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What is Air Gap Membrane Distillation?

e Distillation process that utilizes
thermal separation

e Vapor pressure difference move
steam molecules across the
membrane and gap

e Molecules condense as they move
towards the cold feed?

e Air-gap provides insulation and
minimal heat transfer losses?
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AGMD vs Other Distillation Technigues

- Reverse osmosis membranes are currently the most popular technology for desalination
of groundwater

- Membrane distillation processes operates at lower pressures and requires lower
temperatures, causing it to be cheaper

- Can generate high-purity water and even concentrate aqueous solutions?



Current Objectives

- Design a test cell and test bench for research at our lab

- Validate current literature and optimize system in hopes of large scale use



Literature Review \
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Literature Review

Title of Article

Material Used in Membrane |Pore Size

IMembrane scaling and prevention technigues during seawater desalination by air gap membrane distillation

Water desalination using graphene-enhanced electrospun nanofiber membrane via air gap membrane distillation

Effect of operating parameters and membrane characteristics on air gap membrane distillation performance for the treatment of highly saline water
Air gap membrane distillation: A detailed study of high saline solution

Electrospun dual-layer nonwoven membrane for desalination by air gap membrane distillation

Air gap membrane distillation for enrichment of H2180 isotopomers in natural water using poly(vinylidene fluoride) nanofibrous membrane
Experimental and numerical study of air-gap membrane distillation (AGMD): Novel AGMD module for Cxygen-18 stable isotope enrichment
Superhydrophobic condenser surfaces for air gap membrane distillation

Water and air gap membrane distillation for water desalination — An experimental comparative study

A new enhancement technigue on air gap membrane distillation

Produced water treatment: Application of Air Gap Membrane Distillation

Evaluation of air gap membrane distillation process running under sub-atmospheric conditions: Experimental and simulation studies
Artificial neural network modeling and optimization of desalination by air gap membrane distillation

Air gap membrane distillation on the different types of membrane

Improvement of the Membrane Distillation performance through the integration of different configurations

Evaluating energy consumption of air gap membrane distillation for seawater desalination at pilot scale level

Performance evaluation of hollow fiber air gap membrane distillation module with multiple cooling channels

Improving the performance of the air gap membrane distillation process by using a supplementary vacuum pump

Study on a new air-gap membrane distillation module for desalination

low-density polyethylene (LDPE) 0.3 um

Seetable 1

see table 1

flat sheet polytetrafiucroethylene (F0.2, 0.45 and 1.0 ym
see table 4

PVDF nanofibrous membrane 0.25 £0.05 um
Polytetrafiuoroethylene (FTFE) mer 0.45 microns

PVDF

hydrophobic lat FTFE 379 +8 nm
polytetrafiuoroethylene (PTFE) 1um

TF200, TF450, TF1000 0.2, 0.45, 1 micron
WD 0.2 micron

Paolymethyl meth-acry late 0.2 micron

Fittron Minisette, TF450, (PTFE s upportec .45 micron

Mine types of Membranes (PTFE,PWDF, Pivarying sizes (TABLE 1)
polypropylena 0.2 pm

microporous low-density polyethylense (LDID.3 pm

polypropylena 0.2 pm

micro-porous hydrophobic polytetrafluoros 0.2-0.25 pm

TIPS-IPP 0.2 pm

|Treatment of high salinity solutions: Application of air gap membrane distillation

| polytetrafiuoroethylene 0.2-0.45 pm

Studies in vacuum membrane distillation with flat membranes
Production of drinking water from saline water by air-gap membrane distillation using polyvinylidene fluoride nanofiber membrane

PVDF and eFTFE 0.05-0.45 pm
Palyvinylidene fluoride nanofiber




Literature Review Takeaways

e Thegreater the temperature difference = Higher Flux
e More Turbulence = More Flux

e Materials: PTFE

e Variable parameters:

o  Membrane pore size and thickness
o  Temperatures

o Pressures
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Imagine
Designed Components: /

Hot Feed Channel Ask
Membrane Enclosure
Membrane Enclosure Seal
Cold Feed Channel

Plan

Design Constraints and Considerations:

Create
e Size & Geometry

e Leakage
e Performance




Testing Cell
Overview

Exploded View of Preliminary Design
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Hot Feed Channel

Key Features:

1. Size-9.5"x115"
2. Vertical and Horizontal Baffles
3. Feedwater Inlet and Outlet

Role:

ISOMETRIC VIEWS
ARENOTTO SCALE

e Heatsupthe grey water

SECTION A-A
SCALE1:2
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Membrane Enclosure

Key Features:

1. Size-9.5"x115"
2. Clean water outlet hole

Role:

ISOMETRIC VIEW
NOTTO SCALE

e Houses membrane
e Collects clean water

SECTION A-A

e Gapb/wmembrane & cold plate SCALE 1 -2
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Membrane Enclosure Seal

Key Features:

1. Size-7"x9"

Thin rectangular frame

3.  Angled surface to lead clean
water to bottom

N

Role:

o Su pports membrane - -4 ISOMETRIC VIEWS
os] - ‘ NOT TO SCALE




Cold Feed Channel

Key Features:

1. Size-9.5"x115"
2. 8 Baffles
3. Feedwater Inlet and Outlet

Role:
e Condensing permeated vapor

SRR ISOMETRIC VIEW
SECTION A-A NOTTO SCALE
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Testing Variables \



Membrane Types Effects:

e Permeability
e  Water Purity

Membranes: Provided by Sterlitech e  Amount of water produced
Type Material Pore Size Water Entry Membrane
(microns) Pressure (psi) | Thickness (mm)
QL209 PTFE 0.45 21 0.15-0.25
QL211 PTFE 0.45 21 0.23-0.30
QL822 PTFE 0.2 50 0.13-0.20




Feed Temperature

Applied to both hot / cold feeds

Effects:

Vapor phase formation on hot feed side
Rate of heat transfer from condensing
plate on cold feed side

e Overall permeate production

Temperatures:

e ColdFeed: 15-25 Degrees Celsius
e Hot Feed: 50-80 Degrees Celsius



G a p Slze Effects:

e Cooling space of water vapor by air
° Amount of heat absorbed by cold feed

Sizes:

e Typical gapsizes: 3-7 mm
e Current gapsize: 6.5mm



Current Progress

Completed preliminary research on AGMD
Designed test cell for AGMD
e Designed test bench

- Ready to manufacture and start testing



Future Goals

e Recorddatafor variable parameters
e Optimize setup
e Useresidual waste heat for hot feed

e Remodel design for mass production
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