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What is pH?

The pH relation originated with the Danish
Chemist Sorensen in 1909.

pH is the unit of measurement for determining
the acidity or alkalinity of a solution.

The mathematical definition of pH is the
negative logarithm of the molar hydrogen
lon concentration, pH =-log([H *])

PH requires periodic maintenance.

Benefits of pH can far outweigh the hardware
costs.
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pH Scale vs Moles/Liter lon

Analytical

Concentration
pH Hydrogen lon [H ] Hydroxyl lon [OH ]
0 Acidic 1.0 0.00000000000001
1 0.1 0.0000000000001
2 0.01 0.000000000001
3 0.001 0.00000000001
4 0.0001 0.0000000001
5 0.00001 0.000000001
6 0.000001 0.00000001
7 Neutral 0.0000001 0.0000001
8 0.00000001 0.000001
9 0.000000001 0.00001
10 0.0000000001 0.0001
11 0.00000000001 0.001
12 0.000000000001 0.01
13 0.0000000000001 0.1
14 Basic 0.00000000000001 1.0
s
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pH Values of Acids and Bases

14 — 4.0 % Sodium Hydroxide >
12 + 0.04% Sodium Hydroxide >
10 —+ Milk of Magnesia >
8 —+ 0.84% Sodium Bicarbonate —>
pH 1 <«——— Water @ 25T
6 4 < 0.00001% Sulfuric Acid
4 4 < 0.0001% Hydrochloric Acid
2 :: < 0.01% Sulfuric Acid
4 « 0.1% Hydrochloric Acid
0 e , , , , ; ; — 4.9% Sulfuric Acid

1E0O0O 1E-01 1E-02 1E-03 1E-04 1E-05 1E-06 1E-O7 1E-08 1E-09 1E-10 1E-11 1E-12 1E-13 1E-14

Hydrogen lon Concentration (Mole/Liter)
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Why Is pH Measurement Necessary?

® o
. . .“ °
Control a Chemical Reaction . 9% -,
Most inorganic reactions are pH S 1 "O;"‘”.'o' °
neutralizations .4 .§
The rate of many reactions depend on )
the availability of H * or OH" ions.
Bacterial growth is pH dependent.
Corrosion Control
Water and Wastewater Treatment
Raw Material and Product Quality
Control
&
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Why use on line pH measurement?

On line measurement provides
Continuous record
Short term trends/quality
Representative samples
Immediate response
No operator bias

Automatic control capability
Increase plant capacity

Decrease running/energy costs
Unattended operation
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pH Sensor Basics

*The pH electrode
produces a potential
(in mV’s)
proportional to the
pH of the solution.

f * The reference

| electrode potential
must remain stable
regardless of process
or time effects

<«— Glass
: Body
Ag/AgCl _ « Internal element- Ag\AgClI
Internal 1| Shield
Wire « Electrolyte fill - KCI/AgCI
:;:;:;:E. />‘ LICIUId Junctions
s \
oH Sensitive _— Fill
Glass Solution
&
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Key pH Sensor Components

Measuring Electrode

Develops a millivolt potential directly proportional to
pPH in an aqueous solution

Reference Electrode

Maintains a stable reference potential regardlesso  f
changes in solution pH or other ionic activity

Reference Electrode Liquid Junction

Maintain electrical contact between the pH measurin ¢
electrode and the reference cell via the process

solution
Temperature Compensator
Corrects for changes in the millivolt output of the pH
sensor due to process temperature change
&
ROSEMOUNT 8 EMERSON.

Analytical



pH Measurement Electrode

Glass Membrane

Most Common, Accurate and Least Expensive
Method

Antimony
Toxic Material
Non Linear and Non Repeatable
Sensitive to ORP effects
Works best in Alkaline Solutions

lon Selective Field Effect Transistor (ISFET)
Accuracy and Linearity Equivalent to Glass

Requires Electronic Interface for Standard pH
Analyzer

Uses Standard Reference Cell Technology

Common in Lab and Medical Uses, Less Common in

on-line use due to process effects on sensor |
&
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pH Measuring Electrode

Ag/AgCl
Internal
Wire

pH
Sensitive
Glass

S

-

Shield

< Class
Body

Buffered
Fill
Solution
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The purpose of a
pPH Glass Electrode
IS to develop a mV

potential directly
proportional to pH

In an agqueous
solution.




pH Sensitive Glass

Mixture of Silicon Dioxide and Oxides of Metals suc h as
Boron, Aluminum or Calcium which act as Network
Modifiers

Alkali Metals such as Lithium or Sodium occupy anio nic
sites in the glass matrix as lons.

When placed in water, the glass matrix is slowly
dissolved and forms a thin, leached layer where the
alkali ions are replaced by Hydrogen lons

pH response occurs in the leached layer based onth e
equilibrium of silanol groups (SIOH) on the glass an d
the Hydrogen lons in solution.
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Inside the pH Glass Membrane...

Alkali Metal lons  Anionic Sites
Glass Matrix
— (unaffected)

Core Glass

Leached Layer
(not to scale)

Inner Zone

Outer Zone

Leached Layer
Dissolving




The reference electrode

Glass
Body
AgCl/Cl
Ag/AgCl Fill
Internal Solution
Wire
v\Liquid
Junction

13

The Reference Cell
maintains a stable
potential regardless of
the process pH or
changes in the
activities of other ions
In solution.

The Liquid Junction
completes the electrical
circuit between the pH
measuring electrode and
the reference cell via the
process solution.




The Reference Electrode

Internal Element
Silver/Silver Chloride in saturated KCL solution
Stable potential for comparison with pH glass
Must be protected from process intrusion
Measurement Circuit
Requires tiny current flow through process

Current loop is broken if reference or glass
electrode is coated (pH signal is lost)

Liquid Junction

Must be semi-permeable to allow some electrical
signal ( ions)) through.

Tradeoff between high flow with good
measurement stability and low flow with longer
reference life.
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Typical Reference Cell Contamination

The potential of the reference can be changed
(poisoned) by contamination from the process.

Contamination changes the silver ion
concentration in the reference, which changes
the potential.

Sulfur Compounds (react with silver)
- Hydrogen Sulfide (H ,S)

lodide, bromide, ammonia, cyanide,
oxidants, reductants (react with silver)

Dilution of the Electrolyte Reference
Sugar Electrode
Organic Solvents
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Reference Electrodes in Process
Solutions

The Liguid Junction can become
plugged by precipitation or coating,
creating an open measuring circuit.

Precipitation occurs by the
reaction of a contaminant with a
constituent of the reference fill
solution.

Heavy Metal Precipitation (react
with chloride)

- Lead, Mercury, Silver

Sulfur Compounds (form insoluble
silver sulfide

- Hydrogen Sulfide (H ,S)

Reference
Electrode
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pH Reference Cells

Typically defined by the number of chambers to
impede dilution and poisoning

Single, Double or Triple Junction
Other Methods
Differential Glass Electrode (no silver wire)

Series of Brine-Impregnated Wood Dowels
and Rings (more barriers)

Liquid Junction Materials
Wood, Ceramic and Plastic Materials
Large Orifice

Electrolyte Fill Solutions

Salt & Water - Pressurized Flowing
Junctions

Gels - Resist dilution and contamination
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Liquid Junction Materials

Wood
Natural fiber made for capillary action
Delignifies at High pH (>10)

Ceramic
Slower Diffusion Rate
Increased Sensitivity to Flow

Teflon
Excellent corrosion resistance
High impedance (can be noisy)

Plastic Composites (TUpH™ Junction)
Large Surface Area for resistance to coating
Duplicates the Desirable Properties of Wood
Blocks Typical Contamination
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Reference Cell Poisoning Tests

-100

\’_\AA A

A A N

— R1 Solid
— Typical Solid
Typical Gel

— Typical Solution

A good Reference Cell maintains a stable
potential for the lifetime of the sensor.
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Theoretical Response of a pH Sensor

500 -
400
300 -
200 -
100 - my
-100 -
-200 A
-300 A
-400 - pH
-500

mV/pH Unit

Slope of 59.16
‘ __— P

Zero mV
at 7 pH

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14



pH changes with temperature

Temperature changes can change the actual pH of the
solution due to changes in dissociation constants:

Dissociation Water with
Temperature ~ Constant of Neutral  Strong Base
C Water (pK )  water pH>9
10 14.54 7.27pH 9.54pH
20 14.17 /.08pH 9.1/pH
25 14.00 7.00pH 9.00pH
30 13.83 5.92pH 8.88pH
40 13.54 6.77pH 8.54pH
50 13.26 6.63pH 8.26pH
60 13.02 6.51pH 8.02pH
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pH Equation Detalils

2 H,0% H,O0* + OH- pH = -log,, [H,0"]

[H,0*] = [OH] = 1x10-7 moles per liter @ 25°C pH 7.0
[H,0*] = [OH] = 0.339x107 moles per liter @ 0°C pH 7.47
[H,O*] =[OH] = 3.10x107 moles per liter @ 60°C pH 6.51

The Nernst Equation
-------- >

Slope 59.16 mV per pH-...

+
Glass Electrode Error in pH Units - E X + M I 0] g H O
ERROR: pH Temp. n F 3
04 1.0 . 10T

E

E = Total potential

Ex = Standard potential
R = Gas constant
T
n
F

403 | T e
0.2
+0.1
0
-0.1
-0.2
-0.3
-0.4

= Temperature (K)
= Charge of ion
= Faraday constant
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Temperature effects on pH
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Temperature Effect on pH Electrode Life

Months
14 -

12 -

10 -

3

3

4_ I

3 _

0 - L

50 C 75 C 100 C
Process Temperature
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Process Effects on Glass pH Electrodes

Sodium lon Interference

> 10.0 pH 150
> 1.0% Na* 00 “\\‘
Chemical Erosion o e
Hydrofluoric Acid 300 \\._/»
(HF) d | Gl
-350 4 —#— Traditional Glass : e
> 4.0% Caustic ACCU glass GP
(Nao H) -400 9 —— ACCU glass High pH <
. 450 Theoretica!
AbraSIOn 10 11 12 13 14
Coating
Insoluble solids and
liquids
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Typical pH Glass Electrode

Electrode General Ruggedized |High pH HF Resistant
Type Purpose
Application | General Abrasive pH > 10 < 100 ppm HF
Water Process Na > 1%
Treatment
pH 0-12pH 0-10pH 0- 14 pH 0-10pH
Operating
Range
Operating 32-212F 59 - 150F 32-212F 32-212 F
Temperature |0 - 100C 15-65<T 0-100 C 0-100 C
Range
Impedance 90 Meg 250 Meg 130 Meg 125 Meg
@ 25T Ohms Ohms Ohms Ohms
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pH Sensor Coating

—

Reference Electrode .
(cross section) \I\\T

pH electrode

Severe

” Coating
—— COATING \»‘ 4 N

Irreversible plugging
of liquid junction
requires replacement
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High Solids & Coating Applications

Multiple Problems That Adversely Affect pH Control
Drift
- Due to Reference Coating
Coating Resistant Reference Junction
Offset
- Due to Glass Coating
- Due to Reference Contamination
Improved Sensor Designs
Slow Response
- Due to Glass Coating
- Due to Aged Glass
Improved Glass Formulas
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Drift

The Reference Junction is a Porous Membrane
Diffusion Through This Membrane Must Remain Constan  tto

Eliminate Drift _ _
Concentration Gradient Through
Reference Junction (Membrane)
- H,O In
KClout — »
<«—— Other Process
Constituents
N
Inside Sensor Reference Process
— Gradient Through Reference Gradient Through
When Clean Reference When Coated

The Difference in the Gradient between Clean and Co ated Causes Dirift
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Industry Standard Reference Junction

Low area Porous Ceramic or Teflon
50 Micron Pores for KCI Transport.

Ceramic

Q Reference
Junction
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Polymer Composite Junctions ( TUpH)

Large Area Polypropylene Glass Fiber Matrix, With .02 Micron
Pathways for lon Exchange.

0.02 microns

<+

Large Area
\2«\ Reference
Junction
Glass Fiber in
Polypropylene Matrix

Magnified View
| 31



Plugging and Electrical Continuity

Particles are around 50
microns and can plug the pores
of a standard reference junction

- KCI Flow Is Disrupted,
Resulting in Drift.

32

400 Times More Surface Area
Than Teflon Membranes

50 Micron Particles Do Not Plug
the Pathways, lon Transport
Proceeds Via the Interstitial
Spaces and Voids in the Packing.

- KCI Flow is Maintained

s



Offset

Most Reference Electrodes are comprised of a Ag/AgC | Wire
iIn Equilibrium with an Electrolyte Such as KCI

Offset Occurs As the AgCl is removed from the Ag Wir e and
Equilibrium of the Reference is Changed

Presence of Interfering or Complexing lons
- Eg. Sulfides complex to form Silver Sulfide

Exposure to High Temperatures above 90T Drives the
Equilibrium of the AgCIl Towards Solution

Removal of the AgCl Changes the Potential of the Ref  erence
Electrode Causing Offset.
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pH Glass Electrode Cleaning Solutions

Alkaline or scale coating
5% HCI solution or vinegar
Acidic coatings
Weak caustic < 4% NaOH
Oil, grease or organic compounds

Detergent
Organic solvent compatible with sensor materials

A sample velocity of 5 feet/second will help hold
most coatings to a minimum.
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pH Sensor Cleaning Methods

Can Only Hold Coating to a Minimum

Ultrasonic Cleaning
- Typically Not Effective
- Expensive
Chemical Cleaning, Jet Sprays
- Suitable for Submersion Applications
- Flexible and Relatively Effective
Mechanical Brushes

- Typically Coat with Same Material that Coats
Glass

- Can be Abrasive
- Another Mechanical Part to Falil
Flow Powered Cleaner
- Uses Teflon Balls Powered by Flow
- Effectiveness Depends on the Application

35
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Importance of the pH Preamplifier

At 25°C the pH electrode produces 59.16 mV per pH unit

The impedance of a general purpose pH electrode is
approximately 100 Meg ohms.

Ohms Law:
Voltage (V) / Resistance (R) = Current (1)
VIR = |
0.05916 / 100,000,000 = < 0.0000000006 Amps (.6 nA)

The Preamplifier converts this noise-prone high
Impedance signal for long distance transmission.

Locate the preamplifier as close to the pH
sensor as possible.
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Diagnostics -Verify pH Sensor Integrity

Eliminates uncertainty

Minimize the need for routine maintenance
Cracked Glass, Coated Reference, Faulty Temperature Device

Customer configured

Diagnostics may be tuned to the process characteristics

Reference
Electrode

Glass

Solution Electrode

Ground

37
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The Effect of Glass Impedance

General Rules:

For approximately every 8°C
iIncrease in temperature the pH
glass electrode impedance drops by
50%.

Always temperature compensate
the impedance measurement.

Don’t use remote preamp < 15°C

Don’t locate remote preamp > 15 ft
from sensor

Don’t use integral preamp > 80°C

Do not operate > 1000 Megohm raw
impedance

3000

Glass

Impedance
2500 MW
2000 + ——-GP

Rugged
1500 Hi pH
1000
500 +—
Temperature
0 E=A—A—AA—AA—A—

38
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Diagnostics - Cracked Glass

Reference
Electrode

Solution
= Ground

|.l Glass

Electrode
=7

Cracked Glass Fault (Glass Fault Low)

pH Glass electrode normally has high impedance of 50-150 Megohm
Glass can be cracked at the tip or further back inside the sensor
Recommended setting of 10 Megohm will detect even small cracks
Glass warning low useful for specialized applications only
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Diagnostics - Coated Sensor

Reference
Electrode

150 MWW/

O

Glass

Solution Electrode

—  Ground

Coated Sensor Fault (Ref Fault High)
pH Reference electrode normally has low impedance of 3-20 Kilohm
Reference coating slowly builds up around the junction
Recommended setting of 40 Kilohm should not cause false alarms
Reference warning high may also be used to suggest cleaning
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Diagnostics - Non-Immersed Sensor

Reference
Electrode

60K

W

;

(w

Solution
Ground

Dry Sensor Fault (Glass Fault High)
pH Glass electrode normally has impedance of 50-150 Megohm
When sensor is dry there is no continuity between the electrode(s) and the solution ground

So impedance reading is very high

Glass
Electrode

Recommended setting of 1000 Megohm will not cause false alarms

Glass warning high may be used also
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Diagnostics - Poisoned Sensor

3 kW 150 MWW/

O

Reference
Electrode

Glass

Solution Electrode

—  Ground

Poisoned Sensor Fault (Ref Offset Limit)
pH Sensor normally has response of 0 mV at pH of 7
Poisons build up inside reference and offset the neutral pH reading
Recommended setting of 60 mV should not cause false alarms
This diagnostic is used after buffering or standardizing the pH reading
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Windows Interface For
Diagnostic Information (AMS)
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Reference Electrode Technologies

Patented TUpH Spiral Junction
310 mm Diffusion Pathway

Winding Increases the Time
Required for the Process
lons to Migrate and Complex
With the AgCI Element

Common Industry Standard

Double or Triple Reference
Junction

- Slow the Migration of the
Poisoning lons to the AgCl
Element Via Added
Junctions

TUpH Sensor

Ag/AgCl element

o —

Triple Junction Sensor

1°Ref. Junction

3 Ag/AgCl element

44
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Recommended* pH Maintenance

Weekly

check sensor in grab sample or buffer

adjust using single point standardize (if needed)
Monthly

Remove sensor from process

Calibrate sensor in 2 buffers (4, 7, or 10)
Clean sensor and check diagnostics

Quarterly
recharge reference solution (repairable)
replace liquid junction (repairable)

*Note: These
are guidelines
for a relatively
simple process
installation.

check O-rings, grease (repairable)
Yearly

Replace sensor (disposable)

replace glass electrode (repairable)

replace reference electrode (repairable)
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Single Point pH Calibration (Standardize)

Performed on-line by grab sample evaluation
Use calibrated portable analyzer
Take sample at or near pH sensor installation point
Analyze grab sample ASAP if not immediately
Remember that

Calibrates pH sensor in process environment

Compensates “somewhat” for minor changes in the
glass electrode slope

Compensates for small offsets in the liquid junctio n
potential

- Flow, pressure, temperature, conductivity can
appear to have small effects in some applications
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Grab Sample Standardization

12

10

— Normal Slope
— Cracked (No Slope)
Standardized

Zero Shift

Single Point Calibration
Standardize Shifts Zero

Cracked Electrodes Typically
Lock Up around 5.5 pH

Standardization may still
be possible

On Line Diagnostics Prevents
Error

Impedance diagnostics
will show “cracked glass”



Two Point pH Buffer Calibration

Performed on initial start up

Performed when pH glass electrode or combination
sensor is replaced

pH Buffers should be three or more pH units apart
Establishes pH sensor slope
Slope decreases with age, coating, elevated temp.

Slope decreases with pH glass erosion by abrasion,
strong NaOH, KOH or HF

Typically used for diagnostic purposes

Acceptable pH/mV slope is typically 47 mV/pH to 60
mV/pH

Theoretical pH/mV slope @ 25 Cis 59.16 mV/pH
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pH Buffer Solutions

Solutions of known pH that can withstand
moderate contamination or dilution without
significant pH variation. Typically, they are 20
times more resistant to dilution from acid or
base contamination.

Rules of buffering
Use fresh buffer
Rinse between buffers
Allow reading to settle
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Effect of Temperature Compensation

4.3
42 T -

| \ Actual 4 buff(/
4.1 /

. \
3.9 Without Temperature Compensation
3.8 \\
3.6

—

H

3.5 I I I I I I I I I I

0 10 20 30 40 50 60 70 80 90 100
Temperature ()
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pH Buffer Calibration

12
— Calibrated
— Uncalibrated
10 +
Buffer 2 ———»,
8 1
Measured Zero >
pH
6 A4
4 + <— Buffer 1
2 | | | |

Actual pH

12

ol

Two Point Calibration

Verifies Sensor
Response to pH
Change

Determines Slope and
Zero Point

Identifies the Buffer
Value

Compensates for
Changes in Buffer pH
with Temperature

Accepts Calibration
only upon
Stabilization of the
Millivolt Signal



Titration Curves

14
13 —o
12 _+1.10000
1(1) Equivalence fé’gfgg
9 Point 1.00010
8 1.00001
p H 7 \ 1.00000
6 0.99999
5 0.99990
4 0.99900
3 0.99000
2 - ____+0.90000
1
0

00010203040506070809101112131415161.71819 20 2.1

ml of base added

pH Control is difficult because of nonlinearity:
Large Amounts of chemical cause little change initi ally.

Small Amounts can cause huge changes near
equivalence point.
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pH Control Guidelines

8.00

N SN SN N/
N N N4 N

6.00

5.00

4.00

Two Position (On-Off) Control

Measured variable will cycle around control point ( 7.0 pH)
Guidelines for control

Tank Retention Time > 5 minutes

Good Chemical Mixing, Tank turnover every two minut es

Use alarm dead band and/or delay time on/off to com  pensate
for minor variations in control
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pH Control Guidelines

8.00
6.00
5.00
4.00

Proportional + Integral Control

Tank or Vessel retention time < 5 minutes
In-line mixing prior to sensor important
Adjust to achieve 4:1 decay ratio after process ups et
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