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Studeles on Performance of Desalination Plant
with Reverse Osmosis System-1I

Takeshi Araxi, Yasutaka FurukaTa, Tadashi Imapa

Hideo Tacawa and Toyonari NISHIYA

Desalination plant equipped with reverse osmosis modules has been used for
fresh water preparation for low energy consumption. Reverse osmosis modules,
however, become dirty increasing with changing of running hours and desalinating
performance of module if decrease. The most important problems on the desalination
plant are that how to refresh modules by various chemical materials and how to
be lengthen the durability of modules.

Then, we have studied to fluctuate of module performance by washing method
using cit_n'c acid for modules on the desalination plant (7m®/day) installed in T/V
Kakuyo-Maru for 3 years from 1986 to 1989.

We came to the following -conclusions :

i) The washing by citric acid is hightly effective to refresh modules when codition
of module do not be excessive compacted.

ii ) Desalination plant equipped with reverse osmosis module dependent on the inlet
water pressure. When inlet pressure of water is increased desalinated performance
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being a good condition. Namely, amount of desalinated water is increased and

desalting ratio of module is improved.

Key words: 3E2#E% chemical washing ; #/k#/K{LERE desalination plant;
£ Y a2 —)LHEE module performance.
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Fig. 1.

experiment for module.

Process flow diagram of circulation washing system A: at first experiment and B: at second

FW is fresh water, Pi: primary pump, CF : cartrige filter, T: : tank of fresh water, V1 : inlet valve,
P.: circulation pump, HP: high pressure pump, V:: outlet valve, M : module, Vs: pressure adjust
vavle, F: flow meter and T:: tank of medical fluid.
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Table 1. Results obtained as chemical washing at experiment-1~2
Module No. 550348 Module No. 550425
frequency outlet water CsH:07-H:0 frequency outlet water CesHsO7-H20
exp-1 EC: 425 " pH: 2 exp-1 EC: 983 pH: 2
— 200us/cm — 892us/cm
(TDS : 200 (TDS: 240
— 100ppm) . — 190ppm)
exp-2 EC: 1776 pH: 3 exp-2 EC: 1776 pH: 3
— 1432us/cm —2 ’ — 1432us/cm —2
(TDS: 785 pH: 25 (TDS: 785 pH: 25
— 709ppm) —2 — 709ppm) —2
Remarks : Ce Hs O7+ Hz O is citric acid solution, EC electric conducttion, pH : pH value and TDS : total

dissolved solid in outlet water.
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Table. 2 Running record of modules at experiment-1~2

ZHr Ts Q25 TDS; TDS: P A Re

h-m °C m?/day ppm ppm kg/cm® %
45-35 289 11.415 613.0 33734 55.3 0.2474 98.25
93-05 29.7 11.170 593.0 33883 55.1 0.2404 98.34
116-55 29.6 11.274 593.0 133883 v 55.0 0.2428 98.34
148-20 299 11.132 674.0 33775 55.0 0.2403 98.11
195-50 295 11.276 643.0 33717 55.0 0.2439 93.19
243-25 29.8 11.202 593.0 33815 55.0 0.2416 98.34
290-55 29.6 11.162 594.0 34015 55.0 0.2393 98.34
338-30 294 10.935 594.0 34700 55.0 0.2299 98.36
386-00 26.9 11415 573.0 34776 © 552 0.2414 98.43
410-10 26.8 10.838 593.0 34200 55.0 0.2331 98.35
456-25 29.6 10.308 7440 33852 549 0.2329 97.91
503-55 299 10.872 754.0 33808 55.2 0.2360 97.88
551-25 30.0 10.930 765.0 33831 55.3 0.2368 97.85
598-55 29.6 11.091 775.0 33883 55.2 0.2406 97.83
646-25 29.8 10.803 785.0 33900 55.0 0.2352 97.80
670-10 29.4 10.875 785.0 33921 55.0 0.2369 97.80
704-15 299 11.975 709.0 33820 58.0 0.2582 98.06
751-55 30.0 11.960 734.3 34110 58.0 0.2556 98.00
793-12 29.6 12.073 715.3 33800 58.0 0.2607 98.01
836-37 294 12.293 8229 33831 58.3 0.2656 97.76
883-17 30.2 11.902 784.9 34071 58.9 0.2547 97.86
930-57 29.8 12.097 791.3 33885 58.3 0.2606 97.84
945-12 29.8 12.145 791.3 33850 58.5 0.2619 97.84
992-22 299 12.226 860.9 33559 58.1 0.2658 97.57
1006-02 30.0 12.124 867.2 33559 585 0.2635 9757
1052-30 30.0 11.970 1008.4 34545 584 0.2527 97.21
1100-05 29.5 11.790 936.8 34710 58.5 0.2481 9742
1147-40 26.7 12.167 854.6 34450 58.5 0.2604 97.77
1195-14 22.3 12.651 829.2 35615 59.1 0.2652 97.88
1220-41 219 12.254 8294 35500 57.3 0.2582 97.75

Remarks: Broken line is indicate chemincal washing at six hundred seventy running hours.
ZHr is integrated running hours, Ts: sea water temperature, Qzs: amount of outlet water as
25°C per day, TDS: : total dissolved solid in outlet water, TDS.: total dissolved solid in sea
water, P: water pressure, A: value of propulsion effect calculeted and Re: desalting ratio.
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Fig. 2. Fluctuation of varios items, i. e, sea water temperature, amount of desalinated water as 25 C,
total dissolved solid in desalinated water, desalting ratio calculated of experimental module and
running hours on desalinating experiment.

Ts is sea water temperature, Q2s: amount of deasalinated water as 25° C, TDS: total dissolved

solid in outlet water, Re: desalting ratio of experimental module and | : chemical washing.
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Fig. 3. Fluctuation of propulsion effect calculated (A) with running hours of experimental module.
Broken line is A value at last experiment and full line is A value at this experiment as same
experimental module.

Symbols : ¢ is propulsion effect for various running hours and ¢: propulsion effect at
58 ~ 59kg / cm®.

Table 3. Chemical characters of outlet water in
Aug. 1989, after an official report of Kita-
Hokensho at Nagasaki City

Standard Sample

Item of inspection

Smell Normal Odorless

Taste Normal Tasteless

Coloring index <5 0

Fouling index <2 0

pH value 5.8~8.6 6.4

Nitrogen nitrite <10 mg/l <0.1 Fig. 4. Color variation of citric acid solution
Chloride ion <200 mg/1 283 (CeHsO7-H:0).

Ca, Mg etc <300 mg/1 53.5 Left is before washing and right is after
Consumption of KMnOs | <10 mg/l 2.0 washing.

Viable count <100 /1 4

Coli forms Nil Nil

Remaining chloride 0 ppm

Z T, Table 2225 a, b #HICI1F % TDS (ppm)
& Hr (hour) & OEOERRE TN FhkDT,
a #iF : TDS = 560.6409 exp (4.6689x10™* Hr) -

.......................... (471)
(r = 0.7624) o 55, e
b #B8 1 TDS = 551.1261 exp (4.1058 X 10* Hr) #RO. (No.550348) 0o s50e25)
........................... (4_2) 2

(r = 0.6862) Fig.5. Sections of dirty module.
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