan c¢ikarilan spiral borular,
panjurlu kanat

Kalinhk ;4 sira, =18 cm
FPI 211
Boru 2 1"(2,54 cm), bakir

Isi esanjorii 3 (PoluAl)

Tip :panjurlu kanatlar
Kalinhk :3sira, = 7cm

FPI (14

Boru :3/8"(0,95 cm), bakir

Bir tip 1s1 esanjort Blygold Plus Tropic dGrdnu ile islem
gbrmeden dnce ve gordikten sonra test edilmistir.

Isi esanjorii 4 (Tropic)

Tip :panjurlu kanat (7 eleman)
Kalinhk :1sira, £2cm

FPI 15

Boru :3/8"(0,95 cm), bakir
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3.SONUCLAR

Isi esanjori 1 (PoluAl)

Tip : panjurlu kanat (7 eleman)
Kalinlik :1sira, =2 cm

FPI 15

Boru :3/8"(0,95 cm), bakir

Standart yUzey hizinda (3 m/sn) basing disimundeki
artis: Baslangictaki basing distimanin %5'i

Standart ylzey hizinda (3 m/sn) basing disimdndeki
artis: Baslangictaki basing ddsiminin %)5'i

Standart yUzey hizinda (3 m/sn) termal dayanimdaki
artis: Baslangigtaki dayanimin 9%2'si

Tip - panjurlu kanatlar
Kalinlik :3sira, = 7cm
FPI 14

Standart ylzey hizinda (3 m/sn) termal dayanimdaki Boru +3/8"(0,95 cm), bakir

azalma: Baslangigtaki dayanimin %2'si

Isi esanjori 2 (PoluAl)

Tip - kaliptan cikarilan spiral borular,
panjurlu kanat

Kalinlik 14 sira, = 18cm

FPI 211

Boru 212,54 cm), bakir

Standart ylUzey hizinda (206 m/dak) basing
distmindeki artis: Baslangigtaki basing distimdnin
%8'i (PoluAl GrldnU ile islem)
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Standart yUzey hizinda (206 m/dak) termal
dayanimdaki artis: Baslangi¢taki dayanimin
%3'U (PoluAl Grdn ile islem)

Is1 esanjorii 4 (Tropic)

Tip - panjurlu kanat (7 eleman)
Kalinlik :1sira,=2cm

FPI 15

Boru :3/8"(0,95 cm), bakir

Standart yUzey hizinda (3 m/sn) basing disimundeki
artis: Baslangictaki basing distiminin %9'u

Standart yUzey hizinda (3 m/sn) termal dayanimdaki
azalma: Baslangictaki dayanimin %7'si

4. SONUCLAR

- Blygold kaplamalar isi esanjori kapasitesi Gzerinde ha-
fif bir etkiye sahiptir.

+ 3 m/sn yUzey hizinda basing dustimdndeki ortalama
artis %5'tr

+ 3 m/sn yUzey hizinda termal dayanimdaki ortalama
artis %3'tur

« Blygold Plus Tropic Urdnd, Blygold PoluAl Grinlne ki-
yasla daha yuksek bir etkiye sahiptir

« K&tl bakir aliminyum baglantilart bulunan isi esanjor-
lerinin 151 transfer kapasitesinde s iletken Blygold kap-
lamalariyla kaplandiktan sonra artis gorulebilmektedir.

5. REFERANSLAR

BIREF1.1 Charles. Manger.,, Corrosion prevention by pro-
tective coatings (Koruyucu kaplamalar yoluyla korozyon
onleme), National Association of Corrosion engineers,
1986

BIREF1.3 Mines de Douai, Resultats d'essais dechan-
geurs ailetes, 07-11-1996

BIREF 1.6 Carrier SA, corrosion test results of coils at Kure
Beach (Kure Beach'deki serpantinlerin korozyon testi so-
nuclar), Haziran 1994

BIREF1.8 Hudson/Shell test of Blygold corrosion resis-
tance and capacity influence (Blygold korozyon dayani-
mi ve kapasite etkisi Hudson/Shell testi)

BIREF3.3 Lennox Industries inc. Post coat influence on
heat exchange capacity (Sonradan kaplamanin isi esan-
jort kapasitesi Uzerindeki etkisi), 27-032000, USA
BIREF3.4 Carrier SA dry performance comparison befo-
re and after coating (kaplamadan 6nce ve sonra kuru
performans kiyaslamasi). Subat 1994,
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ISI ESANJORLERININ
KOROZYON DAYANIMI,
BIR KARSILASTIRMA




1. GIRIS

Isi esanjorleri, ortamlar arasinda dogrudan temas ol-
maksizin 1si degisimi saglamak Uzere tasarlanmustir.
Aldminyum ve bakir, yiksek isi iletkenligine sahip ol-
duklarindan bu amaca uygun malzemelerdir. Likitten
havaya isi aktaran standart 1si esanjorleri bakir borulu
ve alliminyum kanatli olarak Uretilir. Bu tasarimin zaafi
bakir ile aliminyum arasindaki birlesme yeridir. Kanat-
lar bakir boruyla bosluk birakmadan veya organik kat-
manlar ya da korozif Griinlerin midahalesi olmadan siki
bir sekilde birlestirildigi muddetce isi transferi optimum
dUzeyde olacaktir.

Dahasl, 1si transfer ylzeyindeki bir kirlilik katmani ma-
teryalin termal dayaniminin artmasina ve dolayisiyla isi
transferinin cok daha distik olmasina yol acar.

Korozyon

Ne yazik ki, bakir ile aliminyum arasindaki baglanti,
farkl potansiyele sahip iki metalin (bakir ve aliminyum)
birbirine eklenmesinden dolayi iklimlendirme sistemi-
nin ayni zamanda korozyona karsi en duyarl parca-
larindan biridir. Metaller farkli potansiyele sahiptir ve
ortamda iletken bir sivi (elektrolit) olur olmaz bir akim
olusacaktir. Bu akim (elektron akisi) daha az soy metal-
den (aliminyum) daha fazla soy metale (bakir) dogru
gerceklesecektir.

Aldminyum elektron kaybetmeye basladiginda kolayca
¢6zinmeye baslar ve tepkime sonucu bir aliminyum
korozyonu Urdntne dénusar. Bakir ile aliminyum ara-
sinda bulunan baglantinin yerini artik bakir aliminyum
oksit bir baglanti alir. Aliminyum oksidin 1si iletkenligi,
korozyona ugramamis aliminyumdan ¢ok daha distk-
tur. Bakir borulardan altiminyum kanatlara isi transferi
onemli dlclde azalir.

Kirlilik

Kirliligin 1s1 esanjorinden hava akisini sinirlandirmasi
durumunda, aliminyum kanatlardan gecen havanin
sicakhigi yukselecektir (daha az kg havada ayni kW). Bu,
bakir borunun icindeki likit/gaz ile kanatlardan gegen
havanin sicakliklari arasindaki farkin azalmasina neden

BLYGOLD Teknik Calisma

olacaktir. Daha dustk bir sicaklik farki isi transferinin
azalmaslyla sonuglanacaktir.

Tasarim

Tasarim ve materyal tUr0 bir 1si esanjorinin nihai ko-
rozyon dayanimini belirler. Kanat mesafesi: biriken kir-
lilik miktarini etkiler. Hava hizi: biriken kirlilik miktarini
etkiler.

Kanat sabitleme: bakirdan aliminyuma baslangi¢taki
Isi transferini ve potansiyel galvanik etkinligi etkiler

Kanat malzemesi: metal tlrld kanatlarin korozyona
karsi duyarliligini etkiler

Boru malzemesi: metal tlrt korozyona karsi duyarlihig
(boru ve kanatlarda) etkiler

Bu calismada farkli raporlardan ve testlerden elde edi-
len sonuglar karsilastinimis ve d6zetlenmistir.,

2. MALZEMELER VE YONTEMLER

Bu raporda isi esanjorlerinde kullanilan farkli metallerin
korozyon dayanimi karsilastirilmistir. Temel materyalle-
rin yani sira, farkli tipte korozyondan koruma sistemleri
de karsilastirilmustir.

Bu raporda karsilastirilan metaller:

« Aliminyum

- Bakir

Bu sistemdeki korozyondan koruma sistemleri:

- Dort farkli tipte (gri, altin, mavi ve siyah) 6n kaplama
incelenmistir ve sonuclar dort sistemin ortalamasidir

- Sonradan kaplama

o Blygold PoluAl

o Blygold Plus Tropic
o Kahverengi fenolik
0 "Blygold taklidi”

Farkli secenekler arasinda kiyaslanan parametreler:
- Notr tuz paskdrtme testi: nem ve tuzlara maruz birakma
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- Asit tuz pUskirtme testi: neme, tuzlara ve asetik aside
maruz birakma
- Kesternich testi: kiikdrt okside maruz birakma
- Plus Tropical testi: yiksek sicaklik ve
neme maruz birakma
- Transfer testi: yukarida belirtilen testlerin birlesimi
- UV dayanimi: UV 1s1ga maruz birakma
- Kimyasal dayanim: farkli konsantrasyonlarda farkli kimya-
sallara maruz birakma
- Isi transferi testleri: malzemenin isi transfer kapasitesi.
Test sonuglarinin uygulamayla bagintisi, asla sonu gelme-
yen bir tartisma konusudur. Cogu testin, kullanim émrd
tahminleri icin degil farkli metallerin karsilastirimasi icin
kullaniimasi en iyisidir.

3.SONUCLAR

3.1 Aliiminyum

Aliminyum oksijenle hizla tepkimeye giren, hafif bir
metaldir. YUzeydeki bu tepkimenin sonucu bir ald-
minyum oksit katmanidir. Bu oksit katmani ¢ok yogun
oldugundan, aliminyumun geri kalanini ortamin geri
kalanindan ayirir ve oksitlenme streci durur. Mekanik
ozellikleriile st iletkenligi aliminyumun isi esanjorlerin-
de kullanim icin ilging bir metal olmasini saglar.

3.1.1 Kimyasal Dayanim:

LiteratUr ve laboratuar test sonuclari:

Aldminyum, asitlerden ve alkali ¢ozeltiden etkilenen
bir metaldir. PH degeri 4'Un altinda veya 9'un Gzerin-
deyse, aliminyum bundan etkilenecektir. Tuzlara kars
dayanimi dastktr. Alagimin tirt kimyasallara karsi da-
yanimi belirler. Cinko veya bakir katkilr alasimlar disdk
dayanim gosterirken mangan veya magnezyum katkili
alasimlar goérece orta derecede dayanim gosterir.
Organik ve inorganik asitlere maruz kaldiginda, koruyu-
cu aliminyum oksit katmani hizla etkilenecektir. Oksit
katmanindaki bu bozulmadan sonra ¢ézinme ve ko-
rozyon hizla gergeklesecektir.

38

Uygulama:

Aldminyum 1si esanjorleri asindirici kimyasallara maruz
kaldiklarinda hizli bozunma gésterir. Organik asitlerin
(asetik asit, formik asit) havada siklikla bulundugu gida
endUstrisinde 1s1 esanjorlerinin bir yil icinde bozuldu-
Ju gortlmusttr. Bu endustrilerde kullanilan temizlik
maddeleri ve dezenfekte edici maddeler aliminyum
kanatlari bir yil icinde ciddi olarak etkiler. Aliminyum isi
esanjorleriicin bilinen diger problemli konumlar atik su
tesisleri, matbaa tesisleri, glbre fabrikalari, madencilik
tesisleri, PVC ve kimyasal Uretim tesisleridir.

3.1.2 Tuzlu ortamda korozyon dayanimi:

LiteratUr ve laboratuar test sonuglarr:

Altiminyum, tuz pusktrtme testlerinde olusturulana
benzer tuzlu ortamlara ¢ok kisa streyle dayanim goste-
recektir. ASTM B117 tuz pUskUlrtme testinde 100 saatten
sonra ilk korozyon belirtileri ortaya cikmistir. Ozellikle
lokal beneklenme seklinde korozyon bulunur. Klordr
iyonlar koruyucu oksit katmani zayiflatir ve altindaki alu-
minyum katmani korozyona ugratmaya baslar.

Uygulama:

Deniz kenarinda bulunan aliminyum isi esanjorleri hiz-
la bozulurlar. Kurulumdan sonraki ilk aylarda kanatlar iyi
gibi gdzikir fakat i1s1 esanjorlerinin icindeki galvanik et-
kinlik bakir borularin etrafindaki aliminyumu korozyo-
na ugratir. Galvanik korozyon, kanatlar 1st esanjorinden
gercekten dusene kadar gozle gortlir degildir. Kanat
kenarlari Gzerindeki beneklenme seklinde korozyon
cok daha hizli goralir ve kanatlari bir yil icinde zayiflatir.

SEKIL 1: 500 SAATLIK ASITTUZ PUSKURTME TESTINDEN SONRA ISI ESANJORU DETAY
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SEKIL 2: ASITTUZ PUSKURTME TESTINDE ZAMAN IGINDE ALUMINYUMDA KUTLE KAYBI

3.2 Bakir

Bakir esasen isi esanjorlerinin icindeki borular icin kulla-
nilir. Bunun nedenlerinden biri iyi seviyedeki isil iletkenli-
gidir, ancak daha 6nemlisi bakira ¢ok kolay kaynak islemi
yapilmasinin onu isi esanjorlerinin borularr icin ilging bir
malzeme haline getirmesidir. Bakir, ortamdaki oksijenle
tepkimeye girerek oksit bir katman olusturur. Bu oksit
katman sadece orta derecede yogundur ve boylelikle
metali bulundugu ortamdan tamamen yalitamaz.

3.2.1 Kimyasal dayanim:

LiteratUr ve laboratuar test sonuclari:

Bakir, bazi asitlerden ve alkali ¢ozeltiden etkilenebilen
bir metaldir. Tuzlara karsi dayanimi dasdktdr. Organik
ve inorganik asitlere maruz kalmasi bakiri hizla etki-
leyecektir. Bakir, stlftir ve amonyada karsi son derece
hassastir. Bakir ile bu bilesikler arasinda dogrudan tep-
kimeler korozyona yol acar ve bakiri ¢cozer.

Uygulama:

Bakir 1s1 esanjorleri asindirici kimyasallara maruz kaldik-
larinda hizli bozunma gdsterir. Organik asitlerin (asetik
asit, formik asit) havada siklikla bulundugu gida endst-
risinde 1s1 esanjorlerinin bir yil icinde bozuldugu gorul-
mastUr. Bu endustrilerde kullanilan temizlik maddeleri
ve dezenfekte edici maddeler de bakir kanatlari bir yil
icinde ciddi olarak etkilemistir. Kagit fabrikalar ve atik
su tesisleri gibi stlfurlt ortamlarda siklikla kagaklar ger-
ceklesir.

Bakir, sulfiriin yaninda ayrica amonyada karsi da zayif
dayanima sahiptir, glbre fabrikalarn gibi ortamlarda da

hizla kacak meydana gelir. Bakir isi esanjorleri icin bilinen
diger problemli konumlar matbaa tesisleri, madencilik
tesisleri, petrol rafinerileri ve kimyasal Gretim tesisleridir.

3.2.2 Tuzlu ortamda korozyon dayanimi:

LiteratUr ve laboratuar test sonuclarr:

Bakir, tuz puskirtme testlerinde olusturulana benzer
tuzlu ortamlara ¢ok kisa stireyle dayanim gdsterecektir.
ASTM B117 tuz puskurtme testinde 100 saatten sonra
ilk korozyon belirtileri ortaya ¢ikmistir. Korozyon, lokal
olmaktan ziyade ylizeyin tamaminda bulunur. Borularin
yani sira 1s esanjorl kanatlari igin kullanildiginda galva-
nik korozyon ve metallerde farkllik bulunmaz.

Uygulama:

Deniz kenarinda bulunan bakir-bakir 1si esanjorleri
hizla bozulurlar. Korozyon bakir ylzeyin tamaminda
gozle gordlar hale gelir ve kanatlari iki yil icinde zayif-
latir. Galvanik korozyon bulunmamaktadir. Yine de ka-
natlarin dUsttgu i1si esanjorl vakalari bilinmektedir. Bu
galvanik korozyonun sonucu degil, muhtemelen bo-
rularin etrafindaki ytksek sicaklik ve daha fazla kirliligin
sonucudur. Ayrica borunun etrafinda kanat bukdlmesi
ve kirllmasi nedeniyle olusan mekanik stres de bu ko-
numlarda kanat korozyonunu artirmis olabilir.

3.2.3 Asetik asitli ve tuzlu ortamda korozyon daya-
nimi:

LiteratUr ve laboratuar test sonuglart:

Bakirin tuzlu ve asitli ortamlara higbir dayanimi yoktur.
Asetik asit tuz pUskirtme testlerinde, test numunele-
rine asetik asitli bir ¢ozelti (ph'l 3,2) ve % 5 tuz ¢ozeltisi
puskurtalur. Asitli ortam oksitli katmani derhal ¢ozer,
ardindan tuzlar bu oksitli katmanin altindaki bakir tze-
rinde korozyonu baslatir. ASTM B287 tuz puskirtme
testinde 10 saatten sonra bakir ylzey Uzerinde ilk ko-
rozyon belirtileri ortaya ¢ikmistir. Bu ortamlarda ktle
kaybi kayda deger miktardadir (bkz. sekil 4).
Uygulama:

Sanayi bolgelerinde bulunan bakir isi esanjorleri bir yil
icinde siddetli korozyon sergiler. Otoyollarin yakininda-
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ki 1s1 esanjorleri de sulfur iceren kirlilik nedeniyle hizli
bozulma gosterirler. Cogu kirlilik, bakir yazey Uzerinde
asitli bir ortam olusturur.

3.2.4 UV dayanimi

Bakir inorganik bir malzeme oldugundan, UV 1sigina
karsi hassas olabilecek Karbon bag bulunmamaktadir.
Bakir tamamen UV dayanimlidir.

3.2.5 Isi transferi

Bakirin - mukemmel 1si transferi kabiliyeti bulunur. Isi
esanjorlerinde kullaniimasinin ana nedenlerinden biri
budur. Isil iletkenligi: 390 W/mK.

SEKIL 3: 500 SAAT NOTRTUZ PUSKURTME TESTINDEN SONRA BAKIR-BAKIR BATARYA DETAY

SEKIL 4: ASITTUZ PUSKURTME TESTINDE ZAMAN IGINDE KUTLE KAYBI

3.3 Onceden kaplanmis aliiminyum

Onceden kaplanmis aliminyum 1si esanjorlerindeki
kanatlar icin kullanilir. Aliminyum énceden kaplanmis
oldugunda, metal kesilmeden 6nce ince bir katman
epoksi veya vinil ile kaplanir ve 1si esanjort kanadi
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olarak Uretilmesi sirasinda bdkulir. Kaplamadan sonra
yapllan kesme islemi nedeniyle tim kesici uglar koru-
masiz hale gelir. Piyasada farkli markali 6n kaplamalar
bulunmaktadir. Kalite markadan markaya degisiklik
gosterir. Bu paragrafta dort tip degerlendirilmektedir.

3.3.1 Kimyasal dayanim:

LiteratUr ve laboratuar test sonuclarr:

Onceden kaplanmis aliminyumun Gzerindeki kaplama
katmaninin ortalama kalinhigr 3 um'dir. Organik kapla-
ma sistemlerinin kimyasal dayanimi baglayicinin tipine
ve katman kalinligina baglidir. Gegirgen olmayan guclu
bir katman olusturmak tzere 3 boyutlu bir yapi olus-
turulmasi zorunludur. Bunun icin her bir baglayici tU-
rinde bir minimum katman kalinh@ gereklidir. 3 um'lik
bir katman kalinhgindan yeterli kimyasal dayanim elde
etmek neredeyse imkansizdir. Genel olarak farkli 6n
kaplama sistemleri hakkinda, epoksi bazli sistemlin en
az kot kimyasal dayanima sahip oldugu séylenebilir.

Uygulama:
Onceden kaplanmis altiminyum normalde yiiksek kon-
santrasyonlu asindirici kimyasal bulunan ortamlarda
uygulanmaz.

3.3.2 Tuzlu ortamda korozyon dayanimi:

LiteratUr ve laboratuar test sonuclarr:

Onceden kaplanmis aliminyum, tuz piiskirtme testle-
rinde olusturulana benzer tuzlu ortamlara ¢ok kisa sU-
reyle dayanim gosterecektir. ASTM B117 tuz puskirtme
testinde 168 saatten sonra ilk korozyon belirtileri ortaya
cikmustir, 500 saat sonra numuneler kayda deger mik-
tarda bozulma gosterir. Ozellikle ipliksi korozyon bu-
lunur. Korozyon sireci, korumasiz olan kesici uglardan
baslar ve kaplama katmanin altina iner (bkz. sekil 5).

Uygulama:

Deniz kenarinda bulunan énceden kaplamali aldmin-
yum isi esanjorleri hizla bozulurlar. Kanat kenarlari ve
kanat baglantilarindaki korozyon bir yil sonra goralur,
ciddi derecede kanat bozunumu 2 yil icinde meyda-
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na gelir. Kanatlarin distigi isi esanjord vakalar bilin-
mekte ve galvanik korozyon sergilemektedir. Kaplama
pullanir/kabarciklanir, hava akiminda tikaniklik ve daha
fazla tuz birikimi olusturur.

3.3.3 Asetik asitli ve tuzlu ortamda

korozyon dayanimr:

LiteratUr ve laboratuar test sonuclari:

Onceden kaplanmis aliminyumun tuzlu ve asitli or-
tamlara higbir dayanimi yoktur. Asetik asit tuz pskurt-
me testlerinde, test numunelerine asetik asitli bir ¢ozel-
ti (ph'1 3,2) ve % 5 tuz ¢dzeltisi paskurtultr. ASTM B287
tuz puskdrtme testinde 500 saatten sonra dnceden
kaplanmig aliminyum yUzey tzerinde ilk korozyon be-
lirtileri ortaya ¢ikmustir. Bu ortamlarda kutle kaybi kay-
da deger miktardadir (bkz. sekil 7). Ozellikle ok sayida
kesici ucu bulunan panjurlu kanatlar, bu ortamda ¢ok
kotl dayanim gosterir.

Uygulama:

Sanayi bolgelerinde bulunan énceden kaplamali ald-
minyum 1si esanjorleri bir yil icinde siddetli ipliksi ko-
rozyon sergiler. Cogu kirlilik, dnceden kaplamali alu-
minyum ylzey Uzerinde asitli bir ortam olusturur. Isi
esanjorlerinin 6n kismi Gzerindeki kaplama endUstriyel
ortamlarda kolayca pullanir. Bu serpantinlerin icinde
galvanik korozyon bulunur fakat genellikle kaplamanin
altinda gizli kalirlar (bkz. sekil).

3.3.4 UV dayanimi

Aldminyum 1si esanjorleri icin kullanilan 6n kaplama
katmaninin ortalama kalinhigr 3 umdir. Kaplama, UV
1sIga son derece hassas karbon baglardan olusur. Cok
ince olan katman (epoksi veya vinil) 8zel UV engelleyici-
lerinin kullanilmasini énler. Bunlarin hepsi, isi esanjorleri
icin kullanilan dnceden kaplama sistemlerinin UV daya-
niminin son derece kot olmasina yol agar.

SEKL 5: iPLIKSI KOROZYON,
ONCEDEN KAPLANMIS ALUMINYUM

SEKIL 6: KANAT KENARI KOROZYONU, ONCEDEN
KAPLANMIS ALUMINYUM

SEKIL 8: TUZ PUSKURTME TESTINDE POLUAI ISLEME GORMUS ALUMINYUMDA KUTLE KAYBI

3.3.5 Is1 transferi

Onceden kaplanmis aliiminyumun koti 1si transferi ka-
biliyeti bulunur. ince katman, 1si esanjorleri Uzerindeki
kaplamanin ylksek bir yalitim etkisi olmasini dnler fakat
yine de kanatlar ile borular arasinda bulunan kaplama
katmani % 15'lik bir 1s1 esanjori kapasite kaybina yol agar.

3.4 Blygold ile sonradan kaplanmis isi esanjorleri
Blygold'un iki farkli korozyon koruyucu uygulamasi
dikkat ¢ekebilir: Balmumu bazl Blygold Plus Tropic ve
Politiretan bazli Blygold PoluAl.

3.4.1 Kimyasal dayanim:

LiteratUr ve laboratuar test sonuclarr:

Blygold Plus Tropic: asit ¢ozeltilerine, solventlere ve
tuzlara karst dayanimli. Gucla alkalilere karsi dayanimi
daha azdir. [BIREF 4.23]

Blygold PoluAl: Asit, solvent ve alkalilerin dumanlarina
karsi dayanimli. [BIREF 4.24]

Kesternich (kukurt dioksite maruz kalma) testleri Polu-
Al'in sGlfdrik ortamlarda ¢ok iyi derecede dayanim gos-
terdigini sergilemektedir. [BIREF 4.2]
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Uygulama:

Blygold PoluAl cetin kosullarda basariyla kullaniimistir.
NH3 ve/veya SO2'ye maruz kalan isi esanjorleri siklikla
sizdirmis, Blygold PoluAL uygulanmasindan sonra artik
sizdirma olmamistir [BIREF 4,25].

3.4.2 Tuzlu ortamda korozyon dayanimi:

LiteratUr ve laboratuar test sonuclari:

Blygold Plus Tropic ASTM B117'ye gbre notr tuz pus-
kurtilmesine dayanim: 1500 saat. [BIREF 4.3] Blygold
PoluAl: ASTM B117'ye gbre notr tuz puskirtme testine
dayanim: 3000 saat. [BIREF 4.2] Kaplama sistemlerini
tuz pUskdrtme kabinlerinde karsilastiran diger testlerin
hepsi PoluAlin mikemmel performansini gostermek-
tedir [BIREF 3.3 ve 1.8].

Uygulama:

Blygold Plus Tropic gemicilik/endUstriyel ortamlardaki
yogusma yapan Isi esanjorlerinde bircok yil boyunca
kullanilmustir. Iyi bakimla birlestiginde, kondenserler 10
yil veya daha uzun sireyle korozyon sorunu olmadan
calismistir. Blygold PoluAl Hawaiiden Orta Dogu ve
Avustralya'ya kadar her tirlt kosulda basariyla kullanil-
mistir. Gemi ortamlarina dayanimi mikemmeldir.

3.4.3 Asetik asitli ve tuzlu ortamda korozyon daya-
nimi:

LiteratUr ve laboratuar test sonuclari:

Blygold Plus Tropic: ASTM B287'ye gore asetik
tuz puskdrtilmesine dayanim: 1500 saat. [BIREF
4.3] Blygold PoluAl: ASTM B287'ye gore asetik tuz

SEKIL 8: TUZ PUSKURTME TESTINDE POLUAI ISLEME GORMUS ALUMINYUMDA KUTLE KAYBI

42

puskirtme testine dayanim: 3000 saat. [BIREF 4.2] Diger
daha agresif testlerde de PoluAl'in bu ortamlarin cogu-
na basariyla dayandigi gosterilmistir.

Uygulama:

Blygold Plus Tropic ve PoluAl her turl endUstriyel or-
tamda kullaniimistir. Kagit fabrikalar, havalimanlari,
gida isleme tesisleri ve atik su tesisleri, PoluAl'in 1si esan-
jorlerini uzun yillar boyunca korumak icin kullanildig
yerlere iyi drnek olurlar [BIREF 4.25 ve 4.26].

3.4.4 UV dayanimi

Blygold Plus Tropic ve Blygold PoluAl organik malzeme
olduklarindan, UV isigina karsi hassas olabilecek Karbon
baglar bulunabilir. PoluAl'in, kaplamayi gines 1sigina
son derece dayanikli hale getiren ekstra UV engelleyicili
UV dayanimli politiretan bazi bulunmaktadir.

Blygold Plus Tropic balmumu bazlidir ve PoluAlden
biraz daha az dayanimlidir; bu ytzden Blygold Plus
Tropic'in rengi bir miktar kararabilir. Yine de koruyucu
ozellikleri etkilenmeden devam eder.

3.4.5 Isi transferi

Bir kaplamanin isi transferi standart W/mK cinsinde ve-
rilebilir, fakat testler bu deger ile kaplamanin bir serpan-
tinin 1si transferi Gzerindeki pratik etkisi arasinda dogru-
dan baginti olmadigini gostermistir [BIREF 4.18]. Bunun
nedeni kismen, nihai etkiyi kaplamanin katman kalin-
ginin belirleyecek olmasidir. Kanat ile boru arasinda
kaplama bulunmasi da bir diger dnemli parametredir.
Dolayisiyla kaplamanin bir serpantinin kapasitesi Uze-
rindeki etkisini tespit etmek icin islem gdren serpantin-
ler ile islem g&rmemis serpantinler arasinda yapilan isi
transferi testleri kullaniimalidir. Tek basina K-degerinin
hicbir anlami yoktur.

Serpantinler, Blygold Plus Tropic ve Blygold PoluAl ile
kaplanmadan énce ve sonra hava tarfli dayanim ve
basing distimu igin test edilmistir. Degerler basing du-
simU ve hava tarafli dayanim tzerinde kaplamanin sa-
dece kicuk bir etkisi oldugunu gostermistir [BIREF 3.4,
BIREF3.3, BIREF1.8, BIREF1.3].
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SEKIL 9: TUZ PUSKURTME TESTINDEN SONRA BLYGOLD POLUAI KAPLANMIS ISI ESANJORD

SEKIL 10: TUZ PUSKURTME TESTINDEN SONRA BLYGOLD PLUS TROPIC KAPLANMIS ISI ESANJORU

3.5 Kahverengi Fenolik ile sonradan kaplanmis isi
esanjorleri

Kahverengi fenolik ile iki farkli korozyona karsi koruma
islemi dikkat cekebilir:

- PUskdrtme uygulamasi icin havayla kurutulan fenolik

- Daldirma uygulamast icin firinlanmis fenolik

3.5.1 Kimyasal dayanim:

LiteratUr ve laboratuar test sonuclari:

Havayla kurutulmus puskirtme: Solventlere karsi iyi
dayanim, asit ve alkali dumanlarina karsi orta derecede
dayanim.

Dayanim 100-150 pm'lik gerekli katman kalinhigina da-
yanmaktadir [BIREF 4.18].

Daldirma-firinlama: GUclU asitlere, solventlere ve tuzlara
karsi cok ylksek dayanim. GUglu alkalilere karsi dayani-
mi daha azdir. Dayanim 100-150 pm'lik gerekli katman
kalinligina dayanmaktadir [BIREF 4.171.

Uygulama:

Sulfarld bir ortamda havayla kurutulmus ptskirtme
versiyonunun sadece orta derecede dayanima sahip
oldugu gordlmustdr. Kaplama kolayca pullanmaktadir.
Bunun nedeni UV ve dnceden yapilan islem de olabilir.

Serpantinin icinde kimyasallara karsi bir koruma yoktur.
Kaplama sadece serpantinin dntnde bulunmaktadr.

Daldirma-firinlama versiyonu, UV'ye veya kaplamanin
kirlmasina yol agan mekanik kuvvetlere maruz kalmi-
yorsa iyi kimyasal dayanim sergiler. lyi kimyasal dayanim
icin gerekli olan 6nceden belirlenmis katman kalinhg
sadece serpantinin dis kisminda bulunur, serpantinin
icinde herhangi bir kaplama pek yoktur. (Bkz. Sekil 11)

SEKIL 11: DALDIRMA-FIRINLAMA KAHVERENGI FENOLIKLI BATARYA TESTI

3.5.2 Tuzlu ortamda korozyon dayanimi:

LiteratUr ve laboratuar test sonuclari:
Daldirma-firinlama: ASTM B117'ye gére ndtr tuz pUs-
kirtUlmesine dayanim: 3000 saat. [BIREF 4.17] Havayla
kurutulmus puskirtme: ASTM B117'ye gdre notr tuz
puskidrtme testine dayanim: bulunmamaktadir. Serpan-
tin numune testleri numunenin dis kisimlarinda iyi ko-
rozyon dayanimi sergilemektedir. Zayif katman kalinhg
olan i¢ kisimda korozyon, 800 saatlik tuz piskirtme tes-
tinden sonra coktan baslamistir.

Uygulama:

Pratikte Kahverengi fenolik kaplamanin her iki tri de
hizla pullanma/kabarciklanma egilimindedir. Bunun 6n-
ceden islem goérme, esneklik, UV dayanimi ve katman
kalinhgr gibi gesitli parametrelerin bir sonucu oldugu go-
zUkmektedir. Tuzlu ortama temel tayanim seviyesi iyidir.

3.5.3 Asetik asitli ve tuzlu ortamda korozyon dayanimi:
LiteratUr ve laboratuar test sonuclari:

Daldirma-firinlama tirdi, ASTM B287'ye gore 1500 saa-
te kadar asetik tuz puskdrtme testine iyi dayanim gdste-
rir. Havayla kurutulmus piskirtme tiriine ait hicbir veri
bulunmamaktadir.
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SEKIL 12: ASITTUZ PUSKURTME TESTINDE DALDIRMA-FIRINLAMA KAHVERENGI FENOLIK ISLEMi GGRMUS
ALUMINYUMDA ZAMAN iGINDE KUTLE KAYBI

Uygulama:

Hong Kong'daki iki projede endustriyel-gemicilik orta-
minda her iki kahverengi fenolik kaplamanin pratikte-
ki dayanimi arastiriimistir. Kaplama, bu ortama kisa bir
sUire maruz kaldiktan sonra pullanmaktadir. Havayla ku-
rutulmus puskirtme versiyonu, serpantinin on kismin-
dan timuyle tabakalanmis, serpantinin ortasinda hicbir
kaplama bulunmamistir [BIREF 4,15].
Daldirma-firinlama versiyonu sadece 2,5 yil sonra sid-
detlitabakalanma gostermistir, bakir borularin etrafinda
galvanik korozyon vardir. Taramali elektron mikroskobu
(SEM) taramasi serpantin ylzeyinde ylksek konsantras-
yonlu kukdrt bulundugunu goéstermistir. Bu kukdart ile
birlikte tuz ve UV'ye maruz kalinmasi, serpantinin kotd
bir durumda olmasina yol agmistir [BIREF 4.14].

3.5.4 UV dayanimi

Kaplamalardaki fenolik baglayicilarin UV isinimina asiri
derecede duyarli oldugu bilinmektedir. UV, kaplama-
nin yapisindaki kimyasal baglari koparir. Her iki fenolik
tdrdndn de UV 1sinimini engellemek icin ilave kaplama
katmanlarina gereksinimi vardir. Yukarida anlatilan so-
yulma sorunlari kismen kahverengi fenolik kaplamala-
rin dustk UV dayanimindan kaynaklanr.

3.5.5 Isi transferi

Bir kaplamanin isi transferi standart W/mK birimi kulla-
nilarak ifade edilebilir, ancak testler bu degerle kapla-
manin uygulamada bataryanin isi transferi Gzerindeki
etkisi arasinda herhangi bir direkt baginti olmadigini
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SEKIL 13: SOYULMAKTA OLAN KAHVERENGI FENOLIK KAPLAMA

gostermistir [BIREF 4.16]. Bu kismen, kaplamanin kat-
man kalinliginin nihai etkiyi belirleyecedi gerceginden
kaynaklanir. Kanat ile boru arasinda kaplamanin olup
olmamasi bir diger onemli parametredir. Dolayisiyla
kaplamanin bataryanin kapasitesi Uzerindeki etkisi-
ni belirlemek igin yalnizca islem gérmUs bataryalarla
islem gormemis bataryalarin kiyaslandigi 1si transferi
testlerinden yararlaniimalidir. K degerinin kendi basina
hicbir kiymeti yoktur.

Bataryalar daldirma-firinlama kahverengi fenolik ile
kaplanmadan &nce ve sonra hava tarafi dayanim ve
basing disimu bakimindan test edilmistir. Raporda
daldirma-firnlama kaplamanin katman kalinhginin (1
mil veya 25um) iyi kimyasal direng icin gerekenin (4-6
mil veya 100-150 um) ¢ok altinda oldugu gerceginden
bahsedilmistir. Ancak bu yetersiz katman kalinliginda
dahi hava tarafi dayanimi ile basing disdmu kuru kosul-
larda neredeyse %4,5 oraninda olumsuz etkilenmistir.
Kaplama belirtilen katman kalinliginda uygulansaydi,
etkisi en az 2 kat yUksek olacakti.

Islak kosullarda olumsuz etki her iki parametre icin %50
civarindadir [BIREF 4.16].

3.6 “Blygold Taklidi” ile sonradan kaplanmis isi
esanjorleri

Piyasada bir gimUs polilretan kaplama satilmaktadir;
bu kaplama orijinal Blygold triinlerinden birinin bir tak-
lidi gibi gérinmektedir. Bu raporda ilgili kaplama “Bly-
gold taklidi”olarak anilmustir.
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3.6.1 Kimyasal Dayanim

Literatdr ve laboratuar testleri:

“Kimyasal dayanim listesine” gore, kimyasallara kar-
si dayanimi iyidir. Laboratuar testleri ise bu birden ¢ok
kimyasal maddeye karsi bu dayanim listesinde belirtilen-
den cok daha dusik dayanima isaret etmektedir. Bu, da-
yanim listesinin guvenilirligi konusunda stpheler uyan-
dirmaktadir [BIREF 4.19 ve 4.20].

Uygulama:
Havada yUksek konsantrasyonlu kimyasallarin oldu-
Ju projelere ait hicbir veri bulunmamaktadir.

3.6.2 Tuzlu ortamda korozyon dayanimi

Literatdr ve laboratuar testleri:

“Blygold taklidi’nin Grtin bilgilerine gére, ASTM B117
uyarinca yapilan notr tuz puskirtme testine dayanim
10.000 saatin Uzerindedir. [BIREF 4.21] 10.000 saatlik tuz
puskurtme testi olagandisi oldugundan, hatta faydasiz
sayllmasi dahi olasi oldugundan, bu beyani dogrula-
mak icin bir laboratuarda tuz puskirtme testi uygulan-
mustir. Laboratuar testlerinde tamamen farkli sonuclar
goralmistdr; 1000 saatten sonra kaplama ciddi sekilde
bozulmustur ve aliminyum korozyona ugramaktadir.
[BIREF 4.13]

SEKIL 14 1000 SAATLIK TUZ PUSKURTME TESTINDEN SONRA “BLYGOLD TAKLIDI"

Uygulama:
Iki veya (¢ yildan sonra “Blygold taklidi”ile korozyon
korumasina dair uygulanmis vakalara dair mevcut hig

bilgi yoktur.

3.6.3 Asetik asit ve tuz bulunan ortamda koroz-
yon dayanimi:

Literatlr ve laboratuar testleri: “Blygold taklidi"nin
Uriin bilgilerine gére, ASTM B287 uyarinca yapilan ase-
tik asit tuz puskirtme testine dayanim 3000 saattir. [BI-
REF 4.21] Laboratuarlarda alinan test sonuclari bu asitli
tuz ortamina karsi daha dusuk dayanim gostermektedir
[BIREF 4.22] Yine, bu “Blyglold taklidi"nin dokimanlarin-
daki sayilar fazlasiyla abartili gérinmektedir.

SEKIL 15: KAPLAMADA RENK BOZULMASI, KOROZYON KRISTALLERI,
TUZ BIRIKIMi, KANAT KENARINDA KOROZYON

Uygulama:

Iki veya U¢ yildan sonra “Blygold taklidi” ile korozyon
korumasina dair uygulanmis vakalara dair mevcut hig
bilgi yoktur.

3.6.4 UV dayanimi

“Blygold taklidi” kaplama, spesifik tirl ve markasi bi-
linmeyen bir polidretan baglayiciyr temel alir. PoliGretan
tara UV dayanimini belirleyecektir, “Blygold taklidi” kapla-
manin UV dayanimi hakkinda mevcut herhangi bir test
raporu yoktur. Uriin bilgilerine gére UV dayanimi iyidir.

3.6.5 Isi transferi

Urin bilgi formlarina gore, “Blygold taklidi” kaplama-
lar hi¢ kapasite kaybina yol agmaz. Diger makalelerde
%3'lUk kapasite kaybindan bahsedilir. Elde test raporlari
bulunmadigindan hangi verilerin dogru oldugu bilin-
memektedir.
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‘Blygold io:radan IfapraT; Sonradan Sonradan
taklidi’ ahverengi fenofl kaplama- | kaplama-
Epoksivinil | sonradan piiskiirtme Daldirma - Blygold Blygold Plus
Kalite Bakir |6n kaplama| kaplama Firinlama Polu Al Tropic
Tuzlu ortam dayanimi Kotu Kotu Orta Orta Kotu lyi Mukemmel lyi
Endustriyel ortam dayanimi| K&t Kota Kota Orta Kot Iyi Iyi Orta
Kimyasal dayanim Kotd Koti Kéti Orta Kotd Iyi Iyi Orta
Kaplamanin batarya %15 kapasite| %3 kapasite ? > %4.5 %3 kapasite | %5 kapasite
kapasitesindeki etkisi kaybi kaybi kapasite kaybi kaybi kaybi
UV dayanimi Miikemmel | Milkemmel Kéta lyi Kéta Kotd Iyi Orta
Onarilabilirlik Kotd Koti K&ti Iyi ? Kot Iyi Orta
Esneklik Iyi ? Kotd Kot Iyi Orta
Cizilmeye dayaniklik yi yi Iyi Iy Iy Kot
5 REFERANSLAR BIREF 4.5 gold prepaint corrosion report (altin 6n
BIREF1.6  Carrier SA, corrosion test results of coils at boyama korozyon raporu) (B)

Kure Beach (Kure Sahilindeki bataryalarin korozyon
testi sonuclar), Haziran 1994

BIREF1.8 Hudson/Shell test of Blygold corrosion
resistance and capacity influence (Hudson/Shell
Blygold korozyon dayanimi ve kapasite etkisi testi)
BIREF1.1 Charles. Manger.,, Corrosion prevention by
protective coatings (Koruyucu kaplamalar yoluyla
korozyon 6nleme), National Association of Corrosion
engineers, 1986

BIREF1.2 Energy Saving, Blygold Info Sheet (Enerji
Tasarrufu, Blygold Bilgi Formu), Subat 2000

BIREF2.1 Contact angle measurements Blygold
coatings (Temas acisi dlcimleri), Nisan 2000, Ir.D.P.
Borger; Delft Teknoloji Universitesi, Havacilik ve Uzay
MUhendisligi Fakultesi, HI 2065.

BIREF3.3 Lennox Industries inc. Post coat influence
on heat exchange capacity (Sonradan kaplamanin isi
esanjord kapasitesi Uzerindeki etkisi), 27-032000, ABD
BIREF 4.1
boyama korozyon sonuclari) (EMAC)

BIREF 4.2 corrosion test (korozyon testi) PolUAI (VOM)
BIREF 4.3 corrosion test (korozyon testi) Plus Tropic
(VOM)

BIREF 4.4 filiform corrosion explanation
korozyona dair agiklama) (EMAQ)

gray prepaint corrosion conclusions (gri 6n

(ipliksi
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BIREF 4.6 infoblad heatexchanger protection (isi
esanjort korumasi) (BI)

BIREF 4.7 Polual on and versus Copper (Bakir Uzerinde
veya bakira kiyasla PoluAl) (BI)

BIREF 4.8 properties PoluAl beside corrosion resistance
(PoluAl'n  korozyon dayanimi disindaki  ozellikleri)
(VOM)

BIREF 4.9 mass loss over time (zaman icinde kditle kaybi)
(BI)

BIREF 4.10 Blue prepaint report (mavi én boyama
raporu) (EMAC)

BIREF 4.11 black epoxy precoat test report (siyah epoksi
on kaplama test raporu)

BIREF 4.12 goldfin prepaint report (altin kanat on
boyama raporu) (EMAC)

BIREF 4.13 “blygold imitation” versus Blygold PoluAl
("Blygold taklidi"ile Blygold PoluAl kiyaslamasi) (BI)
BIREF 4.14 Brown Phenolic postcoat test report
(Kahverengi fenolik sonradan kaplama test raporu)
(EMAQC)

BIREF 4.15 Brown Phenolic postcoat Case in Hong Kong
(Hong Kongda kahverengi fenolik sonradan kaplama
ornegi) (BI)

BIREF 4.16 Brown Phenolic thermal performance
(Kahverengi fenolik termal performansi)
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BIREF 4.17 Brown phenolic “Dip-bake” product
information  sheet/website  (Kahverengi  fenolik
“Daldirma-firinlama” trtin bilgi formu/web sitesi)

BIREF 4.18 Brown phenolic “air dried spray” product
information sheet/website (Kahverengi fenolik “havayla
kurutma pusktrtme” Grtin bilgi formu/web sitesi)

BIREF 4.19 Resistance list “blygold imitation’, (report
from “Blygold imitation”) (“Blygold taklidi” dayanim
listesi) (“Blygold taklidi’ne ait rapor)

BIREF 4.20 Laboratory test of “blygold imitation”
chemical resistance ("Blygold taklidi”kimyasal dayanimi
laboratuar testi)

BIREF 4.21 "blygold imitation” corrosion resistance
(report from “Blygold imitation”) (“Blygold taklidi”
korozyon dayanimi) (“Blygold taklidi"ne ait rapor)
BIREF 4.22 Laboratory test of “blygold imitation
corrosion  resistance  (“Blygold  taklidi” korozyon
dayanimi laboratuar testi)

BIREF 4.23 Resistance list Blygold Plus Tropic (dayanim
listesi)

BIREF 4.24 Resistance list Blygold PoluAl (dayanim
listesi)

BIREF 4.25 Kagit fabrikasi referans mektubu

BIREF 4.26 Alstom referans mektubu

BIREF  4.27 “Blygold imitation” versus Blygold
PoluAl,corrosion resistance (by VOM lab.) (“Blygold
taklidi”ile Blygold PoluAl arasindaki korozyon dayanimi
karsilastirmasi) (VOM lab. tarafindan)

"
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Aliiminyum - Bakir Isi Esanjorleri

« Aliminyum oksit tabakasi tuzlara karsi yalnizca orta
dlzeyde bir dirence sahiptir.

- Bakinn varligr ile galvanik korozyon baslar, bakir
borunun etrafindaki aliminyum da ¢6zulur.

« Aliminyum oksit, asit ve alkali ortamlara karsi cok zayif
bir dirence sahiptir.

- Hizlandinlmis korozyon testleri, aliminyumun hizli bir
kutle kaybi oldugunu goéstermektedir.

- 60 giin sonra, aliminyumun 915’ ¢ozulur.

» Korunmamis bakir, sdlfir ve amonyakla hizlica reaksi-
yona girer.

- Korunmamis bakir, formik veya karincali korozyonuna
karsi hassastir.

- Lehim dirseklerinde ve basliklarda sizintilar meydana gelir.
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Bakir - Bakir Isi Esanjorleri

- Bakir oksit tabakasinin tuzlara karsi zayif bir direnci
vardir.

- Bakir ve bakir-oksidin her ikisi de cevreden olusan
kimyasal kirlilige karsi cok zayif bir dirence sahiptir.

- Tuz ve endustriyel kirlilige sahip ortamlarda bakir-bakir
serpantinler hizla bozulacak.

- Hizlandinlmis korozyon testleri bakirin, aliminyumdan
bile daha hizli bir kutle kaybi oldugunu gosterir.

- 60 glinden sonra aliminyumun % 15'ten

fazlasi cozalur.,

- Bakir-bakir serpantinlerde galvanik korozyon yoktur.
Bakir kanatlar tUp etrafinda kirlilik ve nem birikimi
nedeniyle daha hizli bozulmaktadir.

- Bakir bazi ortamlarda daha hizli ¢ézallr, ¢c6zinms
bakirin cok glclt cevresel kirletici etkisi vardir.
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Onceden kaplanmis 1si esanjérleri (vinil, epoksi,batarya ceket vb.)

- Isi esanjord Uretiminden 6nce 6n kaplama tabakalari
uygulandigdi icin, kesme kenarlari kesme ve bikmeden
sonra korumasizdir.

- Filiform korozyonu 6n kaplamanin altinda, korumasiz
kanatcik kenarindan baslar.

- Bakir boru ve aliminyum kanatcik arasindaki on
kaplama tabakasi &nemli kapasite kaybina neden olur.

- Hizlandinlmis  korozyon testleri, 500 saat sonra
on  kaplamanin  hizli bir kutle kaybr oldugunu
gostermektedir.

- 60 gln sonra, malzemenin yaklasik % 12'si cozUlmUstar.

- Kanat kosesindeki filiform korozyonu
- Bakir borularin etrafinda galvanik korozyon
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BLYGOLD POLUAL (XT)
GARANTISI

HUKUM VE SARTLAR

isbu garanti, asagidaki hikim ve sartlara tabi olarak, tescil formunda belirtilen
uygulama tarihinden sonra bes yili gecmeyecek sekilde gecerlidir. Garanti, bu
tescil formunun Unite kurulduktan sonra yedi gin i¢inde doldurulup Blygold
uygulayicisinagénderiimemesidurumunda gegersizolacaktir. Businirligarantinin
ihlali konusunda, Kaplamanin sahada onarilmasi veya yeni bir serpantine yeni
Kaplama uygulamasi icin uygulayicinin segenegi anlaminda muinhasir basvuru
yolunuz sinirhidir. Bu Sinirli Garanti, (i) degistirilecek serpantinin maliyetini, (ii)
isgUct maliyetini, (iii) degistirilecek serpantinin uygulama sahasina navlununu
ve (iv) sogutucu akiskanin yerine konma maliyetini KAPSAMAYACAKTIR.
Serpantinler veya Kaplama belirtiimemis bir amagla kullanilirsa, hatali kullanilirsa,
kurcalanirsa veya yabanci elemanlarla birlestirilirse, kétu ellegleme kaynakli hasar
gorurse, kotu kullanilirsa, hatali depolanirsa veya orijinal tasarlanan amacindan
farkli bir sekilde kullanilirsa, uygulayici hasardan ytkimlulik ya da sorumluluk
kabul etmeyecektir. Yukandaki ifadenin genelligini sinirlamaksizin, asagidaki
hususlar bu sinirli garantinin kapsamina dahil degildir:

1. Dahili olarak, ornedin sistemin icindeki korozif sivilar veya gazlardan
kaynaklanan hasarlar;

2. Telfirca, izin verilmemis kimyasallar veya serpantin temizleyiciler gibi uygun
olmayan temizleme yontemleri ya da diger asindirici eylem veya trlinlerden
kaynaklanan hasarlar; veya

3. Harici korozyon korumasi icin uygulanan Kaplamanin butinliguni bozan
diger kasitl veya kasitsiz eylemler ya da herhangi bir doga olayindan
kaynaklanan hasarlar.

isbu garanti sadece asagidaki kosullar altinda ve asagidaki kosullarla
gecerlidir:

1. Serpantinin bakir veya aliminyum borular Gzerinde, aliminyum kanatlardan
imal edilmis olmasi.

2. Serpantinin maruz kalma kosullarinin hicbir zaman direng listesinde
belirtilen stre kisitlamalarini asmamasi.

3. Blygold garanti tescil formunun doldurulmus ve Blygold uygulayicisi
tarafindan alinmis olmasi.

4. Tetkik / bakim gerekliliklerinin, asagida belirtilen onayli kimyasallar
ve maddeler kullanilarak Blygoldoun onerilerine uygun sekilde yerine
getirilmesi.

5. Blygold PoluAl (XT) kaplamadaki herhangi bir kusurun ihbari, kusur
kesfedildikten sonraki yedi guin icinde yazili olarak Blygold uygulayicisina
yapilmalidir. Bu ihbar verildikten hemen sonra Blygold uygulayicisina veya
atanmig temsilcisine kanat malzemesinin tetkiki ve/veya numune alinmasi
ve/veya hava numunesi alinmasi amaciyla serbest erisim verilmelidir.
Yazili ihbar bir (1) hafta icinde verilmezse ve/veya Blygold uygulayicisina
ya da onun atanmig temsilcisine serpantini inceleme izni verilmezse, isbu
garantininihlaliigin her tirli hak talebinden feragat edilmis sayilir ve Blygold
Uygulayicisi ve/veya Blygold International bu garanti kapsaminda hicbir
YUKUMLULUK almazlar.

6. Serpantin arizasi olmasi ve buna muteakip bahsi gegen arizanin nedeni
konusunda uyusmazlik olmasi durumunda, s6z konusu uyusmazligin

Blygold

CORROSION PROTECTION

¢6zUmU icin hasar gdren serpantin numunesine bir elektron testi
yapilacaktir. Blygold International bu testte kullaniimak Uzere bagimsiz bir
laboratuar gorevlendirecek ve testin sonuclar baglayici olacaktir.

7. isbu garanti uyarinca verilen herhangi bir servis, garanti stiresini garanti tescil
formunun Uzerinde belirtilen uygulama tarihinden itibaren bes yilin dtesine
uzatmaz.

8. Blygold Uygulayici garantileri sadece Blygold Uygulayicisinin tlkesinde
gecerlidir.

9. Blygold kaplama ilk olarak uygulandiktan sonra nakliye sirasinda veya
kurulum sirasinda hasar goéren serpantinler derhal Blygold Uygulayicisinin
dikkatine sunulmalidir. Boylesi bir anda kaplama, maliyeti musteriye ait
olmak Uzere onarilacaktir. Hasar goren serpantinin onarilmamasi garantinin
gegersiz kilinmasina neden olacaktir.

10. B kayit plakasi veya etiketi ¢ikarilir, imha edilir veya okunaksiz hale getirilirse
garanti gegersiz hale gelir.

YUKARIDA BAHSEDILEN GARANTI, ZIMNi PAZARLANABILIRLIK GARANTISI
VEYA BELIRLI BIR AMAG YA DA KULLANIMA UYGUNLUK GARANTISI DAHIL
ACIK VEYA ZIMNi OLAN DIGER TUM GARANTILERIN YERINE GEGER VE
DIGER HER TURLU GARANTI ACIKCA TEKZIP EDILIR VE REDDEDILIR. SiziN
VEYA MUSTERINIZIN HERHANGI BIR ARIZi, OZEL VEYA DOLAYLI HASARI,
TAHMINi KAR KAYBI VEYA HER NE SURETTE OLURSA OLSUN BASKA BIiR
EKONOMIK ZIYANINDAN, BLYGOLD UYGULAYICISI HIiCBIR DURUMDA
SORUMLU OLMAYACAKTIR. BU GARANTI SADECE SiZIN CIKARINIZA
TAHAKKUK EDER VE HiCBIR UCUNCU TARAFA DEVREDILEMEZ.

TETKIK AND BAKIM GEREKLILIKLERI
Garantinin hikim ve sartlarinin parcasi olarak asagidaki tetkik ve bakim
proseddrleri gereklidir. Tetkikler sirasinda tespit edilen her tdrlt kusur, hasar veya

korozyon, derhal garanti sertifikasi Uzerinde belirtilen Blygold Uygulayicisina
bildirilmelidir.

1. Unite kurulduktan hemen sonra kaplama yapilan serpantin nakliye veya
tagima sirasinda meydana gelen hasarlar icin tetkik ediimelidir.

2. Serpantinin ve kaplamanin maksimum verimliliginin saglanmasi icin
serpantin  periyodik olarak temizlenmeli ve tetkik edilmelidir. Temizlik
isleminin siklidl, kurulum yapilan mahalde bulunan kosullara bagl olarak
degisiklik gosterecektir. Blygold, hizmetteki serpantinlerin _kurulumdan

hemen sonra baslamak Gzere asgari olarak 6 ayda bir temizlenmesi ve tetkik

edilmesini gerektirir. Sahil bolgelerinde 3 ayda bir tetkik ve temizlik yapiimasi

gerekir. Blygold uygulayiciniz sizin kurulumunuzun tetkik ve bakim sikligi
konusunda size bilgi verecektir.

3. Serpantin, dustk basingl bir pisktrtme cihazi kullanarak, temiz tatl su
ile durulanmali, Blygold Clean ve su iceren ¢ozelti ile yikanmali ve temiz
tath su ile etraflica durulanmaldir. Blygold bunun Gnitenin émri boyunca
yapllmasini, sadece serpantinin korozyon direncini artiracagi icin degil
ayni zamanda Unitenin ¢alima verimliligini de iyilestirecedi icin tavsiye
etmektedir.

4. Her yikama sonrasinda serpantin, herhangi bir hasar, korozyon baslangici
veya kaplamada bozunum olup olmadigini tespit icin tetkik edilmelidir.
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PoluAl XT Direnc Listesi

inorganik asitler

Maks. konsantrasyon / ppm

Aromatik hidrokarbonlar

Blygold

CORROSION PROTECTION

Maks. konsantrasyon / ppm

Arsenik asit
Borik asit
Hidrojen karbonat
Kromik asit
Bromik asit
Hidroklorik asit
Hidrojen flortr
Nitrik asit
Sulftrik asit
Fosforik asit
Perklorik asit
Selenik asit
Sulfonik asit

Organik asitler

641
641
641
641
320
320
20
320
320
320
320
320
641

Maks. konsantrasyon / ppm

Asetik asit
Benzoik asit
Laktik asit
Fenoller

Sitrik asit

Yag asitleri
Formik asit
Hidrosiyanik asit
Malik asit
Margarik asit
Pikrik asit
Oleik asit
Oksalik asit
Sulfamik asit
Tartarik asit
Barn Stone asidi
Palimitik asit
Tanin

Ftalik asit
Propiyonik asit
Salisilik asit
Steraik asit
Valerik asit

Organik asitler

320
320
320
320
320
320
80
320
320
320
320
320
320
320
320
320
320
320
320
80
320
320
320

Maks. konsantrasyon / ppm

Amonyak
Sodyumhidroksit
Potasyum hidroksit ¢ozeltisi
Lityum hidroksit

Kalsiyum hidroksit
Magnezyum hidroksit

160
20
20
20
20
20

Eterler Maks. konsantrasyon / ppm
Dietileter 20
Asetik eter 20

Ksilen

Toluen

Asfalt
Antrasen
Benzopirin
Benzen
(CozUcl nafta
Naftalin
Terpenler

Alifatik hidrokarbonlar

640
640
640
640
640
640
640
640
640

Maks. konsantrasyon / ppm

Beyaz ispirto 640
Beyaz ispirto 640
Shellsol TD 640
Bitim 640
Isopar G 640
Parafin 640
Parafin yagi 640
Alkoller Maks. konsantrasyon / ppm
Metanol 320
Etanol 320
Isopropanol 320
n-Butanol 320
Amil alkol 320
Benzil alkol 320
Diasetonal alkol DAA 320
Gliserin 320
n-Propanol 320
Pentanol 320

Yakitlar ve Yaglar

Maks. konsantrasyon / ppm

Mazot
Akaryakit
Petrol
Superpetrol
Kerosen

Sferik yaglar
LPG

Madeni Yaglar
Fren sivisi
Skdrol
Hayvansal yaglar
Etrik yaglar
Bitkisel Yaglar
Butagas
Asetilen

640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
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Esterler Maks. konsantrasyon / ppm Tuzlar ve sulu ¢ézeltiler Maks. konsantrasyon / ppm

Etilasetat 160 Sodyum tuzlar 640

Amilasetat 160 Potasyum tuzlari 640

Propilasetat 160 Kalsiyum tuzlari 640

Etiloksalat 160 Aliminyum tuzlari 640

Butilasetat 160 Amonyum tuzlar 640

Butil propionat 160 Baryum tuzlari 640

Etilformiat 160 Bakir tuzlar 640

Etilbenzoat 160 Kursun tozlari 640
Lityum tuzlar 640
Magnezyum tuzlari 640

Ketonlar ve Aldehidler Maks. konsantrasyon / ppm C_|va tuzlarl 640
Litopon 640

Aseton 320 Hidrokinon 640

Asetaldehid 320 Demir tuzlari 640

Benzaldehid 320

Fomaldehid 320 . .

Salisilaldehid 320 Digerleri Maks. konsantrasyon / ppm

Diisobutilketon 320 Karbondistilfit 160

Metilisobutikleton 320 Hidrojenperoksit 320

Metiletilketon 320 Hidrohensiilfid 20

Butanal 320 Klor 64

Krotonaldehid 320

Halojenize Hidrokarbonlar Maks. konsantrasyon / ppm

Trikloretan 20

Metilenklortr 20

Metilbromid 20

Tetraklormetan 20

Dikloretan 20

Trikloretan 20

Perkloretilen 20

Tetraiodikmetan 20

PCB 20

Blygold Resmi Tiirkiye Franchisor Serifali Mahallesi Hisrev Sokak

Distribitérii LUFTSIS A.S. No: 2 Kat:4 Y. Dudully,

® 34775 Umraniye, Istanbul
Blygold : - -
490216 526 5242 wwwluftsiscom |  info@luftsis.com
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Blygold PoluAl Korumali Esanjorler

- Blygold PoluAl veya Blygold Tropic uygulamasi ile, isi
esanjoleri uzun bir stire korozyondan arinmig olacaktir.

- Pusktrtme ile uygulanmig istiletkeni kaplama, kapasite
Uzerinde kicUk bir etki ile butln sistemi kaplar.

- Galvanik korozyon, kanat kenar korozyonu, soyulma
yok.

Blygold PoluAl Blygold Tropic

- Hizlandinlmis korozyon deneyleri Tropic veya PoluAl
kaplamanin 1500 saate kadar hizli bir kutle kaybinin
olmadigini gostermistir.

- Tropik uygulama, tuz birikmesi nedeniyle kitle artisina
yol agabilir, PoluAl daha az kir tutar ve kutlesel olarak
sabit kalir.

« PoluAl'in 6zel versiyonu PoluAl MB'dir, bu Grtin PoluAl'ye
g6re daha az kir tutan bir Grindur.

- Mantar ve bakteri gibi mikroorganizmalar kolayca
bu Urlne yapisamazlar. PoluAl MB ile islem gdérmus
yUzeylerde koku ve kirlenme gibi sorunlar &nemli
Olctde azalr.

islem gérmemis PoluAl MB
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‘Agreeable working
conditions are characterized
by a suitable climate’

‘We use much less energy’

‘We recouped the costs
within a year’

‘We are assured of
a reliable climate system’




Office Buildings

INCREASED RISKS FOR C LIMATE SYSTEMS | N OFFICEBUILDINGS

Indoor climateis influencing man’s well being at an ever-increasing rate. Office buildings depend
greatly on the air conditioning system to control sick absenteeism, productivity and energy
consumption. The ever increasing outside air pollution, salty winds and industrial gasses create

a corrosive environment for the air conditioning systems. A corroded air cooled heat exchanger

Blygold

A SELECTION
OF REFERENCES

» Fortis Bank

» European
Parliament

- Coca Cola
« Covee
- ABN Amro

« Shell
International
Chemicals

- British American
Tobacco BV

- Heineken

Nederland BV
causes a higher condensing temperature resulting in higher energy consumption and reduced
cooling capacity. - Esso
Nederland BV
Offices all over the world use Blygold to ensure a high efficient and hygienic air conditioning
system.
ENERGY SAVINGS TOP PRIORITY PRACTICAL EXAMPLE
The Protocol of Kyoto, formulated in 1997, aims to minimize the emissions Cooler without Cooler with
of greenhouse gasses. Blygold coating Blygold coating
Condensation temperature 56°C 48°C
n umpti k E
141 countries have agreed to reduce the emissions of greenhouse gasses Euiﬁﬁ;lsmr:s::mum o e
a q - ( li i
from the level in 1990 by an average of 5% during the period between Esngjg'v‘yv:oc:;n:i;:a“y) 725000 ki 7775
2008 and 2012.
ENERGY SAVINGS 13%
Energy conservation at all levels makes a substantial contri bution to these
emissions. Nowadays energy conservation should be anitem on the agenda Contact your local Blygold applicator
of every Facility Manager. for extensive test reports

Climate systems and the major consumers of energy are need to be

assigned top priority.

Blygold International B.V.

PO Box 44,3990 DA Houten The Netherlands
Phone: +31 30 6344344 — Fax: +31 30 6344300
E-mail: info@blygold.com — www.blygold.com

CONTACT @ ¥

YOUR LOCALBLYGOLD APPLICATOR




Sports Facilities

Cleaning and coating of condensers,
refurbishment of air handling units in
football, rugby and American football
stadiums.

Cleaning and coating of condensers at
aquatic centres around the world. The
atmosphere at swimming pools, saturated
with chlorine, is highly corrosive, especially
for the HVAC equipment.

Air handling unit renovation, duct
cleaning, corrosion protection and
chemical-technical cleaning of HVAC
equipment at sports facilities.

Blygold



Sports Facilities

SPORTS IN OPTIMAL CONDITION

Facility managers for sports facilities face different challenges. Some installations only have
extreme peak loads during big sporting events, others operate 24/7 for on-goingsport activities.
The need for optimal efficiency, low maintenance and high reliability is therefore eminent.
Heat exchangers play a key role in all air-conditioning systems with respect to efficiency and
performance. These heat exchangers are subject to corrosion and pollution much more than

any other part of the installation. Blygold heat exchanger protection significantly increases

Blygold

A SELECTION
OF OUR WORK

FC Utrecht
Galgenwaard
Stadium

Miami Dolphins

Sun Life Stadium
Coast

- Gold Aquatic

Centre

Arsenal Emirates
Stadium

PSV Eindhoven
Philips Stadium

Chelsea Stamford
Bridge Stadium

Florida Atlantic
University
Basketball Arena

KNVB / Royal
the reliability of cooling equipment. Lifetime extension, reduction of efficiency loss and lower Dutch Football
maintenance frequency have convinced many facility managers of some of the world’s most Association
famous sporting arenas to work with Blygold.
COOLING WITH HIGH EFFICIENCY & RELIABILITY PRACTICAL EXAMPLE
The Blygold heat exchanger protection does not have an impact on the Cooler without Cooler with
heat transfer capacity of an installation. Througha remarkable application Blygold coating Blygold coating
technique the total heat-exchanging surface is protected with a thin but E:S;eyn::::,;::::ramre nsgsk;,\c, 1 3:?;
dense coating layer. This means that not only the lifetime of the heat fs‘:;nm,hzxn‘;e:::cl:; 5000 1834
exchangers will be extended, the cooling capacity will remain intact as Energy consumption 238000 KWH 207775 KWH
well. The risk of breakdowns will be much lower, and related costs can ENERGY SAVINGS 13%
be avoided. Huge savings can easily be obtained simply by having the
heat exchangers treated by a Blygold certified applicator before or after Contactyour local Blygold applicator
installation. for extensive test reports

CONTACT

Blygold International B.V.

PO Box 44, 3990 DA Houten The Netherlands
Phone: +3130 6344344 — Fax: +3130 6344300
E-mail: info@blygold.com - www.blygold.com

YOUR LOCAL BLYGOLD APPLICATOR
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Powerpax chillers at Stanwell Power Station

Overview airfin banks, Limbe Power Station

Inspection after 2 years of operation




Power Plants

CORROSION DEVELOPMENT IN POWER PLANTS

Blygold

A SELECTION OF
CLIENTS

« Hyundai Heavy
Industries

- Alfa Laval
« STX Corporation
AR Industrial

« Doosan Heavy
Industries

« Wartsila

Continuity in the operation of power plants is extremely important. Efficient cooling equipment

is essential to create this continuity. The problem is that air-cooled heat exchangers are very

vulnerable to corrosive attack from sulphuric and salty environments. Failure of the cooling

equipment at power plants will cause capacity loss and even plant shut down. It is essential

that the cooling elements are well protected against these high risks of corrosion and pollution.

Blygold heat exchanger protection significantly increases the reliability of cooling equipment.

Lifetime extension, reduction of efficiency loss and lower maintenance frequency have convinced

many power plant managers and suppliers to work with Blygold.

PRODUCE ENERGY IN AN EFFICIENT WAY

Blygold heat exchanger protection will minimize capacity loss of an
installation caused by corrosion and pollution. Through a remarkable
application technique the total heat-exchanging surface will be protected
with a thin but dense coating layer, extending the lifetime of the heat
exchangers. The risk of breakdowns will be much lower, and related
costs can be avoided. Substantial savings can easily be obtained simply

by having the heat exchangers treated by a Blygold certified applicator

before or even after installation.

CONTACT

Blygold International B.V.

PO Box 44,3990 DA Houten The Netherlands
Phone: +31 30 6344344 — Fax: +31 30 6344300
E-mail: info@blygold.com — www.blygold.com

PRACTICAL EXAMPLE
Cooler without Cooler with

Blygold coating Blygold coating
Condensation temperature 56°C 48°C
Energy consumption 119 kW 113.4 KW
Running hours per annum
(598 MW cooling capacity) 2000 1834
Energy consumption 238000 kWH 207775 kWH
ENERGY SAVINGS 13%

Contact your local Blygold applicator

for extensive test reports

YOUR LOCAL BLYGOLD APPLICATOR




Palm Island

Blygold

‘We simply can’t permit
air conditioning breakdowns’

WHY PROTECT PALM ISLAND’S
CLIMATE SYSTEMS?

Our guests expect « Salty air and sand storms are highly corrosive
luxury and comfort, e .
; ) « Humidity is highly corrosive
and that certainly includes
good air conditioning’
HOW
‘Air conditioning systems « Patented Blygold application protocol

which consume low amounts of
energy are indispensable with

today’s high energy prices’ BENEFITS
« Energy savings up to 20%

« Extends the lifetime of the climate system
"We won’t need to concern « Prevents breakdown of the climate system

ourselves about our climate « Treatment costs can be recovered in 1 year
system in the coming years’



Palm Island

Blygold

PalmIslandis locatedin Dubaiandisaman-madeisland sculpted into the sea. Dubai has a highly

corrosive environment with high levels of salt, humidity, industry and sand. The combination of

these elements leads to rapid corrosion of the heat exchanger. Once corrosion occurs the heat

exchanger will experience failures resulting in higher energy costs. Because of this aggressive

environment all of the air conditioning units at Palm Island have been treated with Blygold.

Blygold has successfully protected 12.000 air conditioning units at Palm Island.

ENERGY SAVINGS TOP PRIORITY
The Protocol of Kyoto, formulated in 1997, aims to minimize the emissions

of greenhouse gasses.

141 countries have agreed to reduce the emissions of greenhouse gasses
from the level in 1990 by an average of 5% during the period between
2008 and 2012.

Energy conservation at all levels makes a substantial contri bution to these
emissions. Nowadays energy conservation should be anitem on the agenda
of every Facility Manager.

Climate systems are the major consumers of energy and need to be

assigned top priority.

CONTACT

Blygold International B.V.

PO Box 44,3990 DA Houten The Netherlands
Phone: +31 30 6344344 — Fax: +31 30 6344300
E-mail: info@blygold.com — www.blygold.com

PRACTICAL EXAMPLE
Cooler without Cooler with

Blygold coating Blygold coating
Condensation temperature 56°C 48°C
Energy consumption 119 kW 113.4 KW
Running hours per annum
(598 MW cooling capacity) 2000 1834
Energy consumption 238000 kWH 207775 kWH
ENERGY SAVINGS 13%

Contact your local Blygold applicator

for extensive test reports

YOUR LOCALBLYGOLD APPLICATOR
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Museums

‘As Curator, | have to
have full confidence in
our air conditioning systems’

Damage to pictures
and statues is prevented’

‘Energy conservation
not only reduces costs,
but also spares
the environment’

‘An excellent air quality
is essential to the conservation
of our art treasures’

Blygold

WHY PROTECT MUSEUM S’
CLIMATE SYSTEMS?

City gasses are highly corrosive
Humidity is highly corrosive

HOW

Patented Blygold application protocol

BENEFITS

Energy savings up to 20%

Extends the lifetime of the climate system
Prevents breakdown of the climate system
Treatment costs can be recovered in 1 year



Museums

INCREASED RISKS FOR CLIMATE SYSTEMS IN MUSEUMS

Blygold

A SELECTION
OF REFERENCES

» Louvre Museum
« Van Gogh Museum
* Rijksmuseum

« Beaubourg

One of the most important considerations in operating a museum is the air quality. Museums

house collections of artwork that require proper temperature, humidity control and clean air.

When the atmosphere in amuseum is not according to strict specifications this can resultin high

restoration costs or damaged artwork. An ever-increasing rate of air pollution is threatening air

conditioning systems and the buildings they are in. Pollution will not only affect the indoor air

quality but also the performance of the air conditioning system. A corroded air cooled heat

exchanger causes a higher condensing temperature resulting in higher energy consumption.

Museums all over the world have chosen Blygold to protect their air conditioning system to

ensure a long life, optimal performance and reduced energy costs.

ENERGY SAVINGS TOP PRIORITY

The Protocol of Kyoto, formulated in 1997, aims to minimize the emissions

of greenhouse gasses.

141 countries have agreed to reduce the emissions of greenhouse gasses

from the level in 1990 by an average of 5% during the period between

2008 and 2012.

Energy conservation at all levels makes a substantial contri bution to these

emissions. Nowadays energy conservation should be anitem on the agenda

of every Facility Manager.

Climate systems are the major consumers of energy and need to be

assigned top priority.

CONTACT

Blygold International B.V.

PO Box 44,3990 DA Houten The Netherlands
Phone: +31 30 6344344 — Fax: +31 30 6344300
E-mail: info@blygold.com — www.blygold.com

PRACTICAL EXAMPLE
Cooler without Cooler with

Blygold coating Blygold coating
Condensation temperature 56°C 48°C
Energy consumption 119 kW 113.4 KW
Running hours per annum
(598 MW cooling capacity) 2000 1834
Energy consumption 238000 kWH 207775 kWH
ENERGY SAVINGS 13%

Contact your local Blygold applicator

for extensive test reports

YOUR LOCALBLYGOLD APPLICATOR
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Military Bases

‘We must be able
to concentrate in the most
demanding situations’

A reliable climate system
is absolutely essential’

‘The cost savings
have enabled to increase
our other budgets’

‘We are now armed
against salt water’

Blygold

WHY PROTECT MILITARY BASES'’
CLIMATE SYSTEMS?

+ Industry gasses are highly corrosive
+ Acid rain is highly corrosive
- Salty winds and sand are highly corrosive

HOW
+ Patented Blygold application protocol

BENEFITS

« Energy savings up to 20%

« Extends the lifetime of the climate system
« Prevents breakdown of the climate system
+ Treatment costs can be recovered in 1 year



Military Bases

INCREASED RISKS FOR CLIMATE SYSTEMS ON MILT ARY BASES

Blygold

A SELECTION
OF REFERENCES

« U.S. Naval Base
« U.S. Airforce Base
« U.S. Army Base
« Camp Pendleton

« Marine Corp
Station

e North Island
Naval Station

« U.S. Border

At an ever-increasing rate, corrosion is occurring due to acid rain, salty winds, industrial

gasses and other aggressive exterior influences. Air cooled heat exchangers are very sensitive

to corrosion which has a great impact on performance. A corroded air cooled heat exchanger

causes a higher condensing temperature resulting in higher energy consumption.

The reduction in replacements costs and energy consumption is the main reason for maintenance

and Facility Managers at military bases to use Blygold protected air conditioners all over the world.

ENERGY SAVINGS TOP PRIORITY
The Protocol of Kyoto, formulated in 1997, aims to minimize the emissions

of greenhouse gasses.

141 countries have agreed to reduce the emissions of greenhouse gasses
from the level in 1990 by an average of 5% during the period between
2008 and 2012.

Energy conservation at all levels makes a substantial contri bution to these
emissions. Nowadays energy conservation should be anitem on the agenda
of every Facility Manager.

Climate systems are the major consumers of energy and need to be

assigned top priority.

CONTACT R &
Blygold International B.V. \@‘ UKAS
PO Box 44,3990 DA Houten The Netherlands 7

Phone: +31 30 6344344 - Fax: +31 30 6344300
E-mail: info@blygold.com — www.blygold.com

Patrol
PRACTICAL EXAMPLE
Cooler without Cooler with

Blygold coating Blygold coating
Condensation temperature 56°C 48°C
Energy consumption 119 kW 113.4 KW
Running hours per annum
(598 MW cooling capacity) 2000 1834
Energy consumption 238000 kWH 207775 kWH
ENERGY SAVINGS 13%

Contact your local Blygold applicator

for extensive test reports

YOUR LOCALBLYGOLD APPLICATOR
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%
Transport & Construction aa

Korean Rail KTX high-speed trains

Cleaning and coating of condensers on
location for ZPMC, world’s biggest harbor
crane manufacturer, Shanghai China. On
average 6 - 8 units per crane, 15 - 20 cranes
per year. Manufacturer of condensing
units: Johnson Controls - York.

Coating of > 250 radiator coils per year
to be installed in Volvo Construction
Equipment. Treatment at workshop
Blygold Netherlands. Manufacturer and
client: Modine Manufacturing Company.

Coating and refurbishment of both

new and used coils for Queensland Rail,
Australia; Citytrain and Tilt train long
distance trains. On average > 500 coils
per year, all copper/copper. Manufacturer:
Sigma-HVAC, part of Knorr Bremse AG.



Transport & Construction

INTENSIVE USE REQUIRES INTENSIVE PROTECTION

Trains, planes, loaders and excavators are just a few examples of moving equipment for

3
E
aa

A SELECTION
OF REFERENCES

« Korean Rail KTX
high-speed trains

» VolvoConstruction
Equipment

o Deutsche Bahn/
German Rail

« ZPMC Heavy
Industries Co. Ltd.

« Caterpillar earth
moving equipment

« KLM Royal Dutch

commercial use that will be used intensively. They have to be working on a tight schedule and

have to do so for long periods of time without service or maintenance. This use, combined with

the highly corrosive environment the equipment is subject to, demands a lot of the machines and

their installations. Only the best materials can be used for them and maintenance is an absolute

must. Downtime and reliability are key objectives for maintenance and project managers in the

transport and construction business. To achieve both of these objectives, Blygold is more often

than not the preffered choice when it comes to corrosion protection for the heat exchangers of

this type of equipment.

PRODUCE ENERGY IN AN EFFICIENT WAY

Blygold heat exchanger protection will minimize capacity loss of an
installation caused by corrosion and pollution. Through a remarkable
application technique the total heat-exchanging surface will be protected
with a thin but dense coating layer, extending the lifetime of the heat
exchangers. The risk of breakdowns will be much lower, and related
costs can be avoided. Substantial savings can easily be obtained simply

by having the heat exchangers treated by a Blygold certified applicator
before or even after installation.

CONTACT

Blygold International B.V.

PO Box 44,3990 DA Houten The Netherlands

Phone: +31 30 6344344 — Fax: +31 30 6344300
E-mail: info@blygold.com — www.blygold.com

Airlines
PRACTICAL EXAMPLE
Cooler without Cooler with

Blygold coating Blygold coating
Condensation temperature 56°C 48°C
Energy consumption 119 kW 113.4 KW
Running hours per annum
(598 MW cooling capacity) 2000 1834
Energy consumption 238000 kWH 207775 kWH
ENERGY SAVINGS 13%

Contact your local Blygold applicator

for extensive test reports

YOUR LOCAL BLYGOLD APPLICATOR
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Airports

‘As Facility Manager
| need to be able to rely
on our climate system’

‘A good climate system
enables us to work efficiently’

‘The breakdown of our
air conditioning system
would completely disrupt
the airport’s operations’

‘Our customers must have
air of a good quality’

Blygold

WHY PROTECT AIRPORTS’
CLIMATE SYSTEMS?

City gasses are highly corrosive
Polluted air is highly corrosive
Highlevels of kerosene

HOW
Patented Blygold application protocol

BENEFITS
Energy savings up to 20%
Extends the lifetime of the climate system
Prevents breakdown of the climate system
« Treatment costs can be recovered in 1year



Blygold

Airports

A SELECTION
OF REFERENCES

« Heathrow Airport
+ Schiphol Airport
- Gatwick Airport
- Glasgow Airport

« Manchester
Airport

- Shanghai Airport
- Aéroport-de-

INCREASED RISKS FOR CLIMATE SYSTEMS AT AIRPORTS Lyon-St. Exupéry
Every year millions of passengers visit airports all over the world. These airport buildings need a
well maintained air conditioningas it is essential for an improved indoor air quality. At an ever-
increasing rate, corrosion occurs due to acid rain, discharge of kerosene, salty winds, industrial
gasses and other aggressive exterior influences. A corroded air cooled heat exchanger causes
a higher condensing temperature and a lower cooling capacity, resulting in a higher energy

consumption of the system.

Blygold protects air conditioners of airports all over the world. This results in benefits for the

passengers, facility owners, Maintenance Managers and equipment manufacturers.

ENERGY SAVINGS TOP PRIORITY PRACTICAL EXAMPLE
The Protocol of Kyoto, formulated in 1997, aims to minimize the emissions Cooler without Cooler with
of greenhouse gasses. Blygold coating Blygold coating
Condensation temperature 56 °C 48°C
. . . Energy consumption 119kW 113.4KW
141countries have agreed to reduce the emissions of greenhouse gasses Running hours per annum
. . . (598 MW cooling capacity) 2000 1834
from the level in 1990 by an average of 5% during the period between F———— W 207775 kW
2008 and 2012.
ENERGY SAVINGS 13%
Energy conservation at all levels makes a substantial contribution to these
emissions. Nowadays energy conservation should be an item onthe agenda Contactyour local Blygold applicator
of every Facility Manager. for extensive test reports

Climate systems are the major consumers of energy and need to be

assigned top priority.

CONTACT YOUR LOCAL BLYGOLD APPLICATOR
Blygold International B.V.

PO Box 44, 3990 DA Houten The Netherlands
Phone: +3130 6344344 — Fax: +3130 6344300

E-mail: info@blygold.comwww.blygold.com 71
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Cruise Ships

Blygold

A SELECTION
OF REFERENCES

* Queen Mary 2

* Queen Elisabeth 2

e Crystal Serenity

INCREASED RISKS FOR CLIMATE SYSTEMS ON CRUISE SHIPS
Beautiful cruise ships are always in the most corrosive environment: the ocean. Salt, wind and
humidity destroy the fins and tubes of the heat exchangers in very short periods. This results in
having to replace them more often and a rapid loss of capacity. Blygold PoluAl can extend the
lifetime of these heat exchangers without affecting the performance.
Blygold has successfully protected air conditioning systems on several cruise ships and
terminals. The key to these successful treatments is the ability to fit in the strict maintenance
schedules of cruise ships.
ENERGY SAVINGS TOP PRIORITY PRACTICAL EXAMPLE
The Protocol of Kyoto, formulated in 1997, aims to minimize the emissions Cooler without Cooler with
of greenhouse gasses. Blygold coating Blygold coating

Condensation temperature 56 °C 48°C
141 countries have agreed to reduce the emissions of greenhouse gasses Eﬂiﬁﬁ;iﬁ;“,?;’;‘f :nnum 1o 4
from the level in 1990 by an average of 5% during the period between éﬁfg’t‘fo‘n‘::':n";i‘;p““y) 138000 KUK 207775:;3:
2008 and 2012.

ENERGY SAVINGS 13%

Energy conservation at all levels makes a substantial contribution to these
emissions. Nowadays energy conservation should be an item on the agenda
of every Facility Manager.

Climate systems are the major consumers of energy and need to be
assigned top priority.

CONTACT
Blygold International B.V.

PO Box 44, 3990 DA Houten The Netherlands

Phone: +31 30 6344344 — Fax: +31 30 6344300
E-mail:info@blygold.com — www.blygold.com

Contact your local Blygold applicator

for extensive test reports

YOUR LOCAL BLYGOLD APPLICATOR



PoluAl XT

v/ Prevents corrosion
v/ Special spray technique
v/ Heat conductive

7074




BLYGOLD PoluAl XT

Blygold PoluAl XT - HVAC/R coil protection

Blygold has developed pioneering coatings specifically for HYAC corrosion protection. From the
very beginning Blygold has always focused on corrosion protection for heat exchangers.
Different types of corrosion such as galvanic or pitting rapidly decrease the heat exchange
efficiency of coils and the efficiency of the total HVAC equipment.

In the quest for more efficient air-conditioning equipment several innovations have increased the
nominal efficiency of heat exchanger coils. With the introduction of enhanced fins, increased fin
density, adiabatic systems and micro channels not only the nominal efficiency has increased but
also pollution and corrosion vulnerability. High pressure failures, early replacements and increased
power consumption can be prevented with the right preventive and corrective measures.
Protecting these heat exchangers calls for specialists. The geometry makes the application of
coatings complicated and the need for heat transfer excludes standard coating systems.

WITH BLYGOLD POLUAL XT WITHOUT BLYGOLD POLUAL XT

Special product
Our most coveted product is PoluAl XT: an aluminium
pigmented polyurethane coating especially

developed for the protection of air-cooled heat +/ Heat conductive

exchangers. PoluAl XT stands apart from the rest. 11,000+ hours salt spray test

It has an excellent chemical and UV resistance. It offers v UVresistance

flexibility, excellent adhesion with negligible effect on + Ultra thin layer (20 um) to prevent pressure drop
the heat transfer. Plus it can be applied in a very thin + Highly Flexible

layer, to prevent pressure drop. PoluAl XT combines all
these properties with extraordinary corrosion

protection.



The application

A good coating will only perform when applied in a
high quality process. Coating heat exchangers requires
specialists that are able to apply the coating on every
piece of bare metal present in a heat exchanger. Blygold
uses proprietary spray techniques that can only be
practiced by certified applicators . These qualified
applicators are essential to realize a corrosion resistant
and maintenance friendly heat exchanger. Blygold
coating application is preferably done in a conditioned
Blygold workshop but is, under restricted circumstances,
also possible on-site.

WITHOUT BLYGOLD POLUAL XT

BLYGOLD PoluAl XT

WITH BLYGOLD POLUAL XT

TECHNICAL INFORMATION

Treatment: PoluAl XT

Coating type: Aluminum pigmented Polyurethane
Color: Champagne

Pretreatment: Degreasing

Temperature Range (dry):

-20°t0 150 °C (-4° to 302 °F)

A good product
is just half the job,

Substrates: Aluminium and copper . .
ASTMB117: 11,000+ hours the appllcatlon
ASTM B-287: 4,000+ hours . .
Kesternich (2.0 Itr SO2): 80 cycles IS _I us t as
Layer Thickness: 25-30 um (1 mil) .
Pressure Drop: 0-5% ' m p Or ta n t.’
Thermal Resistance: 0-3%
Application: Qualified Blygold Applicator
UV Resistance: Excellent
Adhesion (cross hatch): 0 (European) 5b (USA)
Applications: Heat exchanging surfaces in high temperatures
Chemical Resistance: Excellent
Mass loss during acetic saltspray
10
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Quality

+ Over 40 years of experience

+ Unique application techniques
+ Unrivalled test results

+ All trained & qualified applicators
+/ 1S0 9001 Certified

INTERNATIONAL

Innovation

+/ Revolutionary R&D

+ Inhouse laboratory

+/ Deep understanding of the market
+/ Global awareness of customer needs
+/ Problem solving mentality

PO. box 44 3990 DA Houten T. 431306344344

®
Bl ! Old The Netherlands E. info@blygold.com

CORROSION PROTECTION www.blygold.com

Sustainability

V' Lifetime extension

+ Energy saving & Eco Friendly
+ Life Cycle Cost reduction

+/ Maintenance friendly

+ Corporate Social Responsibility

Your local Blygold applicator




PoluAl High Temp

v/ Prevents corrosion
v/ Up to 550 °C
v/ Heat conductive



BLYGOLD PoluAl High Temp

Prevents corrosion at temperatures up to 550 °C (1022 °F)

Heat exchangers that are used for heat regeneration in exhaust gasses are exposed to extreme
corrosive conditions The high temperatures, condensation and airborne chemical substances
make the condition for the metals off a heat exchanger severe. Sulphur and nitrogen and

chlorides are the main compounds responsible for the initiation and acceleration of corrosion.

Stainless steel is often used to cope with these conditions but this does result in much lower heat
exchange capacity. Engineers often prefer to work with stainless steel tubes with aluminium fins
to prevent leakages with still high heat transfer capacity. These aluminium fins need protection
to cope with the harsh conditions. Protective coatings have to meet complex requirements  like
heat conductivity, heat and chemical resistance.

WITH BLYGOLD POLUAL HIGH TEMP WITHOUT BLYGOLD POLUAL HIGH TEMP

Special coating
Blygold PoluAl High Temp is a heat conducting, corrosion

prohibitive coating that is able to protect metals from + High chemical resistance
rapid deterioration in extreme conditions and to withstand v Upto 550 °C (1022 °F)
temperatures up to 550 °C (1022 °F). Blygold PoluAl High + Triples the life time
Temp will prevent capacity loss and premature deterioration + Negligible pressure drop
of the heat exchanger. The coating can be applied to steel, +/ Heat conductive

aluminium, zinc and stainless steel (with special treatment).



TECHNICAL INFORMATION

Treatment:

Coating type:

Color:

Pretreatment:
Temperature Range (dry):
Substrates:
ASTMB117:

ASTM B-287:
Kesternich (2.0 Itr SO2):
Layer Thickness:
Pressure Drop:
Thermal Resistance:
Application:

UV Resistance:
Adhesion (cross hatch):
Applications:

Chemical Resistance:
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Blygold PoluAl High Temp
Aluminum pigmented Siloxane
Silver

Blygold Passivation Treatment

0to 550 °C (32°to 1022 °F)
(Stainless) steel, aluminum and zinc
1.500 hours (Neutral salt spray test)
1.500 hours (acid-salt spray test)
24 cycles

50 um (2 mil)

0-5% (depending on fin geometry)
0-3% (depending on fin geometry)
Qualified Blygold Applicator

BLYGOLD PoluAl High Temp
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BLYGOLD

Blygold is an innovative and forward-thinking company
offering unique and sustainable high-quality protection
against corrosion. With over 40 years experience, we have
the know-how and state-of-the-art products and techniques
to solve any corrosion problem. Our multitude of success
stories says it all.

Application protocols

Because of the specific geometry of heat exchangers, the quality of
the application process is just as important as the applied product.
Blygold has developed specific application protocols for heat
exchangers of all different dimensions, geometries and materials.

Global network

To ensure our products are applied according to these protocols,
Blygold works with trained and certified applicators only. Our global
network of qualified Blygold applicators can offer local support in
over 60 countries around the world.

Quality Innovation
+ Over 40 years of experience +/ Revolutionary R&D
+/ Unique application techniques + Inhouse laboratory
+ Unrivalled test results +/ Deep understanding of the market
+ All trained & qualified applicators +/ Global awareness of customer needs
+/ 1SO 9001 Certified +/ Problem solving mentality

e PO. box 44 3990 DA Houten T. 431306344344
ng The Netherlands F. 431306344300

CORROSION PROTECTION www.blygold.com E. me@b'ng'd.COm

I

Sustainability

+ Lifetime extension

+/ Energy saving & Eco Friendly
+ Life Cycle Cost reduction

+/ Maintenance friendly

+/ Corporate Social Responsibility

Your local Blygold applicator
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PoluAl XT-MB

v/ Corrosion resistant
v/ Micro organism resistant
v/ Heat conductive

v Treated article
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BLYGOLD PoluAl XT-MB

Blygold PoluAl XT-MB - Corrosion protection & Microbe resistant

Heat exchangers used to cool down an airstream or room are often exposed to corrosive

environments and microbiological growth. The condensation on the fins and the airborne
pollution create the perfect conditions for corrosion and microbiological growth .

Both phenomena, corrosion and microbiological growth, will reinforce each other. Corrosion will
create rough surfaces that increases the adhesion of pollution and microbes. Organisms will only
grow if they are able to stick to a surface. Microbes, once settled on a surface, are able to create a
very corrosive local microclimate that will affect the material they grow on.

The growth of bacteria and mould on chilled water or evaporator coils creates hygienic and smell
issues. The typical smell of air-conditioning, also called dirty sock syndrome is, in fact, caused by

the presence of these organisms.

WITH POLUAL XT-MB

Special Coating

Blygold PoluAl XT-MB is a corrosion protective coating

for cooling coils and evaporators. The coating shields
vulnerable metals from aggressive environments. The
aluminium content in the coating provides the necessary
heat conductivity to make sure that coated heat exchangers
have an optimal cooling capacity. Special additives ensure
the applied coating film is bacteria and fungi resistant. After
treating evaporators or cooling coils these articles should
be considered “treated articles”and labeled as such. The
efficiency of the coating to resist bacteria and fungal growth
has been tested and is available upon request.

www.blygold.com

WITHOUT POLUAL XT-MB

+ Corrosion resistant

+/ Micro organism resistant
+/ Heat conductive

+/ 11000 h salt spray test
+/ Nano free

+ Treated article




Special application

A good coating will only perform when applied in a

high quality process. Coating heat exchangers requires

specialists that are able to apply the coating on every piece

of bare metal present in a heat exchanger. Blygold uses

proprietary spray techniques that can only be practiced

by certified applicators . These qualified applicators are

required to make sure a corrosion and micro-organism

resistant heat exchanger is created . This is preferably done

in a conditioned Blygold workshop but is, under restricted

circumstances, also possible on-site .

TECHNICAL INFORMATION

Coating type:

Colour:

Pre-treatment:

Temperature Range (dry):
Substrates:

ASTMB117:

ASTM G85 A1:

Layer Thickness:

Bacteria resistance JISZ 2801:
Fungi resistance Din EN ISO 846 method B :
Pressure Drop:

Thermal Resistance:
Application:

UV Resistance:

Adhesion (cross hatch):
Applications:

Chemical Resistance:

Without PoluAL XT-MB
Bacteria (CFU/cm?2) 14000
Fungi (growth intensity) 4

With PoluAL XT-MB
Bacteria (CFU/cm?2) 14
Fungi (growth intensity)

B without PoluAL XT-MB
B With PoluAL XT-MB

Aluminium pigmented Polyurethane
Champagne

Degreasing with Coil Clean AP

-20 to 150°C (-4 to 302°F)
Aluminium, Copper, Galvanized steel
11000+ hours (neutral-salt spray test
4000+ hours (acid-salt spray test)
25-30 pm (1 mil)

2010 log reduction 4.3

Strong fungi static effect

0-5 % (depending on fin geometry)
0-3 % (depending on fin geometry)
Qualified Blygold Applicator
Excellent

0 (European) 5b (USA)

A good coating will
only perform when
appliedin a high
quality process

Chilled water and evaporator Heat Exchanger coils

Excellent (as per resistance list)

Micro-organism growth

20000 5

4
16000 4
12000

8000

Bacteria (CFU/cm2)

Fungi (growth intensity)




INTERNATIONAL

Quality Innovation

+ Over 40 years of experience +/ Revolutionary R&D

+ Unique application techniques + Inhouse laboratory

+ Unrivalled test results +/ Thorough understanding of the market
+ All trained & qualified applicators +/ Global awareness of customer needs
+/ 1S0 9001 Certified +/ Problem solving mentality

PO. box 44 3990 DA Houten T. 431306344344

®
Bl ! Old The Netherlands E. info@blygold.com

CORROSION PROTECTION www.blygold.com

Sustainability

+ Lifetime extension

+ Energy saving & Eco Friendly
+ Life Cycle Cost reduction

+/ Maintenance friendly

+ Corporate Social Responsibility

Your local Blygold applicator




Cabinet & Casing Coating

v/ Corrosion protection
v/ UV resistant
v/ For harsh environments (C1-C5M)

V/ Abrasion resistant

8234



BLYGOLD Cabinet & Casing Coating

Blygold HVAC Cabinet & Casing protection

Blygold casing coatings provide a long lasting corrosion protection for HYAC equipment. The coatings are developed
to be the perfect add-on to the standard applied OEM coating systems. The Blygold coating techniques and procedures create protection on all
vulnerable surfaces like cutting edges, screws and bolts, tubing and construction parts. The protective coatings can be applied in the factory as well

as on-site.

Blygold has been specializing in HYAC equipment coating for more than 40 years. Our applicators know how to handle this vulnerable equipment.
Blygold maintains a quality standard that makes customers come back over and over again not only in coating application, but also in logistics and

service.

Special coatings
and unique
applications:
HVAC equipment
protection calls
for specialists

Blygold Casing Coating compliant with ISO 12944-6
To assist corrosion experts, engineers and consultants in selecting the best corrosion protection option for every specific situation, guidelines
are set in ISO 12944-6. This international standard describes different corrosion classes, and sets the benchmark on corrosion protection of steel

structures by protective paint systems. Blygold coating formulas are compliant with ISO 12944-6.

Corrosion Class cl (o] c ca cs5 c5-M
Medium High Very high Very high

Impact Very low Low
(industrial) (Marine)

T 2
I (]

Blygold Coating Formula Country side Urban & small industrial Heavy industrial

Coastal & offshore

Interior Exterior Interior Exterior Interior Exterior Interior Exterior

Blygold ClearCoat

Blygold CasingGuard | |




Designed for the job!

Ever since Blygold was founded in 1976, our core business focused specifically on corrosion protection of HVAC equipment

and especially heat exchangers . This makes us unique, and it's the reason why still today Blygold is global market

leader in this industry. Our own R&D department is constantly testing and improving our range of products and services. This mentality makes
Blygold the benchmark application in our industry. Blygold products are always specifically designed for their purpose. Blygold PoluAl coatings
are designed to offer maximum corrosion protection without affecting the efficiency of the heat exchanger. Blygold ClearCoat and Blygold
CasingGuard offer optimal protection for cabinet and casings. Blygold CasingGuard system is to be used in severe corrosive conditions while
the Blygold ClearCoat system provides good protection for moderate corrosive applications. Your local Blygold representative can help you in

deciding which coating system is most suitable for your application.

BLYGOLD CASINGGUARD BLYGOLD CLEARCOAT
Blygold developed the CasingGuard coating system for the most Blygold Clearcoat is a transparent coating system that enhances the
severe exposure conditions. HVAC equipment at oil platforms, existing OEM coating properties. The coating adheres directly to
coastal environments or wastewater plants are examples where the several coating types without special primer or pre-treatment. The
system has a long track record. All reasonable accessible surfaces finished surface has a high gloss and has an extremely long
are thoroughly pretreated , primed with Refamac 3509 and finished resistance against UV exposure. The application of the Blygold
with Refamac 3800. The primer creates excellent adhesion to OEM Clearcoat will also bring back faded colours of HYAC equipment. The

coatings and bare metals, special metallic pigments provide the first thin and smooth film has repellent properties that limits the adhesi
corrosion protective barrier. The finishing coating “3800"is designed on of pollution. The coating is applied after thorough
to create coverage even on vulnerable sharp edges. The thin layer visible surfaces of the HVAC equipme

technology creates a smooth and extremely protective finish with of the coating, the unit wi

limited layer thickness.

TECHNICAL INFORMATION BLYGOLD CASINGGUARD BLYGOLD CLEARCOAT




Quality

+ Over 40 years of experience

+ Unique application techniques
+ Unrivalled test results

+ All trained & qualified applicators
+/ 1S0 9001 Certified

INTERNATIONAL

Innovation

+/ Revolutionary R&D

+ Inhouse laboratory

+/ Deep understanding of the market
+/ Global awareness of customer needs
+/ Problem solving mentality

PO. box 44 3990 DA Houten T. 431306344344

®
Bl ! Old The Netherlands E. info@blygold.com

CORROSION PROTECTION www.blygold.com

Sustainability

+ Lifetime extension

+ Energy saving & Eco Friendly
+ Life Cycle Cost reduction

+/ Maintenance friendly

+ Corporate Social Responsibility

Your local Blygold applicator




PoluAl MC

- Preserves high efficiency of micro channel HX
- Prevents early micro channel HX failure

- Heat conductive protective layer

- Improved water release properties

- Highly flexible for coil bending

- Reflective pigment prevents sun

radiation absorption

90




Micro Channel Heat Exchanger Design

The Micro Channel Heat Exchanger (MCHE) development originates from the automotive
industry where it is used since more than twenty years now. They have however only recently
been introduced to the HVAC&R industry. Some of the big advantages are that they are lighter,
more efficient and they lower the required refrigerant volume. Another advantage of an MCHE
coil is that it's made out of aluminium only. This makes it less vulnerable to galvanic corrosion
(caused by combining dissimilar metals) than the traditional RTPF coils . The MCHE coils not only
bring the above mentioned advantages, they also bring with them extra challenges. In corrosive
environments, not only the fins will corrode but also the aluminum tubes are at risk.

. Pitting corrosion

aluminium has a protective oxide layer

by nature that prevents an overall

corrosion process as can be seen on steel

substrates. In environments with high

salt exposure aluminium tends to corrode .
very locally with high salt exposure,

aluminium tends to corrod....

This results in local deep material

loss also called pitting. On micro channel
HX this may result into refrigerant
leakages through the thin aluminium

. tube wall.

Salt accumulation

The high fin density combined with the

extreme fin enhancement design .
results in highly efficient heat transfer.

Down side of this design is the rapid

salt and pollution accumulation due .

to the very narrow spacing. With salt

accumulation occurs an increased

. corrosion risk.

Water drainage Uncoated MCHE

Horizontal flat aluminium tubes

combined with narrow fin spacing
result in a perfect geometry for water
retention after rain. This also means that
accumulated pollution and salts between
the fins are not washed out of the coil.



‘ Micro channel tube protection

Blygold PoluAl MC completely seals

o tieviraacst.cecfor e
environment. With a very thin single layer
treatment the coating prevents possible

pitting corrosion and refrigerant leakages.

Sclar radiation ref ective

Tnesa- ghtactzior efect g
pigmentation does not only prevent
coating breakdown due to UV, it

also reduces sunlight radiation heat
absorption compared to black surfaces.

Improved water drainage

The coating surface creates improved
water drainage properties for the
microchannel coils. When water drains
from the coil the risk for corrosion and
accLe zior oo oo Ler ssgothcetty
reduced!

Spray applied technology

The proprietary Blygold spray technique
results in 100% metal surface coverage
v/-boat c“cg~z 0" " 1scacrg cetweasn
“rso i e~fercerants

Coated MCHE




BLYGOLD - PoluAl MC

Technical information

Treatment:  Blygold PoluAl MC
Coating type:  Aluminium Impregnated Polyurethane
Colour/pigment  Sunlight radiation reflective silver, sacrificial to substrate
Pre-treatment:  Blygold Aluprep HX
Substrates:  All aluminium heat exchangers like MCHE and radiators
Layer Thickness: ~ 20-40 um
Pressure Drop:  0- 20 % (depending on fin geometry)
Thermal Resistance:  0-3 % (depending on fin geometry)
Application:  Qualified Blygold Applicator
UV Resistance:  Excellent
Temperature Range (dry):  -30°Cto 150°C

Test results:
SWAAT (test until leakage):  3-5 times longer compared to uncoated coil
ASTM B117: 4000+ hours (heat exchanger)
11.000 hours (aluminium plate)
ASTM B-287: 4000+ hours (acid-salt spray test)
Kesternich (2.01tr SO2): 80 cycles
Electrochemical impedance:  6,78E +07 QO* cm2
HX water drainage:  up to 30% improvement compared
to uncoated MCHE coil
Adhesion (cross hatch): 0 (European) 5b (USA)

Coating Performance Testing
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® Blygold International B.V. Find your local applicator
B O PO Box 44, 3990 DA, Houten, E-mail: info@blygold.com www.blygold.com
The Netherlands Phone: +31 30 6344344

CORROSION PROTECTION www.blygold.com Fax: +31 30 6344300




Heat exchanger protection

v/ Heat conductive corrosion protection
v/ Triples the HX lifetime

v/ Global applicator network

v/ Factory & field application



BLYGOLD HX protection

Blygold Corrosion protection

Blygold coatings provide a long lasting corrosion protection for air cooled heat exchangers.

They seal off the heat exchanger from the environment, without affecting heat transfer

and pressure drop. The heat conductive pigmentation in the coating is oriented in such
a way that it creates a very high chemical resistance at a low layer thickness.

The system can be applied in the factory as well as on-site. Our specialized products,

combined with our unique application procedures, make Blygold the best available option

to prevent airconditioning failure and unnecessary energy consumption. Our wide range

of products and services offer solutions for all types of air cooled heat exchangers.

Designed for the job!

Ever since Blygold was founded in 1976, our core business

focused specifically on corrosion protection on heat

exchangers. This makes us unique, and it's the reason why
still today Blygold is global market leader in this industry. Our
own R&D department is constantly testing and improving
ourrange of products and services and this mentality makes

Blygold the benchmark application in our industry

Blygold products are always specifically designed for their

purpose. Blygold PoluAl coatings ares designed to offer

maximum corrosion protection without affecting the

efficiency of the heat exchanger

Blygold PoluAl XT(-MB)

An aluminium pigmented polyurethane
coating developed for the protection of
air-cooled heat exchangers. The product
meets all the necessary requirements for
the coating of condensers (XT) and coolers
(XT-MB). PoluAl XT stands apart from the
rest. It has an excellent chemical and UV
resistance. It offers flexibility, excellent
adhesion with negligible effect on the heat
transfer. Plus it can be applied in a very thin

layer, to prevent pressure drop.

Blygold PoluAl MC

This product is developed to protect the
vulnarable Microchannel coils against
corrosion, without affecting it unique
qualities and specifications. The product is
flexible, uv resistant and has practically no
effect on the pressuredrop. Improved water
release properties prevent the fin openings
from being blocked by water, and a sunlight
reflective pigmentation prevents lower
efficiency of the coils due to heating up by
sunlight.

A good product s just
half the job, the application
is just as important!

Blygold PoluAl High Temp

Blygold PoluAl High Temp is a heat
conducting, corrosion prohibitive coating
that is able to protect metals from rapid
deterioration in extreme conditions and
to withstand temperatures up to 550°C
(1022°F). Blygold PoluAl High Temp will
prevent capacity loss and premature
deterioration of the heat exchanger.
Applied by qualified Blygold applicators,
this protection system will ensure energy

recovery and optimal performance



The application

Blygold coatings provide a remarkable long lasting

and resilient corrosion protection for Air cooled Heat

exchangers. They finely seal off the heat exchanger from the

environment, without affecting heat transfer and pressure

drop. The system can efficiently be applied in the factory as

well as on-site. Our specialized elite products and unique

application procedures make Blygold the best choice to

prevent air conditioning failure and unnecessary energy

consumption due to corrosion.

This product, in combination with our unique application

techniques ensures full coverage of the heat exchanger.

It ensures the best corrosion protection possible. It does

so flawlessly without affecting the efficiency of the heat

exchanger.
Treatment PoluAl XT(-MB) PoluAl MC PoluAl High Temp
Coating type Aluminium pigmented polyurethane | Reflective pigmented polyurethane | Aluminium pigmented siloxane
Color Champagne Bright silver Silver
Pretreatment Degreasing Degrease and passivation Degreasing
Temperature range (dry) -20°C to 150°C -20°Cto 150°C 0°Cto 550°C
Substrates Aluminum, copper and steel Aluminium Aluminium and steel
Salt spray test 11.000+ hours (B117) 6.000+ hours (SWAAT) 11.000+ hours (B117)
Acid salt spray test 4.000+ hours 4.000+ hours (G85-A1) 3.000+ hours (G85-A1)
Kesternich (2.0 Itr SO2) 80 cycles 80 cycles 80 cycles
Dry layer thickness 25-30 pm (1 mil) 25-30 pm (1 mil) 50 pm (2 mil)
:’yr::;ure drop increase (depending on coil 0-15% 5.20% 0-9%
I:ec';:at'ype) eincrease (depending |, 54, 03% 03%
Application Qualified Blygold Applicator Qualified Blygold Applicator Qualified Blygold Applicat:
UV resistance Very good Excellent
Adhesion (cross hatch) 0 (European) 5b (USA) 0 (European) 5b (US,
Chemical resistance High

HX water drainage

NA

Electrochemical impedance

Micro-organism




Quality

+ Over 40 years of experience

+ Unique application techniques
+/ Unrivalled test results

+ All trained & qualified applicators
+ 1SO 9001 Certified

INTERNATIONAL

Innovation

+/ Revolutionary R&D

+ Inhouse laboratory

+/ Deep understanding of the market
+/ Global awareness of customer needs
+/ Problem solving mentality

PO. box 44 3990 DA Houten T. 431306344344

®
Bl ! Old The Netherlands E. info@blygold.com

CORROSION PROTECTION www.blygold.com

Sustainability

+ Lifetime extension

+ Energy saving & Eco Friendly
+ Life Cycle Cost reduction

+/ Maintenance friendly

+ Corporate Social Responsibility

Your local Blygold applicator




Blygold
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Blygold Resmi Turkiye Franchisor
Distributari LUFTSIS AS.

lyeold

CORROSION PROTECTION

Serifali Mahallesi Husrev Sokak
No: 2 Kat:4 Y. Dudullu,
34775 Umraniye, Istanbul

+90 216 526 5242
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www.blygold.com/tr |  wwwluftsiscom | info@luftsis.com





