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ABSTRACT

Studies were conducted to introduce a simple method of saturometry determination. [pK, - pK;] valucs for selected temperature (°C) and
conductivity or TDS and p—Alkalinity values at various concentration were arranged in tabular form. The [pK, - pK;] values decreased as
the temperature increased and these values increased as the conductivity or TDS increased. The p—Alkaiinity values decrcased as the
concentration increased. A ten times increase in concentration only one degree decrease in p—Alkalinity values take place. The p—Ca and p—
Alkalinity relation was formulated. The pH (guraiony Was determined by summing up required table values in equation. Scaling or corrosion
characteristics of water was suggested by taking difference between the actual pH and calculated saturation pH.
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INTRODUCTION

In a recirculating fresh water cooling systems the
‘protection against corrosion and scaling of metals is a
problem of enormous economic importance. Calcium
carbonate is the chief ingredient of scale formed in
cooling water system (Kahler, 1944). To prevent scale
deposition and to control corrosion in heat exchangers
and circulating water lines, Langelier (1936)
developed a method of determining the scaling or
corrosive potential of a water from its chemical
composition, pH and temperature. Saturation index can
be achieved by using Langelier saturation-index chart
only if temperature in Fahrenheit (°F) and total
dissolved solids (ppm) are known. Later on, in an
attempt to secure a quantitative index, Ryznar (1944)
proposed a stability index IR = 2(pH;)-pH, which is in
general appears to be more representative of the
corrosive or scale forming nature of cooling water.
This index is empirical based on a study of actual
operating results with water's of various saturation
index. Presently it is laborious work for chemist
working in steam turbine units to calculate Langelier
index by the use of this chart. Hence the present
project was undertaken to minimize error and to get
exact values with the objectives (a) introducing a
simple method of saturometry determination (b)
forming a new modified form of Langelier Index for
simplicity (¢) formulating the required values in
tabular form.

MATERIALS AND METHODS

This practical approach for plant operators was
carried out in Chemical Section, Gas Turbine Power
Station (WAPDA), Faisalabad, Pakistan. The
Langelier Index (L) or saturation Index (SI) was
calculated following the equation:

(Ll) or (Sl) = pH(aclual)'pH(salurunon) I

PH saruration) (PHs) was calculated by the following
equation.

pHs = [pK; - pK;] + pCa + pAlk 11

Where p = Logy the reciprocal of adjoining
symbol, [pK,-pKs] = Negative Log of second
dissociation constant for carbonic acid and activity
product constant for CaCQ; respectively at the water
temperature

p—Ca, pAlk = Negative log factor of the Ca-
hardness and total alkalinity respectively expressed in
ppm of equivalent CaCQs.

The parameters like pH of the water
(PHawan),  Electrical — conductivity  (EC),  Total
dissolved solids (TDS), Temperature (°C), Ca-
Hardness and total Alkalinity by applying standards
methods were determined (Betz Engineering &
Technical Lab. Staff, 1967). The [pK, - pK,] values
were formulated for selected temperature and electrical
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Table L. Values of (pK; - pK)

EC TDS Values of |pK; — pK;| at temperature of

uSem’  ppm  0°C  S°C 10°C 15°C 20°C  25°C  30°C 35°C 40°C  45°C  S0°C  §5°C  60°C  65°C  70°C  75°C  80°C 85°C 90°C  95°C 100°C
1333 0 268 253 239 2235 212 203 194 185 17 168 166 152 144 137 120 120 115 109 105 102 098
2667 20 269 254 240 237 214 204 195 18 177 k69 161 1S3 145 138 130 121 1t L0 106 103 099
4000 30 270 255 241 228 215 205 196 187 178 170 162 154 136 139 131 122 117 110 107 103 100
5333 40 271 256 242 229 206 206 197 188 179 171 te3 155 147 140 132 123 118 12 108 105 101
8000 60 272 257 243 250 217 207 198 1.89 1 80 172 164 156 148 i4] 133 124 ! Ib 113 109 to6 102
106 67 80 273 258 244 231 218 208 199 190 I8 173 165 157 149 143 134 125 120 114 110 107 103
146.67 110 274 250 245 232 219 209 200 191 182 174 166 158 150 143 135 126 120 115 111 108 104
200.00 150 275 260 246 233 220 210 201 192 183 175 167 15 tS1 144 136 127 122 116 112 109 105
2667 200 276 261 247 234 221 201 202 19% 184 176 168 160 152 145 137 128 123 117 113 110 106
33333 250 277 262 248 235 222 202 205 194 185 177 169 161 1S3 146 138 139 124 [IR 114 111 107
40000 300 278 263 249 236 2323 233 204 195 186 178 170 162 154 147 130 130 125 119 115 112 108
40333 370 279 264 250 237 224 204 205 19 187 179 171 163 1S5 148 140 131 126 120 lle 113 109
S8000 435 280 264 251 238 225 215 206 197 18 180 172 164 156 149 141 132 127 1210 117 14 110
66667 500 280 266 252 239 226 216 207 198 189 181 173 165 157 150 142 133 128 122 118 11S 11
83750 670 282 267 253 240 227 217 208 199 190 182 174 lob IS8 ISI 143 134 129 123 119 116 112
1050 00 840 283 208 254 241 228 218 209 200 191 | 83 178 107 159 152 144 135 130 124 120 117 113
125000 1000 284 269 2S5 242 220 219 210 201 192 (84 17 1068 160 1Sy 145 136 131 125 121 118 114
176470 IS0 285 270 256 243 230 220 211 20> 193 185 177 ey lel 1S4 146 137 132 126 122 119 115
235294 2000 286 271 257 244 231 221 232 203 194 186 178 170 162 155 147 138 133 127 123 120 116
4118 2500 287 272 258 245 232 222 213 204 195 187 179 171 163 156 148 139 134 128 124 121 117
352924 3000 288 273 259 246 233 223 214 205 19 188 180 172 164 137 149 140 135 129 125 122 118
470588 4000 280 274 260 247 234 224 205 206 197 189 I8l 173 165 158 1S0 141 136 130 126 123 119
88235 5000 290 275 261 248 235 325 216 207 198 190 182 174 166 159 1S 142 137 131 127 124 120

conductivity or TDS (Table 1). The values of
pAlkalinity were also formulated in tabular form
(Table 1) at various concentration. The p—Ca value
was determined by applying the relation at same
concentration

p-Ca=pAlk + 0.3 I

RESULTS AND DISCUSSION

The tendency of a water supply to deposit or
dissolve calcium carbonate from solution with which
the water is brought in contact depends on variation of
various constituents. The (pK,-pK;) values were
formulated in tabular form (Table 1) following
Langelier saturation—index chart for selected
temperature in Centigrade (°C) instead of Fahrenheit
(°F) and electorial conductivity (EC) or total dissolved
solids (TDS). It was observed that the values of (pK; -
pK;) decrease as the temperature increase and these
values increase as the concentration of TDS or EC
increased. Increase in temperature accelerates the rates
of both scaling and corrosion processes (Snoeyink and
Jenkins, 1980). Table | was arranged after every 5°C
difference to estimate the correct value (Balzar, 1980).

The p-Alkalinity (p—Alk) values (Table II) at
various concentration decrease as the concentrations
increase. It was also observed that a ten times increase
in concentration, only one (1.0) degree decrease in the
p—Alkalinity value takes place. While undertaking this
project, following relationship between p—Alk and p—
Ca was observed for the same concentration.

p—Ca=p-Alk + 0.3 [

A thin CaCOs—protective layer is made by
maintaining effective saturation index appreciably
positiveza value of at least - 0.2 to + 0.6 is aimed at.
Evaluation. Suppose following analytical data was
shown by recirculating cooling water system.

i. pH(aclual) =17.80

ii. EC =400 (uSem™)

iili. Temperature = 30°C

iv.  Alkalinity = 50 ppm

v. Ca-Hardness = 200 ppm

[pK; - pK,] = 2.04 (From Table - I)

p—Alk =3.00 (From Table - 1)
p—Ca =2.40+03=2.70  (From Eq.-II)
pH,=7.74 (From Eq. - II).

SI[=7.80-7.74=+0.06 (From Eq. - I).
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Table II. p—Alkalinity values at various concentrations
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C Ik C pAlk C 13 C pAlk C pAlk C Ik C Ik C Ik C lk C Ik C Ik C Ik C Ik C Ik
or 470 21 338 41 309 61 294 81 282 104 269 171 249 255 229 410 209 688 189 1057 .69 2197 149 3337 129 4482 109
02 440 22 33 42 308 62 294 82 28] 108 268 175 248 260 228 420 208 706 188 1114 168 2254 48 3394 128 4539 008
03 420 23 3 4 307 63 293 83 280 112 267 178 247 265 227 430 207 724 187 1171 167 2311 147 3451 127 45% 107
04 410 24 332 44 306 64 293 84 280 115 266 181 246 270 226 440 206 742 1.86 1228 166 2386 146 3508 1.26 4653 106
0% 400 25 330 45 308 65 292 85 279 118 265 |84 245 275 225450 205 760 1.85 1285 1.65 2425 145 3565 1.25 4710 105
06 395 26 1328 46 304 66 292 8 278 121 264 188 244 280 224 460 204 776 1.84 1342 1.64 2482 144 3622 124 4768 104
07 390 27 326 47 3.03 67 291 87 278 424 263 191 243 285 223 470 203 792 183 1399 163 2539 143 3679 123 4826 1.03
08 385 28 324 48 302 68 291 88 277 127 262 194 242 290 222480 202 808 182 145 162 2596 142 3736 122 4884 1.02
09 380 29 322 49 30 69 200 89 277 130 261 197 241 205 221 490 201 824 181 1513 161 2653 141 3793 121 4942 1.01
10 370 30 320 50 300 70 200 90 276 133 260 200 240 300 220 500 200 840 1.80 1570 1.60 2710 140 3850 1.20 5000 100
113067 31 319 5| 3.00 71 289 9L 276 137 259 205 239 310 2,19 518 1.99 858 1.79 1627 159 2767 139 3907 |19 5500 0.97
12 364 32 318 52 2.99 72 287 92 275 171 258 210 238 320 218 536 198 876 178 1684 .58 2824 138 3964 1.18 6000 095
13 361 33 317 53 298 73 286 93 275 144 257 215 237 330 217 554 197 894 177 174t 1.57 2881 137 4021 117 6500 092
14 358 34 316 54 2.98 74 285 94 274 147 256 220 236 340 216 572 196 912 1.76 1798 156 2938 |36 4078 116 7000 090
15 355 35 315 55 297 75 285 95 273 150 255 225 235 350 215590 1.95 930 1.75 1855 155 2995 135 4135 115 7500 0.85
l6 352 36 314 56 297 76 284 96 273 154 254 230 234 360 214 606 194 944 174 1912 154 3052 134 4192 114 8000 083
17 349 37 357 2.96 77 284 97 272 158 253 235 233 370 213622 193 958 |73 1969 [53 3109 133 4249 113 8500 079
I8 346 38 312 58 296 78 283 98 271 16l 252 240 232 380 212638 992 972 1722026 552 3166 132 4306 12 9000 076
19 343 39 311 59 295 79 283 99 271 164 251 245 231 390 211 654 191 986 171 2083 151 3223 131 4363 111 9500 073
20 340 40 310 60 295 80 2.83 100 270 167 250 250 230 400 210 670 1.90 1000 170 2140 1.50 3280 130 4425 1.10 10000 070

C = Concentration

Control limit=-0.2to + 0.6

When Sl is zero a saturation equilibrium exists.
When Sl is positive, the water is over saturated and
causes scaling and when the Sl is negative, the water is
under saturated and causes corrosion.

Control of Langelier index in practice entails the
adjustment of one or more of the following, pH value,
alkalinity and calcium hardness. The index may be
enhanced by lime soda softening or zeolite softening
or by acid treatment along with a suitable corrosion
inhibitor (Stumm, 1960)
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