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Effects of Oxalic and L-ascorbic acids on Iron Removal form Iron-bearing Illite

Won-Pyo Lee, 1I-Mo Kang and Hi-Soo Moon*
Department of Earth System Sciences, Yonsei University

This study was focused on iron removal from illite by L-ascorbic and oxalic acids. Tron has been shown as a
secondary mineral such as iron oxides and hydroxides in illite ores. It is also known as a primary agent to degrade
brightness index of the ores. Methods such as physical separation and chemical leaching with strong inorganic acids
have been widely used to remove the iron from the ores. However, these methods are expensive and give rise to
environmental problems. In this study, we examined an alternative method using solutions with different set of
combination of sulfuric, hydrochloric, L-ascorbic, and oxalic acids. Compared to chemical treatments with only
inorganic acids, our results demonstrate that an addition of L-ascorbic acid in inorganic acids results in decreasing
both total concentrations of the inorganic acids and time for the treatments. The treatment with 0.15 M L-ascorbic
acid and 0.25 M sulfuric acid in solution for 60 min significantly improved the brightness index from 42.4% to
74.4%. This improvement is similar to that of treatment with only 2.5 M sulfuric acid alone for 150 min. Mineral-
ogical and chemical analyses were performed to compare the effect of acid leaching on illite powders. No obvi-
ous differences are observed in the mineralogical characteristics and particle size distributions of the samples.
These results suggest that the treatment with the addition of L-ascorbic acid in sulfuric acid could effectively
remove iron without modifying the physicochemical properties of illite under conditions used in this study.

Key words : Illite, L-ascorbic acid, Oxalic acid, Iron removal, Brightness
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Fig. 1. (a) X-ray diffraction pattern of the untreated illite from
the study area. (b) Simulated X-ray pattern for the 2M,; type
illite with quartz. *Quartz. .
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Fig. 2. Scanning electron microscopic images of untreated illite.

Table 1. Mineralogical and physicochemical characteristics of untreated illite used in this study.

Properties

Results

Color 10YR 8/4

Brightness (%) 422
Mean particle size (um)
Mineral compositon
Structural fomula
Fe,05* (wt.%) 3.02

8.47 um
M, illite (~94wt.%), Quartz(~6wt.%)
Ki47 Nag1o(AlznFeg s Mg 0.07Tio0s)(Sies7 Aliss) Oz(OH)4

*total Fe

ek AckFg D.

ANHE AE= AR F F EPNA 2AE BE
N FHE 45 $4EFE S0, 50.16, AlLO,
313, K0 7.96 283 Fe,O05= 3.02wt.%(E 29
THE T3 JSvh 2 9o Nay,0 0.71, TiO,
0.33, MgO 0.39, P,0s 0.05, Ca0 0.09 wt. %= &%
B sl itk Aige] oF 6wt.% SHeHo], ¥
FEY Y|y AR vy duidoes ALO;
9} K09 ke 2y Si0,0 T B4 24EY
tiar AlRETh HaEFl dejolEe] ARy vlws) B
o 2k3ldel o] 3.02 wtaE YRR wod,

Mo adshd QR delolE IS Ay
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okt Z7e e YERIE HYoU B gu=
847 pmolck. AA YAk F 90%7} 45 pmelstE B
Ttk FARAEVT (Jeol 5610LV) T
Fig. 29} o] si7e] dTtolE Yrke vzkzdez
5um o}3}) YPAA7E Holw, 7FdAtelE wfirgA]
Xoh FY B EHS 3EE £ Aok dx=
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Fig. 3. Plots of dissolved Fe,O; versus reaction time at
different concentrations of sulfuric acid(a) and hydrochloric
acid(b): Solid circle; IN, solid diamond; 2N, and solid
rectangle; SN.
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Fig. 4. Plots of dissolved Fe,O; versus reaction time after
treated with acids. (a) Treated with 0.15M L-ascorbic
acid(solid triangle) and 0.15M oxalic acid(cross), (b) with
0.15M L-ascorbic acid in 0.5N H,;SO4(solid rectangle), IN
H,SO4(solid  circle), 0.5N  HCl(solid diamond), IN
HCl(solid triangle), and (c) with 0.15M oxalic acid in 0.5N
H,SO4(solid rectangle), IN H,SOsolid circle), 0.5N
HCl(solid diamond), 1N HCl(solid triangle).
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Table 2. Munsell notations of illite powders after treated with inorganic acids.

H,S0, HCI
reaction . PO IN 2N SN IN N N
time(min.) 3
30 2.5Y 82 2.5Y 872 2.5Y 872 2.5Y 8/3 2.5Y 812 7.5Y 8/1
60 2.5Y 822 2.5Y 82 7.5Y 8/1 2.5Y 82 7.5Y 8/1 5Y 81
90 2.5Y 82 7.5Y 8/1 7.5Y 8/1 2.5Y 82 7.5Y 8/1 5Y 8/1
120 2.5Y 872 7.5Y 8/1 7.5Y 8/1 2.5Y 872 7.5Y 8/1 5Y &/1
150 2.5Y 872 7.5Y 8/1 7.5Y 8/1 2.5Y 82 7.5Y 8/1 5Y 8&/1
180 2.5Y 82 7.5Y 8/1 5Y 8§/1 2.5Y 872 7.5Y 8/1 5Y &/1
210 2.5Y &2 7.5Y 8/1 5Y 8/1 2.5Y 82 7.5Y 8/1 7.5Y 8/1
240 2.5Y 82 5Y 8/1 5Y 8&/1 2.5Y 82 7.5Y 8/1 7.5Y 8/1
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Fig. 5. Plots of brightness versus reaction time after treated
with different concentration of suifuric acid(a) and
hydrochloric acid(b). Solid triangle; SN, solid rectangle; 2N,
and solid diamond; IN.

o))}
ul

ZA8 g 1 N 82ke] A
54.7%N M 66.3%% BFEA|7ke] HojES

=

HY A0 T

TFE 61670 724%2 WA =7}
N SdAME 64.5%N 77.6%7HA)
AckFig. 5a). 5 N S4boliA] 902 o, 2 N el
A 1208 ol Wi Al R e 0% ¥



dejole EA ol el sk AA S Lolimabide] niale g 147

Table 3. Munsell notations of illite powders after treated with organic acids.

. - process 0.15M L-ascorbic acid 0.15M Oxalic acid

reaction time(min.)

30 2.5Y &/3 2.5Y 82

60 2.5Y 82 10 YR 872

90 2.5Y 872 7.5Y 8/1

120 2.5Y 872 7.5Y 8/1

80

AEeH, 1 N 3abllbe & A7 2408 F (a)
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BgOlME fAkR RAE Uebied, INgR o
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28)7 5N GAIME 73.8-78.1%2 WMAEs} gkitE g(’“ , 7
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o 75%2) WAEE Hojr §kg £F A7EA] o] 31 0 7
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Fig. 6. Changes in brightness with different set of inorganic
and organic acids, and reaction time. (a) Treated with 0.15M L-
ascorbic acid(solid circle) and 0.15M oxalic acid(solid
triangle), (b) with 0.15M L-ascorbic acid in 0.5N H,SO, (open
circle), IN H,SO,(solid circle), 0.5N HCI (open rectangle), and
IN HCl(solid rectangle), and (c) with 0.15M oxalic acid in
0.5N H,SO,(solid circle), IN H,SO4(solid rectangle), 0.5N HCI
(solid diamond), and 1N HCl(solid triangle).
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Table 4. Munsell notations of illite powders after treated with 0.15M L-ascorbic acid in inorganic acid solutions.

L-ascorbic acid in H,SO,

L-ascorbic acid in HCt

process
reaction time(min.

0.15M +0.5N 0.15M +IN 0.15M +0.5N 0.15M +IN
30 5Y 8/1 5Y 8/1 7.5Y 8/1 5Y 8/1
60 5Y 8/1 5Y 81 5Y 8/1 5Y 8/1
90 5Y 8/1 5Y 8/1 5Y 8/1 5Y 81
120 5Y 8/1 5Y 81 5Y 8/1 7.5YR 8/1

Table 5. Munsell notations of illite powders after treated with 0.15M oxalic acid in inorganic acid solutions.

Oxalic acid in H,SO4

Oxalic acid in HCI

process
reaction time(min.

0.15M +0.5N 0.15M +IN 0.15M +0.5N 0.15M +IN
30 7.5Y 811 2.5Y 812 7.5Y 8/1 10YR 872
60 7.5Y 8/1 7.5Y 8/1 7.5Y 8/1 7.5Y 8/1
90 7.5Y 8/1 7.5Y 8/1 7.5Y 8/1 7.5Y 81
120 7.5Y 8/1 7.5Y 8/1 7.5Y 81 7.5Y 81

Table 6. Mean and 90%-cumulative particle sizes (um) after treated with CBD and acids.

Process Mean (pum) 90%-cumulative (um)
Untreated 8.47 4435
CBD 8.04 37.84
5 N H,S0, for 150 min. 7.78 34.04
5 N HCI for 90 min. 7.22 31.46
0.5 N H,SO, for 60 min. + AA 8.60 37.39
1 N HCI for 30 min. + AA 8.55 37.32
0.5 N H,S0, for 60 min. + OA 823 3741
0.5 N HCI for 90 min. + OA 8.57 34.11

Note: AA: L-ascorbic acid, OA: Oxalic acid.
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Table 7. Chemical compositions (wt.%) of illite powders after treated with acids.

Composition Untreated S H SA HA SO HO
Si0, 50.16 51.52 51.33 51.11 51.03 50.34 50.32
A0, 3135 32.05 31.83 32.19 31.99 33.14 33.26
K,0 7.96 8.15 8.12 8.14 8.12 8.14 8.15
Fe,O;5* 3.02 1.65 1.62 1.66 1.68 1.67 1.66
Na,O 0.71 0.70 0.70 0.7t 0.71 0.92 0.84
TiO, 0.44 0.45 0.45 0.46 0.45 0.47 0.45
MgO 0.39 0.34 0.33 0.33 0.34 0.30 0.29
P,0s 0.05 0.04 0.04 0.04 0.05 0.04 0.04
Ca0 0.09 N.D. N.D. 0.01 0.01 N.D. N.D.
MnO 0.01 N.D. N.D. N.D. N.D. N.D. N.D.
L.O1 5.03 4.82 4.79 4.89 4.85 4.95 492
Total 99.20 99.71 99.22 99.55 99.21 99.97 99.95

*Total Fe calculated as Fe,Os.

*+H; treated with SN HCI for 90 min, HA; treated with 0.15 M L-ascorbic acid in 1N HCI for 30 min, SA; treated with 0.15M
L-ascorbic acid in 0.5N H,SO, for 60 min, S; treated with 5N H,SO, for 150 min, HO; treated with 0.15M oxalic acid in 0.5N
HCI for 90 min, and SO; treated with 0.15M oxalic acid in 0.5N H,SO, for 60 min.

Table 8. Iron Extraction Yield (IEY; %) and brightness improvement after treated with CBD and acids at the optimized

reaction conditions.

Removed Fe,O5

IEY Brightness

Treatment (Wi.%) %) %) B
Untreated - - 422 -
CBD 1.49 49 77.1 34.9
5N H,S0O, for 150 min. 1.51 50 75.1 329
5 N HCI for 90 min. 1.63 54 75.1 329
0.5 N NH,S0O, for 60 min.+AA 143 47 74.4 322
1 N HCI for 30 min.+tAA 1.48 49 71.6 294
0.5 N H,SO, for 60 min.tOA 1.45 48 66.8 24.6
0.5 N HCI for 90 min.+OA 1.44 48 66.1 23.9

Note: Fe,Os: total iron, AA: L-ascorbic acid, and OA: Oxalic acid.
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Table 9. Comparison of the optimized reaction condition and results with previous studies.

Treatment

Initial Fe,O; IEY Brightness

Material (Wt%) %) %)

Ambikadevi et al. (2000) 0.15M OA in I N H,S0, at 100°C for 90 min

kaolinite 0.93 66.33  72.89

Veglio et al. (1998) OA 3kg/t + H,SO, 2 kgt at 90°C for Sh quartz 0.0259 45 -
Mandal e al. (2004) 0.IM OA for 6h at 80°C kaolinite 1.87 50 -
Cameselle er al. (1997)  7.1kg/t OA in pH=1.13 at 80°C, 6 h kaolinite 2.3 56.5 -
This study 0.15 M AA in 0.5 N H,SO, at room temp for 60 min. illite 3.02 47 74.4
Note: Fe,O5: total iron, AA: L-ascorbic acid, and OA: Oxalic acid.
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