
Capacitive Deionization (CDI) Cell Fabrication with 
Voltera V-One Paste Dispenser
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Fresh Water Is Becoming Scarce
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• Four billion people experience severe water scarcity > 1 month/year 
(Mekonnen et al., Sci. Adv., 2, 2016)

• Brackish water accounts for 80% of US desalination market
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Capacitive Deionization (CDI)What is Capacitive Deionization (CDI)?

2 cm

3/11



brackish water

Projected: ~0.2 kWh/m3

(~5x better than RO)

Energy Efficiency of CDI (and Improvements)

Understanding
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Microfabricated CDI Cell

Salt water

Fresh water

Salt concentration 
sensor

Constant 
voltage (1 V)

Blue excitation filter
cube

Epifluorescence microscopy

1V

High pH

Low pH

150 µm

• Feed: KCl 20mM + 

Fluorescein 40µM

• pH effects on AC surface

• Min gap between electrodes

AC slurry 
electrodes

Microchannel 
adhesive

Seal with 
inlets/outlets
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Voltera V-One

2mm

2 g AC

0.25 g C. black

2 g ethyl 
cellulose

6 mL Terpineol

30 mL IPA
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Both inks are shear-thinning
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250µm

Voltera: Design of experiments
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Current Collectors All-Litho Wbflexcorr Heidelberg Svgcoat

and dev
Innotec
or AJA

Wbflexsolv

(0) 4” glass wafer (500 um thick). HF 8 seconds à SRD 
à YES oven.

(1) Spincoat LOL-2000 250 nm 
(Headway, 1800 RPM, 1 min) à Hotplate 
@ 200C, 5 mins à Spincoat Shipley 
3612 1 um (Svgcoat, recipe # 7).

(2) Heidelberg expose @ 120 mJ/cm^2 dose, -2 
defocus à PEB (Svgdev: station #1, recipe #9 then 
station #2, recipe #1) à DEV (Svgdev: station #1, 
recipe #3 then station #2, recipe #1).

(3) Innotec E-beam evaporation 
Cr (2% power, 10 nm) and Au 
(14% power, 200 nm)

(4) Acetone bath overnight à DEV for LOL 
removal (Svgdev: station #1, recipe #3 then 
station #2, recipe #1). 
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Assembly + Flow Test Set-Up+ preliminary visualization
3M 200MP Adhesive

MicroMAX:1300-
Y/HS CCD

eDAQ conductivity 
sensor

Mercury 
lamphouse

CCD feed

Olympus IX70

1V

High pH

Low pH

150 µm

250 um

•Laser cut glass, bond IDEX 10-32 
ports
•Silicone gasket (+epoxy) à 3M 
200MP double-sided adhesive



• In the US, 80% of desalination market is brackish water

• CDI can produce 5x quantity of water for same energy as RO

• Microfabricated CDI to achieve lower contact resistance, tailored 

geometry, and understanding

Thank you to all!

Takeaway
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Questions?



Backup

11/5



Current CDI Cell Design and Goal Design

Cr/Au current 
collectors

Activated 
carbon 

electrodes

Gasket (silicone)

Water flow

Activated Carbon 
(AC) electrodes

Cr/Au current collectors

Water flow



CDI Team – Week 3 Update

DoE 1.A: Deposition

2 g AC

0.25 g carbon 
black

2 g ethyl 
cellulose

6 mL Terpinol

30 mL 
IPA*

(1) Mix slurry components (2) Homogenize solution 

55°C 

(3) Evaporate IPA

85°C 

150°C

Difference in evaporation rates for same 
slurry and evaporation time @ 150°C

• Previous: vary (1) IPA content*, (2) Voltera
kick, and (3) Voltera rheological setpoint

• New: fix IPA content, vary (1) evaporation 
time at 150°C

• On a hot plate, evaporation rates are 
inconsistent

• How to vary viscosity robustly, on-demand?

>12 hrs
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Fast Slurry Prep and IPA % Control

500 mL IPA
100 mL Terpinol
33.3 g Ethyl Cellu.

1 g AC + 0.12 g CB

18 g

(1)
(2)

(3)
Oven 80°C

(4)

Higher 
visc.
54% IPA

Lower 
visc.
63% IPA

• Control IPA % in AC slurry by heating 
and measuring mass change

• Viscosity is a function of % of IPA 
content.

• Ducter blade tests to find range of IPA 
% (higher viscocity -> better spread)

Cont. 3 
removed (62%)

Cont. 2
(51%)

Cont. 1
(32%)



Slurry Loading and Calibration
• Transfer pipette to load 

custom ink into cartridges
• Nozzle clogged after printing 

for ~5 mins
• Size of AC particles
• IPA evaporation in nozzle

• Real time flow parameter 
calibration

• Ball mill

White plunger

Empty cartridge
(Luer lock)

Nozzle (225 um)
Need to buy ~20x



• Voltera CAM Processor
• Generate gerbers for Voltera software

• Design Rule Check
• Max board: 100 x 125 mm^2
• Min trace width/spacing: 0.254 mm

“Circuit” Design – Eagle -> Voltera
288 um

50 mm

75 x 50 x 1 mm Glass Slide

1 mm

0.30 mm
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AC Powder – Size Matters (Viscosity Too)

• Activated carbon slurry made 
from terpinol, ethyl cellulose, 
IPA, carbon black and AC 
powder
• 2 AC powder brands -> One 

held in ball mill 48 hours
• Place AC powder in petri dish, 

dilute in water, remove 
residues, repeat 3x-5x times

(1) (2) (3)
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288 um

Voltera:
Specs


