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Abstract: Counter-current type reverse osmosis spiral wound module was manufactured for the separation and con-
centration of salf solution. The ratio of permeate volumetric flow rate vs. brine volumetric flow rate was effective pa-
rameter between rejection and degree of cocentration. The reflection coefficient was correspondent to the relation be-
tween rejection and degree of cocentration by Spiegler-Kedem model. Counter—current reverse osmosis process had more
osmotic pressure drop effect and more degree of concentration than general reverse osmosis process. As a result of com-

puter calculation, the extension of module length than module diameter was more effective for the increase of degree of
concentration.
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Table 1. Scope of RO & CCRO Experiment

. TFC(support layer : polysulfone
Membrane material ) )
active layer . polyamide)

body size : 2.5"Dx21"L
membrane length : 0.45m

. membrane width : 0.35m
Module size
leaf type : 3—leaf

feed spacer thick. ; 0.00048m
perm. spacer thick. ; 0.00038m

16,000, 20,000, 35,000

Feed conc.(ppm NaCl)

Pressure(Mpa) 0.5~4.5
Feed flow rate(m®/hr) 0.45~2.50
Counter—current flow(m®/hr) 0.1~0.5

5%, 29, B
3} 7o) A},
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Table 2. Data of the RO & CCRO Process
Pr(Mpa) Pc(Mpa) Qs(1pm) Qe(1pm) Qc(1pm)
NaCl
1oooj)c 3 - 1.86 0.51 -
RO Process N élem
2 4 - 0.64 0.16 -
35000ppm
NaCl
1000?)0 28 12 0.74 0.25 0.46
CCRO process N glpm
2 44 14 0.69 0.19 0.4
35000ppm
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Fig. 15. The profile of degree of concentration along
the Y distance of spiral wound module at

each RO, CCRO process.
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C . solution concentration [ ppm]
DC  : degree of concentration [ — ]
Jo ¢ diffusional solute flux [kg/m?/sec]
Jv [ total permeate flux {m?/m?/sec]
k . friction parameter [1/m?]

Ly diffusional mobility [kg/m?/sec/Mpa]

Ly permeability [m/sec/Mpa ]

Len  : coupling coefficient [m/sec/Mpa ]

P pressure [Mpa]

Py local solute permeability [kg/m/sec/Mpa ]

R :rejection coefficient [ —]

U flud velocity [ m/sec]

X ! length of spiral wound module [m]

Y ! spiral perimeter of spiral wound module[m]

a2joja 22X

U - fluid viscosity[ kg/m/sec]
o - reflection coefficient[ — ]
7 osmotic pressure[ Mpa]
=

B ! brine channel side

C ! counter—current side

F . feed side

P . permeate channel side

mix : mixed solution of counter—current flow and
permeate flow
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