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Light absorption in solution:
Lambert-Beer Law

. Incident light intensity

I
—_ -ccl 0
| = I0 10® | transmitted light intensity
A: absorbance of the solution
A=ccl=loalJl =-loal/l . extinction coefficient of the solved
9 1o g 1o substance (L - mole! - cm)
o c: concentration of the solution (mol / L)
I/ 1,: transmission =T I path length (cm)
A=-logT B
Absorbed light=1,=1,—1 - i
=1, -(1- 10¢¢) -! it
— C € I
g depends on the wavelength: € = g(A) 0 —

g(A) is characteristic of the electronic |
and optical properties of the chromophore

Assumptions: no reflection, no scattering,
diluted solution



Absorption spectrum of red-shifted PI* and overlap

with emission of mercury lamp
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Effect of concentration on light penetration at
single wavelength
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Example: 313 nm in a 50 um clear coat
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Tabelle1

		Irgacure 369

		MG = 361.5												e.c =		995.8506224066

		c =		2% w/w		0.0553250346		mol/l				A = e.c.d

		d = 50 mm				0.005		cm																		Normierfaktor		1.4657212793						Normiert

		e =				18000		l/mol.cm

								e.c		d		A(d)		0		pot (10;-A)		% abs Licht		Schichtelement						2% w/w		1% w/w		0.2% w/w				2% w/w		1% w/w		0.2% w/w

						A(5) =		995.8506224066		0.0005		0.4979253112		-0.4979253112		0.3177420468		68.2257953211		68.2257953211				5		68.2257953211		43.6313875646		10.8323196435		5		100		63.9514531993		15.8771614057

						A(10) =		995.8506224066		0.001		0.9958506224		-0.9958506224		0.1009600083		89.9039991702		21.6782038491				10		21.6782038491		24.5944077565		9.6589281549		10		31.7742046789		36.0485468007		14.1572965319

						A(15) =		995.8506224066		0.0015		1.4937759336		-1.4937759336		0.0320792397		96.792076032		6.8880768617				15		6.8880768617		13.863526389		8.612642183		15		10.0960008298		20.3200656347		12.6237329187

						A(20) =		995.8506224066		0.002		1.9917012448		-1.9917012448		0.0101929233		98.9807076725		2.1886316405				20		2.1886316405		7.8146774601		7.679693252		20		3.207923968		11.4541390442		11.256289818

						A(25) =		995.8506224066		0.0025		2.489626556		-2.489626556		0.0032387203		99.6761279696		0.6954202971				25		0.6954202971		4.4050252506		6.8478043313		25		1.0192923275		6.4565392456		10.0369725249

						A(30) =		995.8506224066		0.003		2.9875518672		-2.9875518672		0.0010290776		99.8970922382		0.2209642686				30		0.2209642686		2.4830516112		6.1060282776		30		0.3238720304		3.6394615841		8.9497355785

						A(35) =		995.8506224066		0.0035		3.4854771784		-3.4854771784		0.0003269812		99.9673018771		0.070209639				35		0.070209639		1.3996617393		5.444603777		35		0.1029077618		2.0515139951		7.9802716134

						A(40) =		995.8506224066		0.004		3.9834024896		-3.9834024896		0.0001038957		99.9896104315		0.0223085544				40		0.0223085544		0.7889699012		4.8548268926		40		0.0326981229		1.1564099729		7.1158230838

						A(45) =		995.8506224066		0.0045		4.4813278008		-4.4813278008		0.000033012		99.9966987972		0.0070883657				45		0.0070883657		0.4447313858		4.3289365254		45		0.0103895685		0.6518522558		6.3450143821

						A(50) =		995.8506224066		0.005		4.979253112		-4.979253112		0.0000104893		99.9989510691		0.0022522718				50		0.0022522718		0.2506889113		3.8600122838		50		0.0033012028		0.3674400717		5.6577021428

																				99.9989510691

		c =		0.2% w/w		0.0055325035		mol/l				A = e.c.d		e.c =		99.5850622407

		d = 50 mm				0.005		cm

		e =				18000		l/mol.cm

								e.c		d		A(d)		0		pot (10;-A)		% abs Licht		Schichtelement

						A(5) =		99.5850622407		0.0005		0.0497925311		-0.0497925311		0.8916768036		10.8323196435		10.8323196435

						A(10) =		99.5850622407		0.001		0.0995850622		-0.0995850622		0.795087522		20.4912477983		9.6589281549

						A(15) =		99.5850622407		0.0015		0.1493775934		-0.1493775934		0.7089611002		29.1038899813		8.612642183

						A(20) =		99.5850622407		0.002		0.1991701245		-0.1991701245		0.6321641677		36.7835832333		7.679693252

						A(25) =		99.5850622407		0.0025		0.2489626556		-0.2489626556		0.5636861244		43.6313875646		6.8478043313

						A(30) =		99.5850622407		0.003		0.2987551867		-0.2987551867		0.5026258416		49.7374158422		6.1060282776

						A(35) =		99.5850622407		0.0035		0.3485477178		-0.3485477178		0.4481798038		55.1820196192		5.444603777

						A(40) =		99.5850622407		0.004		0.398340249		-0.398340249		0.3996315349		60.0368465118		4.8548268926

						A(45) =		99.5850622407		0.0045		0.4481327801		-0.4481327801		0.3563421696		64.3657830373		4.3289365254

						A(50) =		99.5850622407		0.005		0.4979253112		-0.4979253112		0.3177420468		68.2257953211		3.8600122838

																				68.2257953211

		c =		1.0% w/w		0.0276625173		mol/l				A = e.c.d		e.c =		497.9253112033

		d = 50 mm				0.005		cm

		e =				18000		l/mol.cm

								e.c		d		A(d)		0		pot (10;-A)		% abs Licht		Schichtelement

						A(5) =		497.9253112033		0.0005		0.2489626556		-0.2489626556		0.5636861244		43.6313875646		43.6313875646

						A(10) =		497.9253112033		0.001		0.4979253112		-0.4979253112		0.3177420468		68.2257953211		24.5944077565

						A(15) =		497.9253112033		0.0015		0.7468879668		-0.7468879668		0.1791067829		82.0893217101		13.863526389

						A(20) =		497.9253112033		0.002		0.9958506224		-0.9958506224		0.1009600083		89.9039991702		7.8146774601

						A(25) =		497.9253112033		0.0025		1.244813278		-1.244813278		0.0569097558		94.3090244208		4.4050252506

						A(30) =		497.9253112033		0.003		1.4937759336		-1.4937759336		0.0320792397		96.792076032		2.4830516112

						A(35) =		497.9253112033		0.0035		1.7427385892		-1.7427385892		0.0180826223		98.1917377712		1.3996617393

						A(40) =		497.9253112033		0.004		1.9917012448		-1.9917012448		0.0101929233		98.9807076725		0.7889699012

						A(45) =		497.9253112033		0.0045		2.2406639004		-2.2406639004		0.0057456094		99.4254390583		0.4447313858

						A(50) =		497.9253112033		0.005		2.489626556		-2.489626556		0.0032387203		99.6761279696		0.2506889113
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Common issues arising from poor absorption
characteristics at longer wavelengths

B Poor surface cure
B Yellowing at high photoinitiator concentrations

B Significant increases in formulation costs with increasing
photoinitiator levels

B Reduced formulation latitude



Oxygen Inhibition — Amine-modified Acrylates

Oxygen Depletion by a-Aminoalkyl Radicals
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Photocalorimetry Results using
Broadband Mercury Source

Expected conversion based on structural factors

% Conversion = AH

/AH

expt theoretical
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Photocalorimetry Results using
Broadband Mercury Source

Negative AH for amine-functional AM-1 suggests a change in reaction mechanism
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Flexo Ink Study
390 nm @ 12 W in Air

Pigment Dispersion

PE Acrylate 45.1
EOTMPTA 22.3
HMWD 3
Pigment 30

Dispersion Letdown

Dispersion 50
Epoxy Acrylate 9-15
Test Resin 9-40 All inks formulated to 750-1000 mPas
and applied at 1.8um
EOTMPTA 16-22
Pl 7.5-10.0

Pl - Ethyl (2,4,6 — trimethylbenzoyl) phenyl phosphine



Effect of Resin Modification on Cure Response of
Flexo Inks

Clear Correlation Between Level of Abstractable Hydrogens and Cure Response
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Use of LED Resin to Enable Lower Pl Use in Flexo
Formulation

5 mmol/g a-H in ink equivalent to 25% reduction in photoinitiator concentration
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Conclusions

B Resin-based approaches can be highly successful in addressing the
Issues resulting from poor overlap between LED sources and
photoinitiator absorption

B Cure performance of UV LED Flexo ink formulations can be significantly
improved

B Through appropriate resin structure design and application, Flexo ink
photoinitiator concentrations can be significantly reduced
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While the descriptions, designs, data and information contained herein are presented in good faith and believed to be
accurate, they are provided for guidance only. Because many factors may affect processing or application/use, BASF
recommends that the reader make tests to determine the suitability of a product for a particular purpose prior to use.
NO WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, WARRANTIES
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ARE MADE REGARDING PRODUCTS
DESCRIBED OR DESIGNS, DATA OR INFORMATION SET FORTH, OR THAT THE PRODUCTS, DESCRIPTIONS,
DESIGNS, DATA OR INFORMATION MAY BE USED WITHOUT INFRINGING THE INTELLECTUAL PROPERTY RIGHTS
OF OTHERS. In no case shall the descriptions, information, data or designs provided be considered a part of BASF's
terms and conditions of sale. Further, the descriptions, designs, data, and information furnished by BASF hereunder
are given gratis and BASF assumes no obligation or liability for the descriptions, designs, data or information given
or results obtained all such being given and accepted at the reader's risk.

© BASF Corporation, 2018
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