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 Crude Palm Oil (CPO) contains β-carotene as source of pro-vitamin A. Alternative adsorbent 

that can be used to adsorb β-carotene is Palm Oil Fly Ash (POFA). This study aims to 

determine the ability of POFA activated with H3PO4 and Cu/Zn impregnation to adsorb β-

carotene from CPO to obtain characteristics data of modified POFA and its ability to adsorb 

β-carotene. The main materials used were CPO and POFA. The parameters observed were 

the characterization and performance test of 9% H3PO4-activated POFA produced at various 

heating times for 90, 150, and 210 minutes with Cu/Zn impregnation. BET analysis showed 
the POFA with heating time of 90 minutes had the largest surface area of 19.4785 m2/g, 

XRD showed the presence of CuO, ZnO, quartz, and SiO2 diffraction patterns, FTIR 
showed that the POFA contained O-H groups, O-H, Si-H, Al-O, asymmetric Si-O, and Si-

O-Si bending vibrations, and SEM-EDX results showed that POFA has hollow pores and a 

rough spherical surface. Based on the results of UV-Vis Spectrophotometry analysis, the most 

optimal result was obtained in the β-carotene adsorption process with POFA-modified 2 

variations of activation heating time for 150 minutes, which succeeded in adsorbing 86% of 

ꞵ-carotene. 
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INTRODUCTION 

 

Crude Palm Oil (CPO), which naturally 

contains retinol, is a rich source of carotenoids (pro-

vitamin A). Carotenoids, which give palm oil its 

characteristic red color, are present in CPO at levels 

of 500-700 ppm. β-carotene (60-65%) in the 

carotenoid relative is the main cause of the red color 

(Okogeri & Okoro, 2014).  

Extraction, saponification, transesteri-

fication and adsorption are some of the previously 

documented techniques to remove carotenoids 

from palm oil (Choo, 2000). Saponification uses a 

strong acid base that reacts with triglycerides that 

hydrolyze to form soap and is able to separate 

bioactive compounds (unsaponifiable fraction). 

One example of bioactive compounds is 

carotenoids. Methyl esters containing carotenoids 

that are formed from triglycerides in the 

transesterification process will form in the upper 

layer, and in the lower layer will form glycerol due 

to differences in density. Saponification and 

transesterification methods only separate 

carotenoids from several other fractions but the 

results do not only contain carotenoids, so an 

extraction method is needed. Because carotenoids 

are non-polar, the extraction method used for 

carotenoid retrieval uses non-polar solvents so that 
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a bond between carotenoids and the solvent or 

carotenoid substances can dissolve. The adsorption 

method of carotenoids from CPO will use 

adsorbents that have bonds with carotenoids or 

have a large surface area. One of the adsorbents that 

can be used to extract β-carotene from CPO is 

industrial waste such as palm kernel shell waste 

which is one of the alternative adsorbents that has a 

lot of potential. For boiler engines, this waste is 

often used as fuel (Rasmawan, 2009). 

The boiler combustion process will 

produce ash from palm kernel shells that has a 

melting point higher than the combustion 

temperature. Fly ash has a much finer in texture, 

lighter in hue, and darker in color than bottom ash, 

this material is called Palm Oil Fly Ash (POFA). 

Due to its high SiO2 content (up to 55.1%), POFA 

performs well as an adsorbent making it capable of 

reducing the amount of β-carotene in CPO (Yahya 

et al., 2013). POFA pollutants are removed through 

chemical activation using Phosphoric Acid 

(H3PO4). This is because the more H+ ions that enter 

the POFA structure, the more impurities are 

collected so that active Bronsted acid groups are 

formed which easily release protons in the POFA 

(Irawan, 2013). 

The surface area of activated carbon 

produced is affected by the activation temperature 

used. The surface area also depends on how long 

the activation process takes. This shows that the 

surface area of activated carbon can vary depending 

on the influence of the technique, duration and 

temperature of the activation process used (Shofa, 

2012). Activated carbon is made from palm shell 

waste which has been activated with H3PO4 in 

various concentrations of 1, 3, 5, 7 and 9% at 

temperature of 110oC. Carbonization takes place for 

½ hours at 400oC to produced palm shell activated 

carbon. The activated carbon is really good and 

shiny black in color. Soaking in H3PO4 9% for 22 

hours is the ideal activation environment (Elly, 

2008).  

Rice husk biosilica extraction waste can be 

used as an adsorbent. The method for activating the 

dregs left over from biosilica extraction uses ZnCl2, 

H3PO4, and KOH. The results of this research show 

that the synthesis of adsorbents through the 

impregnation process produces the highest surface 

area and iodine absorption capacity, namely 24.32 

mg/g and 1281.65 m2/g using the activating agent 

H3PO4. The characteristics of the adsorbent meet 

the SNI requirements (Rahayu et al., 2021).  

The production and characterization of 

silica-alumina (SA) which functions as a Cu/Zn 

metal oxide catalyst substrate. The Cu/Zn/SA 

mixed metal oxide catalyst was prepared using an 

impregnation technique. Functional group analysis 

(FTIR) revealed that SiOH, Al-OH, and OH were 

the dominant species in SA. CuO and ZnO metal 

oxides produced in SA were found in significant 

quantities (Hosseini et al., 2015). 

According to some previous studies, 

adsorption results with POFA have been favorable 

for adsorbing β-carotene content from CPO. The 

active side on the adsorbent surface can also be 

enhanced by impregnation of Cu(NO3)2.3H2O 

metal with ZnSO4.7H2O promoter. Cu2+ can bind to 

β-carotene (Gao & Kispert, 2014). Therefore, to 

adsorb β-carotene from CPO, POFA adsorbent 

from palm kernel shell combustion activated with 

H3PO4 and impregnated with metal 

Cu(NO3)2.3H2O with ZnSO4.7H2O promoter was 

used in this study. The activation process requires 

different heating durations as an important 

comparative factor in determining the adsorption 

ability due to the diverse material quality (Shofa, 

2012). 

This study aims to determine the 

characteristics of POFA activated with H3PO4 9% 

concentration at various of heating time for 90, 150 

and 210 minutes, then impregnated with Cu/Zn 

which is analyzed using BET, SEM-EDX, FTIR 

and XRD analysis. Apart from that, it is also to 

determine the effect of heating activation time on 

ability of modified POFA in adsorbing β-carotene. 

 

METHODS 

 

The method in this research referred to the 

method previously carried out by (Elly, 2008; 

Harahap et al., 2020; Ho et al., 2012; Hosseini et 

al., 2015; Rangkuti et al., 2021; Wardhani & Aini, 

2016). The stages in producing modified POFA 

were conducted using the activation method, with 

heating times varied at 90, 150, and 210 minutes. 

Following this step, the sample was converted to 

activated POFA, which was then impregnated. 

After this process, modified POFA was obtained 

and subsequently used to adsorb β-carotene in 

batches using the immersion method. 

 

Palm Oil Fly Ash (POFA) Sample Preparation 

POFA is dried in the sun for one day. Then 

it was crushed using a mortar and filtered using a 
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200 mesh sieve and then the sample weighed 12 g 

using an analytical balance. 

 

POFA Activation Uses H3PO4 9% 

12 g of refined POFA was soaked in 30 mL 

of H3PO4 9% solution in a closed beaker glass 

covered with aluminum foil for 24 hours. After the 

soaking process is complete, the sample is filtered 

with filter paper and neutralized to a neutral pH (pH 

= 6/7) using distilled water. The samples were then 

dried using an oven at 110oC with various heating 

time of 90, 150, and 210 minutes. The purpose of 

selecting the heating time ratio is to determine its 

effect on the characteristics of activated POFA. 

After the activation process, three samples were 

obtained, namely POFA-activated 1, POFA-

activated 2, and POFA-activated 3, then continued 

with the adsorbent impregnation stage. 

 

Preparation of Impregnant Solution 

The impregnant solution was prepared by 

mixing Cu(NO3)2.3H2O (99.5%, Friendemann-

Schmidt) and ZnSO4.7H2O (> 99%, Sigma–

Aldrich). The solution was prepared by wet 

impregnation method with consecutive 

Cu/Zn/adsorbent ratio of 15/5/80 (%wt). The 

composition of Cu/Zn/adsorbent can be seen in 

Table 1. 

 

Table 1. Cu/Zn/adsorbent composition. 

Compound 

Sampel 

Weight  

(g) 

Cu(NO3)2.3H2O 8.55 

ZnSO4.7H2O 3.30 

POFA-activated 12 

 

The weighed Cu(NO3)2.3H2O and 

ZnSO4.7H2O metals were dissolved in a beaker 

glass containing 10 mL of distilled water, then the 

mixture was stirred using a magnetic stirrer at room 

temperature for 1 hour until the mixture became 

homogeneous. 

 

Adsorbent Soaking Process (Wet Impregnation) 

POFA activated samples with three 

variations were then impregnated using the wet 

impregnation method using Cu metal and Zn 

promoter. Wet impregnation was carried out by 

immersing 12 grams of activated POFA in a beaker 

containing 20 mL of distilled water, then stirring 

with a magnetic stirrer, then the previously 

prepared Cu(NO3)2.3H2O and ZnSO4.7H2O 

impregnation solution was dripped slowly into the 

beaker. The mixture was then stirred using a 

magnetic stirrer in a beaker covered with aluminum 

foil at room temperature for 24 hours so that Cu and 

Zn metal would be absorbed by the activated POFA 

surface. After 24 hours, the temperature was 

increased to 60℃ and heated for 3 hours uncovered 

while continuously stirring using a magnetic stirrer 

with the aim of reducing the water content and then 

filtered using filter paper. 

 

Calcination of Samples 

Samples that still contain water need to be 

dried at 105℃ for 16 hours using an oven until the 

water content dries. After drying, the sample was 

calcined in a furnace at 350℃ for 3 hours using a 

porcelain cup. Then samples of POFA-modified 1, 

POFA-modified 2, and POFA-modified 3 were 

obtained with varying heating times of 90, 150, and 

210 minutes, respectively. The modified POFA 

adsorbent was then characterized by BET, SEM-

EDX, FTIR, and XRD. In BET analysis, the 

sample is degassed at a temperature of 350°C for 3 

hours to measure the adsorption-desorption 

porosity and determine the surface area and 

porosity of the sample. In SEM-EDX analysis, the 

sample is observed at 5000 times magnification and 

the elements contained in the sample are observed. 

FTIR analysis was carried out in the long wave 

range 4000-650 cm-1. Analysis using X-ray 

diffraction (XRD) was carried out with Cu 

radiation at a scanning speed of 1/min (step size 

0.02) in the 2θ range from 10o to 80o. 

 

Adsorption of β-Carotene from CPO Using 

Modified POFA Adsorbent 

First, the β-carotene content in CPO was 

analyzed. Adsorption was carried out in batch using 

the immersion method for three variations of 

adsorbent, namely POFA-modified 1, POFA-

modified 2, and POFA-modified 3. The ratio 

between adsorbent and CPO was 1:3 (w/v) which 

was made in a glass beaker. The adsorption process 

lasted for 2 hours and was heated at a temperature 

of 60oC using a hot plate while continuously stirring 

using a magnetic stirrer at a speed of 120 rpm. Once 

complete, the mixture was filtered using Whatman 

No.1 filter paper to separate the filtrate and 

adsorbent. The filtrates that have been obtained, 

namely POFA-adsorption 1, POFA-adsorption 2, 

and POFA-adsorption 3 are then put into plastic 
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bottles and tested to determine the residual β-

carotene content in CPO using a UV-VIS 

spectrophotometer. The largest amount of β-

carotene is found at a wavelength of 446 nm, so 

measurements are carried out at this wavelength. 

 

RESULTS AND DISCUSSION 

 

The POFA-modified used in this study 

allows for the absorption of β-carotene from CPO. 

To remove contaminants, enlarge pores and 

increase surface area, physical activation is carried 

out by means of size reduction and heating. 

Meanwhile, for chemical activation, the sample 

was dipped in a 9% H3PO4 solution to remove 

impurities, increase the Si/Al ratio, and strengthen 

the adsorbent structure (Lestari, 2010). Adsorption 

of β-carotene on CPO used three variations of 

POFA-modified, namely POFA-modified 1, 

POFA-modified 2, and POFA-modified 3. The 

adsorbance value was calculated as a function of the 

β-carotene content in CPO. 

 

Surface Area Analyzer Results 

The Branauer-Emmett-Teller (BET) 

method was used to calculate the specific surface 

area used Quantachrome Novatouch LX-4 SAA to 

perform BET analysis for POFA-modified. 

 

 
Figure 1.  Nitrogen adsorption desorption 

isotherm curve. 

 

In Figure 1, it can be seen that a small 

amount of gas is adsorbed at a pressure of P/Po = 

0, but when the pressure is increased more than 0.1, 

gas adsorption occurs, saturating the monolayer 

(Darmansyah et al., 2016). At intermediate 

pressures multilayer adsorption occurs and when 

the pressure is increased capillary condensation 

occurs on the mesoporous surface characterized by 

the presence of hysteresis loops. The adsorption 

isotherm of POFA-modified (Figure 1) shows a 

type IV N2 adsorption isotherm according to the 

IUPAC classification. The type IV isotherm 

illustrates that this isotherm is compatible with 

mesoporous solids. It is characterized by a 

hysteresis loop and high saturation at p/p0 = 0.4 – 

0.95. The hysteresis loop in the isotherm is caused 

by capillary condensation occurring in the 

mesopores by increasing the relative pressure. The 

adsorption hysteresis loop of POFA-modified 

shows an H-3 type loop. This indicates the 

condensation of adsorbate in the capillary space 

between parallel plates or open slit-shaped capillary 

(Yurdakal et al., 2019). 

Using the BJH (Barret, Joiner, Halenda) 

approach, the modified POFA pore size features 

were also seen from the pore size distribution graph 

data on Figure 2. 

 

 
Figure 2. Pore size distribution curve. 

 

Microporous materials are materials 

whose pore diameter is < 2 nm, mesoporous 

materials are materials whose pore diameter is 2 – 

50 nm, and macroporous materials have a pore 

diameter > 50 nm (Marsh & Reinoso, 2006). The 

pore distribution data in Figure 2 shows that the 

hysteresis in the adsorbent is caused by the presence 

of meso-sized pores. This is shown in the pore size 

distribution graph where the pore size is in the 

mesoporous area, namely at a pore radius of 2 – 14 

nm or a diameter of 4 – 28 nm. 

The relationship between pore volume and 

pore size for POFA-modified samples can be 

observed in Table 2, where a larger pore volume 

corresponds to a smaller pore size. While pore size 

has an impact on the selectivity of molecules that 

will enter the pore, pore volume determines the 

capacity of adsorbed compounds. The molecules 

that can be adsorbed also become smaller as the 

pore volume decreases.   

From Table 2 it can be seen that fly ash 

after activation and impregnation of Cu and Zn 

metals has a large surface area, which is 19.48 m2/g 

in POFA-modified 1. POFA that has not been  
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Table 2. BET Analysis of POFA-modified surface area. 

Sample 
Heating Time 

(min) 
BET (m2/g) 

Total Pore Volume 

(cc/g) 

Average Pore 

Size (nm) 

POFA-modified 1 90 19.4785 0.0419052 4.30272 

POFA-modified 2 150 18.0175 0.0404099 4.48563 

POFA-modified 3 210 13.2363 0.0502714 4.18957 

 

modified, which is 29.1 m2/g (Kongnoo et al., 

2017). Metal loading causes a decrease in the 

surface area of POFA. This decrease can be caused 

by some pores that are blocked by the presence of 

oxide functional groups that occur during H3PO4 

activation treatment and Cu/Zn metal loading so 

that N2 molecules cannot move to the adsorptive 

site, this is in line with research conducted by 

(Hosseini et al., 2015). 

As seen in Table 2 after modification, the 

surface area of fly ash decreased. This means that 

the surface area of the adsorbent is affected by the 

duration of the heating step in the activation 

process, but not the pore diameter or volume which 

does not change significantly. The reduction of 

surface area, total pore volume, micro and 

mesopore volume depends on the amount of metal 

loaded (Hosseini et al., 2015). 

 

Fourier Transform Infared (FTIR) Analysis 

Results 

For the purpose of predicting molecular 

structure, FTIR (Fourier Transform Infra Red) 

analysis was used to identify atom-to-atom bonds 

and find functional groups in POFA samples.  

FTIR analysis was carried out in the 

wavelength range 4000-650 cm-1. FTIR analysis 

was carried out before and after modification of 

POFA with H3PO4 activator and impregnation of 

Cu(NO3)2.3H2O metal with ZnSO4.7H2O 

promoter. FTIR wavelength spectra of each POFA 

sample before and after modification (variation of 

heating time in the activation process for POFA-

modified 1, POFA-modified 2, and POFA-

modified 3) is shown in Figure 3. 

Figure 3 shows the spectrum from FTIR 

analysis which shows specific aluminosilicate 

groups including -OH, Si-H, Al-O, SiO, and Si-O-

Si, with wavelengths of 3280.06 and 3615.52 cm-1 ; 

2087.31 and 1968.03 cm-1 ; 1408.93 and 1625.12 cm-

1 ; 1021.29 and 1028.75 cm-1, and 790.20 cm-1. 

Determination of characteristic group for each 

unmodified and modified POFA sample will be 

explained in Table 3. 

Based on Table 3 which shows POFA-

modified, there are POFA absorption bands in 

successive waves, namely 3280.06; 3615.52; and 

3280.06 cm-1. This shows that there is stretching 

vibration of the O-H group which is loaded with 

adsorbed   water  molecules.  POFA  contains  Si-H 

 

 
Figure 3. FTIR analysis results. 
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Table 3. FTIR wavenumber of POFA samples. 

Characteristic  

Group 

POFA 

(cm-1) 

POFA-modified 1 

(cm-1) 

POFA-modified 2 

(cm-1) 

POFA-modified 3 

(cm-1) 

-OH Group - 3280.06 3615.52 3280.06 

-Si-H stretching 2087.31 -2325.86 1997.85 1968.03 - 

Al-O stretching 1408.93 1625.12 1625.12 1625.12 

Si-O asymmetric 

stretching 

1021.29 1028.75 1036.20 1028.75 

Si-O-Si bending 790.20 790.20 790.20 790.20 

 

groups which can be seen in the absorption band 

2087.31 – 1968.03 cm-1 (Hardjono, 1992). In the 

POFA structure connected with Si-OH groups, the 

wave number 1021.29 – 1028.75 cm-1 widens and 

intensifies sharply, indicating asymmetric Si-O 

stretching vibrations. To reduce the crystal phase in 

the POFA structure, the peak width reveals the 

number of Si-OH groups. POFA has a pore 

structure, proven by the bending vibration of Si-O-

Si at an absorption of 790.20 cm-1 (Lesbani & 

Mohadi, 2014; Zhirong et al., 2011). In POFA-

unmodified, the wave number changes with the 

modification of various heating times during the 

activation process, as shown in Figure 3 and Table 

3. Each has essentially the same peak; however, 

some undergo wavenumber modification. In 

POFA-modified, -OH stretching vibrations appear 

from H2O in the wave number range of 3280.06 cm-

1 to 3615.52 cm-1 and 3280.06 cm-1. 

The stretching vibration of the -OH group 

is described in the wave number range 3700 - 3200 

cm-1, according to (Socrates, 1995). The POFA 

framework forms hydrogen bonds with silica due to 

the presence of -OH groups. The decrease in the 

number of water molecules absorbed in the POFA 

interlayer is indicated by a shift towards a higher 

wave number. However, the -OH stretching 

vibration experienced a smaller decrease in wave 

number between POFA-modified 2 with heating for 

150 minutes and POFA-modified 3 with heating for 

210 minutes, from 3615.52 cm-1 to 3280.06 cm-1. 

This indicates a weak -OH bond. This event shows 

that H3PO4 can reduce the interaction of -OH 

groups with impurities, so that impurities can be 

removed and POFA pores become cleaner (Irawan 

et al., 2014). The Si-H group in POFA is depicted 

in Figure 3 through its spectral appearance at 

wavelengths 2087.31 – 2325.86 cm-1, 1997.85 – 

2368.65 cm-1, and 1968.03 cm-1. The Si-H POFA-

modified 3 absorption band may not exist because 

the absorption intensity of the material in that 

region is too low to be detected by the IR spectrum 

(Rosyidah, 2008). The wave number 1408.93 cm-1 

shows the Al-O stretching vibration in the POFA, 

while the wave number 1625.12 cm-1 shows changes 

in the POFA-modified. the Al-O group in POFA 

can be found at the absorption peak of 470-1650 cm-

1 (Lin et al., 2020). POFA and POFA-modified 

show different spectral absorption bands, with an 

absorption area of 1625.12 cm-1 shifted away from 

the wave number 1408.93 cm-1. The resulting 

changes indicate a slow interaction between the Al-

O groups. Because the shift is always within the 

limits of the infrared absorption zone, which never 

changes, it has little effect on the micromolecular 

structure (Hardjono, 1992). Figure 3 shows that the 

asymmetric stretching vibration of Si-O POFA 

experienced a downward shift in wave number, 

from 1021.29 cm-1 to 1028.75 cm-1 to 1036.20 cm-1 

to 1028.75 cm-1, which is POFA dealumination. 

Dealumination can be seen spectroscopically at 

wave numbers 300-1425 cm-1 (Rosyidah, 2008). 

According to (Sastrohamidjojo, 1992), the bending 

vibration of Si-O-Si is in the absorption band 770 

cm-1 - 1035 cm-1, and the wave number that occurs 

in the absorption band 790.20 indicates the 

existence of this vibration. 

 

X-Ray Diffraction (XRD) Characterization 

Results 

XRD analysis was conducted using a 

Bruker D2 Phaser to determine the crystalline 

phase. XRD analysis was conducted using a Bruker 

D2 Phaser to determine the crystalline phase, the 

amount of crystalline phase, and amorphous 

material contained in fly ash that had been activated 

using H3PO4 and impregnated using Cu/Zn metal. 

Modified fly ash is not reduced by H2 gas, 

so the diffraction pattern of modified fly ash still 

contains metal oxides, such as CuO and ZnO. This 

is because the impregnation of Cu metal in 

Cu(NO3)2.3H2O undergoes a decomposition 

reaction into CuO in accordance with the reaction 

equation in (Nasikin et al., 2004). 
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(a) (b) 

 
(c) 

Figure 4. XRD analysis results (a) POFA-modified 1;  (b) POFA-modified 2; (c) POFA-modified 3. 

 

𝐶𝑢(𝑁𝑂3)2. 3𝐻2𝑂 →  𝐶𝑢(𝑁𝑂3)2  +  3𝐻2𝑂 (1) 

2𝐶𝑢(𝑁𝑂3)2  →  2𝐶𝑢𝑂 + 4𝑁𝑂2  +  𝑂2 (2) 

 

In addition, the impregnation of Zn metal 

in ZnSO4.7H2O undergoes a decomposition 

reaction into ZnO according to the reaction 

equation in the research of (Istadi et al., 2012). 

 

𝑍𝑛𝑆𝑂4. 7𝐻2𝑂 →  𝑍𝑛𝑂 + 𝐻2𝑆𝑂4  +  6𝐻2𝑂 (3) 

 

In Figure 4, It can be seen that modified 

POFA which has been analyzed using XRD shows 

characteristic peaks of crystalline phases, namely 

CuO, ZnO, quartz and mullite (especially silicon 

oxide (SiO2)). The CuO diffraction peak will be 

visible at an angle of 2θ, namely 20.76º; and 42.48º 

(Peternela et al., 2017). The diffraction peak of ZnO 

will be visible at angle of 2θ, namely 31.75° (Iqbal 

et al., 2014). The diffraction peak at angle of 2θ, 

namely 26.75°, comes from the quartz mineral 

content (Higgins & Treacy, 2007). In addition, the 

peak located at an angle of 2θ, namely 39.7°, comes 

from SiO2 mullite crystals (Islam et al., 2015). The 

diffraction peaks of each crystal phase in POFA-

modified are explained in Table 4. 

The main diffraction peak of CuO is 

located at an angle of around 20°, while the ZnO 

diffraction peak is located at an angle of around 31° 

which can be seen based on Table 4. This result is 

in accordance with research conducted by where 

the CuO peak forms an angle of 20.76° and also 

research by (Greeshma et al., 2021) which shows 

the ZnO peak forms an angle of 31.82°. The CuO 

diffraction peak intensity for the POFA-modified 2 

sample at an angle of 2θ is 2887, this shows that the 

CuO metal content in the POFA-modified 2 sample 

is higher than the other 2 samples. The ZnO crystal 

phase was also found in all samples, this shows that 

the impregnation treatment on the POFA samples 

will form a new crystal phase in POFA. 

Cu can react with the middle double bond 

of β-carotene. The cause is the increase in 

electrostatic attraction between β-carotene and Cu. 

However, high temperatures can quickly deactivate 

Cu metal. This problem can be overcome by adding 

Zn to Cu which functions as a promoter. Therefore, 

Zn metal works to stop Cu from becoming inactive 

at high temperatures (Hosseini et al., 2015). With 

the new crystal phases of CuO and ZnO formed, it 

can increase the b-carotene adsorption ability of 

CPO. POFA which has a large silica content here 

acts as a support for the Cu metal catalyst which 

acts as an active site for the absorption of β-

carotene. 

The highest peak of the POFA sample is at 

a 2θ angle of around 26° which has a peak intensity 

of 2824 to 3643, this indicates the formation of 

quartz produced (Higgins & Treacy, 2007). All  
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Table 4. Diffraction Pattern of Modified POFA 

Crystal Phase 
POFA-modified 1 POFA-modified 2 POFA-modified 3 

2θ (o) I (a.u) 2θ (o) I (a.u) 2θ (o) I (a.u) 

CuO 
20.921 1382 20.866 2887 20.888 1325 

42.419 678 42.452 1399 42.380 701 

ZnO 31.916 1020 31.846 1038 31.917 1006 

Quartz 26.677 2824 26.632 3118 26.679 3643 

SiO2 39.523 729 39.423 716 39.497 762 

 

samples have a quartz crystal phase, this could be 

caused by the remaining POFA material which 

might contribute to the appearance of the quartz 

peak. In the POFA-modified sample preparation 

method, the prepared POFA is mixed directly with 

the H3PO4 solution and impregnated with Cu/Zn 

metal, this results in any quartz from the raw 

material always being carried in the POFA samples 

in this study. This quartz crystal component is a 

very sTable crystal phase (Freire et al., 2020). The 

SiO2 crystal phase was also found in the modified 

POFA samples. POFA samples have a large silica 

content, which is the cause of the appearance of a 

crystalline phase in all POFA-modified samples. In 

addition, using H3PO4 solution as an activator can 

combine with mullite and quartz grains which can 

produce SiO2 (Kotova et al., 2022). 

 

Analysis Result Scanning Electron Microscopy-

Edx (SEM-EDX) 

SEM analysis was conducted to determine 

the morphology of the adsorbent formed. While 

EDX analysis aims to determine the elemental 

content in the adsorbent. 

The modified POFA has a rough and 

round surface, as can be seen in Figure 5. SEM 

analysis results with 5000 times magnification. 

Before modification, POFA contained an 

aluminosilicate (Si-Al) component, as seen in 

spherical particles (White & Case, 1990). These 

particles will eventually undergo activation to 

produce particles that are more porous and coarser, 

making them more useful as adsorbents. Fine and 

aggregated Cu/Zn metal particles can be observed 

on the POFA surface (Figure 5). Aggregates of 

Cu/Zn metal particles are clearly visible and loaded 

on fly ash which appears as white particles on the 

surface of POFA. The results of EDX analysis 

prove that there is Cu/Zn element content in 

modified POFA as shown in Table 5. 

The results of EDX analysis proved that 

there are Cu/Zn elements in POFA-modified. And 

the content of POFA-modified adsorbent that has 

been activated with H3PO4 and Cu/Zn 

impregnation. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 5.  SEM analysis results magnification 

5000 times (a) POFA-modified 1 (b) 

POFA-modified 2 (c) POFA-modified 

3. 
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Table 5. Diffraction pattern of modified POFA 

Composition POFA-modified 1 POFA-modified 2 POFA-modified 3 

Si 19.26 22.53 37.53 

O 46.03 36.13 37.27 

Cu 4.98 15.29 3.24 

Zn - 6.63 - 

C 1.82 - 5.22 

N 8.39 6.95 10.22 

Fe 1.50 0.63 0.24 

K 4.77 2.07 2.90 

Ca 2.89 1.75 0.64 

Na 2.05 5.59 0.52 

Al 2.24 0.23 0.86 

P 3.57 2.21 0.90 

Mg 2.50 - 0.47 

Total 100 100 100 

 

As can be seen in Table 5, there are several 

elements contained in the modified POFA. During 

the activation process, metal oxide compounds do 

not come out of the support pores. The metal oxide 

compound remains bound to the pores of the 

support until the Cu and Zn metal impregnation 

process occurs (Fauziah, 2009). However, the 

impurity content in the modified POFA decreased 

and the Si/Al ratio increased. This is because 

activation can increase the silica (Si) content and 

reduce the aluminum (Al) content, which means 

the Si/Al ratio increases (Faradilla et al., 2016). 

With reduced impurities such as Fe, K, Ca, Na, Al, 

P, and Mg, the mass fraction of other elements 

required will be greater as can be seen in Table 5. 

The Cu element content was obtained from 

the impregnation of Cu and Zn metal. However, the 

Zn element content is only found in POFA with a 

150 minute heating variation, namely POFA-

modified 2, whereas it is not found in other 

variations. The H3PO4 activator in POFA can be the 

cause of the closure of the ZnO promoter molecule 

(Tsani, 2011). In the heating process, activation still 

leaves the H3PO4 activator in POFA. This can result 

in the ZnO metal being covered with H3PO4 when 

stirring the POFA-activated Cu/Zn solution during 

the impregnation process. In POFA-modified there 

is Zn which shows that only a small amount of 

H3PO4 remains in the activation process so it does 

not cover all the ZnO metal. 

 

UV-Vis Spectrophotometric Analysis 

UV-Vis spectrometers perform on the basis 

that molecules can be stimulated from low energy 

levels to higher energy levels by absorbing visible 

light into ultraviolet light. In this study a modified 

POFA adsorbent was used to adsorb β-carotene 

from CPO. In Figure 6, The color can be seen in the 

pure β-carotene sample which has been dissolved in 

n-hexane and pure CPO. 

 

  
(a) (b) 

Figure 6.  (a) n-hexane solubilized pure β-

carotene (b) pure CPO. 

 

In Figure 6 (a), the pure β-carotene sample 

that has been dissolved using n-hexane solvent is 

seen to have a bright yellow color, and there are still 

β-carotene solids that have not been dissolved. And 

in Figure 6 (b) the CPO sample is seen to have an 

orange yellow color. After the adsorption process, 

pure CPO samples and CPO samples that have 

been adsorbed using POFA-modified 1, POFA-

modified 2, and POFA-modified 3 were weighed as 

much as 0,1015 g and dissolved using n-hexane 

solvent in a 25 mL measuring flask until the limit 

mark. 

In Figure 7 (a) the color of CPO is still dark 

red because the concentration of β-carotene is still 

quite high at 792.41 ppm. The capacity of POFA-



 Simparmin Br. Ginting et al. / JBAT 13 (2) (2024) 117 - 129 

 

126 
 

modified to absorb β-carotene colorant is explained 

by the color change in the CPO. The absorbance 

value was measured in this test using a UV-Vis 

spectrophotometer. 

 

  
(a) (b) 

  
(c) (d) 

Figure 7.  Color change in CPO a) before 

adsorption b) POFA-modified 1 c) 

POFA-modified 2  d) POFA-modified 

3. 

 

The following equation was used to 

calculate the concentration of β-carotene in the 

sample after the adsorbance value (A) was obtained 

from the analysis. 

 

𝛽 − 𝐾𝑎𝑟𝑜𝑡𝑒𝑛 =
383 × 𝐴𝑑𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
× 0.25 (3) 

 

Adsorbance and beta carotene value 

calculation results obtained from CPO samples 

using the above equation can be seen in Table 6. 

β-carotene levels in CPO samples can be 

determined using the resulting absorbance values. 

Based on these findings, it is known that the POFA-

modified 2 sample which has a β-carotene content 

of 116.98 ppm compared to other samples has the 

lowest levels. The POFA-modified 2 sample 

succeeded in absorbing β-carotene levels of 86%, 

while POFA-modified 1 and POFA-modified 3 

succeeded in absorbing β-carotene levels of 84% 

and 80%, respectively. This shows that compared to 

other variations, the adsorbent with a heating time 

variation of 150 minutes when activation process 

has the best β-carotene adsorption capacity. 

Adsorption of β-carotene using modified POFA 

adsorbent occurs on the surface of POFA-modified 

which already contains the active Cu site. Because 

the average pore size of the POFA-modified 

produced is 4 nm, the adsorption process of β-

carotene which has a pore diameter of 17 nm only 

occurs on the POFA surface. Cu can bind to β-

carotene due to the increase in electrostatic 

attraction between β-carotene and Cu. POFA 

containing silica-alumina here acts as a support for 

the Cu metal catalyst which acts as an active site for 

the absorption of β-carotene. Silica-alumina has a 

large surface area and pore diameter so it can be 

used as a Cu catalyst support. 

 

CONCLUSION 

 

From the results, the research concluded 

that POFA can be used as an adsorbent for the 

absorption of β-carotene in Crude Palm Oil (CPO). 

All POFA-modified samples have mesopore size. 

XRD analysis showed that the diffraction pattern of 

CuO, ZnO, quartz, and SiO2. POFA has O-H 

group, -Si-H stretching vibration, Al-O vibration, 

Si-O asymmetric stretching vibration, and Si-O-Si 

bending vibration. Based on the results of UV-Vis 

Spectrophotometry analysis, the best results were 

obtained in the β-carotene adsorption process with 

POFA-modified 2 variations of activation heating 

time for 150 minutes, which obtained a β-carotene 

absorption value of 116.98 ppm or successfully 

absorbed 86%. Due to the limitations of the 

research, further research can conduct various of 

adsorption  conditions  such  as  temperature,  time, 

 

     

Table 6. Calculation results of UV-Vis spectrophotometric analysis. 

Sample Code 
Sample Weight 

(g) 

Absorbance 

(A) 

β-carotene after adsorption 

(ppm) 

Adsorption 

(%) 

POFA-modified 1 0.1015 0.136 128.30 84 

POFA-modified 2 0.1015 0.124 116.98 86 

POFA-modified 3 0.1015 0.168 158.48 80 
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and CPO concentration to see the adsorption ability 

of H3PO4-activated POFA and Cu/Zn 

impregnation in adsorbing β-carotene on CPO. 

Further research can conduct research on ꞵ-

carotene desorption. 
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