SOUTH DAKOTA

Stlver Chloride Ink Formulation for

CO m b i n e d Se n SO r'Ante n n a_ Ap p I i Ca_ti O n S G: Center for Security Printing & Anti-Counterfeiting Technology

Kennedy Southwick (Montana Tech) . .
Faculty Advisors: Dr. Jon Kellar, Dr. Grant Crawford Montanalech

SCHOOL OF MINES
& TECHNOLOGY

Abstract Ink Formulation

The goal of this research is to formulate silver chloride (AgCl) nanoparticle ink folhe Hansen solublility parameters of the 50t and 86nm particles were found by

antenna sensing applications in security printihgCl undergoes a chemical dispersinghe nanoparticles in 11 different solvents. -

decomposition in the presence of ultra violet (UV) light, causing the formation| of A methyl benzoate, Acetonitrile, diethylene glycol hexyl ether, diethylene glycol, et T

silver. Poof of concept was performed by ink formulation and conductivity testjng diethylene glycol monobutyl ether, ethylene glycol monobutyl ethguebtanol, :, \\\_\\ .
of AgCl reduced to Ag. The results of this research suggest that AgCl does not ~ €thanol, methanol, ethylene glycol, ameater T

reduce to a continuous, conductive silver patider the conditions studied here.

The500-nm particles stayed dispersed imp&ntanol the longest of the solvents, se 1
pentanol was chosen as a solvent for the ink. Tha®@0particles did not disperse In

700
Wavelength in nm

- any of the solvents easily but methanol and water showed more promise. Figure 9 and 10. SEM images of AgCl coated glass slide  Figure 11. Absorption spectrum suggesting small
I n t rO d u Ctl O n ’ - before and after 1 hour UV light exposure presence of small silver nanopatrticles
Consequently, a solvent matrix of 70 vol.% methanol and 30 vol.% water was used for

the 80-nm particles

A Counterfeiting methods often involve the manipulation of legitimate packaging Hansen Solubility Parameters D - -
materials to repackage counterfeit goods. | Table 1. Hansen solubility parameters for each synthesis ISCUSSION
A Environmental exposure is common sign tampering has occurred. d { N C :
iq Pi - iti i iti omments . . .
ﬁ Big Picture. Develop a Uv s§n5|t|ve RF antenna fo_r d_etectmg counterfeiting. \ P Mo _ _ _ —— The relatively large size/tendency to agglomerate of the nanoparticles made
Primary Rese_a_rch Ol_ajectlve_. Deve_lop a UV sensitive ink, composed of AgCl, t_o A¢500 nm| 15.98| 7.03 [12.49| 1.9 hlghyleld, low dlsper3|b|I|ty determination of the Hansesolubility parameters difficult for both the 500m
as a UV sensitive switch which activates a RF antenna when exposed to UV lig t'80 13 15| 16.04] 3225 11 1 |hiahvield. better di : and 80nm particles
nm : : : : I e eter dispersion NN . . .
J y — : P A 500-nm particles were too large, with the result that settling occurred in
AgCl blogk 60 Nm -- -- -- -- |lowyield, discontinued approximately 10 min in even the best solvent.
A 80-nm particles tended to agglomerate, with the result that the particles
would not stay dispersed in any solution.
25 D ’H_’ 2% D H & b oM. | ‘
20 | ;| 20 | A .. :
NEEN ) 1 — The decomposition of AgCl to Ag does not produce a uniform layer of Ag , and
Figurelvw / 2RS SAGK 13/t GASADOKE N EEEEEEgY . T therefore does not overcome the percolation threshold necessary to change the
=N =~ ¥ «| [ T= resistance.
AgCl Nanoparticle Synthesis LSS e Y
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e Conclusions
Procedure 1 s
A AaN as reacted with HCI in ethvilene alvcol in the presence of the capbina aaertoure 4. Solubility space for Figure 5. Solubility space for Figure 6. HSP for 80 nm
Pg/PQ " v | 4 SV P PP a3= Soonm particles 80-nm particles Neither of the AgCI inks formulated during this research were ideal for the QR coc

Al &8FG8SR 2 / T2 NJ YAVdaZi S53d / SV - A - « & Z oo > A - 51 &Ny fnlerna applications. The frequency response of the QR code antenna was
ethanolIJ ; P i y daii S & LSB ﬁ'szﬁéth am Réé'S{éﬁ@@lﬁ-e?th ﬁg . deggned to change as the result of resistivity changes in the AgCI ink upon
A Produced nanocubes with a mean side length of ~500 nm. exposure tosunlight, butwhile the AgCl ink does decompose to Ag, this

A Room temperature synthesis produced nanocubes with mean side length of ~ 80n i ' : - : decomposition does not_produce a _Corresponding change in resistanc_:e. _The AgCl
P y P g Mhe 80nm ink was spin coated on a glass slide at 500 rpm for 1 minute. After whichithe reduces to a norconductive purple film that may have alternative applications,

Procedure 2 | | | | slide was placed_under the fopoint probe to measure resistance before and after such as an opticalivariable ink, but is not suitable for the QR code antenna
A AgNQwas reacted with NaCl in water with the capping agent PVA. exposure to UV light application

A Room temperature synthesis for 20 minutes. Centrifuged, rinsed in methanol. A Very high resistance before and after exposure to UV light '

A Nanoparticles produced with mean diameter of ~60nm A Visible color change, but no resistance alteration

Future work for the QR code antenna, the AgCl particles could be mixed with Ag
nanoparticles in order to reach the percolation threshold necessary to cause
conductivity when exposed to UV light.
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