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Abstract: Renewable diesel from hydrogenated palm olein can substitute fossil diesel. This 

study used an activated carbon pellets catalyst in a 500-ml autoclave to decarboxylate palm olein 
hydrothermally. The experiment was conducted at 330-400 °C, the catalyst-feed ratio was 0.7, and 
the water-palm olein (palm cooking oil) weight ratio was 4 to 1. GC-MS and standard alkane and 
alkene characterized liquid products, while GC-TCD identified gas products. Renewable diesel’s 
highest yields are 13.24% and 3.15% for samples with and without activated carbon pellets 
catalysts at 370 °C. In conclusion, activated carbon pellets increase renewable diesel recovery in 
hydrothermal decarboxylation. 
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1.  Introduction  
Renewable diesel or bio-hydrogenated diesel, 

purposely to alternate diesel usage. It is predominantly 
n-paraffin, typically a C12 to C18 mixture of linear or 
branched in different portions. The n-paraffins are the 
constituents of gasoline, jet fuel, and diesel. Meanwhile, 
a report states biofuel would be more suitable for 
long-haul aviation and highly specialized uses such as 
industrial heat and power systems1). Accordingly, diesel 
oil-like hydrocarbons could be cracked into more 
applicable fuels. Renewable diesel, the 
second-generation biofuel, is preferable to the more 
common biodiesel because of its superior heating value, 
more significant cetane number, lower corrosiveness, and 
more excellent oxidative stability due to 
its zero-oxygen content advantages2,3).  

In addition, carbon deposits of combustion products in 
the combustion chamber might hinder engine 
performance when biodiesel is used as the alternative, 
especially at high concentrations2,3,4). It differs from 
renewable diesel, which has molecules similar to fossil 
diesel fuel5). The newer diesel oil generation techniques, 
mainly from algae, still face a high capital expenditure 
from its harvest method alone2,5,6). 

Initially, The renewable diesel from popular 
hydrodeoxygenation vegetable oil consumes a high 
amount of hydrogen, which is not feasible economically 
on a large scale7,8). Thus, a free-H2 process is developed 
today, known as deoxygenation. The deoxygenation 
(DO) process can be summarized by initial 

hydrogenation, subsequently followed by reactions that 
comprise three possible routes, namely 
hydrodeoxygenation (HDO), decarbonylation (DCO), 
and decarboxylation (DCO2)9). HDO eliminates oxygen 
from Triglycerides (TG) with the help of hydrogen to 
form water and n-paraffin; in contrast, DCO/DCO2 takes 
oxygen without the addition of hydrogen, resulting in 
carbon dioxide (CO2), carbon monoxide (CO), and 
n-paraffin (n-paraffin). 

 DCO/DCO2 is widely investigated among the three 
DO routes, especially DCO2 since the H2 consumption is 
the lowest10). In addition, both DCO/CO2 can be run 
under milder operating conditions than HDO, which 
reduces hydrogen usage, longer catalyst life, and lower 
moisture content11). 

Various studies use TG-based feedstock such as oils 
and fats, fatty acids, or its derivatives (alkyl esters) to 
produce diesel-like hydrocarbons. Considering palm oil 
is Indonesia's most abundant oil resource, it is expected 
to be used as a potential biofuel resource. On that 
account, this study uses palm olein as the raw material. 
On the other hand, catalyst and operating conditions are 
well-known as determining keys to reaching high-rate 
conversion and selectivity. 

Noble metal catalysts, typically palladium (Pd) and 
platinum (Pt) are widely studied5,12). Nevertheless, it is 
expensive and limited in quantity, leading to finding 
alternatives to reach cost-effective production, that is, 
non-noble metal catalysts. Among the non-noble metal 
sources, activated carbon is majorly used as support since 
it has a high surface area, performs as a reinforcing site for 
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the active metal sites, and can chemically absorb the 
reactants due to consisting of various functional groups on 
its surface, either having acidic or basic 
characteristics5,13,14). Activated carbon has also been 
successfully made into composites as a gasoline absorbent 
agent15). Nevertheless, there were only a few 
examinations on it as a primary catalyst for 
deoxygenation. 

Adding a co-reactant as the hydrogen donor has also 
been investigated by many in the particular organic 
solvent, water, and compared under inert conditions 
(nitrogen gas only). Some studies mentioned that the 
co-reactant addition increased oil conversion in the 
following sequence: N2 < N2 with H2O < N2 in aqueous 
glycerol < H2

10). Still, glycerol or any organic solvent has 
the foremost drawbacks regarding cost and 
environmental aspects and thus making water an 
attractive co-reactant choice to explore. Aside from H2 
donor potential, water at high temperature and pressure 
will lose its hydrogen bonding ability to have similar 
properties to the non-polar solvent, which then aids in 
hydrolyzing the TG16). Moreover, under such conditions, 
the water’s ionization constant will increase to be more 
acidic (more H+ concentration, intensifying the 
hydrolysis. 

The postulated hydrothermal decarboxylation for palm 
oil near supercritical water was initially dissolved in 
water into glycerol, linoleic acid, oleic acid, and palmitic 
acid. Then, hydrogen is generated internally through 
hydrothermal decarboxylation of triglycerides via 
gasification of fatty acids, carbon reforming in that order: 
Aqueous Phase Reforming (APR), glycerol 
decomposition, water gas shift reaction, and thermal 
cracking, which can be seen in eq. 1 – 9.5,17,18,19)) 

 
Hydrolysis: 
 
Gasification: 
 
WGS: 

TG + 3H2O → Glycerol+ Fatty Acid 
 
Fatty Acid →  CO2 + CO 
 
CO + H2O → H2 + CO2 

(1) 
 
(2) 
 
(3) 

Carbon 
Reforming: 
 
AQR: 
 
 
Thermal 
Cracking: 
 
Hydrogenation: 
 
 
Decarboxylation: 
 
 
Decarbonylation: 

 
C + H2O → CO+ H2  
 
Glycerol → H2 + CO2  
Glycerol → H2+CO2+CO  
 
C17H35COOH → CO + CO2 + H2 + CxHy 
 
 
C17H31COOH+ H2 → C17H36COOH 
C17H33COOH 
 
CH3(CH2)14COOH → C15H32 + CO2 
CH3(CH2)16COOH → C15H32 + CO + H2O 
 
CH3(CH2)14COOH → C15H32 + CO + H2O 
CH3(CH2)16COOH → C17H36 + CO + H2O 

 
(4) 
 
(5a) 
(5b) 
 
(6) 
 
 
(7a) 
(7b) 
 
(8a) 
(8b) 
 
(9a) 
(9b) 

 
Since H2 was not added to this study, the products are 

primarily saturated hydrocarbons. It means that H2 must 
be obtained during the decarboxylation reaction. During 
hydrothermal decarboxylation of oleic acid, in-situ H2 
was generated while oleic acid was turned into gas 

simultaneously. Palm oil’s hydrolysis produces fatty 
acids, while fatty acids’ gasification may generate in-situ 
H2 mentioned by several reports.  

An efficient way to generate hydrogen gas locally is 
through glycerol’s aqueous phase reforming (APR). 
Based on our findings, the best reaction temperature for 
glycerol degradation in the hydrothermal environment 
using activated carbon as a catalyst is 260°C, with the 
main byproducts being hydrogen, carbon monoxide, and 
carbon dioxide, and only trace amounts of shorter-chain 
hydrocarbon. Given the parallel nature of DCO2 and 
DCO, CO may contribute to the water gas shift reaction 
to generate hydrogen gas. The generated hydrogen can 
be used in hydrogenating unsaturated linoleic and oleic 
acids to stearic acid. Meanwhile, saturated heptadecane 
and pentadecane are the byproducts of the reaction of 
stearic acid and palmitic acid with DCO and DCO2, 
respectively. Longer-chain hydrocarbons can decompose 
into smaller-chain hydrocarbons or combine to generate 
more significant fractions, arenes, or ring compounds. 

Several studies reported the utilization of activated 
carbon catalysts and water under supercritical conditions 
for gasification and oxidation reactions. Hossain studied 
powder-activated carbon that could be applied for 
producing renewable diesel with 100% oleic acid 
conversions, yielding 100% heptadecane after 5 hours of 
reactions under sub-critical water conditions at 40 bar 
and 250 °C12). While another report mentioned that 97% 
conversions of oleic acid were obtained with 81% 
pentadecane selectivity under 400 °C for 2 hours by 
applying water as the external hydrogen source to 
accommodate the deoxygenation process8). 

Fatty acid decarboxylation using activated carbon 
pellets in hydrothermal media has yet to be reported in 
the literature. Furthermore, no published research has 
proposed utilizing activated carbon pellets for 
hydrothermal decarboxylation of long-chain carboxylic 
acids (fatty acids). If the catalyst has excellent catalytic 
properties, it could serve as an appealing, cost-effective 
catalyst. Hence, this study hydrothermally investigates 
the impact of activated carbon pellets in decarboxylate 
palm olein. It is known that DCO2 can be executed under 
inert gas and atmospheric conditions, while DCO can be 
carried out by utilizing hydrogen on-site. Localized 
hydrogen can be obtained amid diesel-like oil generation, 
such as water gas shift, thermal cracking, and Boudouard 
reactions5). 
 
2.  Material and Method 

This study’s raw materials are palm oil (specifically 
palm olein oil), nitrogen gas, deionized water, activated 
carbon, and n-Hexane. Palm olein oil was purchased 
from retail stores, while n-hexane was from online shops. 
As a triglyceride, palm olein was hydrothermally 
decarboxylated either by utilizing activated carbon 
pellets or in the absence of it. Table 1 represents the 
detailed breakdown of palm olein.  
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Table 1. Palm Olein’s Component. 

Compounds Average Percentages (%) 

Terephthalic Acid 0.515 

Myristic Acid 0.732 

Palmitic Acid 38.637 

Oleic Acid 23.748 

Stearic Acid 2.791 

Glycerol 21.486 

Squalane 10.933 

Vitamin E 1.158 
 

Activated carbon pellets as catalysts in hydrothermal 
decarboxylation were obtained from the retail 
store—characterization of Activated Carbon Pellets as 
seen in Table 2. The BET surface area, pore size, and 
pore volume of the catalyst were determined via Anton 
Paar Novatouch (1x2 surface area) and a pore size 
analyzer. The N2 adsorption isotherms in liquid N2 
medium at 77 k were measured using a Quantachrome 
Novawin instrument. All samples were vacuumed at 
300 °C for 4 hours before measurement. Specific surface 
area (sBET) and total pore volume (vp) were calculated by 
employing BET (Branauer–Emmet–Teller) method and 
the point p/po ≈ 0.99, respectively. 

Meanwhile, both Brunauer-Emmett-Teller (BET) and 
Barrett-Joyner-Halen (BJH) methods were used to 
analyze pore size distributions of fresh and spent 
catalysts. Before measurements, at least 80 mg of the 
sample was heated at 150 °C for 12 hours to eliminate 
the water content and other gases on the catalyst surface. 
The experiment was conducted at 193 °C with 99.995% 
pure N2 gas. 

 
Table 2. Characterization Activated Carbon Pellets. 

Parameter Value 
Surface Area (m2/g) BET 833 

Pore Volume (cc/g) BJH 0.49 

Average Pore Radius (A) 11.865 

 
In an autoclave with a 500 mL volume, palm olein was 

deoxygenated hydrothermally at various temperatures of 
330 - 400 °C) with pressure range from 52-230 bar.  
Reactants are palm olein oil (30 grams), deionized water 
(120 grams), and activated carbon pellets (21 grams) 
were loaded for a typical reaction19).After purging and 
filling with N2 gas under static conditions, the 
autoclave’s temperature was adjusted to the reaction 
condition. After stabilizing the temperature, the reaction 
began by magnetic stirring (100 rpm) and was sustained 
for four hours. After four hours of reaction, the reactor 
was immediately cooled to a temperature below 60 ℃ 
over was performed as soon as cooling down was 
completed. 

The solid, liquid, and gaseous products were 

subsequently obtained and split. Product recovery started 
with collecting into a gas sampling bag for Gas 
Chromatography Thermal Conductivity Detector 
(GC-TCD) analysis. Solids (catalysts) and liquid 
products were removed from the reactor and separated 
by the filter. Catalysts detached from the liquid product 
were washed twice with hexane to the liquid product left. 
The catalyst was then put in an oven at 90 °C with a 
vacuum for a whole night. To get a pure product, we 
evaporated the mixture of hexane, liquid product, and 
water using a rotary evaporator. Then, the product 
purified by the rotary evaporator was blended with the 
liquid product separated by the filter before calculating 
the liquid's yield. 

The gaseous product was identified using a Gas 
Chromatograph Bruker Scion 456-GC installed with a 
TCD detector and chromatographic column Shincarbon 
ST to determine the gas mixture, such as H2, N2, O2, CO2, 
CO, and CH4. The column was initially adjusted to 50 °C 
(held for 7 minutes), then elevated to 100 °C at a rate of 
20 °C/minute for 10 minutes, and raised again to 200 
Celsius at a rate of 20 °C/minute for 12 minutes. The 
injector and detector temperatures were set at 100 
and 220 degrees Celsius. 

Gas chromatography-mass spectrometry (GCMS) was 
used to analyze the liquid products qualitatively GCMS 
spectrometer, and 5977 (MSD) DB-5 Capillary Column 
was set to 40 degrees Celsius for 1 min, then elevated to 
300 degrees Celsius at the rate of 5 °C/minute for 5 mins. 
The column's dimensions are 30 m x 0.32 mm x 0.25 m. 
Additionally, the temperature of the sample injector and 
the detector was regulated at 250 degrees Celsius. 

The obtained data from the experiment were calculated 
to determine conversion, the selectivity and yield of 
renewable diesel. The conversion, selectivity and yield of 
renewable diesel were calculated based on the results of 
the GCMS analysis. Conversion was calculated by 
dividing the difference of the initial and final total area of 
free fatty acid in palm olein with initial total area of free 
fatty acid21) The renewable diesel yield and selectivity 
were determined by comparing the retention time of 
standard hydrocarbons (C12–C18) with 
experimental-based products. In the present study, the 
catalytic performance of the catalysts was studied by 
determining the yield of saturated and unsaturated 
straight-chain hydrocarbons (X) (eq. (10).22) 

 

100  ×=
∑
∑

P

D

n
n

X
 

 

(10) 

where, nD = total area of alkene (C12–C18) and total 
area of alkane (C12–C18) in product, nP = total area of the 
product. Thus, The renewable diesel selectivity (SD) was 
determined by eq. (11)22). 
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100  ×=
∑
∑

U

D
D n

n
S  (11) 

where, nD = total area of alkene (C12–C18) and total 
area of alkane (C12–C18) in product, nU = total area of 
undesired product. 

 
3.  Result and Discussions 

The gas product of hydrothermal decarboxylation was 
analyzed with GC-TCD. The analysis results are 
displayed as percent moles of gas, as shown in Figure 1 
below. Most gas outcomes from the hydrothermal 
decarboxylation process are byproducts, namely CO2 and 
CO. Furthermore, hydrogen gas is an intermediate and a 
hydrogen donor in the reaction. 

 

 
Fig. 1: Percentage of gas in decarboxylated products 

 
Figure 1 shows that the highest number of moles of 

carbon dioxide is generated at 350 °C with activated 
carbon pellets catalyst. In this case, stearic acid's 
decarboxylation reaction to heptadecane has occurred. In 
the reaction of a higher reaction temperature of 350 °C 
and with activated carbon, CO2 gas is formed with very 
high levels (up to 1.4% mole of gas). In addition, 
hydrogen gas is also included. At this temperature, the 
reaction is concluded as optimum. The reaction utilizing 
activated carbon also generates CO2 gas when 
the temperature is raised to 370 °C. The decarboxylation 
reaction also occurs at 400 °C, which uses activated 
carbon, yielding a smaller amount of CO2 gas. The 
increasing temperature until 400 °C happened a thermal 
cracking reaction, which produced more extensive 
hydrogen gas to hydrogenate without the activated 
carbon. 

Furthermore, a study by Jin and Choi proved that 7 
mol of H2 can be made from 1 mol of glycerol. 
Decarboxylation does not need H2; decarbonylation 
needs one H2 molecule to be a saturated hydrocarbon. 
Then, Carbon monoxide from decarbonylation can be 

converted to H2 with a water gas shift (WGS) reaction. 
Because of that, CO was invisible at 330, 350 and 
370 °C22). Decarbonylation occurs simultaneously with 
decarboxylation, and CO can contribute to the water gas 
shift reaction, which generates H2. Unsaturated linoleic 
and oleic acids can subsequently be hydrogenated into 
stearic acid with the help of the created H2. Saturated 
heptadecane and pentadecane are created via the 
decarboxylation and decarbonylation of stearic acid and 
palmitic acid, respectively. The bigger hydrocarbon 
molecules may further join to form aromatic and cyclic 
compounds, or they may fragment to form smaller 
hydrocarbon molecules.20)  

In the reaction temperatures of 330, 350, 370, and 
400 °C with the help of activated carbon pellets, the gas 
product contains CO2 gas. On the other hand, reactions 
that do not use activated carbon pellets do not produce 
CO2 gas. The gas output produced during the reaction 
determines the resulting liquid product, as seen in Fig. 2, 
tables 3 and 4, and Fig. 3, namely the conversion, 
selectivity, and yield calculation in liquid products. 

 

 
Fig. 2: Conversion of Palm olein after 4 h at different 

reaction temperatures  

 
The highest conversion of palm olein, as seen in Figure 

2 by hydrothermal decarboxylation using an activated 
carbon catalyst, was 33.25% at 330 °C, while the lowest 
conversion was only 17.52% (400 °C). The highest 
conversion of palm olein without activated carbon was 
29.55% at 350 °C, and the lowest was 12.35% at 400 °C. 
The temperature of conversion of triglycerides into 
hydrocarbons in the absence of hydrogen generally 
occurs between 300°C to 450°C. These reactions are 
hydrodeoxygenation, decarboxylation, and 
decarbonylation, which generally produce the byproducts 
H2O, CO2, and CO, respectively. Hydrogenation and 
decarboxylation reactions are exothermic, while 
decarbonylation and cracking reactions are endothermic. 
Therefore, using an activated carbon catalyst, the 
reaction conditions that provide the highest conversion 
occur at 330 0C after cracking. At higher temperatures of 
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400 0C and above, the conversion will generally be low 
because dehydrogenation and decarboxylation reactions 
are dominant, which due to their exothermic nature, will 
decrease with increasing temperature. In the reaction 
conditions without a catalyst, the reaction conditions that 
produce the highest conversion temperature are higher 
because, without a catalyst, a higher temperature is 
needed to meet the higher activation 
energy requirements24). 

Most of the transformation of palm olein into 
oxygenated compounds, namely carboxylic acids, and the 
remaining desired product is renewable diesel (C12-C18). 
Several studies indicate that decarboxylating oleic acid 
under supercritical conditions hydrothermally with no 
presence of a catalyst results in only 4.7% conversion. In 
comparison, with 80 % oleic acid conversion after 3 hours 
over activated carbon at 370 °C, the selectivity of 
heptadecane was only 7%, and the yield of heptadecane 
was only 6 %12).  

A 30-33% oleic acid conversion was also observed 
after 4 hours under similar conditions (decarboxylation in 
supercritical water) with an Al-SBA-15-based catalyst. 
Unsaturated C17, resulting from decarboxylation and 
decarbonylation reactions, was the primary product of the 
reaction for all catalysts. Furthermore, after 4 hours of 
reaction in supercritical water over NiWC/Al-SBA-15 
catalyst, the hydrothermal decarboxylation of oleic acid 
achieved 30.7% conversion with only 0.72% selectivity 
for C17 and 53.6% selectivity for unsaturated C17

23). 
Generally, temperature (350-400 °C), water/oleic acid 

ratio, catalyst-to-total feed ratio, and residence time all 
affected oxygen expulsion from oleic acid. The 
carboxylic group was eliminated after 2 hours at 400 °C 
with a water / oleic acid ratio of 4:1 (v/v), according to 
FTIR and 13C NMR data17). The difference between this 
study and Hossain's study was the form of an activated 
carbon catalyst. Hossain used powder-activated carbon, 
while this study used activated carbon pellets with a 
larger pore size than powder form. The Hossain 
research's optimum conditions were adopted in this 
work: the water to oleic acid ratio of 4:1 (w/w), the 
catalyst to total feed ratio (0.7), and the residence 
time of 4 h19). 

Hossain employed activated fresh carbon, which has 
an 857 m2/g surface area, 0.63 cm3/g pore volume, and 
pore radius of 17.5 A. The highest CO2 gas was obtained 
at a temperature of 400 °C. It was comparable to the 
highest yield of heptadecane. However, compared with 
temperatures of 300 °C and 330 °C, there is a decrease in 
CO2 

19). It is consistent with this study's findings that 
there is an increase and decrease in CO2 gas production. 
However, the most significant yield of renewable diesel 
was not produced at 350 °C but at 370 °C. As a result, 
the outcome of this study differs from that reported by 
Hossain et al. Despite employing the same activated 
carbon, the catalyst's form is different.  

Table 3 indicates that the product selectivity from 
hydrothermal decarboxylation using activated carbon 
pellets tends to produce renewable diesel (C12- C18). The 
highest renewable diesel selectivity was obtained at 
370 °C with the help of activated carbon pellets. It 
follows research from other researchers who stated that 
the optimum temperature for decarboxylation is 370 °C. 
Therefore, at 400 °C, the selectivity for forming 
renewable diesel products is no longer available.  At 
temperatures of 330°C and 350°C with a catalyst, only 
heavy fractions such as C16 and C17 are formed. This is 
probably due to the fact that the temperature for 
cracking(endotherm) is still too low, so light fractions 
such as C13-C15 have not been formed. Whereas at 400 0C, 
the reaction conditions were too high for the 
decarboxylation and hydrodeoxygenation reactions 
(exothermic reactions), so the conversion to form liquid 
products was suspected to be low. Pressure in the reactor 
increases as the temperature rises. Increasing temperature 
will help reaction gain more energy to overcome the 
activation energy required. During our experiments, the 
pressure rose from 52 to 230 bar. The higher pressure will 
influence the reaction inside the reactor, which leads to a 
cracking reaction. Cracking reaction will happen in 
temperature of 400 oC and above, which generates more 
lighter hydrocarbon (C12 and shorter)31). A similar 
explanation for the reaction without a catalyst (see Table 
4), but it is the lower product because the temperature 
condition requirement is probably higher. 

   
Table 3. Palm olein’s product selectivity after decarboxylated hydrothermally for four h with activated carbon pellet25) 

Temperature 
(°C) 

AC 

Selectivity (%) 

 C13 C14 C15  Unsaturated C15 C16 Unsaturated C16 C17 Unsaturated C17  

330 0 - - - 1.324 - - 1.373 
350 0 - 0.592 - 1.822 - - 2.132 
370 0.084 0.688 2.564 0.615 0.670 - 3.908 6.735 

400  -  - -   - -  -   - -  
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Table 4. Palm olein’s product selectivity after decarboxylated hydrothermally for four h without activated carbon pellets25).  

Temperature 
(°C) 

AC 

Selectivity (%) 
 

C13 C14  C15 Unsaturated C15  C16 Unsaturated C16  C17 Unsaturated C17 

330 - - - - 2.376 - - - 

350 - - - - 0.514 - - - 

370 - - 1.122 - - - 1.139 0.986 

400  - -   - -   - 0.158  - 0.255 
 

Table 4 describes the selectivity of renewable diesel in 
the hydrothermal decarboxylation process without using 
activated carbon pellets. The selectivity and yield of 
renewable diesel produced in this study using activated 
carbon pellets differed from the results from Hossain. It 
is due to the shape of the catalyst used and reactor 
performance. Another report mentioned that 97% 
conversions of oleic acid were obtained with 81% 
pentadecane selectivity under 400 °C for two hours17). 
With no additional catalyst, this research demonstrated 
that heptadecane and heptadecene increased with 
increasing temperature. 

Table 4 shows that the renewable diesel produced is 
mostly alkene (C15-C17). It indicates that the reaction is 
mostly decarbonylation, producing CO gas as a 
byproduct. It has been proven in Figure 1 above. In 
Hossain's hydrothermal decarboxylation of maize 
distiller oil, heptadecane's selectivity was 10% in a 
catalyst-free condition and 48.9% using a catalyst at 
400 °C. Selectivity for heptadecene in the non-catalyzed 
process at 400 °C was only 3.1%, and it was reduced to 
0.4% using the catalyst. We found that the selectivity for 
heptadecane without activated carbon was only 1.139%, 
while the selectivity for heptadecane with activated 
carbon at the optimal temperature (370 °C) was 3.908%. 
The selectivity of heptadecene from this study was only 
0.986 % (without activated carbon), which was further 
increased to 6.735% with activated carbon at 370 °C. 
Figure 2 depicts the renewable diesel yield value.  

In Figure 3, we can see a decrease in the yield value of 
renewable diesel when hydrothermal decarboxylation is 
carried out without using activated carbon pellets. The 
optimum yield of renewable diesel occurs at 370 °C with 
13.24 % and 3.15 % by employing activated carbon and 
without any of it. Fu and his colleagues used powdered 
activated charcoal washed with phosphoric acid12). They 
found that using activated carbon, decarboxylating oleic 
acid in sub/supercritical water at 370 °C for 3 hours 
generated a (5.8±1.1) % heptadecane and a (24±1%) 
stearic acid yield. Thus, according to study of Elvan sari 
who used free fatty acid as feedstock, it is likely that 
Brown Grease FFAs undergo decarbonylation (Reaction 
II) and paraffins undergo dehydrogenation (Reaction I) 
in order to form olefins. The n-monoolefins can be 
further hydrogenated in the presence of H2, whether they 
were created through dehydrogenation or 

decarbonylation25) 
 

 
Fig. 3: Renewable diesel yields after four h at different 

reaction temperatures  

 
This optimum temperature is the same as the study of 

Popov and Kumar by using granulated activated carbon 
with a BET surface area of 600 ± 20 m2/g, pore volume 
of 0.95 ± 0.05 cm3/g, and pore size diameter was 60 ± 5 
nm. In addition to the maximum selectivity of 80.6% and 
heptadecane yields of 67.1 wt.% being recorded at 
370 °C, heptadecane yields 69.7 wt.% at 380 °C. 
Meanwhile, the reaction at 400 oC produced the lowest 
yield of heptadecane (9.7%), compared to other lower 
temperatures in the experiments20). Another is using 
catalytic hydrothermal reforming from jatropha oil with 
Pd/ Carbon, which had a yield of heptadecane was 6.2 % 
at 350 °C 26). Edeh et al. give a low yield on Pd/C. At 300 
C and 290 °C, pentadcane’s selectivity was 4.1% and 
3.2%, respectively. Meanwhile, heptadecane's yields at 
330 and 290 ° C were 16.9 and 14.7 %, accordingly27). 
Active sites are essential in the formation of alkanes. A 
study on ZrO2 support in Hydrothermal decarboxylation 
(0.5 g Palmitic acid, 0.5 g ZrO2, and 4.5 ml water at 
300 °C, 6 hours, 7 bar initial pressure H2) obtained 6.6 
C % of Palmitic Acid and paraffin yields less than 0.1 
C %28). Additionally, Chen et al proved that the acidity of 
the catalyst affects its performance of the catalyst. The 
yield of heptadecane increased over dried Pt/C after 
adsorbing 20 wt% H2O and 30 wt% H2O from 60% to 
65% and 70%, respectively. Hydrothermal 
decarboxylation over dried Pt/C at 350 °C for 2 hours 
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and H2O addition as a solvent only gave a 35 % yield of 
heptadecane29). 

According to Hossain's research, the -COO group 
from CDO could be thoroughly eliminated at 400 °C 
within 4 hours and water to CDO ratio of 4:1. The main 
products were C8 to C16 (49.7% selectivity) and 
heptadecane (48.9%) saturated hydrocarbons19). So, this 
work used optimum conditions based on Hossain's study. 
Comparing our results to the literature as mentioned 
earlier data, we were able to produce 13.24% renewable 
diesel at 370 °C for 4 hours without the use of any 
external hydrogen or hydrogen-donor solvent sources 
with palm olein oil/water ratio of 1:4. This ratio is by a 
study by Miao et al. (2018), which demonstrated that the 
yield of paraffin raised from 2.8% at a water-to-stearic 
acid ratio of 0:1 to 64% at a water-to-stearic acid ratio of 
4:1, while an increase in the water-to-stearic acid ratio 
more than 4:1, demonstrated a reduction in both 
conversion and paraffin yield30). 

Several factors, including catalyst choice, operating 
temperature, and reaction time, may account for different 
writers' discrepancies in results. For decarboxylation, the 
reaction temperature is an essential determinant of 
success. At higher temperatures, gasification 
predominates, while at lower temperatures, 
saponification takes over. Saponification prevails at 
temperatures below 350 °C, while decarboxylation plays 
a significant role at higher temperatures (T’s > 350 °C)31). 
Furthermore, reaction time is directly proportional to the 
product yield or selectivity in the decarboxylation route. 
Improving hydrocarbon yields requires adjusting reaction 
time and catalyst choices. Hydrogen was created on-site 
during hydrothermal decarboxylation and gasification at 
the selected temperature, proving the suitability of the 
suggested reaction mechanism for this investigation12). 

Decarbonylation occurs concurrently with 
decarboxylation. Additionally, via a water-gas shift 
reaction, carbon monoxide can react with water to 
produce hydrogen gas. High-temperature thermal 
cracking of oleic acid releases hydrogen as well. The 
best temperature for palm olein decarboxylation utilizing 
activated carbon pellets to make renewable diesel fuel is 
370°C, with a product yield of 13.24%. Activated carbon 
pellets affect the product of hydrothermal 
decarboxylation because of an increase in the yield of 
renewable diesel by using activated carbon pellets. The 
product yields for renewable diesel remained low at 
13.24% because the deoxygenation was carried out under 
hydrothermal conditions, in which no extra hydrogen 
was needed, and no active metal was present in the 
catalyst. However, the technique might provide an 
economic advantage. 

In the future, the hydrothermal deoxygenation process 
should be optimized utilizing response surface methods, 
and alternative catalysts should be researched to provide 
a larger yield of hydrocarbon products. It demonstrated 
that hydrogen produced by catalytic glycerol gasification 

may have contributed to increased yield by partial 
hydrogenation of unsaturated fatty acids. Based on the 
cost analysis, the process should be further optimized. 

 
4.  Conclusion 

To get the highest output of renewable diesel by 
decarboxylating palm olein with activated carbon pellets, 
we should set the temperature at 370°C, producing a 
yield of 13.24%. Activated carbon pellets affect the 
product of hydrothermal decarboxylation because of an 
increase in the yield of renewable diesel. Given that the 
deoxygenation was carried out under hydrothermal 
circumstances without the addition of hydrogen and the 
use of active metal in the catalyst, the product yields of 
13.24% for renewable diesel remain low. The 
hydrothermal deoxygenation process might be optimized 
using response surface methods, and new catalysts 
supported by active carbon could be tested to increase 
hydrocarbon product yields in future research. Partial 
hydrogenation of unsaturated fatty acids was shown to 
increase yield, proving that hydrogen produced by 
catalytic gasification of glycerol was responsible for this 
improvement. For this reason, future research should 
focus on finding ways to prevent the formation of such 
massive products. 
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