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Is there a hetter option than EP?
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Introduction and motivation

Is there a bhetter option to EP? o=

A
m) Nb SRF cavity polishing requires hydrofluoric acid (HF)

= HF is an extremely dangerous and poisoning acid

= Serious workers hazard risks é%
= Expensive procurement and disposal

= Expensive infrastructure for safe handling
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Introduction and motivation

Is there a hetter option to EP?

m) Nb SRF cavity polishing requires hydrofluoric acid (HF)

=) EP without HF has been explored with different levels of success
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Introduction and motivation

Is there a hetter option to EP?

m) Nb SRF cavity polishing requires hydrofluoric acid (HF)

=) EP without HF has been explored with different levels of success

Plasma Electrolytic Polishing (PEP)
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Outline

PEP PEP - EP Results
introduction comparison on Nb

Scalahility
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Hystorical overview

: Hans et al. systematically proposed ; The PeP for smoothing of | Stefan et al. realized the - Hoche et al. polished | | PeP technology was applied |

- the PeP process parameters for single = articles from Ti, Zr and their : ' surface treatment of © | magnesium alloys with | ' to the polishing of precious

- and multi-phase alloys .1 alloys were introduced by | = cobalt chromium alloy | | PeP technology metals, such as gold and

- Mirzoyev etal. - | with PeP technology. Platinum
1986 1999 2008 2009 2017
-
1979 1988 1999 2001 2008 2012

. i . i r ‘ I . — . . .. — . — - - . l_ e s e s i s ([ i s s s i i S s i S i . e . S s s i i __l

The PeP technology was : Ryabkov first proposed - The systematized PeP equipment - Cao proposed the parameters and |

initiated by Duradzhi et al. ||, apparatus and process for PeP | - was invented * | methods of PeP technology for |
________________ | | ! ... | amorphous alloys :

Nevyantseva et al. confirmed that
- PeP technology could also be used
- to remove coatings |

. Stanishevskyr et al. invented PeP methods :
- for stainless steel, tool steel, low carbon :
steel, Al, copper and its alloys. i

Huang, Y. et al., Int J Adv Manuf Technol 114, 2021
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PEP m =
introduction Ap p I I catl o ns
In principle any metal can be treated CoCr knee cap

Commonly polished, available recipes 'J’ .

N Stainless steel alloys -
Bras_s, Bronze Henning Zeidler et al. / Procedia CIRP 49 (
Cr, Ni, Co, Mo, W, Zn alloys 2006) ,
Brass 4 | N

Not well studied, challenging applications

o Mh = : . _
Cu and its alloys = .
V, Ti and its alloys Klaus Nestler et al. / Procedia CIRP 42 ( 2016 ) Yu. G, Aliakseyeu et al.,
Nauka | Teklmika, 2018
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Plasma Electrolytic Polishing set-up

Chemical stand with
connections to the
power supply

|dentical EP set-up

Cathode

Except for...

Magnetic stirrer & heater
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Plasma Electrolytic Polishing set-up

Chemical stand
with connections

T to the power
oo EET R
=00 =ﬂ==E] supply
== Cathode

|

Magnetic stirrer & heater

High voltage (>300 V) - High current

Power Supply b
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Current-voltage characteristics

Cathode
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Current-voltage characteristic
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PEP Mechanism

Not fully understood yet

$

Different models proposed
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PEP

introduction

Formation of a Vapor Gas Envelope (VG
also called lonized Water-Steam fi

Workpiece/anode
VGE

—_—]

Electrolyte |
Cathode

PEP Mechanism

. DC Power

J. Wang et al., AMR, 2012
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Plasma Electrolytic Polishing

| Electrolyte (-)]

<Plasma discharge|

~l

| lonized water-steam film

IEM

7

A\

Specimen (+K\

NN N NN N

Vana, D et. al, Int. J. Mod. Eng. Res. 2013

me 6 @ 6 ® @

M. Cornmélsen et. al, Metc;?s, 2018
for SRF
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Risk assessment comparison
HH

Quantity of chemicals (w. %)

19 % 93 % ~5%

Acids, harsh chemicals

3 Acids: 2 Acids: No acids!
HF:HNO5:H4PO, HF:H,S0O, Only salts
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Risk assessment comparison
BCP 1:1:2

Quantity of chemicals (w. %)

19 % 93 % ~9%

Acids, harsh chemicals

3 Acids: 2 Acids: No acids!
HF:HNO5:H4PO, HF:H,S0O, Only salts

Risk oc Probability < Process Time (Time to remove 200 » m)

~4 h ~6-10 h ~1h
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Comparison EP VS PEP

Conventional EP Plasma Electrolytic Polishing

Pre-treatment In some cases mechanical pre-treatment Not required
0.20.1um Achievable up to 0.01 um

Cathode Should follow the shape of the piece Shape is not important
Electrolytes Harsh electrolytes, concentrated acids  Greener, diluted water based salts (1-10%o)

3h-Th 15-30 min
260V 260.360V
Room temperature >65T
0,010,04 A/cm? 0206 Alcm?
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Comparison EP VS PEP

Conventional EP Plasma Electrolytic Polishing

Pre-treatment In some cases mechanical pre-treatment Not required
0.20.1um Achievable up to 0.01 um

Cathode Should follow the shape of the piece Shape is not important
Electrolytes Harsh electrolytes, concentrated acids  Greener, diluted water based salts (1-10%)
Time to remove 100 um 3h-Th 15-30 min
Voltage 260V 260-360 V
Temperature Room temperature >65C
Current density 0,01-0,04 A/cm?2 0,2.0,6 A/cm?
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Comparison EP VS PEP

Conventional EP Plasma Electrolytic Polishing

Pre-treatment In some cases mechanical pre-treatment Not required
Roughness 0.2.0.1 um Achievable up to 0.01 um
Should follow the shape of the piece Shape is not important
Electrolytes Harsh electrolytes, concentrated acids  Greener, diluted water based salts (1-10%)
Time to remove 100 um 3h-Th 15-30 min
Voltage 260V 260-360 V
Temperature Room temperature >65C
Current density 0,01-0,04 A/cm?2 0,2.0,6 A/cm?
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Pre-treatment In some cases mechanical pre-treatment Not required
Roughness 0.2.0.1 um Achievable up to 0.01 um
Cathode Should follow the shape of the piece Shape is not important
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Comparison EP VS PEP

Conventional EP Plasma Electrolytic Polishing

Pre-treatment In some cases mechanical pre-treatment Not required
Roughness 0.2.0.1 um Achievable up to 0.01 um
Cathode Should follow the shape of the piece Shape is not important
Electrolytes Harsh electrolytes, concentrated acids  Greener, diluted water based salts (1-10%)
3h-Th 15-30 min
Voltage 260V 260-360 V
Temperature Room temperature >65C
Current density 0,01-0,04 A/cm?2 0,2.0,6 A/cm?
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Comparison EP VS PEP

Conventional EP Plasma Electrolytic Polishing

Pre-treatment In some cases mechanical pre-treatment Not required
Roughness 0.2.0.1 um Achievable up to 0.01 um
Cathode Should follow the shape of the piece Shape is not important
Electrolytes Harsh electrolytes, concentrated acids  Greener, diluted water based salts (1-10%)
Time to remove 100 um 3h-Th 15-30 min

2507 2503601
Room temperature >65T
Current density 0,01-0,04 A/cm? 0.2-0,6 A/cm?

k< SRF 2021 Plasma Electrolytic Polishing  for SRF cristian.pira@InLinfn.it




u u u u ' T
| =3 Trials and optimization FRL
Almost 30 different solutions tested Ik k)

No satisfying results with solutions in literature for Nb and Cu

1 original Solution for Nb and 2 for Gu have heen optimized
(currently under patenting evaluation)

Parameters studied: kL T hog -
voltage, conductivity, working temperature, cathode shape | | g
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Processes parameters comparison

Process / parameters BCP (1:1:2)

Solution composition HF:HNO4:H4PO, HF:H,S0,
Voltage . 18V
Current density . 0.025 A/cm?
Power density . 0.45 W/cm?

Removing rate 1pum/min (15C) 0.3 pm/min (30C)
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Processes parameters comparison

PP
Solution composition HF:HNO4:H4PO, HF:H,S0, Diluted salts
Voltage : 18V 300V
Current density - 0.025 A/cm? 0.40.6 A/cm?
Power density : 0.45 W/cm? ~150 W/cm?
Removing rate 1pm/min (15C) 0.3 yum/min (30C) 3.5 ym/min (78 C)

G-

3.5 times faster than BGP
>10 times faster than EP
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e Fast polishing test

6.5+£0.5 um
removed
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e Fast polishing test

e A L] 1 -."" 'I'-Q." "’1’ Yl

"

6.5+0.5 um
removed

L

i Untreated | o

== |

q _-‘1

Polishing time 5 min 20 min 2 min
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e Fast polishing test

removed

Nb.NoEP Nb.BCP.2 Nb 20minEP e Nb = PER2
_— e — ]
15[KV] SP=12 WD=18.1 x500 100.0[um] HV 15[KV] SP=12 WD=15.7 x500 100.0[um] HV 20[KV] SP=12 WD=17.2 x500 100.0[um] HV 15[KV] SP=12 WD=17.4 x500 100.0[um] HV

Polishing time 20 min 2 min
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o Long polishing test

Nb EP 150+ um Nb_PEP-30min
e | _—dl6
15[KV] SP=11 WD=16.2 x1.0k 50.0[um] HV 2021-06-18 15[KV] SP=11 WD=15.8 x1.0k 50.0[um] HV 2021-06-15

150um ~5h 150pum ~ 40 min

Nb.NoEP
15[KV] SP=12 WD=18.1 x5
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o Long polishing test

Roughness Ra (nm)

Nb EP 150+ um Nb_PEP-30min
_— _
15[KV] SP=11 WD=16.2 x1.0k 50.0[um] H 15[KV] SP=11 WD=15.8 x1.0k 50.0[um] 21-06-15

150um ~5h 150pum ~ 40 min

Nb.NoEP
15[KV] SP=12 WD=18.1 x5

SRF 2021 Plasma Electrolytic Polishing  for SRF cristian.pira@InLinfn.it




0 Processes parameters comparison

Solution composition S"'E,T;ﬁg,"g%ﬁﬂ ﬂt'g:gﬁa;ﬁ,‘lg/ | 85 % H,P0, : n-Butanol
Voltage . 26V
Current density : 0,01-0,03 A/cm?
Power draw . 0,12 W/cm?
Removing rate 1,5 um/min (70 = 2C) 0,15-0,5 um/min (25C)
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- Processes parameters comparison
| Process/parameters |  SUBUS .

Solution composition ~ Sttamicacd &/t ,’_‘lz"g:ggaiﬁ}lg/ | 850 H,PO,: nButanol Dilueted salts
Voltage : 26V 300V
Current density : 0,01-0,03 A/cm? 0,35-0,45A/cm2
Power draw : 0,12 W/cm2 135 W/cm2
Removing rate 1,5 um/min (70 £ 2C) 0,15-0,5 um/min (25) 310 um/min (70-80C)

G-

~ 3 times faster than SUBUS
10-20 times faster than EP
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Fast polishing test

8=0.5um
removed

Untreated

oy
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Fast pollshmg test

— L 4 .

500 4 s ' .
- e =y 9 YW

Roughness Ra (nm) -

i

49020 : ll ——r

i
8=0.5um
removed

Untreated SUBUS

Pollshlng time 5 min | 30 min 2 min
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Fast polishing test

8=0.5um
removed

CU.SUBU.5min ) CuC4EP
—_—_— —ee ey _—
15[KV] SP=12 WD=16.8 x500 100.0[um] HV SE 15[KV] SP=12 WD=119 x500 100.0[um] HV SE 15[KV] SP=12 WD=19.6 x500 100.0[um] HV SE

Polishing time 9 min 30 min 2 min

15[KV] SP=12 WD=19.5 x500 100.0[um] HV
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ong polishing test

Pitting on a small portion

>110 pi
removed

$ E\)
CU.no.treat
15[KV] SP=12 WD=19.5 x500 100.0[um] HV

CuPEP-200um
_— —=_
15[KV] SP=11 WD=15.6 x1.0k 50.0[um] HV 2021-06-01

CuEP-170um
_—
15[KV] SP=11 WD=15.2 x1.0k 50.0[um] HV 2021-06-01

170um ~5h 200um ~ 40 min
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Long polishing test

150

_ Rougess Ra (n)

>110 pim
removed

$ Ep
CU.no.treat
15[KV] SP=12 WD=19.5 x500 100.0[um] HV

CuPEP-200um
—_—
15[KV] SP=11 WD=15.6 x1.0k 50.0[um] HV

CuEP-170um
—
15[KV] SP=11 WD=15.2 x1.0k 50.0[um] HV

170um ~5h 200um ~ 40 min
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Real samples treatment

PEP tested on HZB Quadrupole Resonators
(not tested yet)

Eduard Ghyhyrynets kSRF 2021
SUPTEV002 Application of Plasma Electrolytic Polishing onto SRF Substrates N verr Smam
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Scalability
Scalahility to large areas is very challenging:
» High power demand 4/\_

» Large amounts of gases produced %

+

Single cell 1.3 GHz in horizontal configuration

¥

~ 20 kW in PEP regime
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Scalabhility

Scalability to large areas is very challenging:
» High power demand

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

» Large amounts of gases produced S R e Nb.300V |

g = Cu,300V |

. . 24 :
Possible solutions to explore: z
5 24
m=) Pulsed PEP =
=L
» Increase bath temperature S
» Lowering voltage after triggering the plasma 0

Bath Temperature (°C)
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Scalabhility

Scalability to large areas is very challenging:

» High power demand
- Large amounts of gases produced

Possible solutions to explore:

m) Pulsed PEP

» Increase bath temperature
» Lowering voltage after triggering the plasma
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-1 Jet-Plasma Electrolytic Polishing

Local polishing for large area treatments

Cathode ‘( m. P

e s
Electrolyte solution

JetPEPsetup Half6 GHzUntreated  Half 6 GHz JETPEP polished

Anod/f L
working piece .
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M Conclusions

Polishing via PEP of Nb and Gu possible

m) Smoother surface than EP
» Safer and more eco-friendly than EP
=) 10 times faster than EP

m) Polishing of large areas challenging =) Jet-PEP possible
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