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Abstract : FeCl; solution has been used as an etchant for metal etching such as Fe, Cu, Al and Ni. In the etching process, Fe’" is
reduced to Fe*" and the etching efficiency is decreased. Waste FeCls etchant has environmental, economic problems and thus the
regeneration of the etching solution has been required. In this study, HCIl was mixed with the FeCl, solution and then, H>O,, NaClOs
were added into the mixed solution to oxidize the Fe*". During the oxidation process, oxidation-reduction potential (ORP) was measured
and the relationship between ORP and oxidation ratio was investigated. The ORP is increased with increasing the concentration
of H,O, and NaClOs, and then the ORP is decreased with oxidation progress. Such a behavior was in good agreement with
Nernst’s equation. Also, the oxidation efficiency was about 99% when a sufficient amount of HCI and H,O,, NaClOs were added.
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Table 1. Summary of characteristics for the FeCl, solution

Amount of FeCl, in solution (%)

22 11.5 15.8 19.5 29.9 38.0

S.G. 1.019 | 1.104 | 1.154 | 1.194 | 1.316 | 1.438
ORP (mV) | 421 454 464 471 493 503
pH 232 1.69 1.51 1.38 0.99 0.76
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Figure 1. The relationship of oxidation-reduction potential (ORP)
and Fe content for chemical reagent grade.
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Figure 2. The relationship of pH and Fe content for chemical
reagent grade.
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Table 2. The ORP and pH values according to the oxidation- re-
duction reaction with HCIL, H,O; and NaClO;

H,O; reaction NaClO; reaction
ORP ORP ORP ORP
pH (mV) variation | pH (mV) variation
(%) (%)
Initial solu-
tion State 1.76 | 456 - 1.76 | 456 -
Addition of
HCI (15 mL) - - - -0.74| 580 27.2
Addition of
HCI (20 mL) -0.95 | 591 29.6 - - -
Additionof |y 0l 617 | 44 |094] 590 | 17
oxidizing agent
Final solu-| o1 1 se4 | 51 |-0.52| 568 | 3.7
tion state
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Figure 3. The relationship of oxidation-reduction potential (ORP)
and time with the addition of H,O, and NaClOs.
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Figure 4. The relationship of mole ratio of [Fe’]/[Fe’"] and amount
of HCl at the condition of 1.2 the stoichiometric amount
Of HzOz.

APFES o7t pHO| gro] Aol 24 oF
of 1.40] 2|3k ORPE| W3}F gk o 72
AerstE oF 5.6% 9 oF 7.1% 2] 7} Ao,
ol pHEHE aefshd Ao fAkeH AT

Figure 4= AM3lERS-of| W23k @4kl ofof| w2 [Fe'J/[Fe™]
o = vl YeERlSleh HAteheas At oFo oF 1.24)
H71steleh oF 15.8%9] Fe”' o] 5528 7= ool gate
S e LA Bo R HhEE A9, [Fe'Y[Fe’ ]9
| oF 23591 01, Fe o] FHeke 0.05% 2 24w ). vl
A/3o]l Fe' o] b wstgo A AStES AAlste] Hu
of 99%= A AIet 4REUTE & 5 AR 2y
Artel g G tiu] 072 HIIS H$oll= Fe'o] gk
0.82%% [Fe' J[Fe’ 19 & ul: oF 112 AIS}E-LS oF 73%=
S E Ak npA oz gabe) oFg ek tie] 0352 7t
ko] Fe''o] 5wt oF 1.9% EAE|glow, o5 Atskgos
FHAbslo] B oF 37% [Fe' J[Fe’'19] & u]i of 308 B
A= Ak é%ﬁ o= *PELOH Lok gake] ¢S I o
T ABHAIE 7hskofoptt 99% o] 4o

oF 56 m
s 0

>

—

olo

o

ABb7L o] oS & = AT
250
& 4
£ 200
=
+
My 150
&
e
© 100
2
©
o %
s
0 ° L
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40

Stoichiometricamount of NaClO3

Figure 5. The relationship of mole ratio of [Fe*"]/[Fe’"] and amount
of NaClO; at the condition of 1.4 the stoichiometric amount
of HCI.



162 Athel - A - AAF - AP - oS - Halet - ga

2 2G5 &, ASA R A AAGER oFe] Biste|] nh2

A3E ety otk ARV EES IEF diH] 0

Hle Arelae A9, Fe'ol S 4% due 7
1.8% 9 1.00]¢l o0, [Fe'|/[Fe’ Q] & u 3

st $HAsHA o] oA A] ¢koktt eyt

2 tfn] 1.281 8 Hrlete A$ols Fe''ol g 9
[Fe’12] & vl 0.06% % 22524 79 Ak3l7} o] o33

A~
& % qlsieh

—
T
()

("
b

—

~

(o]

i

2 AT FHolH OI%H% FeCl; o] AHg &
A= o] AARE-S ol AEd B AEAR TSt
29t ABANEFS o835t oA H A AT 5= Qe
Arshg2g o] wAY S| s
l oA B-H O] ORP W3

2= glow, Lolo] ORP B:];q}
o]g-3e] [Fe'J/[Fe™ 2] S u] m UP ofe} gAte] 23t [H']
g [H,0,] 18] 3 [NaClO;]2] % Wslo] o3 AAw= A
o 3 s}oaq Arsldkeo]] thgh Nernst2lof] oJald ¢Alo] ©
3k pH W3 U ASHES-S 93t A A, AAANER )
sk oJsf 4tstete A7 S1sk, Akskrh BiE K13 E
HA ARSI A7E Fashes Ao R Ugton, AdS 5ot
o

righ

2
h
:?L_'

L

O ATE ST 5 Yotk £ A D ASH R

er o) 146) L 1202 WSS B oF 99% Als}
7} ool o 4 qlgieh oA A gL SIak A
B SA ARSHALS o] §3F AYBHE ol Al SHah AetE 913
A 383 ol ABkAIE Flslokste] ORP ghel Wake

Zgsto] WeRR AHS Tt 4 gl Ao BeH,

A AL

B QT 20160 % Al EAA AR H% ER SR
X714 %7 UKETEP)O] A9 Wro} Sk A7 shA| U ch
(No. 20165020301150).

i

References

Lee, H. M., Park, M., Park, G. H., and Park, C., “Wet Etching
of Stainless Steel Foil by Aqueous Ferric Chloride Solution,”
Korean Chem. Eng. Res., 50(2), 211-216 (2012).

Allen, D. M., and Ler, L. T., “Increasing Utilisation Efficiency
of Ferric Chloride Etchant in Industrial Photochemical Mach-
ining,” J. Environ. Monit., 1, 103-108 (1999).

Lee, H., Ahn, E., Park, C., and Tak, Y., “Regenration of Waste
Ferric Chloride Etchant HCI and H,0,,” Appl. Chem. Eng.,
24(1), 67-71 (2013).

Ler, L. T., “Oxygen as a Potential Etchant Regenerator,” MS
Dissertation, Cranfield Institute of Technology, Bedford (1993).
Allen, D. M., and Ler, L. T., “The Potential for Oxygen Re-
generation of Spent Ferric Chloride Etchant Solutions,” PCMI
J., 59, 3-7 (1995).

Ler, L. T., “Measurement and Reduction of the Environmental
Impact of Industrial Photochemical Maching,” Ph.D. Disser-
tation, Cranfield Institute of Technology, Bedford (1998).

Peter, A., “Automated Oxygen Regeneration of Ferric Chloride
Etchant,” Ph.D. Dissertation, Cranfield Institute of Technology,
Bedford (1999).

Allen, D. M., and Almond, H. J. A., “Characterisation of
Aquous Ferric Chloride Etchants Used in Industrial Photo-
chemical Machining,” J. Mater. Process Technol., 149, 238-
245 (2004).

Yoo, K., Jha, M. K., Kim, M. S., Yoo, J. M., Jeong, J., and
Lee, J. C., “Separation of Ni and Fe from H,SOs Leaching
Solution of Scrapped Fe-Ni Alloy,” J. Korean Inst. Resour.
Recycl., 17(1), 80-87 (2008).



