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ʀʤʤʝʨʩʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ Ni/Au 

ʠ Ni/Pd/Au. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ.

ʕʢʦʥʦʤʠʯʥʳʡ ʬʠʥʠʰʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ çɹʦʥʜʠʨʦʚʘʥʠʷè

ʠ ʧʘʡʢʠ
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Coʜʝʨʞʘʥʠʝ

ʊʝʭʧʨʦʮʝʩʩʳ

ɼʚʠʞʫʱʘʷ ʩʠʣʘ: ʧʦʯʝʤʫNiPdAu?

ʉʝʨʠʷ ʧʨʦʜʫʢʪʦʚ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ

ENEPIG

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʘʯʠʚʘʥʠʷ

ʇʦʯʝʤʫ ʭʠʤ.ʧʘʣʣʘʜʠʡ ? 

ʎʝʣʦʩʪʥʦʩʪʴ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ

ɹʦʥʜʠʥʛ (Au) ʩʦʝʜʠʥʝʥʠʝ

ʉʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʜʨʘʛ.ʤʝʪʘʣʣʦʚ

ʂʣʠʥʥʦʚʠʜʥʦʝ ʩʮʝʧʣʝʥʠʝ ʟʦʣʦʪʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʧʘʣʣʘʜʠʷ

ʂʣʠʥ ʟʦʣʦʪʘ

ʉʣʦʡ Pd

ʉʣʦʡ Ni

ʉʣʦʡ Cu



Proprietary and Confidential3 BTT-SF Aurotech PEP ïJune  2011 -M¥

ENIG ENEP

ʆʯʠʩʪʢʘ

ʇʨʦʤʳʚʢʘ

Mʠʢʨʦʪʨʘʚʣʝʥʠʝ

ʇʨʦʤʳʚʢʘ

ʇʨʝʜ. ʦʢʫʥʘʥʠʝ

Aʢʪʠʚʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʍʠʤ.ʥʠʢʝʣʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʀʤʤʝʨʩʠʦʥ.ʟʦʣʦʯʝʥ.

ʇʨʦʤʳʚʢʘ

ʉʫʰʢʘ

ʆʯʠʩʪʢʘ

ʇʨʦʤʳʚʢʘ

Mʠʢʨʦʪʨʘʚʣʝʥʠʝ

ʇʨʦʤʳʚʢʘ

ʇʨʝʜ. ʦʢʫʥʘʥʠʝ

Aʢʪʠʚʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʍʠʤ.ʥʠʢʝʣʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʍʠʤ.ʧʘʣʣʘʜʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʉʫʰʢʘ

ʉENEPIGʚʦʟʤʦʞʝʥ ʣʶʙʦʡ ʚʘʨʠʘʥʪ

ENEPIG

ʆʯʠʩʪʢʘ

ʇʨʦʤʳʚʢʘ

Mʠʢʨʦʪʨʘʚʣʝʥʠʝ

ʇʨʦʤʳʚʢʘ

ʇʨʝʜ.ʦʢʫʥʘʥʠʝ

Aʢʪʠʚʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʍʠʤ. ʥʠʢʝʣʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʍʠʤ.ʧʘʣʣʘʜʠʨʦʚʘʥʠʝ

ʇʨʦʤʳʚʢʘ

ʀʤʤʝʨʩ.ʟʦʣʦʯʝʥʠʝ

ʇʨʦʤʳʚʢʘ

ʉʫʰʢʘ

ʊʝʭʧʨʦʮʝʩʩʳ
ENIG ïENEP ïENEPIG 
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ʋʥʠʚʝʨʩ.ʬʠʥʠʰʥ.ʧʨʦʮʝʩʩʳ

Ni/Au
ʇʘʡʢʘ

ʇʨʦʚʦʣʦʯʥ.(Al)ʩʦʝʜʠʥʝʥ.

Ni/Pd
ʇʘʡʢʘ- FC

ʇʨʦʚʦʣ.(ʯʠʩʪ.Cu) ʩʦʝʜʠʥ

Ni/Pd/Au
ʇʨʦʚʦʣ.(Au) ʩʦʝʜʠʥ.

ʇʨʦʚʦʣ. (Cu-Pd) ʩʦʝʜʠʥ.

ʇʘʡʢʘ

Oʜʠʥ ʧʨʦʮʝʩʩ ïʪʨʠ ʬʠʥʠʰʥʳʝ ʦʙʨʘʙʦʪʢʠ
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ɼʚʠʞʫʱʘʷ ʩʠʣʘ: 

ʇʦʯʝʤʫNiPdAu?
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ENEPIG
ɼʚʠʞʫʱʘʷ ʩʠʣʘ: ʧʦʯʝʤʫNiPdAu ?

ɼʠʬʬʫʟʠʦʥʥʳʡ ʙʘʨʴʝʨ ʤʝʞʜʫ 

ʩʣʦʝʤ ʤʝʜʠ ʠ ʧʘʡʢʦʡ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʭʦʜʘ ʉuʚʦ 

ʚʨʝʤʷ ʧʘʷʥʠʷ

ɺʳʰʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ

ʄʝʥʴʰʝ ʪʨʝʱʠʥ ʚIMCʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ENIG 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʜʭʦʜʠʪ ʜʣʷ 

çʙʦʥʜʠʥʛʘè Au ʚʳʚʦʜʦʚ

ʀʩʢʣʶʯʝʥʳ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ 

ʣʠʥʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʤNiAu

ʕʢʦʥʦʤʠʷ ʜʨʘʛ.ʤʝʪʘʣʣʦʚ

Surface Finish on PCB

Solder
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ʇʦʯʝʤʫ ʭʠʤ. 

ʧʘʣʣʘʜʠʨʦʚʘʥʠʝ ?
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ʇʨʠ ʠʤʤʝʨʩʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ 
ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ:

ʅʠʢʝʣʴ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʚ 
ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʤʝʥʷʝʪʩʷ 
ʧʘʣʣʘʜʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʜʨʫʛʠʤʠ ʟʦʥʘʤʠ. ɻʨʘʥʠʮʳ ʟʝʨʝʥ -
ʣʝʛʯʝ ʜʦʩʪʠʛʘʝʤʳʝ ʤʝʩʪʘ ʠ 
ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʘʢʪʠʚʥʘʷ ʭʠʤ. 
ʨʝʘʢʮʠʷ.

ʅʝʩʣʦʞʥʘʷ ʟʘʤʝʥʘ ʥʘ ʛʨʘʥʠʮʘʭ 
ʟʝʨʝʥ ʧʨʠʚʦʜʠʪ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 
ñʢʦʨʨʦʟʠʠ Niò: ʚʝʨʰʠʥʳ ʚʳʩʪʫʧʦʚ 
Pd/Au ʚʥʝʜʨʷʶʪʩʷ ʚ ʩʣʦʡ ʥʠʢʝʣʷ. 
ʏʝʤ ʪʦʣʱʝ ʩʣʦʡPd, ʪʝʤ ʛʣʫʙʞʝ 
ʚʥʝʜʨʷʶʪʩʷ ʚʳʩʪʫʧʳ.

ʏʝʤ ʪʦʣʱʝ ʩʣʦʡPd, ʪʝʤ ʩʣʦʞʥʝʝ 
ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ ʥʠʢʝʣʷ ʧʦʜ 
ʩʣʦʝʤPd.

NiÑ0 + Pd2+
a Ni2+ +PdÑ0

ɺʘʥʥʘ ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʧʘʣʣʘʜʠʨʦʚʘʥʠʷ

CuNiPd Phosphorus

Copper

Ni-Phos

Pd-Bath

Therefore immersion Pd is not used by Atotech
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ɸʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ï

ʥʝ ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ. ʅʠʢʝʣʴ ʥʝ 

ʟʘʤʝʥʷʝʪʩʷ.

ɻʣʘʜʢʠʡ ʩʣʦʡPd ʦʙʨʘʟʫʝʪʩʷ 

ʥʘʜ ʩʣʦʝʤ ʥʠʢʝʣʷ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʨʦʟʠʷNi.

Tʦʣʱʠʥʘ ʩʣʦʷ Pd ʥʝ 

ʦʛʨʘʥʠʯʝʥʘ, ʙʣʘʛʦʜʘʨʷ 

ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ.

Pd2+ (solution) a PdÑ0  (Solid)

ɺʘʥʥʘʷ ʭʠʤ.ʧʘʣʣʘʜʠʨʦʚʘʥʠʷ(Aʚʪʦʢʘʪʘʣʠʪʠʯ.)

CuNiPd P

ʄeʜʴ

Ni-P

ɺʘʥʥʘPd

Atotech ʦʮʝʥʠʣ ʧʨʝʠʤʫʱʝʩʪʚʘ ʭʠʤ.Pd ʠ ʥʘ ʥʝʤ ʦʩʪʘʥʦʚʠʣ ʩʚʦʡ ʚʳʙʦʨ
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ʉʨʘʚʥʝʥʠʝ ʧʦʢʨʳʪʠʷENIGʠ ENEPIG
ʋʩʪʨʘʥʝʥʠʝ ʯʝʨʥʳʭ ʧʣʦʱʘʜʦʢ ʩENEPIG

ENIG

ʀʤʤʝʨʩʠʦʥʥʘʷ ʨʝʘʢʮʠʷ ʟʘʤʝʥʳ(Ni

ʟʘʤʝʥʷʝʪʩʷ ʟʦʣʦʪʦʤ) ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʣʦʝ ʥʠʢʝʣʷ.ɽʩʣʠ 

ʠʤʤʝʨʩʠʦʥʥʘʷ ʨʝʘʢʮʠʷ  ʦʢʘʟʳʚʘʝʪʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʢʦʥʪʨʦʣʷ ïʥʝʧʨʘʚʠʣʴʥʦʡ 

ʢʦʤʧʦʥʦʚʢʠ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʘʷʣʴʥʦʡ 

ʤʘʩʢʠ, ʥʝʧʨʘʚʠʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʥʥʳ, ʧʣʦʭʦʝ ʦʩʘʞʜʝʥʠʝNiʠʟ-ʟʘ  

ʟʘʛʨʷʟʥʝʥʠʷ ʚʘʥʥʳ ʠ ʪ.ʜ.é..ʄʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʛʠʧʝʨ ʨʝʘʢʮʠʷ(ʫʩʢʦʨʝʥʥʘʷ 

ʨʝʘʢʮʠʷ) ïʘ ʨʝʟʫʣʴʪʘʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʷʚʣʝʥʠʝ ʯʝʨʥʦʡ ʧʣʦʱʘʜʢʠ.

Cu Cu

Ni Ni

Pd

ENEPIG
ʏʝʨʥʦʡ ʧʣʦʱʘʜʢʠ ʥʝʪ, ʧʦʪʦʤʫ ʯʪʦ:

Å ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡPd ʟʘʢʨʳʚʘʝʪ 

ʩʣʦʡ ʥʠʢʝʣʷ ʠ ʛʨʘʥʠʮʳ ʟʝʨʝʥ.

Å ʆʩʘʞʜʝʥʠʝ ʩʣʦʷ Pd ʟʘʤʝʜʣʷʝʪ 

ʠʤʤʝʨʩʠʦʥʥʫʶ ʨʝʘʢʮʠʶ ʟʘʤʝʥʳ. ɼʣʷ 

ʦʩʘʞʜʝʥʠʷAu ʥʘPd, Niʜʦʣʞʝʥ  ʧʨʦʡʪʠ 

ʯʝʨʝʟ ʩʣʦʡPd. ɻʠʧʝʨ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪ ʪ.ʢ. ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ ʥʘ ʩʣʦʡ

Ni.

Å Ni-Pd ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʝʥʴʰʝ ʚʣʠʷʥʠʶ 

ʚʘʥʥAru ʯʝʤ ʚENIG. 

Au (0,1ʤʢʤ) Au (0,03ʤʢʤ)

3 ʧʨʠʯʠʥʳ, ʧʦʯʝʤʫ ʷʚʣʝʥʠʝ çʯʝʨʥʦʡ ʧʣʦʱʘʜʢʠè ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘENEPIG
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ʉʨʝʜʠ ʜʨʫʛʠʭ ʠʩʧʳʪʘʥʠʡ 

ʨʘʟʥʳʭ ʬʠʥʠʰʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʧʦʷ ʥʘ 

ʨʘʟʥʳʭ ʧʦʢʨʳʪʠʷʭ:

Áʀʤʤʝʨʩʠʦʥʥʦʛʦ ʩʝʨʝʙʨʘ

ÁOSP

Áʀʤʤʝʨʩʠʦʥʥʦʛʦ ʦʣʦʚʘ

ÁENIG

ÁENEPIG

Solder (printed) After Reflow

Past Type:

Height (paste) = 150Õm

ʇʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨ

ɺʨʝʤʷ ʨʘʟʦʛʨʝʚʘ(150-200ÁC) 98,5 ʩʝʢ.

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʰʝ 

ʣʠʢʚʠʜʫʩʘ(217ÁC)

61 ʩʝʢ.

ʊʝʤʧʝʨʘʪʫʨʘ ʧʠʢʘ248ÁC

ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘO2 < 200ppm

ENEPIG 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʘʯʠʚʘʥʠʷ
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʘʯʠʚʘʥʠʷ ENEPIG ʣʫʯʰʝ ʯʝʤOSP, I-Ag, I-Sn (ʧʦʩʣʝ1ʦʧʣʘʚʣ.)

10.8

22.8

17.8

24.7

18.2

26.2

3.5

17.7

9.8

26.3

19.7
19.2

12.2

10.0

0

5

10

15

20

25

30

35

I-Ag OSP I-Sn ENIG ENEP ENEP

(PdP)

ENEPIG

W
e

tt
in

g
 A

n
g

le
 [

d
e
g

re
e
]

as received 1 x reflow

ENEPIG 
ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʤʘʯʠʚʘʥʠʷ

Aurotech

PEP
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʘʯʠʚʘʥʠʷ ʯʠʩʪʦʛʦPd ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ PdP 

ʇʨʦʮʝʩʩ ENEP 
ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʤʘʯʠʚʘʥʠʷ

ENEPENEP
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Cʨʘʚʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʝ ʧʘʷʥʠʝʤ
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Cʠʣʘ ʦʪʨʳʚʘ ʭʦʣʦʜʥʦʛʦ ʰʘʨʠʢʘïʧʨʠʤʝʨʳ ʦʪʢʘʟʦʚ ʧʨʠ 
ʠʩʧʳʪʘʥʠʠ

ENEPIGïʮʝʣʦʩʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʘʡʢʦʡ
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ʀʩʧʳʪʘʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʦʪʨʳʚ ʭʦʣʦʜʥ.ʰʘʨʠʢʘ

Dage 4000 Multi-Function Bond Tester Detailed View of Cold-Ball Pull Device

ʎʝʣʦʩʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʘʡʢʦʡ
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ʈʝʟʫʣʴʪʘʪʳïʩʢʦʨʦʩʪʴ ʪʷʛʠ5ʤʤ/ʩ

ʉʠʣʘ ʨʘʟʨʳʚʘ ɸʥʘʣʠʟ ʧʨʠʤʝʨʦʚ ʨʘʟʨʳʚʘ

ʉʠʣʘ ʨʘʟʨʳʚʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ  ʚ ENEPIG. ʇʦʭʦʞʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʠʩʧʳʪʘʥʠʷ ʩ OSP, I-Sn ʠENEPIG. ɹʦʣʝʝ 
ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʨʘʟʨʳʚʘ ʚ ʟʦʥʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʚ ENIG.

ENEPIG 
ʎʝʣʦʩʪʥʦʩʪʴ ʧʘʡʢʠïʠʩʧʳʪʘʥʠʝ ʥʘ ʨʘʟʨʳʚ 
(ʩʭʦʣʦʜʥ.ʰʘʨʠʢʦʤ)
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CBP ʨʝʟʫʣʴʪʘʪʳïʩʢʦʨʦʩʪʴ ʪʷʛʠ  5ʤʤ/ʩ

ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ  ʨʘʟʨʳʚʘ

  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷ ʰʘʨʠʢʦʚ, ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ 
ʫʭʫʜʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷOSP, I-Sn ʠENEPIGïʭʘʨʘʢʪ.ʨʘʟʨʳʚʘ. 
ʊʝʤ ʚʨʝʤʝʥʝʤ ʚENIG, ʧʨʦʷʚʠʣʦʩʴ ʙʦʣʴʰʝ ʨʘʟʨʳʚʦʚ ʚ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʠ ʚʠʜʥʳ ʚʳʩʦʢʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ.

ENEPIG 
ʎʝʣʦʩʪʥʦʩʪʴ ʧʘʡʢʠïʠʩʧʳʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ
ʭʦʣʦʜʥʳʤ ʰʘʨʠʢʦʤ (CBP ), ʧʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷ
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ʅʘʜʝʞʥʦʩʪʴ ʧʘʡʢʠ -

Cʨʘʚʥʝʥʠʝ

ʀʩʧʳʪʘʥʠʝ CBP ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʙʳʩʪʨʦʡ 

ʪʷʛʠ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʪʷʛʠ - 5ʤʤ/ʩ.

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʪʷʛʠ ʩʦʟʜʘʝʪ ʙʦʣʴʰʝ ʥʘʪʷʞʝʥʠʝ ʚ ʟʦʥʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʘʡʢʦʡ.

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʩOSP, I-

Sn ʠENEPIG, ʪʘʢʞʝ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʨʝʥʠʷ ʰʘʨʠʢʦʚ ʧʘʡʢʠ

(5-ʢʨʘʪʥʦʝ ʦʧʣʘʚʣʝʥʠʝ).

ɺ ʦʙʨʘʟʮʝ ʩ ENIG ʚʠʜʥʦ ʙʦʣʴʰʝ ʨʘʟʨʳʚʦʚ ʚ ʟʦʥʝ  ʧʘʡʢʠ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʠʣʳ ʪʷʛʠ.
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ʀʩʩʣʝʜʦʚʘʥʠʝ ɹʦʥʜʠʨʦʚʘʥʠʷ 

(Auʧʨʦʚʦʣʦʢʘ)
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ENEPIG
ʀʩʩʣʝʜʦʚʘʥʠʷ ɹʦʥʜʠʥʛʘ (Au)ʩʦʝʜʠʥʝʥʠʷ- IZM - ʈʝʟʶʤʝ

ʆʪʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʦʙʨʘʟʮʘʤʠ, ʧʦʢʨʳʪʳʤʠPdP. 
Tʦʣʱʠʥʘ ʩʣʦʝʚ: Ni 6ʤʢʤ/ Pd 0,15ʤʢʤ/ Au 0,05ʤʢʤ

ʆʢʥʦ ʙʦʥʜʠʥʛʦʚʦʛʦ (Au) ʩʦʝʜʠʥʝʥʠʷʥʝʤʥʦʛʦ ʰʠʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʪʝʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʶʪ ʢʦʥʢʫʨʝʥʪʳ.

ʈʝʟʫʣʴʪʘʪʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ,  ʪʦʞʝ ʭʦʨʦʰʠʝ.
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ɹʦʥʜʠʥʛʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ (Cu) ï

ʈʝʟʫʣʴʪʘʪʳ  ʠʩʧʳʪʘʥʠʡ
(ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʩ K&S)
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ENEPIG 
ɹʦʥʜʠʥʛʦʚʦʝ (Cu) ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ

ʅʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 

ʙʦʥʜʠʥʛ Cuʧʨʦʚʦʣʦʢ 

ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʥʘ ENEP (ʯʠʩʪ.

Pd).

Cu

Al

Pd

Ni

ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 3ʤʢʤ ʪʦʣʱʠʥʳ ʩʣʦʷ

Ni, 0.3ʤʢʤ - Pd, ʧʦʜʣʦʞʢʘ ʩʦʝʜʠʥʝʥʘ ʩ 

85 ʤA USGC

ʇʨʦʙʘA,  3ʤʢʤNi
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ENEPIG
ʇʝʨʩʧʝʢʪʠʚʳ ʙʦʥʜʠʥʛʦʚʦʛʦ (Cu) ʩʦʝʜʠʥʝʥʠʷ

Atotech ʚʤʝʩʪʝ ʩ K&S ʥʘʯʘʣʠ 
ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʦʩʥʦʚʘʥʠʷ 
ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʥʜʠʥʛʦʚʦʛʦ (Cu) 
ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʝʩʪʠ 
ʫʩʧʝʰʥʳʡ ʦʧʳʪ ʩ ʵʪʦʡ 
ʪʝʭʥʦʣʦʛʠʝʡ ʠʟ ʫʨʦʚʥʷ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʥʘ ʫʨʦʚʝʥʴ 
ʦʩʥʦʚʘʥʠʷ.

ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ï
ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ - ENEP 
ʧʦʭʦʞʝ ʙʫʜʝʪ ʦʯʝʥʴ ʧʨʠʛʦʜʝʥ 
ʜʣʷ ʧʨʦʚʦʣʦʯʥʦʛʦ (Cu) 
ʩʦʝʜʠʥʝʥʠʷ
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ɹʦʥʜʠʥʛʦʚʦʝ (Cu)ʩʦʝʜʠʥʝʥʠʝ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ Pd -ʈʝʟʶʤʝ

ʇʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷENEP ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ

Ni/Au ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʧʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠ ʵʪʦʤ çʧʨʷʤʦ ʥʘ 

ʤʝʜʴ ʦʩʘʞʜʝʥʥʳʡPdè ʧʨʦʢʘʟʘʣ ʛʦʨʘʟʜʦ ʚʳʰʝ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʦʪʨʳʚ ʥʘ ʦʙʨʘʟʮʘʭ çʧʦʩʣʝ ʧʦʢʨʳʪʠʷè ʠ ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ 

ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷ.

ʇʦʩʣʝ 250ʯʘʩʦʚ ʩʪʘʨʝʥʠʷ ʧʨʠ ʪʝʤʧ.150ÁC, ʥʘ  ʚʩʝʭ ʬʠʥʠʰʥʳʭ 

ʧʦʢʨʳʪʠʷʭ ʨʝʟʫʣʴʪʘʪ ʫʭʫʜʰʠʣʩʷ  ʧʨʠʤʝʨʥʦ ʥʘ11-23%. 

ʇʦʩʣʝ250ʯʘʩʦʚ  -ʧʨʦʯʥʦʩʪʴ ʥʘ ʦʪʨʳʚ ʙʳʣʘ ʤʝʥʴʰʝ ʥʘ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ.
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ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ

ɾʝʩʪʢʘʷ ʘʪʤʦʩʬʝʨʘ

ʀʩʧʳʪʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢʦʥʪʘʢʪʦʚ / ʦʩʥʦʚʥʳʭ 

ʧʦʜʣʦʞʝʢ

ʀʩʧʳʪʘʥʠʝ ʚ ʩʨʝʜʝ SO2

Á24 ʯ/ 10 ppm SO2 / 42ÁC / > = 80% ʦʪʥ. ʚʣʘʞʥʦʩʪʴ

Áʠʩʩʣʝʜʦʚʘʥʠʝ  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 25 ʨʘʟ

ʀʩʧʳʪʘʥʠʝ ʧʦ ʤʝʪʦʜʫ Keʩʪʝʨʥʠʰʘ

Áʇʨʠʤʝʥʷʶʪ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ

Á1 ʮʠʢʣ= 24ʯ/ 200 ʤʣSO2 (ʢʘʤʝʨʘ ʝʤʢʦʩʪʴʶ 300ʣ) / 40ÁC / 100% ʦʪʥ.ʚʣ.

Áʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 50ʨʘʟ

ʉʦʩʪʦʷʥʠʝ ʧʨʦʙʳ

Áʇʦʩʣʝ ʧʦʫʨʳʪʠʷ ïʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ

ÁPbʥʝʩʦʜʝʨʞ.ʦʧʣʘʚʣʝʥʠʝ, 3-ʢʨʘʪʥʦʝ,ʩ ʧʦʩʣʝʜ. ʦʙʨʘʙ. 4 ʯ.ʧʨʠ ʪʝʤʧ.155C
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ENIG ENEPIG

ʉʫʨʦʚʘʷ ʘʪʤʦʩʬʝʨʘ

ʀʩʧʳʪʘʥʠʝ ʩ ʛʘʟʦʤ SO2

ɹʝʟ ʩʪʘʨʝʥʠʷ

ʧʦʩʣʝ ʧʦʢʨʳʪʠʷʧʦʩʣʝ ʧʦʢʨʳʪʠʷ

ɹʝʟ ʩʪʘʨʝʥʠʷʇʦʩʣʝ ʩʪʘʨʝʥʠʷʇʦʩʣʝ ʩʪʘʨʝʥʠʷ

ɹʣʘʛʦʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʧʘʣʣʘʜʠʝʤ 

ʥʘ ENEPIG ʚʠʜʥʳ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʝʜʳ ʢʦʨʨʦʟʠʠ
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ʉʫʨʦʚʘʷ ʘʪʤʦʩʬʝʨʘ

ʀʩʧʳʪʘʥʠʝ ʂʝʩʪʝʨʥʠʰʘïɹʝʟ ʩʪʘʨʝʥʠʷ

ENIG ENEPIG

ʇʦʩʣʝ ʧʦʢʨʳʪʠʷ

1 ʮʠʢʣle, ʥʝʟʥʘʯʠʪ.ʢʦʨʨʦʟʠʷ

3 ʮʠʢʣʘ, ʟʘʤʝʪʥʘʷ ʢʦʨʨʦʟʠʷ

7 ʮʠʢʣʦʚ, ʢʦʨʨʦʟʠʷ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥ.

ʇʦʩʣʝ ʧʦʢʨʳʪʠʷ

1 ʮʠʢʣ, ʢʦʨʨʦʟʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʦʩʪʘʪʢʠ 

ʢʦʥʝʥʩʘʪʘ ʧʘʨʘ

7 ʮʠʢʣʦʚ, ʥʝʪ ʢʦʨʨʦʟʠʠ, ʦʩʪʘʪʢʠ 

ʢʦʥʜʝʥʩʘʪʘ ʧʘʨʘ

3 ʮʠʢʣʘ, ʥʝʪ ʢʦʨʨʦʟʠʠ, ʦʩʪʘʪʢʠ 

ʢʦʥʜʝʥʩʘʪʘ ʧʘʨʘ

ENEPIG ʚʳʜʝʨʞʘʣʦ7 ʮʠʢʣʦʚ(168ʯ.) ʠʩʧ.ʂʝʩʪʝʨʥʠʰʘ


