
ORIGINAL PAPER

Effect of Attapulgite Pore Size Distribution on Soybean Oil
Bleaching

Jianhua Huang Æ Yuanfa Liu Æ Yue Liu Æ
Xingguo Wang

Received: 29 November 2006 / Revised: 20 May 2007 / Accepted: 24 May 2007 / Published online: 21 June 2007

� AOCS 2007

Abstract The pore size distribution and specific surface

area of the attapulgite is a crucial parameter for the uptake

of pigments of oil. Bleaching of the soybean oil with three

attapulgites with different pore size distribution, which

were assigned a, b, and c, respectively was investigated.

The specific surface area and the pore size distribution of

the attapulgites were characterized. The Freundlich iso-

therm analysis was used to evaluate the sorption capacity

of the three attapulgite. Sample b gave the highest surface

area and sample c the lowest. Sample b exhibited a wider

pore distribution (8–65 Å) whereas samples a and c had

more micropores smaller than 15 Å. Sample a, in contrast

to samples b and c, was characterized by some larger pores

(100–170 Å). The sorption capacity followed the sequence:

attapulgite sample c > attapulgite sample a > attapulgite

sample b. The sorption capacity was decided by the pore

size distribution. The more pores with a distribution range

8–32 Å (i.e., close to the diameter of the pigments), the

more pigments were removed. The attapulgite sample c,

which had most pores (8–32 Å) was the best.
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Introduction

Vegetable oils contain numerous pigments, including

chlorophyll, carotenoids, xanthophylls and their derivatives,

and these are removed to give the oil a color that is

acceptable to the consumer [1]. Activated clays; activated

carbon and silica-based products are adsorbents commonly

used in the edible oil decolorization process. However,

activated clay is the most popular adsorbent for decolor-

ization of edible oil to activated carbon- and silica-based

products because it is less expensive than activated carbon.

Bleaching of vegetable oils by means of an activated earth is

normally done by an adsorption process involving the re-

moval of pigments originating from carotenoids, chloro-

phyll, and related compounds. The major pigments of the

soybean oil are chlorophyll a, chlorophyll b, and b-carotene.

Natural, neutral or non-activated bleaching clays are

derived from clay mineral deposits ‘‘bentonite’’. The

bentonite clays used in the edible oil industry range from

natural neutral clays to heavily acid activated clays [2–5].

Although there are other clay minerals, such as atta-

pulgite, with typical desirable properties, e.g., specific

surface area, porosity and surface acid-base sites, they have

not been much documented in the literature. Attapulgite is

a special class of clay mineral under the 2:1 layer com-

position with commonly a lath or fibrous morphology.

Attapulgites are hydrated magnesium silicates. In such

materials octahedral layers of magnesium with partial

substitution with aluminium and/or iron are sandwiched

between a (SiO)4 tetrahedral layer and an Al(OH)3 octa-

hedral unit. The tetrahedral sheet is continuous across

ribbons at the apical oxygen alternately pointing up and

down in adjacent ribbons. The octahedral sheet is discon-

tinuous with a variable charge imbalance [6]. There are

large reserves of attapulgite in South China (Jiang Su, Zhe
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Jiang and An Hui province) and in the USA (FL). This

unique lath or fibrous structure with interior channels and

its high surface area allows penetration of organic and

inorganic ions into the structure of attapulgite. The ability

of attapulgite to bleach is mainly ascribed to its high sur-

face area because the cation-exchange capacity is lower

than that of montmorillonite-type clay minerals. It is thus,

an alternative material to other sorbents in processes such

as wastewater treatment, in the removal of heavy metal,

pesticide, color, phenol, nicotinamide and macromolecules

[6–11]. In applications of oil bleaching, comparison of

rapeseed and soybean oils bleaching with synthetic adsor-

bents and attapulgites has been reported [12] and exten-

sively reviewed in the latest edition of Bailey’s Industrial

Oil and Fat Products [13, 14]. No work has been reported

on the effect of attapulgite pore size distribution on oil

bleaching.

Adsorption is a physical chemical process that involves

the mass transfer of an adsorbate from the liquid phase

(i.e., bulk solution) to the adsorbent surface where

adsorption occurs. When the thermodynamic equilibrium

concentration of the adsorbate is established between

solution and adsorbent, further net adsorption will not oc-

cur. This equilibrium is defined by the concentrations of

adsorbent and adsorbate in the system, and conditions of

temperature, viscosity, and pH. Adsorption equilibrium is

the most fundamental property of the adsorbate-adsorbent

interaction. Therefore, the theoretical and empirical models

that describe reversible adsorption have been developed

on the basis of a thermodynamic equilibrium [15]. The

Freundlich equation is an empirical model, and it is widely

used to describe vegetable oil bleaching by adsorption.

The adsorption data for oil bleaching in the present

study are analyzed according to Freundlich isotherm

equation. This empirical equation describes heterogeneous

systems and is expressed by the following equation:

logðX=mÞ ¼ K þ N log Xe ð1Þ

where X and Xe are the relative amount of pigments ad-

sorbed and the residual relative amount of pigments at

equilibrium; K and N are the Freundlich constants related

to adsorption capacity and adsorption intensity. K is a

constant for the system related to bonding energy, which

can be defined as an adsorption or distribution coefficient,

which describes the amount of adsorbate adsorbed onto

attapulgite for the unit equilibrium concentration. N is re-

lated to the magnitude of the adsorption driving force and

to the adsorbent site energy distribution [16]. The relative

amount, X and the residual relative amount at equilibrium,

Xe, were obtained from the equations X = (A0 – Ae)/A0 and

Xe = Ae/A0, where A0 is the absorbance of the neutralized

oil; Ae is the absorbance of the oil at equilibrium [17, 18].

Both of the parameters K and N can be calculated by

plotting log(X/m) versus logXe. The values of K and N can

be obtained from the intercept on the y-axis and slope of

the linear line.

As to physisorption on porous materials, it is generally

accepted that adsorption mechanism and process may be

significantly different as a consequence of difference in

porous structure. In the IUPAC classification of pore size

[19], the definitions of ‘‘macropores’’, ‘‘mesopores’’ and

‘‘micropores’’ depend on the different adsorption mecha-

nism at pores with specified range: in micropores the whole

accessible volume is regarded as adsorption space and the

process occurs due to micropore filling [20], as distinct

from surface coverage, which takes place on the walls of

macropores. On the other hand, physisorption in mesopores

takes place in 1–3 stages (monolayers–multilayer adsorp-

tion and capillary condensation) depending on the specific

absorbent/absorbate combination and absorption condi-

tions. Pore size distribution is a crucial parameter for the

uptake or exclusion of large molecules, such as pigments in

soybean oil. In this paper, we report an investigation on the

effect of the attapulgite pore size on the pigments removal

of neutralized soybean oil with three attapulgites having

different pore size distribution.

Materials and Methods

Materials and Characterization

Neutralized soybean oil was supplied by East Ocean Oils

and Grains Industries (Zhangjiagang) Co. Ltd. (China) and

used as received.

Three attapulgites typical of major attapulgite ores in

China were obtained from Oilbetter Co. (China) and sur-

face areas and pore size were determined by the BET

method of N2/77 K adsorption isotherms using a Surface

Area and Pore Size Analyzer ST-2000B (Beijing Puqi

Institute of Analytical Instruments, China). In the BET

method, the surface areas and the pore size distributions

were calculated from adsorbed nitrogen volume by an

automatic volumetric apparatus, and samples were out-

gassed with He for 16 h at 105 �C prior to the adsorption

measurement. The surface areas of the three attapulgites

were determined to be 171.7, 181.28, and 135.47 m2/g,

respectively.

Bleaching

The vacuum bleaching tests were accomplished in a 4-neck

round-bottom flask, which was heated from the outside.

The equipment was constructed so that the neutralized

soybean oil and attapulgite sample could be agitated with a
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stirrer at approximately 250 rpm throughout the bleaching

process. The temperature was monitored with a mercury

thermometer. A vacuum pump was used to maintain the

necessary pressure at 40 mbar. After the bleaching process

and cooling of the oil to the room temperature, the oil was

separated through a pressure filter. All bleaching experi-

ments were carried out at temperatures of 110 ± 1 �C and

40 min of contact time [21]. The pigments content of the

oil was measured at 475 nm wavelength [22].

Results and Discussion

Color removal from neutralized sunflower oil was studied

with four different kinds of commercial bleaching earths

[2]. Acid activated bentonite used for cotton oil bleaching

was studied [3]. The adsorption characteristics of three

bleaching clays having different degrees of activation were

studied in a palm oil physical refining process [4]. Acid

activation of two bentonites and bleaching of rapeseed oil

by the two acid bentonites was obtained [5]. The bentonite

used for oil bleaching belongs to the general family of 2:1

layered Ca-silicates composed of regular stacking of 2D

plate-like layers bound together with weak inter-atomic

forces [23]. The chemical structures of bentonite consist of

two sheets of tetrahedral silica fused to an edge-shared

octahedral-based sheet of either magnesium or aluminium

hydroxide. Attapulgite is a family of fibrous hydrated

magnesium silicate. It has a structure similar to the 2:1

layered structure of bentonite, formed by two tetrahedral

silica sheets enclosing a central sheet of octahedral mag-

nesia except that the layers lack continuous octahedral

sheets [6].

Figure 1 presents the N2 adsorption isotherm and pore

size distribution of three attapulgite materials and Table 1

presents their surface area. It is seen that sample b gives the

highest surface area and sample c the lowest. The pore size

distributions of the three samples are also different. Sample

b exhibits a wider pore distribution (8–65 Å) whereas

samples a and c have more micropores smaller than 15 Å.

Sample a, in contrast to samples b and c, is characterized

by some larger pores (100–170 Å).

Figure 2 shows the adsorption isotherm plots of oil

bleaching by three different attapulgite samples. As seen in

Fig. 3, sample b has best bleaching of oil and sample c the

worst.

Figure 3 has shown the log/log plot of Freundlich iso-

therm of Fig. 2. This model was based on the idea that

adsorption depended on the energy of the adsorption sites.

This model applies to adsorption on heterogeneous surfaces

with interaction between adsorbed molecules and the

application of the Freundlich equation also suggests that

sorption energy exponentially decreases on completion of

the sorptional centres of an adsorbent [24]. Table 2 shows

the results of Freundlich isotherm analyses calculated for

adsorption of pigments from oil using the three different

attapulgite clays. The isotherm data and the related corre-

lation coefficients (R2 values) are given in the same table.

Both of the parameters K and N affect the adsorption iso-

therm. As seen from Table 2, for all the adsorbents tested,

the value of N ranged between 0.1 and 1, indicating a

favorable adsorption. The N values for the attapulgite b

was smaller than for the other two attapulgites, suggesting

that energy distribution of the adsorption sites of atta-

pulgite b is broader and the attapulgite b provides an rel-

atively easier access for the pigment molecule to interact

with the active sites in comparison with the attapulgite a

and c [15, 25]. The term N also expresses an affinity be-

tween the adsorbate and the adsorbents. Therefore, similar

values of N for attapulgite a and c indicate that their affinity

for pigment is similar [26]. The order of magnitude of K

was: attapulgite sample c > attapulgite sample a > atta-

pulgite sample b. The Freundlich adsorption isotherm does

not predict any saturation of the solid surface of the

adsorbent by the adsorbate; thus infinite surface coverage is

predicted mathematically. For an effective adsorption

system, high adsorption capacity (X/m) and low equilib-

rium concentration (Xe) of target compound after adsorp-

tion are needed. Thus, the larger the K value, the more

effective the adsorbent for adsorption. The sorption

capacity follows the sequence: attapulgite sample c > at-

tapulgite sample a > attapulgite sample b [27].

The Freundlich isotherm may suggest heterogeneity of

adsorption sites on solid surface. However, the adsorption

of the pigments on porous materials does not depend on the

host-guest chemical interaction alone, i.e., the pore size

distribution of different adsorbents. Three attapulgite

materials showed significant difference in pore size distri-

bution (Fig. 2). Sample c had fewer large pores than

samples a and b. Most of the pores of sample c range from

8 to 32 Å, which was close to the diameter of the pigments

in the soybean oil (chlorophyll: 30 · 17 · 13 Å; b-caro-

tene: 21 · 8 · 7 Å). The molecular sizes of chlorophyll

and b-carotene were estimated using the Chemoffice 2006

(Cambridge Soft Corporation) program. Sample b has more

pores larger than 32 Å than sample a. The sorption

capacity follows the sequence: attapulgite sample c > at-

tapulgite sample a > attapulgite sample b. Based on the

results, it can be concluded that the more pores with a

distribution range 8–32 Å (i.e., close to the diameter of the

pigments), the more pigments removed. The surface area of

the attapulgite samples was less important for pigments.

Based on the pore size distribution of the adsorbents and

their adsorption isotherms, the following adsorption

mechanisms of the adsorbents for soybean oil bleaching are

suggested: (1) The large pores of the attapulgite are

J Amer Oil Chem Soc (2007) 84:687–692 689

123



distributed on the surfaces of the adsorbent, and the small

pores in the centers of the attapulgite particles; (2) Because

of the relatively large diameter of the pigment, molecules

would be required to line up coaxially with their long axis

along the channel walls when the pigments were adsorbed

by the smaller pores (8–32 Å); (3) The pigment molecules

would lie flat across the larger pores on the surface of the

attapulgite particles, which would then block the other

pigments from entering the narrower channels leading to

the center of the attapulgite particles. Attapulgite sample c

had fewer large pores (>32 Å) than the other two atta-

pulgites, it was therefore the best one of the three for

soybean oil bleaching even though its surface area was the

lesser of other two. A diagram illustrating the effect of

large versus small pores on the adsorption process is shown

in Fig. 4. The forms of pigment molecules absorbed on the

pores of the adsorbents were different according to the pore

Fig. 1 Pore size distribution of

three attapulgite samples

determined by the BET method

of N2/77 K adsorption

isotherms

Table 1 Surface area of three attapulgite samples

Sample of attapulgite SBET, m2/g

a 171.7

b 181.28

c 135.47
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size of the adsorbents, and were decided by the pore size

distribution. The pigment molecules connected with the

active point in the form that made each molecular cover

most surface area when it was adsorbed by the active point

of adsorbents.
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