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Effects of different morphologies of calcium carbonate on oil-water separation performance of porous
skeleton polyurethane sponges
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Abstract : Aiming at the critical issues of hydrophobic modification layer detachment and hydrophobicity attenuation in hydro-
phobic polyurethane sponges(PUS), hydrophobic calcium carbonate (CaCO,) with different morphologies was introduced into PUS
and treated with acid etching to prepare hydrophobic porous skeleton PUS, endowing it with excellent oil-water separation perfor-
mance. Firstly, hydrophobic CaCO, with diverse morphologies was controllably synthesized by regulating the content of magnesium
chloride and using cetyltrimethylammonium bromide as a hydrophobic modifier. Secondly, hydrophobic PUS was prepared by incor-
porating the synthesized hydrophobic CaCO, via a one-step free foaming method. Finally, acid etching was conducted on PUS/
CaCO, hydrophobic sponges to construct micro-nano porous structures on both the surface and interior of PUS skeleton, thus obtain-
ing structurally stable hydrophobic porous skeleton PUS. The incorporation of hydrophobic CaCO, effectively enhanced the hydro-
phobicity of PUS, while the morphology of CaCO, exerted a significant influence on the oil absorption performance of the compos-
ite sponges. Specifically, PUS modified with rod-shaped CaCO, (PUS/RCC) exhibited higher adsorption efficiency for engine oil
and edible oil. For PUS after acid etching(EPUS/RCC), its oil absorption capacities for edible oil, engine oil and carbon tetrachlo-
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ride used to simulate heavy oil reached 29.9, 29.5, 55.5 g/g, which were 288%, 392% and 57.7% higher than those of pure PUS,

respectively. Additionally, the sponges modified with spherical CaCO, and nano-sized CaCO, showed a significant improvement in

the adsorption capacity for carbon tetrachloride. Particularly, the etched nano-sized CaCO,modified hydrophobic PUS displayed

superior oil adsorption performance. The maximum absorption capacity reached 60.5 g/g, which markedly outperformed samples

with other morphological modification, revealing its outstanding adsorption capacity toward heavy-oil. Moreover, after five consecu-

tive adsorption-squeezing cycles for EPUS/RCC, the adsorption capacities for the three types of oils exhibited negligible decline.

The adsorption recovery rate remained stable at nearly 100% upon repeated cycles, which verified the superior cyclic stability and

recyclability of EPUS/RCC. In oil-water separation tests, PUS/RCC hydrophobic sponge achieves separation efficiencies of 96.9%

for oil and 98.6% for water, confirming its prominent oil-water separation capability.

Keywords : different morphologies ; calcium carbonate ; polyurethane sponge ; hydrophobic and oleophilic ; porous skeleton
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Fig. 1 Schematic illustration of calcium carbonate morphology regula-

tion and porous polyurethane structure construction
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Tab.1 Experimental formula

g
Samples Polyether mass Deionized water Soft foam silicone oil mass A-33 mass  T-9 mass Caleium carbonate TDI-80 mass
mass mass

PUS 50 1.5 0.5 0.17 0.13 2.56 21
PUS/NCC 50 1.5 0.5 0.17 0.13 2.56 21
PUS/SCC 50 1.5 0.5 0.17 0.13 2.56 21
PUS/RCC 50 1.5 0.5 0.17 0.13 2.56 21
PUS/DCC 50 1.5 0.5 0.17 0.13 2.56 21
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Fig.2 SEM images of CaCO, with different morphologies
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Fig. 3 FTIR spectra of hydrophobic PUS before and after etching
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Tab.2 Foam density of PUS and hydrophobic PUS before and

after etching

g/em’
Samples Before etching After etching
PUS 0.048 0.047
PUS/NCC 0.035 0.033
PUS/SCC 0.073 0.055
PUS/RCC 0.036 0.034
PUS/DCC 0.040 0.032
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Fig. 4 Contact angle of PUS and hydrophobic PUS before and after
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Fig. 6 SEM images of PUS and hydrophobic PUS before and after
etching
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