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Packaging: the first impression of innovation

i

involving the technology and
art of preparing commodities for convenient
transport, storage, and sale to the ultimate
consumer of those goods in the best condition
intended for their use.

Containment .

» Packaging cannot improve the
quality of a product, but is

Preservation ‘ f , essential for its preservation.
— ‘ Effective

Communication (¢4 Packaging > P?Ckaglng al.o n? has n.o valu.e;
‘¢ J It’s all about its interactions with
i ‘ the product and the consumer.
Uity
Performance ‘
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properties.

Extrusion
Coating

Most conventional
method, suitable
for high-speed
applications.

o) :@: Solution

Curtain
Coating

Provides uniform
coating thickness, ideal
for high-quality
finishes.

Size Press
Coating

Enhances surface

Simple and versatile,

properties, often suitable for small-
used for printing scale 0%
applications. experimental use.
Dip Coating Blade Coating
Cost-effective for Uniform layer of

coating complex
shapes, but may
result in uneven
thickness.

coating to the paper, often

used for high-speed
coating
applications

- Surface Coatings

S T e 3

N>

Single or multilayer coatings are applied to paper to enhance barrier

_________

Application
Methods
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Most common methods are:

Extrusion Coating

CRRLLENGE!

/'/

Continuous, solvent-free process Affected by material factors like:
Produces uniform finishes » Coating speed
Effectively eliminates pinholes and cracks > Coating efficiency

Dispersion and Solvent-Based Coating

» Classified as alternative to extrusion coating.

» Require lower coating weights to achieve barrier
properties.

» Sometimes need multiple coating layers to fill surface
voids and ensure adequate performance.
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Current Industry Reliance on Non-Biodegradable “

Coatings E é

» Paper & packaging industries widely use synthetic petroleum-based
polymers or metallization as barrier coatings.
» These coatings compromise biodegradability and environmental

sustainability of the coated papers.

—-dl Polyethylene
~= (PE)

Polyethylene
Terephthalate
S (PET)

Non-biodegradable

B Polybutyl
8.5 Polybutylene synthetic polymers

g  Terephthalate (PBT)

o -
Tt Polyvinyl Alcohol
s+ (PVOH)
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Environmental Concerns with synthetic Coatings

I
Qf Pros @ 8@ Cons

° O
@& Enhanced durability F£8, Environmental impact

O Moisture resistance Recycling challenges
. . " Y .
Barrier properties d){é Resource consumption

Rising Interest in Nature-Derived Polymers

Increasing demand for ‘ ‘ @ ‘
biodegradable, abundant, and

sustainable alternatives to
petroleum-based polymers. Proteins Polysaccharides Natural rubber

Polymers —polymers made Complex polymer gjastic polymer

composed up of found in plant cell from
of amino acids sygar molecules

rubber trees

IITROORKEE RN N




O

Biodegradable Synthetic Polymers CHs O} [ M
' .
n O OH

» Aliphatic polyesters:

polyhydroxybutyrate

* Poly(lactic acid) (PLA)
* Polyhydroxyalkanoates (PHAs): /ﬁ\/L ]/Eﬁ\/( EI,
* Polyhydroxybutyrate.(PHB)

* Polyhydroxybutyrate valerate (PHBV) Polyhydroxybutyrate valerate
* Bio-derived poly(butylene succinate) (PBS)
1 ”/\)k

» Other synthetic biodegradable polymers:

* Polycaprolactone (PCL) ~ Butylene succinate
* Polybutylene-adipate-co-terephthalate —
(PBAD ,Lo\/\/\/lﬂ\
* Polyglycolic acid (PGA) I I : ﬁ
olycaprolactone
PRSP HO . /.\O nH
_':.I
e |:|
A0 P O~of
i
PBAT

IITROORKEE RN N

7



Environmental & Functional Benefits of
biopolymer coatings

YW 9 n

Ecological Economic Reusability
benefits benefits advantages
Biodegradable and Waste Better than
compostable management and  petroleum-based
materials composting coatings
compatibility

Sustainable polymer matrices can also integrate

Antimicrobials Antioxidants
Substances that inhibit microbe Molecules preventing oxidation damage.
growth. They help maintain hygiene. They improve material longevity.

Coloring agents Nutrients
E Substances adding color to the polymer. Nourishing elements incorporated within the

They enhance visual appeal. polymer. They promote beneficial properties.
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(L)
Ch
o~y

SN

feedstocks

Life cycle of
bio-polymers

Biopolymer food
packaging

Building block
monomers

Life cycle of biopolymers
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Protein-Based Coatings on Paper KS‘)

&

y

» Proteins being natural macromolecules made of amino acids; used
for coatings due to good mechanical, visual, and barrier
properties.

» Excellent oxygen barrier performance which delays oxidation,

Plant-based

extends shelf life, and prevents spoilage.

Common proteins used:

Soy protein
and Wheat
gluten

1 Applications:
» Packaging for fruits, vegetables, meats, eggs, dry foods.
» Not suitable for liquid or high-meoisture content foods.
] Limitations:
» Poor moisture and vapor barrier properties.
» Inferior mechanical strength compared to synthetic coatings.
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Enhancement strategies:
* Incorporation of fillers (e.g., nanoclay) to improve strength,
barrier, and toughness.
 Use of plasticizers and active compounds to boost
moisture resistance and control microbial growth.
 Chemical, physical, and enzymatic modifications to
improve mechanical properties.

Emerging focus on integrating functional
additives (antioxidants, antimicrobials, colorants,
nutrients) for active food packaging.
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Polysaccharide-Based Coatings for Paper

Polysaccharides being abundant and renewable are natural macromolecules :
made of repeating monosaccharide units linked by glycosidic bonds. it

» Applications:
Used to develop biodegradable paper coatings, membranes, and standalone films
for food, pharmaceutical, medical, and industrial uses.
» Barrier Properties:
* Provide excellent barrier against oil, carbon dioxide, and oxygen.
*  Widely applied in food packaging for dry and non-aqueous products.
» Limitations:
*  Poor water resistance and low water vapor barrier due to inherent polarity and
hydrophilicity.
» Common Polysaccharides Used:

Cellulose is found in Alginate is extracted
plant cell walls. from brown algae.

[:a"wn is Chitosan is derived
extracted from from chitin.
seaweed.
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» Reinforcements & Additives:
Incorporation of nanostructures to enhance barrier and
mechanical properties:
* Cellulose nanocrystals (CNC)
* Cellulose nanofibers (CNF)
* a-1,3 glucans

Utilizing nanocellulose and other nano-
reinforcements for improved gas, grease, and
moisture barrier performance in sustainable
paper packaging.
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Lipid-Based Coatings for Paper

1/ F/A% \\

-

Lipids (long-chain fatty acids & waxes) are hydrophobic compounds used in
coatings due to their excellent moisture-repellent properties.

»> Applications:
* Commonly used in food and beverage packaging to improve moisture and
water resistance, and extend product shelf life.
> Barrier & Sensory Properties:
* Provide superior moisture barrier performance.
» Enhance flexibility, cohesiveness, hydrophobicity.
* Improve sensory aspects: appearance, aroma, freshness, tenderness.

» Common Lipid-Based Coating Materials:

L &

Soybean oil Paraffin wax

White or colorless
soft solid wax.
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» Poor mechanical strength.
» Lack of homogeneity, brittleness, prone to
pinholes and cracks.

Improvement Strategies:
» Use of emulsions or multi-layer
coatings to enhance uniformity and
reduce brittleness.
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Aliphatic Polyesters Based Coatings

LA
mlm

Aliphatic polyesters are a class of biodegradable polymers with some derived from
renewable resources.
PL ‘
+ i e
PHB Intracellular carbon
storage U Widely Used in Paper Coating:

: : » PLA (Polylactic acid)

Commercially available
aliphatic polyesters
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|
&/ Pros % Cons

z
@ Biodegradable ? Brittleness

:g Biocompatible I:II Physical aging

] ¥

w Low melting point 1:?- Low oxygen barrier
t% Bio-based

% Low cost

Improvement Strategies:
» Blending PLA with other biopolymers to improve flexibility & barrier properties.

» Solvent casting to reduce brittleness but problematic due to solvent toxicity in food
applications.

» Aqueous PLA emulsions developed to form non-brittle, food-safe coatings.
» Ensuring food-contact-approved additives for safety and regulatory compliance.
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Coating Materials & Techniques for Moisture Barrier

Paper substrates are porous & need hydrophobic coatings to reduce water vapor
permeation.

Traditional & emerging coatings

Soybean Oil

Fills paper pores, significantly
reducing moisture transfer.

Hydrophilic Biopolymers

Increases WVP while improving other
barrier properties.

Combinations to improve performance:

PLA Single 2ein +
Coatings Paraffin Wax
- WVP reduced Synergistic effect
Moisture pIL:“;":l‘:f :::i:? 100x with 3% S0% WVTR
Resistance e pLA reduction
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Advanced Moisture Barrier Innovations

» Coating weight grammage & layer thickness directly reduce WVP.
* E.g., multilayer cellulose coatings reduce WVP even though cellulose
is hydrophilic.
» Notable enhancements:
* Beeswax + starch-based glue bilayer: 92% WVTR reduction due to
gelatinized, crosslinked starch network.
* OMEFC (Oxalic acid-modified microfibrillated cellulose) + NAL
(Nanosized alkali lignin) multilayers:
* 93% reduction in WVTR.
* Dense networks via crosslinking & hydrogen bonding.
» Synergetic systems:
: Enhanced barrier due
to -S-S- bonding.
outperform single-
layer systems.
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Oxygen Barrier Properties \ / .~ Codiing

Barrier

Oxygen permeability (OP) is crucial for preventing
oxidation in food, pharmaceuticals, and other sensitive

products.

Oxygen Barrier

Oxygen Permeation Process

ﬁ > Key material factors affecting OP:
* Polarity & hydrogen bonding capacity

O higher polarity = better oxygen barrier.
O * Trade-off: High oxygen barrier polymers
O typically have poor water vapor resistance.

% » Impact of environmental conditions:
* 1 Temperature & relative humidity (RH)

Partial \. . .
Ui — polymer plasticization — increased OP.
Pressure Diffusion
Gradient  Through Film * E.g., MFC coatings at 70% RH: disrupted
P . eqe
difference drives e through the hydrogen bonds — higher oxygen mobility.
oxygen through film material

the Film
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Strategies to Enhance Oxygen Barrier 4 (O

Oxygen Barrier

» Film composition & crystallinity:
* Higher crystallinity = denser structure = lower OP.
* E.g., adding microcrystalline glucan (MCG) to NR-coated paper

Gives 14x lower OP.
* Similar improvements are seen with wheat gluten, shellac, microfibrillar

cellulose, regenerated cellulose.

» Thickness & coating weight:
* Increased thickness — enhanced barrier due to tortuous pathways and pore
sealing.
* E.g., thicker chitosan films on greaseproof paper gives significant OP
reduction.

> Substrate type (paper porosity):
» Paper porosity dictates coating effectiveness.
* Highly porous papers require multiple or thicker coatings for comparable OP

control.
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Advanced Strategies with Commercial Potential -l @

1 Composite coatings: e AT
v' NR-CNF blends reached Kit 12, but folding caused defects
v' Waxes (microcrystalline wax emulsions) fill pores and enable repulping
O Emulsions:
v Microcrystalline wax emulsions:
Increasing coat weight — Kit 0 to 8 at 10 g/m?
Excess emulsifier can reduce barrier performance.
O Copolymer coatings:
v" Chitosan-graft-castor oil copolymer — improved oil resistance
U Layered coatings:
v" Chitosan—zein dual layers:
Chitosan provides grease barrier (Kit 12), zein improves water repellency
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Water Resistance Properties of Coated Papers * « . .

Adsorption o i .. ® ® Desorption
(Henry's law) L] (Henry's law)
o ® >

IMP. Essential for packaging in contact with wet products - .

O Challenge: LY R
* Paper is inherently hydrophilic due to cellulose with polar " romercan
groups R—

* Untreated paper loses 90-97% of dry strength when
wet (50% RH) due to fiber swelling & network

tt 4:4
S
disruption. ‘ -
U Key parameter: P
> Water Contact Angle (WCA): 8
Hydrophobic Superhydrophobic

» Also measured by sliding angle: water rolls off when tilted — true hydrophobicity

L Wet strength = tensile strength retention after water exposure — critical for packaging
durability
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Superhydrophobic Coatings for Advanced
Water Resistance

Coatings with WCA >150°, exhibiting self-cleaning, anti-
liquid, anti-dirt, anti-corrosion

U Examples:
> Beeswax & carnauba wax mixture + annealing — WCA ~160°, water
droplets roll off easily
» Two-step: calcium carbonate + cellulose nanofibers, then alkyl ketene
dimer treatment — WCA >150°, rolling angle <5°
» Spin-coated fluorinated cellulose esters — superhydrophobic surface;
untreated paper remains hydrophilic

Important point: Achieving superhydrophobicity requires chemical
modifications or surface treatments to reduce surface tension energy
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Other Protective Properties: Active Packaging

O Active packaging in paper enhances food shelf life by integrating:

Oxygen
Scavengers
Remove oxygen .
to prevent Moisture Antioxidant
spoilage Absorbents
Agents
Control humidity
to prevent mold Prevent
oxidation and
maintain

freshness

\\o\'

Antimicrobial

Agents
Eth','j lene Inhibit microbial
Scavengers growth

Reduce ethylene
to slow ripening
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L Challenges of direct addition of active compounds to food:
¢ Potential inactivation
¢ Safety/limited options

1 Better approaches:
** Embedding active compounds in coatings or headspace
sachets for controlled release & better efficacy.
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Antimicrobial & Antioxidant Agents -~ v’%’\“’m

(d Common antimicrobial/antioxidant additives:
(ZnO, AgNPs) potent but concerns over
biodegradability
v Organic compounds (chitosan/chitin, plant extracts, essential oils)
biodegradable, multi-functional, renewable

Q Chitosan/chitin:
v" Excellent coating-forming, antimicrobial, antioxidant & barrier properties
v' Biodegradable & compatible with paper substrates
v" Enhanced by grafting fatty acids for grease barrier & hydrophobicity
0 Composite coatings:
v" Starch-chitosan + silver nanoparticles improve antimicrobial effect &
fungal resistance

¢ Future trend: Emphasis on bio-based, biodegradable additives for fully
sustainable active paper packaging
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Lo
| BIODEGRADABLE |

U Environmental concerns driving demand for biodegradable
A food packaging due to pollution caused by synthetic petroleum-
ii & based plastics (PP, PE, EVA coatings) used in paper packaging.

|

O Synthetic plastics:
v Non-biodegradable, accumulate as microplastics in marine
environments (64.3% of marine microplastics linked to packaging)
v" Potential health hazards (cancer, allergies, system dysfunction)
from plastics like polystyrene and polyamides . =

O Paper biodegradability challenges:
v Cardboard: limited biodegradability due to dense fiber
networks and chemical additives
v Kraft paper: high lignin content limits biodegradability
(~36%), often not accepted in composting
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O Eco-friendly (green) packaging:
v' Made from renewable, biodegradable,
recyclable, or reusable materials
v" Cellulose-based films show low toxicity and
environmental impact

ECO FRIENDLY

( Bio-based polymers accelerate biodegradation:
v' Example: PBE/PBAT bio-nanocomposite biodegraded within
20 days in marine conditions

v PET blends with aliphatic polyesters create hydrolysis-prone
BIODEGRADABLE weak points

POLYMERS

v' Starch incorporation increases disintegration rates up to 60%

IMPLICATION

Applying bio-based polymer coatings on paper can enhance
biodegradation and reduce environmental footprint!!!
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Conclusion & Challenges:

» Reliable data on sustainable coatings is scarce, largely due
to ongoing research and development efforts.

» To gain market acceptance, green coatings must be cost-
competitive with conventional materials while maintaining
or exceeding performance standards.

» Comprehensive life cycle assessments are crucial to fully
validate the environmental benefits and sustainability of
these materials.

Packaging materials must provide low water vapor permeability (WVP) and
oxygen permeability (OP), along with mechanical robustness and resistance
to water and oil, to effectively protect food over extended storage times.
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Thank You!!!
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