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This study investigated how electrolyte composition affects surface roughness during the electropolishing
of Ni-Cr-Mo alloys. Mixtures of phosphoric acid, sulfuric acid, and water in ratios ranging from 6:3:1 to
8:1:1 were tested at 50 °C and 3.5 V for 20 minutes. The 7:2:1 ratio produced the lowest surface rough-
ness, meeting semiconductor specifications. Surface observations revealed uniform dissolution with min-
imal bubble traces. An inverse correlation between weight loss and conductivity with Ra suggested that
smoothness is governed by uniform, rather than excessive, dissolution. ICP-OES analysis identified nickel
and chromium as the primary elements dissolving from the alloy, contributing to surface leveling, while
molybdenum enhanced corrosion resistance. Conversely, significant amounts of iron were detected, which
were attributed to contamination from the experimental jig rather than from the alloy's primary dissolu-
tion. Copper was also found to originate from counter-electrode dissolution. These results indicate that
bath contamination from the fixtures (jig and electrode) is a critical process variable. Overall, the 7:2:1
electrolyte effectively balanced the viscous film-forming properties of phosphoric acid with the ionic con-
ductivity of sulfuric acid, facilitating stable electrochemical dissolution and achieving a defect-free finish.
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Fig. 1. Schematic diagram of the electropolishing setup for
Ni-Cr-Mo alloys

Table 1. Chemical composition of Ni-Cr-Mo alloy specimen
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Fig. 2. Effect of electrolyte composition (H;PO:H,SO,:H,O

=6:3:1~8:1:1) on surface roughness (Ra) of Ni-Cr-Mo alloy
after electropolishing
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Fig. 3. Optical images of Ni-Cr-Mo alloy surfaces after
electropolishing with different electrolyte compositions
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Table 2. pH values of electrolytes at room temperature (RT)
and 50 °C
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6:3:1 —1.730 —1.662
6.5:2.5:1 —1.629 —1.559
7:2:1 —1.503 —1.372
7.5:1.5:1 —1.315 —1.277
8:1:1 —1.182 —1.150

Lo /i A AR A A= STt oE &4
7:2:1 AL pHZF T3 (-1 SO(RT) -1.37(50 °C))°ll
AAFFANE E76ka 7P W AR EE 753161
t}. o= Aafjdnt FHo] whedt A Ee] AekR =
Asf f A7 232 LA g3l :Tf *é, a3 A
A% 738 w3l g8l A

pH= Asjjole] 31814 &4 5

w7} glovt, 1 Heksl avE A3 Aislele
AZE Q= Aow drkdd

35ICP EAE S5t 812 24 85 54
Asfrt § AsfAe] 1cP 24 Azte} wd

259
(Table 3, Fig. 6)= & T2 949 &5 3¢
ofte}, M3l AAE Ul 24 Ass HEAeE Ht
sb7] 918k Bz A3 §EHTh vF ICP 4]
A5 Al vhg-2] Al WiskE 25 Jked sk
AANE, At g elx] ZF Ao & ARSI
o7 Moz wd T4 WHale wjHde F4
%1— 2= oh;]_
;ﬂxﬂ £ HEE 2 o, Nio] 44 85 =5 F oF

)
48 ~53%2 7P =9kom| Cre 19~22% F=2 KBS
th o= Nio] §e FEow dajdnt vkg-& F
T8kl Cro] F-EHow FuHk gad Ayg st
7:2:1 2 6.5:2.5:1 ZAoM = Nidk Cre] A8 8=
7} BlaA] g Ao T FA|E o, o] FRIe|A EHE
7} 7V A BEE QI o= kA A vise) 2
Ark-=rke] wtEo] FHEE Al ZAolA Q14
33 Sake] galgo] HA 2 7S o]Fo], i A
Ao Ax FAst HgAe AA Q—ﬂ—zo] A L)
o AT o] ke el ARl NiFk Cr
o] =21 Hgalvt A7glo] P A Q1 Ak Ao &t

off &3S s, 7P st Heksh ave &
dgk Ao R siAE

Mof] el A ow e w27 HEFHIS
L, 71 ATl w2 Ni-Cr-MoA| &4 Mo =

il

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025



EFFECT OF ELECTROLYTE COMPOSITION ON SURFACE FINISH DURING ELECTROPOLISHING OF Ni-Cr-Mo ALLOYS FOR

SEMICONDUCTOR PROCESSING

Table 3. Relative dissolution ratio of alloy elements in electrolytes after 20 min of EP treatment

Electrolyte composition Ni (%) Cr (%) Fe (%) Mo (%) Cu (%) Co (%) Total (%)

6:3:1 48.4 194 17.4 10.0 4.8 0.03 100

6.5:2.5:1 46.2 19.7 229 10.1 1.1 0.03 100

7:2:1 47.9 19.8 20.3 10.3 1.7 0.04 100

7.5:1.5:1 48.7 20.3 19.1 10.6 1.2 0.04 100

8:1:1 53.3 22.0 10.3 11.6 2.7 0.05 100
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Fig. 6. Dissolution behavior of main alloy elements (Ni, Cr,
and Mo) and corresponding surface roughness (Ra) of Ni-
Cr-Mo alloy after electropolishing in different electrolyte
composition

552 oA 9 ek b slef] Fash JESs st
[19,20]. webA] &2 AFoIAE Mo 2% /I HTH=
714 U4 2 9]u obg/d el 7ojst slo
E =

SHH, ICP A ollA= dhae] 7338 2ol el
Feo} mFe] Cu7t HEH ) o= 4] 277} of
W, daldnt 378 T 2F-elA 7] eddSs el
U= 93t dlejgojt), # 2] %7] Fe &2 oF
3 wt% F=dolE Eekar, ICP E4olM= HA 7
= 75 o= 10% oFEH 22.9%)C % w-¢- =4
HAZE UK Table 3). o= 3= AAL §Fo] okt
AdiAnt F AlEe gshs A 1iigelH &E% Fe
7F Aafjoel 291e dyE ojHEn) 53] A x
A= Feol &&0] T71s & 4 Ut

TS ICP 404 CuZl 20.8~77.7 ppm St
H& 1.1~48%) 0% EY A% F53 wsith Cus
Ni-Cr-Mo & ZAdol] 3k x| 9o mz o= A4
SO % ARG TEje] gaflol 7]Q1g Ao dvE
t} £3] 3k B]8o] E& 6:3:1 2AA Cu FE}
7 = AEE S, o= A 2delA A

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025

Ank F2o] AEA 9 7 AstE oo = Qv w
2ha] AFY A8 Alelli= 284 HS(Ti, Pt, graphite 5)
A A= 1 B g W (passivation coating) =%, i
Al =3 Jsh AlAg 89 22w ek 3
FZoltt, olefst AL A= oy AR ofder A
afjell FH7 | et @51 A%E SN R Fasitt [21].

Fiabd, ICP A= T 71 ZSHollA sljAlslof 3t
ok AA, g5 AN, Cr, Mo)o] &3] AsS 3l
7:2:1 2/do] ¥ Feksol 7 fEst g3l 1
AFers FRlselct. A, 29U (Fe, Cu) T4
g, AAl TR Fa-dald v oh et X1
9 A= AL A, A eddezE dafjdnte] #
A S fJ8l SEH o2 yEEofof g5 & 4 Sl

offt flo

[e

Ni-Cr-Mo &9] dalldutel|A] QbS5 =4 ¥
3H6:3:1~8:1:1)0] w2 ¥ % 9 g8 A% B4
3 Ay}, BE Ao REEAE 39 75 (Ra<0.15 p
S WESEIT % 7:2:1 230 I e 1
5(0.069 um)et ¢k Addo] gHEG om0
2k 9T 997 k] AEE Aol HES ©
o] ga Wkgo] wdsA AP 7|E S =
g7l Haste Ayt s

S 0266~0327¢ HAROH, T 2%
Sl Brks Sall LT AT YAl Qs
AE T Al AEEE 205~219 mS/em HYE,

F_l(:

£ e



HYUNSEOK YANG, WOO-CHUL JUNG, DEOKHYUN HAN, KWANGSU CHOIL, YOUL ZHOO SUNG, AND MAN-SIK KONG

AEE

A HIE0] 1.5~25 A Hulgks 19,
7t &5 25Ut Yo s 59 A =
-0.88)7} 1= Tt vbA pHE -1.7 ~-1.1 Y= H3}
slont 3 FAel AHAR Y FA dakon,
ol Hajdnpr} v AL Rt o] AL W AAE
Y] el sl AulEe onlgitt.

ICP A oA&= Nitt Cro] 9] 748 85 das
2-g-sto] 3 Feksle] 7|ofghs FRlIskict. vk, g
= 273 (eF 3 wit%) t] sk AEE Fet AW X
48 AdGigellr §29 9 29ees =gl
ESE Cu A AU RE)A Sl Aew &
A=tk o123t Feol Cudl HES A T4l A
W AT AGH] Faog o3k Hajd o9y} 1
BAZ op7|3t 4= glomz olo st E3tAel
el F e AAR
ko] H]Eo]

I

k_.

of 2
ofN ox, ol

f
L
)
o

THS olF+=
AEre, speby g4
Ao, Ni-Cr-Mo &+
B 3 FRE 99 A 2E
& =

EN ofd By kN

AL o 2 o

o] A= 2024 % A S AN W Sk
7185 7FA(KEIT) A4 Aol 2]k A7-51(RS-2024-
00431424).

References

1. L. F. Huang, Y. Xie, K. Sieradzki, J. M. Rondielli, Ele-
mental Partitioning and Corrosion Resistance of Ni—Cr
Alloys Revealed by Accurate Ab-initio Thermodynamic
and Electrochemical Calculations, npj Materials Degra-
dation, 7,94 (2023). Doi: https://doi.org/10.1038/s41529-
023-00414-w

2. J. H. Moon, T. Kim, Y. Lee, S. Kim, Y. Kim, J. P. Ahn, J.
Choi, H. M. Lee, and Y. K. Kim, Electrical Resistivity
Modification of Electrodeposited Mo and Mo—Co Nanow-
ires for Interconnect Applications, Engineering, 32, 127
(2024). Doi: https://doi.org/10.1016/j.eng.2023.07.017

3. S. T. Mileiko, High Temperature Molybdenum Matrix
Composites, Ceramics International, 45, 7 (2019). Doi:
https://doi.org/10.1016/j.ceramint.2018.08.296

4. E. Lbyczkowska-Widlak, Electrochemical Polishing of
Austenitic Stainless Steels, Materials, 13, 11 (2020). Doi:
https://doi.org/10.3390/mal3112557

476

11.

12.

14.

15.

. S. Zaki, N. Zhang, and M. D. Gilchrist, Electropolishing
and Shaping of Micro-Scale Metallic Structures: Mecha-
nisms, Process Parameters and Applications, Microma-
chines, 13, 468 (2022). Doi: https://doi.org/10.3390/
mil3030468

. E. M. Beamud-Gonzélez, P. J. Nufiez-Lopez, and E.
Garcia-Plaza, Electropolishing Stainless Steel Optimiza-
tion Using Surface Quality, Dimensional Accuracy, and
Electrical Consumption Criteria, Materials, 16, 5 (2023).
Doi: https://doi.org/10.3390/mal6051770

. P. J. Nuafiez, E. Garcia-Plaza, M. Hernando, and R. Tru-
jillo, Characterization of Surface Finish of Electropol-
ished Stainless Steel AISI 316L with Varying Electrolyte
Concentrations, Procedia Engineering, 63, 771 (2013).
Doi: https://doi.org/10.1016/j.proeng.2013.08.255

. O. Lebedeva, D. Kultin, A. Zakharov, and L. Kustov,
Advantages of Electrochemical Polishing of Metals and
Alloys in Tonic Liquids, Metals, 11, 6 (2021). Doi: https://
doi.org/10.3390/met11060959

. E. Lyczkowska-Widlak, P. Lochynski, G. Nawrat, Elec-
trochemical Polishing of Austenitic Stainless Steels,
Materials, 13, 2557 (2020). Doi: https://doi.org/10.3390/
mal3112557

. H.S. Yang, W.C. Jung, M. S. Kong, The effect of elec-

trolyte composition on the electropolishing and passivation

of STS316L stainless steel for semiconductor applications,

Journal of Surface Science Engineering, 57, 456 (2024).

Doi: https:/doi.org/10.5695/JSSE.2024.57.6.456

S. Lee and J. Lai, The Effects of Electropolishing (EP)

Process Parameters on Corrosion Resistance of 316L

Stainless Steel, Journal of Materials Processing Technol-

ogy, 140, 206 (2003). Doi: https://doi.org/10.1016/S0924-

0136(03)00785-4

S. Lee, Y. Chen, and J. Hung, The Investigation of Sur-

face Forming Mechanisms in Electropolishing Process,

International Jounvanl of Electrochemical Science, 7, 12

(2012). Doi: https://doi.org/10.1016/S1452-3981(23)16561-8

. D. Landolt, Fundamental Aspects of Electropolishing,

Electrochimica Acta, 32, 1 (1987). Doi: https://doi.org/

10.1016/0013-4686(87)87001-9

G. Yang, B. Wang, K. Tawfiq, H. Wei, S. Zhou & G.

Chen, Electropolishing of Surfaces: Theory and Applica-

tions, Surface Engineering, 33, 1 (2016). Doi: https://

doi.org/10.1080/02670844.2016.1198452

W. Han and F. Fang, Fundamental Aspects and Recent

Developments in Electropolishing, International Journal

of Machine Tools and Manufacture, 139, 1 (2019). Doi:

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025


https://doi.org/10.1038/s41529-023-00414-w
https://doi.org/10.1038/s41529-023-00414-w
https://doi.org/10.1016/j.eng.2023.07.017
https://doi.org/10.1016/j.eng.2023.07.017
https://doi.org/10.1016/j.ceramint.2018.08.296
https://doi.org/10.1016/j.ceramint.2018.08.296
https://doi.org/10.3390/ma13112557
https://doi.org/10.3390/ma13112557
https://doi.org/10.3390/mi13030468
https://doi.org/10.3390/mi13030468
https://doi.org/10.3390/ma16051770
https://doi.org/10.3390/ma16051770
https://doi.org/10.1016/j.proeng.2013.08.255
https://doi.org/10.1016/j.proeng.2013.08.255
https://doi.org/10.3390/met11060959
https://doi.org/10.3390/met11060959
https://doi.org/10.3390/ma13112557
https://doi.org/10.3390/ma13112557
https://doi.org/10.5695/JSSE.2024.57.6.456
https://doi.org/10.5695/JSSE.2024.57.6.456
https://doi.org/10.1016/S0924-0136(03)00785-4
https://doi.org/10.1016/S0924-0136(03)00785-4
https://doi.org/10.1016/S1452-3981(23)16561-8
https://doi.org/10.1016/S1452-3981(23)16561-8
https://doi.org/10.1016/0013-4686(87)87001-9
https://doi.org/10.1016/0013-4686(87)87001-9
https://doi.org/10.1080/02670844.2016.1198452
https://doi.org/10.1080/02670844.2016.1198452
https://doi.org/10.1016/j.ijmachtools.2019.01.001

EFFECT OF ELECTROLYTE COMPOSITION ON SURFACE FINISH DURING ELECTROPOLISHING OF Ni-Cr-Mo ALLOYS FOR
SEMICONDUCTOR PROCESSING

16.

17.

18.

https://doi.org/10.1016/j.ijmachtools.2019.01.001

A. Chandra, M. Sumption, and G. S. Frankel, On the
Mechanism of Niobium Electropolishing, Journal of The
Electrochemical Society, 159, C485 (2012). Doi: https://
doi.org/10.1149/2.054211jes

Y. Hou, J. Zhao, T. S. Cao, L. Zhang, X. M. Meng, Z. P.
Zhang, and C. Q. Cheng, Improvement on the pitting cor-
rosion resistance of 304 stainless steel via duplex passiv-
ation treatment, Materials and Corrosion, 70, 1764
(2019). Doi: https://doi.org/10.1002/mac0.201910892

T. Xiang, K. P. Johnston, W. T. Wofford, and E. F.
Gloyna, Spectroscopic Measurement of pH in Aqueous
Sulfuric Acid and Ammonia from Sub- to Supercritical
Conditions, Industrial & Engineering Chemistry
Research, 35, 4788 (1996). Doi: https://doi.org/10.1021/
1960368y

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025

19.

20.

21.

Y. Xie, D. Artymowicz, P. P. Lopes, A. Aiello, D. Wang,
J. L. Hart, E. Anber, M. L. Taheri, H. Zhuang, R. C.
Newman, and K. Sieradzki, A percolation theory for
designing corrosion-resistant alloys, Nature Materials,
20, 789 (2021). Doi: https://doi.org/10.1038/s41563-021-
00920-9

M. Karri, A. Verma, J.B. Singh, S.K. Bonagani, and U.K.
Goutam, Role of Chromium in Anomalous Behavior of
the Passive Layer in Ni-Cr-Mo Alloys in 1 M HCI Solu-
tion, Corrosion, 78, 228 (2022). Doi: https://doi.org/
10.5006/3767

P. Lochynski, S. Charazinska, E. Lyczkowska-Widtak, A.
Sikora, M. Karczewski, Electrochemical Reduction of
Industrial Baths Used for Electropolishing of Stainless
Steel, Advances in Materials Science and Engineering, 3,
1 (2018). Doi: https://doi.org/10.1155/2018/8197202

477


https://doi.org/10.1016/j.ijmachtools.2019.01.001
https://doi.org/10.1149/2.054211jes
https://doi.org/10.1149/2.054211jes
https://doi.org/10.1002/maco.201910892
https://doi.org/10.1002/maco.201910892
https://doi.org/10.1021/ie960368y
https://doi.org/10.1021/ie960368y
https://doi.org/10.1038/s41563-021-00920-9
https://doi.org/10.1038/s41563-021-00920-9
https://doi.org/10.5006/3767
https://doi.org/10.5006/3767
https://doi.org/10.1155/2018/8197202
https://doi.org/10.1155/2018/8197202

