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1. Scope the concentration of SiOn the feed solution and the recovery

1.1 This practice covers the calculation and adjustment off the reverse osmosis system. _ o
silica (SiQy) for the concentrate stream of a reverse osmosis 4-2 This practice also presents techniques to eliminate
system. The calculations are used to determine the need f§f@ling by decreasing the recovery, decreasing the 8D-
scale control in the operation and design of reverse osmosfEntration in the feedwater, adjusting the pH of the feedwater,
installations. This practice is applicable for all types of reversé2nd increasing the temperature of the feedwater.
osmosis devices (tubular, spiral wound, and hollow fiber).

) A X . . Significance and Use
1.2 This practice is applicable to both brackish waters ang g i , .
seawaters. 5.1 In the design and operation of reverse osmosis installa-

1.3 This standard does not purport to address all of thelions, it is important to predict the Sicaling properties of
safety concerns, if any, associated with its use. It is thdhe concentrate stream. Because of the increase in the concen-

responsibility of the user of this standard to establish appro-ration of SiG and the change in pH, the scaling property of

priate safety and health practices and determine the applicath® concentrate stream will be quite different from that of the
bility of regulatory limitations prior to use. feed solution. This practice permits the calculation of the

scaling potential for the concentrate stream from the feedwater

2. Referenced Documents analysis and the reverse osmosis operating parameters.
2.1 ASTM Standards: 5.2 Scaling by SiQwill adversely affect the reverse osmo-
D 859 Test Method for Silica in Water sis performance. This practice gives various procedures for the
D 1067 Test Methods for Acidity or Alkalinity of Watgr ~ Prévention of scaling. _ 5
D 1129 Terminology Relating to Wafer 5.3 The presence of certain metals, for examplé; Ahay
D 1293 Test Methods for pH of Wafer significantly alter the solubility of Si® via formation of
D 3739 Practice for Calculation and Adjustment of Lange-insoluble metal silicates. This practice does not address this
lier Saturation Index for Reverse Osmdsis phenomena.

D 4194 Test Methods for Operating Characteristics of Re—6_ Procedure

verse Osmosis and Nanofiltration Devites ) ) .
6.1 Determine the concentration of Sifh the feed stream

3. Terminology in accordance with Test Method D 859.

3.1 For definitions of terms relating to water used in this 6.2 Measure the temperature of the feed solution.
practice, refer to Terminology D 1129. For terms relating to_ 6-3 Measure the pH of the feed solution using Test Methods

reverse osmosis, refer to Test Methods D 4194. D 1293.

. Note 1—If acid is used for control of CaCQscale, measure the pH
4. Summary of Practice after acid addition.

4.1 This pragtice consists of ca}lculating the potential for g 4 petermine the total alkalinity of the feed solution using
scaling by SiQ in a reverse osmosis concentrate stream fromro« Methods D 1067 and express as CaCO

Note 2—If acid is used for control of calcium carbonate (CafO
1 This practice is under the jurisdiction of ASTM Committee D19 on Water and scale, determine the total alkalinity after acid addition.
is the direct responsibility of Subcommittee D19.08 on Membranes and lon
Exchange Materials.
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FIG. 1 Solubility of SiO , vs. Temperature
7. Calculation
7.1 Calculate the Si© concentration in the concentrate
stream from the SiQconcentration in the feed solution, the
recovery of the reverse osmosis system, and the Bé3sage pH of RO Concentrate
as follows: FIG. 2 SiO, pH Correction Factor

Sio. — sio. x L= 1(SPsi0)
100 = SiOy 1-Y 7.5 Calculate the solubility of SiO corrected for pH

(SiO,¢qr) by multiplying the solubility of SiQ obtained in 7.3

where: by the pH correction fa}gtor obtained in 7.4_.

Si0,, = silica concentration in concentrate as SiO 7.6 Compare the silica concentration in the concentrate
mglL, (SiO,) obtained in 7.1 with the silica solubility (Sif)

SiOy = silica concentration in feed as SiOng/L, ot_)talned in 7.5. If_Sch is greater t_han SiQ., silica scaling

Y = recovery of the reverse osmosis system, ex-Will occur and adjustment is required.

pressed as a decimal, and

TS . Note 6—Some suppliers may use a safety factor. Check with the
SPsio, = silica passage, expressed as a decimal.

supplier of the reverse osmosis device to determine if some fraction of the
Note 3—SP;o, Can be obtained from the supplier of the reverse SiOzcon, for example, 0.9 SiQ.,, should be used to compare with ${0

0smosis system. 8. Adjustments for Scale Control

7.2 Calculate the pH of the concentrate stream from the pH g 1 ¢ Sio,. is less than SiQ.,, or the recommended
" C orr.

of the feed stream using the procedure given in Practicgction of SiOqrr, @ higher recovery can be used with respect
D 3739. to scaling by silica. Reiteration of the calculations at higher
Note 4—For seawater systems, the calculated pH of the concentratBeCOVery can be used to determine the maximum conversion
stream can be 0.1 to 0.2 higher than measured pH values if the feed pHsith respect to scaling by silica.
above 7.0. In these cases, empirical correlations between the feed pH andg 2 |f SiO,, is greater than SiQ.,, or the recommended
the concentrate pH as a function of conversion can be useq to MOfRaction of SiQ,o, @ lower recovery must be used to prevent
accurately calculate the concentrate pH. Check with the supplier of the o in o Reiteration of the calculations can be used to deter-
reverse osmosis device to determine if empirical correlations should be . . . -
used. mine the allowable recovery with respect to scaling by silica.
8.3 If the maximum allowable recovery is lower than
desired, lime plus soda ash softening employing either mag-
nesium oxide or sodium aluminate can be used in the pretreat-
Note 5—Temperature of the concentrate is assumed equal to temper&nent system to decrease the $i€ncentration in the feed
ture of feed solution. If the temperature of the water is known to vary, usestream and thus permit higher conversion with respect to
the minimum temperature for the calculations. scaling by silica. It is important that the softening process be
7.4 From Fig. 2t obtain the pH correction factor for the performed properly in order to prevent formation of insoluble
concentrate pH calculated in 7.2. metal silicates in the reverse osmosis system.
8.4 Since the solubility of silica increases below a pH of
about 7.0 and above a pH of about 7.8, pH adjustment with
4 Alexander, G. B., Hester, W. M., and ller, R. K., “The Solubility of Amorphous either acid or base can permit a higher recovery with respect to
Silica in Water,”Journal of Physical Chemistns8, 1954, p. 453. silica scaling. However, the reverse osmosis membrane must

7.3 From Fig. 1, obtain the solubility of Sias a function
of temperature (SiQemp)-
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be able to operate at the adjusted pH and for the high pHof the concentrate stream and compared with the projected
CaCQ, scaling must be prevented. Check with supplier ofscaling potential calculated above.
reverse osmosis device for permitted operating pH range.

8.5 The maximum allowable recovery with respect to silica10. Use of Computers for the Determination of Scaling
scaling can be increased significantly by increasing the water potential
temperature using a heat exchanger. However, the reverse , ) )
osmosis membrane must be able to operate in the adjusteq10-1 The preceding calculations are adaptable to simple
temperature range. Check with supplier of reverse osmosfOMPputer analysis.

device for permitted operating temperature range.
11. Keywords

9. Reverse Osmosis in Operation
9.1 Once a reverse 0smosis system is operating, the scaling
potential of SiQ can be directly calculated from the analyses

11.1 fouling; reverse osmosis; scaling; silica; solubility
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