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1. Infrastructure dedicated to surface treatment

2. Cleaning and degreasing of parts for UHV applications

3. The electrolytic deposition at CERN

- Why doing a deposition?
- Preparation of stainless steel prior to electroplating
- Silver plating on aluminum alloys

4. Improvement and development
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Infrastructure dedicated to surface treatment
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Surface cleaning of large parts intended for UHV applications

Preparation copper OFE Preparation Stainless steel
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Building 118 (Site Meyrin)

Surface preparation: chemical polishing and electropolishing of copper and Nobium

Chemical polishing of copper and niombium

Superconducting cavity CRAB

Electropolishing of Niobium and copper
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Superconducting cavity 5 cells Niobium for SPL (700 MHz) Copper test cavity (1300 MHz)
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Building 102 (Site Meyrin)

Surface preparation of large parts intended for UHV applications

Electropolishing stainless steel

Guide-Onde LINAC4
stainless steel

PIMS

Electrolytic deposition on stainless steel, copper and aluminum

Gold electroplating Copper electroplating Silver electroplating Rhodium electroplating
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Cleaning and degreasing of parts for UHV applications
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Degreasing aqueous phase

JE@V;:;ZM Why cleaning a part ?

Bearing grease

-

Cutting Qil ‘ _ Oil pump vacuum

Eliminate grease which pollute surface.

Handling

Eliminate the solid particles present in bold (i.e. particles machining, graphite
residuals. ..

%4

arg_tbﬁlof parts for UHV applications

Reduction of vacuum outgasing.

Prepare the surface before vacuum deposition or electrolytic plating.
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Purpose of degreasing @

,@ THE ALCALINE ELEMENTS

Take off the grease stains and « trap » with surfactants

Sodium silicate : Increase the wettability and etching inhibition.
Phosphates : Sequestrant power and enhancement of the action of surfactants.

THE SURFACTANTS (wetting)

The surfactants lower the surface tension and capture of oil drops.

HYDROPHOBI

L R

Action of an anionic surfactant Stable emulsion
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Choice of degreasing processes based on materials

Solvent Machine

Halogenated / hydrocarbon mixture

example of carbon chain: R ( o)

CH»

CH2: |-« OH M
n

Delicate parts

Ceramic
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E. Rinse solvent
vapors

F. Drying

G. Unloading

TE-VSC
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Action of ultrasound

<-The 3 steps of the mechanism of action of ultrasound :

1- The cavitation effect
Appearance of bubbles between the substrates and greases

2- The effect of pressure
Compression of the air bubble

3- Implosion of air bubbles
Drop the grease from the surface Air bubbles

Frequencies used in chemical degreasing :
20 kHz for the copper and 40 kHz for the aluminum
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Asymmetric implosion of a cavitation bubble near a
solid surface
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Electrolytic deposition at CERN
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Why doing a deposition?
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COPPER PLATING :
Thermal conductivity and electrical
conductivity (reduction of impedance), RF

e

GOLD PLATING :
Chemically stable in the atmosphere and electrical
conductivity

RHODIUM PLATING:
Resistant to high temperature and very high hardness
(prevents galling vacuum with the couple Rh-Ag) and seizure

Tube transition
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Preparation of stainless steel before deposition
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Characteristic of stainless steel

Standardization of a Mechanism passivating
stainless steel a stainless steel

EXx : Stainless Steel 316 LN

(X2CrNiMo 17-12)

4Cr+30, —> 2Cr,0,

O
X2 : Alloy steel containing 0,02 % carbon
Cr:16 — 18 % Chrome
Ni: 11 — 14 % Nickel
Mo : 2 — 3 % Molybdéne chrome
(Cr)

Mo C

Oxide chromium
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Preparation of stainless steel prior to electroplating

{ s  SULFURIC INVERSION WOOD NICKEL

Ve Elimination of the passive layer As bonding layer
Stainless stell — ] __+
EEEEEE— H,0* Cl Nz
O, O, O, O, ——+ —> | | Iel
H,S0O, B Stainless stell -

Cathode lead

— Reduction : Ni2*+ 2e- ——> Ni

e

Tt
parat'ﬂéﬁ of stainless steel before deposition =

. Applications : Undercoat prior to electroplating
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file://localhost/Users/pierre/Documents/Vid%C3%A9o%20Inversion%20sulfurique.MOV
file://localhost/Users/pierre/Documents/Vid%C3%A9o%20Inversion%20sulfurique.MOV

Preparation of stainless steel prior to electroplating

1. Substrate type and geometry.

2. Study of assembly: Nature of deposit, anode assembly,
masking and electrical contacts.

3. Mounting: positioning of the anode, contact verification
and assembly.

4. Treatments according to operative range: monitoring
the operative range.

5. Control of deposit: Aspect, deposit thickness.
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Electrolytic silver plating on aluminum alloys

Contact Strip and Strip Line (Experiment AD)
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Plane stripline

Horn + Striplinelr- .
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Procedure

Old procedure New procedure
Surface preparation Surface preparation
> Degreasing / Etching Degreasing / Etching
T
% Step 5 Nickel-Zinc plating Step 5 Double-Zincate ——
E Step 6 Nickel Sulfamate Step 6 Nickel Sulfamate
©
i Step 7 Pre Silver plating Step 7 Pre Silver plating
c
g Step 8 Silver plating Step 8 Silver plating
i1
=1 OPTIBOND CONCENTRATE
B' ‘ \‘I
ﬁ/ COVENTYA
- _' J | Pell-off gold coating
ﬁ . 4 juillet 20141 TE-VSC 20/33



Characteristics of aluminum

AlO,
2to4 nm

ALUMINUM ALLOYS

Equilibrium diagrams voltage-pH
Aluminum-water system at 25° C

Forming a thin oxide layer of alumina
9 Y — Area of water stability thermodynymique

ALUMINUM IS AMPHOTERIC METAL
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Preparation of aluminum alloys

i\ )»‘“Coat/ng:

@m Step 3 : Sodium Stripping Step 4 : whitening

Sodium hydroxide at 40°C Cuivre
® o OK ]

—

7 Nitric acid
Al + 2NaOH +2H,0 —> 2NaAlO, + 3H, itric aci

Serie 2000/ (Copper)

/ Magnesium
oo oo @ °
Nitric acid

+ oerie VU (Iviagnesium)
Sulfuric acid ' -

/ Silicium

ctrolytic silver coating on aluminum alloys

o _o o~ o o e
Nitric acid ANSUIVIIINUIVI
o SE11C 6000/ (S1licTumn)
Fluorhydric acid :
V{ —
e '," : : — Dissolution of alloying elements
. e J 57 Dissolution of alumina
‘ ~‘.._:. «2 4 juillet 20141 TE-VSC 22/33



§ ... Step 5: Double Zinc plating
e

\\Y/

After stripping
reformation of native
alumina layer

E°(V)

Alo
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2Al +3Zn0;7 + 2H,0 =~ 2AI0; +32Zn +40H

—L =

P

silver coating on aluminum alloys
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Principe of chemical zinc (Double zincate)

Evolution of coating weight between 15t and the 2" Zincate

Weight of the zinc layer -
(mg/dm?) A 28Me zingage
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Dissolution (HNO,)

1er zingage
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Provides a thinner deposit with a more compact structure
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Nickel sulfamate electroplating

7/; R .
Jf‘ . Step 6 1 Nickel Sulfamate

Al

Sublayer Nickel sulfamate electrolyte (dip the piece under current)

Nickel deposit Sulfamate ——>
2/3 ym FEE——— < Deposit Zincate (a few nanometers)

AFUMINIUM

Good covering power and deposition constraints

Parameters :
A pH 55
h' Temperature : 50°C

Currents density :  2-16 A/dm?
Deposition rate : 0.5 pm/min to 10 A/dm

yti(ﬁ's'il'.ver coating on aluminum alloys

o

X

Deposit Nickel sulfamate
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Silver plating

pa—y e
W (B vacuum
| Surfaces.,
\ \\}/ Coatings

Bl G ikt costi -
A “ zlectrolytic silver coating on aluminum alloys

e L

Step 7 :Silver plating

+0.80V —

+0.34V —

-0.23V —

Moving powdery silver plating on a nickel coating

E°(V)

Agr+ le— Ag

Reduction
- % .2
Oxydation Ni == Ni=*+ 2e
Reactionsheet 2Ag* + Ni 2 2Ag + Niz
—

<— Nickel metal

A+
o

Ag
)

Ag*

7

Agz]

Silver electrolyte

Pre-Silvering :

AgCN + KCN ——> K[Ag(CN),]

Double silver cyanide (complex)

Double silver cyanide enables the lowering of the potential difference between the metal surface (nickel) and silver in

Formulation
[AgCN] : 4 g/L
[KCN] : 90 g/L

solution and prevents the displacement deposition.

> - ™

-

\

: KIAGCN),]" ~n. KIAG(CN),]
Concentration " A+[ JCN)," o KIA(CEN),]
Ag* free low < g KIAG(CN),]- »

T KIAGCNT 5o KIAGEN)T
4 juillet 2014 I
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http://lesurvivaliste.blogspot.com/2010/12/une-introduction-lattention.html

Silver plating

( /“ Vacuum . .
lﬁglmfam Silvering : AgCN + KCN —> K[Ag(CN),] Double silver cyanide (complex)

Coatings
Formulation o
[AgCN] : 37 g/L

[KCN] : 130 g/L
K[AG(CN),J
. %) . Ag*
Concentration 2 CN Ag*
Ag* free - Ag" KIAG(CN)]*
. + Ag+ Ag CN-
high Ag

Silvering Contact Streap (AD)

The silver in a uniform power distribution and allows to obtain a deposit until 30 microns
———

1
e

Strip-line AD

54

3

ctrolytic silver coating on aluminum alloys
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Improvement and development

TE-VSC

28/33



Analysis and water treatment plant

Workshop 118

Workshop 102

Effluent Effluent
ATELIER DE TRAITEMENT DE SURFACE
= le D e L F =
I Eam (- J I Ringage I Bain usé ‘ I Ringage acida I l Bain usé | I Bainm usé Ringage
chrumlq ue chromigue acide basique alcalin

CYyRMLreS cyanuré |
H, Sﬂ' - 1 l l l | MNaDH
bisulfite = | N
= —— = H_SO MaoH -
== | @ O
Dréachromatation |
¥ v

Eau de Jawvel
—
J’ L Decyanuration
1 — =) =
_l_r - Meutralisation

——
Floculatewr

.y

Filtre presse
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Spectrometre d’Emission Optique (ICP-OES)
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Improvement and Development (Laboratory)

[ Yo Optimization of the treatment plant

Following overruns on copper water discharges :

- Contact providers specialized in water treatment product
- Purchase of a test bench (Jar-test)
- Testing of different organic precipitants

Essai en Jar-test de précipitant en neutralisation

- Supernatant by ICP analysis and determination of the most appropriate methods to our effluent.

L ¢
. L Analysis of the
— g : supernatant
@ // ‘ Metal hydroxide sludge
~ f [ of EfflueT e Optical Emission Spectrometer (ICP-OES)
'-" f({.v
‘ & 4 juillet 20140 TE-VSC
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Improvement and Development (Laboratory)

Qualification of new processes for copper chemical degreasing

- Contact suppliers specialized in surface treatment
(new processes)
- Contamination of samples of copper and chemical degreasing

mCulp

samples according to procedure
https://edms.cern.ch/document/997363/3

- Qualification of processes by measuring the residual carbon surface

Figure 1: Concentrations atomiques relatives de surface (X P S)

Analysis methods surfactants in treatment baths surface

Monitoring the concentration of surfactants in chemical S R S S
degreasing baths by measuring surface tension.

—+ Reference Curve t.= 30 ms

tration [%)]
o

Surfactant Concen
w

Result:
2 + 2,2 % Surfactant Concentration

1 4

E Measured: 46,4 mN/m
0 + 4 . 1 . :
30 35 40 45 50 55 60 65 70 75,
Surface Tension [mN/m]

science line t60
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https://edms.cern.ch/document/997363/3

W Vacuum
' Surface.s
C oatings
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Improvement and Development (Workshop)

Etching for the thinning of the sample 3 (LHCb Velo) :

Establishment of a procedure for etching chambers VELO (LHCDb)

Achieving chamber with integrated copper electroforming layer NEG:

Dévelopment of new sequences copper plating by pulsed current

Fabrication by electroforming nozzle gas diffusion :

Electroformages of micronozzles for injecting a hydrogen micro-jet in the CERN
accelerators

4 juillet 20141 TE-VSC
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Building new surface treatment (107) planned for 2016

THANK YOU FOR YOUR ATTENTION!
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