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1. Scope TABLE 1 Calculated Conductivity and pH Values at 25°C of Low

. . . . Concentrations of NaOH in Pure Water 4
1.1 This test method covers the precise on-line determina-

tion of pH in water samples of conductivity lower than 100 Note 1—This table tabulates the theoretical conductivity and pH
puS/cm (see Table 1 and Table 2) over the pH range of 3 to 1&‘616“:280 g;rl]t;%ilgvde;faof NaOH in pure water as calculated from available
(see Flfgll 1g| undfr field opleratmg conditions, utilizing a sfealed, Note 2—To illustrate the high sensitivity of the sample pH at these low
non-retiliable, r('.:' grence electrode. .pH measurements Y Wat%Bncentrations to contaminants, the last column lists errors that would
of low conductivity are problematical for conventional pH resuit if the sample were contaminated with an additional 1 mg/L through

electrodes, methods, and related measurement apparatus. sample or equipment handling errors.

1.2 This test method includes the procedures and equipment  szmpie Sample A pH Error from Addi-
required for the continuous pH measurement of low conduc- Concentration, ~ Conductivity, Sa,;?f'e tional 1 mg/L NaOH
tivity water sample streams including the requirements for the m9* wS/em Contaminate
control of sample stream pressure, flow rate, and temperature.  0.001 0.055 7.05 A2.35

1.3 This standard does not purport to address all of the o0 i 7 S
safety concerns, if any, associated with its use. It is the 1.0 6.229 9.40 A0.30
responsibility of the user of this standard to establish appro- 8.0 49.830 10.30 4005

priate safety and health practices and determine the applica- “Data courtesy of Ref (13). This data developed from algorithms originally
bility of regulatory limitations prior to use. published in Ref (14).

2. Referenced Documents 3.1.1 liquid junction potentia— a dc potential that appears
2.1 ASTM Standards: at the point of contact between the reference electrode’s salt
D 1129 Terminology Relating to Watfer bridge and the sample solution. Ideally this potential is near
D 1193 Specification for Reagent Water zero, and is stable. However, in low conductivity water it
D 1293 Test Methods for pH of Water becomes larger by an unknown amount, and is a zero offset. As
D 2777 Practice for Determination of Precision and Bias of

Applicable Methods of Committee D-19 on Water TABLE 2 Calculated Conductivity and pH Values at 25°C of Low
D 3864 Practice for Continual On-Line Monitoring Systems Concentrations of HCI in Pure Water A
for Water Analys% . Note 1—This table tabulates the theoretical conductivity and pH
D 4453 Practice for Handling of Ultra-Pure Water Samples yajues of low levels of HCI in pure water as calculated from available
2.2 ASTM Proposal: thermodynamic data
P 228 Proposed Test Methods for pH Measurement of Water Note 2—To illustrate the high sensitivity of the sample pH at these low
of Low Conductivity? concentrations to contaminants, the last column lists errors that would
result if the sample were contaminated with an additional 1 mg/L through
3. Terminology sample or equipment handling errors.
it ifi i . Sample Sample A pH Error from Addi-
3.1 Definitions of Terms Specific to This Standard: Concentration,  Gondustivity, San;me omal T mulL 1G! Con-
mg/L uS/icm P taminate
1 This test method is under the jurisdiction of ASTM Committee D19 on Water 0.001 0.060 6.94 A2.38

and is the direct responsibility of Subcommittee D19.03 on Sampling of Water and 0.010 0.134 6.51 A1.95

Water-Formed Deposits, Surveillance of Water, and Flow Measurement of Water. 0.100 1.166 5.56 A1.03
Current edition approved Oct. 26, 1990. Published February 1991. 1.0 11.645 4.56 A030
2 Annual Book of ASTM Standardgol 11.01. 8.0 93.163 3.66 40.05
3 Discontinued; see 1998nnual Book of ASTM Standardél 11.01. Replaced AData courtesy of Ref (13). This data developed from algorithms originally

by Test Methods D 5464. published in Ref (14).

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4.2 This test method describes the apparatus and procedures
to be used for the continuous on-line pH measurement of low
conductivity water sample streams. The type of pH sensor
assembly and pH instrument interface module are described in
detail. The requirements for sample stream manifolds for the
conditioning of sample pressure and flow rate are defined, and
arrangements for this associated equipment are illustrated.
Guidelines for the proper installation and calibration of the pH
sensor and associated sample manifold are discussed along
with the precautions that must be considered concerning
sample contamination and representative sampling for calibra-
tion purposes.

4.3 The apparatus and procedures described in this test
method are intended to be used with most state-of-the-art,
process-grade, pH analyzer/transmitter instruments currently in
use or available from the major manufacturers of such instru-
mentation.
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5. Significance and Use

5.1 pH measurements are typically made in solutions that
contain relatively large amounts of acid, base, or dissolved
salts. Under these conditions, pH determinations may be made

Impodsible Bégion quickly and precisely. Continuous on-line pH measurements in
water samples of low conductivity are more diffici#, 5).
f | These low ionic strength solutions are susceptible to contami-
5.0 6.0 70 8.0 - - nation from the atmosphere, sample stream hardware, and the
pH of Sample pH electrodes. Variations in the constituent concentration of
(Courtesy EPRI, NP-35891). low conductivity waters cause liquid junction potential shifts
FIG. 1 Restrictions Imposed by the Conductivity pH Relationship (see 3.1.1) resulting in pH measurement errors. The aggressive
nature and the high electrical resistance of pure and ultra-pure,

long as it remains stable its effect can be minimized by “grafoW conductivity waters may degrade the pH measurement
sample” calibratior(1). * electrodes resulting in unstable and drifting pH output signals.

3.1.2 streaming potentiak-the static electrical charge thatis -2 It is essential to make on-line pH measurements of low
induced by the movement of a low ionic strength solutionconductivity water as accurately as possible to determine the
having a high electrical resistivity or low electrical conductiv- PrOPer control of pH adjustment chemicals, the effectiveness of
ity (such as pure water), across relatively non-conductivél€mineralizer equipment, the event and nature of impurity
surfaces such as the pH measurement electrode’s glass mefntamination of the water, and information pertaining to the
brane or other non-conductive wetted materials found irPverall status of the pure water system.

flowing sample streams. 6. Interferences

3.2 Definitions: Definitions—For definitions of other terms . . .
used in this test method, refer to Terminology D 1129 and 6:1 Sample systems for high purity, low conductivity waters

Practice D 3864. are especially sensitive to contamination from atmospheric
gases (especially carbon dioxide, see Appendix X1 and Table
4. Summary of Test Method 3) from collection of “crud” (insoluble deposits of iron oxide

4.1 pH is measured by a pair of electrodes contained in a@nd other by-products (_)f metallic _corrosion that are present
all stainless steel flow cell. The pH measurement half cell jdhroughout the system) in sample lines, from exposure to high

constructed of a glass membrane suitable for continuous N

service in low conductivity water. Many modern pH electrodes WaIQBlés i_oia'gjc')itt:‘_‘nan %”n‘f C:;ﬁjgggtg%a'ggsbzazgoc.gfe a
. . . . r I ni I r 10XI

are available that perform well in this service. However, the dhons g ony

Sample Conductivity uS/cm @ 25°C (Logarithmic Scale]

0.1

001

4.0

bulb impedance should be kept low to minimize the effects of* Carbon Dioxide Carbon Dioxide Cz':SSeziféy
streaming potential” (see 3.1.2). The reference half cell is aAmmonia 0 mg/L 0.2 mg/L 0.2 mg/L
sealed (requiring no electrolyte replenishment) and is con- mglL Co,
structed in such a manner that the salt bridge, while making us/em pH us/em pH Co'gfag“;ﬂ?;'lzn
diffusion contact to the sample, resists significant dilution for
X ; . 0.056 7.00 0.508 589  AL11lpH
periods up to several months on continuous operation. 0.12 1.462 8.73 1.006 818 A 055 pH
0.51 4.308 9.20 4.014 9.09 A 0.11 pH
0.85 6.036 9.34 5.788 926  A0.08pH
1.19 7.467 9.44 7.246 9.38 A 0.06 pH

“The boldface numbers given in parentheses refer to a list of references at the
end of this standard. AData extracted from Ref (15).
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ionic strength calibration buffers, from incorrect sample system TABLE 4 pH versus Specific Conductivity At 25°C 4
installation techniques, and from eXCESS'Ye KCl leakage from Note 1—This table tabulates the theoretical pH and specific conduc-
the pH reference half-cell. Refer to Practice D 4453 and Refgyity values of low levels of ammonium hydroxide in reagent water as

(2) and(3). calculated from available thermodynamic data.

6.2 Streaming potentials that are developed in flowing, low Ammonia Ammonium Hy- Specific
conductivity water sample streams, and which are dynamic in 0, "y, droxide, mg/L pH Conductivity,
nature, will add to the potential (millivolt) generated by the pH NH.OH uSicm
glass measurement half cell in proportion to thé &hd OH~ 0.10 0.21 8.65 124

tiviti Thi ltant pH . d 0.15 0.31 8.79 1.72
activities. This resultant pH error appears as a noisy an 0.20 o.a1 8.89 215
drifting pH signal from the pH sensor. These effects are 0.25 0.51 8.96 2.54
minimized by using a conductive flow cell and, in some cases, g-gg g-‘;g 3-83 ggé
a symmetrical combination measurement/reference electrode 082 911 357
(6). 0.45 0.93 9.15 3.88

6.3 Liquid junction potentials, that are most evident in low 050 1.03 9.18 4.17

.. . . 1.00 2.06 9.38 6.58
conductmpy waters, shift the potential of the pH reference half 150 3.09 9.49 8.47
cell resulting in both short and long-term pH measurement 2.00 411 9.56 10.08

errors. The instability of liquid junction potentials depends 4 pata courtesy of Ref (13). This data developed from algorithms originally
upon reference half-cell design, electrical conductivity of thepublished in Ref (14).
sample water, time, and sampling conditions such as flow rate

and pressure. Exposure of the pH sensor electrodes 10 phj; entrapment and “crud” accumulation shall be furnished in
calibration buffer solutions, that have a higher ionic strengthpe flow cell and sensor assembly design. The use of plastics
than the pure water sample stream, causes significant instabdy,ch as TFE and PVDF and other wetted materials that will not

ity in liquid junction potentials resulting in pH measurement|gach any contaminates into the sample may be incorporated
errors. This pH measurement error is caused by the shifting Qf1g the sensor assembly where required.

the pH electrodes from one ionic strength solution to another.

6.3.1 Liquid junction potentials must be stable so as to make Note 1—The temperature response of the measurement electrodes may
reliable calibration of the system possible. Reference e|ec’a_\ffect the accuracy and repeatability of the measurement. Electrodes that
trodes that have been exposed to the much higher ionic Strengg@ickly equilib_rate to_ each other and t.he sample temperature must be

. . . . - - lected for this service. Refer to Practice D 1293, X 1.2 and(Ref

of buffer solutions will require considerable rinse time t0  Nore 2—Continuous exposure of the pH electrode to low ionic strength
establish a stable liquid junction potential in high purity water.solutions may result in the degradation of the glass membrane portion of
To determine the pH electrode’s suitability in low conductivity some pH electroded1). Electrodes suitable for continuous service in low
water, a comparative low conductivity water sample calibra-conductivity water should be included in the pH sensor assembly.
tion, or on-line calibration with low conductivity standards Note 3—Changes in liquid junction potentialil) with time and
similar to the samples being addressed should be performed, &Nl degradation of the reference half cell caused by diffusion of low

. . " lonic strength sample water into the high ionic strength electrolyte of the
described in 9.5. . . .. half cell, must be avoided in order to effect an accurate and stable pH

6.3.2 The severity of the error resulting from a liquid measurement. A sealed reference half cell (requiring no electrolyte
junction potential shift when the ionic strength of the samplereplenishment) that is constructed in such a manner that the salt bridge,
changes, for example, measuring 1.0 mg/L ammoniavhile making diffusion contact to the sample, resists significant dilution
(pH = 9.38 and conductivity = 6.58 puS/cm) followed by mea-for periods up to several months on continuous operation in low
suring 0.1 mg/L ammonia (pH = 8.65 and conductivity = 1.24conductivity water measurements, ‘must be ir_lclu_ded _in the pH sensor
LS/cm) is not known and is a deficiency in the State-of-the-arta.‘ssembly' A trace amount of KCI will diffuse with time into the sample.
See Table 4. 7.2 A sample stream manifold constructed of all stainless

6.4 Temperature stability of the flowing sample stream andteel, PTFE, and glass wetted components as shown in Fig. 2
pH correlation to the desired 25°C reference temperature hassall be used immediately upstream of the pH sensor. The
direct effect which is more significant in low conductivity manifold will provide proper sample stream pressure and flow
water on the accuracy of the pH measurenggn6, 7, 8, 9, 10).  rate control secondary to primary sample cooling and pressure
Adiscussion of the temperature effects on pH measurements iggulation. This manifold shall also provide grab sample outlet
presented in Appendix X2. for proper calibration of the pH sensor. This manifold shall be

6.5 The flow rate to the pH electrodes and related apparatig®nstructed in such a manner that when a grab sample is being
must be controlled in order to obtain repeatable results. Aaken for calibration purposes, neither the sample flow rate nor

discussion of the flow sensitivity is presented in Appendix X3.pressure shall be permitted to vary at the on-line pH sensor
location.

7. Apparatus 7.3 When the high purity water pH sensor assembly is not
7.1 A complete high purity water pH sensor assembly isdirectly coupled to the pH analyzer (with3 m (10 ft.)), an
required. The pH flow cell, connecting tubing, and electrodeinterface modulé located in a National Electrical Manufac-
housings should be constructed of stainless steel (316 isirers Association (NEMA) 4X junction box withi3 m (10 ft)
preferred and electropolished 304 is acceptable), and the whot# the on-line pH sensor shall be provided. This interface
system should be properly grounded. Provisions for the neanodule shall condition the pH signal by providing differential
essary shielding to eliminate noise pick-up and for minimizingamplification of the pH electrode half-cells, electrical noise
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GLOSE COUPLED) " pH sensor flow chamber. This will be the only time when it is
pITRS ANALYZER necessary to perform a sensor calibration using pH buffer

| (mnsom solutions to determine that the pH electrodes and instrument
are functional together. All subsequent calibrations shall be in

e < accordance with the procedure set forth in 9.5. Refer to Method
J - B in Test Method D 1293 for guidelines on the standardization
ANALYZER  TRANSMITTER of a pH meter and electrode assembly. Be certain to include the

temperature compensator electrode with the pH instrument in

the automatic temperature compensation (ATC) mode. Use a

quiescent sample of both buffer solutions and laboratory

glassware dedicated for this service only. For proper pH

calibration buffers, see 8.1-8.4. Thoroughly rinse electrodes

and glassware with reagent water between each buffer calibra-
=S tion.

9.3 Thoroughly rinse electrodes with reagent water or low
ionic strength sample water and reinsert them into the on-line
pH sensor flow cell in accordance with the manufacturer’s
instructions. Permit the pure water sample stream to flush the

S, on-line sensor flow cell and electrode assembly for a minimum
S1 SAMPLE INLET, 6.35 mm (1/4 in.) PR SECONDARY PRESSURE R_EGULATOR. Of 3 tO 4 h at anlnlmum ﬂOW rate Of 250 mL/mIn tO remove
STAINLESS STEEL TUBE FITTING 1 0-1724kPa(gage) (025 psig) all traces of the high ionic strength pH buffer solutions.
V, HGH PRESSURE SAVPLE INLET R, POTAMETER, WITH CONTROL VALVE, 9.4 Connect the pH electrodes and automatic temperature
P SAMPLE INLETPRESSURE GAUGE compensator to the interface module (or on-line pH analyzer if
1 e a00) (0 300 1) Py TP qage (0 25 e direct coupled) in accordance with the manufacturer’s instruc-
V, GRAB SAMPLE VALVE / ON-OFF F, HGH PURITY WATER pH SENSOR tions. The output from the signal conditioner goes directly into
AMPER FESSTANT FLOW RATE the on-line pH analyzer/transmitter.
3 VALVE MAX 200 mifmin AT S B SYANLESS STELL TUBE FITTING 9.5 Performance of subsequent or routine calibration of the
S, GRAB SAPLE oUTLET J,  JuNCTION BOX WiTh on-line pH sensor is accomplished by comparative-sample-
testing in accordance with Proposed Test Methods P 228. This
FIG. 2 Schematic Sample System procedure will suffice for all future calibration verifications in

lieu of the conventional buffer tests of this on-line high purity

) . . ... . water pH sensor.
filtration, temperature compensation, and proper conditioning P

of the pure water pH signal for interface with most process Note 4—If the comparative sample temperature is not maintained at

quality pH analyzer/transmitters. Refer to Fig. 2. 25°C and is not compensated for solution temperature effects, its tem-
perature must be recorded and the proper temperature correction applied.

8. Reagents iiiéppendlx X2 for a discussion of temperature effects on pH measure-

8.1 Commercial Buffer SolutiorsCommercially available Note 5—Periodic confirmation of the calibration of the temperature
prepared buffers traceable to National Institute of Standardsrobe in the on-line pH sensor should be verified with a two point
and Technology (NIST) standards should be adequate for tHemperature calibration in accordance with the manufacturer’s instruc-
calibration procedures in 9.2-9.5. These commercial buffeFons: o
solutions usually have pH values near 4, 7, and 10 pH at 250(% Note 6—Subsequent verification of the pH glass measurement elec-

L 1 I:

. . ode’s ability to measure two solutions of different pH values to
The exact pH of the buffer will change with temperature anddetermine its span, may be accomplished by removal of the pH glass

this pH versus temp_e_rature data will be prOVided_ by themeasurement electrode from the on-line sensor flow chamber and perform
purveyor of the specific buffer. Refer to Method A in Test a two point calibration using the laboratory pH meter with its reference
Method D 1293 for the preparation of reference buffer solu-and temperature compensator electrodes. Follow the procedure described

tions if desired. in 9.2 and 9.3. However, this is not a substitute for calibration.
8.2 Buffer A—Commercially available 7.00 pH buffer. 9.6 For power plant users, an alternate method of calibration
8.3 Buffer B—Commercially available 4.00 pH buffer. may be considered which provides for the regular measurement

8.4 Buffer G—Commercially available 10.00 pH buffer.  of certifiable standards. This test method employs the use of a
8.5 Purity of Water— Unless otherwise indicated, refer- standard sample synthesizer (S§)that provides a separate
ences to water shall be understood to mean reagent water ggality control (QC) test for the on-line pH instrumentation. In

defined by Type Il of Specification D 1193. general, an assayed, low conductivity standard solution is
o injected continuously by a chemical metering pump into a flow
9. Calibration of reagent water which was held at a constant, measured rate.

9.1 Perform initial and subsequent start-ups of the on-lineAs shown in Fig. 3, this very high quality reagent water is
pH sensor in accordance with manufacturer’s instructions. prepared from steam condensate by passage of the condensate
9.2 Perform a two point calibration of the pH measurementhrough a deoxygenation exchange bed, a carbon bed, a mixed

and reference electrodes after removing them from the on-linbed deionizer, and finally, a 0.2 pum micropure filter. The output
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INSTRUMENTS
FIG. 3 Standard Synthesizer—Schematic Arrangement

from the SSS is routed to the on-line pH sensor assembly under 10.3 Maintain sample stream flow rates at a fixed rate
test, just as the plant sample would be. When the continuousccording to the manufacturer's recommendation. Sample
pH instrumentation indicates a stable readout, the pH instrustream inlet pressure should be maintained at a gage pressure
ment is calibrated to the known value of the standard solutionef 345 kPa (50 psig). It is important to maintain both the
Two separate low conductivity standard solutions whichsample stream flow rate and pressure at fixed levels to prevent
bracket the pH point of interest should be selected for thigH signal drift and noise resulting from electrode sensitivities
procedure. to variations in these two parameters and to achieve repeat-
Note 7—Standard solutions within the pH range of interest should beability of the pH electrode output signal. Determination of the
prepared for use in the SSS. A suggested standard solution is prepargample line flow rate for a given installation will depend on
from ammonium hydroxide and reagent water for pH values ranging fromyariaples such as total length of sample line and its effect on
8.655 t0 9.565 pHi. Refer to Table 4 for the pH and specific conductivity oo santative sampling and lag times, size, and age of existing
values at 25°C of the standard solution for concentrations of ammonium .
hydroxide (NHOH) ranging from 0.21 mg/L to 4.11 mg/L. sample lines, and upstream sample pressure and temperature
conditioning. A discussion on sample stream flow rates is
presented in X2.2.

10.1 Install a sample system manifold as shown in Fig. 2, 10.4 Maintain sample stream temperature at25°C. For

and utilize all the components as indicated in the equipmentyore information, refer to 6.4. A discussion of sample stream
schedule. All wetted materials should consist of stainless Ste?émperature conditioning is presented in X2.3.

(316 or electropolished 304), glass, PTFE, and ceramic. Use of 105 Install th n-lin nsor in rdance with th
dissimilar metals should be avoided to prevent galvanic corro- ~~* sa, e on-lineé Sensor n accoraance ne
sion of these metals. Galvanic corrosion develops EMF poter{papufacturer § instructions. The design feature.(s').of the.h|gh
tials in the sample stream resulting in observable pH measur@Urty pH sensor flow cell, that reduces the possibility of air or

ment errors. A discussion of contaminants in sample systems #2S entrapment, or both, within the flow cell, should not be
presented in X2.1. altered. The stainless steel flow cell should be mounted and
connected in accordance with the manufacturer’'s recommen-
Note 8—PTFE is not suitable for radioactive samples and suitable

materials should be substituted for all PTFE components in the radiatiorqatlons'

areas. 10.6 Connect the pH signal output of the high purity water

10.2 Flush all wetted components of the sample systerft S€nsor to the pH signal input of the on-line pH analyzer/
manifold at 250 mL/min with water or low ionic strength transmitter in accordance with the manufacturers instructions.

sample water for 3 to 4 h, especially if on-line pH sensor 10.7 After completion of the calibration procedures in 9.2 to
assembly has been exposed to pH calibration buffers or othé:5, record data continuously or manually until the run is
high ionic strength solutions. completed.

10. Procedure



Ay D 5128 - 90 (1999)!

11. Precision and Bias 12. Keywords

11.1 Neither precision nor bias data can be obtained for this 12 1 high purity; low conductivity; on-line; pH
test method from a collaborative study designed in accordance
with the requirements of Practice D 2777 since this test method
is a continuous determination. This inability of D 2777 proce-
dures to obtain precision and bias data for continuous deter-
minations is recognized and stated in the scope of Practice
D 2777.

APPENDIXES

X1. EFFECTS OF CO2 ON PH MEASUREMENTS OF HIGH PURITY WATER

X1.1 High purity water will rapidly absorb carbon dioxide for the theoretical pH and conductivity values of ammonia
when exposed to the atmosphere. Carbon dioxide levels in theolutions at various carbon dioxide levels. Also see Table 3 for
atmosphere are slightly greater than 300 mg/L. Pure water bthe theoretical pH shift caused by 0.2 mg/L S€dntamination
definition does not contain carbon dioxide. However, in prac-of a high purity water sample. This information is provided to
tice CO, is present in trace to very low levels in most low give the user an indication of the level of pH measurement
conductivity water samples. High purity water on-line pH error introduced by the presence of COThe user should
sensor assemblies and related sample system hardware shod&termine the actual effects of GQ@ontamination for the
be designed and installed in such a manner as to prevent thuser’'s specific operating conditions as they may differ from
intrusion of carbon dioxide from the atmosphere. See Fig. X1.hpplication to application.
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Note 1—Calculated by NUS Corporation, Pittsburgh, PA.
FIG. X1.1 pH and Conductivity of Ammonia Solutions at Various Carbon Dioxide Levels

X2. TEMPERATURE EFFECTS ON PH MEASUREMENTS OF LOW CONDUCTIVITY WATER (5, 6, 7, 8, 9, 10)

X2.1 There are two types of temperature effects that are obf acidic or alkaline materials can have a substantial effect on
main concern during the pH measurement of low conductivitythis coefficient that is nominally — 0.03 pH/°C for alkaline
water (7, 9). solutions; that is, sample chemistry undergoes changes with

X2.1.1 Standard Nernst equation temperature factor. temperature change.

X2.1.2 Solution Temperature Effect (STE) on Ultra-Pure X2.2 The standard Nernstian compensation is provided, as
Water—STE is due to the temperature coefficient of theusual, by the automatic temperature compensation (ATC)
ionization constant of water. However, small (mg/L) amountsfeature of most pH meters and the T.C. element provided with
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the pH electrodes or sensor assembly. TABLE X2.1 pH as a Function of Temperature for Different

. . Matrixes “ &
X2.2.1 pH meters with manual temperature compensation _ - > - . _
can accomplish the same result as |0ng as the operator Tempcsgature Matrix No. 1~ Matrix No. Matrix No. Matrix No. 4

. pH pH pH pH
measures the sample temperature and selects that temperattre 5 7008 5908 o401 10388
on the pH meter. 1 4.004 9.882 10.451 10.345
2 4.004 9.840 10.411 10.303

X2.3 To avoid solution temperature effect errors, it is s oo P o TS
necessary to develop a solution temperature coefficient (STC) 5 4.004 9.719 10.294 10.178
that predicts the pH of the sample stream at whatever tempera- 6 4.004 9.680 10.256 10.138
ture it might be. For example, once the STC is developed, the ! " oos o 1028 g
technician can measure the pH in the lab at 22°C and then 9 4.004 9.563 10.144 10.019
calculate what the on-line pH must be at 35°C by applying the 10 4.004 9.525 10.108 9.981
11 4.004 9.488 10.072 9.943

STC. 12 4.004 9.451 10.036 9.905
X2.3.1 Determining the STC for low ionic strength solu- 13 4.004 9.414 10.001 9.868

. : : . : . 14 4.005 9.378 9.966 9.831
t!ons is quite complex and_ requires spem_ally derived algo- 15 4005 9,342 9.932 9.795
rithms that depend on the individual constituents of the low 16 4.005 9.307 9.898 9.759
ionic strength solution. Thus a particular STC is only good for 17 4.005 9.272 9.864 9.723
o - o 18 4.005 9.237 9.831 9.688

the specific solution for which it was developed. 19 4005 9.203 9.798 9.654
X2.3.2 The derivation of the STC is entirely dependent on 20 4.005 9.169 9.765 9.619
the water chemistry of the specific solutions being analyzed. If g; 3'882 gigg g-;gg gggg
the analysis of the trace constituents of the water is inaccurate, 3 4006 9.069 9,669 9519
the derived STC can produce significant errors. An unknown 24 4.006 9.036 9.637 9.486
trace constituent can change the pH of the solution in ways the ;g i-ggg 3‘333 g-g%‘ gjgi
derived STC will not predict. 27 4.006 8.940 0.545 9.390
X2.3.2.1 A commonly practiced technique is to empirically 28 4.007 8.909 9.515 9.358
derive the STC by measuring the pH of a known solution at gg i-gg; g-gzg g-jgg ggg;
two different temperatures. This technique has many pitfalls 1 4.007 8.817 0.426 0.266
that leave much to be desired. However, for water chemistries 32 4.007 8.787 9.397 9.236
that are predictable or that remain fairly constant, it is possible 2431 3-882 g-g g-ggg gigg
to empirically derive a STC correction factor which can then be 35 4008 8.699 0312 9.148
used to reference all pH readings of that particular water stream 36 4.008 8.670 9.284 9.119
(or samples taken from it) to 25°C. 37 4.009 8.641 9.257 9.091
. f lizi 38 4.009 8.613 9.229 9.063

X2.3.2.2 Temperature corrections for normalizing pH mea- 39 4,009 8.585 9202 0.035
surements to 25°C may be applicable for the following 40 4.010 8.557 9.175 9.007
solutions: 41 4.010 8.529 9.149 8.980
) 42 4.010 8.502 9.122 8.953

(a) Pure water. 43 4,010 8.475 9.096 8.925
(b) Matrix No. +—4.84 mg/L sulfate, that represents an 44 4.011 8.448 9.070 8.900
acidic solution at pH 4.0 at 25°C. 32 j-gﬂ g-ggg 2-8‘1‘;‘ 2-21;‘
(c) _Matrix No. 2—0.272 mg/L ammo_n_ia and 20u g/L 47 4.012 8.370 8.994 8.823
hydrazine, that represents “average” conditions for steam cycle 48 4.012 8.344 8.969 8.757
all-volatile chemistry control (pH 9.0 at 25°C). 49 4.012 8.318 8.944 8.772
50 4.013 8.293 8.919 8.748

(d) Matrix No. 3—1.832 mg/L ammonia, 10 mg/L morpho- — -
line, and 50 pg/L hydrazine, that represents conditions for Sf:e4ﬁ3r;1g';’,'ﬁtrs'xo?°="

all-volatile chemistry control at high pH with amines (pH 9.6 2:0.272 mg/L NHg + 20 pg/L NoH
at 25oc). 3: 1.832 mg/L NH5 + 10.0 mg/L morpholine + 50 pg/L N,H,, and

. . . 4: 3.0 mg/L PO, at 2.7 Na *: PO, *P +0.30 mg/L NHs.
(e) Matrix No. 4—3 mg/L phosphate with a sodium-to- Bvalues calculated by John Riddle, NUS Corporation, Pittsburgh, PA.

phosphate molar ratio of 2.7 with 0.3 mg/L ammonia, that

represents “average” conditions for phosphate chemistry condded in Table X2.1 and Table X2.2 are very useful in avoiding

trol. solution temperature effect errors for the solutions given in
X2.3.3 The results of the calculated pH values for thesdhese tables.

solutions and temperature corrections are given in Table X2.1 X2.3.4 pH instrumentation with programmable algorithms

and Table X2.2. The temperature corrections for the basifor the STC correction factor enables both the sample pH

solutions are essentially the same, and approximately twice thealibration measurements and continuous on-line pH measure-

correction for pure water. The temperature corrections proments to be more error-frg®).
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TABLE X2.2 Temperature Corrections of pH Measurements for Different Matrixes AB
Pure Water Matrix No. 1 Matrix No. 2 Matrix No. 3 Matrix No. 4
Temperature, °C Temperature Temperature Temperature Temperature Temperature
Correction Correction Correction Correction Correction
0 -0.477 - 0.002 -0.923 -0.887 -0.937
1 - 0.455 - 0.002 -0.881 - 0.847 - 0.894
2 -0.433 - 0.002 -0.838 - 0.807 -0.851
3 -0.412 - 0.002 -0.798 -0.767 - 0.809
4 - 0.390 -0.002 -0.757 -0.728 - 0.768
5 - 0.369 -0.002 -0.717 - 0.690 -0.727
6 -0.349 - 0.002 -0.678 - 0.652 - 0.686
7 -0.328 -0.002 - 0.639 -0.614 - 0.647
8 - 0.308 - 0.002 - 0.600 -0.577 - 0.607
9 -0.288 - 0.002 -0.561 - 0.540 - 0.568
10 - 0.269 - 0.002 - 0.524 - 0.504 —-0.530
11 -0.249 - 0.002 - 0.486 - 0.468 -0.491
12 -0.230 - 0.002 - 0.449 -0.432 - 0.454
13 -0.211 - 0.002 -0.412 -0.397 -0.417
14 -0.193 - 0.002 - 0.376 - 0.362 -0.380
15 -0.174 - 0.001 -0.340 -0.327 -0.343
16 - 0.156 - 0.001 - 0.305 -0.293 - 0.308
17 -0.138 - 0.001 -0.270 - 0.260 -0.272
18 -0.120 - 0.001 -0.235 -0.226 -0.237
19 -0.102 - 0.001 -0.201 -0.193 -0.202
20 - 0.085 - 0.001 -0.167 - 0.160 -0.168
21 - 0.068 - 0.001 -0.133 -0.128 -0.132
22 - 0.051 - 0.001 - 0.100 - 0.096 - 0.100
23 - 0.034 - 0.000 - 0.067 - 0.064 - 0.057
24 -0.017 - 0.000 -0.034 -0.033 -0.034
25 0.000 0.000 0.000 0.000 0.000
26 0.015 0.000 0.030 0.029 0.030
27 0.031 0.000 0.062 0.059 0.062
28 0.047 0.001 0.093 0.089 0.093
29 0.063 0.001 0.124 0.119 0.124
30 0.078 0.001 0.154 0.149 0.155
31 0.094 0.001 0.185 0.178 0.185
32 0.109 0.001 0.215 0.207 0.215
33 0.124 0.002 0.245 0.236 0.245
34 0.139 0.002 0.274 0.264 0.274
35 0.153 0.002 0.303 0.292 0.304
36 0.168 0.002 0.332 0.320 0.332
37 0.182 0.003 0.361 0.348 0.361
38 0.196 0.003 0.389 0.375 0.389
39 0.210 0.003 0.417 0.402 0.417
40 0.224 0.004 0.445 0.429 0.444
41 0.238 0.004 0.472 0.456 0.471
42 0.252 0.004 0.500 0.482 0.498
43 0.265 0.004 0.527 0.508 0.525
44 0.278 0.005 0.553 0.534 0.551
45 0.292 0.005 0.580 0.560 0.577
46 0.305 0.005 0.606 0.585 0.603
47 0.318 0.006 0.632 0.611 0.629
48 0.330 0.006 0.658 0.636 0.654
49 0.343 0.006 0.684 0.661 0.679
50 0.356 0.007 0.709 0.685 0.704

ASee X2.3. Matrix No.
1: 4.84 mg/L SO, ~,
2:0.272 mg/L NH3 + 20 pg/L NoH 4,
3:1.832 mg/L NH; + 10.0 mg/L morpholine + 50 pg/L N,H,, and
4: 3.0 mg/L PO, at 2.7 Na™: PO, P+ 0.30 mg/L NH3.
Bvalues calculated by John Riddle, NUS Corporation, Pittsburgh, PA.
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X3. FLOW SENSITIVITY OF PH ELECTRODES IN LOW CONDUCTIVITY WATER

X3.1 All pH electrodes exhibit a flow sensitivity when stable, predictable, and repeatable with given flow rate
exposed to a flowing low conductivity water sample streamchanges. It is always recommended, therefore, to maintain a
This flow sensitivity manifests itself by alterations of the pH fixed sample stream flow rate in low conductivity water
electrode’s output signal in relationship to changes in sampl@pplications.
flow rate which are not necessarily representative of actual y3 - pH variations due to sample pressure are often

solution pH changes. The output signal from conventional pHyistaken for flow sensitivity. It is believed that sample stream
electrodes are not repeatable with given sample flow ratgressure variations affect the pH reference half-cell’s liquid
changes. As a result, the output signal drifts and becomeggnction potential resulting in pH measurement errors. This
unstable and unpredictable as the sample flow rate changgshenomenon is more noticeable in low conductivity water
The output signal from the high purity water pH sensor’'sapplications, therefore it is always recommended to maintain a
steady-state electrodes will change with a correspondinfixed sample stream pressure (atmospheric discharge) in these
change in sample flow rate; however, the output change iapplications.

X4. PH SENSOR AND SAMPLE LINE INSTALLATION (16)

X4.1 Contaminants—Pure water sample streams in power few grams of coating, but that constitutes a huge ion storage
plant boiler waters usually contain “crud”. Crud in this casematrix. The EPRI data indicates that 1.8 m/s is an optimum
specifically describes fine insoluble particles of iron oxides angbractical sample velocity to achieve minimum deposition.
other by-products of metallic corrosion that are present X4.2.2 With flow velocity as the controlling factor, tubing
throughout the system. The microscopic particles have agmize becomes important. A rate of 1.8 m/s corresponds to 850
unfortunate tendency to adhere to the walls of horizontamL/min for 6.35 mm ¥ in.) tubing with 3.175 mm ¥s in.)
sample tubing and sensor chambers. Along with the occasionaiside diameter, and 3400 mL/min for 9.525 m#a ip.) tubing
resin beads and bead particles, plus biological growths, crudith 6.35 mm ¥ in.) inside diameter. The smaller line will
layers act as chemical sponges, trapping ionic impurities byequire 1 340 000 L per year less sample throughput than will
absorption and adsorption. These impurities acting as an ionithe larger one. It is therefore recommended that 6.35 #m (
reservoir and, hiding in a sample line, will act to mask realin.) tubing be used for all sample handling. It has a pressure
changes in boiler water by trapping ions when conductivitydrop of 18 bars per 100 m at 40°C and 1.8 m/s. Compression
rises, slowly bleeding them back when the water becomefttings are best for connections, as fillet welding can reduce
cleaner. Sudden flow variations, or vibration, can release largeore diameter of the small tubing by half the fitting entry,
amounts of this coating, replete with its load of ions, to giverestricting flow, and perhaps plugging entirely if resin beads
false indication of an increase in boiler water chemical levelsare encountered. The tubing should be AISI 300 series stain-
This situation must be avoided to enable accurate measurtess, preferably AISI type 304 or type 316. New tubing may
ment, and sample flow rates are a major key to doing so. take several weeks to wash out all the oil and other impurities

) lodged in its pore while it was being fabricated.
X4.2 Flow Rates:

X4.2.1 Data from Refl7)indicates that as much as 80 % of X4.3 Sample Temperature Conditionirgsample cooling
the suspended particles can be deposited in a long horizontssl to be done upstream of sensor manifolds. Most samples are
sample line during the first few hours of operation while cooled to near 25°C to improve measurement accuracy in
maintaining a turbulent flow rate with a Reynolds number ofaccordance with RgfL8). Referencé17) recommends cooling
4000. For normal sample flow rates, this works out to only ao 25°C = 1°.
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