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Preparation and properties of cellulose isocyanate based lubricating grease
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Abstract: With the increasing depletion of petrochemical resources and the improvement of people's awareness of
environmental protection, the green and sustainable development of grease is extremely urgent. In this study, envir-
onmental-friendly cellulose-based lubricating grease was prepared by surface isocyanate modification using natur-
al and renewable microcrystalline cellulose as raw material. The grafting effect on the surface of cellulose was ana-
lyzed using FTIR, SEM, XRD, and TG methods. The rheological and tribological properties of cellulose based lubric-
ating grease were studied using a rheometer and a four ball tribotester. The research results indicate that after modi-
fication with isocyanate, cellulose greatly improves its thickening ability on base oil. Compared to pure cellulose-
based grease, the shear resistance of modified cellulose-based grease has been improved, and the critical point and
flow point are significantly increased. Moreover, the two types of lubricating greases exhibit similar viscoelastic
laws, with a linear viscoelastic function decreasing with increasing temperature in the range of 0-50°C; In the range
0of 50-100°C, the linear viscoelastic function increases with increasing temperature. The wear resistance of modified
cellulose-based grease has been improved, and the wear spot diameter has decreased from 0.873 mm to 0.820 mm.
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Fig.1 Schematic diagram of the synthesis of microcrystalline cellulose (MCC)-diphenylmethane diisocyanate (MDI)
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Fig.2 FTIR and XRD characterization of MCC and MCC-MDI
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Fig.3 SEM micrographs of MCC ((a), (b)) and MCC-MDI ((d), (e)); EDS images of MCC (c) and MCC-MDI (f);
((g)-(j) Elemental Mapping images of MCC-MDI
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Fig.4 TG and DTG curves of MDI, MCC, MCC-MDI ((a), (b)) and lubricating grease ((c), (d))
%1 MDI. MCC, MCC-MDI W% i385 TGA #1&E
Table1 TGA characteristic parameters for the MDI, MCC, MCC-MDI and lubricating grease

Samples T5/C Tinax/ C Yo/%
MDI 169.0 262.5 1.8
MCC 271.2 350.7 4.3
MCC-MDI 290.1 347.7/373.0 14.3
MCC/O 296.1 352.8/424.8 2.3
MCC-MDI/O 298.7 369.5/424.5 3.3

Notes: T5;,—Onset degradation temperature; Ty,,,—Maximum decomposition; Y,—Char yield at 800C.
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Fig.5 Apparent viscosity (1) (a) and shear stress (7) (b) of MCC/O and MCC-MDI/O with the shear rate (y) sweep
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Table 2 Friction performance of MCC/O, MCC-MDI/0 and MCC-MDI-octadecylamine (ODA)/O

Sample Friction coefficient Friction force/N Wear scar diameter/mm
MCC/O 0.077 3.783 0.873+0.075
MCC-MDI/O 0.113 5.542 0.820+0.062
MCC-MDI-ODA/O 0.085 4.169 0.455+0.037

Unit: mm
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Fig. 10 Photos of wear spots on steel balls lubricated with MCC/O (a), MCC-MDI/0 (b) and MCC-MDI-ODA/O (c)
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Table 3 Comparison of friction performance with other bio-

based lubricants
Thickener type Friction coefficient Ref.
Montmorillonite/cellulose 0.095 [22]
Cellulose pulp 0.086 [23]
Ethylcellulose nanofibrous 0.075 [24]
Barley straws 0.092 [25]
Wheat straws 0.095 [25]
Epoxidized lignocellulosic 0.12 [26]
Eucalyptus lignin/cellulose acetate 0.092 [27]
Poplar lignin/cellulose acetate 0.076 [27]
Olive lignin/cellulose acetate 0.070 [27]
Kraft lignin/cellulose acetate 0.067 [28]
Kraft lignin/ethylcellulose 0.088 [29]
Alkylated lignin 0.097 [30]
NCO-functionalized lignin 0.083-0.089 [31]
Acylated chitosan 0.12 [32]
MCC-MDI 0.085 This work

Note: NCO—Isocyanate group.
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