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Modeling and optimization of hollow fiber air gap membrane
distillation for seawater desalination
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Abstract: Response surface methodology (RSM) was used for modeling and optimization of operating parameters
and permeate flux for hollow fiber air gap membrane distillation (AGMD-HF) desalination process with simulated
3.5% (mass) seawater as feed solution. Hot feed-in temperature, cold feed-in temperature and fluid flow rate were
chosen for experiment optimization based on central composite design (CCD). A quadratic polynomial regression
model for permeate flux and operating parameters was developed. Accuracy of the model was validated by
analysis of variance (ANOVA), RSM and comparison of predicted and experimental permeate flux response.
Furthermore, the best optimal level of operating parameters and solar-powered verification were performed.
During the experiments, permeate conductivity was constantly kept below 10 pS * cm™, and relative ion rejection
rate was above 99.99%. A R* of 0.986, p-value smaller than 0.0001 for ANOVA were obtained, and average error
of predicted and experimental permeate flux was 6.95%. Moreover, the best optimal operating parameters of
83.5°C, 13.2°C and 60.2 L * h™' based on desirability function and solar-powered process permeate flux of 6.47
L » m >+ h' were presented. Consequently, modeling and optimization of operating parameters for permeate flux
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response could be helpful for scaling up AGMD-HF desalination process, and introduction of solar power as an

alternative of conventional electric heat source could have better application prospect for AGMD-HF desalination.

Key words: response surface methodology; hollow fiber air gap membrane distillation; modeling; optimization;

distillation; desalination; design

il &7

JEZETR (MDD HEAR & — Mo 8 IR B i 55 25
AR, T BARYEICT A R, BRI P OE R
PR I FE B K LI IR AR 78 RAHAR AR ) 7%
SAETEPIM 28 T Z2A4E & i AL IF T % 2 R
Ah, T a A B BRI . S5 A B AR
FHEE, MD HAREAEAEE K. AR )5
B 5 AT PR S A7 SR B T PR e YR e A,
T KIR IS FE A SN AT SRR =
Hix.

HHT, EHNAMCT BT KR AT FE R B 5T
ikt T i = Hr B, i B R i R AR 4t
BRI 2R A M SE 30 5 e IR AN T SL58 81T IR
. SREGI RV ERAE AT, BEE )R OIE AL
BAESE I g . STk, Wi e
SIS 1T (design of experiments, DoE) Fl v
[f7% (response surface methodology, RSM) 5| A\JiX
TR AORIEFE . 1%T775H Box Al Wilson Wit
TR, FEBRABFSG TR T 2

SRR bR, DUABI LI R M RE ) H 1P
HAr, X7T RSM &M T B #5 #% fil 01 725 13
(DCMD). WA EZE T (SGMD) A& 24 1%
(OD) HEFRFIMERER L O A RGN, Tt 3L
I e R ANE A (AGMD-HF) 7K
WAL R BT 7R 8 /b » Chang 2515 X RSM #E4}
AGMD H1 DCMD P Flifg 7K IR AL 2 1 2 P e 2
BT titk, FFEEF Aspen Plus P& 528 1 bt
FERIBEAEL . Khayet 2V FH N T2 R 4 A5 7
(ANN) il AGMD /KRS FERI T RE, H 5
K S5 RBEAT XS EL, KB R R EOLE] 0.992, 1A
fAITBERAH RSM ¥EH % T iZd BN S HS %
S N2 e ) R 4k R Guillén-Burrieza 45
U et 7l A B A8 23 4B 2 AR AR AL TR
2, FEH RSM LT T R TiZid FE R 240
VA B 5 K IR P 2 18] (1 BR B . Yao 20 2TR)
FI RSM VEER BT T 2T AGMD (¥4 £ 24 i 7% 1 ot
TR S ERAE S B (A AC B2 .

AWFFEFH RSM ¥, DB bR#EREK (5 &

IrH03.5%) NREK, Xt B R iR e
LRIF 70 S5 K4 (13T B AGMD-HF JELZL A4 (1 i /K i Ak 1ot
FEFZI A 7 AN IE B AR ARt AT 7R, AL 7
R B 5 AORHBCEE KGR EE « Ve BEBCEE /KGR . RN
MEZ MR R, T 2B 7B R
HREM, JFRE SIS RS UL A (E AT X b DAL [7]
ARERS R AERR P, AT LATS s REIR (AR FH g
AL G v AR I (1 SO R 32 1w S )
BIESH

1 ZRIs

1.1 BRhEES s IRA YR T

R e g Se 3 rh s eF Y s SR B A (spiral-
wound hollow fiber air-gap membrane distillation,
SW-AGMD-HF) W% UG LM (PTFE) i 2f4k
JEAT e A L YV B RSTLARSCER A IH TS, AR
R YL AN N — 2 PTFE FERVEREEM, L
TRAE 2 SRR B A TE RV /N B AR S 3R
K 1 9 SW-AGMD-HF AL A R B R B A
PORRBS Vol LR T AAHE N, bRt
TRRRAR P AR I 28 A v 2 AR A IR P I 28 R 22 430
NI FLEEN BB A B REIR R X ) 5 <, T
JEIL R B A YA B SN BE SR R, 5
HA BRI AT RSO E AL, RAAER S H )
TET TRRALFRACEE, FiSEEl R/ W
e IR

hot feed-in, 73 cold feed-out, 7>

air gap
porous fiber ——— O nonporous fiber
membrane O
vapor O
PTFE adiabatic —
tubular net

/ cold feed-in, Ty

distillate

Bl 1 SW-AGMD-HF B4 fF-JE A J 3
Fig.1 Schematic presentation of SW-AGMD-HF module
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Table 1 Details of hollow fibers and module for
SW-AGMD-HF desalination process

SW-AGMD-HF module PTFE
support porous fiber type DDPT-S1608
effective length of module /m 1.15
shell inside diameter /m 0.033
number of porous fibers N, 150
porosity/% 60
average pore size/pm 0.4
tortuosity 327
contact angle/(°) 120
inner diameter of porous fibers/mm 0.8
outside diameter of porous fibers/mm 1.1
effective evaporation surface area/m’ 0.39
support nonporous fiber type DDPT-0610
number of nonporous fibers N, 450
inner diameter of nonporous fibers/mm 0.6
outside diameter of nonporous fibers/mm 1.0
Ni/N, 3:1
thickness of air gap/mm 0.5
packing density 0.6

(1); WIBRESHAWE, BILHRIEER,
FSB-18L; HL'FHRAL, LIEFEERIEAE A RA A
THHIAR), DDSI-308F; pH it, gkt Rl
A IR A F XS], PHS-3C 24,
13 SLWEES5RIE

WK 3 fim.
1.4 AGMD-HF ;&R EFE S H

X T AR K IR AL R B R R T

® //

K3 JEF SW-AGMD-HF ALK RS A6 i A
Fig.3 Schematic diagram of SW-AGMD-HF desalination process

1—vacuum tube; 2—collector plate; 3—hot feed tank; 4—membrane distillation module; 5—volumetric cylinder; 6—flow meter;

7—heat exchanger; 8—circulation pump; 9—cold feed tank; 10—heater strip; 11—valves
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Table 2 Real factor values based on coded levels of RSM

Real values of coded levels

Factor
-1 0 1
A: hot feed-in temperature, 75/°C 70 80 90
B: cold feed-in temperature, 7,/°C 20 30 40
C: fluid flow rate, F/L « h™" 20 35 50

*®3 CCD EWRITRER
Table 3 Experimental design and results of CCD

Run Factor Actual response Predicted response
A: T/ C B: Iy/C C:F/L+h JwLem™ e h™! JwlL s m” b
1 90.0 20.0 20.0 4.36 4.63
2 80.0 30.0 35.0 3.69 3.72
3 80.0 30.0 9.71 2.59 242
4 90.0 20.0 50.0 7.01 7.13
5 80.0 13.2 35.0 4.47 4.41
6 80.0 30.0 35.0 3.76 3.72
7 70.0 40.0 50.0 2.50 2.35
8 80.0 30.0 35.0 3.65 3.72
9 96.8 30.0 35.0 6.88 6.45
10 80.0 30.0 60.2 4.86 4.84
11 80.0 30.0 35.0 3.69 3.72
12 70.0 20.0 50.0 3.56 3.44
13 80.0 46.8 35.0 2.69 2.58
14 90.0 40.0 50.0 491 5.13
15 80.0 30.0 35.0 3.71 3.72
16 90.0 40.0 20.0 3.34 3.56
17 63.2 30.0 35.0 1.76 2.02
18 70.0 40.0 20.0 1.95 1.97
19 80.0 30.0 35.0 3.78 3.72
20 70.0 20.0 20.0 224 2.15
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Table 4 ANOVA of quadratic polynomial regression model
Source ss” DF® Ms” F-value p-value R R RY; AP
model 37.0 9 4.11 713 <<0.0001 0.986 0.894 0.973 31.7
A: T 23.6 1 23.6 444 <<0.0001
B: T, 4.06 1 4.06 76.2 <<0.0001
C:F 7.16 1 7.16 134 <0.0001
AB 0.401 1 0.401 7.52 0.0207
AC 0.702 1 0.702 13.2 0.00460
BC 0.437 1 0.437 8.21 0.0168
A? 0.483 1 0.483 9.08 0.0130
B? 0.0888 1 0.0888 1.67 0.226
C? 0.0107 1 0.0107 0.201 0.664
residual 0.532 10 0.0532
lack of fit 0.521 5 0.104 44.4 0.000382
pure error 0 5 0

(D sum of squares; @ degree of freedom; (3 mean square; @ adequate precision.
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Table 5 Experimental permeate flux of solar-powered
AGMD-HF process at optimum conditions
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Experimental value Predicted value
835 132 60.2 6.47 7.00 7.57%
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