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Sandia's History
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livernance of Sandia Laboratories
Sandia Corporation

• AT&T: 1949-1993

• Martin Marietta: 1993-1995

• Lockheed Martin: 1995-2017

• National Technology and Engineering Solutions
of Sandia, LLC, a wholly owned subsidiary of
Honeywell International Inc.: 2017-present

• Government owned, contractor operated
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Sandia's Sites
Albuquerque,
New Mexico
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Waste Isolation Pilot Plant,
Carlsbad, New Mexico

Livermore,
California

Tonopah, Nevada

Pantex, Texas
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MAU
Purpose Statement

Sandia develops advanced technologies to ensure global peace
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dia Addresses National
Security Challenges

I ecn, 1 ecn, I nwN, I [1011... 
1990s 2000s 
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Nuclear weapons

Production and
manufacturing
engineering

,

Development
engineering

Vietnam conflict

Multiprogram Missile defense
laboratory work

Ener crisis Cold War

Post-Cold War
transition

STA RT

Post 9/11

LEPs

Cyber, biosecurity
proliferation

Stockpile Evolving national
stewardship National security , security challenges
W



Sandia's Current Nuclear Weapons Activities

Warhead Systems Engineering
and Integration

An extensive suite of multi-disciplinary
capabilities are required for
Design, Qualification, Production, Surveill
Experimentation / Computation

Major Environmental Test Facilities
and Diagnostics

Z Machine

Gas
Transfer
systems

Light Initiated High Explosive

Annular core research reactor

Design Agency for
Nonnuclear Components

Arming, fuzing, and firing systems

MESA Microelectronics

,•-s
Neutron

generators

Sandia
National
laboratones

Safety systems

uction Agency



National Security and Defense Nuclear
Nonproliferation Programs

■

'eV Nen

Science & Technology
Products

Surveillance &
Reconnaissance

Remote Sensing
and Verification

Proliferation A

Integrated Milita

Sandia
National
laboratones
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Energy
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ARPAe, BES Chem Sciences, ASCR, CINT, Geo Bio
Science, BES Material Science

Renewable Systems

Energy Infrastructur
Renewable Energy, Energy Efficiency,

Grid and Storage Systems

Sandia
National
laboratones

%mate & Environment
Measurement & Modeling, Carbon Management, Water

& Environment, and Biofuels

ar Energy & Fuel C cle
Commercial Nuclear Power & Fuel,
Nuclear Energy Safety & Security, DOE
Managed Nuclear Waste Disposal

Transportati

& Systems
_ Vehicle Technologies, Biomass, Fuel Cells &
Hydrogen Technology



Global and Homeland Security
Sandia
National
laboratones

Global
Secu rity

Homeland Defense
and Force Protection

Remote Sensing '
and Verification

Cyber and
Infrastructure Security



Our Research Framework
Strong research foundations play a differentiating role in our mission delivery

Computing &
Information Sciences

Engineering Sciences

Bioscience

Nanodevices &
M icrosyste ms

Geoscience

Sandia
National
Laboratones
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FY 2016: Impacting the local economy Fit
Sandia
National
Laboratories

Workforce: 12,001 employees (10,715 NM, 1,286 CA)

10,715
NEW MEXICO

12,001) Milli
EMPLOYEES 

• • • 
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1,286

v

$381 m
NEW MEXICO

L

SMALL BUSINESS ASSISTAN

$239.8m
SMALL BUSINESS

$2.4M
IN ASSISTANCE

$145.5M
CALIFORNIA

$91.9M
SMALL BUSINESS

•

205
SMALL BUSINESSESÅ
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Esidu Partnerships and Collaboration
Accelerate Innovation

AAt.-tt

The University of Texas

1
MONSIM

UNIVERSITY,/ CALIFORNIA.

V
UNIVERSITY OF

NOTRE DAME

irf

Tsinithua University

National University
of Singapore

--:)CAERC

...111

niversities lndustr

sisairmi_inismurror
ADVANCED INDUSTRIAL SCIENCE
AND TECHNOLOGY (AIST)

INST/

's-

CORNING Per;

intel.

i n v

GO ODAEAR

LOCKHEED MARTIN

E)KonMobil
Taking on the world's toughest energy challenges:

.
_ _

  N ApiiJ
13

Sandia
National
Laboratories



Sandia
National
Laboratories

Exceptional

service
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Doing Business with Sandia

Partnerships Agreements

Sandia National Laboratories

s a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,

r the United States Department of Energy's National Nuclear Security Administration
u S. DEPARTMENT of 

der ccirybffilibW44-94AL85000.
ENERG

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed

Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NC

Martin
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MAU

Types of Agreements

• Cooperative Research and Development
Agreements (CRADAs)

• Commercial Licenses

• Funds-in (Non Federal Enitity)

• Designated Capability (DC)

• User Facility (UF)

Sill,llid

Natiurrul
Luburuturies



Edam
Cooperative Research and Development
Agreements (CRADAs)

• Governs collaborative R&D between SNL and
industry

• Can be 100% funded by partner, must include
"in-kind" contribution

• DOE approval required

• Each party can take title to its own CRADA
generated IP

• Partner has option to license joint inventions



131h(6111
P&G/Sandia CRADAs

-Coating and Related Manufacturing Processes (multiparty consortium)
1996-2007
-Nanoparticle Flow Project (multiparty consortium) 2007-2011

Umbrella CRADA 1672
-Fluid-handling product modeling 2003
-Structural modeling (body, product, garment) 2003
-Material modeling 2003
-Micromechanical analysis of Foam Structures 2005
-Shaving cartridge models and design 2005
-Tensioned web slot coating models 2006
-Surface rheology modeling 2007
-Nanofiber production 2008
-Bottle-filling models 2009
-Porous flow in thin-sheets modeling 2010
-Battery performance modeling 2013
-Battery microstructure modeling 2013
-Thin-sheet performance models 2014-prE

Project Task Statement (Ver. 05-12-08)

PTS 1672.01.13 Version 10/20/11

PROJECT TASK STATEMENT

No. 1672.01.13

BETWEEN

Sandia Corporation

AND

Procter and Gamble Company

a corporation of the State of Ohio

having a principal office in Cincinnati, Ohio

(hereinafter "Participant.)

October 20, 2011

Fluid-Structure Interaction of Deforming Porous Media

Page 1



MAIM
CRMPC-Coating and Related Manufacturing Processes Consortium
• CRM PC initiated in 1994-1996 timeframe. (3M, Xerox, P&G, Corning, Polaroid, lmation, Kodak,

Avery Dennison). Industry estimated to be $600 billion/year in value of coated products
i19921 el-ri---,;— 2012.vveii uvei .734 I/ yedi IH

• Started with seven companies, dues were $75,000/year with matching dollars from Sandia.

• CRM PC contract funded research and development of Goma, an incompressible, multiphysics

code in the following areas:
■ Research of free and boundaries algorithms
■ Wetting on Deformable Substrates
■ Algorithms for manufacturing window prediction
■ Extensive Porous Media Capability
▪ Automated Geometry, 3D Meshing
■ Issue Tracking, QA Testing, Software Distribution, etc.

• Work on Goma development through the CRM PC occurred over a five year period.

• Upon completion of these core capabilities (2002) within Goma, subset of the CRMPC

companies invested in a three year extension that shifted the focus to Eulerian Front Tracking

Algorithms

• CRADA ended circa 2008 with new capability in level-set technology and porous absorbent

media. --

• Follow-on CRADA established with 5 companies in the area of Nanoparticle composite

manufacturing. The NPFC (NanoParticle Flow Consortium) still ongoing.

• • 1 OOP - - Sandia

Laboratories
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i me: 40.000

Goma 6.0
2014 R&D 100 Award Winner

VOLFRAC

1
023.28201
t).2

• Multiphysics finite element code, suitable for

both research and production

• Fully-coupled free and moving boundary

parameterization — ALE, Level Set, etc.

• Modular code; easy to add equations — currently

has 170+ differential equations

• Open source! Available at http://goma.github.io

• Goma 6.0. training is available on regular basis

Goma has been used successfully in coating manufacturing for 2 decades!
...Also a competency in LAMMPS for colloidal rheology and self/directed
assembly

19

Sanaa
National
laboatories



EdamNanoparticle Flow Project
"nanoparticle" is colloidal in nature with characteristic size of 10 nm - 500 nm.

9 9

• Project Description - --UAL I oois hor Nanomanufacturing
A IL M• ••• • •• Mk • M. •

• Disperse nanoparticles in films, fibers, monolithic bulk structures for
material engineering

• Fluidization in liquid followed by traditional processing techniques
(coating, casting, spinning)allows control of nano-building blocks at the
macroscale.

• Modeling and simulation of flow of dense suspensions to build process
understanding and control.

■ 

•
stabiiit

Manufacturing Industry)

Product: Production software framework for dispersion design (rheology,

Partners: 3M, Corning, Procter and Gamble, BASF, ICI (Materials 

ti 

E.G.: Coating into fanctional films
..•...••;-•„-...i.. 44:44444-•4114.••._..41,24 4, . ...•• 4

Dispersion stability: •••••••;.: •ree.
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Factor Space Comparison
Non-isothermal

2D_Nufiber
WideAir l Standard l truparallel thingap shortlan pe pen l parallel l insetupl insetdowri

caseO casel

caseO casel case2 case3

(2)

(2)

(1)

Time = OAXMO

Takeaways: (1 ) "case-hardening" leads to Kelvin-Helmholtz like wave shape. Air
grabs more liquid. (2) Thin warm layer on die (slightly less then base viscosity of
isothermal case) very critical to behavior. Die-Temperature Matters! (3) More
representative/certain temperature shifts should be measured.

6111111116111111111111 &India
Natural
Laboratories
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Paper Design Tool
Thin Multi-layer Free-Surface + Porous Media 
• New to the World Capability
• P&G / Sandia Proprietary Technology
• Enables High Aspect Ratio Parallel Simulation
• Direct Pattern to Mesh

Pattern to Simulation Automation 

*J peg, gif files

Pixel

To
Mesh

Idealized Geometry

R

Ply-2

1--Iter-ply gap

Ply-1

Saturation Level

Bottom Ply

Inter-ply Free Surface Not Shown

P&G Proprietary Sandia
National
Laboratories



Esiau
P&G

Paper Design Tool /
Single Ply

Step # 1: Create a 2D

Rule: Pillows 4 
Black 

2D Base Mesh

image To Mesh 

Step # 4: Simulation + Post-Processing 
Time = 0.0s

** Mass Uptake & Wicking Distance **

Step # 2: Map Porous 

Porosity
Permeability
Rel Permeability
Thickness
Pc-S Curve Coeff

Cellulose Capacity

Step # 3: Volume & Drag Correction Step 

•
** Require 3D Volume or Surface Area 

Nikhil Palakurthi — UC Simulation Cei

P&G Proprietary
Sdii[Jki

Liburntorl,ti



MAU
Viscoelastic Modeling of Blade Coating for

Gillette

GOMA 6.0 with log-
conformation formulation to

improve performance

Web Speed

• For Newtonian fluids, the film thins as the web speed increases.

• Viscoelastic film thickness is non-monotonic thickens and then
thins

9.2e+03

1 8000

6000

2
4000

2000

-2.0e+01
Max Film Thickness

normal stress 0-11

45

40
a)

Li() 35
u_
cY)30
co

25

20

15
0

- Sun et al. DEVSS-G/SUPG

  DEVSS-G

Log-Conf

c

cy0

o
Od-'

4 6 8 10
Wi

Log-conformation tensor increases
maximum Wi obtained in flow over a
cylinder. 3.5 (DEVSS-G), 9.0 (Log-

2

0.82 - Newtonian

Giesekus DEVSS-G
0.80

0.78

-c 0.76

0.74

0.72

0.70

0.68

Giesekus Log-conf

I/

0.0 0.5 1.0 1.5 2.0
Web Speed (cm/s)

2.5 3.0

Martin et al, Viscoelastic Blade Coating, submitted C&F, 2018
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IsAu Goodyear/Sandia lnteraction

GOODOVEAR • Increase Model Complexity by
Several Orders of Magnitude

• Decrease Computational Run Times
by 2 Orders of Magnitude (day)

• Automatic Coupling between Solid
Geometry, Meshing, Mechanics
Codes, and Visualization of Results

• Reduce Prototype Tire Builds from
3 — 4 to 1

• Reduced yearly R&D Costs
by $100M!

• M&S investment led to best sales
quarter in 7 years and 3rd best in
company history

incompressible
rubber

stiff, inextensible
steel belts

thin, flexible
sidewall

stiff, inextensible
bead

The Goodyear/Sandia interaction is mutually beneficial. Goodyear
gets "rocket science" applied to tires. Sandia gets real-world

development and testing of simulation technology.

Natiurrul
Luburuturies



Advanced Materials
Laboratory

Department 1815 Overview and Outlook

P. Randall Schunk, Manager

8 November 2016
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Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin

Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL8 5 00 O. SAND NO. 2011-XXXXP



AML Mission, Focus, and Vision

• The Advanced Materials Laboratory (AML) provides unique
materials discovery solutions coupled with materials
demonstration/deployment.

• AML's materials focus centers around synthetic chemistry
routes with novel precursors and catalysts to explore new
materials with solvo-thermal, solution-precipitation, and sol-
gel routes.

• AML's rapidly advancing materials processing capability
enables materials delivery ready for functional prototyping

lntegrated materials synthesis and materials processing breadth unique to
the complex

las



Edam Advanced Materials Laboratory

Advanced Materials Laboratory (AML) — a
Sandia-leased facility on the campus of the
University of New Mexico

Original Vision: Fostersubstantive
collaborative/partnering relationships

in material science with UNM

Strategic Advantages:
• Access to students

• Greater opportunity for collaborations with

UNM faculty

• Access to campus resources — equipment,
library, computer resources

• Funding sources not readily available to

Sandia (NSF)

• Technology transfer

• Joint purchase/maintenance of novel

instrumentation

The Advanced Materials Laboratory, a part of

Sandia National Labs since August, 1992
29,295 sq ft. (-14,000 sq ft lab space)

Developing materials science and engineering

technology in the National interest

&India
Natural
Laboratories



The AML has a wide range of capabilities
important to Sandia's missions

Synthetic Chemistry
• Novel inorganic precursor
• Catalysts
• Sol-gel 

• Solvothermal

• Solution precipitation

Ceramic/glass processing

• science of sintering

• composite materials
• unique fabrication
• novel characterization

A

Nano-scale materials
•Nanoparticle synthesis (0D,1D,2D) 

•Surface functionalization 

•characterization

Bio-, Nano-materials capability

• BSL-2 Laboratory

•Surface functionalization
Materials processing
• Self- and directed-assembly
•

Characterization •
• Diffractometry: SAXS, XRD, XPS •
•Thermal (TGA, DSC) •
•Spectroscopy (mass, FTIR, ICP) •

•Multispectral ellipsometer

Films (dip, spin coat, gravure)

Fibers (electrospinning)

Bulk materials (sintering)
Multiphoton lithography 
Direct/aerosol write, inkjet 

R2R • rintin ravure flexo
&milk]
Ndtural
Liburntories



elfil6111 AML and its diverse residents
• Advanced Materials Laboratory Department (13 staff, 4 techs, 8

postdocs, 13 intern students)

• Other Sandia residents (1816 Electronic, optical and

nanomaterials 2; 1832 Coatings and AM — 3)

• UN M collaborators — —30 year around

• Other university working visitors, PO contractors —5

• Student programs (STAR, STEP, REU, RET, MAC, APS) - 6

• Other temporary workers from at least 5 other Sandia

organizations: 1100, 1700, 1500, 6000, 8600

80 (approx 25 full time) year around workers, over 100 in summer

*E•

II
VV 

Bernadette
Hernandez-
Sanchez

Tim Boyle

Madison
Casillas



From nano-materials to components at the AML

Solution Precipitation

Z 0

LiCo

Specialty
Precursors

%1 1

Solvothermal Specialty Inks

Speicalized Nanomaterials

Na rft Al

K rj: S. 11 V Cr M. Fe Co Pll C. Zn G.

Cs 
 P14'r  11 1 '

r'r 11711117a 1.1111' l Mt

La Ce Pr MI Pen Sna Fa

804 0

Nd203
.•

IroPp

BiTe

"T1

Process
Engineer'n

Colloidal
Chemist

lnk Characterization

Ink Rheology Tailoring

Sandia
National
Laboratories

Direct Write Printed Parts

Micro-gravure printing

Aerosol', Inkjet, extrusion

From specialized, tailored nano-materials to process-able inks requires chemical
synthesis, colloidal chemistry, rheology/characterization, process engineering



evelopment of Ink Compositions for Printing

ink Systems are formed
from multiple components
• Solvents (s), wetting

agents, soluble polymers
or micelles, &
nanoparticle(s)

• Control over viscosity,
surface tension, drying
rate, and wetting are
required.

A. Develop solvent compositions
within the printing window of fluid

(a) properties.*

1/4io°

Ca = 4uV/6

We = pV2d/6 10-2 10-1
We
10° 101 102

*H.C. Nallan et al. Langmuir

B. Effective dispersion is critical for printing using DOD or
gravure/flexo printers.
• Solids loading increased by proper dispersant choice, up to —15-20%
• Surface tensions are low : between 15 — 40 mN/m
• Viscosity vary from 1-10 mPas. [Irel = [Icyuo7r4loo =( 1 —(1)/1:Pm )11
• Surfactant concentrations tailored to surface arpa

Literature
50% Cyclohexanol + 50% Decanol

- 25% Cyclohexanol + 75% Decanol
- Dacanol
- 75% Decanol + 25% Octanol
- 50% Decanol + 50% Octanol
—tt— 25% Decanol + 75% Octanol
- Octanol
—9— 75% Octanol + 25% Hexanol
- 50% Octanol + 50% Hexanol
- 25% Octanol + 75% Hexanol
- Hexanol
- 25% Toluene + 75% Octanol
- Dodecane
—•— Tetralin
- Anisole
- o-Xylene
- 50% o-Xylene * 50% THF
—r— 25% o-Xylene + 75% THF

C. Adjust wetting and drying
agents to minimize satellite drops
and surface wetting concerns.

Dependent on surface
interactions with substrate,
and drying rate.

All experimental capabilities and SMEs exist at the AML!

a

30 (2014) 13470.

R. Guo et al. JECerS23 (2003)115-122.
X. Zhao, et al. Ceram.lntl. 29 (2003)887-892.
N. Ramakrishnan, et al. J. Mat. Proc. Tech. 169
(2005)372-381.
P.S.R. Krishna Prasadetal. J. Mat. Proc.
Tech.176 (2006) 222-229.

Sandia
National
Laboratories



Ink-based, Polymer Based Additive Manufacturing, and
Precision coating and Printing Laboratories at the AML

• FY16 —$900k investment to equip a new Precision Digital Printing
& Coating AM lab at the Adv. Materials Lab (AML)
o Feature length scales from N 100 nanometers to macro-scale

o Deposit wide variety of nanoinks and solid-state materials for
precision applications and with scalable throughput

o Film thicknesses to <1 micron, and throughputs of 100 cm2/s

• Applications -- thin-film transistors, fuel-cell membranes, photonic
devices, gas sensors, printed electronics, power sources, and more

• Potential customers across all Sandia missions and industry

• Materials->Part demonstration of low-cost, printed devices

Precision N-Tact slot-die coating tool

SuperProofer multilayer printing tool

rmioScribeTM Maskless 3D Lithography Too

Microscale lattice structure designed w PLATO rz,—,
& printed w new 3D photolithography at AML QUI Sandia National Laboratories



Schunk Research Group Competencies and
Strengths

• Modeling and simulation: from code development to application.
• Algorithm development (Finite element technology in continuum

mechanics)

• Algorithm development (Discrete element modeling technology — colloids)
• High-performance computing (MPI-based parallel processing)
• Matrix solver technology, preconditioner development

• Thin-shell mechanics
• Multiphase flow (poro-elastic media, particulate flows)
• Chemically reacting systems (electrochemistry for battery performance

modeling)
• Viscoelastic flow (Constitutive equation development, solver development)
• Free and moving boundary problems

• Fluid-structure interactions
• Heterogeneous materials (predictive properties)
• Manufacturing (wet etching, printing thin-film coating, casting,

welding/soldering/brazing, ...)



Gravure Printing Process 

• Gravure printing is a high
throughput (10-15 m/s), high-
fidelity (10-15 pm) printing
technique

• Involves three steps:

1. Filling — Fill template with ink

2. Doctoring — Remove excess
ink

3. Transfer — Transfer ink to
substrate

• Micro-gravure has pushed this
process to sub-5 micron features
(Grau et al. 2016)

• Many challenges of micro-gravure,
e.g., design of printing cylinder,
effects of nanoinks

• One challenge is that doctoring
presents a fundamental limit for
feature resolution

Impression
Cylinder

S u bstrate

Doctor
Blade

Printing Cylinder

Ink Pa

Sandia
National
Laboratories



Regimes of Lubrication
• As gap is decreased, elastohydrodynamic lubrication occurs
• Standard problem in tribology, the study of friction and wear
• Typically, Hertzian contact mechanics are considered coupled

to the Reynolds equation
• As the gap is further decreased, boundary lubrication occurs,

which is problematic for doctoring
Boundary

Coefficient of
Friction, p

Ff/Fn

Mixed Elastohydrodynamic
Stribeck Curve

Hydrodynamic

Film Parameter, A (speed) Sandia
National
Laboratories



Doctoring in gravure printing
D ring process Doctoring Model

Loading Force
Loading Force

1 1

Blade Holder

Doctor Blade

3D elements

Shell elements

500

400

_c

?, 100

0

Initial blade shape

- - - Deformed blade shape

•

•
•
•
•
•
•
•
•

•
•

—4 —9

x (pm)

9 -1

Layer Thickness vs Dimensionless Velocity

•—• EHL Only
•—• EHL & Blade Body

E—N Least Squares Fit
• • Experiment

10-s 10—
Dimensionless Velocity 11*

10'



BACKUPS
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SLOT-COATING SIMULATOR
Robert Malakhov, Kris Tjiptowidjojo, Randall Schunk [UNM] (P-2E.1-K)

Goals
• Slot Die Simulator

• Scale-up: Ultrathin coatings (1<pm)
• Small-lot: Continuous coatings
• Prepare surfaces for nano-imprint

lithography with films of desired
thickness and uniformity
I.

•
•
•
•

•

.
/,

• ,'
, 

Jet Dispense
X Drying Oy.6n of Photoresist

I
,

Ir

Research Methods
• Navier-Stokes w/BC's model

• Solved via FEM

Goma 6.0

• Experimental Validation

Slot Die Coating I

of Adhesion Layer /
• /

(31
Ink AIM\ Ink Ink

NASCENT R2R
Nanofabrication

System

,
Imprint Lithography

IIIIIII1

UV Flash
Sandia
National
Laboratories



PROGRESS REPORT
Low-Flow limit comparison to experimental results
• Computational results reproduce experimental film

thicknesses, meniscus topologies, and failure modes

10°  Low-Flow Limit Results & Experimental Results

PRESSURE
[2.6968+02

-783.55

Z-1567.1

1-

23507

2.8658+03

PRES URE
t1.745e+00

C186.2

1558.6

7.4308+02

10-2  
104

I NOT TO SCALE

a

PRESSURE
2.1478+03

-2249 9

I-4499.9

6 852 03  

BEAD BREAK-UP

A—A [Fig. 8. (e) Chang et al.]

•—• Simulator Low-Flow Limit

10-3 10 -2

Ca (pUI

10-1 10°
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4014eed dependence in hopper coating - Weak speed
dependence
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Figure 9 Wet film thickness vs. web speed
(top) and correspond pattern of flow and menis-
cus location (bottom) for the experiments per-
formed on 7/18/96.
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Areting these challenges at Sandia's
Advanced Materials Laboratory

Functional Materials
•Patterned materials
•Patterned surfaces down to nanoscale

Underpinning Science

•Bottom-up (self assembly, self

organization*)

•Exp.: Brinker, Fan, et al.

•M/S: Schunk, Grest, et al.

•Top-Down: Nano Patterning

•Exp: , MESA, other

•M/S: Schunk, Reedy,
Chandross et al.

1
Machine/Toolin
g -AML, Optomec,
MESA
(UT, UCB partners)

Manufacturing
"Science"

•Schunk, Kaehr, Keicher, Cook,
Optomec, RoboCast (AML)

Large Throughput
Processing Fundamentals
-Coating, Molding, Embossing
( , CRMPC, UT, UCB)

Nano-Particle
Fundamentals
-Drying (NPFC, Fan, Schunk et aI.
-Rheology (NPFC, Bell et al.)
-Phase and Thermo (NPFC,
Brinker et al.)

Template Fab.
-MESA
(UT, UNM, UCB
parterns)

NanoParticle
Fab.
-Boyle et al., AML

*Made practical by Pre-Processing to Concentrated form, before thermo takes over

Nan
Fun

pri
-Othe

-Patterning

Nanoink
development

Re .vant,
On joing Activities

uating fluids
-Imprint, release
-Long range order
-filling at 30 nm
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Laboratories



Dispersed

Effective dispersion is critical for
printing using DOD printers

Discrete Particle Behavior
•Long range repulsion or screened van der Waals.
•At high (I), exhibit yield stress and higher viscosity
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Disordered

Ordered

Uniform, well
packed
particles

Flocculated
Elastic Network
•Little or no repulsive barrier or attractive forces.
•Shear thinning, difficult to achieve high solids loading.

Fractal floc
formation

*so* OPe

• •
.011004414111• 4. e• • '040)

•• 4,4 •
•11•••• •

Percolating network
at 16 Vol%

Porous, poorly
packed particles

Particle dispersion affects ink stability and
lifetime, packing density of the printed line, &
-onsolidated properties.

Dispersed vs.
agglomerated silver
nanoparticles
illustratethe ability

of the materials to
pack dueto
capillary forces
during drying.

inkjet compositions must be low viscosity at solid loadings
of 10-20 %.
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Current list of equipment

• N-Tact precision slot die coater (1-10 micron
patch coatings over wide range of viscosity)

• RG gravure printer — 20 micron feature size
• GtK Superproofer gravure/flexographic

printer with 5 micron resolution and 10
micron overlay

• Direct write machines
• Ink characterization: Rheometers,

goniometers, DWS, zetasizers, etc.
• Film characterization: multispectral

ellipsometer, SAW

• Two-photon Lithography tool (100 nm)
• NanoScribe Multiphoton lithography tool
• Solidification tools: drying, UV curing, etc.



Commercial Licenses
• Grants rights for SNL-developed IP for.

commercialization and/or private use

• "Up-front" fees, annual minimums, & running
royalties are negotiable

• Field of use and commercialization requirements
also negotiable



Eldon

Funds-in (NFE)

• Provides access to SNL' s unique facilities
and personnel

• R&D and unique technical services are
sponsored

• Not collaborative

• 100% sponsor funded

• DOE approval required

• Partner IP rights are dependent upon
circumstances

&India
Natural
Laboratories



isidu

Designated Capability (DC)

• SNL creates a DC, DOE "pre-approves" for
generic umbrella SOW

• Agreements written within SOW

• Can be with many different sponsors

• Sponsor provides 100% funding



otiou

User Facility Agreement

• Allows sponsors to use Sandia' s unique
facilities for research, testing, and developing
prototypes

• 100% sponsor funded

• Sponsor employees at SNL facilities

• Not intended for use when IP would be
generated


