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Needle-Punched Nonwovens:
Process, Materials, and Applications

Introduction

Needle-punched nonwovens are a class of engineered fabrics produced by mechanically bonding
fibers into a coherent textile, without traditional weaving or knitting. In general, nonwoven fabrics
are made by first forming a loose web of fibers and then bonding or entangling those fibers to impart
strength. Bonding methods can be mechanical (entangling fibers by physical force), thermal
(melting or fusing fibers), or chemical (using binders/adhesives). Needle punching is one of the
primary mechanical bonding techniques, alongside hydroentanglement (also known as spunlacing)
(Nonwovens 101 - IND HEMP). In needle-punched nonwovens, thousands of specially designed
needles repetitively penetrate a fiber web, interlocking the fibers through friction and
entanglement. The result is a felt-like fabric (often called needlefelt) that can range from thin sheets
to thick, dense mats depending on the process parameters (Nonwovens 101 - IND HEMP).

Needle-punched nonwovens occupy an important niche in the textile industry. They are widely used
for durable applications such as automotive interiors, geotextiles, industrial filters, insulation,
bedding, and more (uses we will explore in detail). The process’s ability to bond without added
chemicals or heat means needle-punched fabrics can be made from a wide variety of fibers -
including natural fibers like wool or jute, synthetics like polypropylene, and even recycled fibers —
while remaining 100% fiber (no resin or binder content) (Needle punching nonwoven process -
NWEFabric) (Nonwovens 101 - IND HEMP). This confers several strategic advantages: needle-
punched products can be very sustainable (e.g. using recycled plastics or renewable fibers), and at
end-of-life they can often be recycled or composted depending on fiber composition (Nonwovens
101 - IND HEMP). The process is also purely physical and relatively simple in concept, which allows
for economical production at small or large scales (Nonwovens 101 - IND HEMP).

In this white paper, we provide a technical overview of needle-punched nonwovens — from how the
process works and typical production line configurations, to material compatibilities (with a special
focus on hemp fiber), key application areas, and a comparison with other bonding methods.
Throughout, we include visuals and data to illustrate the process flow and end uses. This
information is intended for technical partners, industry stakeholders, and marketing teams to
understand the capabilities and strategic value of needle-punched nonwoven technology
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Process Overview: What Is Needle Punching?

Needle punching (also called needle felting) is a mechanical process for converting a loose fiber
web into a strong, coherent nonwoven fabric by repeatedly piercing the web with many barbed
needles. The basic steps are:

Web Formation: First, a batt or web of loose fibers is prepared. This web can be formed by
carding (for staple fibers), air-laid processes, or other laying techniques. The fibers in the
web are initially just held together by light cohesion or layering — the web looks like a fluffy
mat with minimal strength.

Needle Punching: The web is then fed into a needle loom, where it passes under a plate or
board containing dozens to thousands of downward-pointing needles. These felting needles
have notches or barbs along their shaft. As the needle board moves up and down
(penetrating the web on the downstroke), the barbs catch fibers and carry them through the
thickness of the batt. When the needle withdraws, it leaves those fibers entangled with
others. Repeated needling causes more and more fibers to become knotted and
intertwined, creating a tighter structure held together by frictional fiber-to-fiber contacts (as
opposed to any adhesive) (Prezentace aplikace PowerPoint).
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dragged by the needle
barbs, entangling with
surrounding fibers to bond
the web into a coherent
nonwoven. A stripper plate
helps strip the web off the
needles on the upstroke.
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e Support and Control: In the needle loom, the fiber web usually rides on a bed plate (a plate
with holes that the needles pass through). Above the web is often a stripper plate (with
holes for needles) that helps hold down the web and strip fibers off the needles as they
retract. Feed rollers or conveyor belts continuously move the web through the needling
zone. By adjusting needle density (needles per unit area), needle penetration depth, and
needling speed (strokes per minute), manufacturers control the fabric’s density, strength,
and thickness (Needle punching nonwoven process - NWFabric). High needle penetration
and density yield a more entangled, dense fabric, whereas light needling yields a lofty, less
dense felt.

e Multiple Needling Stages: It is common to have a pre-needling stage followed by one or
more main needling stages. In pre-needling, a relatively light needling is applied to
consolidate the web just enough for handling. The pre-needled batt can then be transferred
to the main needle loom(s) for heavy needling that achieves final strength and density.
Using multiple stages (or multiple needle looms in series) also allows needling from both
sides of the web. For example, a first loom might needle from one side, and a second loom
might needle from the opposite side, producing a more uniform entanglement through the
thickness.

One key feature of needle punching is that no chemicals, binders, or heat are required — bonding is
achieved purely through mechanical fiber interlocking. Thus, the process is relatively
environmentally friendly and can preserve the raw fiber composition. As one industry source notes,
“No water, air, heat and chemicals are needed at all... It is a kind of pure physical and mechanical
bonding method, saving energy and non-pollution” (Needle punching nonwoven process -
NWFabric). Fiber waste is minimal and often the yield can be nearly 100% of the raw material fed,
since all fibers become part of the fabric (Needle punching nonwoven process - NWFabric).

After needling, the material may go through finishing steps as needed for the end-use. Finishing
could include trimming or slitting to size, adding a backing (for example, attaching a scrim or fabric
layer by an additional light needling or adhesive lamination), or surface treatments (coating,
calendering, etc.) to impart specific properties. In many cases, though, needle-punched fabrics are
used directly after needling (in rolls or cut sheets) without further finishing.

Overall, the needle punching process is valued for its ability to create a strong, breathable, and
often thick fabric from a wide range of fibers with relatively simple means. The resulting material
typically has a fuzzy, felt-like texture due to fibers that partially protrude on the surface from the
needling action. The physical entanglement yields good tensile strength and abrasion resistance for
many applications, while retaining much of the flexibility and porosity of the fibrous web. We will
see examples of how adjusting the process (needle type, density, etc.) can even create special
surface textures (like patterned or high-pile surfaces).
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Machinery and Line Configurations

A complete needle-punched nonwoven production line involves several pieces of machinery, each
handling a stage of the process. Figure 1 below illustrates a typical configuration of a
needlepunched nonwovens line, from fiber preparation to finished roll:

1. Fiber Preparation & Blending: Baled fibers (natural or synthetic) are first opened and
blended to create a uniform feedstock. This is done with machines like bale openers, fiber
fluffers, and mixers. Multiple fiber types can be blended (for example, mixing polyester and
hemp fibers in desired ratios) by weighing and feeding them together (Mat Production |
TWE). The goal is a homogenous mixture for consistent web formation. Forinstance, in a
natural fiber mat line, bales of hemp, flax, and polypropylene binder fiber might be opened
and mixed to ensure an even distribution before web forming (Mat Production | TWE) (Mat
Production | TWE).

(Mat Production | TWE) Figure 2: Fiber opening and blending equipment in a needle-punch
nonwoven facility. Bales of fiber (right) are fed into opening machines (Temafa openers shown) that
loosen and blend the fibers. This prepares a uniform fiber mix (in this case including natural fibers)
for the carding or web-forming stage.
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2. Web Formation (Carding and Lapping): The opened fibers are then formed into a loose
web. The most common method is carding, where the fibers are combed by a series of
rotating drums covered in fine wire teeth. The carding machine aligns the fibers somewhat
and outputs a thin, cohesive web onto a moving conveyer (Mat Production | TWE). Carded
webs may be parallel-laid (fibers mostly oriented in the machine direction) or somewhat
random, depending on the card and doffer setup ( Nonwovens manufacturing process).
Because a single carded web is often thin and oriented, multiple layers are usually needed
to reach the desired fabric weight and isotropy. This is achieved by a cross-lapper. The
cross-lapper takes the carded web and folds or “laps” it back and forth in layers onto
another conveyor, building up a thick batt. Each successive layer is laid at an angle to the
previous, which helps randomize fiber orientation. The output of a cross-lapper is a multi-
layer batt with the target basis weight (areal density) and width. Modern cross-lappers can
be high-speed and precisely controlled to avoid uneven layering or drafting (Needlepunch
systems - ANDRITZ GROUP). In some lines, instead of carding plus crosslapping, an air-laid
web former is used (especially for shorter natural fibers or blends). Air-laid machines use
airflow to randomly distribute fibers into a batt. Either way, at this point the fibers are
loosely assembled with minimal strength.

3. Pre-Needling: The batt from the lapping stage may be fed into a pre-needling loom. A pre-
needle loom is a needle punch machine (often with a lower density of needles or operating
at lower punch density) that lightly consolidates the batt so it can be more easily handled
downstream. Pre-needling might compact the batt to perhaps 20-40% of final needling
density. This step prevents the batt from falling apart when it is transferred to the main
needling stage, and it can also reduce thickness gradually. Some production lines have
multiple pre-needling steps, especially for very thick batts, needling from alternate sides.

4. Main Needle Punching: After pre-needling, the web goes through one or more main needle
punching looms. These are heavier needle looms with higher needle densities and often
higher stroke speeds. The goal is to fully entangle the fibers to reach the desired fabric
strength and texture. Main needling may be done in a single pass or multiple passes. In
multi-board needling machines, needling can occur from the top and bottom
simultaneously. For example, a common configuration is a double-board loom that needles
from the top and bottom in one machine, or two looms in series, one needling from each
side. Needling from both sides can produce a more symmetrical fabric (fiber “flags” or loose
ends on both surfaces) and avoid all the needle perforations being visible on just one side.

Modern needle looms are precise and robust machines. They come in various widths (from lab
scale ~1 m to industrial 6-8 m wide or more) to accommodate different product sizes. The stroke
frequency can range from a few hundred up to around 1200-1500 strokes per minute on high-speed
models (Needlepunch Nonwovens Report) (Needlepunching technology - AUTEFA Solutions),
though in practice the line throughput (m/min) also depends on how many punches per area are
needed. Lighter, thin products can be needled very fast (some lines achieve >25 m/min for low
weights (Needlepunch Review - Nonwovens Industry)), whereas heavy geotextiles or thick felts
might run at only a few meters per minute to accumulate enough punches. For instance, an
ANDRITZ needlepunch line is noted to reach up to ~40 m/min on certain products (Needlepunch
systems - ANDRITZ GROUP), but that would be for relatively light or moderately needled fabrics.
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5. Specialized Needling (Velour/Structuring): In addition to standard “felting” needle looms

(which simply entangle fibers internally), there are specialized needle looms for surface
structuring:

o Velour needling: This uses fork needles or crown needles to create a pile surface.
Essentially, velour needle looms punch fibers in such a way that fiber loops are
pushed out on the surface of the fabric, often against a brush or porous drum that
catches the loops (Velour Needlelooms). This results in a velvet-like or velour
texture on one side of the fabric. Velour needling is used for automotive carpeting,
decorative felts, or anywhere a raised fuzzy surface is desired. The DILO “DI-LOUR”
system, for example, feeds a pre-needled felt into a velour loom that creates a
uniform pile; it can even introduce a second layer of fibers to form patterned or bi-
color velour surfaces (Velour Needlelooms).

o Structuring / Patterning: These terms often refer to needle looms that are
configured to impart a specific pattern or texture into the fabric. By varying which
needles are installed (or their penetration depth) across the width, one can create
rib patterns, zones of different density, or even images/logos in the felt. Fork needles
can create patterned cut-pile or embossed effects if arranged in a motif. Some
modern machines use computer-controlled needle boards to achieve custom
patterns for design or functional reasons. For example, a “random velour” loom
might create a uniformly suede-like surface, whereas a patterning loom could make
discrete designs (useful in carpets, headliners, etc.) (NEEDLE PUNCHED
NONWOVENS | Mark Livingstone | SIT).

Take-up and Winding: After the final needling, the finished nonwoven is typically wound
into rolls, or cut into sheets/stacks depending on the product. Quality checks (basis weight,
thickness, strength tests) are usually done to ensure the product meets specs. Some lines
integrate an edge trimming system to remove weak or uneven edges from the batt before
winding. The trimmed fiber can often be recycled back into the blend.

Throughout these stages, maintaining uniform fiber distribution and avoiding defects is crucial.
Quality considerations include:

Even layering: Cross-lapping must be controlled to avoid thicker edges or an “M” shaped
weight profile. Modern crosslappers have speed compensation to lay layers uniformly even
at high throughput.

Draft and shrinkage: Needling will compress and often shrink the batt in length and width
(due to fiber reorientation). This must be anticipated so the final dimensions and density
come out correctly. Some lines include drafting or spreading units before/after needling to
control this.

Needle wear and breakage: Needles can wear (especially with coarse fibers like glass or
hemp which are hard on the barbs) or break during operation. Broken needle tips are a
serious contaminant for industries like automotive textiles. Thus, metal detectors or
monitoring systems are often in place to catch any broken needle fragments in the product.
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o Needle pattern and frequency: Conventional needling can imprint a faint pattern of
perforations (often a cross-hatch corresponding to the needle board arrangement). To
minimize visible patterns or weak lines, techniques like elliptical needling (moving the
needles in a slight elliptical path) or offset needle boards are used. For instance, Fehrer
(now part of AUTEFA) developed “Variliptic” elliptical needling to randomize needle
puncture points (AUTEFA Solutions: Needlepunching technology) (AUTEFA Solutions:

Needlepunching technology). Similarly, DILO’s Hyperpunch moves the feed at an angle
during penetration to avoid vertical lines. These innovations improve surface uniformity and
allow higher speeds without sacrificing fabric quality.

(Needle punching nonwoven process - NWFabric) Figure 3: A modern needle punch machine
(needle loom) in a production line. The blue machine houses the reciprocating needle boards that
punch the fiber web as it moves through. Such machines can contain tens of thousands of needles
and apply hundreds of punches per minute per needle, depending on design.

In summary, a needlepunched nonwoven line integrates fiber preparation, web forming
(carding/airlay), layering, and one or more needling steps. Itis a versatile setup — by swapping fiber
feeds or adjusting needle parameters, the same line can produce a range of products from thin
filter media to thick insulation mats. The machinery is modular: producers can add additional
needling stations or specialty looms to achieve the desired product features (density, pattern, pile,
etc.). The mechanical nature of bonding means throughput is generally lower than in chemical or
thermal bonding processes (which can simply “glue” or fuse fibers in one pass), but the flexibility
and capabilities of needling make it indispensable for certain applications requiring weight,
thickness, or fiber combinations that other methods cannot handle.
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Material Compatibility

One of the strengths of needle-punched nonwovens is the wide range of fibers that can be used.
Since the process does not rely on fiber melting or adhesion, virtually any type of fiber — natural or
synthetic — that is sufficiently long to entangle can be made into a needlefelt. Here we discuss
compatible fiber types and special considerations for hemp fiber, a notable natural fiber of interest.

Common Fiber Types:

Synthetic Fibers: Polypropylene (PP) and polyester (PET) are among the most commonly
used fibers in needlepunched fabrics, owing to their availability and properties. PP is widely
used in geotextiles for its inertness and hydrophobicity, while PET is common in automotive
and industrial felts for its strength and temperature resistance. Other synthetic fibers used
include polyamide (nylon) for toughness, acrylic (e.g. in some outdoor felts), aramid
(Nomex, Kevlar) or polyimide for high-temperature filter felts, and polyethylene or PVC
fibers for specialty uses. Bicomponent fibers (e.g. a core-sheath fiber with a lower-melting
sheath) can be included to allow a secondary thermal bonding step —for instance, a
needled fabric might be lightly heated afterward to melt the sheath and lock fibers in place,
improving strength or stabilizing dimensions.

Natural Fibers: Many natural fibers are suitable for needle punching, provided they are
processed into a spinnable fiber form. Wool is a traditional fiber for felts — in fact, felt-
making by needling is an extension of ancient wool felting (which was originally done by
moisture and agitation). Wool’s scales and crimp aid entanglement. Cotton can be needle-
punched, though its short length (typically ~1 inch) means it may need blending with longer
fibers. Jute, kenaf, flax, sisal, and other bast or leaf fibers have all been used in needled
nonwovens (often in applications like geotextiles, where jute/coir mats are needled for
erosion control). Silk or bast blends can be used for specialty textiles, and cellulose fibers
like rayon or lyocell are also compatible. Essentially, as long as the fiber length (staple
length) is at least a few centimeters and the fiber is supple enough to be punched without
breaking, it can be entangled. Natural fibers may require special preparation (cleaning,
removing woody bits, etc.) to avoid damaging the needles or causing defects. Natural fiber
felts have the advantage of being renewable and biodegradable, which is increasingly
desirable for sustainable products (Nonwovens 101 - IND HEMP).

Recycled Fibers: Needle punching is very amenable to using recycled fiber feedstock.
Recycled polyester from PET bottles, recycled cotton from textile scrap, or blends of various
reclaimed fibers are often turned into needle-punched felt for eco-friendly products. A large
portion of needlepunched nonwovens worldwide (especially in automotive and furniture
applications) are made of recycled fibers. For example, many car trunk liners and carpets
use PET fiber recovered from plastic bottles, needled into a durable felt (Nonwovens 101 -
IND HEMP) (Nonwovens 101 - IND HEMP). Since the mechanical process doesn’t require
pristine virgin polymer (unlike some spunbond processes), it’s a good way to upcycle waste
fibers into useful mats.
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Hemp Fiber Focus: Hemp, derived from the stalk of the industrial hemp plant (Cannabis sativa), is
arenewable bast fiber that has gained attention as a sustainable resource for composites and
nonwovens. Needle punching is a key method for turning coarse hemp fibers into useful fabrics
(often in combination with other fibers). Here are special considerations for hemp:

Fiber Preparation: Raw hemp fiber comes from the outer stalk and typically is processed
by decortication (separating fiber from woody core), then cleaned and “cottonized” if
intended for nonwovens. Cottonization mechanically shortens and softens the long bast
fibers into shorter staples (on the order of 2-3 inches) that can be carded and needled.
Properly processed hemp fiber for needle punching should be relatively clean (minimal
shives/wood pieces, which can otherwise cause needle breakage or product
contamination) and reasonably uniform in length. Hemp fiber often comes in bundles;
additional opening (using a lin opener or similar equipment) is needed to individualize the
fibers before web formation (Mat Production | TWE).

Spinning vs Nonwoven Grade: Hemp that is too coarse for spinning into yarn can often still
be used in nonwovens, since the aesthetic and consistency demands are a bit more
forgiving. Thus, needle punching provides an outlet for lower-grade hemp fiber in value-
added products. However, very long hemp fibers (like uncut line fiber) can entangle around
carding equipment — so usually they are cut or broken down.

Blending with Synthetics: A common approach is blending hemp with a thermoplastic
fiber like polypropylene or polyester (especially a bicomponent binder fiber). The blend (e.g.
50% hemp, 50% PP, or even up to 85-90% hemp with 10-15% bi-component PET) is formed
into a batt and needle-punched. The synthetic fibers help with processing (acting as
smoother, consistent fibers among the rustic hemp) and can be subsequently melted to
bind the matrix. For instance, a hemp insulation batt might use ~10% polyester fiber that
melts in a through-air oven after needling to bind the hemp together, giving it dimensional
stability in the batt form (Nonwovens 101 - IND HEMP) (Nonwovens 101 - IND HEMP). Even
without melting, blending 10-30% of finer synthetic fibers can improve the handfeel and
cohesion of a hemp felt.

Properties of Hemp Felts: Hemp fibers are high strength and have low elongation, which
can impart good tensile properties to needlepunched fabrics. They also are stiffer than
some other fibers, which can be beneficial for structural mats (e.g. automotive panel
substrates), but it can make very drapable fabrics harder to achieve. Hemp (and flax/jute)
felts have excellent acoustic and thermal insulation characteristics, due to the hollow
lumens in bast fibers and the fibers’ ability to absorb sound. They also handle heat well -
hemp doesn’t melt and can char at high temperatures, giving some natural flame resistance
(though it will burn unless treated). Hemp is naturally moisture-absorbing (it can hold a
decent amount of humidity without feeling wet) and has anti-microbial aspects (resistance
to mold), which can be useful in certain applications like horticultural mats or building
materials.

Challenges: Hemp fibers can be abrasive due to silica content from soil and their stiff
nature; this can accelerate wear on card clothing and needle tips. The variability of natural
fibers means quality control is needed - inconsistent fiber fineness or residual lignin can
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result in uneven needling. Also, purely hemp felts can shed fibers if not needled sufficiently,
since the fibers are smooth (less crimp than wool) — adequate entanglement or blending
with crimped fiber helps lock them in. Despite these challenges, technical developments
have made it increasingly feasible to run hemp on standard nonwoven lines.

¢ Environmental Benefits: Using hemp in nonwovens taps into several sustainability
advantages. Hemp is a fast-growing crop that requires less water and fewer pesticides than
cotton (Nonwovens 101 - IND HEMP). As a fiber, it is biodegradable and carbon-
sequestering (the plant absorbs CO,; some of that carbon remains “locked” in the fiber of a
durable nonwoven for the life of the product). Life-cycle analyses have found that hemp
fiber insulation and composites have a lower environmental footprint compared to
synthetic counterparts (Nonwovens 101 - IND HEMP). Thus, incorporating hemp can
improve the bio-based content of needlepunched products and reduce reliance on
petroleum-based fibers. The end-of-life of a 100% hemp or hemp/jute felt could be
composting, returning to the earth rather than landfilling. Even blends with some plastic are
often recyclable or at least have reduced plastic content.

In summary, needle punching is compatible with nearly any fiber that can be formed into a web.
This includes traditional synthetics (PP, PET, etc.), natural fibers (cotton, wool, hemp, jute, kenaf,
etc.), mineral fibers (glass or basalt fibers can be needled, often into insulation blankets), and
recycled mixtures. The ability to mix different fiber types easily in the opening/blending stage also
means customized blends for properties and cost are routine. For example, a needled automotive
felt might combine recycled polyester for strength, polypropylene for cost, and hemp for stiffness
and sustainability. The needle punch process will entangle them all together effectively.

Applications of Needle-Punched Nonwovens

Needle-punched nonwovens are incredibly versatile, finding use in industries from automotive to
geotextiles to home products. Below we overview some of the most significant application areas,
highlighting the unique benefits that needle-punched fabrics provide in each. A special subsection
will focus on hemp-based applications, given the growing interest in natural fiber nonwovens.

Automotive Interiors: The automotive industry is one of the largest users of needle-punched
nonwovens. Car interiors contain numerous hidden (and visible) nonwoven components: trunk
liners, carpet backings, under-carpet sound insulation pads, headliners (often a needled felt
laminated to fabric), door panelinserts, pillar stuffers, seat backing pads, engine bay insulation
blankets, etc. Needlepunched felts are valued in vehicles for their durability, moldability, and
acoustic absorption. For example, needled polyester or polypropylene felts are molded into trunk
trim and spare tire covers. These felts hold up well to abrasion and can be thermo-formed into rigid
shapes when combined with resins or binder fibers. Natural fiber needlepunched mats (e.g. blends
of polypropylene with kenaf, flax, or hemp) have become popular as lightweight, sustainable
replacements for plastic panels. A notable case is the use of kenaf/hemp fiber mats in door panels
—the BMW i3 electric car famously used visible kenaf fiber composite panels in its doors for a
natural look. Tier-1 suppliers produce large parts by taking needled mats (often ~50% natural fiber,
50% PP), heating them to soften the PP, and compression-molding them into the final shape. These
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parts are up to 50% renewable material and about 20-30% lighter than all-plastic parts (TWE
natural fiber nonwovens | TWE). According to TWE Group, a provider of such mats, natural fiber
nonwoven supports are used almost everywhere in a car’s interior structure — door panels, pillar
covers, parcel shelves, seat backs, trunk liners — offering weight savings and good crash behavior
while being an eco-friendly alternative to injection molded plastics (TWE natural fiber nonwovens |
TWE) (TWE natural fiber nonwovens | TWE). The inherent porosity of needlepunched felts also gives
excellent acoustic damping, which improves interior sound levels. Needled felts convert sound
waves into heat within the fiber network, acting as noise insulators. Many automakers use needled
carpets with an attached felt backing to both insulate sound and provide cushioning. Under-hood
and firewall insulators are often needled mats (sometimes with a foil facing for heat reflection).
Overall, needlepunched nonwovens in automotive combine low cost, design flexibility, and
performance: they are easy to cut and fit, can incorporate recycled content (e.g. recycled PET from
bottles (Nonwovens 101 - IND HEMP)), and meet the demanding requirements of automotive
environments.

Figure 4. Interior of a vehicle
outfitted with needle-
punched nonwoven panels
for acoustic and thermal
insulation.

Geotextiles and Construction: Another major arena for needle-punched fabrics is geotextiles —
permeable fabrics used in civil engineering and landscaping. Nonwoven geotextiles are typically
made by needle-punching continuous or staple polypropylene or polyester fibers into a sturdy
fabric. These are used for soil stabilization, separation layers, drainage filtration, and erosion
control. For instance, a 300-600 g/m2 needle-punched PP geotextile might be laid under a road or
railway ballast to separate the subgrade soil from the gravel while allowing water to pass through.
The entangled fibers give it high tear and puncture resistance, and the random fiber web provides
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isotropic strength. Compared to woven geotextiles, needled nonwovens tend to have higher
elongation and better filtration (they have more open pore structure) (Nonwovens 101 - IND HEMP)
(Nonwovens 101 - IND HEMP). They conform well to ground contours and can cushion membranes
in landfill liners or pond liners (protecting the liner from puncture by distributing stresses). Because
no adhesives are used, these geotextiles have good long-term stability in soil (polypropylene resists
rot). They often come in large rolls (4-6 m wide) for efficient installation. In erosion control, heavy
needle-punched blankets (often from biodegradable fibers like jute, coir, or straw stitched with
photodegradable netting) are used to cover slopes and prevent soil loss until vegetation takes hold.
Synthetic needlepunched geotextiles are also used under rip-rap, on riverbanks, and in drainage
trenches. A typical property is the high water permeability — a nonwoven geotextile allows water to
flow through while filtering out soil particles, which is essential in drainage and erosion control
(Nonwovens 101 - IND HEMP). The robustness of needle-punched geotextiles is evidenced by their
long use in critical projects (highways, retaining walls, landfills) and their ability to maintain
functionality over decades.

Insulation (Thermal and Acoustic): Needled fiber mats serve as excellent insulation materials,
both for sound and heat. Thermal insulation batts made of polyester, cotton, wool, or hemp fibers
can be needle-punched to give them structural integrity (so they hold together within wall cavities).
A good example is hemp insulation batts: these are typically ~85-90% hemp fiber with ~10-15%
polyester binder fiber, formed into a thick batt and lightly needle-punched, then sometimes
thermal-set. The resulting batts have comparable R-values to fiberglass and a host of other benefits
—they are non-toxic, vapor-permeable (breathable), and even help regulate moisture due to hemp’s
hygroscopic nature (Nonwovens 101 - IND HEMP) (Nonwovens 101 - IND HEMP). Hemp fiber
insulation can absorb and release moisture, buffering humidity and thus reducing the risk of mold
in construction (Nonwovens 101 - IND HEMP). Moreover, these batts sequester carbon and contain
no VOCs, aligning with green building trends. Figure 2 shows an example of hemp insulation batts
installed in a wall. Needle-punched insulations are also used in appliances (e.g. needled fiberglass
mats as oven or water-heater insulation), in piping (needled ceramic fiber blankets for high-temp
pipes), and in transportation (needled PET or glass fiber mats in aircraft for thermal/acoustic
insulation) (Nonwovens 101 - IND HEMP) (Nonwovens 101 - IND HEMP).

Acoustically, needle felts are used as sound absorbers in many contexts. In buildings, polyester or
fiberglass needled blankets can be placed in walls and ceilings to dampen noise transfer
(Nonwovens 101 - IND HEMP). In industrial settings, needled wool or fiberglass pads are used to
line equipment for sound proofing. The automotive sound absorption we discussed also counts
here — for instance, the felt behind a car’s interior panels or under the carpet that deadens road
noise is a needlepunched mat. Compared to foams, fiber mats handle a wider temperature range
(important for engine compartments) and don’t off-gas problematic fumes. They also typically
maintain performance over time without crumbling. The loft and porosity of needlepunched
nonwovens make them effective at converting sound energy into heat through friction within the
fiber network.

Filtration: Filter media is another domain where needle-punched nonwovens shine, especially for
industrial air filtration. Needlefelt filter bags are the workhorses of baghouse dust collectors in
factories and power plants. These filter bags (often made of needled polypropylene, acrylic, aramid,
or polyimide fibers) capture fine dust particles from air streams while allowing air to pass. The
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needle punching process creates a dense felt that can be calendared (smooth on one side) to
optimize filtration. The result is a fabric with a gradient density — more open on the dirty side, finer
on the clean side —which is ideal for depth filtration. For example, a felt of meta-aramid (Nomex)
fibers is used in asphalt plant baghouses to resist the 200°C heat; the felt is strong, heat-stable,
and after a thin dust cake forms on it, it can achieve high filtration efficiencies. Needle-punched
felts in filtration are also found in liquid filtration (felt filter bags for filtering liquids like coolants,
milk, etc., where again a fiber felt traps particles) and as support scrims in membrane filters. The
key advantages are the customizable pore structure and the fact that no glue is holding the fibers
(which could clog pores or contaminate filtrate). The entangled structure withstands cleaning
cycles (e.g. pulse-jet cleaning in baghouses) without delamination. Many filter felts also
incorporate specialty fibers (PTFE, PPS, etc.) for chemical resistance; needle punching allows
blending those fibers homogeneously.

Furniture, Bedding, and Flooring: In furniture and bedding, needlepunched nonwovens find
various uses:

¢ In mattresses, a needled cotton or poly pad is often placed above the springs (called an
insulator pad) to cushion and protect the foam and fabric from the spring coils. These pads
are dense and durable, made from recycled cotton or polyester fiber entangled into a sheet.
They provide a buffer and also add firmness.

¢ Needlepunched felts are also used as mattress toppers or covers (wool felts for example)
for temperature and moisture regulation.

¢ Inupholstered furniture, a thin needlepunched polypropylene fabric may be used as an
internal liner or as the dust cover on the underside of couches and chairs.

e Carpets and flooring: Some carpet underlays are needlepunched felts (for example, those
felt pads you put under area rugs). Additionally, exhibition carpets and some indoor-outdoor
carpets are themselves needlepunched nonwovens - typically made of polypropylene
needled into a thin, dense felt then dyed or textured. These are low-cost, flat felt carpets
(without tufting) used in events, trade shows, etc. They don’t have the pile of tufted carpet,
but they are functional floor coverings that can even have patterns needled in (using
velour/patterning needlelooms as mentioned). Some “velour” automotive floor carpets are
made by needling fiber into a dense velour felt for the face.

Horticulture and Agriculture: Needlepunched nonwovens made of natural or biodegradable fibers
are popular in horticultural applications. For example, mulch mats or weed control fabrics made of
needled jute or coir are used to cover soil around plantings —they suppress weeds, retain moisture,
and eventually biodegrade into the soil. Felt seed germination mats for greenhouse use are often
needlepunched rayon or jute. Grow mats for microgreens are now offered in needlepunched hemp
fiber, providing a biodegrable soilless growing medium (Terrafibre | Midwest Hemp Tech) (Terrafibre |
Midwest Hemp Tech). In commercial agriculture, needlepunched fabrics serve as capillary mats (to
distribute water under potted plants) and frost protection blankets. The porosity and moisture-
handling of these felts are beneficial: they can hold water yet still breathe.
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A particularly interesting use is erosion control blankets made from hemp or straw fibers.
Traditionally, straw or coconut coir with netting is used, but recent products use needle-punched
hemp fiber with biodegradable scrims. The hemp fibers are entangled to form a continuous blanket
that can be laid on slopes to prevent erosion. One product, Terrafibre hemp erosion control blanket,
consists of Canadian-grown hemp fibers needle-punched into a lightweight biodegradable backing,
used on highway embankments and slopes (Erosion Control Blanket - 4E Distribution) (Terrafibre |
Midwest Hemp Tech). Hemp’s high water absorption and strength help it stabilize soil and promote
vegetation growth; over 1-2 years the blanket biodegrades as grasses establish roots, eliminating
the need for removal (Terrafibre | Midwest Hemp Tech) (Terrafibre | Midwest Hemp Tech). These are
marketed as eco-friendly alternatives to polypropylene or jute blankets. The needle punching is key
to lock the fibers in place without synthetic adhesives, ensuring the blanket is 100% biodegradable.

Finally, specialty uses of needlepunched nonwovens continue to grow. This includes things like:
absorbent pads (e.g. oil spill clean-up mats made of needled polypropylene that can soak up oil),
ballistic felts (needled aramid fiber layers for fragmentation protection), composite preforms
(needled carbon or glass fiber mats used as preforms for resin infusion in composites), and more.
The ability to tailor fiber composition and fabric weight gives engineers a lot of design freedom.

Hemp-Based Applications Highlight

Leveraging the sustainability and unique properties of hemp fiber, several needlepunched
nonwoven applications using hemp have emerged or expanded recently:

o Automotive Hemp Fiber Mats: As mentioned, automotive interiors are adopting natural
fiber composites. Hemp (along with kenaf and flax) is used in needlepunched mats that are
molded into door panels, consoles, and cargo trims. These mats often contain 30-50%
polypropylene for thermoplastic bonding, but some use bio-based plastics for an even
greener product. Hemp’s strength and low density help reduce weight while adding a

marketing story of renewable content.

The surfaces can either be covered with

fabric or intentionally left partially visible

(with a resin binder) for a natural

aesthetic. Companies tout that these

parts have good crash behavior and
acoustics while being 25-40% lighter than
traditional parts (KURZ Automotive: NFPP

Natural Fiber Decorations for Vehicle

Interiors). Figure 3 shows an example of a

pressed natural fiber composite panel;

the light-colored piece contains bast

fibers (which could be hemp or flax) in a

polypropylene matrix, molded into a

structural shape.
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(KURZ Automotive: NFPP Natural Fiber Decorations for Vehicle Interiors) Figure 5: A molded
automotive interior panel made from a needle-punched natural fiber mat (hemp/flax and
polypropylene blend). The fibrous texture is visible. Such composites combine light weight with
sufficient strength for door panels, consoles, etc., and replace a portion of plastic with renewable

fibers.

Thermal Building Insulation: Hemp insulation batts, as shown earlier, are gaining traction
as a green building material. These are often needle-punched lightly to hold the batt
together before installation. The batts (sold under names like “HempWool”) are easy to
handle (no itching like fiberglass) and provide R-values around 3.5-3.7 per inch (Hempwool
- Hempitecture). They also contribute to healthier indoor air (no formaldehyde or
microfibers). The needle punching process enables a binder-free or low-binder batt that
stays intact when hung between studs. Builders interested in carbon-neutral materials
appreciate that hemp batts not only save energy when in use, but also have low embodied
energy.

Erosion Control and Landscaping: As discussed, hemp fiber blankets for erosion control
are a novel application. By needle-punching hemp (sometimes blended with straw or other
agricultural fibers) into a jute or cellulose net, manufacturers create erosion mats that
simply compost into the terrain after serving their purpose (Terrafibre | Midwest Hemp Tech)
(Terrafibre | Midwest Hemp Tech). Hemp can also be used in biodegradable plant pots and
root mats — needled mats that hold soil for young trees or for green roof installations, which
later biodegrade. The advantage of hemp is its high water retention (hemp fibers can hold
over 10 times their weight in water (Terrafibre | Midwest Hemp Tech) (Terrafibre | Midwest
Hemp Tech)), which keeps seedlings moist. Additionally, some companies are exploring
hemp felt geotextiles for use in soil reinforcement where biodegradability is preferred (for
example, temporary roads or paths where the textile will degrade later, avoiding plastic
waste).

Specialty Technical Felts: Hemp fibers have been tested in composites and filters as well.
Forinstance, hemp-blend felts could be used as bio-based air filters in ventilation systems,
or as carbon filter substrates (hemp charcoals well for activated carbon, which could be
integrated with a felt). Another interesting use is furniture and bedding - needlepunched
hemp wool felts can be used as natural padding that resists mold (due to hemp’s anti-
microbial properties).

Overall, hemp fiber needlepunched products allow industries to offer a sustainable alternative
without drastically changing manufacturing processes. The same needle punch equipment that
makes polyester felt can handle hemp blends, meaning manufacturers can pivot to bio-based
offerings relatively easily. With consumer and regulatory pressure for reduced plastic use, hemp-
based nonwovens in cars, buildings, and landscaping provide a competitive edge by combining
performance, biodegradability, and a compelling eco-narrative. As one industry report noted,
natural fibers like hemp are gaining interest because they “require less water and chemicals than
cotton, and can produce strong, absorbent fibers that work in nonwovens” (Nonwovens 101 - IND
HEMP), improving sustainability profiles of end products. Expect to see more of these applications
as the availability of refined hemp fiber increases.
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Comparison with Other Bonding Methods

Nonwovens can be bonded by various methods. Here we compare needle punching to three other
common web bonding techniques — hydroentanglement, thermal bonding, and chemical (adhesive)
bonding - highlighting differences in process, material compatibility, cost, sustainability, and
typical end-uses. Each method has its strengths, and the choice depends on the product
requirements.

Bonding Method How It Works (Process) Fiber Compatibility Cost & Throughput inability Consi i Typical Uses & Advantages
Needle Punching Mechanical entanglement by | Very broad — works with most Moderate equipment cost; slower No water or chemical required | Thick, robust fabrics (felt) with
(Mechanical) repeated punching with staple fibers (natural or throughput than some methods  in bonding (low environmental  good strength and abrasion
barbed needles. Fibers are synthetic). No requirement for  (few m/min to ~40 m/min). impact). Products can be fully | resistance. Ideal for heavy-duty
physically interlocked by thermoplastic content or Suitable for both small-scale and recyclable or biodegradable if ~ applications like geotextiles,
friction. chemical treatment. Can use  large-scale production. natural fibers. auto parts, filters.
recycled fibers and blends
easily.
Hydroentanglement | High-pressure water jets Best with finer, flexible fibers  High capital and operating cost.  High water/energy usage. No  Soft, drapable, cloth-like fabrics.
(Spunlace) entangle fibers. Water (rayon, cotton, polyester). Needs pumps, water filtration, added binders. Fully Ideal for hygiene wipes,
pressure bonds the web by  Blends allowed. Hydrophobic  dryers. High speeds for biodegradable with natural cosmetic pads, medical gauze.
fiber twisting. Requires fibers may need surfactants.  lightweight webs. fibers.
drying.
Thermal Bonding Fibers bonded by melting Requires thermoplastic fibers  Very high throughput (esp. for thin No water or solvents. All-plastic Used in disposable hygiene
(Heat) (calender or through-air). (PP, PET, PLA). Not suitable webs). Moderate equipment cost. products recyclable; blends (diaper topsheets, SMS). High-
Often uses bicomponent for high natural fiber content  Efficient for low-to-medium harder to recycle. Not loft insulation with through-air
fibers with low-melt sheaths. unless blended. weights. biodegradable unless using bonding.
bio-fibers.
Chemical Bonding Binder (e.g. latex) applied Works with almost any fiber.  Binder + drying oven needed. Binder chemistry matters — High-strength or paper-like
(Adhesive) and cured to glue fibers. Also | Binder compatibility Line speeds moderate. Binder water-based, low-VOC better.  sheets (e.g. medical paper,
includes meltable powders/ | important. Cellulosics cost can be significant. Adds complexity to recycling/  coated abrasives). Good for very
fibrils. commonly used. composting. short fibers or when fiber
strength is low.

Table 1. Comparison of major nonwoven bonding methods across process mechanics, fiber
compatibility, cost, sustainability, and typical applications. This table outlines the key differences
between needle punching, hydroentanglement (spunlace), thermal bonding, and chemical
bonding, highlighting how each method impacts material selection, production efficiency,
recyclability, and end-use suitability. Needle punching stands out for its versatility with natural
fibers (e.g., hemp), ability to produce thick, durable fabrics without binders, and compatibility with
recycled inputs—making it ideal for sustainable industrial and automotive applications.

Notes on Comparison: Needle punching and hydroentanglement are both mechanical and can
work with many fiber types, but they produce very different fabrics. Needlepunched fabrics tend to
be bulkier and felt-like, whereas hydroentangled ones are softer and thinner. Hydroentanglement is
preferred for products like wipes or medical fabrics where softness is key, but it cannot
economically produce heavy fabrics (e.g. >150 g/mz) the way needle punching can. Thermal
bonding is extremely fast and is the method of choice in fully integrated processes like spunbond
lines (where continuous filaments bond by heat as they lay). However, thermal bonding is limited to
thermoplastics; it cannot make a 100% cotton or 100% wool fabric, for example, whereas needling
or hydroentangling can. Chemical bonding is often a fallback when neither mechanical nor purely
thermal methods achieve the desired effect — for instance, when a lofty air-laid pulp web needs
integrity, a latex spray is used because neither needles nor water jets work well on loose short wood
pulp alone. But chemical bonding adds cost and can make the product stiff or less pure (due to the
polymer binder).

From a cost perspective, for high-volume commodity products (like diaper coverstock or wipes),
thermal and hydroentanglement methods are more efficient despite their higher capital cost — they
can churn out tons of fabric per hour. Needle punching is often chosen for lower volume or niche
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products that require its specific capabilities (like very high basis weight felts, or use of certain
fibers). That said, modern needle punch lines have improved speeds and many geotextiles or
automotives are produced in large quantities with needling.

In terms of sustainability, each method has pros/cons:

¢ Needle punching and hydroentangling avoid chemical binders and can make pure fiber
products, which is great for recyclability. Hydroentangling does consume a lot of water
(which is usually recycled in the process loop, but there is energy cost to filter and dry).

e Thermal bonding avoids water and chemicals but ties you to plastics (unless using
something like PLA fibers which are bio-based). Also, the energy source for heat (often gas
or electricity) contributes to the footprint.

e Chemical bonding introduces adhesives that may hamper end-of-life recycling and add
potentially hazardous substances (though binder tech has gotten cleaner over time).

A consideration is that these methods can be combined. For example, some wipes are both

hydroentangled and have a bit of binder (to control lint). Or a needlepunched fabric might include
bicomponent fibers and then be lightly thermally bonded after needling to lock in fibers (“thermo-
needled”). The nonwoven industry often creatively mixes processes to get the best of both worlds.

To summarize the comparison succinctly: needle-punched nonwovens are unmatched for
producing thick, strong, and bulky felts, using almost any fiber content, with a straightforward and
eco-friendly process — but they come with lower throughput and typically a coarser feel.
Hydroentangled nonwovens excel at making soft, textile-like fabrics at high speeds, but need
significant water/energy and are more limited in fabric weight range. Thermally bonded nonwovens
offer fast production and smooth webs, but require thermoplastic fibers and yield less bulky fabrics
(often used in disposable hygiene products). Chemically bonded nonwovens can bond anything
including very short or special fibers, creating paper-like or high-strength sheets, but involve added
chemicals and slower processing.

Each bonding method finds its “sweet spot” in the nonwovens market, and needle punching’s
sweet spot is clearly in durable, high-density or high-loft products — especially where blend
flexibility or thickness is needed (think of automotive felts, insulation, protective geotextiles, etc.). It
also allows tapping into natural fibers and recycled fibers easily, which is a growing priority.

Conclusion

Needle-punched nonwovens represent a mature yet continually evolving technology in the world of
technical textiles. This mechanical bonding process has proven its value in delivering fabrics that
are strong, thick, and capable of meeting demanding performance criteria — all without the use of
chemical binders or high temperatures. The inherent advantages of needle punching can be
summarized as follows:

o Versatility in Materials: Needle punching can bond an exceptionally wide range of fibers —
from synthetics like polypropylene and polyester to natural fibers like hemp, cotton, or
wool, as well as mineral and recycled fibers. This means products can be engineered to
balance performance, cost, and sustainability (e.g. by incorporating recycled PET or
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renewable fibers) with relative ease. The ability to entangle disparate fiber types gives
designers freedom to create unique blends tuned to specific needs (such as the stiffness of
hemp combined with the resilience of PET, or the fire-resistance of wool combined with the
strength of aramid).

No Added Chemicals - Pure Fiber Webs: The process requires no adhesives or chemical
additives and minimal preprocessing, yielding nonwovens that are often 100% fiber. This
purity can translate to end-products that are hypoallergenic (important in bedding or
medical textiles), easily recyclable (single-material construction), or fully biodegradable (if
using natural fibers and scrims). In an era where consumers and regulators are scrutinizing
material health and end-of-life, needlepunched products have an edge by avoiding the
glues and binders that complicate disposal. As noted, many needlefelts already use
recycled inputs and are themselves recyclable (Nonwovens 101 - IND HEMP), aligning with
circular economy goals.

Fabric Characteristics: Needle-punched fabrics have a distinct felt-like texture — typically
thick, with a good hand (can range from soft to coarse) and excellent porosity. They
inherently allow airflow and water permeability (unless post-treated to seal, they remain
porous), which is advantageous for things like filtration, geotextiles, and insulation. The
mechanical entanglement provides durable strength; these fabrics don’t unravel (no yarns)
and they tend to fail gracefully (tearing gradually rather than catastrophic). The thickness
and density are easily adjusted by layering and needling intensity, so one can produce
anything from a thin 1 mm felt to a heavy 20 mm mat on similar equipment. Few other
nonwoven processes handle such a broad basis weight range effectively.

Strategic Niche — Durable Applications: Unlike some other nonwovens which dominate
disposables, needlepunched nonwovens mostly target durable goods and industrial
applications. This positions needle punch manufacturers in markets like automotives,
construction, and infrastructure — sectors with high added-value and longer product
lifecycles. As these industries look for more sustainable materials (for weight reduction,
recyclability, carbon footprint), needlepunched nonwovens are increasingly part of the
solution. For example, in automotives, the drive for lightweighting and green materials has
led to more use of needlepunched natural fiber composites (TWE natural fiber nonwovens |
TWE). In construction, demand for better insulation and recyclable materials points to
needlepunched fiber batts as alternatives to foam and fiberglass (Nonwovens 101 - IND
HEMP).

Ongoing Innovations: The needle punching field continues to innovate to overcome its
traditional limitations. Advancements in needling technology (such as specialized needle
designs, high-speed stroke mechanisms, and computerized patterning) are improving the
quality and consistency of felts, eliminating historical issues like stripe patterns or slow
speeds. Additionally, hybrid processes (combining needling with thermal or hydroentangling
steps) are expanding the properties achievable. There is also a trend toward automation
and digital controlin needlepunch lines, enabling precise control of weight distribution and
fiber orientation (e.g. dynamic crosslapper adjustments, real-time feedback systems for
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basis weight). These innovations keep needlepunched materials competitive and open new
application areas.

In conclusion, needle-punched nonwovens occupy a critical space in the nonwovens market by
offering robust performance, process simplicity, and material flexibility. They are the go-to choice
for high-performance nonwoven fabrics that need to be bulked up, reinforced, or made from
unconventional fibers. From the silent efficiency of a geotextile beneath a highway to the
sustainable comfort of a hemp-insulated home, needlepunched fabrics quietly enable a wide array
of modern infrastructure and products.

For technical partners, understanding this process means recognizing opportunities to replace
traditional textiles or plastics with needlepunched solutions that can be more cost-effective or
environmentally friendly. For marketing teams, the story of needle-punched nonwovens aligns
perfectly with current themes: sustainability (recycled and natural content), innovation (unique
fiber blends, custom properties), and performance (meeting specs in automotive and
construction).

As industries continue to seek materials that are both high-performing and responsible, needle-
punched nonwovens are strategically positioned to deliver on those needs. Whether it’s a new
electric vehicle with door panels made of natural fiber felt, or a next-generation sound insulation
panel thatis lighter and greener, the humble needle-punched fabric is a key enabling technology. In
essence, needle punching marries traditional felt-making concepts with modern manufacturing to
produce fabrics that are very much solutions for the 21st century.

The needle-punched nonwoven sector will undoubtedly keep growing and adapting, stitching itself
ever more tightly into the fabric of our daily lives — often in ways we may not directly see, but
certainly benefit from. By leveraging its advantages and understanding its capabilities, stakeholders
can strategically position needlepunched nonwovens in new applications and markets, reinforcing
its role as a pillar of the technical textiles industry.
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