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Executive Overview

Oil refining has relied on high-temperature distillation for more than a century. Crude oil is commonly
heated above 350°C and separated according to boiling-point differences. The method is robust, but it is
also one of the most energy-intensive operations in the refining and petrochemical value chain.
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The core breakthrough

e KAIST researchers, working with Georgia Tech collaborators, developed a porous polymer membrane that
can fractionate crude oil at room temperature.

e The membrane does not begin with a costly, separately coated selective layer. Instead, heavy hydrocarbons
from crude oil enter and organize inside the porous support.

e This interaction creates self-formed sub-2-nanometre pathways that allow lighter fractions to pass while retaining
heavier molecules.

e The concept changes the role of fouling: a phenomenon normally treated only as a performance problem
becomes the mechanism that creates selectivity.

The supplied article reports 23-fold higher separation speed than a prior leading crude-oil membrane and stable operation during a 28-day
continuous test.
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1. The 100-Year Distillation Paradigm

Conventional refineries separate naphtha, gasoline-range material, kerosene, gas oil, and heavier
residues by repeatedly heating, vaporizing, condensing, and circulating hydrocarbon mixtures. The
process is technically proven, yet its dependence on thermal phase change creates a structural energy
penalty.

Distillation Tower

WHY CHANGE IS DIFFICULT WHY CHANGE IS NOW NECESSARY

« Refineries are designed around distillation columns. » Energy and fuel costs directly affect refining margins.
 Existing assets must remain safe and continuously  Carbon constraints are becoming more demanding.
available. * Global overcapacity increases pressure on operating
« Product specifications are strict and feedstocks vary. costs.

« A new separation step must integrate without  Lower-temperature separation can improve both
destabilizing the plant. competitiveness and sustainability.

The objective is not necessarily to eliminate every distillation column immediately. The
near-term industrial strategy is to reduce the thermal load by performing a membrane
pre-separation step first.
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2. Why Earlier Oil Membranes Were Not
Enough

Oil-separation membranes already exist. The unresolved difficulty has been achieving high selectivity,
high flux, mechanical durability, manufacturability at large area, and stable performance in chemically
complex crude oil - all at the same time.

CONVENTIONAL APPROACH KAIST-LED APPROACH

Architecture Architecture
Porous support plus a separately fabricated ultrathin Low-cost porous PAN support; crude-oil components
selective coating. create the selective region in situ.
Manufacturing challenge Manufacturing opportunity
Thin coatings can be expensive, difficult to scale, and The design avoids a pre-coated selective layer and may
vulnerable to pinholes or other defects. simplify large-area production.
Fouling Functional conditioning
Usually blocks pores, reduces flux, and degrades Adsorbed heavy hydrocarbons form stable, size-selective
membrane performance. pathways inside the support.
Fundamental limitation Scientific advance
Improving selectivity often sacrifices permeance, while The feed itself participates in forming the separation layer,
crude-oil complexity damages consistency. creating a different selectivity mechanism.
POROUS PAN SUPPORT CONTACT WITH CRUDE SELF-FORMED SELECTIVE
Open, low-cost porous OlL REGION

pen. P — Heavy hydrocarbons enter — Tailored sub-2-nm transport
structure )

confined pores pathways

Conceptual comparison from the supplied article: the porous support becomes conditioned by crude oil, creating a tailored internal separation
environment.
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3. The Self-Forming Selective Pathway

When crude oil contacts the porous polyacrylonitrile (PAN) support, heavier hydrocarbons preferentially
occupy the confined pore space. Rather than simply sealing the membrane, they form a stable internal
layer with ultrafine transport pathways.

1 CONTACT 2 SELF-ASSEMBLY 3 SELECTIVITY 4 SEPARATION

Crude oil enters the Heavy hydrocarbon Sub-2-nm pathways Lighter fractions pass

inexpensive porous species adsorb within emerge and discriminate rapidly; heavier fractions

support. confined pores. by molecular size and are strongly retained.
mobility.

Distillation
Column

The scientific role of confinement

The supplied narrative describes the mechanism through the Gibbs-Thomson effect: nanoscale confinement
changes phase behavior. Long-chain hydrocarbon species can remain in a stable confined state that creates an
effective selective region, rather than behaving as they would in an unrestricted bulk liquid. This confined phase
enables preferential transport of lighter components.

Important distinction: the membrane does not simply act like an ordinary sieve with permanently manufactured
holes. Its selectivity develops dynamically through interaction between the crude-oil feed and the porous support.
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4. Reported Performance and System Impact

The research is notable because it combines a new scientific mechanism with process-level benefits.
The supplied article reports both membrane tests and a refinery integration analysis.

23X 28 DAYS 36%

FASTER SEPARATION RATE CONTINUOUS TEST WITH POTENTIAL
VS. A PRIOR LEADING STABLE REPORTED OPERATING-COST
CRUDE-OIL MEMBRANE PERFORMANCE REDUCTION

&

The World’s Oil R;flneries Consume 1,100 W
of Electricity Each Year to Heat Crude Oil
for Distillation.

HYBRID PROCESS CONCEPT

Crude oil -~ membrane pre-fractionation — reduced feed to the distillation train.

By removing or enriching selected lighter fractions before thermal separation, the refinery can reduce the mass that must
be heated and vaporized. The analysis cited in the supplied article estimates a 31.6% reduction in total energy use and a

37.6% reduction in COm emissions.
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5. Industrial Integration: Add, Do Not Rebuild

A major advantage is the possibility of installing membrane modules into existing refinery piping. This
creates a practical transition path: membrane separation first, followed by a smaller thermal duty in the

existing distillation system.

ecovered{from\W.

A staged deployment strategy

STAGE OBJECTIVE KEY VALIDATION

1. Pilot conditioning Confirm self-forming selectivity across
representative crude oils and pyrolysis oils.

2. Long-duration Move from laboratory coupons to large-area
module modules.

3. Refinery Operate in parallel with a commercial refinery
sidestream stream.

4. Hybrid process Integrate membrane pre-fractionation with the

distillation train.

Flux, rejection, composition, pressure,
temperature, cleaning response.

Defects, seals, pressure drop, fouling
stability, module replacement.

Product quality, safety, operability, materials
compatibility, control logic.

Energy balance, carbon accounting,
economics, reliability, maintenance.

The article presents a 3-5 year horizon for full industrial implementation. This should be
treated as a development target, not as proof that every scale-up, reliability, safety, and

economic question has already been resolved.
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6. Applications Beyond Conventional Crude
Oil
Because the separation mechanism is created through feed-membrane interaction, the platform may

extend to other complex liquid mixtures. Each application will still require dedicated validation and
product-quality control.

The Wall of Entrenched Thmkmg Built Over.
a Century in Multinational Oil and
Energy Companies Remains High.

APPLICATION POTENTIAL VALUE

Waste-plastic pyrolysis oil Remove heavier contaminants and prepare a more consistent refinery
feedstock at lower thermal duty.

Refinery and petrochemical Pre-fractionate streams before energy-intensive distillation or polishing steps.
intermediates

Battery-solvent recovery Recover and purify valuable solvents from complex process mixtures.
Pharmaceutical and fine-chemical Apply low-temperature molecular separation where heat can damage
purification valuable products.

For waste-plastic pyrolysis oil, the membrane is best understood as a conditioning and pre-separation tool. It does
not automatically solve every issue associated with chlorine, metals, oxygenates, nitrogen compounds, instability, or
refinery acceptance specifications.
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7. Why This Research Is Different

The importance of the KAIST-led work is not that no oil membrane existed before. Its importance is that
it introduces a fundamentally different way of creating selectivity inside a simple porous support.

. |

e Scientific novelty: crude-oil components spontaneously create the active selective environment.

e Engineering opportunity: eliminating a separately coated ultrathin layer may reduce manufacturing complexity
and defect risk.

e Process relevance: the module can potentially be inserted ahead of existing distillation assets.

e Climate relevance: lower thermal duty can reduce both energy consumption and direct or indirect carbon
emissions.

e National significance: the research strengthens South Korea'’s position in advanced separation science and
low-carbon process technology.

How to describe its uniqueness accurately

RECOMMENDED AVOID UNTIL FULLY VERIFIED

“A first-of-its-kind self-forming selective pathway for “The world’s only oil-separation membrane.”
room-temperature crude-oil fractionation.”

“A complete replacement for all refinery distillation.”
“A novel membrane mechanism with the potential to
reduce the thermal burden of refining.” “Commercially proven at full scale.”
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8. Commercialization Outlook and Conclusion

From scientific discovery to refinery history

The supplied article identifies collaboration with
HD Hyundai Oilbank and reports testing under
conditions approaching industrial relevance.
The next priorities are large-area module
manufacture, multi-year durability, cleaning and
regeneration protocols, feed variability, hazard
and operability studies, and bankable process
economics.

“The long-term transition is from boiling-based refining to filtration-assisted refining - not
by ignoring a century of refinery knowledge, but by reducing the amount of material that
must be thermally separated.”

Bottom line

This research represents a potentially historic advance in hydrocarbon separations. It tackles the central weakness
of many earlier oil membranes: the difficulty of manufacturing and maintaining a highly selective ultrathin layer in a
complex, fouling feed. By allowing crude oil itself to create the selective environment, the KAIST-led team has
opened a new engineering pathway.

The technology is still moving toward full industrial commercialization. If scale-up confirms long-term reliability,
safety, product quality, and economics, it could become a major tool for lowering the energy and carbon intensity of
refining, waste-plastic oil upgrading, and other precision separations.

SOURCE AND SCOPE NOTE

This English technical briefing is an adapted summary based on the user-supplied Korean article dated 25 June 2026, its
embedded visuals, and the narrative points provided by the user. Numerical performance claims are presented as
reported in those materials. The document distinguishes research findings and process-analysis estimates from full-scale
commercial proof.
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