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Abstract

In response to the issues of high cost, significant energy consumption, and complex processes associated with traditional carbon
nanomaterial preparation methods, this paper proposes a green process for extracting carbon nanomaterials from waste lubricating
oil, heavy oil, or asphalt through membrane filtration combined with solvent extraction. The effects of key process parameters—
including pretreatment, operating temperature ( < 120°C), pressure (0.2-1.0 MPa), and membrane material selection—on separation
efficiency were systematically investigated. The results demonstrate that this process successfully extracts carbon nanomaterials with
a size range of 0.7-50 nm and achieves size-based classification, with product purity as high as 99.0%. Among the tested feedstocks,
petroleum asphalt yielded the highest carbon nanomaterial recovery rate, reaching 2.2-3.5%. Compared with conventional methods
such as graphite arc discharge and chemical vapor deposition, the proposed approach offers significant advantages, including low raw
material cost, simple process flow, mild operating conditions, low energy consumption, and environmental friendliness. The obtained
carbon nanomaterials exhibit well-defined morphology and high specific surface area, demonstrating promising application potential
in fields such as energy storage, environmental remediation, and composite materials. This study provides a new pathway for the low-
cost, green preparation of carbon nanomaterials and the high-value utilization of carbon-containing waste and heavy resources.
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