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The development of high-performance PRO module and effects of
operating condition on the performance of PRO module
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ABSTRACT

Pressure retarded osmosis(PRO) has attracted much attention as potential technology to reduce the overall energy
consumption for reverse osmosis(RO) desalination. The RO/PRO hybrid process is considered as the most logical
next step for future desalination. The PRO process aims to harness the osmotic energy difference of two agueous
solutions separated by a semipermeable membrane. By using the concentrated water(RO brine) discharged from
existing RO plants, the PRO process can effectively exploit a greater salinity gradient to reduce the energy cost
of processing concentrated water. However, in order to use RO brine as the draw solution, PRO membrane must
have high water flux and enough mechanical strength to withstand the high operational pressure. This study investigates
the development of a thin film composite PRO membrane and spiral wound module for high power density. Also,
the influence of membrane backing layer on the overall power density was studied using the characteristic factors
of PRO membranes. Finally, the performance test of an 8-inch spiral wound module was carried out under various
operating conditions(i.e. hydraulic pressure, flow rate, temperature). As the flow rate and temperature increased
under the same hydraulic pressure, the PRO performance increased due to the growth of water permeability coefficient
and osmotic pressure. For a high performance PRO system, in order to optimize the operating conditions, it is
highly recommended that the flow pressure be minimized while the flow rate is maintained at a high level.
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Fig. 1. SEM image of PRO membrane.

Table 1. Characteristics of backing layer

Non-woven fabric A | Non-woven fabric B Porous fabric A Porous fabric B

Air permeability (cc/m?%sec) 7 11 355 127
Thickness (um) 136 103 83 62
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Table 2. Effect of different backing layer on PRO perfomance

A B S Power density Water flux
(L/m*/hr/bar) (L/m’/hr) (mm) (W/m?) (LMH)
Non-woven fabric A 1.80 0.714 2.530 3.2 5.7
Non-woven fabric B 1.55 0.187 2.098 8.6 14.8
Porous fabric A 2.85 0.466 0.926 17.4 31.4
Porous fabric B 1.97 0.619 0.710 18.3 35.5
=3kl FA7L $F2 Porous fabric BE AR&-3F PRO 1A BES A7) AEE AHo]A o] o Myt ofy
=] S%k£ non-woven fabric A%} Hlﬂo}‘ﬁé Al 2t =8 FAEAY FEE FAHATI7] fIRE
oF 3.6 4%t 0.710mmE UERH LS FoEE AL Folghalal FYEASLS thpol EPIER
35.5LMH=E ©F 6.2H]] /<553t TTJJrE 7kl w FEgASE vz BE59 14 A3} o3k
gt AYUEE 183Wme R oF 6uf 7t om oF Fig. 4= 44| PRO BES Aohdt ALY 2 &
A Ao} mpR7iA = Feuh Gt ATt o A T BAES HojFa itk PRO EEA F=8
goll et MUl SUhe AL WA & AT & WA AE R B4F pEoR 520 &
ES} porous fabric A2] 7-$- porous fabric BE T} A7)k Qe To]x YHZ o]Fgict o] FoMfH =
& 23 Bglo] AolE BTN Sglo] Fkko] wh o Hejul W AsjolAols BYS Hsiel fUE8 B
o dEuWEs} gastgh % PRO Helue] Aol oo RS YAkt Fig 3004 B 4 Aol 5 S
A BEIE FASIAW S gol BTk 2 9B nd Agoe ARcle] g Hejuke Fustel grge &
L BRI 4 glglon PRO Belg g Al Z0= o)Fal] Hu oju) £EL 123 Yow
FRFE SRR A A F A A A 9] F29} th s27 "ok §FU8H & 2oz FAH ER
A< Fs] nysfordtrial AbmEh Es o WeFe=m Ado] A jlom dubd e
E PRO EEoA= EYIAEES §9849 1§, 37
3.2 PRO 2& 7Hd 553 FayalA] wjLL sk shAlt ofiat wjdo
ouiroz WE U Auo|Ai golo] FFHS O A FEgdo] 29 3o R olxd Al ZF] A
ool FERIALS AAAAFT Hejwt wue] B0l A AL WopAa dipen wee
Hel BAHGE Z7hAATE TS drhSchwinge  HHWEIE AAE] Hopxl= el tehd.
et al,, 2004). AHo|ANRL EgZEQ} W47} AFRE 2 AFod= oyt BE W FE&d 554
olig] W4 EgzES} Hlmsle] T2Fo] = w2 M A =& 5 gl EREE T
STt =77 W] Lolo] E3Fe ZrhA]z 1749 wide 28 PR sl el e

4>m>

= 4
QJtH(Costa et al., 1994). 2 AFLollA 7= PRO 8 HAE 39t

D vaw solution

Feed solution

Draw solution z f

Draw |

Fig. 4. Flow diagram of solution in the module.
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