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LSI=(PHmeasured-PHsat)

PH JL auld a3 Cus 40000 oLl Cagjaall a9 juell 28 ) 0 PHmMeasured

pagdlll clabaall bl A Aga glaay Aime Y alae (e Adlida (3 ks 4slua PHsaturation

. ( Calcium hardness — CaCO3 ) a5kl 3 5

M\ k_i‘).-.anj c-l).-ﬂ‘ DL:XAS M.AJLS.“ 4.5‘)4.41.\ us:\.L.jS\ ‘)L.Mﬂ Aalall o)\.ﬁ‘)“



A6 — olae dlat uiga
=I Alatl) ol (b %

(bS5 Bl ) Al 2 g0

. PPMJL TDS 283l 2,00 ~SLY|
il o) Culei el 5 sall s
s Y aleall Jad a Shing

PHsat=[9.3+A+B]-[C+D]

A B.CD qwal Ay ALl eVl asal) 9

A =(Logw[TDS]-1)/10

B =[-13.12 x Logio (C° + 273)] + 34.55
C = Logio[Ca=ascacos] - 0.4

D = Logao [alkalinity as cacos]

R L A S VIR S T VN

https://www.lenntech.com /calculators/calculators.htm
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DATA FOR RAPID CALCULATIONOF THE LANGELIER AND RYZNAR INDICES

A — olye Alal i

AB.CD il Jsaall Pla e lggle Jgeandl (Sa i 5

A & D
Total Solid ‘Calcium Hardness M.O. Alkalinity
(ppm) A | (ppm CaCo;) C |(ppm CaCo;) D
50-300 0.1 10-11 0.6 | 10-11 1.0
400 - 1000 0.2 12-13 0.7 | 12-13 1.1
14-17 0.8 | 14-17 1.2
B 18-22 09 | 18-22 1.3
23-27 1.0 23-27 1.4
Temperature 28-34 1.1 | 28-35 1.5
e i B | 3543 1.2 | 36-44 1.6
44-55 1.3 | 45-55 1.7
32-35 0-2 2.6 | 56-69 1.4 | 56-6% 1.8
36-42 2-5 < & 70-87 1.5 | 70-88 1.9
43-49 6-9 24 | 88-110 1.6 | 89-110 2.0
! 50-56 10-13 23 | 111-138 1.7 [111-139 2.1
57-63 14-17 2.2 | 139-174 1.8 | 140-176 2.2
64-71 18-22 2.1 | 175-220 1.9 | 177-220 2.3
72-80  23-27 2.0 | 221-270 2.0 |221-270 24
81-89 28-32 1.9 | 27i-340 2.1 |271-350 2.5
90-99 33-37 1.8 | 341-430 2.2 |351-440 2.6
100-111 38-43 1.7 | 431-550 2.3 | 441-550 2.7
112-121 44-49 1.6 | 551-690 2.4 [551-690 2.8
121-132 50-55 1.5 | 691-870 2.5 [691-880 2.9
133-145 56-63 1.4 | 871-1000 2.6 |881-1000 3.0
146-161 64-72 1.3
162-178 73-81 1.2

o Obtain the value of A, B, C and D from above table

° pH‘

= (93+A+B)-(C+D)

Langelier ( Saturation ) Index =pH - pH,

Ryznar ( Stability ) Index =2 pH,;~-pH

(LI)
(RI)

- [IfRlis less than 6.0 Alkaline scale will precipitate

- IfRImorthan 7.0 corrosion will proceed unhindered by scale formation

- A RI between 6.0- 7.0 indicates that a mixture of scale and ccrrosion will be
foumd in the plant.
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ALY Aala Vg elall 54003 (5 5Sis o sandlSl gy i) Al ja ) Jesi o oLl
<0-0 Antiscales —ww pill alias
-0.2 TO -0.5 serious corrosion yha JSU 4 il
-0.5TO 0.0 D58 5o Al ade ae Casnia KB
0.0 Dol o oKl Al aa ga Vg (il Al ) o) B Al S Ll
AnlSay Alag pganllSl @l g S Al super saturation aalall (348 Alls 8 olual)
>0.0 @l iall e Al sl 3 WS ((calcite §f ) asullS clip S o sl o6
2SI @l 3 5 Antiscales dilialy dua gil) 2y sl )5S Al
0.0 to < 0.5 Lo Adian Aty JSB inny LS B sy (805 88 (355
0.51t0 2.0 JSU Chgan aie aa b sy ol ()5S0 Al
— LSl J lal Jlee Jlie
Water Analysis:
pH="7.5

TDS = 320 mg/L

Calcium = 150 mg/L (or ppm) as CaCO3

Alkalinity = 34 mg/L (or ppm) as CaCO3

LS| Formula:

LS| = pH - pHs

pHs = (9.3 + A+ B) - (C + D) where:

A = (Log10[TDS] - 1)/10 = 0.15

B = -13.12 x Log10(oC + 273) + 34.55 = 2.09 at 25°C and 1.09 at 82°C

C = Logl(Q[Ca2+ as CaCO3] - 0.4 =1.78

D = Log10[alkalinity as CaCO3] = 1.53
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https://www.corrosion-doctors.org/Cooling-Water-Towers/ph.htm
https://www.corrosion-doctors.org/Cooling-Water-Towers/Index-Lang-TDS.htm
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Calculation at 250C:

pHs = (9.3 + 0.15 + 2.09) - (1.78 + 1.53) = 8.2
LSI=7.5-8.2=-0.7

Hence No Tendency to Scale

it 5 LSI J) Alaladd dgilia Alalas (10 S&DSI JI Glaa o3y
S&DSI = pH (measured) — pHsat
pHsat = pCa + pAlk + "K"
pCa = - logl10[Ca2+ as CaCO3] , [Ca2+] in mg/l as as CaCO3
pAlk = — log10[Alk as CaCO3] , [Alk] in mg/l as CaCO3
P e 2w 'K of Bl
5 ) yall ds o
lonic Strength ¢ Ll 4y 531 5 53l
sl Al e DA G K ) A A yme o ) e shaas

o8 Analia cila i 3] Lebiaty Ly puass 3 sbadl Fue 3 < piige gy () Jaaal

K value daleall

0 02 04 06 038 1 12 14 16 18 2
lonic Strength 18
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“Ryzner stability index” (RSI)

Ju iy opened systems z sidal) alail) xe d@é;} LSI ) daladd yughaty Jos 2 g

UJAHJ.K:DQAM
RO J) auiel Jie Jaicall ity Ailial) Aalai) ae slindd) 3 pasion LSI J 5y
S 6 Cun 6= 6.7 ol 4 el Junil 54 = 10 Gz ol 88 535 dalee i U

rdsaall e Jaee QB 0315 liaay e oSabe J8 il il s oS e BT e

RSI 3l olae i g sl Cia g
<5.5 Lishall o ~SLO a8 il 5
55-6.2 Lshall e #3A0 cl
6.2-6.8 sl ) i
6.8 — 8.5 Lo ghaally JSB Gygan
> 8.5 bl pad JSU Gygan

RSI = 2PHsat — PH
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Calcium 410
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Silica 004-8
Chloride 19,700
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Fluoride 14
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Bicarbonate 152
Boron 4-5
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(RO Aol 4, 5 ganslll) pmuSald) zraaliilly dualid) ¥ dlaal)
: Salt rejection ) cbus @

Conductivity of Feed Water — Conductivity of Permeate Water

Salt Rejection % = x 100

Conductivity of Feed

: Salt passage lua o
Salt Passage % = (1 — Salt Rejection %)

: Recovery ( lua o

Permeate Flow Rate (gpm)

% Recovery = x 100

Feed Flow Rate (gpm)

: Concentration factor Jl Clua @

Concentration Factor =

1 — Recovery %

—: Flux Jlla o

gpm of permeate x 1,440 min/day
GFD =

# of RO elements in system x square footage of each RO element

Feed Water Source GFD
Sewage Effluent| 5 - 10

Sea Water| 8 - 12

Brachish Surface Water | 10 — 14
Brachish Well Water | 14 — 18
RO Premeate Water | 20 — 30
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Permeate flow = 528344 g/d ,
Area of membrane = 39() ft
Pressure vessel contains 6 elements

Flux of sea water between 8§ — 12 GFD

528344

no of element = 102390 136 membrane

no.of pressure vessels = ke 22.66 = 23 pressure vessel

. Mix Ratio Jl clua o

TDS HP out —TDS LP in

TDS HP in—TDS LP out - 10V

Mix % =

TDS HP out—TDS LP in
SI % = , — x 100
TDS HP in—TDS LP in
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3CaC03(s) + 2H3PO4 (ag) —> Ca3(P0O4)2 (aq) + 3H20 + 3CO2(g)
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Sodium hydroxide (NaOH) 2, 5\<ll 1a gall -1

andd ind | o cpd gla iyl —Ethyelen diamine tetra—acetic acid
(EDTA)-2
Sodium salts of EDTA: Gy #>d -3

— Na2EDTA is the Disodium salt of ethylene diamine tetra acetic acid

- Na4EDTA is the tetrasodium salt of ethylene diamine tetra acetic acid
Detergents (surfactants) «iliaidi-4

— Quaternary ammonium compounds.
— (Na—-DDsS) or (SDS) or sodium salt of dodecyl sulfate.

— Sodium laurel sulfate.
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— Sodium tripolyphosphate (STP).
— Tri sodium phosphate (TSP).
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Bio-fouling z=d 5 sdls

NaOH (0.1% wt) + Na-DSS (0.025% wt)
@ pH =12, 35° C (max)

1- NaOH (0.1%)wt + Na;EDTA
@ pH =12, 35° C (max)

5- Oxidizing agents (H,0, + Peracetic acid) (for d ‘955.“
aetate cellulose membrane)

7- Non-oxidizing agent:Formaldehyde +
Glutaradehyde

1- Salt shoke.
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Figure 13.4 Effect of pH on ability of cleaning solution to remove biofilm and restore
membrane performance. Courtesy of Dow Water and Process Solutions.
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Organic-fouling (s sal) il slally 4laY)

NaOH (0.1% wt) + Na-DSS (0.025% wt)

@ pH=12,35° C (max)

1- NaOH (0.1%)wt + Na,EDTA
@ pH =12, 35° C (max) follwed by HC1
(0.2%) , pH =2, 45 ° C (max)

b il il glall Culiall (6 gLl Juall (Physical-fouling)
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Particulate and Colloidal Fouling:
Pore Blocking

sibazeadl (B el an g Vg, Al pLZAD Aabeal )1 FA) Sidag g o gBBU JalS Shes el ALY Cilasal)

Complete Blocking

Each particle in water completely blocks
one pore and reduces ative membrane
area, with no superposition of particles

Standard Blocking
Each particle is deposited on the

internal pore walls, decreasing the pore “"
volume

g aaa JICE pLSAN JRNAD aadl e cue S Clasad) o dud Siaa | oalil 22 13 g

plad) g o gl udg ., AR laadl o gl o o A Clasd (15 Slasad Ao S A S 120 g

Intermediate Blocking

Particles settle on other particles
previously deposited and already
blocking the pores or particles can
directly block membrane area.

) L il SR Las il Cas i oA Clasuad) i i ol g gl Saaan Al Addall ASagl
o - .. . i b (6 g ] eyl ) 9 ]
;.‘,mlusm&mdeja._uﬁkimélﬂ

Cake Filtration

Each particle settles on other particles
previously deposited and already
blocking the pores,

No particle directly block pores or active
membrane area respectively.

— The cake might be compressible
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Physical-fouling b 3281 zil gl la)

Silt fouling (suspended solids
fouling)

NaOH (0.1% wt) + Na-DSS (0.025% wt) o
@ pH = 12 , 35° C (imax) Sia) Jad)
(For silica): 933 ]
NaOH (0.1% wt) + NaEDTA (2.0% wt) “..S

@ pH = 11.5 , 35° C (max) s el

Metal oxides

(for example:iron deposits)
Na,S,0, (1.0% wt) @ pH=5 , 25-30° C
(max)
1- H:POy4 (0.5%wt) @ pH=1-2 , 25° C
(max)
2_ HCI (0.2% wit)

3- NHLSO:H (1.0%% wt) @ pH=3 -4 , 25°
C

4- Citric acid (2.0%% wit)
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Scales > aY) 5 oi8 il i Aot

Carbonate salts scales
(CaCO; &Mgco3)

1- HC1 (0.22 wt) @ pH=1-2 , 25° C .
(For acetate cellulose membrane) dﬂ.ﬂ‘i‘ J=
2- Acetic acid (for polyamide membrane)

1- Sodium hydrosulfite (1.0%26 wt) @ pH =

S 25%€E

2- Phosphoric acid (0.5 wt) @ pH=1-2

350 c ¢ = J i)
3- Sulfamic acid (0.2%26 wit). Aty
4-Clitric acid (1-3%6 wit). Ll
S5- Oxalic acid (0.5-1 wt%%o).

6- Quaternary ammonium compounds.

Sulphate scales
(as CaSO4 , MgSO,4; and BaSO,)

NaOH (0.1%% wt) + NasEDTA (2.0% wt) % g
@ pH = 12 . 35° C (max) G S

Jslad)
Adsagly
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P CALCIUMI CARBONATE REMIOVAL -~

Effaect of Acid Type and pH on CaCO, Scale Removal
25
z A = Citric acid (29) @ pH 4, 40°C
[ B =HCl@ pH 2.5, 35°C
@ 20 | jC=HCl@pH 2, 35°C
@ D=HCl@pH 1, 25°C
= E = HCI @ pH 1, 35°C
P e e S e
=
S
_f-_-% 1.0 | — - e FeSeS—
L
@
E gx o= =eowmses
s
a2
c.o
A B
Cleaning Solution
Less Effective More Effective
S A

Temperature and pH impact the performance of acid cleaners.
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Table 6.3 Simple cleaning solutions
Cleaner 0.1wt% 0.1wt%
NaOHwith  NaOH with
0.1wt% To0wt%  0.025wt%  02wt% 2% citric 10wt % 05wt % 10wt %

Foulant NaOH NaEDTA Na-DDS HCI acid Na;S;0¢ H3POy NH;SOszH
Carbonate scales . ; 2

(e.9., Cac0y) —_ —_ Preferred Alternatve Optimal Alternative —_
Sulfate scales oK

{CaSQ:, BaS0:) — o — — —
Metaloxides S : :
hydrosides {e.g..iron) — — — Alternative Preferred Aliernative  Altemative
Fluoride scales OK

Phosphate scales Preferred

Inorganic colloids {silt) — Preferred — — — —
Silica Altemative  Altemative Preferred —_ s — s
Biofilms Preferred Altemative Preferred — — — —_
Organic Preferred Altemative Preferred —_ — — —_
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Table  Preferred cleaning solutions for specific foulants and scale.

Species Dow-FilmTec Hydranautics@d:l
Sulfate Scale | 0.1% caustic, pH 12, 2.0% sodium tripolyphosphate,
30°C pH 10,45,C
Carbonate | 0.2% hydrochloric acid, | 0.5% hydrochloric acid, pH

Scale pH 2, 30.C 25,45
Silica Scaling | 0.1% caustic, pH 12, 0.1% caustic, pH 11.5, 35.C
35:C

[ron Fouling | 1.0% sodium hydro- 1.0% sodium hydrosulfate, pH
sulfate, pH 5, 30,C 11.5,35,C

Organic 0.1% caustic pH 12, 0.1% caustic plus 0.03% sodium

Fouling | 30.C followed by dodecylsulfate, pH 11.5, 35,C
0.2% hydrochloric acid,
pH 2, 45,C
Biofouling | 0.1% caustic, pH 12, 0.1% caustic plus 0.03% sodium
30.C dodecylsulfate, pH 11.5, 35,C
* CPA membranes only g
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Table 1: General rules on the use of cleaning chemicals in relation to the type of fouling

Foulants | Description Effects on RO performance Method of control / cleaning
Scale Precipitate of sparingly soluble |- Major loss of salt rejection - Lower recovery.
salts (minerals) caused by the - Moderate increase in differantial |- Adjust pH.

concentration of salts in the

feedibrine solution during passage |-
- Effects generally occur in the final

across the membrane surface.
E.g.: C&CO;. CaS0., BaSO,,
SF.SDI. SiO!.

pressure
Slight loss of production

stage of the membrane system

- Use scale inhibitor.
- Clean with citric acid or EDTA-based

solution,

- Clean silicate-based foulants with

ammonium bifluoride-based solutions.

Colloidal | Agglomeration of suspended - Rapid increase in differential - {Ultrajfiliration as first step.
Clay [ Silt | matter on the membrane surface. pressure. - Charge stabilisation,
E.g.: 5i0;, Fe(OH)s, Al(OH);, - Moderate loss of production, - Higher Feed-Brine flows.
FeSiQy. - Moderate loss of rejection. - Clean with EDTA or sodiumtripoly
- Effects usually occur in the first phospate at high pH.
stage - Clean silicate-based foulants with
ammonium bifluoride-based solutions.

- Lower recavery

Biological | Formation of bio-growth upon - Major loss of production, - Sodium bisulphite addition.
membrane surface. E.g. iron - Moderate loss of salt rejection. - Chiorination with or without activated
reducing bacteria, sulphur - Possible moderate increase in carbon filtration.
reducing bacteria, mycobacterium, |  differential pressure. - (Clean with EDTA-based solutions at
Pseudg-monas, - Effects occur slowly, steadily. high pH.

- Shock disinfection program with
formaldehyde, hydrogen peroxide,
peracelic acid.

- Ultrafiltration before RO.

Organic | Attachment of organic speclesfo |- Rapid and major loss of - Filtration with active carbon.

the membrane surface. E.g.:humic
acid, oil, polyelectrolytes, grease.

production,

- Stable or moderate increase in salt

rejection.

- Stable or moderate increase in

differential pressure.

- Cleaning is rarely successful but

isopropancl or proprietary solutions
have been effective.
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