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§ FFIC	Background
§ Aqueous	Pigment	Dispersions


§ Why	pigments?
§ Basic	science	of	stabilisation
§ Dispersion	technology	options
§ What	to	look	for	in	a	dispersion


§ Finish	and	Questions
§ Perhaps	answers!







FFIC	Background
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Fujifilm	Inkjet	Technology	Companies
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FUJIFILM	has	accumulated	key	
component	technologies	to	
participate	in	many	markets	as	they	
transition	from	analogue	to	digital


UV	ink:	FSIS	(UK)	


Aqueous	ink	FFIC	(USA)


Dimatix (USA)
Fujifilm	(Japan)	
&	FFIC	(UK)


Ink
formulation


+
manufacture


System 
integration 
technology


Materials 
chemistry


Printhead 
Technology
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FFIC	Business	Focus


Our	business	 is	in	the	
development,	


production	and	sale	of		
inks	and	colorants	for	
digital	print	applications		


We	are	a	leading	player	
in	aqueous	inkjet	
applications


FFIC	Manufacturing	Sites


FFIC	Locations
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New	Castle,	Delaware,	USA


Ink	Manufacturing	 &	Ink	
Technology	Centre


Grangemouth,	UK


Colorant	 Manufacturing	&	
Colorant	 Technology	Centre


– Tightly	managed	global	supply	chain	through	 vertical	integration	 from	
colorant	 to	inkjet	 ink	production


– Decades	of	experience	 in	operation	 for	demanding	quality	standards
for	inkjet	applications	


– Efficient	‘New	Product	 Introduction’	 processes	on	each	site
– Sites	have	Technology	Centers	for	product	 development,	 scale	up


and	support
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Ink	Manufacturing	– New	Castle
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§ Pigment	and	dye	based	ink	formulating	operations
§ Asset	structure	allows	segregation	of	products
§ Extensive	quality	process	ensures	supply	of


high	quality	inks
§ Batch	sizes	ranging	 from	200	to	22,000
§ In	excess	20	million	 liters	per	annum	capacity


§ Extensive	Unit	Operations	for	Dye	Processing
§ Carbon	treatment	for	organic	impurity	 removal
§ Ion	exchange
§ Reverse	osmosis
§ Sub-micron	 filtration	– Multiple	options
§ Fine	Powder	Containment	facility	(FPC)


§ In-house	effluent	control	system
§ Bacterial	control	measures	in	place	for	inks	&	dyes
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New	Castle	Ink	Technology	Centre
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§ Developing	the	next	generation	of	
proprietary	inks	for	an	expanding	range	of	
applications
– Deep	understanding	 of	formulation	and	


chemistry	of	colorants
– More	than	20	years	experience


developing	 inks
– Detailed	knowledge	of	jet	design	and


ink	operability


§ State-of-the-art	research	facility
– Dedicated	team	of	chemists	and	engineers
– Cutting	edge	equipment	 and	techniques
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Grangemouth	Site	Overview
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§ Manufacturing,	technology	and	
commercial	activities


§ Manufacturing	plants	for	inkjet	dyes,	
chemically	produced	toners	and	
pigment	dispersions


§ Colorant	Technology	Centre
§ Development	of	novel	aqueous	dyes
§ Research	&	Development	of	


proprietary	aqueous	pigment	
dispersions


§ Support	 to	toner	and	infrared	absorber	
manufacture


•
http://www.colorantshistory.org/Phth
aloDiscovery.html
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Technology	Centre
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§ Development	of	RxD products
§ Scale	up	of	dye	and	pigment	production	processes
§ Suite	of	modern	laboratories—800	square	metres


§ Measurement	science	for	dye	and	pigment	technology
§ Semi-tech	pigments	process	area
§ Wide	range	of	analytical	equipment	
§ Lab	automation	(synthesis,	crystallisation)
§ Membrane	equipment	(various	types	and	materials)







Aqueous	Pigment	Dispersions
Why	pigments?
Basic	science	of	stabilisation
Dispersion	technology	options
What	to	look	for	in	a	dispersion
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Why	Pigments?
Both pigment dispersions & dyes will play a role in new markets selected on 
performance & cost considerations 


Fade resistance 
Water resistance
IQ on standard papers
Flexible Application Space
Flexible Choice of Ink Vehicle
Value


Gamut
Abrasion resistance
Gloss
Cost?


Gamut
Ease of ink formulation
Fade resistance photo dyes 
& media
Gloss


Water resistance
IQ on standard papers


+ves


-ves


Dyes Pigment Dispersions
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Ink	Vehicles…not	simply	aqueous


§ Industrial	inkjet		applications		(high	speed,	single	pass,	unconventional	
substrates)	


§ Require	diverse	ink	formulations
§ Added	functional	components,	such	as	solvents,	emulsion	polymers,	


UV	monomers/oligomers:
§ Maintain	print-head	 reliability	e.g. “open	time”
§ Enable	rapid	wetting	of	hydrophobic	 surfaces
§ Reduce	paper	cockle	and	curl
§ Maintain	web-strength	on	printing
§ Provide	 film-forming	 layers
§ Provide	 image	robustness


§ These	formulants can	challenge		dispersion	stability.
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Basic	Science	of	Stabilisation


§ Pigment	Dispersions	are	not	thermodynamically	stable,	but:
§ We	can	make	them	meta-stable	(or	kinetically	stable)
§ By	creating	a	barrier	to	particle	aggregation
§ Protection	against	Van	der Waals	forces


§ This	needs	to	be	effective	during:
§ Purification/finishing/storage/transport
§ Also	when	formulated	into	an	ink
§ And	for	prolonged	periods


§ Two	ways	of	doing	this:
§ Electrostatic	Stabilisation
§ Steric	Stabilisation
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Barrier


DLVO	Theory	(lite)			- Electrostatic	Stabilisation
(Derjaguin,	Landau,	Verwey &	Overbeek)


D


(Van der 
Waals Trap)


High	 levels	of	organic	and/or	ionic	components	can	compromise	electrostatic	stabilisation
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Steric	Stabilisation	- polymeric	dispersants
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§ Lyophilic chains	project	into	the	
solvent	medium	(distance	δ)


§ As	particles	approach	within	2δ, 
their	chains	interfere	with	each	
other	– energetically	unfavourable:


§ Increased	chain	“concentration”	causes	
compensating	solvent	 in-flow


§ Loss	of	conformational	freedom	of	chains	
reduces	entropy	and	raises	free	energy


§ Less	sensitive	to	ionic	strength
§ Various	means	of	attaching	


lyophilic chains
§ Stabilisation	depends	on	keeping	


the	polymer	in	place
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Stabilisation	Summary


Electrostatic Stabilisation:
- sensitive to salt
- sensitive to dielectric constant


Steric Stabilisation:
Short-range repulsive interaction


- sensitive to solubility of the 
polymer in the medium (solvent choice)


ELECTROSTERIC - anionic polymeric dispersants
- combination of both
- most effective form of stabilisation


(if the polymer is irreversibly anchored!)
-


-
-


-


-


-
- - -


-
-
-
- -


-
--


-


- --


-


-







FUJIFILM Imaging Colorants
Technology	Options


Encapsulation
Polymer	pptn


High	stability
Flexible	design


Complex	process
Relies	on	polymer	


insolubility


Polymer	Dispersants
Polymer	adsorption


Lower	cost
Charge	and	steric


stabilisation
Risk	of	desorption
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Surface	
Functionalisation
Covalent	reaction


Simple	process
Consistent	functionality
Pigment	dependent


-


-
- - -


-


-


-


-
--


-


-
-


-
-


-


-


-
-


- -


-


-


-


- -


-
-


-
- -


-


--


-


-


-


-


-
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Instability	of	Polymer	Stabilised	Dispersions


-
-


-


-


-


- - -


-


-
- -


Organic Solvent
-


-


-
-


-


-


- - -


-


-
-


- -
Surfactants


§ Addition of organic solvents weakens the hydrophobic interaction 
between dispersant anchor groups and the particle surface


§ Common source of formulation incompatibility and long term instability


§ Desorption = Destabilisation


To maximise stability to solvents - ensure the polymer stays in place
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Reactive	Dispersant	anchoring	


Conventional dispersant
§ Polymer adsorption
§ Polymer designed with cross  


linkable reactive sites


Reactive dispersant (RxD)
§ Cross-linked polymer 


network
§ Prevents desorption


XX
Reaction with cross-linker
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-
-


-


-


-


- - -


-


-
- -


-
-


-


-


-


- - -


-


-
- -


= network cross-link
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Without cross-linking 


Addition of 2-butoxyethanol causes 
precipitation of the dispersion


Improving	Colloidal	Stability


Increasing	Tolerance	of	Solvents
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After cross-linking 


Addition of 2-butoxyethanol produces a 
stable dispersion


50% 100% 10% 50% 100%


Effect of cross-linking on stability in 
DEGmBE/water mixtures


Effect of cross-linking on stability in 
TEGmBE/water mixtures
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What	to	look	for	in	a	dispersion
§ (Stability	– already	discussed)


§ Excellent	and	robust	colloidal	stability
§ The	foundation	of	your	ink


§ Pigment	content
§ High	content	gives	formulation	headroom
§ Allows	low-water	ink-formulations
§ High	content	requires	extra	stability!


§ Durability	– how	robust	is	your	printed	
image?


§ Purity	– what	do	you	want	to	avoid?
§ Bio-control	– let’s	keep	things	hygienic
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Durability of	Cross-linked	Polymer	Images	
(Highlighter	Smear	Test)


Surface Functionalised Pigment


All examples are printed to same OD in simple ink with no binder


Plain Paper


Microporous 
photo paper


X-linked Polymer


Provides superior durability c.f. surface-functionalised dispersed 
pigment – by having polymer on surface of pigment
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Dispersion	Quality	&	Purity:


§ Low oversize	counts
§ Need	particle-counting instruments	–not


aggregate	particle-size	distributions	
§ Absence of	polyvalent	cations (Mg/Ca/Fe	etc)


§ For	stability	and	cleanliness	– avoid	printhead deposits
§ Critical for	TIJ	– gold-standard	- aim	for	ppm	 levels
§ Helps	bio-control


§ Absence of	residual	monomers
§ Low	odour,	 low	toxicity,		skin-contact	&	food-contact	


applications
§ (but	doesn’t	help	bio-control!)
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Dimatix Samba	Head
Δτ = 2 µs	
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Bio-control
§ Pigment	dispersions	have:


§ Lots(!)	of	surface,	source	of	carbon,	water,	mild	pH
§ Perfect	for	bugs
§ Comprehensive	countermeasures	are	indicated


§ Ask	your	prospective	supplier	about	bio-control:
§ Raw	material	choice	and	control,	water-quality
§ Process-design	 to	avoid	initial	inoculation
§ Process-design	 to	maintain	bug-hostile	environment
§ Sterilisation	steps
§ Bio-protection	 for	storage


§ Bacteria	are	a	lot	bigger	than	pigment	particles…
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Pseudomonas	 sp.	in	a	
black	dispersion
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RxD Technology	– Key	Advantages
§ Stable


§ Cross-linking	of	the	dispersant	prevents	polymer	desorption	
§ Leads	to	outstanding	 stability	in	inks	formulated	with	challenging	solvents
§ Provides	wide	formulation-flexibility	 for	the	ink-designer


§ Cost	effective	
§ A	simple	and	elegant	modification	 to	an	economically	attractive	dispersion	


process	– and	easy	to	scale-up
§ Limited	sensitivity	to	pigment	surface


§ High	Purity
§ Very	low	oversize	counts	for	excellent	single–pass	operability
§ Extremely	clean	of	polyvalent	 ions,	 trace	organics
§ Zero	bug	counts	at	delivery	and	excellent	biological	protection	 for	long	


shelf	life	and	system	reliability
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Thank	you!


e-mail:	rupert.mcintyre@fujifilmic.com
mobile:	+44(0)		7917	506518
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