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The application of a material from the vapor 
state to a surface producing a new layer.                  

Definition of Coating

Coating

To replace the air at the surface of a substrate with one or more layers of 
material to give a new structure with different properties.

The applied material is liquid and replaces the 
gas adjacent to a solid surface (usually the gas 
is air but can be another gas, e.g., nitrogen).
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coating
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History of Development

• Block printing China ~ 800AD
• Guttenberg printing press Germany 1450
• Fourdrinier machine  1799
• Roll Coating ~ 1850

• Is old process which is  continually evolving
• Technology development continuing
• However, time scale is much longer than for 

introduction
• May take 10 years or more for wide spread 

acceptance and implementation



Stages of Technology Development

1. Initial  applicator concepts 1850 to ~1960
2. Dryer Development  1970 to present
3. Fundamental Studies ~1975 to -present
4. Precision Premetered multilayer coating methods 

1975 to present
5. Increased focus on overall coater systems. 1995
6. Wider range of products coated 2000



Coating Process Evolution

Festoon Dryer                                 Dip Coater



Coating Method Evolution

• First patents



Early Patents

• Mayer Rod  1904



On Going Patents



Dryer Development
• Drying capacity was major rate limiting factor

– Could not dry at coater high flow rates
– Operating conditions were comprise not best of coating 
– Limiting step in process

• Low rates gave long dryer difficult to run
– Web stability
– Web contact with rolls
– Non-uniform drying 

• Low rates lead to long dryers



High Rate Impingement Dryer
• Dryer Innovation 1972
• T. A. Gardiner showed air boundary layer

– Rate  limiting 
– Could be broken-up without disturbing coating 
– Designed new nozzles
– Lead to high rate dryers

• Dryer no longer rate limiting
• Lead to floater dryers
• Examples of dryer efficiencies

DRYER TYPE h, BTU/ft2-HR-°F
Festoon dryers 1-3
Single side impingement nozzles                        10-30
Floaters 20-60
Hybrid 60+



Impingement  Dryer Configurations



Current Major Technology Advances

• Continuous improvement old coating techniques
– Higher speeds, improve fabrication, lower cost
– More coating weight uniformity better quality
– Serve specialized needs
– Give process much more flexibility
– Still viable coating techniques



Comparison of Older Coating Methods

Ta bl e 1
Co m p a r is on  o f Ol d Co a t in g Me thod s

Coating Method Viscosity range, cp
Wet Thickness .mic
Line Speed. Fpm
Uniformity, %

Advantages Disadvantages

  Gravure, Offset V  20-13000
W 3-206
L 10-1000
U 2

Low thickness
Pattern coat
High speed

Cell pattern in coating
Not for high thickness
Gravure cylinder wear
Low line speed

 Gravure, Direct V 1-500
W 3-65
L  25-2300
U 2

Low thickness
Pattern coat
Coat different webs

Cell pattern in coating
Not for high thickness
Gravure cylinder wear

  Mayer Rod V 50-1000
W 4-80
L 10-1000
U 10

Low cost, Available
Simple process
Easy thickness change
Good technology base

Low solids & viscosity
Scratches
Low speed

  Forward Roll V 20-2000
W 10-200
L 100-1500
U 10

Simple to operate
Relatively low cost

ribbing defect
lower line speeds
viscosity latitude

  Reverse Roll V 200-50000
W 14-450
L 20-1700
U 2

Thickness control
high speed
viscosity range
quality

High equipment cost
Precision construction
Maintenance
More technology to
operate

  Air Knife V 1-500
W .1-200
L 40-400
U 5

Low thickness
Good coverage
Thickness easy to
change
versatile

Narrow speed range
Low viscosity & solids
Noise, misting
contamination

  Dip V 40-1500
W 10-150
L  45-600
U 10

Relatively Inexpensive
Saturate web
Coat both sides

low viscosity
low line speeds
low coating weight
Limited product use



Fundamental Understanding of 
Coating process

• Understanding of fluid flow in coater
– Basic Mechanisms defined
– Computer models 

• Simulate coating flow
• to customize designs

– Improved design of applicators
– Understanding of defect mechanisms

• Modeling Technology readily available
• No one method is optimum for all situations
• Need multiple methods







Coating Applicator Advances
• Premetered multilayer applicators

– Slot die, slide, curtain
– Offer Many advantages versus roll coating
– Significant Improvement in applicator design, quality & cost
– Wider range
– Vendors use modeling technology to design

• Essentially custom deigns
• Advances in metal fabrication and metrology

– Increased hardware precision for better quality
– Wider applicators
– Lower costs



Key Technology  Patents

Hughes, D.J. USP 3,508,947, 4/28/70  MAIER, G., BROWN, O. USP 5,741, 549  4/21/98







Slot die Advances

• Support systems 
– Pumps, flow meters, deaeators

• Result
– Premetered coating technique 

• Has  several advantages
• can be implemented by all

– New coaters or retrofits



On-line Quality Measurement Systems 

• Sampling Off-line standard technique
• Advances in Electronics, computers, programming 

developed new on-line techniques
– Coating weight, 
– Defect surface inspection systems
– Viscosity

• Give rapid accurate results
• Can be used as control loops
• Are more reliable then humans
• Easily justified by defect and downtime reduction
• Will be essential for all coaters



On-line Defect Detected

• Holes 

Courtesy Isra Vision Systems



Orange Peel



Cross Direction (CD) Profile

Courtesy Mahlo



CD Profile & MD Trends

Courtesy Mahlo



Rapid Change Coating Station 
Cartridge Coaters

• Current standard coating station
– Designed for one method
– New method can be added 

• Time consuming
• May not be able to get precision & accuracy needed

• Cartridge coating station
• Designed for rapid change
• Each method in cartridge 
• Can have several cartridges
• Fast, tool less changeover of coating methods 5 min
• Utility connections are accomplished automatically  



Cartridge Coaters



Increased focus on Coater Support Equipment

Su rfa c e  t rea tm e n t Su p p or t s t at io n P roce s s I n s t r um e n ta ti o n
  fl a m e p r ec i s ion  app li ca to r   se tti ngs         li ne  sp e ed /  web  t en s ion
  co r ona  di s cha r ge  v ib r a ti on i so l a ti on      drye r  H & V con tr o l
  p l a s m a   ri gid it y      dry po i nt   d et ec ti on
 web  c l eane r ca rtr idg e
 s ta t ic con tr o l

On - lin e  mea su re m e n t Co nt am in a t io n co n t r o l
    coa ti ng  we i gh t d r yer  a ir  filt ra ti on
   de f ec t de t ec ti on coa t e r  a ir  filt r a t i on

v i s c os it y

S o lu t i o n  M ix in g Coa t er  room Qu a l it y  Co n tro l
h igh s hea r t e m pe r a tu r e  con t ro l S .P. C.
l ow  shea r r e l a ti ve  hu mi d i ty  con tr o l 6 - s i g m a
c l ean i ng  equ ip m en t a ir f l ow te s t m e t hods
fi l tr a ti on  par ti cu l a t e  con tr o l

S o lu t i o n  d e li ve r y Coa t er  Ro ll s   a nd  B ear in gs    Data Ma n age m e n t
fi l tr a ti on r o l l  su rf ace           co m pu t e r  d a ta acqu isiti on

  debubb li ng  un if or mit y   &  b a la nce         s ta t isti ca l   Ana l ys is
  pu m p ing bea ri ngs   t ype   l ub ri can t      def e c t  da t ab a se

t e m p.  con tr o l           re m o t e  acc e s s
 v i s c os it y con tr o l P erso nn e l Tra inin g

I n- li ne
c l ean i ng  P roce du re s  Ro ll  St orage

equ ip m en t      env i ron m en t a l  con tr o l
t e s t i ng                              con ta mi na ti on  con t ro l

b o ld  are  ge n era l e q u ipm e n t  ca t egor i e s    
no rm a l  a r e  spe c ifi c  equ i p m en t  ex a mp le s  



High Quality Laboratory Coater

• Laboratory coating have had poor technology
• One of the weak areas in the coating process

• New Coating Technology for Lab & Scale-up coating
– Replacing hand coatings
– Automated can control coating & drying
– Improved quality 
– Cost effective

• Can produce customer quality



Figure  13.3
A Laboratory Sheet Coater

Courtesy Werner Mathis USA



Laboratory Continuous Coater



Bench-top Continuous Coater

Yasui-Seiki



Pilot Coaters

• New class of modular coaters
• Semi-custom

– Can select standard modules to meet your needs
– Coating, dryers, control systems

• Typical configuration
– Width up to 18 inches
– Line speeds to 130 f.p,m
– Modular zoned dryers
– Single position unwind rewind
– Complete control systems
– compact



Pilot Coater Modules

• Coating methods
– Die, reverse roll, gravure, Microgravure™, Kiss Dip

• Dryer
– Flotation, IR
– Add modules as needed

• Laminating
• U.V.
• Unwind 

– Continuous if interested, 
• Computer control systems



Modular Coater Advantages

• Good for 
– R&D, 
– Development, 
– Production

• Commercial quality
• Reproducible and versatile
• Can be used to manufacture small volumes



Inokin



Future Advances

• Use new technologies will expand
• More versatile coaters

– Multiple coating methods.
– Impingement UV IR dryers
– Wide range of supports thickness & type
– Coat wide range of coverage's
– Increase in width coated

• Increase in multilayer structures
• Hot melt coaters increased usage
• Reduced dependence on oil

– More focus on energy use efficiency
– Increased use of natural product supports



Facilities Comparison Past & Present

• Manufacturing coater
– Low speed, narrow
– Long dryers

• festoon, ss imping
– Applicator

• Single layer
• Mayer rod, roll, air knife, 

blade
• One technique per coater

– Thick coatings
• Energy consumption  not 

concern 

• Manufacturing coater
– High speed, wide
– compact high rate dryers

• Floaters, IR, hybrids
– Versatile
– Multiple Applicators

• Multilayer
• Slot die, reverse roll, gravure

– Wide range thickness & substrates
– Online measurements & control
– Energy efficient
– Intelligent control systems
– Emissions control
–

late 20th  century  21th  century 



Facilities Comparison Past & Present

• Laboratory
– Sheet coatings
– Mayer rod
– Dies
– Oven dry or bench top dry

• Laboratory
– Hand coating minimal
– New technology

• Automated sheet coater
• bench top continuous
• Modular pilot coaters
• Multilayer laboratory capability

late 20th  century  21th  century 


