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Patent Analysis, Technological Gaps
and Development Prospects of Gombined
Ultrasonic and Laser Exhaust Gas Gleaning

Introduction

Vehicle exhaust pollution is rising with the
growing fleet, increasing PM, NOx, hydrocar-
bons, and CO2 that harm health and warm the
climate. “Euro” standards mandate catalytic
converters, but these are costly, clog, work
poorly when cold, and have limited lifetimes
- so they’re often removed or replaced with
ineffective parts.

An alternative is a combined ultrasonic +
laser approach: ultrasound agglomerates fine
particles; laser radiation oxidizes/dissociates
toxic compounds. This could deliver multi-
stage cleanup - from particulates to organic/
carcinogenic species - inside the muffler.

Hypothesis: simultaneous or sequential ul-
trasound and laser exposure in a muffler will
markedly improve exhaust purification.

The aim of study: justify the feasibility of
this combined method via a literature and pat-
ent review.

The tasks of study:

- review 30+ years of papers and patents
on ultrasonic and laser gas cleaning;

- quantify patent landscape (search depth,

average age, country/year distribution, obso-
lescence);

- identify trends and technological gaps;

- formulate a scientific-technical rationale
for this new niche.

The novelty of study: first to define this re-
search direction based on a comprehensive lit-
erature/patent synthesis leveraging US-laser
synergy.

The practical significance of study: basis for
a new muffler design without catalytic convert-
ers/precious metals, suitable for retrofitting
older vehicles and special machinery to cut
emissions without replacing the entire exhaust
system.

Materials and methods

To substantiate and implement the con-
cept of combined exhaust gas purification us-
ing ultrasonic and laser radiation, an analysis
of patents and international publications was
conducted. The reviewed technologies include
ultrasonic coagulation, self-cleaning filters, la-
ser ablation, and high-precision particle spec-
troscopy.

The paper “Raising the Efficiency of Coag- EZE]
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ulation of Dispersed Particles by the Action of
Ultrasonic Vibrations on Gas-Dispersed Flows
in Inertial Dust Collectors” shows that ultra-
sonic vibrations increase the probability of par-
ticle collisions, promoting their agglomeration.

The study “Comparing cleaning effects of
gas and vapor bubbles in ultrasonic fields” con-
firms that ultrasound enlarges fine particles,
facilitating their subsequent removal, and can
be used for preliminary pollutant coagulation.

The article “Combination of pulsed laser
ablation and inert gas condensation for the
synthesis of nanostructured nanocrystalline,
amorphous and composite materials” de-
scribes laser ablation, in which particles evap-
orate or decompose and are then removed via
filtration.

The works “Multi-element analysis of air-
borne particulate matter collected on PT-
FE-membrane filters by laser ablation induc-

tively coupled plasma mass spectrometry” and
“Elemental analysis of airborne particulate
matter using an electrical low-pressure impac-
tor and laser ablation/inductively coupled plas-
ma mass spectrometry” demonstrate that la-
ser ablation combined with mass spectrometry
enables precise determination of pollutant par-
ticle composition, which is important for envi-
ronmental monitoring and the development of
purification systems.

The results of the patent analysis, covering
a period of 30-40 years, are presented in Table
1.

Patent JP5971355B2 (Japan) describes an
ultrasonic cleaning system designed to im-
prove the cleaning of pipes and ducts by op-
timally distributing ultrasonic vibrations. It
ensures stable, uniform transmission of ul-
trasound inside long or curved pipes through
strategically placed transducers and the use of

Table 1 — Patent inventions related to the research topic, covering a period of 30-40 years

Ne Patent number Year

Description of the invention

1 | US3395904A 1968

media.

One of the first patents for a laser cleaning system for aerosols — a
pioneering approach in the field of laser ablation of pollutants in gas

2 | SU1627592A1 1989

Soviet system for ultrasonic cleaning of flue gases in channels — uses
ultrasonic vibrations for coagulation and deposition of solid particles [1].

3 | EP0572211B1 1993

A device for cleaning liquids and gases using ultrasound in a reactor
chamber. Ultrasonic waves coagulate contaminant particles, facilitating
their deposition [2].

4 | DE19916311A1 1999

Device for ultrasonic particle deposition inside a filter tube — uses
acoustic waves for combined filter cleaning.

5 | RU2159480C1 2000

Russian ultrasonic intensifier for gas cleaning in wet scrubbers —
combines cavitation effects with chemical reactions.

6 | US20020134770A1 | 2002

Method of laser ablation of contaminants and deposits from surfaces.
Based on the evaporation of material under a powerful laser pulse [1].

7 | US6779365B1 2004

compounds [2].

Laser-photocatalytic reactor for decomposing harmful gas components —
the laser activates photocatalysis, effectively destroying volatile organic

8 | US6693255B2 2004

substrate [3].

Laser system for surface cleaning and treatment. Uses an ultrashort
laser pulse to remove contaminants and oxides without damaging the

9 | CN202994225U 2012

Compact ultrasonic cleaning device for flowmeters. Effectively removes
contaminants that affect measurement accuracy [4].

10 | JP2013247186A 2013

Japanese device using ultrasound in combination with fluid flow to
remove particles from microchannels and tubes [5].

11 | CN104056817A 2014

Filtering device with self-cleaning function using ultrasound and air
purging. Prevents clogging of filters in ventilation systems [6].

12 | RU2447926C2 2012

Device for particle coagulation in gases using ultrasound. Particles
cluster and settle in a chamber under gravity [7].

13 | US10704540B2 2020

Gas compressor using laser-induced evaporation of metal foil to create a
shock wave that compresses and accelerates the gas [8].

14 | US20210048325A1 | 2021

Ultrasonic flowmeter with self-diagnostics and partial cleaning of the
measuring area [9].

15 | EP3999267A1 2022

Ultrasonic atomization system for powder metallurgy. Ultrasonic
breakdown of agglomerates improves gas and mixture quality [10].




liquid, enhancing internal surface cleaning effi-
ciency (Figure 1).

The system works as follows: liquid enters
through the inlet (16-17) and flows along the
pipe (20). An ultrasonic transducer (18a) on
a probe (18) generates high-frequency vibra-
tions, transmitted via the liquid to the pipe’s
inner surface (20a). These vibrations create
cavitation and micro-bubble explosions, effec-
tively removing contaminants. The used liquid
is then discharged through the outlet (23).

Patent CN104056817A represents a simple
and efficient automated air filter cleaning sys-
tem that combines two types of action: ultra-
sound and air purging - allowing the filter to
be kept clean without disassembly or manual
labor (Figure 2).

Air enters through the filter (1), where
particles are trapped. When activated via the
switch (8) from the power source (9), the ul-
trasonic transducer (7) generates high-fre-
quency vibrations, causing the filter walls to
micro-vibrate and loosen dust. The valve (2)
opens, letting compressed air from source (3)
through channel (4) into the filter, blowing de-
tached particles toward the outlet (5) for col-
lection.

Patent US10704540B2 describes a system
and method for gas compression using ultra-
short laser pulses. The laser generates shock
waves in the medium, allowing gas compres-
sion without the use of rotating machinery.
This technology can be applied to gas purifi-
cation by decomposing pollutants under the
influence of shock waves (Figure 3).

In Figure 3, ultrashort laser pulses (7) pass
through the optical window (29) and hit the
absorber (28), causing evaporation, plasma
formation, and a shock wave that compresses
the gas (38) in the first chamber (5), cooled by
the radiator (33). The wave is amplified in the
conical second chamber (4) by wall geometry
(25), then passes through a Laval nozzle (2)
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and exits as a compressed gas flow (8).

Patent RU2447926C2 refers to a device
designed for cleaning a gas stream from dust
and solid particles using ultrasonic exposure,
which induces coagulation (clumping) of fine
particles into larger ones that settle under the
influence of gravity.

Gas with dust or smoke enters through the
inlet pipe (7) into the coagulation chamber (6).
The electronic generator (4) drives the piezo-
electric element (3), which produces ultrason-
ic vibrations. These are amplified by the horn
emitter (2) and spread evenly in the chamber,
causing dust particles to coagulate and settle
into the dust container (5).

Patents such as JP5971355B2 (efficient
ultrasonic transmission in tubular channels),
CN104056817A (ultrasound with air purg-
ing for automated cleaning), US10704540B2
(shock waves from ultrashort laser puls-
es to break down harmful components), and
RU2447926C2 (ultrasonic coagulation of fine
particles) together form the basis for next-gen-
eration mufflers where ultrasound and laser
act jointly or sequentially to effectively neu-
tralize pollutants in a compact exhaust system.

Results

Based on the reviewed patents, an analysis
was conducted by year and country to identify
peak patent activity in the field of laser and
ultrasonic gas purification.
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Patent activity in ultrasonic and laser gas
purification peaked between 1999 and 2008,
reflecting high research and engineering inter-
est. After 2010, filings declined, likely due to
reduced focus on traditional methods or a shift
to proprietary, non-patented corporate devel-
opments. Geographically, the U.S. contribut-
ed early laser innovations, Russia maintained
steady ultrasonic research, while Japan and
Germany produced a few but advanced inven-
tions. China’s activity grew after 2010, driven
by automation and self-cleaning technologies.
Notably, no patents were found combining both
laser and ultrasound in a single system, espe-
cially in mufflers, highlighting an unoccupied
niche with strong novelty and innovation po-
tential. The analysis also determined the depth
of study, average patent age, and the share of
patents over 20 years old.

Depth of the patent study:

D = Y.ren — Yo = 2025 — 1968 = 57 year,
where D - depth of the study;

Y. e — Current year;
Y.in — year of the earliest patent.
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Average age of patents:

T o (2025 -1968) +
A - n i:zl(}/cm”rent YL) - 15
+(2025 —1989) + ... + (2025 — 2022)

15 -
= 20,1 year,

where Y; - the patent number is in order
Share of patents older than 20 years:

Pa- = (25) x 100% = {1 x 100% = 53,3%,
where ny — the patents older than 20 years;

n - total number of patents.

Patent analysis shows a study depth of 57
years, reflecting long-term interest in laser
and ultrasonic gas purification separately. Yet,
no patents were found combining both meth-
ods in a muffler, confirming the novelty of this
approach. The average patent age is about 20
years, with most from the 1990s-2000s and
few after 2020, indicating stagnation and a
lack of modern applied solutions. Over half of
the patents (53.3%) are more than 20 years
old, underscoring the absence of recent ex-
perimental developments, especially for muf-
fler-based exhaust gas neutralization systems.

Conclusion

The analysis of literature and patent sourc-
es confirmed the high relevance of the chosen
research topic while simultaneously revealing
significant gaps in current scientific and tech-
nical developments. In particular, there are
currently no experimental or theoretical stud-
ies that examine the combined use of ultra-
sonic and laser radiation within the design of
a muffler.

Moreover, the potential interaction zones
between the two types of radiation - ultra-

Distribution of patents by year and country

Country
. CN
DE
EP
P
. RU
. SU
us
1 I L s I

1968
1989
1993
1999
2000
2002
2004

YEAR

2012
2013
2014
2020
2021
2022



sound and laser - have not been established.
It remains unknown whether they act inde-
pendently of each other or exert a synergistic
effect on the purification processes. The op-
timal sequence of ultrasonic and laser expo-
sure also remains unexplored: whether simul-
taneous, sequential, or pulsed activation of the
emitters could enhance efficiency is yet to be
determined. Furthermore, there is no physical
model in the scientific literature that describes
the processes of particle coagulation, dissoci-
ation, and deposition under the influence of
combined radiation within the confined envi-
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ronment of a muffler. Regression models that
could quantitatively link the parameters of ul-
trasonic and laser exposure to the achieved
level of exhaust gas purification have also not
been developed.

All of this highlights the need for a compre-
hensive study in this direction, underscoring
the scientific novelty and potential uniqueness
of the proposed research topic.

«This research is funded by the Science
Committee of the Ministry of Science and High-
er Education of the Republic of Kazakhstan
(Grant No. AP26197113)».
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