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Toxic FREE MEtallization process for plastic surfaces

Plating on Plastics (PoP)

[
= Plastics: low density, lightweight, low cost
= Metal coating:
v" Protection: wear resistance and corrosion Everyday
v" shiny, polished, aesthetic examples
Plastic before/after plating Plating baths
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Plastics Etching Technology
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Toxic FREE MEtallization process for plastic surfaces r'(CC m C

Plating on Plastics (PoP)
®

Conventional Approach

Activation-
Reduction
with Pd
& Sn

Etching Plating

with Cré*

Etching with Cré* Indispensable Need for:

= 50-70 °C - high risk environment

|

|

|

|

| C d highl

= Carcinogenic and hi toxic

: 8 ehy » v Non-toxic & environment
|

|

|

v" SSbD PoP
Activation with Pd v" REACH compliant

= Critical Raw material I v' Abundancy
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Toxic FREE MEtallization process for plastic surfaces

Plating on Plastics (PoP)
o

Conventional Approach
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Novel
Technology
Piranha Solution :
anha Solut Ni Salts NaBH4
(H202-H2504)
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Toxic FREE MEtallization process for plastic surfaces

Etching with Piranha (H,0,-H,S0,)
®

N =

\ / = Cleavage of double bonds
HO — HS04 —
* Hydrophilic groups (-COOH, -OH)
4 = Further activation with metal ions
0
HO—4 65— 0H " micro-/nano-sized cavities
0 \ . * surface area 1
OH |
"9 ABS
Piranha
solution

butadiene
S o
C—epri—tpre—tat=tr o A
H C H H H '
Hl ! H
N

Cont. Angle

1:4 (H,0,-H,50,)
1:7 (H,0,-H,50,)
" 1:10 (H,0,-H,50,)

Etching Time

v' Performance
v’ Hydrophilicity
v Contact Angle
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Activation with Ni Salts

N T Y e

[NiA]
[NiA] 9°

o
[HA] \‘. P o %O

OB

O/ (\) OH OH OH

C-C-C-C-C-C-C-C-C-C

> Uniform distribution

» Homogeneous growth

., )

Hydrophilic groups (-COOH, -OH)
v" Chemical adsorption
v' Initial metal nucleation sites

v" Chemical identity of metalization

recursor (not binding)
N s .
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Reduction

S e e Wl =

Reduction to metallic state (M** = M9)
Nucleation sites for metal coating (electroless step)
Strong reducing agent (NaBH4, KBH4)

NaBH4 — reducing power & low price

< Nucleation sites
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Platting

N W R

Step-1: NiP electroless plating

Ni**+H,P0,~+H20-Ni’+ H,PO;,=+ 2H*

H,P0, +-H,~P (s)+ H,0+0H

\

5um
NiP coating

Step-2: Ni Electroplating

. - Anode: Ni®- e~ > Ni%
‘ Cathode (item): Ni** + e~ > Ni°

1 Le
/

§ 5+ pum
Anode Cathode . .
- F Ni coating
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Toxic FREE MEtallization process for plastic surfaces

Modeling Etching Technology

From Lab to Computer

Decision Support Tools

<

exelisis
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Toxic FREE MEtallization process for plastic surfaces F(CC m C .

. Decision Support Tool (DST)

Etching Technology

Inputs DST Outputs

=  Property models
= Unit operation models
* Items characteristics = Process Optimization

v Concentrations

v Dilution rates

v Operating times

v Volumes

v Operating conditions
v' Achieved Specifications

Automotive %
o I N

equipment [l n
WE ? Y * =

T
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Toxic FREE MEtallization process for plastic surfaces r'(CC m 6

Decision Support Tool — Background

Fed with: « Experiments database » Specifications (Contact Angel, Adhesion, Thickness)

* Conditions per Stage

> f(x1,x2,x3,...,xN) N
> g(x1,x2,x3,...,xN) *\  temp o

—=-Temp-2 ; Cone-2

= Mass Balances . e
= Kinetics

= Electrochemistry \\Sﬂ
State of the Art Models _ -

angle
®|

Unconventional data Gt anit A

...
o,

Combinatorial insights "
Operating conditions = Outputs .

Regression Models

This project has received funding from the European Union’s Horizon Europe research
and innovation programme under the grant agreement No 101058699 EMMC’ 18/6/2025 13




Toxic FREE MEtallization process for plastic surfaces r'(cﬁ m G

Contact Angle property model

Cont. Angle

A

Initial plastic substrate Initiating etching Intensive etching Smoothed surface
Gradual cavities creation
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Toxic FREE MEtallization process for plastic surfaces F(CG m C

Contact Angle property model
[

Cont. Angle Contact Angle estimation model

= Modified DIPPR Equation #115

A (H,0,-H,50,)
17 (H,0,-H,50,)
" 1:10 (H,0,-H,50,)

B-t
CA = CA® - exp (— —)

There is a pattern t+1

»

Time /

B = exp (A’+ +C’-ln(CH202)+C’-CH202D')
Contact Angle CHZ 02

Contact Contact
Angle R?=0,8772
%0 ’ Angle R?=0,7982
80
: 70 L] .
! 70
20 ' &0 60
i A a
0 _: 50 50 .
00 05 C,o 15 20 25 w0 a0
[H202] ‘_\‘*‘ 30 L]
30
o 10 20 30 40 50 60 70 0,0 05 10 15 20
time [sec] C_H202
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Toxic FREE MEtallization process for plastic surfaces r'(CC m C

Activation stage Reduction stage

@
Equilibrium [OH] vs Contact Angel Ni#*+2 - BH, +6-H,0>Ni®+2 - B(OH); + 7H,
A Cont. Ange %& Ni?*+ BH,- > NiB + H, + byproducts ([NaBH4] 11)
[HA] \ // [0H] = f(CA) Nli 23 N|0
0
{ E?_ D _{

NiA,+ 2 -COH - CONiOC +2-AH

[C;H]

R?=0,8539

P I ati n g stag e ) Exper. vs Calc. Adhesion
®

Fixed P Recipe [Adhesion = a - Cpjo ]
5um
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Toxic FREE MEtallization process for plastic surfaces

Technology Simulation &
Joptimization Model

Safe & Sustainable by Design
Objective functions

n/off . ;
Economic s " l.e. [HZOZ], [N lAz], CB
. /off imizati
User Defined Environmental . w2l = , Optlmlzat.lon Framework
- Genetic Algorithm
on/off L
Safety w3
e Economic Indicators
* Environmental Indicators
* Safety Indicators

SSbD (weighted) <«
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DST implementation

Automotive equipment w

Inputs set by USER

Number of Items 100

20 cm?

Item surface (2x10x 1 cm)

Thickness Specification 10 um

Adhesion Specification 2,5 MPa

Toxic FREE MEtallization process for plastic surfaces r(C€ m C

33%-33%-33%
w Envir/Safety m
Piranha (H,0,-H,S0,) 171 1:4 14
Dilution (Piranha-Water) W 1:1,5 m
Volume (It) W 25 “
Etching time [sec] W 120
Activation: NiA [gr/It] w 10 “
Reduction: NaBH4 [gr/It] W 10 “
Reduction time [sec] W 300 m
Plating: | density [A/dm2] m 1,54
Plating time [hr] H 2 n
Thickness [um] ] \ 10 ’ 10 [ 10 ]
Adhesion[Mpa] 255 | 2,55 255 |

e
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Toxic FREE MEtallization process for plastic surfaces F(CC m 6

| NS FreeMe Decision Support Tool

T Solution <1 sec

v’ High throughput analysis

v’ Integrated with Real-time monitoring

v’ Live process optimization & management

\\\/ Everyday planning
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