The important parameters
in water chemistry
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tivity:
a substance to transfer electrons.

per wire: decreases as the
re Increases.

creases as the temperature increase.
s Mobility + More Water Dissociate)
ns from ¢ Impurities ® water

Ions < Different Conductivity

Resistivity of WWater as a Function of Temperature

o4
0
0

Resistivity (Mohm-cm)

N

O =25 S50 D

Temperature (CC)

100




ctivity Depends on:

ed in solution: no ions = no
tivity:
les: O2, Glycol, Sugar, Ethyl-



The pH unit measures the degree of
acidity or basicity of a solution

Acidic Values Basic Values
( More hydrogen ions ( More hydroxyl ions
than hydroxyl ions) than hydrogen ions)

Neutral Point

(# of hydrogen ions equal to the # of hydroxide ions)




ueous solution can be measured to
e 1ts pH value.

e ranges from O to 14 pH.
s below 7 pH exhibit acidic properties &
‘above 7 pH exhibit basic properties.

/ pH 1s the center of the measurement
t 18 neither acidic nor basic and 1s,
ore, called “neutral”.




of on R.O. Performance

ng the feed water pH with acid
ower LSI (Langlier Saturation
alue, which reduces the scaling
al of calcium carbonate.

| water and reject water pH can also
t the solubility and fouling potential of
aluminum, organics and oil.



Alkalinity

omprised primarily of carbon
onate, carbonate and hydroxides.

sually expressed as equivalent
of CaCO3.




icarbonate (HCO3)

A monovalent anion.

lity of calcium bicarbonate 1s low
RO scaling problem 1n the back

e 1S one component of alkalinity.

onate concentration is in balance with
1 dioxide between pH 4.4-8.2 and is in
>¢ with carbonate between pH 8.2-9.6



icarbonate (HCO?3)

rbonate solubility 1s measured
r brackish water or the Stiff-Davis
waters.

rbonate solubility lowers with
mperature and increasing pH.



Carbonate (CO3)

A divalent anion.

ility of calcium carbonate 1s low and cause
ing problem in the back end of a RO.

¢ 1S one component of alkalinity.
onate concentration 1s in balance with
oonate between the pH 8.2-9.6.

L pH of 9.6 and higher there is no carbon
de or bicarbonate, with all the alkalinity
in the carbonate form.



Carbonate (CO3)

onate solubility 1s measured using
1sh water or the Stiff-Davis Index
S.

onate solubility lowers with
mperature and increasing pH.



arbon Dioxide (CO2)

Carbon Dioxide is a gas.

ssolved 1n water reacts with the
form weak carbonic acid.

H20 + CO2= H2CO3

Water Carbon Dioxide Carbonic Acid

¢ water 1s completely saturated with
on Dioxide, its concentration would
bout 1600 ppm and the pH would be



bon Dioxide (CO2)

oxide being a gas, 1s not rejected
rated by RO membranes, there
ncentration will be the same 1n
entrate and product water.




Conductivity

ity 1s the measurement of the
water to transmit electricity due
sence of dissolve 10ns.

ty depends on the presence of
total concentration, mobility,

elative concentration, and

re.




Conductivity

s of most 1norganic acids, bases
5 are relatively good conductors.

es of organic compounds that do
dciate 1n aqueous solutions have
r conductivity.

ctivity is measured by conductivity
and 1s reported as micromhos/cm.



1ssolved Solids (TDS)

ter treatment, 1s the residue left
ltration of colloidal and

solids and then the evaporation
olume of water

orted as ppm or mg/lit.




Total Dissolved Solids (TDS)

Total Dissolved Solids (TDS) comprises of
inorganic salts (principle calcium, magnesium,
potassium, sodium, bicarbonate, chlorides,
sulfate and nitrates) and some small amount of
organic matter that are dissolved in water.

In general, the total dissolved solids
concentration 1s then sum of the cations
(positively charged) and anions (negatively
charged) 1ons in the water.



1ssolved Solids (TDS)

d solids test provides an
easure of the amount of dissolved
s not tell us the nature or 1on




Dissolved Solids (TDS)

TDS test does not provide us insight
cific water quality 1ssues, such as,
rdness, Salty Test, or Corrosive ness.

able can be used as generalization of
hip of TDS to water quality problem.




Total Dissolved Solids (TDS)

Cations combined with
Carbonates

CaCO3, MgCO3 etc.

Associated with hardness,
scale formation, bitter
test.

Cations combined with
chloride.

NaCl, KCl, etc.

Salty or brackish test,
Increase corrosivity.




Cations

1ons with positive valence state.

1lling to accept electrons.

Anions

re ions with negative valence state.
e extra electrons to share.




tions &Anions

f electrons between cations and
creates electronuttrality.

+ + 2Cl- = CaCl2

two monovalent anions of chloride = One molecule of Calcium Chloride




Color

specific test that measures the
f organic compounds 1n water,
contribution to adding color.




TURBIDITY

Definition

f the degree to which light 1s
suspended particulate material and
r compound in the water.

measured by a Nephelometer 1n
ric Turbidity Units (NTU).




TURBIDITY

Turbidity provides an estimate of the muddiness
or cloudiness 1n the water due to clay, silt, finely
divided organic and inorganic matter, soluble
colored organic compounds, plankton, and
mICroscopic organisms.

Typical RO membrane element warranties list a
maximum of 1.0 NTU for feed water.

Visible turbidity 1s found at greater than 5 NTU.

The limit of turbidity in drinking water 1s 0.5-1.0
NTU.



S1lt Density Index (SDI)

Suspended solids and colloidal material in feed

water are one of the biggest problems 1n reverse
OSmMOosi1s system, in spite of having pretreatment
systems including 5 micron pre-filters.

In order to have some measure of the degree of
fouling by suspended solids and colloidal matter,
a concept called “Silt Density Index™ 1s used.

Hear a 0.45 micron filter 1s exposed to the feed
water under pressure and filtration rates are
calculated.



t Density Index (SDI)

less than 5 1s considered acceptable
rS€ 0Smosis system.

xceptions when lower SDI

) 1s desirable due to nature of the
solids 1n the feed water.

membrane should foul at a very low




S1lt Density Index (SDI)

: No pre-filtration 1s necessary.

media (sand type) filter 1s
required.

. A two stage media filtration 1s
necessary, possibly with the aid
of coagulants or settling tanks.



DI same as Turbidity?

t the same and there 1s no direct
between the two.

e membrane show very little fouling
er turbidity < 1.0 NTU.

&

ingly the membrane shows very low
feed SDI of < 35.0.




SDI & Turbidity

SDI

Turbidity

SDI 1s a measurement of
the fouling potential of
suspended solids.

Turbidity 1s a
measurement of the
amount of suspended
solids.




Organic Carbon (TOC)

ganic Carbon 1s a non specific test

isures amount of carbon bound 1n

aterial and 1s reported 1n units of
“ppm as carbon”.

evel for potential organic fouling 1n
vater sources for TOC 1s 3.0 ppm.



Biological Oxygen Demand (BOD)

n specific test that measures the
‘biologically-degradable™ organic
s reported as “ppm as oxygen”.

el for potential organic fouling in
r sources for BOD 1s 5.0 ppm.



1 Oxygen Demand (BOD)

asures the quantity of oxygen
ulting from the ability of

teria to digest organic matter
incubation period at 20 deg C.




al Oxygen Demand (COD)

on specific test that measures the
both “bio-degradable and non-
ble” organic matter and 1s reported
oxygen’.

vel for potential organic fouling in
er sources for COD 1s 8.0 ppm.




Hydrogen Sulfide (H2S)

Hydrogen sulfide 1s a gas that causes noticeable
“rotten egg” smell in feed waters.

It 1s readily oxidized to elemental sulfur by oxidants
like chlorine.

Sulfur acts as a colloidal foulant and 1s not easily
removed by conventional multimedia filtration.

The preferred RO system design suggests leaving
the hydrogen sulfide in gaseous form, let it pass
through the membranes in to the permeate, and then
treat the permeate for 1ts removal.



TEMPERATURE

> 1S one of the most important
far as performance of a Reverse
stem 1S concern.

d temperature has significant effect on:
Feed pump required pressure.
Permeate flow.

oh rule of thumb, every 10-degree
it decrease in feed temperature increases
pump pressure requirements by 15%.



EMPERATURE

erature has significant effect on:

t of permeate produced by each
aulic Flux balance).

ater temperature increases the element
nt end of the system produce more

iIch results 1n reduced permeate flow by
located at the rear end of the system.



TEMPERATURE

perature has significant effect on:
age:
er temperatures, salt passage
due to the increased mobility of the
hrough the membranes.

y of inorganic salts:
r temperature decreases the solubility of
n carbonate.
* temperature decreases the solubility of
sulfate, barium sulfate, strontium
, and silica.



Calcium (Ca)

A divalent cation.

major component of hardness
ater.

of calcium sulfate (CaSO4) is
d to 230% with the use of antiscalant.

of calcium carbonate 1s limited to LSI
2.6.




agnesium (Mg)

A divalent cation.

can account for about third of
S in a brackish water.

solubility of magnesium salts 1s
s not cause a scaling problem 1n



odium (Na)
monovalent cation.

of sodium salts is high and
e a RO scaling problem.

cation used to automatically
feed water analysis.




otassium (K)

monovalent cation.

ound at much lower
than sodium.

of sodium salts is high and
e a RO scaling problem.




Barium (Ba)
A divalent cation.

rium sulfate (BaSO4) is low and
in backend of RO.

olubility 1s lower with increasing
decreasing temperatures.




trontium (Sr)

A divalent cation.

ontium sulfate (SrSO4) is low and
in backend of RO.

e solubility 1s lower with increasing
decreasing temperatures.




Iron ( Fe)

Iron is one of the most dangerous foulants for the Reverse Osmosis
Membranes. Iron as a water contaminant exists in two major formes.

Water soluble form Water insoluble form

Ferrous state (Fe++) Ferric State (Fe+++)

With aeration can be converted in to Fe+++ | Colloidal in nature.

Most probably will foul rear end of the RO | Will foul the front end of the RO system.
system.

Can be removed by, iron filters, Softeners, | Can be removed by, iron filters, and
lime softening. removed with limits by, Softeners, lime
softening, ultrafiltration,




Iron (Fe)

oulant will quickly increase RO feed
> requirements and increase permeate

me cases iron reducing bacteria can
¢ a biofouling due to formation of a
7 biofilm that can plug the RO feed path.

nbined (Soluble and insoluble) iron level of
1g/lit 1s recommended for RO feed water.



anganese (Mn)

th well and surface waters, with
.0 ppm.

| for potential manganese fouling
ater 1s 0.05 ppm.




Aluminum (Al)

in any significant concentrations in
rface waters.

, when present in an RO feed water
y colloidal 1n nature.

from pretreatment.
1 in RO feed water 0.1 — 1.0 ppm.
ble in pH range of 5.5-7.5




monium (NH4)

monovalent Cation.

Its are very soluble and do not
aling problem.



hloride (Cl)

10N.

oride is high and does not create
oblem.

ed upper limit for chloride in
WHO 1s 250 ppm based on test




ulfate (SO4)

divalent anion.

of calcium, barium and
ate is low and can cause a
oblem in the back end of the




Sulfate (SO4)

f CaSO4, BaSO4 & SrSO4 1s
decreasing temperature.

ended upper limit for sulfate in
er 1s 250 ppm based on test 1ssues.




itrate (NO3)

monovalent anion.

highly soluble and does not
ling problem.

ed upper limit for nitrate in potable
as nitrate or 10.0 ppm as nitrogen.




Fluoride (F)

A monovalent anion.

of fluoride by a RO membrane 1s pH

ange fluoride 1s 1n salt form hence the
99%

ange fluoride being 1n acid form
s below 50%.




Silica (S102)

e of the most difficult to handle
n the reverse osmosis process.

water supplies 1s present in three

ve (Colloidal)
ed Particles

a 18 the form of silica to be used in RO projection programs.



solubility increases with
increasing pH

| H Mg/lit SiO2 @ 25 deg C
— 8.0 120
0 138
).5 180
0.0 310.0

0.6 876.0




