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Tel Formundaki Malzemeler Uzerine
Yapilan IYIetaIik Kaplamalarin
Kalinlik Olcum Metotlar

Measurement Methods Of Metallic Coating
Thicknesses On Wire Form Materials
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Yilmer Test ve Olgii Sistemleri San. ve Tic. Ltd. Sti.
Helmut Fischer GmbH

Tel denince aklmiza neler gelir? Gelin teli, gitar teli, telgraf teli, ampul
teli, telefon teli, ¢it teli, camasir teli ve daha birgogdu.

Teller, metal veya metal disi bazi malzemelerden Uretilen endUstriyel
UrUnler olarak yasamin her alaninda kullanimaktadrr. Cok ince
iplikgik formunda olabildigi gibi, daha kalin ¢apta malzemeden
Uretilen teller genellikle esnek formdadirlar. Fe, paslanmaz celik, Cu,
Cuzn, Al, Wolfram (Tungsten) gibi metal malzemelerden Uretilen
teller; elektronik, elektromekanik, otomotiv ve giinlik yasamda akla
gelebilecek her alanda kullanimaktadir. Cu teller cogunlukla elektrik
enerjisinin iletiminde kullaniimalarinin yani sira, elektronik sektérinin
vazgeciimez malzemelerindendir.

Art arda yapilan haddeleme iglemleriyle, malzemeler cap degerleri
dusurdlerek farkll 6zellikte teller haline getirilirler. Bu islemler sirasinda
malzeme yapisinda ve ylzeyinde bir¢ok degisiklik meydana gelmesi
tel Uretiminin bilinen dnemli zorluklarindandir.
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Tel veya gubuk

Metalik teller diger ylzeylerde oldugu gibi korozyon korumasi,
iletkenlik artirmak ve ayni zamanda estetik amaclarla diger metaller

What comes to mind when we think about wires? Tinsel, guitar
strings, telegraph wires, light bulb filaments, telephone wires, fence
wires, laundry racks and many more.

Wires, whether made of metal or non-metal materials, are used as
industrial products in all areas of life. While they can be in the form
of very thin strands or have thicker diameters, wires are generally
in flexible form. Wires produced from metal materials such as Fe,
stainless steel, Cu, CuZn, Al, Wolfram (Tungsten) etc. are utilized
in electronics, electromechanics, automotive and in many other
fields, becoming essential to our everyday lives. While mostly used
in the transmission of electrical energy, Cu wires are indispensable
materials for the industry of electronics.

During wire production, the diameter of the materials is reduced
through successive rolling processes, yielding products with different
properties. Many changes occur in the material structure and surface
during these processes, highlighting one important difficulty of wire
production.

O

Metallic wires, alike other surfaces, are coated with other metals or
protective layers for corrosion protection, to increase conductivity
and for aesthetic purposes. In addition to the use of pure elements
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such as Ag, Au, Ni, Sn, Zn, alloys like CuZn, CuSn, SnPb constitute
a considerable proportion of these coating types. Whether coatings
are made for functional or alternate purposes, it is required for their
thickness to be measured. There are many known methods for
measuring the coating thickness of wire-formed materials. The pros
and cons of these said methods are explained and demonstrated
below.

Microscopical Examination of Cross Section:

Coating Thickness by Microscopical Examination of Cross Section
ASTM B487-20

To perform this method, a specimen from the coated wire material is
extracted via cutting and the necessary surface preparation methods
are applied. Following the preparation, the coating thickness of
the specimen, now mounted in bakelite, is measured under a
microscope. However, this method is not optimal from a technical
standpoint, as it only yields results in a single section, requires a long
preparation duration and experience for accurate measuring.
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The method also poses a challenge as it is not applicable for wires
with very thin diameters and additionally disadvantageous as it is a
destructive method of measurement.
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veya koruma katmanlaryla kaplanmaktadr. Ozelikle Ag, Au, Ni,
Sn, Zn gibi saf elementlerin kullanimasinin yani sira, CuZn, CuSn,
SnPb gibi alagimlar da kaplama gesitlerini olustururlar. Kaplamalar,
ister fonksiyonel ister baska amagclarla yapilsin, mutlaka kalinliklarinin
Olctimesi gereklidir. Tel formuna getirimis malzemelerin kaplama
kalinliklarnin élgtimesi icin bilinen bircok metot mevcuttur. Asagida
bu metotlara iliskin teknik ayrintilar, avantaj ve dezavantajlariyla ele
alinmuigtir.

Mikro kesit yontemi :

Coating Thickness by Microscopical Examination of Cross Section
ASTM B487-20

Kaplanmig tel malzemeden alinan numune kesilerek gerekli ylzey
hazirlama ydntemleri kullanildiktan sonra bakalit i¢ine alinarak bir
mikroskop altinda kaplama kalinldr dlgtltr. Ancak bu metot teknik
olarak sadece tek bir kesitte sonu¢ vermesi ve dlgctim icin uzun

st ot [

sUren bir hazirlik ve deneyim gerektirmesi bakimindan ¢ok uygun bir

yontem degildir. Aynica ¢ok ince ¢apli tellerde uygulanmasi zordur.
Tahribath dlgtim metodu olmasi ayri bir dezavantajdir.
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Agirlik kaybi yontemi :

Bu yontem, kaplanmadan énce agirigi tartilan birim malzemenin
kaplama sonrasindaki agiriginin tartimasi yoluyla elde edilen
ortalama kaplama kalinlig degeridir. Sadece genel ortalama
degeri verdigi icin noktasal veya ylzeye dagiim degerlerini
icermediginden ¢ok hassas bir yontem degildir. Tahribath 6lgim
metodu olmasi ise bagka bir dezavantajdr.

Coulometric yontem :
Coulometric Test Method DIN EN ISO 2177

Kaplamanin ters islemiyle (negatif akm) tel ylzeyindeki kaplama
kalnlgini voltaj/zaman degisimine bagl olarak hesaplayan bir
metottur. Coulomb formUliine gore, kaplama kalinligini hesaplayan
bu ydntemde cihaza tel c¢api, sbkme kimyasalina daldirlan
tel uzunlugu girilerek uygun kaplama/baz kombinasyonu igin
gelistiriimis  programcik vasitasiyla ortalama kaplama kaliniigi
OlcUldr. Bu metodun dezavantaji tahribatl olmasidir.

Sistem, numune telin baglandigi ve s6kme kimyasalinin kondugu
bir 6lcme standi ile elektronik degerlendirme kismindan meydana
gelmistir. (Sekil 1.)

Coulomb Formiilii

d : Kaplama kalinhgi (um)

eA : Elektrokimyasal esdeger (g/AS)

: S6kme Akimi (Amper)

: Akim Verimi

. S6kme Sdresi (dak.)

: Sokme alani (cm?)

: Kaplama Malzemesinin yogunlugu (g/cm3)
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Sekil 1- Tel Olcme Standi Diizenegi
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The Weight Loss Method:

The weight loss method vyields the average coating thickness
value obtained by weighing the unit material before and after
coating. It is not a method of high sensitivity since it only gives
the general average value and cannot provide point or surface
distribution values. An additional disadvantage of this method is it
being a destructive one.

The Coulometric Method:
Coulometric Test Method DIN EN ISO 2177

The coulometric method calculates the coating thickness on
the wire surface depending on the voltage/time variation by
reversing the coating process (negative current). In this method,
which calculates the coating thickness according to the Coulomb
formula, the wire diameter and the length of the wire immersed in
the stripping chemical are entered into the device and the average
coating thickness is measured by the program developed for the
appropriate coating/base combination. The disadvantage of this
method is that it is destructive.

The system consists of a measuring stand where a wire sample is
attached, a vessel where the stripping chemical is placed, and an
electronic evaluation monitor. (See fig.1)

The Coulomb Formula

d : Coating thickness (um)

eA : Electrochemical equivalent (g/AS)
| : Deplating current (Ampere)

8 : Current efficiency

d : Deplating duration (min.)

A : Deplating area (cm?)

g : Density of coating material (g/cm3)

Fig. 1 - Wire Measuring Stand Apparatus

https://www.tuyider.org



Start of coating

Deplating process

End of coating
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Fig. 2 \oltage/time Deplating Diagram in Coulometric Measuring Method
EDXRF Measuring Method: ED-XRF Olgcme Metodu :
Energy Dispersive X-RAY Fluores- - Energy Dispersive X-RAY Fluo-
cence Measuring Method DIN ISO mAY TUBE rescence Measuring Method DIN
3497, ASTM B 568 ISO 3497, ASTM B 568
The EDXRF method is a non-de- @) EDXRF metodu metalik mal-

WinFTM*

structive, fast, clean and in relation

to alternate methods, a sporadi-

cally more sensitive measurement

technique used in metallic materi- ©
al analysis and coating thickness CAMERA
measurement. EDXRF, which has

been an indispensable method in

coating thickness measurement in

the past 20 years, being extremely

useful both for sample measure- ®
ments with desk top instruments DETECTOR
and for in-line measurements

used in production lines, holds

accelerating importance in today’s

industries. Very small X-ray spots

are required in order to execute

surface measurements N wire

form. In today’s technology, X-ray
measurement spots can be re-

duced up to 20x20 pm, thanks to

capillary optic technologies. This

technology also makes possible

for the delivery of primary X-rays

to extremely high intensities.

Standard collimators (hole structures that shape x-ray spots) result
in considerable energy loss whilst shrinking X-ray spots. To make a
precise and correct measurement utilizing the EDXRF coating thick-
ness measurement method, it is necessary to have as high of an
excitation energy as possible.

In the coating thickness measurements made on wire, there is a
found ratio between the x-ray spot size and the wire diameter. The
wire diameter (d) should be 4-6 times larger than the x-ray spot. In
practice, this value is multiplied by five times.

X-Ray spot size/4-6 < @ d

Below, the coating thickness measurement techniques on wire, that
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Sekil 3 EDXRF Metodu ile Kaplama Kalinigi Olgtimi
Prensip Semasi

Fig. 3 Principles of Coating Thickness Measurement with
EDXRF Method

zeme analizi ve kaplama kalinligi
6lcimunde kullanilan tahribatsiz,
@ hizli, temiz ve diger metotlara gore
yer yer daha hassas bir élgme
teknigidir. Gegtigimiz 20 yil icinde
kaplama kalnhg  dlciminde
vazgecilmez bir metot olan EDX-
RF hem masa tipleriyle numune
i Olcimlerinde hem de 6zellikle
H ginimuzde gok 6nem kazanan
B et Uretim hatlannda  kullanilan  in-
e line Slctimler icin son derece Kul-

larighdir. Tel formundaki Olgim
yUzeyleri icin ¢cok kUgUk X-igini
spotlarna  gereksinim  vardir.
GUnUmUz  teknolojisinde  x-1gINni
6lcum spotlart Capiller optikler
sayesinde 20x20 pm’a kadar
kigulttlebilmektedir. Ayni zaman-
da primer X-iginlarini son derece
yUksek yogunluklara ulastirabil-
mektedir.

PRIMARY FILTER
optimizes excitation radiation

@

MIRROR

directs picture to the camera

COATING MATERIAL
BASE MATERIAL

Klasik 6lcme alani  collimator

(x-1sini spotlarini sekillendiren de-
likli yapilar) ler ise X-isini spotlarini kUgultirken enerji kaybina yol
agmaktadirlar. EDXRF metodu ile kaplama kalinligi dlgtimlerinde
hassas ve iyi bir dlcim yapmak icin olabildigince yiksek exitation
(tahrik) enerjisine ihtiyag vardir.

Tel Gzerine yapiimis olan kaplama kalinligr élgtimlerinde x-isini spot
blyUkltgu ile tel ¢apr arasinda bulunmus bir oran mevcuttur. Tel
gapi (d) x-1sini spotundan 4-6 kat daha buyuk olmalidir. Pratikte bu
deger 5 kati olarak kullaniimaktadir.

X-Ray spot size/4-6 <@ d

Asagida klasik kolimatérlerle EDXRF metoduyla yapilabilecek tel
Uzerinde kaplama kalinligi dlgtim teknikleri gosterilmigtir.
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Eksenel:

Bu durumda X-igini spotu dikddrtgen formda ve uzun kenar
tel ekseni boyunca pozisyonlanmistir. Kisa kenar Olgusu tel
caplyla yukaridaki orani saglamasi durumunda dogru bir élgim
yapllabilmektedir. Avantaj, sertifikalandinimis diz kalibrasyon
setleri kullanilabilmesidir.

Yuvarlak:

Dikdortgen sekilli x-isini spotu tel eksenine dik bir konumda
pozisyonlanmisti.  Spot  teli  drtmemektedir. Bu durumda
kalinlig bilinen benzer bir tel ile ayni pozisyonda kalibre edilmesi
gereklidir. Kaplama kalinidr bilinen referans tel temin etmek ¢ok
kolay degildir.

Demet (bundle):

Yuvarlak ve blyUk bir x-1sini spotu varsa teller yan yana getirilip
demet seklindeyken bir arada 6l¢ulur. Yapilacak ¢oklu élgtimlerin
ortalamasi noktasal 6lgtim ortalamalariyla karsilastiridiginda son
derece yakin kaplama kalinlik degerleri vermektedir.

X-ray 1sini . d -
Kaplama
| Baz tel mal.
S
— 2 —

Sekil 4. Yiksek Enerji ve Kiguk X-Isini Spotu
igin Capillary (Kilcal) X-lsini Demet Teknolojisi

Tel formundaki kigUk caplar gibi yUzeylerde kaplama kalinlig
Olcimi yapmak gerektiginde veya ¢ok kisa exitation (isinlama)
sUreleriyle élgcim/analiz yapma mecburiyetleri ortaya ¢iktiginda
kilcal (capillar) optik sistemler kullaniimaktadir.

X-isini kilcal (capillary) optikleri, X-iginini - yénlendirmek ve
sekillendirmek icin kullanilir. Bu tur sistemler, cok sayida ici bos
kilcal kanalin monolitik bir sisteminden olusan silindirik, elipsoidal
veya paraboloidal kilcal damarlar veya polikapillerler gibi
monokapillerden meydana gelir. Bu kilcal kanallarin fonksiyonlari,
plrizsiz i¢ ylzeylerinden gecen, X-isinlarindan olusan toplam
dis yansimalarinin etkisine dayanir. Toplam yansima agisindan
klgUk insidans acilar i¢in yansima katsayisi ylzde 100’e yakin
degerlere ulagir ve X-radyasyonuna optiklerden en az enerii
kaybiyla ydnlendirilir. Kritik agi esas olarak yansitici materyale ve
X-1gini foton enerjisine baghidir. X-isini kilcal damarlar icin temel
malzeme camdir. Yansitici cam yUzeylerin disik pUrdzIGlaga
X-1sininin kilcal damarlardan etkili bir sekilde taginmasini saglar.
Bu Ozelliklerden dolayr kilcal optikler, X-isinlarini kaynaktan
numuneye yiksek bir yogunluk olusturacak sekilde yonlendirir.

are achievable utilizing the EDXRF method with conventional colli-
mators, are demonstrated.

Axial: In this case, the X-ray spot is rectangular and positioned
along the long side of the wire axis. An accurate measurement
can be made if the measurement of the short side and the diam-
eter of the wire meets the ratio given above. The advantage to
this method is that it makes it possible for certified flat calibration
to be used.

Round: The rectangular x-ray spot is positioned perpendicular
to the wire axis. The spot does not cover the wire. In this case,
it must be calibrated in the same position with a similar wire of
known thickness. The disadvantage is that it is difficult to obtain a
reference wire of known coating thickness.

Bundle: If there is a round and large x-ray spot, the wires are
brought together and thus measured together in the form of a
bundle. The average of the multiple measurements to be made
gives extremely close coating thickness values when compared
to the point measurement averages.

Sekil 4. Yiksek Enerji ve Kiigtk X-Isini
Spotu Igin Capillary (Kilcal) X-Isini Demet Teknolojisi

Capillary systems are utilized under circumstances where it is
necessary to make coating thickness measurements on wire form
surfaces with small diameters or when measurements/analysis
are required to be made using very short excitation periods.

X-ray capillary optics are used to guide and shape X-radiation.
Such systems are either monocapillary, such as cylindrical,
ellipsoidal or paraboloidal capillaries or polycapillary, consisting
of a monoalithic system of many hollow capillary channels. Their
function is based on the effect of total external reflection of X-rays
from the smooth internal surfaces of the capillary channels. For
the incidence angles lower than the critical angle of total reflection,
the reflection coefficient reaches values nearing 100 percent and
the X-radiation is guided through the optics with minimum loss.
The critical angle depends mainly on the reflecting material and
the X-ray photon energy. The basic material for X-ray capillaries
is glass. The low roughness of reflective glass surfaces leads
to a minimum degree of diffuse scattered X-rays, facilitating the
efficient transportation of X-radiation through the capillaries. Due
to these properties, capillary optics can steer X-rays from source
to sample in such a way that a high intensity is concentrated in an
accurately defined area on the sample surface.
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X-ray optics may be distinguished by the number of reflections
from internal capillary surfaces. There are single-bounce and
multiple-bounce capillary systems.

A monolithic system of many bent hollow capillary channels
is termed X-ray polycapillary optics. This is a multiple-bounce
capillary system. Such systems transport the radiation from an
X-ray source to an area at a defined distance with minimum loss,
thus a high X-ray intensity is achieved in the said area, deemed
the focal point.

X-ray capillary optics are used for many applications like X-ray
fluorescence analysis (XRF, pXRF, 3D-uXRF), X-ray diffraction
(XRD, uXRD), time resolved XRF and XRD, wavelength dispersive
X-ray spectroscopy (WDX), electron microscopy (EM) and X-ray
microscopy. Essential details for the specification of the geometry
of optics are the properties of the X-ray source, the required
X-ray shaping, the focal spot diameter, and the energy range of
photons that require efficient guiding. The VDI/VDE guideline 5575
describes all types of X-ray optics incl. capillary optics and their
main properties.

Types of capillary optics and their main properties are
demonstrated below (see fig. 5)

Elliptical monocapillary

Cylindric monocapillary

X-1sini optigi, i¢ kilcal ylizeylerden yansima sayisi ile ayirt edilebilir.
Tek sigramall ve ¢oklu sicramali kilcal sistemler mevcuttur.
Birgok bukilmus igi bos kilcal kanalin monolitik sistemine X-igini
polikapiller optik denir. Bu, ¢ok sicramall kilcal bir sistemdir.
Sistem x-I1sini kaynagindan alinan radyasyonu, distk yogunluk
kayiplaryla belirli bir mesafedeki bir alana tasiyabilir. Boylece
odak noktasi olarak adlandirlan alanda, c¢ok yuUksek isin
yogunlugu elde edilebilir.

X-1gini kilcal optikleri, X-1sini floresan analizi (XRF, uXRF, 3D-pXRF),
X-1gini difraksiyonu  (XRD, pXRD), zamanla ¢dztnen XRF ve
XRD, dalga boyu dagitici X-RAY Spektroskopisi(WDX), elektron
mikroskopisi (EM) ve X-isini mikroskopisi gibi bircok uygulama
icin de kullanilir. Optik geometrisinin spesifikasyonu  X-igini
kaynaginin dzellikleri, gerekli x-isini sekillendirmesi, odak nokta
capi ve verimli bir sekilde yonlendirilmesi gereken fotonlarin enerji
araligi belirler. VDI/VDE kilavuzu 5575, X-igini optidi dahil olmak
Uzere tUm X-i1sini optiklerini tanimlar.

Kilcal optik turlerini ve temel 6zelliklerini Sekil 5. de gorebiliriz.

Polycapillary optic

probe

source focus / source
N~

X-ray capillary with one reflection

Referanslar | References
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X-ray polycapillary

HELMUT FISCHER GMBH aplikasyon notlari ve teknik dokimanlari.
Fotograf ve grafiklerin telif hakki HELMUT FISCHER GMBH ya aittir. izinsiz
kullanlamaz.

Helmut Fischer GMBH application notes and technical documents.
The copyrights of all photographs and graphs provided belong
to Helmut Fischer GMBH. Unauthorized use is prohibited.

Yiizey isleme sektoriinde yeni bir soluk!

ETOYI

Reklam ve is birliktelikleri icin: +90 216 576 86 06

‘de yerinizi alin.

info@tuyider.org 13





