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Abstract−Crude glycerol, a by-product of the biodiesel production process, contains a high amount of fatty acids

that cannot be used directly without removing the strong dark color. This study aims to remove the color impurities

in crude fatty acids, prepared by acid-precipitation and hexane extraction, using acid-activated clay as an adsorbent.

The effects of bleaching temperature, contact time, the amount of acid-activated clay, and concentration of color im-

purities were investigated. No significant effects of bleaching temperature or contact time were observed. In an opti-

mization study using the central composite design, complete decolorization was achieved at an optimized condition,

in which 3.5 g of clay was added to 10 mL of crude fatty acid solution with an optical density at 373 nm of
 
20. Notably,

more than 80% of the peroxides was concurrently removed. However, a 37% loss in fatty acids was observed during

decolorization. The clay was repeatedly used without loss of adsorption capability if it was calcined at 600
o

C after use.
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INTRODUCTION

Crude glycerol is the principal by-product during the biodiesel

production process [1]. Generally, 10 kg of glycerol is generated

for every 100 kg of biodiesel produced [2]. As the demand and pro-

duction of biodiesel are growing extensively, a worldwide surplus

of glycerol has resulted and, thus, the price of crude glycerol has

plummeted. Although refined glycerol can be obtained by purify-

ing crude glycerol and then utilized in the cosmetic, paint, automo-

tive, food, pharmaceutical, and pulp industries [1], it is not a com-

plete solution because crude fatty acids are also generated. Inten-

sive studies on bioconversion of crude glycerol to value-added prod-

ucts by means of fermentation have found that crude fatty acids are

toxic to microorganisms and, thus, partially purified (fatty acid-free)

crude glycerol is a better fermentation substrate than that of crude

glycerol [3,4]. Therefore, we cannot avoid the generation of crude

fatty acids as waste when utilizing crude glycerol. We have found a

high amount of fatty acids salts (≥17%, w/w) in crude glycerol. The

presence of these fatty acids may be due to neutralization of the free

fatty acids present as impurities in oils by alkaline catalysts and con-

current saponification of oils during the biodiesel production process.

No industrial applications of these crude fatty acids have been

proposed. Environmental problems would be created if these sepa-

rated crude fatty acids were disposed. We found that palmitic acid

(C16:0), oleic acid (C18:1), and linoleic acid (C18:2) are predomi-

nant in crude fatty acids generated from this process as mentioned

in text. Fortunately, these long-chain saturated and unsaturated fatty

acids can be used directly or as precursors for raw materials in cosmet-

ics, pharmaceuticals, and fine chemicals [5-7]. However, the sepa-

rated crude fatty acids have a strong dark brown color. If these crude

fatty acids are intended for cosmetic applications, it is essential to

remove the color impurities [8] but no processes are available for

this purpose.

Adsorption processes are conventionally used to decolorize veg-

etable oils, in which the oil is contacted with adsorbents in vacuo

in the presence of heat, followed by filtration [8,9]. Various kinds of

adsorbents have been tested for refining vegetable oils. Although

decoloring performance of activated carbon and silica-based adsor-

bents was better than other adsorbents, it was found that acid-acti-

vated bentonites (calcium-montomorillonite) are the most effective

in removing color from the refined oils [8,10]. Therefore, this acid-

activated clay was applied to decolorize the crude fatty acids in this

study. Operating factors critically influence the performance of the

decolorization process, so an evaluation and optimization of these

factors is required. However, there is little information on optimi-

zation to obtain the highest decoloring performance. Furthermore,

the excessive use of activated clay can cause environmental prob-

lems due to increased land-fill disposal [11].

This study aims to achieve complete decolorization of crude fatty

acids (≥99%) using acid-activated clay with minimum generation

of waste clay. In preliminary experiments, the effects of tempera-

ture and contact time were investigated. Central composite design

(CCD) was applied as a statistical approach to determine the opti-

mal amount of clay and initial color intensity of the crude fatty acid

solution. It was also examined whether clay could remove toxic

peroxides from a fatty acid solution. Finally, a simple regeneration

method is proposed for the repeated use of clay.

MATERIALS AND METHODS

1. Materials

Crude glycerol was obtained from Eco Solution (Seoul, Korea).
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Acid-activated clay (DC-A3) was purchased from Donghae Chem-

icals (Seoul, Korea). This clay is powder-type particle (200 mesh

pass) with a high surface area. It was produced by acid treatment

of calcium-montmorillonite and has been popularly used for refin-

ing edible oils (animal and vegetable oils). The physical properties

of this clay are summarized in Table 1. Hexane (95% n-hexane) and

HCl (purity, 35%) were purchased from J. T. Baker (Phillipsburg, NJ,

USA) and Samchun Chemicals (Pyeongtaek, Korea), respectively.

2. Preparation of Crude Fatty Acids from Crude Glycerol

Fatty acids were prepared from crude glycerol following the meth-

ods described by Wanasundara and Shahidi [12] with some modifi-

cation; 200 mL of crude glycerol was mixed with 200 mL of distilled

water. The pH of the mixture was adjusted to 1.0 by adding HCl to

convert the soup (fatty acid salt) to free fatty acids, which were pre-

cipitated from solution. Hexane (400 mL) was added to the acidi-

fied solution, the mixture was transferred to a separatory funnel,

and the liberated fatty acids were extracted into the hexane. A hexane

layer containing fatty acids was collected, and the hexane was re-

moved in a rotary evaporator (EYELA N-1100, Rikakikai Co., LTD.,

Tokyo, Japan) at 55 oC for 40 min under vacuum. A sticky, dark-

brown colored crude fatty acid solution (38 mL) was obtained, and

this concentrated solution was suitably diluted with hexane for de-

colorization.

3. Decolorization of the Crude Fatty Acid Solution

All experiments were carried out in 250 mL Erlenmeyer flasks

containing the crude fatty acid solution and acid-activated clay by

maintaining the mixture at 100 rpm in a shaking incubator (Chang-

shin Scientific Co. Ltd., Seoul, Korea). To examine the effect of

temperature and contact time, 2 g of clay and 10 mL of suitably

diluted crude fatty acid solution (optical density value at 375 nm

[OD375]=38) were mixed and maintained at two different tempera-

tures (30 and 70 oC). After 30 or 120 min, 1 mL of sample was taken,

the clay was separated by centrifugation (9,800 ×g for 10 min), and

the supernatant color intensity was measured. CCD was applied to

determine the optimal amount of clay and initial color intensity of

the fatty acid solution. Fourteen experiments were performed in

duplicate according to this design. Regression analysis of the data

was conducted using SAS version 9.1 software (SAS Institute, Cary,

NC, USA), and the optimal values of these factors were obtained

by solving a second-order polynomial equation and analyzing the

response surface contour plots.

The clay and fatty acids were separated by passing the slurry

through a 0.2 mm nylon membrane filter (47 mm, Whatman Inter-

national Ltd., Maidstone, England) under vacuum and the recov-

ered clay was dried at 80 oC for 12 h. This spent clay was added to

an unbleached crude fatty acid solution with or without calcination

at 600 oC for 6 h, and the decolorization cycles were repeated to

determine reusability.

4. Analyses

The color intensity of the crude fatty acid solution was meas-

ured with a UV-visible spectrophotometer (Hewlett-Packard, Palo

Alto, CA, USA). The concentrated crude fatty acid stock solution

was diluted in hexane, and the OD375 was determined using hexane

as a reference after measuring the full spectrum of the sample be-

tween 200-500 nm. Decolorization efficiency (%) was calculated

using the following formula:

Decolorization efficiency (%)=(A
unbleached

−A
bleached

)×100/A
unbleached

where A
unbleached

 and A
bleached

 are the OD375 values of the samples before

and after decolorization with clay, respectively.

Fatty acid composition was determined for the crude fatty acid

solution with or without decolorization. After esterification to fatty

acid methyl esters (FAME) using methanolic HCl [13], the FAME

samples were analyzed by gas chromatography (M600D, Yong-

Lin, Seoul, Korea) equipped with a flame-ionization detector and a

fused silica capillary column (100 m×0.25 mm I.D.×0.2μm film

thickness, SPTM-2560, Supelco, Belafonte, PA, USA). Nitrogen was

used as the carrier gas at a flow rate of 2.7 mL/min. The oven tem-

perature was initially 140 oC for 5 min and was then raised to 240 oC

at a rate of 4 oC/min and held for 10 min. The injector and detector

temperatures were kept at 240 and 260 oC, respectively. Sample vol-

ume was 1μL with a split ratio of 10 : 1. The fatty acids were iden-

tified by comparing the retention times with those of standard fatty

acids (Supelco 37 Component FAME Mix). Changes in the area of

the sample before and after decolorization were calculated to esti-

mate the loss of fatty acids during the bleaching step. Concentra-

tions of hydrogen peroxide (H2O2) and tert-butyl hydroperoxide (t-

BuOOH) were determined by a colorimetric reaction using a com-

mercial kit supplied by Sigma (St. Louis, MO, USA). Aqueous solu-

tions of hydrogen peroxide (30%) and t-BuOOH (70%) (Sigma)

were used for preparing the calibration curve, respectively.

RESULTS AND DISCUSSION

1. Selection of a Suitable Wavelength for Monitoring Color

Removal

The crude fatty acid solution was a strong dark brown color which

Table 1. Physical properties of acid-activated claya

Free moisture (%) 6-10

pH (5%, sol.) 3-5

Acidity (KOH, mg/g) <2.5

Particle size (%) (200 mesh pass) >90

Specific surface area (m2/g) 200-250

Bulk density (g/L) 550-650

aData were obtained from a supplying company

Fig. 1. UV/Visible spectra of crude fatty acids solution before (a)
and after (b) decolorization. Crude fatty acids were recov-
ered from crude glycerol and diluted in hexane. Acid-acti-
vated clay (2 g) was added to the crude fatty acid solution
(10 mL) and the slurry was shaken at 30 oC and 100 rpm
for 30 min.
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disappeared when the sample was treated with clay. Treated and

untreated samples were scanned on a UV-visible spectrophotome-

ter. As shown in Fig. 1, the crude fatty acid solution demonstrated

strong absorption at wavelengths of 300-390 nm, whereas peaks

corresponding to wavelengths >365 nm disappeared after decolori-

zation. Considering that most peaks appear at 230-270 nm in purified

fatty acids [14,15], this result clearly indicates that colored impuri-

ties existing in the crude fatty acids contributed to absorb light at

wavelengths >365 nm and that clay can remove them effectively

by adsorption. These impurities may be non-volatile decomposed

compounds such as oxidized triacylglycerols and free fatty acids,

which are generated during the biodiesel production process [16],

and they were not separated when the crude glycerol was recov-

ered. The color intensity of the crude fatty acid solution decreased

when it was diluted with hexane. Notably, a plot of absorbance at

375 nm vs. dilution factor provided a straight line (data not shown).

This result clearly indicates that removing color can be monitored

by measuring absorbance at this wavelength.

2. Effect of Temperature and Contact Time on Decolorization

The efficiency of decolorizing a crude fatty acid solution can be

influenced by several factors such as bleaching temperature, con-

tact time, concentrations of color impurities and crude fatty acids,

and the amount of clay. In preliminary experiments, the effect of

temperature and contact time was investigated. Generally, oil bleach-

ing processes using adsorbents are carried out at bleaching temper-

atures of 80-120 oC and contact times of 20-40 min depending on

the type of oil and adsorbent [9,17]. Room temperature (30 oC) and

70 oC were selected as low and high level. Higher temperature could

not be tested because boiling point of solvent (hexane) is close to

70 oC. Conventional (30 min) and longer contact time (120 min) was

selected as low and high level.

Successful decolorization (≥90%) was achieved in 30 min when

the crude fatty acid solution was treated at 30 oC (Table 2). No add-

itional improvement occurred despite increasing the temperature or

extending the contact time. In fact, the temperature effect during

the oil bleaching process is related to oil viscosity. When oil viscos-

ity is high, transport mechanisms slow down due to decreased dif-

fusion rates of the colored materials to the adsorbent surfaces. There-

fore, the time required to reach adsorption equilibrium decreases as

temperature increases [18,19]. Another possibility is that an increase

in adsorption rate with temperature can be attributed to the activa-

tion of more adsorption sites by heat [20]. The former suggestion

is more plausible for decolorization of the crude fatty acid solution

with clay. However, the viscosity of this crude fatty acid solution

was much lower than that of oils for refining in conventional pro-

cesses because the concentrated fatty acid solution was suitably diluted

with hexane. Therefore, contact between the color impurities and clay

was not prevented even at 30 oC. This result indicates that bleaching

temperature and contact time were not critical factors for removing

color impurities in a crude fatty acid solution with clay in this study.

Therefore, other factors were further optimized to achieve com-

plete decolorization at 30 oC for 30 min.

3. Determining the Optimal Amount of Clay and Initial Color

Intensity of the Crude Fatty Acid Solution

Although clay is a good adsorbent for removing color impurities

from a crude fatty acid solution, it has a limited adsorption capacity

for these impurities. Therefore, the optimum ratio between the amount

of clay required and concentration of impurities to be removed should

be determined to achieve maximum decolorization. These two fac-

tors were therefore optimized in experiments according to CCD, in

which incubation temperature and contact time were fixed at 30 oC

Table 2. Effect of temperature and contact time on decolorizationa

Time (min)
Decolorization efficiency (%)b

30 oC 70 oC

030 90.0±1.6 87.9±1.9

120 87.9±2.9 84.5±0.7

aTen mL fatty acid solution (OD375=38) and 2 g acid-activated clay

were mixed for decolorization
bData are shown as removal (%)±S.D.

Table 3. Experimental runs of central composite design for decolorization of the crude fatty acid solution

Symbol X1 (Clay, g) X2

a (OD375 of fatty acids solution) Decolorization efficiency (%)

Run Coded Uncoded Coded Uncoded Exp. Calc.

01 +1 8.00 −1 20.0 99.4±0.1 98.8

02 +1 8.00 +1 80.0 97.6±0.1 98.4

03 −1 2.00 +1 80.0 83.5±0.2 83.8

04 −1 2.00 −1 20.0 98.9±0.1 97.8

05 −1.414 9.20 −0 50.0 99.3±0.1 99.0

06 −0 5.00 1.414 92.4 91.6±0.4 90.8

07 −1.414 0.76 −0 50.0 87.5±0.2 88.0

08 −0 5.00 −1.414 07.6 99.9±0.0 100

09 −0 5.00 −0 50.0 98.8 98.8

10 −0 5.00 −0 50.0 98.8 98.8

11 −0 5.00 −0 50.0 98.6 98.8

12 −0 5.00 −0 50.0 98.8 98.8

13 −0 5.00 −0 50.0 98.7 98.8

14 −0 5.00 −0 50.0 98.8 98.8

aX2 is the relative concentration of color impurities in the initial crude fatty acid solution and is represented as OD375
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and 30 min, respectively. Fatty acid solutions with different con-

centrations of color impurities were prepared by diluting the con-

centrated dark colored fatty acid solution with hexane. As mentioned

above, relative concentrations of color impurities can be monitored

by measuring OD375.

The design matrix and corresponding results from separate exper-

iments are shown in Table 3. A regression analysis of the data per-

formed using an SAS program generated a second-order polyno-

mial equation. The statistical significance of the model equation

was evaluated by analysis of variance (ANOVA), which indicated

that the model terms, X1, X2, X1X2, X1

2, and X2

2 were significant

(P<0.005), as shown in Table 4. The overall second-order polyno-

mial equation for decolorization was:

Y=98.750+3.911X1−3.618 X2−2.607 X1
2
−1.431X2

2+3.400 X1 X2

where Y is decolorization efficiency (%), and X1 and X2 are the coded

values of the amount of clay and the OD375 value of the fatty acid

solution, respectively. Table 5 shows the verification of the model

based on the results of an F-test and ANOVA. The value of the P
model

>

F was less than 0.0001, indicating that the results produced by the

model were significant. The coefficient of determination (R2) was

0.987 when goodness of fit of the model was tested, which indi-

cated that only 1.3% of the total variation was by chance and, thus,

was not explained by the model [21,22]. The accuracy of the model

was verified by the data in Table 3, which showed that the observed

and predicted values for decolorization were almost equal. The signs

of the coefficients of the factors in the model equation indicated

their relative effects on decolorization efficiency. The positive sign

for the amount of clay (X1) indicated that a higher response could

be obtained if the applied amount of clay was greater than that of

the center point, whereas the negative sign for OD375 (X2) indicated

the opposite [21,22]. The model equation showed the presence of

the interaction between the two factors. Therefore, the model equa-

tion suggests that maximum decolorization can be obtained using a

higher amount of clay than that of the center point while also using

a fatty acid solution with OD375 that is lower than the center point.

A contour plot was drawn based on the model equation, which clearly

shows the effect of the two factors on decolorization efficiency (Fig.

2). This plot indicates that the color was not removed completely

even though the maximum amount of clay was loaded to treat the

fatty acid solution with OD375 higher than the center points. In con-

trast, many experimental conditions can be used to achieve com-

plete decolorization (100%) depending on the OD375 of the fatty acid

solution if its OD375 is less than that of the center point following

dilution with hexane. It is necessary to consider the operational and

economic aspects to choose a suitable operation point to achieve

complete decolorization. A small amount of clay is required for de-

colorizing a weakly colored fatty acid solution (low OD375), but a

large volume of hexane is required to dilute fatty acid solution. In

contrast, a larger amount of clay is required for decolorizing a strongly

colored fatty acid solution (high OD375) although the required vol-

ume of hexane is smaller than formal one. Dilution of crude fatty

acids with hexane leads to concomitant decrease in fatty acid con-

centration as well as OD375, thereby reducing solution viscosity. Fur-

thermore, it is easier to separate clay from a slurry mixture by cen-

trifugation or filtration if the crude fatty acid solution is less vis-

cous. Clay will be disposed of as waste after use but hexane can be

recovered for reuse by distillation. Considering the economic, envi-

ronmental, and operational aspects, use of the least amount of clay

rather than saving hexane is a better approach. Therefore, we selected

the point (−0.5, −1.0) at which complete decolorization was observed

on the contour plot. This condition corresponded to 3.5 g clay and

starting with a crude fatty acid solution of modest color (OD375=20).

When, triplicate experiments were performed under these conditions,

the observed decolorization was 99.7±0.1%, which corresponded

fairly well to the predicted value. Samples with and without decol-

orization are compared in Fig. 3. The results clearly indicate that

acid-activated clay can completely remove color impurities in a crude

Table 4. Estimated regression coefficients and significance test for
the second-order model

Parameter
Coefficient

estimate

Standard

error
t-Value Prob>|t|

Intercept 98.7500 0.3048 323.96 <.0001

X1 03.9112 0.2640 014.82 <.0001

X2 −3.6176 0.2640 −13.70 <.0001

X1*X1 −2.6067 0.2748 0−9.49 <.0001

X2*X2 −1.4314 0.2748 0−5.21 0.0008

X1*X2 03.4000 0.3733 009.11 <.0001

Table 5. Analysis of variance for decolorization using acid-acti-
vated claya

Source
Degree of

freedom

Sum of

squares

Mean

square
F value Prob>F

Model 05 334.6944 66.9389 120.0697 <0.0001

Error 08 004.4599 00.5575 - -

Total 13 339.1543 - -

aR2=0.987

Fig. 2. Contour plot of decolorization of crude fatty acid solution
in response to varying the amount of acid-activated clay and
color intensity of the initial crude acid solution.
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fatty acid solution under optimal condition.

4. Removal of Peroxides during Decolorization

Some biodiesels are produced by transesterification of spent vege-

table oils, which may contain oxidized products such as peroxides.

More peroxides are generated during biodiesel production due to

the high temperature reaction. Therefore, crude fatty acids derived

from this process may contain peroxides. Contact of peroxides with

the skin can cause severe skin damage or premature skin aging [23-

25]. Furthermore, they cause damage to the cellular molecules such

as DNA, proteins, lipids [25] even at low concentration if passed

through a cytoplasmic membrane. These highly reactive materials

may also cause side reactions during chemical processes. Therefore,

crude fatty acids cannot be used as cosmetic ingredients or raw materi-

als for chemical industries without removing these toxic compounds.

Thus, the ability of clay to remove peroxides was evaluated.

Decolorization was performed under optimal conditions; 3.5 g

of clay was added to 10 mL of fatty acid solution (OD375=20), and

the mixture was incubated at 30 oC for 30 min. Then, the amount

of peroxides was compared in the fatty acid solution before and after

decolorization. H2O2 and t-BuOOH were used as representative inor-

ganic and organic peroxides, respectively. As expected, a high amount

of peroxides was detected in the fatty acid solution, and t-BuOOH

(132 mM) accumulated much more than H2O2 (37 mM), as shown

in Fig. 4. Notably, H2O2 and t-BuOOH were 4.4μM and 26μM,

respectively in the decolored sample, indicating that more than 80%

of the peroxides were removed. This result clearly indicates that clay

can remove peroxides concomitantly as well as color impurities

from a crude fatty acid solution. The destruction of peroxides in

oils by acid-activated clays has been demonstrated in previous reports

[17,18,26,27].

5. Loss of Fatty Acids during Decolorization

Clay is an adsorbent, so we wondered whether it adsorbed not

only color impurities but also fatty acids. To answer this question,

gas chromatography analysis was performed to analyze the fatty

acids in the samples. By comparing with the chromatogram of an

authentic sample, we discovered that palmitic acid (C16:0), oleic

acid (C18:1), and linoleic acid (C18:2) were the predominant crude

fatty acids (>79%). Therefore, peak areas of these components in

samples before and after decolorization were compared to estimate

the relative changes in these fatty acids in the sample after decol-

orization. As shown in Table 6, the amount of these fatty acids de-

creased by approximately 37% after decolorization. This result indi-

cates that clay also removes fatty acids. Adsorption of free fatty acids

onto acid-activated clay has been demonstrated, and adsorption capac-

ity varies depending on the acid treatment conditions [18,28,29].

However, it appeared that clay removed the color impurities and

toxic peroxides much more selectively than the fatty acids because

they were almost completely removed, whereas only one-third of

the fatty acids were removed.

6. Reusability of Clay

It is more cost-effective and minimizes waste generation if clay

is reused. Accordingly, repeated decolorization cycles were per-

formed using clay to evaluate the reusability of the clay. Decolori-

zation efficiency (%) decreased rapidly as the cycles were repeated

and, thus, efficiency was only 17.6% after the third cycle (Fig. 5).

It was suspected that the loss of decolorization capacity was due to

saturation of the adsorption sites on the clay with organic materials,

including color impurities during the recycling process. Therefore,

clay was calcined at 600 oC for 6 h to burn these organic materials

off after every cycle, and then reusability was evaluated in the next

Fig. 3. Crude fatty acid solution before (a) and after (b) decolori-
zation by acid-activated clay under optimal conditions.

Fig. 4. Removal of peroxides from crude fatty acids during decol-
orization using acid-activated clay.

Table 6. Change in fatty acid concentration during decolorization

Fatty acid Areas Change (%)a

Starting sample Decolored sample

Palmitic acid (C16:0) 1496.2±90.80 0945.9±28.3 −37±3.70

Oleic acid (C18:1) 2722.0±495.9 1672.6±35.3 −37±11.5

Linoleic acid (C18:2) 3652.0±228.3 2300.7±92.5 −37±3.80

aChange (%)=(area of starting sample−area of decolored sample)×100/area of starting sample
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cycle. Notably, 99% of decolorization was maintained with no de-

crease during five repeated cycles, as shown in Table 7. This indi-

cates that the clay could be used repeatedly to remove color impuri-

ties with no loss in performance if adsorbed materials are removed

by burning. Decolorization efficiency of regenerated clay increases

with calcination temperature; 90% decolorization was attained in

15 min with spent clay calcined at 600 oC, whereas decolorization

efficiency was lower with spent clay calcined at <500 oC [30]. The

optimal calcination temperature is 500 oC to regenerate spent earth

to decolorize edible oil, and this temperature corresponds to the begin-

ning of carbonization of organic matter contained in the spent clay

[31]. Sintering or destructuring of the clay may occur if spent clay

is calcined at >600 oC, leading to lower performance. Taken together,

calcination at 600 oC is suitable for regenerating clay for repeated

use. Generally, clay from the vegetable oil refining industry is recy-

cled through a calcination process at temperatures of 300-800 oC,

followed in some cases by activation with acids [30-32]. However,

different from the oil refining process, a further acid activation step

was not necessary to regenerate clay in this study and this was proba-

bly because fatty acids formed an acidic environment around the

clay, which may have contributed to activate the clay.

CONCLUSIONS

Dark-brown colored crude fatty acids were recovered from crude

glycerol derived from the biodiesel production process. Color impu-

rities in the fatty acids were removed by acid-activated clay. Bleaching

temperature and contact time had no significant influence on decolori-

zation of the crude fatty acids. An optimization study was performed

using CCD to determine the minimal amount of clay to achieve

complete decolorization. Almost complete decolorization (99.7%)

was achieved in 30 min at room temperature when 3.5 g clay and a

crude fatty acid solution with modest color (OD373=20) were applied.

Notably, more than 80% of the peroxides were concomitantly re-

moved during decolorization under these conditions. We also showed

that clay can be reused if it is regenerated by burning adsorbed materi-

als after use. This is the first demonstration of decolorizing crude fatty

acids recovered from crude glycerol. Our results will contribute to

promote biodiesel production by reducing cost.
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