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ABSTRACT To remove metal stains of the ceramics, chemical cleaning is essential case by case. This study investigated
the removal characteristics of iron stains by oxalic acid and citric acid including their application methods of soaking
and poultice. The soaking method in cleaning agents showed removal process by color difference and released iron contents
from iron stains on ceramics. Iron stains were removed successfully from ceramics, which soaked in oxalic acid for 60
hours. However, it is recommendable to soak in 0.25M oxalic acid for one to three hours because most iron stains were
disappeared in 3 hours soaking. Citric acid is less effective than oxalic acid in removing iron stains because of heavy
molecular weight and low acidity. Poultices (bentonite, sepiolite, activated carbon fiber and celite) with oxalic acid
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were applied on contaminated ceramics. After ten hours, iron stains on ceramics were removed successfully by poultice.

Among them, bentonite and sepiolite have better application. Therefore, sepiolite with 0.25M oxalic acid was applied

on the iron stains of whiteware and celadon from Ma Island, and then stains were removed. However, it is judged that

the application methods can be varied according to the form and depth of contaminant. In addition, the residues of poultice

on the ceramics will be considered for preventing contamination.

Key Words: Ceramics, Iron stains, Soaking test method, Poultice method, Oxalic acid, Sepiolite.
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Wrehy] BAA17)(Bunchenogware) 2t 50k AlF-51A] ¢
2 Wz (Unglazed Whiteware) A| 25 AZ}stF o, 22k
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Figure 1. Photographs of samples; before and after con-
tamination by Fe oxides(A: Unglazed Whiteware, B:
Bunchenogware).
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Table 1. Experimental conditions.

No. Sample Chemical method

1  BW-1 0.25M Oxalic acid
BW-2 1M Oxalic acid
BW-3 0.25M Citric acid
BW-4 1M Citric acid
UW-1 Bentonite+0.25M Oxalic acid
UW-2 Bentonite+1M Oxalic acid
UW-3 sepiolite+0.25M Oxalic acid
UW-4 sepiolite+1M Oxalic acid
UW-5 ACF+0.25M Oxalic acid
10 UW-6 ACF+1M Oxalic acid
11 UW-7 Celite+0.25M Oxalic acid
12 UW-8 Celite+1M Oxalic acid

Soaking
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O

Figure 2. Measurement points for evaluation of color dif-
ference on contaminated ceramic samples.
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4.1.1. 24 MAX|(Oxalic acid agents)

BW-12] L', a", b'Zhe A Fol|A] 75.92, -5.64, 2.35
o]tk BAISHE S-golof YA T L 2, b FAGLS
69.14, -1.32,15.522 ZA =0}, Q122 Hoj et L'L 6.78
o] ZHA3A a2 431, b2 13.170] Z7}a}ed, MRIZHA
E'w)< 15.430]Qit}y. 281 MEA = 243t 57) 2149
ARZHS Zkz} 14.08(1 point), 16.91(2 point), 13.46(3 point),
15.93(4 point) ¥ 16.88(5 point)2 2 pointo|A] 7}&F =3k
t}. BW-19]| 4] HASHES A A7) Y34 0.25Me] L4t
Abo] 60A1ZHESE WA F4 T L a, by &
H=7] AL, 2", b gk vl mst 23, 1 pointo] A& HAA]
7] Z7I3tol| wet AlZko] 3.43(10h)—2.90(20h)—2.57
(30h)—2.37(40h)—3.22(50h)—2.17(60h)Z, 2 pointo] A
= 6.114.05-3.233.97>3.39>3.172, 3 pointof A=
3.272.612.542.432.82>3 4T, 4 pointofAl= 5.97
—3.173423.10-3.19-3 372, 5 pointol|Ali= 5.96—6.24
—3.45-2.11-2.36—2.542 Zo E3{tHFigure 3A).
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Figure. 3. Variation diagram of removing iron oxide on
BW-1 by soaking method with 0.25M oxalic acid(A: Color
difference, B: Concentration of Fe ion).
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Figure. 4. Variation diagram of removing iron oxide on
BW-2 by soaking method with 1M oxalic acid (A: Color
difference, B: Concentration of Fe ion).

A 71 BSiTh BW2olH AASIES AAS] S1SIA
IMe] SAF3Io] 60A17F E9t AFSATt 2 Ak, 1 point
A= AHAITH] Z7ketol wet Mgl 3.61(10h) >
4.16(20h)—3.10(30h)—3.38(40h)—3.45(50h)—2.67(60h)
2, 2 pointof| A= 3.03—2.552.42—2.04—2.08—2.13 2
2, 3 pointo A= 3.10-2.86—2.37—2.99—2.63—2.752,
4 pointo A= 2.65—1.71—1.58—1.80—1.76—1.500.2,
5 pointof| A= 2.79—3.08—2.89—2.63—>2.60—2.852 &
S th(Figure 4A).
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(y=1.22x+130)& T3 T, -2 60A17HE st &
FE FRlstEeh I A}, =27 EoA EEE o 7 Fe
0] 22 204.0ppb(C)Z ER1F 0, HAlsEo] 2 F ¥ BW-2
= S IMO JAANA AAE SRS Fe o]22
222.6ppb(B)°] A tHFigure 4B).

4.1.2. FHAL MIZ{K|(Citric acid agents)

SAbIO] HAREE AASAE HlEs] SIsk] 025M
I IME] FAA A1F 2 FH EFA] AHBW-3, 4
60A17HE<t - A F T

BW-39] L', a’, b gt HA|HFA] 76.73, -5.56, 2.29
o|rt. AAKEE =g olo] AHF FO| L a, b FE
68.51, -0.26, 12.052 A= of, elx 2 Fof utet L'28.23
o] ZtAslT a2’ 529, b2 9.760] F7Fsted, MIZHA
E'w) 13.820190c}. 18] MA 2 23 54 2149
A2} ZF2E 15.89(1 point), 12.91(2 point), 13.70(3 point),
13.47(4 point) 2 13.38(5 point)2 1 pointof| A 7F =9k
o BW-30j|4 ZAksE2E AASH] sliA 025M9] T4
Abol] 60A17HE<E A5 WH F2 L', b 3 5L
A AL, a, bkt vlmdt Ak 1 pointol A= HE A7kl
Z7)3lo]| whah Aglo] 14.73(10h)—>14.26(20h)—>14.78(30h)
—13.46(40h)—13.93(50h)—12.53(60h) 2.2, 2 pointo] A=
11.68—11.73—11.19—10.20—9.75—9.80 2.2, 3 point®]|
A= 13.53—12.18—12.86—12.89—12.83—12.902.2, 4
pointo]| A= 13.69—12.67—10.28—10.49—9.88—9.76 S
2, 5 pointof| A= 12.25—11.93—10.40—9.63—9.46—9.03
© 2 Zoj51ck(Figure 5).
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Figure S. Variation diagram of removing iron oxide on
BW-3 by soaking method with 0.25M citric acid.

BW-49] L', a’, b'ghe AR H oA 76.41, -5.67, 2.28
ol HAksHEo] YA FO| L', a, b Bk 67.97,
0.86, 12.882 ZA=|0], QT Hof ufa} LS 8447} 7H4
B3 2" 654, b2 10.600] Z7}5te] MIIGHAE )
15.040]9ich. 183 MEA R SA% 570 282 MRk
2 721 15.69(1 point), 15.12(2 point), 13.30(3 point), 15.23(4
point) & 16.41(5 point)Z 5 pointo| A 71 =3ktl. BW-4
of| A HASHES A AS] a4l IME] FAke|| 60417
S JASHE. 2 A, 1 pointo A= &ALl S7F
S}o]| what Ax}gko] 14.48(10h)—13.13(20h)—13.22(30h)
—11.28(40h)—11.49(50h)—11.37(60h) =, 2 pointofl A=
13.83—13.62—11.66—10.52—11.12—11.232.2, 3 point
ol A= 12.85—12.73—10.41—9.188.979.11 2, 4 point
oA 13.42—13.20—12.58—11.76—>10.92—10.76 2.2,
5 pointoAs 14.49—14.72—14.23—14.32—1334—11.44
2 Zo| S 31K Figure 6).
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=31, pH>2¢] 270 A& metal-citrate ZAE P45t
FEoleg AASH At FAA HAFHE pH
1504 2.7(60A17F B+ )= F7He ol whet, 2340l
A Aid3HEe] A= metal-citrate H3AE A= 2
HolEA ¥hgo = gt SR FokEo] WHo)
ot Al E | QFEGA BAlgo]  FHAte] wANg
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Figure 6. Variation diagram of removing iron oxide on
BW-4 by soaking method with 1M citric acid.
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Figure 7. Comparative diagram on the removing Fe oxides
on samples by soaking in citric and oxalic acid.

AAZ FAN AHA AARE BUSFES AL 1
o) @43 WolFirh. 53] MEAo = vl s Figure 7),
SR A 10412 b T 3E0] AketEol AAE
A5k TAARAAE 0AHES A= e 2l S
= AARrgo] AR Gick.

42 B35ty SEH

sk 212y ATl SO B A7) aTiEe
Barsk o] A7 E40] BRI oA Bete Sx
oA SARRRE AHASANZ, AEL]E, A5 &efo]
E, SRS 2 Ao ES STAR slo] wix HE
(UW) E019) 0 32 A7 B4S 2SI,

4.2.1. HIEL}O|E(Bentonite)

AR Q1o EH UW-19 L', a', b gk 76.17,
3.60,23272 Q1229 HECHL": 82.52,a" -0.18,b: 6.16)
L2 6357} 74, a', b2 3.78, 17.110] Z7}51e] Mz}gHA
E'w)& 18.640| 4T}, 919} o] ©.ge UW-10]4 HAks}
E2 AASE] 314 0.25M AR HIELHO| B &3 A
= 1047F Mgt A3 L a, b BFgRe 82.29, -0.05,
7582 L' 6.127} 27}, a', b2 3.65, 15.697} 2451
A5 Azt ML 1.442 FRIE L) o]F Z+ X
HAEE AHEH, | pointo A Azighe] 21.62004 1.61
2,2 pointof| A= 21.799| 4] 1.422, 3 pointo]| A= 18.779]]
A 1.602.2, 4 pointo| A= 14.819]|4] 1.392, 5 pointo]| 4]
£ 1631914 1252 FEA ] FF 9 Majgho] Eol50
2 AE-2 A A= A cKFigure 8A).
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Figure 8. The change of color difference before and after application of bentonite with oxalic acid(A process: artificial
contamination, B process: application of poultice with oxalic acid for 10hours).

. SME, HE, 2E3], Ade] | 351



352 | EZntsts|X| Vol.27, No.4, 2011
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4.2.3. EMEIAMO(Active Carbon Fiber)
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Figure 9. The change of color difference before and after application of sepiolite with oxalic acid(A process: artificial
contamination, B process: application of poultice with oxalic acid for 10hours).
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4.2.4. MI210|E(Celite)
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Figure 10. The change of color difference before and after application of activated carbon fiber poultice with oxalic acid(A
process: artificial contamination, B process: application of poultice with oxalic acid for 10hours).
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Figure 11. The change of color difference before and after application of celite poultice with oxalic acid(A process: artificial
contamination, B process: application of poultice with oxalic acid for 10hours).
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= o}, HARHE-2 A A = i ch(Figure 11B).
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Figure 13. The process of removing Fe stains on whiteware with sepiolite and 0.25M oxalic acid.
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