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1.62 13.27 1.97 259 8.73 2.66 2
472 2921 421 6.47 10.29 5.54 4
9.22 36.96 7.74 11.36 20.18 9.54 8
23.93 49.38 22.18 27.16 46.36 26.13 24
20
35.54 58.18 38.24 36.50 60.12 39.82 48
44.58 67.86 55.40 46.68 72.90 60.21 96
0.96 10.39 1.51 2.46 7.63 2.56 2
459 20.84 4.12 5.13 17.09 452 4
12.37 30.59 10.42 10.22 27.76 8.57 8
18.57 42.08 16.31 26.72 58.50 25.57 24 40
33.20 52.76 34.54 41.88 78.07 49.70 48
47.70 66.56 62.68 47.71 81.82 62.71 96
1.44 6.43 1.85 2.50 9.07 2.59 2
4.60 13.65 4.12 4.96 19.54 439 4
8.16 23.81 6.88 10.19 31.25 8.54 8
2321 37.43 21.34 26.32 67.17 25.07 24 80
35.73 47.99 38.54 40.24 85.28 46.50 48
51.40 64.21 72.55 47.88 89.88 63.14 96
1.50 5.07 1.88 1.91 9.76 2.17 2
477 11.44 425 439 34.62 3.97 4
8.96 16.41 7.53 10.36 51.54 8.69 8
23.93 28.07 2218 26.34 78.42 25.09 24 240
35.50 41.26 38.17 40.54 88.88 47.07 48
54.36 62.19 81.62 48.48 94.24 64.65 96
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rmse R rmse R rmse R rmse R
17.152 | 0.808 13.817 | 0.856 | 11.631 | 0.886 | 9.346 | 0.893 A
13.141 0.890 8.900 | 0.950 | 7.134 | 0.963 | 4.799 | 0.980 EEVEN
3.532 0.992 3.134 | 0.995 | 2.890 | 0.995 | 5.390 | 0.972 Ay yle gl
7.905 0.964 2.350 | 0.997 | 1.886 | 0.998 | 1.388 | 0.998 35aal) 3aaxi
9.649 0.943 4904 | 0.975| 4.040 | 0.983 | 2.598 | 0.992 Al
4.370 0.991 1.014 | 0.999 | 0.920 | 0.999 | 1.388 | 0.998 L) sl
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rmse R rmse R rmse R rmse R
7.398 0.909 8.800 | 0.874 | 8.424 | 0.873 | 7.792 | 0.888 EEW
3.685 0.980 5614 | 0.954 | 6.065 | 0.942 | 6.304 | 0.935 ZEIZEN
4.469 0.964 2247 | 0.989 | 2.612 | 0.987 | 1.840 | 0.994 daile 4l
1.548 0.997 3.310 | 0.986 | 3.085 | 0.986 | 4.763 | 0.965 2 gaal) Baania
1.083 0.998 2.846 | 0.987 | 2.171 0.993 | 3.941 | 0.979 Al
1.445 0.997 2.824 | 0.991 2111 0.994 | 3.984 | 0.976 L) el
9.884 0.994 2.681 0.991 2574 | 0.992 | 4.311 | 0.973 Soa¥) s lall it Aalaa (e B shaall
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L) Aadally Aally agaal) Basmiag Lty ke sllly Audadlly Aul) clalaall Ly (aiial ESP a8 :(5) Jgaa
(el Allide iyl og8y Addg) SAR ad e (SipaY) Aaglall piida e Byghaally SpaY) Aaglall siidag
Colialgls ana 1 Culigh ) saligally culidgslsl) (b

i (s by shall| da glal) jida | i Sasmia | XU i ¢¥ SAR RPN
) Lyl sl A iy A2 o) Ly
o Al | S 2gaall afiional (8 dsn )| (8 s e
3.77 2.59 6.22 7.81 | 7.08 | 059 | 12.60 | 12.55 2
8.52 6.47 13.07 | 13.39 [12.92] 16.29 | 15.82 | 13.90 4
21.43 11.36 2158 | 19.97 | 2058 | 27.91 | 20.29 | 16.03 8 20
50.43 27.16 4724 | 41.84 | 46.68 | 49.44 | 38.83 | 28.87 24
62.01 36.50 60.23 | 57.02 | 61.39 | 58.45 | 54.13 | 46.94 48
71.81 46.68 7156 | 77.26 | 71.83 | 67.29 | 76.91 | 96.81 9%
-2.54 2.46 9.15 | 10.04 | 10.76 | 431 | 17.34 | 15.75 2
10.76 5.13 15.66 | 14.96 | 15.79| 17.91 | 19.70 | 16.78 4
29.69 10.22 2748 | 23.48 | 25.61 | 33.28 | 24.59 | 19.13 8 40
62.78 26.72 59.20 | 50.65 | 58.15 | 59.50 | 45.10 | 33.18 24
77.69 41.88 77.67 | 80.84 | 80.33 | 75.44 | 74.21 | 72.53 48
81.65 47.71 81.89 | 95.20 | 80.59 | 81.02 | 89.91 | 110.54 9%
-6.72 2.50 1036 | 11.86 | 12.68 | 6.01 | 20.60 | 18.42 2
26.83 4.96 17.62 | 17.06 | 17.94| 19.96 | 22.98 | 19.51 4
57.61 10.19 32.07 | 26.99 | 2939 | 37.59 | 28.49 | 22.27 8 30
84.14 26.32 67.14 | 56.69 | 65.21 | 66.08 | 50.41 | 37.74 24
91.25 40.24 84.94 | 86.79 | 88.49 | 82.43 | 78.82 | 74.75 48
93.51 47.88 90.13 | 107.17 | 88.50 | 90.53 | 100.89 | 127.11 9%
-134.81 1.91 1533 | 16.80 | 23.43 | 15.86 | 32.81 | 26.61 2
-16.88 4.39 2779 | 23.72 | 28.78 | 30.39 | 34.90 | 27.83 4
49.56 10.36 5151 | 37.13 | 41.84 | 49.24 | 40.36 | 31.32 8 240
83.05 26.34 83.04 | 68.12 | 76.42 | 74.78 | 59.37 | 47.19 24
91.03 40.54 89.70 | 97.62 | 96.35| 89.92 | 84.83 | 81.75 48
93.49 48.48 90.38 | 117.06 | 90.53 | 97.56 | 105.20 | 126.88 9%
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S daglal) | S ) 3 gaalf psiiaal) (U A Isa )| (M e )
22.07 1.62 1854 | 17.19 | 21.49| 1520 | 25.53 | 24.08 2
26.35 472 24.89 | 23.87 | 25.25| 26.66 |27.47| 25.34 4
3221 9.22 3320 | 31.04 | 30.82| 35.85 |30.50 | 27.44 8 20
48.87 23.93 52.93 | 48.93 | 49.42| 51.76 | 42.95| 38.02 24
59.85 35.54 61.22 | 61.93 | 62.08| 59.99 |56.80 | 54.66 48
67.34 44.58 64.28 | 72.69 | 66.25| 6559 | 71.60 | 80.55 9%
15.27 0.96 12.40 | 11.66 | 14.56| 6.94 | 20.46 | 19.45 2
20.47 4.59 18.69 | 19.06 | 19.13| 21.90 | 22.63 | 20.70 4
30.75 12.37 31.16 | 30.06 | 29.33 | 35.78 | 27.89 | 24.08 8 40
38.21 18.57 39.97 | 37.46 | 37.72| 42.47 |32.80 | 27.74 24
53.66 33.20 56.08 | 54.13 | 56.79 | 53.67 | 48.00 | 42.97 48
66.56 47.70 65.02 | 72.51 | 65.74| 62.57 | 71.45| 84.41 9
10.52 1.44 9.83 | 8.1 |11.05| 3.42 |15.26| 13.97 2
14.61 4.60 13.99 | 13.10 | 14.30| 15,74 | 16.99 | 14.82 4
19.08 8.16 18.65 | 17.80 | 18.11| 23.60 | 19.08 | 15.92 8 30
36.54 2321 3734 | 35.02 | 35.56 | 40.98 | 30.07 | 23.15 24
49.49 35.73 50.78 | 49.87 | 50.81| 50.05 |43.14 | 36.15 48
64.02 51.40 62.93 | 72.78 | 63.37| 59.75 | 68.97 | 87.21 9%
16.29 1.50 734 | 6.04 | 7.67 | 092 |11.11] 10.99 2
20.15 4.77 1033 | 10.12 | 10.38| 12.66 | 12.71] 11.67 4
24.94 8.96 1426 | 14.55 | 14.03| 2092 | 14.94 | 12.68 8 240
40.82 23.93 2924 | 28.90 | 28.75| 36.51 | 24.86 | 18.40 24
51.92 35.50 41.65 | 40.78 | 41.88 | 44.34 | 35.69 | 27.62 48
68.15 54.36 61.83 | 66.07 | 62.07| 5531 | 65.13 | 83.27 9

A gsb die A1A) Jslaall SAR 5 cf5EY) sy ESP (s 4lall Aoyl iaiall Alilaa culsh :(6) s
ulish ) satigally cylidg3lel) el smal Ailiss

il ) gatigall Cpanal Laleal) cuglsh ol gslSh anad Aalaal) culh Liely) 858
P Adlaiay) A B D A B D (" AL ole)
<0.001 65.790 -53.647 0.938 83.849 -84.527 0.968 20
<0.001 68.428 -60.045 0.955 87.261 -87.547 0.956 40
<0.001 69.091 -62.865 0.968 94.075 -95.413 0.951 80
<0.001 78.804 -73.931 0.982 90.514 -93.561 0.904 240

O B oade Lo Qldglell e (&S
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(ESP) Joliall asdgeall dpgial) Al o8 culs
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<yl g5\<ll)

sl

A dladd)
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bl il Juasy o (Sapymdandl e i3]
S A all mlai) e i Les Canall 13g] pulal)
Qs Jeai 30y Jully haly o aea ol
O OSay A 3l g ) die G (8 caspaseall
Lzl Caeg) Ayges el eilin poent o s
38 (e 23 () Sy Ally (Ragayad) L) Adds
Sl e Jaxd @llyy cphal) milia o alal
S ) Jaadi 3wy Lae lialall (yy g1l
(Na") sl galal a1 e (Ca'™?) sl
B Balyy o) udy Wy (Kopittke., et a/ 2006)
Sy Laily ol pilia s e Jos o ESP
G5 plad) Jamii 3 13gls daenie cplall (il

(<2 JSs) b Ls a5l

Oe sl gl Juiadi (8 5508 30l axall mhaw
Cyelaly ESP (e adlall Al vie asygeall (ol
(" Jse e 240 5 80) ddlall dyig) (gl
J<i) (17KV) asdll 0 mladl Juass e
ade Joan W dplie ol o oS5 a8, (23
(e iy .Amrhein and Suarez (1991)
G EUSandl (plae desane o Cnligh sati sall
sed A (e sl Galadl (e sy (1:2) ik
Gl mhuy) ) Ayl il s el
2 i 312130 o) o (DDL) dyylas o
Os Jle el ol g Gl Wle LaleS
sall e (Sl amagall osh Bl p s\l

G il S el a8 gl A

4 5 3 ) CADUAL) i gl ) gl gall g il 5l el (anal O3(M 0 ga i) Ky i) Jalaa ad s (7) Joia
A9V a g3 geaal) ) el Ay g

bl gl 5 g4 gall (pna Ky il gslsll gaa Ky | P3(MUALdsa L) LY SAR | (VUaldge la) Lis) 5 R
1.709 0.700 2
1.949 0.434 4
1.422 0.473 8
0.740 0.698 24 20
0.561 0.721 48
0.500 0.675 96
1.681 0.619 2
1.316 0.844 4
0.815 0.813 8
0.784 0.819 24 40
0.516 0.840 48
0.428 0.711 96
0.868 0.806 2
0.859 1.164 4
0.955 1.084 8
0.534 1.101 24 80
0.416 1.147 48
0.357 1.068 96
0.996 1.519 2
1.032 3.855 4
0.858 2.659 8
0.538 2.254 24 240
0.508 1.975 48
0.449 2.191 96
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Effect of Clay Mineral Type and Ionic Strength on the
Relationship Between Sodium Adsorption Ratio (SAR) and
Exchangeable Sodium Percentage (ESP)

Alaa H. Ali and Mohammed M. Yassen*
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Basrah, Iraq

*e-mail: mohamedyaseen817@yahoo.com

Abstract: It is tested the relationship between sodium adsorption ratio (SAR) and
exchangeable sodium percentage (ESP ) with the difference of clayed mineral( kaolinite and
montmorillonite) and ionic strength,(I), (20,40,80,240) mmole.L™. The results conducted that
this relationship differed with the difference of clayed mineral and ionic strength (I). As well,
these results contradicted to what United State Saline Laboratory (USSL) reached in 1954. It
seems that clayed mineral (1:1), Kaolinite, has selectivity to sodium ions in comparison with
calcium ions on increasing the ionic strength ( 80, 240 ) m.mole. L™ while its selectivity to
calcium ions increases with the decreasing of ionic strength ( 20,40 ) mmole.L™. Whereas
expanded clayed mineral, (2:1), Montmorillonite, which has internal and external faces has
selectivity to sodium ions on minimum ionic strength (20, 40) mmole.L™, and this selectivity
decreased to sodium ions with the increasing of ionic strength ( 80, 240 ) mmole.L™ where
combination sites in common have selectivity to calcium ions against sodium ions according
to diffuse double layer (DDL).

Key words: Exchangeable sodium percentage (ESP), sodium adsorption ratio (SAR), ionic strength (I), clayed
mineral, diffuse double layer (DDL) .
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