
Supplementary Information 

Membrane Distillation and High Salinity: Analysis and Implications 

 

Mukta Hardikar1, Itzel Marquez1,2, and Andrea Achilli1* 

 

1Department of Chemical and Environmental Engineering, University of Arizona, 

Tucson, AZ, 85721, United States 

2School of Engineering & Technology, Central Michigan University, 

Mount Pleasant, MI, 48859, United States 

 

 

 

 

*Corresponding author 

Email: achilli@email.arizona.edu (Andrea Achilli) 

Tel: +1 520 621-6586 

 

 

A manuscript prepared for possible publication in 

Environmental Science: Water Research & Technology

Electronic Supplementary Material (ESI) for Environmental Science: Water Research & Technology.
This journal is © The Royal Society of Chemistry 2020

mailto:achilli@email.arizona.edu


Table S1: Additional experimental details of all the bench-scale studies  reported in Table 1 of the manuscript. N/A is Not Available. 

 Flow Channel Properties Membrane Properties 

 Spacer 
Membrane 

Area (cm2) 

Flow area 

(cm2) 

Velocity 

(m/s) 

Flow 

direction 

Air gap 

(mm) 

Feed Water 

Composition 

Pore 

Size 

(μm) 

Porosity 

(%) 

Thickness  

(μm) 

Support 

layer 

Module Type 

(Membrane) 
Ref 

1 N/A N/A N/A N/A 
Counter-

Current 
8 NaCl 0.2 N/A 175 Yes (N/A) 

Flat sheet 

(Sterlitech) 
(1) 

2 N/A N/A N/A N/A 
Counter-

Current 
8 NaCl 0.45 N/A 175 Yes (N/A) 

Flat sheet 

(Sterlitech) 
(2) 

3 N/A N/A N/A N/A 
Counter-

Current 
8 NaCl 0.45 N/A 175 Yes (N/A) 

Flat sheet 

(Sterlitech) 
(3) 

4 PP1 332.5 2.85 0.029 Co-current 3 Seawater 0.3 85 76 N/A 

Plate and frame 

membrane module 

(Aquastill) 

(4) 

5 PP1 332.5 2.85 0.029 Co-current 3 Seawater 0.3 85 76 N/A 

Plate and frame 

membrane module 

(Aquastill) 

(4) 

6 None 22.9 3.96 0.13 
Counter-

Current 
3 NaCl 0.45 79.7 154 Yes (N/A) 

Flat sheet (Tisch 

Scientific) 
(5) 

7 N/A N/A N/A 0.3 Co-current2 DCMD NaCl 
0.55-

0.22 
75 N/A N/A 

Capillary 

membranes 

dout/din=2.6/1.8 mm 

(6) 

8 

New 

module 

design to 

support 

membrane 

12 N/A 1.4 
Counter-

Current 

DCMD 

(69 kPa) 
NaCl 0.45 70 175 

PP 

(5-10 μm) 
Flat sheet 

(Osmonics) 
(7) 

9 None 600 N/A 0.5 
Counter-

Current 
DCMD NaCl 0.22 83 110 Scrim 

Flat sheet module 

(GE Osmonics) 
(8) 

10 None 35 0.284 0.56 Co-current DCMD NaCl 0.2 80 60 None 

Flat sheet module 

(Gelman 

instrument) 

(9), 

(10) 

11 None 34.65 0.252 0.59 
Counter-

Current 
DCMD NaCl 0.2 80 178 PP 

Flat sheet module 

(Gelman 

instrument) 

(11) 

12 None 14.4 0.48 0.3 
Counter-

Current 
DCMD NaCl 0.2 90.8 39 None 

Flat sheet module 

(Changqi) 
(12) 



PP- Polypropylene  
1Spacers have a thickness 2.0 mm, mesh size 4.0 mm, voidage 0.78 and hydrodynamic angle 60° 
2Module M1 is used. This module has nine membranes of length 0.52 m arranged in parallel bundles of braided capillaries, each braid containing three membranes. 

 

 

 

  

13 

Tricot 

woven 

mesh 

spacers 

138.7 0.575 0.43 Co-current DCMD NaCl 0.18 80.1 67 None 
Flat sheet module 

(GE Osmonics) 
(13) 

14 N/A 108 1.2 0.13 
Counter-

Current 
DCMD NaCl 0.53 83 188 None 

Flat sheet module 

(Membrana) 
(14) 

15 N/A 9.1 N/A N/A 
Counter-

Current 

VMD 

(4000 

PA) 

NaCl 0.2 75 163 None 
Flat sheet module 

(Membrana) 
(15) 

16 N/A 800 N/A N/A Outside/In 

VMD 

(1000 

PA) 

NaCl 0.2 N/A N/A N/A 

Hollow fibre 

(Microza modules 

from Asahi 

Chemical) 

(16) 



Table S2: Additional experimental details of all the pilot-scale studies reported in Table 2 of the manuscript. N/A is Not Available. 

 Flow Channel Properties Membrane Properties 

 Spacer 

Membrane 

Area 

 (m2) 

Flow 

area 

(m2) 

Velocity 

(m/s) 

Flow 

direction 

Air gap 

(mm) 

Condenser 

Material 

Feed Water 

Composition 

Pore 

Size 

(μm) 

Porosity 

(%) 

Thickness 

(μm) 

Support 

layer 
Type Ref 

1 N/A 6.4 N/A N/A N/A 
VMD 

7000Pa 
N/A NaCl 0.2 N/A N/A PP 

Multi-effect 

 (4 effects) 
(17) 

2 

Yes  

(2mm 

thickness) 

7.2 0.0048 0.02 
Counter-

Current 
1 Al (1mm) NaCl 0.3 85 76 None 

Spiral wound 

 (6 envelopes, 

Aquastill) 
(18) 

3 

Yes 

 (2mm 

thickness) 

7.2 0.0048 0.048 
Counter-

Current 
1 Al (1mm) NaCl 0.3 85 76 None 

Spiral wound 6 

evaporator, 6 

condenser and 

12 distillate 

channels 

(Aquastill) 

(19) 

4 HDPE 8.34 N/A N/A 
Counter-

Current 
2 ETFE (1MM) NaCl 0.2 0.8 280 Pp 

Spiral wound 

(6 envelopes, 

Aquastill) 
(20) 

5 
Yes 

(N/A) 
7.2 N/A 0.06 

Counter-

Current  
0.8 Al (1mm) NaCl 0.3 76 99 N/A 

Spiral wound 

 (6 envelopes, 

Aquastill) 
(21) 

6 PP 7.2 N/A 0.08 
Counter-

Current 
0.76 

PET coated Al 

(0.08) 
NaCl 0.32 76 76 None 

Spiral wound 

 (6 envelopes) 
(22) 

7 PP 7.2 N/A 0.08 
Counter-

Current 
0.76 

PET coated Al 

(0.08) 
NaCl 0.32 76 76 None 

Spiral wound  

(6 envelopes) 
(22) 

8 PP 25.9 N/A 0.04 
Counter-

Current 
0.76 

PET coated Al 

(0.08) 
NaCl 0.32 76 76 None 

Spiral wound  

(6 envelopes) 
(22) 

9 PP 25.9 N/A 0.04 
Counter-

Current 
0.76 

PET coated Al 

(0.08) 
NaCl 0.32 76 76 None 

Spiral wound  

(6 envelopes) 
(22) 

10 

PET 

(2mm 

thickness) 

7.2 N/A N/A 
Counter-

Current 
0.8 PET film NaCl 0.32 76 92 None 

Spiral wound  

(6 envelopes) 
(23) 

11 

PET 

(2mm 

thickness) 

7.2 N/A N/A 
Counter-

Current 
DCMD PET film NaCl 0.32 76 92 None 

Spiral wound  

(6 envelopes) 
(23) 

12 
Yes  

(N/A)  
7.2 N/A 0.06 

Counter-

Current 
DCMD N/A NaCl 0.3 76 99 N/A 

Spiral wound 

 (6 envelopes, 

Aquastill) 
(21) 
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