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	Conductive Additive
	Purpose

	Super-P 80%
	Used primarily in battery applications to enhance the conductivity of the electrode material.

	Silver flakes and graphene nanoplatelets
	Combine to provide high electrical conductivity and mechanical strength in composites and inks.

	rGO (Reduced Graphene Oxide)
	Utilized for its excellent electrical properties and flexibility in printed electronics and energy storage applications.

	Carbon black
	Commonly used as a conductive agent in battery electrodes and other electronic applications.

	AgNWs (Silver Nanowires)
	Employed for their high conductivity and flexibility, making them ideal for transparent conductive films and flexible electronics.

	Nanotube graphene platelets
	Provide high conductivity and mechanical reinforcement in composites.

	mGO (Modified Graphene Oxide)
	Used to enhance the electrical conductivity and mechanical properties of materials.

	Acetylene black
	A form of carbon black with high purity and conductivity, used in batteries to increase electrode conductivity.

	Activated carbon
	Applied in various applications for its high surface area and adsorption properties, also adds conductivity.

	Graphite particles
	Used for their conductivity and lubricity in composites and coatings.

	MWCNT (Multi-Walled Carbon Nanotubes)
	Known for their exceptional strength and electrical conductivity, used in various nanocomposite applications.

	Copper microflakes coated with FA and DT
	These coatings enhance the oxidation resistance and chemical stability of copper microflakes, crucial for durability in flexible electronics.

	Citrate-capped copper nanoparticles
	Employed for their conductivity and stability, often used in conductive inks and electronics.

	Cu nanoparticles (Copper nanoparticles)
	Utilized for their excellent electrical conductivity in applications requiring fine conductive features.

	Metal nanowires (CuNWs and AgNWs)
	Used for their high conductivity and flexibility, important in making flexible conductive paths.

	Graphene oxide
	Applied for its electrical properties and as a substrate for further chemical modification in sensor applications.

	Copper-amino complexes, submicron copper seeds
	Used to facilitate the deposition of copper, enhancing the conductivity and stability of conductive paths.

	Silver nanoparticles
	Provide high electrical conductivity, used in conductive inks and coatings to enable electrical connections.

	Silver nanowires
	Applied in applications requiring transparent conductive films due to their excellent conductivity and flexibility.

	Sodium dodecyl sulphate (SDS) optimized as a conductive filler
	Used to enhance the dispersion of conductive nanoparticles within a medium.

	Carbon nanotubes; enhanced conductivity and mechanical flexibility
	Utilized to boost both the conductivity and the mechanical properties of composites and inks.

	Sn particles (Tin particles)
	Used to enhance conductivity and reduce the sintering energy in conductive pastes and inks.

	Aluminium oxide (Al₂O₃) nanoparticles
	Improve ionic conductivity and mechanical stability, often used in battery separators and protective coatings.

	Nickel (Ni) for anodes
	Utilized for its conductivity and stability in anode materials for batteries.

	Dispersants like Solsperse 3000
	Aid in reducing viscosity and improving the spreadability of conductive pastes.

	Graphene flakes and WS2 (Tungsten disulfide)
	Used as conductive and photoactive materials, enhancing the electrical and optical properties of composites.

	SWCNTs (Single-Walled Carbon Nanotubes)
	Known for their ultra-high conductivity and strength, used in next-generation electronic applications.

	Acetylene black
	Used particularly in battery applications to enhance the conductivity and capacity of electrodes.
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	Substrate
	Characteristics
	Origin

	Aluminium
	High electrical conductivity, suitable for current collectors
	Synthetic

	Al-plastic pouch
	Lightweight, flexible, barrier properties against moisture
	Synthetic

	Alumina
	Insulating properties, thermal stability
	Synthetic

	Paper
	Biodegradable, flexible, low cost
	Natural

	Carbon paper
	Good electrical conductivity, mechanical strength
	Both

	Platinum-coated alumina
	High conductivity, catalytic properties
	Synthetic

	Roll-fed plastic
	Flexible, improved conductivity, suitable for flexible electronics
	Synthetic

	Polyester film
	Durable, insulating, suitable for flexible substrates
	Synthetic

	Multi-layered film (LDPE/Nylon 6/PET/OPP)
	Barrier properties, mechanical strength, flexible
	Synthetic

	Cellulose paper
	Biodegradable, lightweight, flexible
	Natural

	Cu foil
	High electrical conductivity, commonly used as current collector
	Synthetic

	Glass slides
	Chemically stable, rigid, insulating
	Synthetic

	Silicon
	High electrical conductivity, used in microelectronics
	Synthetic

	Conventional A4 paper
	Low cost, readily available, flexible
	Natural

	Flexible gold film
	High conductivity, corrosion resistant, flexible
	Synthetic

	Flexible aluminum foil
	Lightweight, flexible, good electrical conductivity
	Synthetic

	Carbon-coated aluminum
	Enhanced electrical conductivity, corrosion resistance
	Both

	Metals
	Various properties depending on type, typically good conductors
	Both

	Wood
	Organic, insulating, can be used in biodegradable applications
	Natural

	Fabric
	Flexible, customizable, used in wearable electronics
	Both

	Ceramics
	High thermal stability, insulating, durable
	Both

	Polyethylene Terephthalate
	Chemical resistance, strength, used in flexible electronic substrates
	Synthetic
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	Name
	Purpose
	Organic/Inorganic

	Toluene
	Used in printed electronics for its ability to dissolve a variety of resins and polymers, enhancing ink formulation.
	Organic

	Ethanol
	Commonly used to adjust viscosity and improve the drying rate of inks in printed electronics.
	Organic

	Dimethylformamide (DMF)
	Utilized for dissolving various polymers and as a reaction medium due to its high boiling point, especially in the production of electronic components.
	Organic

	Tetrahydrofuran (THF)
	Employed in printed electronics for dissolving PVC and other polymers, useful for creating thin films.
	Organic

	Dimethylsulfoxide (DMSO)
	Used for its ability to dissolve both organic and inorganic compounds, useful in fabricating various electronic components.
	Organic

	Deionized Water (DI Water)
	Essential in printed electronics for processes that require high levels of purity to avoid ion contamination.
	Inorganic

	N-Methylpyrrolidone (NMP)
	Known for its excellent solvency for a wide range of materials, used in fabricating batteries and capacitors.
	Organic

	Propylene Glycol
	Used in ink formulations in printed electronics to help with viscosity management and ink stability.
	Organic

	Methylether of Dipropylene Glycol
	Solvent used for its low toxicity and effectiveness in solvating both hydrophilic and hydrophobic materials.
	Organic

	2-Propanol (Isopropanol)
	Commonly used in cleaning processes in electronics manufacturing due to its effectiveness at dissolving oils and other residues.
	Organic

	Terpineol
	Used as a solvent in inks due to its high boiling point and non-reactive nature, ideal for slow-drying processes.
	Organic

	Milli-Q Ultrapure Water
	Used in high-precision electronics manufacturing where extreme purity is required to prevent contamination.
	Inorganic

	Cyrene (Dihydrolevoglucosenone)
	A newer, greener solvent used in printed electronics for its low toxicity and high solvency capabilities.
	Organic

	Triethanolamine
	Utilized in electronic inks as a pH adjuster and to improve the solubility of metal complexes.
	Organic

	Hydrazine Hydrate
	Used in fuel cells and as a reducing agent in various electronic components due to its reactivity.
	Inorganic

	Ethylene Glycol
	Employed as a coolant and in thermal management within electronic devices due to its low freezing point.
	Organic

	Amines (e.g., 2-ethylhexylamine, hexylamine)
	Used as catalysts and solvents in the synthesis of materials used in electronics.
	Organic

	Diethylene Glycol
	A solvent for its hygroscopic properties and high boiling point, used in inks and coolants in electronics.
	Organic

	Dipropylene Glycol Monomethyl Ether (DPM)
	Known for its low odor and good solvency for a wide range of materials, used in inks and coatings.
	Organic

	Isophorone
	Utilized in specialized coatings due to its high boiling point and solvent properties.
	Organic

	Acetic Acid
	Used in electronics manufacturing for cleaning and as an acidity regulator in chemical processes.
	Mixed

	Tetradecane
	Employed as a solvent in laboratory settings, though less common in commercial electronics applications.
	Organic

	Ethyl Cellulose and Butyl Carbitol Acetate
	Used as binders and film-formers in some specialty ink formulations.
	Organic

	Methanol
	Often used as a solvent and for cleaning during the manufacturing of electronic components.
	Organic

	Di(propylene glycol) methyl ether
	Used for its favorable solvent properties in coatings and inks, particularly for its compatibility with many materials.
	Organic

	Dibasic Esters (DBE)
	Employed as solvents in high-performance coatings due to their low volatility and good solvency characteristics.
	Organic

	N,N’-dimethylpropyleneurea (DMPU)
	Utilized for its high solvency and as a high-boiling solvent in the synthesis of advanced materials for electronics.
	Organic

	Butyl Cellosolve (Ethylene Glycol Monobutyl Ether)
	Used as a solvent in coatings due to its good balance of properties, including evaporation rate and solvent strength, also found in inks for printed electronics.
	Organic

	Tetradecane
	Typically used in research as a non-polar solvent, less common in industrial applications, might be used in organic electronic processes.
	Organic

	2-Amino-2-methyl-1-propanol
	Used to adjust the pH of solutions in ink formulations and improve the solubility of other compounds.
	Organic

	Dimethyl carbonate
	Employed as a polar solvent in electrolytes for batteries and as a low toxicity alternative to other solvents in various resin and coating applications.
	Organic

	2-Ethylhexylamine
	Used as an organic solvent and acid neutralizer in various applications, including coatings and possibly in electronics for specific synthesis processes.
	Organic

	Hexylamine
	Serves as an organic solvent and catalyst in the production of dyes, pharmaceuticals, and other chemicals, potentially used in electronic materials synthesis.
	Organic

	Gadolinia Doped Ceria (GDC)
	Mainly used in solid oxide fuel cells as an electrolyte material, not a solvent but included in formulations that require mixed solvent systems.
	Inorganic

	Isophorone
	Used as a high-boiling solvent in paints, varnishes, and inks, where a slow evaporation rate is beneficial, possibly in printed electronics for specialized inks.
	Organic

	Acetic Acid
	Used in electronics manufacturing for cleaning and etching, due to its effectiveness at removing oxides and other residues.
	Mixed

	Xylene
	Often used as a solvent in the printing, rubber, and leather industries, it can be employed in electronic inks for its strong solvency characteristics.
	Organic

	Texanol
	Utilized as a coalescent in latex paints and varnishes, its application in electronics might involve ink formulation to improve film formation.
	Organic

	Dibasic Esters (DBE)
	Used as a low volatility solvent in coatings, inks, and adhesives, suitable for applications requiring gradual drying.
	Organic

	Di(propylene glycol) methyl ether
	Employed for its favorable solvent properties, particularly in formulations requiring a low toxicity profile, such as inks and coatings in printed electronics.
	Organic

	Dihydrolevoglucosenone (Cyrene)
	A newer, greener alternative to traditional solvents, used due to its low toxicity and effectiveness in dissolving a variety of materials.
	Organic

	N,N’-dimethylpropyleneurea (DMPU)
	Used for its high solvency and as a high-boiling solvent in the synthesis of advanced materials, particularly in high-tech applications.
	Organic
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	Name
	Purpose

	SIS (Styrene-Isoprene-Styrene)
	Used for its flexibility and stretchability in thermoplastic elastomer applications.

	TPU (Thermoplastic Polyurethane)
	Known for its elasticity and abrasion resistance, valuable in flexible electronics.

	Poly(4-styrenesulfonic acid)
	Enhances the polyelectrolyte properties in battery applications.

	PVDF (Polyvinylidene Fluoride)
	Used for its chemical resistance and stability as a binder in battery electrodes.

	CAB (Cellulose Acetate Butyrate)
	Used in inks for its transparency and toughness as a film-forming resin.

	PC (Polycarbonate)
	Valued for its mechanical strength and clarity.

	(Hydroxypropyl)methyl cellulose
	Used for its water retention, film formation, and thickening properties.

	N-vinyl-2-pyrrolidone and vinyl acetate
	Form flexible films and are used in binding and coating applications.

	Nafion
	Notable for its ionic conductivity, used in fuel cell membranes.

	PTFE (Polytetrafluoroethylene)
	Used for its non-reactive nature and as a binder to reduce electrode degradation.

	PVP (Polyvinylpyrrolidone)
	Used as a binder and stabilizer in inks due to its solubility and adhesive properties.

	Ethyl cellulose
	Provides viscosity and film-forming properties, useful in ink formulations.

	Waterborne resin
	Used for their environmental benefits and stable dispersion medium.

	LA132 binder
	Specific product designation; likely a commercial binder formulation.

	Polyacrylic latex
	Used for its flexibility and film-forming properties in coatings.

	Chitosan
	Used for its film-forming and biocompatibility properties.

	CMC-Na (Sodium Carboxymethyl Cellulose)
	A water-soluble polymer used as a thickener or binder.

	Waterborne polyurethane
	Offers good film-forming and elastic properties.

	CMC + MFC (Carboxymethyl Cellulose + Microfibrillated Cellulose)
	Used for viscosity and mechanical reinforcement.

	PEDOT (Poly(3,4-ethylenedioxythiophene))
	A conductive polymer used in antistatic coatings and electronics.

	Phenol resin
	Used for its strong adhesive properties and thermal stability.

	Sodium alginate paste
	A natural polymer used for its gel-forming abilities, beneficial in printing processes.

	Alpha-terpineol matrix
	Used as a solvent in inks, affecting the viscosity and drying characteristics.

	N,N-Dimethylformamide, Hydroxyethyl Cellulose
	Solvent and binder combination, providing desired viscosity and film characteristics.

	Lead borosilicate glass frit
	Used as a component in pastes for electronic applications due to its bonding properties after firing.

	Acrylic-styrene resin
	Used for film formation, offering durability and stability on various substrates.

	Polyvinyl chloride (PVC)
	Provides rigidity and stability, used in specific formulation conditions.

	Graphite flakes
	Enhance conductivity and electromagnetic interference (EMI) shielding in composite inks.

	PVDF-co-HFP (Polyvinylidene fluoride-co-hexafluoropropylene)
	Provides excellent chemical resistance and mechanical properties, useful in separator membranes.

	Vinyl chloride-acetate copolymer
	Provides flexibility and film-forming capabilities, often used in paint and coatings.

	Polyvinylbutyral (PVB)
	Used for its adhesive properties and clarity, often in safety glass interlayers.
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	Ink
	Binders
	Conductive Additives
	Solvents
	Screen printing conditions 
	key features
	Challenges
	Reference 

	Zn/Ag2O ink
	SIS
	Super-P 80%
	Toluene + 20% ethanol
	
•  Printing Equipment:  MPM-SPM semi-automatic screen printer was used.
	• High elasticity with ≈1300% elongation using SIS binder.
• Reversible capacity density of ≈2.5 mA h /cm2 after multiple 100% stretches.
• Low-cost, high-throughput screen printed components.
• Maintains performance under severe strain conditions.
	• Formulating elastic inks is highly challenging.
• Significant resistance increases upon stretching.
• Micro-cracks in Zn and Ag2O electrodes limit electron pathways.
	
[55]

	Silver and graphene ink
	TPU
	Silver flakes and graphene nanoplatelets
	DMF + THF
	
•  60 T mesh was used.
• After each printing process, the layers were dried at 150°C for about 5 minutes in a tunnel infrared dryer.
	• High conductivity and flexibility with silver flakes and graphene nanoplatelets.
• Suitable for cost-effective screen printing.
• No noticeable delamination during mechanical tests.
• Retains functionality after multiple washing cycles.
	• Complex control needed for appropriate rheological properties.
• Critical to ensure even deposition of layers during screen printing to avoid damage.
• Challenging to balance high conductivity and mechanical strength for flexible applications.
	[56]

	RuO2 ink
	Poly (4-styrenesulfonic acid)
	rGO
	DMSO + DI water
	-
	• High conductivity (1570 S /cm) and large specific capacitance (820 F /g).
• Enhanced stability and performance with PEDOT, graphene, and RuO2 NPs.
• Good adhesion and uniform thickness through screen printing.
• Scalable and reproducible for industrial applications.
	• Managing viscosity and binder content to maintain conductivity.
• Ensuring stability and dispersion of RuO2 NPs.
• Preventing degradation and maintaining redox reactions under high currents.
• Overcoming material limitations like conductivity reduction and degradation.
	[29]

	Conductive carbon ink
	PDVF
	Carbon 
	NMP
	The printing was performed by employing an MPM-SPM semiautomatic screen printer (Speedline Technologies, Franklin, MA).
	• Enhanced Cycle Life: Addition of Bi2O3 in Zn-based batteries prolong life by improving ZnO deposition, retaining zincate ions.
• High Discharge Current Density: Achieves 4 mA/ cm2, among the highest for Zn-based printable batteries.
• Consistent High-Power Output: Maintains about 5 mW /cm2 during discharge, showing robust performance.
	• Initial Capacity Decay: Rapid capacity loss in initial cycles, possibly due to delayed zincate ion transformation.
• Complex Phase Transformations: Presence of various bismuth species and new mixed oxide phases necessitate further investigation.
	[57]

	LFP ink
	PVDF
	Carbon black
	NMP
	

•  Screen Mesh: Polyester mesh with 62 monofilament /cm
•   viscosity of the ink paste was 3 Pa s for a shear rate of 100 s^-1.
• Printed cathode film thickness was 26 μm.
• Drying Conditions: The electrode film was dried at 80°C in a conventional oven for 90 minutes.
	• Capacity ranges from 108.1 mAh/ g at C/6 to 27.4 mAh/g at 5C.
• Low polarization shown by 0.3 V in CV curve.
• 83% capacity retention after 50 cycles at 5C.
• Ink viscosity optimized at 3 Pa·s at a shear rate of 100 s⁻¹.
• Non-spherical C-LiFePO4 particles enhance contact area.
	• Slight initial capacity decrease, possibly due to loss of electrical contact.
• Precise formulation needed; optimal ink viscosity at 3 Pa·s.
• Essential to maintain adhesion of cathode film to prevent separation.
• Voids from solvent evaporation can affect mechanical stability.
• Electrolyte penetration in detached areas can lead to capacity loss.
	
[32]

	Cyrene-based graphene ink
	CAB
	-
	Cyrene/NMP
	
•  Screen Mesh 300 
•   Ultrahigh graphene concentration (70 mg/mL) achieved via rotary evaporation from 10 mg/mL graphene/CAB ink.
• The sample was dried and annealed in a vacuum oven at 100°C for 5 hours.
	• Conductivity of 7.13×10^4 S/m.
• Uses non-toxic solvent Cyrene.
• Efficient exfoliation in 8 hours with Cyrene versus 48 hours with NMP.
• Ink concentration up to 70 mg/mL.
• Printed antennas operate from MHz to GHz.
	• Conductivity maximized only after compression.
• Requires vacuum rotary evaporation to achieve 70 mg/mL concentration.
• Challenges in maintaining optimal properties for industrial-scale applications.
	[36]

	h-BN ink
	PC
	-
	DMF
	
•   A rubber squeegee was used
	• High viscosity (12 Pa·s) suitable for screen printing.
• Thermal stability up to 150°C.
• Effective dielectric properties (constant of 2.57, loss of 0.09 at 1 MHz).
• Durable under multiple folding cycles.
	• Complex ink formulation with precise viscosity.
• Risk of nanosheet reaggregation.
• Viscosity adjustments for screen printing.
• Dielectric constant variability affects high-frequency use.
	[58]

	AgNWs ink
	Hydroxypropyl-methyl cellulose
	-
	DI water + propylene glycol
	•  400 mesh count, 0.0007 inches wire diameter and 0.0018 inches mesh opening.
• Printing speed 60 mm/s
• Printing force 32.2 N
• Squeegee angle: approximately 45°
• Thermal annealing temperature: 150°C
	• High initial conductivity up to 4.67 × 10⁴ S /cm; maintains >10,000 S/ cm at 70% strain.
• Low solid content (6.6 % wt) in AgNW ink reduces costs.
• Environmentally friendly, using distilled water as solvent.
• Achieves high-resolution patterns with 50 µm feature size.
• Stretchable with high conductivity (8002 S /cm at 70% strain).
• Stable and durable through 1000 wear cycles on a glass vial.
	• Varying viscosities (50.73 to 201.0 Pa·s) affect print quality.
• Post-processing required to optimize conductivity.
• Conductivity decreases under extreme strain.
• Optimization needed for defoaming agents to improve conductivity.
	[31]

	Graphene ink
	N-vinyl-2-pyrrolidone and vinyl acetate
	-
	methyl ether of dipropylene glycol
	
• Printing Speed: 50 mm/s
	• High conductivity at 30 Ω/sq with 25 µm thickness after 100 °C drying.
• Prints narrow 40 µm lines.
• Low drying temperature of 80–100 °C, fits plastic and paper substrates.
• Maintains stable and consistent print quality.
	• Over 100 Pa. s viscosity complicates printing.
• Sensitive gelation needs careful concentration control.
• Isopropanol unsuitable, requires solvent switch to DPM.
• Graphene-to-binder ratio of 1:3 critical to stability.
	[59]

	Carbon ink
	Nafion
	Carbon
	2-propanol
	• A dense silk mesh (200T, Wai Hang Co.) was used for screen printing.
• Distance between screen mesh and substrate 100 μm.
	• Capacity doubled to 6840 mAh/ g.
• Stable cycle life over 30 cycles, extendable with anode replacement.
• Enhanced oxygen transport through ~10 μm pores, improving Li2O2 distribution.
• Reduced overpotential at 4.06 V boosts performance.
	• Anode degradation limits cyclability due to Solid Electrolyte Interphase (SEI) layer formation.
	[60]

	NGP/PANI ink
	PTFE
	Nanotube graphene platelets
	Ethanol
	• Squeegee Speed of 35 cm /s
• Thickness ranging from 5 to 15 μm.
	• High Capacitance and Energy Density with capacitance of 269 F /g, power 454 kW/ kg, energy 9.3 Wh/ kg in 1M H2SO4.
• Mechanical Integrity maintained with no delamination after 200 bends, retaining 146 F /g capacitance.
• Electrochemical Stability ensured over 1000 cycles without degradation.
	• Requires specific formulation steps like temperature-controlled ball milling, complicating scalability
• Quality heavily reliant on precise printing conditions, with necessary management of ink viscosity at 125 mPa.s at 10 s−1
	[27]

	mGO ink
	PVP
	mGO
	Terpineol
	• Mesh Opening: 77 μm
• Mesh Count: 195/inch
• Thread Diameter: 48 μm
• Theoretical Ink Volume (Wet Thickness): 27 cm³/m²
• Screen Tension: 25 Newtons
• Angle of Squeegee: 22°
• Substrates: Flexible PET or paper
• Drying Conditions: Dried for 30 minutes at 100°C
	• Achieves high conductivity below 1Ω/sq with a 3 μm thick film.
• Cost-effective and scalable using mGO and PVP, without expensive processing.
• Ink compatible with various substrates including heat-sensitive ones.
• Supports high-definition printing with sub-100 μm resolution.
	• Initial resistance of about 697 Ω/sq needs roll-compression for better conductivity.
• Porous structure from non-co-planar flakes reduces conductivity.
• Complex graphite synthesis requires multiple oxidizing steps.
• PVP binder necessary for ink stability but must be carefully mixed to avoid reducing conductivity.
	[37]

	Pb3O4 ink
	Ethyl cellulose
	-
	Terpineol
	• Mismatic model 60–90 equipped with a 34T polyester mesh screen.
• Sintering Conditions: Incremental temperature increases were necessary during the sintering process, peaking at 465°C for a final 12-hour phase to achieve proper film characteristics.
	• Supports deposition on non-conductive substrates, needing thermal stability up to 500°C.
• Enhanced photoresponse across irradiance levels (334–1036 W/m²).
• Effective charge separation improves functionality of photoresponsive devices.
• Flexible in creating various device architectures.
	• Low photoconversion efficiency at 0.065% due to high resistivity.
• Pb3O4 material limited by resistivity and lead toxicity.
• Complex sintering process (up to 465°C for 12 hours) increases production costs.
	[61]

	Ag@PPy@MnO2 and AC ink
	Waterborne resin
	Carbon black
	DI water
	-
	• High energy density of 0.0337 mWh /cm2, power density of 0.38 mW /cm2.
• Retains 90.8% capacitance after 5000 cycles, 86.2% after 40% stretch.
• High flexibility and stability under mechanical stress.
	• Complex synthesis process for Ag@PPy@MnO2.
• Capacitance drops to 86.2% after 40% stretch.
	[20]

	N-Doped MXene ink
	LA132 binder
	Super P
	DI water
	• A squeegee moves at a velocity of 2 cm /s 
• It maintains high viscosity at lower shear rates (>104 Pa s at 0.05 s^−1)
	• High conductivity (10^4 S /cm) and capacitance (1500 F /cm3)
• Nitrogen doping improves performance
• Flexible printing on various substrates, with 70.1 mF /cm2 (screen printed) and 8.2 F/ cm2 (3D-printed)
• Scalable, efficient production for energy storage devices
	• Restacking limits ion transport, addressed by template-guided synthesis
	[38]

	AgNWs ink
	-
	-
	DI water
	• 500 mesh count, 18 µm wire diameter, and 33 µm mesh opening.
• Employs a rubber squeegee formed at a 45° angle with the screen mesh.
• Printing speed of approximately 60 mm /s and a force of around 32.2 N
	• Volumetric capacitance of 338 F /cm3
• Energy density of 18.8 mWh /cm3, power density of 40.9 W/ cm3
• Retains 91.6% capacitance after 8,000 cycles, 88.6% after 2,000 bends
• Conductivity over 5,000 S cm^-1
	• Complex synthesis requires precise control
• Managing ink viscosity and thixotropy is critical
• Scalability and integration pose engineering challenges
	[62]

	FeOOH/MnO2 ink
	Polyacrylic latex
	Acetylene black
	DI water
	- 
	• High capacitance of 350.2 F /g at 0.5 A /g, 159.5 F /g at 20 A /g
• 95.6% capacitance retention after 10,000 cycles
• High mechanical flexibility, maintaining performance after bending and stretching
	• Complex low-temperature wet-chemical synthesis
• Ensuring consistency and scalability in production
• Integration and commercialization with consistent performance
	 [33]

	AgNWs ink
	Hydroxypropyl-methyl cellulose
	-
	DI water
	• Used a 325-mesh count screen for printing.
• Printing Speed: Approximately 40 mm/s.
• Printing Force: Approximately 30 N.
• Printing Angle: Approximately 45°.
• Post-treatment: Involved plasma treatment and thermal annealing to enhance adhesion and conductivity.
	• High conductivity (8.32 × 10³ S /cm) and robustness.
• 8.58 mF/ cm capacitance.
• Maintains 90% capacitance after 2500 bends.
	• Shift to safer water-based inks.
• Optimize viscosity to prevent clogging.
	[63]

	Activated Carbon ink
	Chitosan
	Activated carbon
	DI water
	• Screen Printer Model: Semi-automatic TIC SFC 300 DE screen printer.
• Printed layers were annealed at 120 °C 
	• Low cost, eco-friendly NaCl electrolyte.
• High energy storage (200-360 mF, 7.9-12.7 Ω equivalent series resistance, ESR).
• Flexible for various applications, including wearables.
	• Performance varies with printing process.
• Voltage limit of 1.0 V affects efficiency.
• Higher ESR with graphite collectors reduces efficiency.
	[64]

	Graphene ink
	CMC-Na
	- 
	DI water
	- 
	• High yield, scalable 100% graphite exfoliation.
• Low sheet resistance under 2 Ohms/square.
• Eco-friendly, cost-effective with carboxymethylcellulose stabilizer
	• Difficult to achieve uniform flake size.
	[65]

	PEI-rGO ink
	Waterborne polyurethane
	- 
	DI water
	- 
	• Tensile strength and Young’s modulus up to 9.46 and 19.8 times higher.
• Wear resistance 4.5 times better after 600 cycles.
• Thermal stability increased by 45 °C (initial) and 17 °C (50% degradation).
	• Complex manufacturing process.
• Ensuring uniform graphene dispersion.
• Strong interfacial bonding required.
	[66]

	Graphite ink
	CMC + MFC
	-
	DI water
	
•  Printing Speed: 110 mm/s
• Squeegee Angle: 60°
•  Squeegee Hardness: 70–75 Shore
•  Mesh Type: Polyamide nylon
•  Mesh Specifications: 208 threads per inch, 40% open area, 70 μm thread diameter, 110 μm emulsion thickness
•  Off-contact: 1 mm between the substrate and the mesh
	• Increased capacity from 85 to 315 mAh/g by reducing porosity.
• Eco-friendly with cellulose and water-based solvent.
• Flexible, maintains performance under stress.
	• High initial porosity (70%) reduces efficiency.
	[67]

	MWCNT/PEDOT
	PEDOT
	-
	Milli-Q ultrapure water
	 60 mesh screen 
	• Low-cost, efficient PEDOT and MWCNT films.
• High capacitance (20.3 F /g) and energy density (3.1 Wh /kg).
• Durable, retains 72% capacitance after 1000 cycles.
• Flexible and lightweight for wearables.
	•  High equivalent series resistance of 60 Ω affects power output
• Difficulty in achieving uniform material deposition
•  Scalability and reproducibility issues
	[68]

	LiCoO2 paste 
	Ethyl cellulose
	-
	Terpineol
	500 mesh screen
	• High discharge capacity of 179 µAh/ cm² with carbon-coated LiCoO2.
• Controlled film thickness (6 µm) and smooth surface.
	• Paste formulation complexity; viscosity increased with carbon black.
• More carbon black reduced discharge capacity to 46 µAh /cm².
	[24]

	LiCoO2 powder 
	Epoxy  mixed with ethyl-cellulose
	-
	Terpineol, 2-butoxietanol, and others
	- 
	• High discharge capacity of 125 µAh /cm² (133 mAh /g).
• Improved adhesion and conductivity with epoxy-mixed paste, reducing electrical resistance to 432 kΩ cm².
• A mix of carbon black (Ketjenblack 300J, Mitsubishi Chemical) and graphite (CSP-E, Nippon Graphite) used as conducting anode.
	• Delamination issues 
	[25]

	Antioxidant copper ink
	Phenol resin
	FA (formate ions) and DT (dodecyl mercaptan)
	Triethanolamine, 2-Amino-2-methyl-1-propanol, Dimethyl carbonate
	- 
	• High conductivity of 13400 S/cm, comparable to silver pastes.
• Cost-effective alternative for large-scale flexible electronics.
• High flexibility and stability, suitable for RFID tags and EMI shielding.
	• Complex preparation involving oxide removal and corrosion inhibitors.
• High susceptibility to oxidation, needing extra protection.
• Requires specialized, expensive equipment for some methods.
	[41]

	Copper ink
	Sodium alginate 
	-
	Ethanol and hydrazine hydrate
	•  Screen Mesh Size: 156 (used for applying the sintering paste)
• Sintering Temperature: Maintained at 60°C for both the drying of the sintering paste and the copper nanoparticle slurry.
	• High conductivity with resistivity of 74.4 ± 9 x 10^-2 μΩ.m at sintering temperatures below 60°C.
• Maintains conductivity after 2500 bending cycles.
• Cost-effective process using screen printing and low-temperature sintering.
	• Managing oxidation of copper nanoparticles, effective with citrate capping.
	[69]

	Copper ink
	Ethyl cellulose
	Cu nanoparticles
	Ethylene glycol, ethanol
	•  Screen mesh: Used a mesh count of 400 (wires/inch) with a wire diameter of 18 μm.
• Curing Conditions: Curing was done in a vacuum oven with an oxygen concentration less than 300 ppm, with temperatures ranging from 200 °C to 400 °C for 30 minutes, depending on the paste formulation
	• Consistent print dimensions: Finger widths of 53-60 μm, heights above 20 μm
• Low specific contact resistivity: 0.4 mΩ·cm² for Cu-ITO contact
• Improved resistivity of printed lines: 27 μΩ·cm after curing at 400 °C
	• High finger line resistance (>10 kΩ/cm) at low sintering temperatures (200-300 °C)
• Managing paste viscosity (50,000-60,000 cps) to maintain print quality and integrity
	[70]

	Copper ink
	-
	Metal nanowires (CuNWs and AgNWs)
	Amines (e.g., 2-ethylhexylamine, hexylamine)
	- 
	• Low cost and high conductivity with Cu (1.72 µΩ cm).
• Metal nanowires improve conductivity (14.9 µΩ cm at 140 °C).
• Excellent mechanical flexibility, minimal resistance increases after 1000 bends.
	• Cu particles prone to oxidation, increasing sintering temperature.
• Instability of Cu particles require optimizations like adding nanowires or using amine-based ligands
	[71]

	Copper ink
	PVP
	- 
	Ethanol and Diethylene Glycol
	•  Printing Speed: 100 mm/s.
• Drying Conditions: Near-infrared drying at 80°C for 30 minutes
	• High conductivity (8.38 μΩ·cm) with silane-modified Cu oxide
• Improved nanoparticle dispersion and stability
	• Re-oxidation after intense pulsed light (IPL) sintering
• Complex IPL sintering process control needed
	[72]

	Copper-nickel complex ink.
	PVP
	Graphene oxide
	Ethylene glycol
	-
	• High conductivity (8.38 μΩ·cm) with silane-modified Cu oxide
• Improved nanoparticle dispersion and stability
	• Re-oxidation after intense pulsed light (IPL) sintering
• Complex IPL sintering process control needed
	[73]

	Copper ink
	-
	Copper-amino complexes
	-
	The copper inks were deposited on substrates using a screen printing method where the ink-coated substrates were heated at temperatures ranging from 120°C to 180°C for 2 to 60 minutes under a nitrogen atmosphere.
	• High metal load (36.8%) for thick, conductive patterns.
• Low temperature sintering (140°C) with 11.3 μΩ·cm resistivity.
• Strong adhesion to substrates, cost-effective with submicron copper.
	• Complex fabrication needing precise copper control.
• Sensitive to oxidation, requiring higher temperatures.
• Inconsistent quality due to voids and pores.
	[74]

	Copper ink
	PVP
	Carbon Nanotubes (CNTs) 
	Dipropylene glycol monomethyl ether (DPM)
	•  Polyester mesh (100 threads/cm)
•  Patterns shaped like "dog bones" (24 mm length, 1.3 mm width)
•  Samples dried on a hot plate at 70 °C for 5 minutes
•  Screen printed onto substrates, then IPL treatment with PulseForge 1200
•  Pulse duration (2-20 ms), voltage (220-240 V), and pulses (up to four) varied for optimization
	• Rapid prototyping with IPL for fast curing, suitable for roll-to-roll production.
• High conductivity with 0.5 wt% CNTs, reducing curing energy by 25%.
• Environmentally stable, self-reducing copper formate avoids oxidation.
	• High energy consumption with IPL.
• Precise control over IPL pulse parameters needed.
• Ensuring uniform conductivity through layer thickness.
	[34]

	Silver ink
	Alpha-terpineol matrix
	-
	Organic solvent 
	•Used a 400-mesh screen mask.
• Sintering Conditions: All circuits were sintered at 150°C in air, with times ranging from 15 to 60 minutes to examine the influence on extensibility.
• Pre-stretched thermoplastic polyurethane substrate and dried at 70°C for 10 minutes to minimize dimensional changes.
	• Improved extensibility with single line < zigzag < rectangular pulse < horseshoe
• Enhanced electrical performance with 31 µΩcm resistivity after 60 minutes sintering
	• Crack formation under stress, especially at notches
• Circuit durability limit with max extensibility up to 8% for horseshoe design
	[28]

	Silver ink
	N, N-Dimethylformamide, Hydroxy ethyl Cellulose
	-
	Ethylene glycol
	•A mesh size of 250 μm
• Sintering Conditions: Conductive circuits were sintered at 220 °C for 30 minutes under air atmosphere 
	• High conductivity and stability with silver nanoparticles (118 nm, 8.3 × 10⁻⁶ Ω·cm)
• Enhanced mechanical performance for flexible wearable devices
	• Control of silver nanoparticle synthesis to prevent aggregation
• High production cost due to capping agents needed for dispersity and mobility
	[75]

	Silver ink
	-
	-
	Tetradecane
	• Mesh Type: 420 polyester mesh was used, suitable for the required pattern fidelity on the PU substrate.
• Squeegee Angle: 22.5°, optimized for the best printing shape.
• Drying and Curing Conditions: Post-printing, the electrodes were dried and cured at 130°C for 10 minutes, essential for achieving the desired electrical properties.

	• Low sheet resistance (1.64-2.85 Ω/sq) at room temperature
• Stretchability and flexibility (15-20% for different patterns)
	• Limited stretchability compared to other materials
• Complexity in pattern and material handling
• Environmental sensitivity (humidity and temperature)
	[39]

	Silver ink
	(Hydroxypropyl)methyl cellulose
	Silver nanowires
	Distilled water and propylene glycol
	•Screen mesh (400 mesh count, wire diameter 0.0007, mesh opening 0.0018, mesh angle 22°.
• Utilized a 45° squeegee angle and a printing speed of approximately 60 mm/s.
• Printing force of about 32.2 N.
	• High electrical conductivity (up to 46,000 S /cm)
• Stretchable and durable (conductivity >10,000 S/ cm at 70% strain)
• High resolution printing (line resolution as low as 50 μm)
• Low thermal budget (sintered at 150 °C)
	• Complex post-processing with multiple treatments (washing and thermal annealing)
	[76]

	Silver ink
	EC and PVP 
	-
	Ethanol 
	• The ink used had a viscosity of 3.2 Pa·s at a shear rate of 10 s⁻¹, suitable for screen printing.

•Printing speed (50 mm/s to 200 mm/s) 
	• High conductivity and transparency achieved with 1.9 ohm/sq sheet resistance and 73% transmittance at 550 nm
• Flexibility and stretchability with stability after 1000 bending cycles (28 mm radius) and 1000 stretch-release cycles (10% strain)
	• Balancing conductivity with transparency while maintaining low sheet resistance
• Complex post-processing requiring multiple steps including solvent immersion and laser sintering
	[77]

	Ag NWs paste
	-
	Ag NWs
	-
	Terpineol 
	• High stretchability and conductivity (6912 S/cm) across 0-50% tensile strain
• Successful integration with commercial integrated circuits for wearables
	• Initial resistance increases of 26.5% after PDMS (polydimethylsiloxane) casting, stabilizes with cycles
• Complex fabrication requiring precise control to prevent cracking or detachment
	[78]

	MWCNT 
	PVP
	SDS
	Ethanol
	• Silk screens with a mesh size of 325 were used.
• A semi-automatic screen printer (XPRT2, Ekra, Asys group, Germany).
• Frame Dimension: 220x220 mm.
• Substrate Types: Paper, Mylar®, photopaper, cellulose acetate sheet, and silicone rubber.
	• Low curing temperatures reduce energy use and substrate damage.
• Achieves sheet resistance of 0.5 to 13 Ω/sq over three strokes.
• Excellent adhesion on flexible substrates (Mylar®, photopaper, silicone rubber).
• Uniform CNT distribution and connectivity with RMS surface roughness of 64.4 nm.
	• Requires precise viscosity control (2.09 Pa·s) and CNT dispersion.
• Viscosity management needed for screen printing (1-10 Pa·s).
• Long-term stability issues due to CNT aggregation; needs dispersants like SDS and PVP.
	[79]

	Silver ink
	-
	Carbon nanotubes
	Organic solvents 
	• Initially sintered at 120 ºC for 20 minutes followed by a final sintering between 250 ºC and 350 ºC for one hour under nitrogen atmosphere.
• Viscosity of the Ink: Ranged from 48-65 Pa S with a thixotropic index of 3-4.
	• Conductivity improved with CNTs, reducing resistivity to 7.26 μΩ cm
• Flexibility maintained with minimal resistivity change after 1000 bending cycles
• Strong adhesion and structural integrity after 500 thermal shock cycles
	• Balancing conductivity and flexibility with higher sintering temperatures reducing flexibility and adhesion
• Thermal stability issues during sintering without damaging the substrate limits maximum temperature
	[80]

	Silver ink
	PVP
	Silver nanoparticles 
	Ethanol
	• The screen used had a mesh count of 300 fibers per centimeter.
• The optimal sintering conditions found were 160°C for 75 minutes.
	• Achieved low resistivity (3.83 μΩ·cm at 160°C for 75 minutes), close to bulk silver (1.58 μΩ·cm), indicating high conductivity
• Low sintering temperatures (160°C) suitable for flexible substrates like PET
	• Electrical properties depend on controlling particle size distribution of silver nanoparticles
• Finding optimal sintering time and temperature to reduce resistivity while maintaining substrate compatibility
	[81]

	Silver ink 
	Acrylic acid
	Silver particles.
	Ethylene glycol/water solution.
	• Stencil Line Openings: Ranging from 5 to 50 µm.
• Squeegee Speed: Approximately 10 cm/s.
	• High printing resolution with silicon stencils, achieving 22 µm line widths
• Excellent electrical properties with low resistivity (5.5 × 10^-6 Ω cm)
• Good bendability with tolerance for radii > 5 mm and tensile strains < 0.75%
	• Complex ink formulation requiring precise control for high solid loading (77 wt %)
• Managing high ink viscosity (1 × 10^4 Pa s) to ensure printability and stability
	[82]

	WO3 nanopowders 
	-
	-
	Terpineol
	• Sintering Temperature: Annealed at 400°C for 12 hours.
• Substrate: Alumina fitted with gold electrodes and a platinum heater.
	• High sensitivity and quick response to SO2 at 5-10 ppm and 260°C
• Various WO3 nanostructures (nanoplates, nanowires, nano lamellae) for tailored applications
	• Temperature dependency with slower response at 220°C
• Complex manufacturing involving hydrothermal treatments and high-temperature annealing (400°C for 12 hours), complicating scalability
	[26]

	SnO2-based ink with 15 wt% glass
	Lead borosilicate 
	-
	Ethyl cellulose and butyl carbinol acetate
	-
	• High sensitivity to H2, CO, and LPG using 15 wt% glass frit dopant, with optimal sensitivity temperatures (150°C for H2, 220°C for CO, and 190°C for LPG)
• Low sheet resistivity (2.95 to 10.47 MΩ/sq) and stable TCR (-1900 ppm/K)
• Fast response (10 s) and recovery times (18-20 s), competitive with previous sensors
	• Optimization of glass frit percentage is critical; exceeding 15 wt% reduces sensitivity
• High glass content can form new phases like PbSnO3, affecting sensor properties and phase stability
	[83]

	Silver ink
	CMC
	Silver nanowires
	DI water
	
•Multiple shear rates were applied during tests to mimic the screen printing process, including very low (0.1 1/s) and very high (200 1/s) rates.
• All tests were conducted at room temperature (25°C).
• A pre-conditioning step at a shear rate of 0.1 1/s for 10 seconds was applied before each test to ensure uniformity.
	• High viscosity at low shear rates maintains ink on screen and ensures clear printed patterns
• Strong shear-thinning allows efficient printing
• Rapid viscosity recovery maintains sharp lines
• Water-based, environmentally friendly
	• Managing complex rheological properties
• High silver nanowire concentration affects viscosity
• Achieving uniform printed patterns is difficult
	[30]

	Copper nanoparticles 
	Ethyl cellulose in terpineol.
	-
	Methanol
	• Screen Mesh: Used a 200-mesh screen printing mesh.
• Ink Preparation: Copper paste with 75 wt% copper, prepared by suspending copper nanoparticles in a polymeric matrix.
• Drying and Sintering Conditions: Printed patterns were dried in a vacuum oven at 50°C for 30 minutes, followed by sintering in a furnace at 120°C with a continuous purge of H2 and N2.
	• High productivity, scalable for large-scale production
• Controlled particle size (12-99 nm) based on synthesis conditions
• Flexible surface modification with different capping agents
• Low-temperature sintering (120°C) suitable for flexible substrates
	• Copper nanoparticles are prone to oxidation, requiring protective coatings
• Complex handling and storage needed to maintain properties
• Reliance on precise synthesis conditions, complicating production processes
	[84]

	Cu/Sn hybrid 
	PVP
	Sn particles 
	Terpineol
	The films were sintered using a xenon flash lamp system with energy densities ranging from 2.68 to 5.02 J/cm². The distance from the lamp to the substrate stage was 3.5 cm.
	• 21% less energy for sintering
• Better film quality, 84% transmittance, 14 Ω/sq resistance
• Excellent mechanical stability after 2000 cycles
	• Precise sintering energy control needed
• Risk of Sn particle oxidation affecting reliability
	[85]

	Graphene oxide
	-
	-
	DI water
	• The squeegee angle used was 22 degrees.
•A mesh with openings of 57 or 77 µm was used.
•The printed structures were dried at 100 °C for 30 minutes.
	• Low sheet resistance, 327 ohms per square (Ω /sq)
• Compatible with moderate temperatures (80°C)
• Scalable and cost-effective
• Enhanced environmental and mechanical stability
	• Limited print resolution (100 µm)
• Maintaining ink viscosity and stability is challenging
• Dependent on post-processing to reduce graphene oxide
• Substrate compatibility issues
	[86]

	CNT ink
	Acrylic-styrene resin
	-
	DI water
	
• Oxygen plasma treatment was employed to modify the electrode surface, crucial for enhancing conductivity and enabling enzyme immobilization. Treatment times ranged from 5 to 180 seconds, with an optimal time of 20 seconds suggested for balancing conductivity enhancement and material integrity.
	• Conductivity and flexibility with a CNT layer, achieving sheet resistance of 600 Ω/sq (spin-coated) and 1800 Ω/sq (rod-coated), suitable for biosensors
• Fast production, ideal for roll-to-roll printing
• Enhanced electrons transfer due to electrocatalytic properties
	
• Oxygen plasma treatment required, increasing complexity and cost
	[87]

	MWCNT-derived ink
	PVC
	-
	Isophorone 
	
•  The printed layers were cured at 150°C for 1 hour and allowed to cool to room temperature.
	• Improved electrochemical properties with lower detection potentials for hydrogen peroxide and NADH (nicotinamide adenine dinucleotide) at 0.50 V and 0.30 V
• High mechanical durability with strong resistance to abrasion and good adhesion to ceramic substrates
	• Variability in performance due to nonuniform distribution of particles
	[23]

	Carbon nanotubes (CNT)
	Chitosan (CS)
	-
	Acetic acid solution 
	-
	• Better electrical properties with a potential difference (DE) of 131 mV in CV tests and reproducibility with a relative standard deviation (RSD) of 3.63%
• Superior mechanical durability with a lower RSD increases of 8.43% under stress, ideal for flexible applications
	• Sensitivity to environmental factors like humidity and temperature
	[88]

	Polyaniline nanofiber
	-
	-
	Graphite
	Toluene
	• Nearly 100% EMI shielding effectiveness
• High conductivity, lightweight, non-corrosive
• Easy to print on various substrates, cures at room temperature
• Low-cost and eco-friendly
	• Limited long-term stability data
• Complex synthesis requiring precise control
• Precise formulation needed for consistent quality
	[89]

	Alumina ink
	polyvinyl butyral
	-
	Xylene-ethanol
	-
	• Economical, room temperature curing suitable for various applications
• Good dielectric properties, with a dielectric constant of 3.29 at 5 GHz and 3.26 at 15 GHz on BoPET (biaxially-oriented polyethylene terephthalate)
• Strong adhesion to BoPET and photographic paper, ensuring durability
	• Sensitive to printing conditions like squeegee speed and angle
	[90]

	Graphite
	PVDF
	Super-P C45
	 NMP
	• Screen Printer: AMI M-465.
• Mesh Type: Stainless steel, 325 mesh count, 28 µm wire diameter, 22.5o mesh angle.
	• High initial capacity with a first charge capacity of 356.2 mAh/g
• Controlled porosity at 35% facilitates effective ion transport and enhances electrochemical performance
	
• Initial capacity loss of 10.7% suggests efficiency loss during the first use
	[40]

	Silver / graphene flakes
	PVDF
	Carbon black
	Ethanol
	• Printing Speed: 100 mm/s
• Squeegee Angle: 45 degrees
• Printing Force: 15 N
• Screen Mesh: 200 mesh
	• Stable ink viscosity of 10-12 mPa·s ensures consistent quality.
• High conductivity at 200 S/m enhances device efficiency.
	• Sintering at 350°C limits substrate options.
• Rapid drying time of 2-3 hours requires precise control.
	[43]

	 LFP (LiFePO₄) and 
LLZO (Li₆.₄La₃Zr₁.₄Ta₀.₆O₁₂).
	Polyvinylidene fluoride (PVDF): 5 wt%
	-
	DMF
	• The screen printing was performed using an Ekra E2 screen printer and a Koenen stencil, and speed of 40 mm/s.
	• High ionic conductivity of 0.425 mS/cm at 60°C.
• Wide electrochemical window above 4.6 V.
• High lithium-ion transference number of 0.44.
• Good interfacial compatibility with electrodes.
• Strong thermal and chemical stability.
	• Lower ionic conductivity at room temperature.
• Degradation of materials, especially PEO, above 300°C.
	[45]

	Zinc batteries
	 PVDF-co-HFP
	Aluminum oxide (Al₂O₃) 
	EG
	-
	• Achieves 2V and 4 mAh/cm², better than typical systems
• Over 60 cycles at 2 mA/cm², showing reliability
• Uses low-cost ethylene glycol (EG), eco-friendly
	• Requires optimization of interfacial stress and bonding
• Precise control needed for viscosity and polymer electrolyte integrity during printing
	[44]

	NMC 
	HSV 1810 and PVDF 
	-
	NMP and  DMF 
	• Printer Model Ekra E2.
• Printing Speed from  30 to 60 mm/s.
• Gap from 0.5 to 2.0 mm to ensure optimal ink transfer and film thickness.
• The squeegee pressure  from 0.4 to 1.5 bar.
• Post-printing, the cathodes were dried on a hotplate at 100 °C for 1 hour
• The temperature during printing was maintained at a constant 23 °C
	• NMP with HSV 1810 retains 87% capacity after 1,000 cycles
• HSV 1810 enhances γ-phase in the binder, boosting performance
• Solvent-binder combinations show excellent solubility and compatibility
	• DMF cause cracking and degradation
• NMP has environmental and health concerns
• Solvents and binders affect electrochemical properties and integrity
	[42]

	Graphene
	Vinyl chloride-acetate copolymer 
	Carbon black 
	DBE
	• Screen Printer Used: LTA-6080 Screen Printer.
• Squeegee: 60-degree angle polyurethane squeegee.
• Printing Speed: Approximately 50 mm/s.
• Screen Meshes: Used 80 and 420 mesh counts for different applications.
• Post-Printing Process: Printed patterns were dried at 100°C for 8 minutes, then pressed by compression rolling and finally dried again at 150°C for 8 minutes.
	• Achieves high electrical conductivity up to 21,500 S/m for flexible electronics
• Prints lines as narrow as 90 microns, suitable for various substrates and Roll-to-Roll applications
• Straightforward and cost-effective production, avoiding complex processes
	• Requires precise control of carbon black content to maintain performance
	[91]

	Solid oxide fuel cells (SOFC)
	Ethyl cellulose (EC)
	Nickel (Ni) for anodes and Silver (Ag)
	Terpineol and Texanol
	• Squeegee pressure: 6-9 kg
• Squeegee Speed: 20-50 mm/s
• Snap-off Distance: 1.5-2.0 mm
• Printing Angle: 45°
• Squeegee Geometry and Type: Rectangular, polyurethane
• Screen Mesh Type: 305-325 mesh per inch
	• Solid oxide fuel cells (SOFC) have 60% fuel-to-electricity efficiency, up to 80% with heat recovery
• Screen printing produces high-quality, porous electrode films, enhancing reactions and reducing losses
	• High sintering temperatures required
	[92]

	Solid oxide fuel cells (SOFC)
	Polyvinylbutyral (PVB) 
	 Solsperse 3000 
	Terpineol 
	• Two different screens (325 mesh and 255 mesh) were used along with different squeegees (soft with round edges, stiff with sharp edges). The combination of a stiffer squeegee and a coarser screen was found optimal for printing the developed pastes.
	• High solid loading of 50 vol.% YSZ powder for dense, conductive layers in solid oxide fuel cells.
• Polyvinylbutyral (PVB) binders allow processing under varied conditions without sensitivity to temperature and humidity.
	• Sintering at 1430°C may cause microstructure coarsening and interfacial reactions, reducing catalytic efficiency.
	[93]

	Solid oxide fuel cells (SOFCs)
	PVA, PVP, and  CMC
	-
	 GDC and PG
	-
	• Water-based inks improve safety and reduce costs.
• Enhanced stability and homogeneity ensure consistent quality.
	• Fast evaporation can cause issues and cracking.
	[94]

	Titanium silicon carbide (Ti3SiC2)
	Ethyl Cellulose
	-
	Terpineol
	•Print Speed: 150 mm/s
•Screen Mesh: 333 µm
•Squeegee Pressure: 100 N
•Snap-off Distance: 2mm
	• Excellent thermal stability and conductivity, ideal for high-power electronics.
	• Complex rheology requires careful management.
• High viscosity pastes are difficult to process and have poor workability.
	[95]

	Carbon nano-onions/ 
	Polyhydroxyethers 
	Graphite 
	Di(propylene glycol) methyl ether 
	-
	• Highly sensitive, detecting dopamine at low concentrations (10.0–99.9 µM) with a detection limit of 0.92 µM.
• Enhanced conductivity and current density with carbon nano-onions and graphite, high electron transfer rate
	• Difficulty in achieving stable, homogeneous ink dispersion.
• Issues with aggregation affecting electrode uniformity and performance.
	[96]

	Cu ink 
	Hydroxymethyl cellulose 
	-
	Deionized water 
	• The screen mesh used has a resolution adequate to produce a Cu mesh with a line width of approximately 219 μm and line spacing of 193 μm, indicating a high-resolution screen printing process to achieve detailed patterns.
	• Lightweight and ultrathin, ideal for large-scale fabrication and high-energy lithium metal batteries.
• Improved safety and stability, suppressing dendrite growth and promoting uniform lithium plating/stripping with long cyclic life and high efficiency.
	• Scalability and cost-effectiveness need optimization for commercial use, ensuring quality control and maintaining low weight.
	[97]

	Graphene 
	-
	-
	NMP 
	• Squeegee Angle: 70°
• Printing Speed: 50–150 mm/s
• Screen Mesh: 24 mesh
• Ink Viscosity: The graphene ink used had a viscosity adjusted to be suitable for screen printing, though specific numerical values are not mentioned.
	• High responsivity and sensitivity, ideal for photoactive thermistor applications.
• Low-cost and biodegradable paper substrate, reducing costs and environmental impact.
• Integration for wireless applications, enabling wireless data transmission and power from a reader.
	• Complex multi-stack printing process requiring precise control for quality.
	[98]

	Graphene flakes
	Terpineol 
	SWCNTs 
	Water and Ethanol
	• Printing Substrate: Flexible substrate, specifically polyethylene terephthalate (PET).
• Screen Mesh: use of a 55T screen mesh is indicated, implying moderate resolution capabilities.
	• High capacitance of up to 1.324 mF /cm2.
• Stable performance over 10,000 cycles.
• High power and energy density.
• Flexible and waterproof, durable after bending and washing.
	• Ensuring even dispersion of graphene and SWCNTs.
	[99]

	 Graphene/CoS2/Ni3S4 powder
	polyvinylidene fluoride (PVDF)
	acetylene black
	Ethanol
	-
	• High specific capacitance of 1739 F/g at 0.5 A/g.
• Flexible and high energy density suitable for wearables, with an energy density of 44.9 Wh/kg at a power density of 224.8 W/kg.
	• Complex production involving solvothermal synthesis and vulcanization, complicating scaling.
• Stability issues due to partial destruction of structural integrity during production, affecting long-term performance.
	[100]
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	Type
	Anode
	Cathode
	Electrolyte
	Solvents
	Binder
	Substrate
	Capacity, efficiency and cycles
	Dry parameters
	Printing parameters 
	Challenges 
	Reference 

	Lithium-ion, solid-state
	Li4Ti5O12
	LiMnO2
	Solid polymer based on PEG and PEO
	-
	-
	Aluminum
	•150 mA h g^-1 capacity with excellent retention over 100 cycles
	-
	-
	•  High charge transfer resistance limits charging/discharging speed.
• Poor ion transport at room temperature restricts battery performance to low power uses.
	[47]

	Pouch-type flexible thin-film
	Pitch-coated natural graphite
	LiCoO2
	Gel polymer electrolytes
	NMP, Butyl carbinol, Acetone
	HPC and PVDF
	Al-plastic pouch
	•2.5 mAh cm^2, 332.8 Wh L^-1, 84% retention at 50th cycle
	-
	•Stainless steel screen mesh #120 
	•  Sequential screen printing of layers complicates fabrication due to precise viscosity control.
• Optimizing current collectors reduces interfacial resistance and internal resistance.
	[101]

	 Zinc-Alkaline
	Zinc (Zn)
	Manganese Dioxide (MnO₂)
	Potassium Hydroxide (KOH), 35-52 wt%
	Water
	PEO
	Alumina
	•Theoretical capacity of cathode between 3 and 4 mAh, discharge efficiency up to 97%, designed for single-use (primary battery)
	-
	• Semi-automatic screen printer used (MPM Corp., Franklin, MA, TF-100). •Screen Mesh: 325
	•  Cathode integrity issues reduce adhesion to the substrate, needing improved stability.
• Anode prone to hydrogen evolution, requiring research to inhibit this reaction for better safety and efficiency.
	[48]

	Zinc-air
	Zinc/carbon/polymer 
	 PEDOT
	Lithium chloride and lithium hydroxide
	Butan-1-ol, tetrahydrofuran
	Polycarbonate
	Paper
	•Open-circuit voltage around 1.2 V, discharge capacity 0.5 mAh cm²
	-
	-
	•  Paper substrate limits battery performance, showing lower discharge capacity.
• Performance varies significantly with different electrolyte compositions.
	[49]

	Non-aqueous Lithium-Oxygen
	Lithium
	 Carbon 
	Lithium bis(trifluoromethanesulfonyl)imide (LiCF3SO3) 
	TEGDME
	Lithiated Nafion
	Carbon paper
	• Capacity increased to 6840 mAh g⁻¹ on the first discharge
• Charge efficiency remained stable over 30 cycles with a relatively low charge voltage of 4.06 V
	-
	•200 threads per inch (tight mesh)
	• Anode deteriorates over repeated charge-discharge cycles due to SEI layer formation, increasing internal resistance and reducing efficiency.
	[50]

	Lithium-ion
	Fe/Si multilayer film
	Zr-incorporated LiCoO2 (Zr–LiCoO2)
	1 M LiPF6 in a mixture of ethylene carbonate (EC) and diethyl carbonate (DEC)
	2-methoxyethanol and acetic acid
	-
	Platinum-coated alumina
	• Discharge capacity of 274 µAh cm² at first cycle; coulombic efficiency over 96% for Ag-doped films
	•The screen printing of Zr–LiCoO2 involved preheating at 150°C and 380°C for 1 hour, followed by final heat treatment at 750°C for 1 hour.
	Not detailed
	• Electrode material utilization decreases with increased film thickness.
• Preparation involves multiple steps, including Zr–LiCoO2 powder via sole-gel process, screen printing, and heat treatments, complicating scaling.
	[102]

	Ni-MH 
	
Zinc/Manganese Dioxide
	Nickel Hydroxide 
	25% Caustic Potash solution
	Not detailed
	Not detailed
	Roll-fed plastic
	• Ni-MH cells showed capacities up to 32mAh, Zinc/Manganese Dioxide up to 20mAh
	Not detailed
	Not detailed
	• Material compatibility issues, with lower conductivity of carbon black increasing internal resistance.
	[51]

	Rechargeable polymer battery
	
PEDOT
	 Base current collector layers: Silver followed by a carbon layer.
	Gel electrolyte comprising poly(styrene sulfonate sodium)
	Deionized water and isopropanol
	Hydroxypropyl cellulose
	Polyester film
	Open circuit voltage 0.60 V, specific capacity 5.5 mAh g^-1, limited cycling capability
	•  Carbon Ink: Cured at 130°C for 5 minutes
•  Silver Ink: Cured at 130°C for 5 minutes
•  PEDOT: PSS Ink: Cured at 130°C for 5 minutes
•  PEI Layer: Cured at 90°C for 10 minutes
	• Squeegee Angle: 45 degrees
• Flood Speed: 70 mm/min
• Print Speed: 70 mm/min
• Snap Off: 2 mm
• Squeegee Load: 10 kg
	•Limited cycle life and high internal resistance affect long-term reliability and efficiency.
	[103]

	All-solid-state lithium-ion battery
	Lithium metal
	LiCoO2 
	Nb doped Li7La3Zr2O12 (LLZONb)
	Not applicable (solid-state)
	Ethyl cellulose
	Not detailed
	74% of theoretical capacity; 85-100% coulombic efficiency over cycles
	-
	-
	•  Ensuring material compatibility between cathode and solid electrolyte to avoid degradation.
• Limited energy density compared to liquid electrolyte-based systems.
	[104]

	Leclanché primary battery in solid state 
	Zinc/Manganese Dioxide
	-
	NH4Cl
	 
polyethyleneimine (PEI) and Carbopol 940 
	Styrene-butadiene rubber, Carboxyl methylcellulose
	PET
	-
	-
	-
	•  Zinc and ammonium chloride interaction leads to material degradation and electrolyte changes.
• Managing gas and moisture permeability is challenging to prevent electrolyte drying and maintain battery integrity.
	[105]

	Hybrid supercapacitor
	Graphene Oxide
	Graphene / CoS2/ Ni3S4 composite
	KOH-based hydrogel
	Isopropanol 
	 PVDF
	Cellulose paper
	Energy density of 44.9 Wh kg-1 at power density of 224.8 W kg-1; retains 79.6% capacitance after 10,000 cycles
	-
	-
	•Maintaining material stability during vulcanization and operation is challenging for long-term efficiency. 
	[106]

	Al ion battery 
	Aluminum ink
	Graphite ink
	"Water-in-salt" AlCl3
	Ethanol-water mixture
	PVDF for cathode, CMC for anode.
	Cellulose paper
	Achieves a high specific capacity of 120 mAh/g with a lifetime of 550 cycles at a lower specific current of 0.25 A/g
	-
	-
	•Cycle stability issues and water electrolysis side reactions reduce energy efficiency. 
	[54]

	Lithium Metal Battery
	Ag-grid on Cu foil
	LFP
	1 M lithium bis(trifluoromethanesulfonyl)imide
	1,2-Dimethoxyethane, 1,3-Dioxolane
	-
	Cu foil
	High Coulombic efficiency of ~97.2%, 700 hours of cyclic stability at 1 mA cm²
	It was carried out at a temperature of 120°C for 30 minutes.
	• 400 mesh 
•Printing rate of 20-40 mm/s •Printing angle  45° •Temperature maintained at 25°C during printing.
	•  Complex preparation involves multiple intricate steps, challenging for industrial scale.
• High material and process costs due to silver and specific equipment.
	[52]

	Lithium-ion
	Graphite
	 LFP
	LiPF6 in EC/DMC
	Distilled water 
	CMC
	Cellulose paper
	Capacity ~80 mAh/g
	•Initial drying at 110°C for 10 minutes, followed by room temperature drying overnight and a final vacuum drying at 105°C overnight
	• DEK Horizon 03i automatic flatbed press
•Polyamide nylon, 208 threads per inch
•Open Area: 40%
•Thread Diameter: 70 µm
•Emulsion Thickness: 110 µm
•Printing Speed: 30 mm/s
•Printing Force: 50 N
	• Capacity decay upon cycling is a common issue.
• Increased material loading risks delamination, affecting structural integrity.
• Residual water in the ink impacts efficiency and capacity due to cellulose's hygroscopic nature.
	[53]
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