
Critical need for oil spill cleanup 

Objectives 

Polymer-derived porous carbon spheres modified superhydrophobic melamine formaldehyde 

sponge (PCS@MF) for oil spill remediation 
Love Dashairya, and  Partha Saha* 

Department of  Ceramic Engineering, National Institute of  Technology, Rourkela, Odisha-769008, India 

Abstract     
 
A three dimensional (3D) highly porous polymer-derived carbon modified superhydrophobic melamine formaldehyde sponge (PCS@MF) is fabricated for oil spill remediation. Resorcinol- formaldehyde (RF) derived porous carbon spheres (PCS) are embedded into 3D 
porous surface of melamine formaldeyhyde (MF) sponge through a one-step solution immersion method followed by pyrolysis. XRD, FTIR, FESEM, and TG characterizations data shows the successful fabrication of PCS@MF sponge. Moreover, the PCS@MF sponge 
exhibits contact angle ~ 164°, 168° and 0° on the water in air, water in oil, and oil in air, respectively. The PCS@MF sponge illustrated excellent absorption capacity with ~70-89 times of various oils of its weight can be separated in the first cycle. Moreover, the flexible 
PCS@MF sponge was reusable, and oil retention can reach up to ~85–90% at 20th cycle using repeated sorption-mechanical squeezing test. The work identifies a facile, low-cost, environment-friendly synthesis method for developing sorbents for oil spill cleanup. 

Experimental procedures 

Reaction mechanism 

Results and discussion 

FTIR analysis XRD analysis 

FESEM analysis 

Wettability and contact angle 

Oil-water separation ability and reusability 

 Oil retention capacity of  
PCS@MF sponge after 20th cycles 
is ~91.83%, ~83.98%, ~82.38%, 
~84.96%, ~92.61%, ~88.47, and 
~81.31% for hydraulic oil, 
lubricating oil, kerosene, pump 
oil, diesel, vegetable oil and 
toluene, respectively. 

Recovery (%) of oil 

 A slight variation in AC of PCS@MF sponge was observed with pH (acidic, 
neutral and basic) of oil water mixture. 

 The PCS@MF sponge quickly absorbs kerosene from alkali, salt, DI water 
and hot water mixture and display excellent absorption capacity (~65-72 
g/g). 

Oil-water absorption capacity with pH and salt mixture  
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Kinetic model for sorption 

Qs indicates the saturated sorption 
capacity, Qt is the sorption amount 
at time t, t is the sorption time, and 
K is the sorption constant. 

K is higher for low viscous organic 
solvents and lower for high viscous 
oils 

Gravity driven oil-water mixture separation test  

(a) (b) 

 The purpose of the gravity-driven oil-water separation test is to 
determine the oil-water separation capacity by filtration process using 
PCS@MF sponge as an oleophilic filter or membrane.  

 Where, F is the volume flux of oil, VL (liter) is the volume of oil that 
passes through the PCS@MF sponge; A is the effective area of sponge 
(m2); P is the suction pressure (1 atm), and t is the separation time (s) 
 
 
 

 Also, η is the separation efficiency, Vi and Vf are the volume of the oil 
before and after the oil-water separation test, respectively. 

  It can be observed that ~93% diesel can be separated from the oil-
water mixture using PCS@MF sponge within ~36 min. 

Oil-water selectivity analysis Intrusion pressure of water column 

 The intrusion pressure of static water was determined by the maximum 
height of water column that the PCS@MF sponge can withstand, and 
calculated using the following equitation. 

IP = ρ.g.hmax 
 Where, IP is the maximum water intrusion pressure, ρ is the density of 

water, g is gravitational constant (9.8 ms-2), and hmax is the maximum 
height of water that SA/PPy/MF sponge can support. 

 Calculated IP was ~1.23 kPa, which suggests that in a pressurized condition 
water will be able to flow through PCS@MF sponge beyond ~1.23 kPa  

 Synthesis of RF sphere, RF@MF, and PCS@MF sponge 

Based on our knowledge 
polymer-derived porous 
carbon   sphere anchored  
MF sponge based sorbent 
is never been studied for 
oil-water separation 

 RF-based xerogel has a low density and large specific surface area 
which is amenable for MF sponge surface functionalization and 
development of an efficient superhydrophobic sorbent for oil-
water separation 

Removal of methylene blue (MB) using RF@MF sponge 

 RF sphere and MF sponge both contain large numbers of hydrophilic 
oxygen functional groups (See FTIR analysis of RF@MF), which can be 
used as the adsorbents for organic dye removal. 

 RF@MF sponge was used as flexible adsorbents for effective removal 
of MB dye owing to its structural flexibility, high porosity, and high 
number of oxygen-containing functional groups. 

 RF@MF sponge maintains an excellent adsorption capacity and ~94, 
~88, and ~84% MB dye can be removed after 1st, 3rd and 5th cycle, 
respectively. 

Reusability of RF sphere for MB dye removal 

Removal of MB using RF sphere particles 

Effect of adsorbent dose on initial dye concentration 

 It was found that the concentration of MB dye decreases gradually 
with an increase in the amount of RF sphere (adsorbent) from 2 mg to 
20 mg/7ml due to the presence of large number of active sites present 
in adsorbent and intrinsic high surface area of RF spheres.  

 It was observed that maximum ~98.3% of dye can be removed and 
maximum amount (~1.5 mg/g) of dye adsorbed at ~14 mg/7ml 
adsorbent dose.  

Effect of contact time on initial dye concentration 

 It was observed that ~99% MB dye can be removed in 170 s using RF 
sphere adsorbents. 

 The  decrease in the rate of MB dye adsorption with time mainly due 
to decrease in the number of active sites present in adsorbent and dye 
concentrations.  
 

 Decay in reusability efficacy can be attributed to the lack of available 
active sites required for further uptake of MB dye after adsorbent 
regeneration.  

 Consequently, it could be considered that as-synthesized RF sphere 
could be employed as an effective adsorbent for MB dye removal.  

 FESEM images reveal that 3D porous interconnected structure of MF 
sponge remains intact and get uniformly covered with RF resin polymer 
spheres (RFS) by solution immersion method. 

 FESEM image of PCS@MF sponge confirms the conversion of RFS to PCS 
with similar morphology upon annealing at N2 atmosphere and formation 
of interconnected uniform coating of PCS on the MF sponge due to 
electrostatic attraction after pyrolysis. 

 Pristine and modified MF sponge 
shows a relatively sharp peak at 
~27° of 2θ value, indicates that 
MF sponge contains the 
characteristic peak of graphitic 
carbon structure.  

 Broad diffraction peak of 
amorphous carbon is evident at 
~22° of 2θ value indicating 
formation of porous carbon 
spheres (PCS). 

 FTIR spectra of PCS@MF sponge 
displayed only carbon functional 
groups confirmed   the uniform 
coating of carbon on MF sponge. 

 Also, all the distinct FTIR peaks 
related to RF@MF sponge 
disappeared in the FTIR spectra of 
PCS@MF sponge after pyrolysis, 
confirmed the conversion of RF 
sphere to porous carbon sphere.  

 A superhydrophobic/superoleophilic PCS@MF sponge was fabricated 
using a simple solution immersion and pyrolysis route.  

 XRD, FESEM and FTIR analysis confirm the formation of porous carbon 
sphere coating over the MF sponge, which makes it superhydrophobic 
in nature.  

 The PCS@MF sponge exhibited excellent AC of ~70-89 g/g for various 
oils, and found reusable for 20th continuous cycles with minimal loss in 
its oil separation ability. 

Conclusions 
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 Develop superhydrophobic and superoleophilic polymer-derived 
porous carbon spheres coated melamine formaldehyde  (PCS@MF) 
sponge. 

 Investigate the phase evolution and microstructural analysis of 
pristine MF sponge, RF@MF sponge and PCS@MF sponge using 
XRD, FESEM, and FTIR  analysis. 

 Determine the hydrophobicity and oleophilicity of modified MF 
sponge using contact angle measurement. 

 Determine the oil-water absorption capacity, absorption kinetics, 
reusability and oil recovery of PCS@MF sponge. 

 Methylene blue dye removal behavior of  Resorcinol-formaldehyde 
melamine formaldehyde (RF@MF) sponge and RF sphere particles. 

 Oil spill related accidents is prevalent during oil extraction, 
transportation and storage in ocean. 

 It remains a real threat to natural habitats, and there are few 
solutions to resolve this problem. 

 Oil spillage has cost millions of the dollar and severe water 
pollution which has a cascading effect on nature. 

 Oily wastewater cleanup is difficult and depends upon many 
factors. It may take weeks, months or even years. 

 Oil Spill blackened the shoreline, killing large numbers of sea birds, 
small fishes, dolphins and mammals. 

Oil-spill clean-up procedures  

 Boom 
 chemical dispersants 
 Skimming 
 Sorbents 

 Advantages of Sorbents  
• Cost effective 
• Environment friendly 
• Flexible and porous 
• Reusable 
• Low cost 

Melamine formaldehyde (MF) sponge is an ideal sorbent being highly 
porous , and elastic in nature formed by the composition of 
formaldehyde melamine sodium bisulfite-copolymer (C4H9N6NaO4S)n 

Name Density (g/cc) Viscosity (mPa.s) K (s-1) Qs (g/g) ts (s) R2 

Hydraulic Oil 0.88 68 0.207 82.02 20 0.99 

Lubricating Oil 0.87 155 0.123 89.27 30 0.99 

Kerosene 0.78 1.94 0.684 69.92 2 0.99 

Pump oil 0.86 204 0.230 83.09 20 0.99 

Diesel 0.84 2 0.759 75.02 2 0.99 

Toluene 0.86 0.58 0.896 70.77 2 0.99 

Calculated parameter(s) obtained from second-order kinetic equation 

 PCS@MF sponge exhibits 
excellent AC of ~71-89 times 
of its weight for entire 
group of oils tested. 


