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3.77 259 6.22 781 | 7.08 | 059 | 12.60 | 12.55 2
8.52 6.47 1307 | 1339 | 12.92| 1629 | 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 6023 | 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 96
-2.54 2.46 9.15 | 10.04 | 10.76 | 431 | 17.34 | 15.75 2
10.76 513 1566 | 14.96 | 15.79| 17.91 | 19.70 | 16.78 4
29.69 10.22 2748 | 23.48 | 25.61 | 33.28 | 2459 | 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 7767 | 80.84 | 80.33 | 75.44 | 74.21 | 7253 48
81.65 47.71 81.89 | 95.20 | 80.59 | 81.02 | 89.91 | 110.54 96
6.72 250 1036 | 11.86 | 12.68| 6.01 | 20.60 | 18.42 2
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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
9351 47.88 90.13 |107.17 | 88550 | 90.53 | 100.89 | 127.11 96
-134.81 191 1533 | 16.80 | 2343 | 1586 | 32.81 | 26.61 2
-16.88 439 2779 | 23.72 | 28.78 | 30.39 | 34.90 | 27.83 4
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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 96
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1ol ) gali gall (ydra

ke (a5 glaall da glall yada | ) Sawia | Bal) | UV SAR | Ads) 58
) L) aial A Loy 2 1 Ly
S gl [ &) 2saal Al (A dse )| (B2 dss L)
22.07 1.62 1854 | 17.19 | 21.49| 1520 | 2553 | 24.08 2
26.35 472 24.80 | 23.87 | 25.25| 26.66 | 27.47| 2534 4
3221 9.22 33.20 | 31.04 | 30.82| 35.85 |30.50 | 27.44 8 20
48.87 23.93 52.03 | 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 4458 64.28 | 72.69 | 66.25| 6559 |71.60 | 80.55 96
15.27 0.96 1240 | 11.66 | 1456| 6.94 |20.46| 19.45 2
20.47 459 18.60 | 19.06 | 19.13| 21.90 | 22.63] 20.70 4
30.75 12.37 3116 | 30.06 | 29.33| 3578 | 27.89 | 24.08 8 40
38.21 18.57 390.07 | 37.46 | 37.72| 4247 |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 | 6257 | 71.45| 84.41 96
10.52 1.44 9.83 | 811 |11.05| 342 |1526] 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 80
36.54 23.21 37.34 | 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 62.03 | 72.78 | 63.37| 59.75 |68.97 | 87.21 96
16.29 1.50 734 | 604 | 767 | 092 |11.11] 10.99 2
20.15 477 10.33 | 10.12 | 10.38 | 12.66 |12.71] 11.67 4
24.94 8.96 1426 | 1455 | 14.03| 2092 |14.94| 12.68 8 240
40.82 23.93 29.24 | 28.90 | 28.75| 36.51 | 24.86 | 18.40 24
51.92 35.50 4165 | 40.78 | 41.88| 44.34 | 3569 | 27.62 48
68.15 54.36 61.83 | 66.07 | 62.07| 5531 |65.13 | 83.27 96

iis) g8 Lo AN Jglaall SAR 5 (V) 2ty ESP (yy ABMall Luu) (nial) Alilas Culsh £(6) Jsia
sl salisally Cylidg5lal) cplal) (Sseal daiie

Cualighy; galigall ¢ptnal Lslaall culsh Culidg 58 Ganal Alalaal) culsh Lag) 35l
P LLaay) A B D A B D ("7 A e )
<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
Oa b ade e Gldgill Gaee B S ad ) G (2) s (1)U b i) oylal
Miad dadijall SAR ad vie dialing culish ) gaiigall culilgill)  uaedll A dulalll ESP
(ESP) Jaloall agageall Ll duall o cwl< e il adll e S e (culish)eatigally
89.885 81.825 72.90) iVl e Aulad e baiadl SARESP (yy dDall o ESPU
4y (SAR) asmsall il dss xie (%94.24 4 05 AN 13a glg (11) (Spe¥) dnslall s
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oo 40 sl 4 ag 7 5l Jse e (240.30)
ve 0.619 o cmgli Kv a8 ol 17l Jsa
S8 IO Al Jge L) 2= ZdsY) SAR das
s (7 ds2s) SAR (e A sl xie 0.8 (1
O deab b dealdl aall ) Gl g S
Cibis Sl eaagl =KV g€l (pls asiageall
3 Kopittke, et al. (6) 4l Juag Le lgcan 3
Llle 4l Helal 88 culidggldll aee o 4anili cuiy
de anadllll Gl o asmsall Gal Juadn 8
e Y Auhal b dlaxiad) Zas) gl maen
dag 1:1 dLadall cplll olaa (ega culiadg5\sl)
Lo g Al saadiall e alaall e alia el
external exchange ) sl Jolall xlaud
Os Jenis dale §ypems el s (surfaces

slay) Ak Ak cuws @l ((Kv>1) asageall
& (DDL) Diffusion Double Layer a3l
cha) shel el agall (aless) U clly (g
(13) dnhudl Ladl) A6 (nliasly Ll
Ly Zasplall mlaa) o) 8 bl oda 3yl
FUL asnedlSll sl Jaa b 8ok Liad el
o Al 1 oSly alal) Jolaall b 551 sl
5l o) Lydl LSy Al duhll mils 8 Jeasy
Os phadl Juali b 8ol el s 55l
&5 ol el sl Baly o) Sl ey psaiseall
O s e S Sl agall 5l ) el
g asudllll ol ae BV & Leg Jalam
B! 85l 315 e ol asuudlSH 8L o A

gl paledil) dsgaidl i) dnh Glaa
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ESP ads 43l 1™ il Jge le (240,80,40,20)
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el A xie (%48.48,47.88,47.71,46.68)
Ol AR As) (5sills L (SAR) paageal
2300 ESP 28 culS a3 ¢ sl e culid g3ls)
Judadlly cDlabaall el 5V
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s ESP (%62.19,64.21,66.56,76.86)
SV Al
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Ol Bl

47.70,44.08) ik
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L —ws (selectivity coefficient) alaay)
Jiey 4¥ ¢ Marsi and Evangelou (9) lgiwas
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asaseall (s mhd) Juads (sl (ESP) sal)
b cylishyeaiigall b g Al G (1203)
Jolall pailad & Ausl) sl ib cabal

Osd duall B Bl e A ey (Sl
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0-000 T T T T 1
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S Jge e 240 dssV) sl vie mhad) (s
che Glo psdSl 0nY et dia S G
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sa) @ (@ 2 0S8 T dse e 80 A
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Flial col daany o) (Say mhadl e Y]
S Lalal) =¥l e 2 Lee Ganall 12l bl
Oz Jual (8 8ol (Ml (oaly s g elbias
O Ser dis) 55l £l ve G (A casigeall
Llicail cuey) dage cphll milia paeas (o Jass
B8 (e a3 o) S (Ally (Lagaiel) lindy) ddda
Sl et el plall mlian o alal
S eV el b ey Lee clidal) oy g4
(Na*) sl golal o) e (Ca™) sl
A 33L) ol i Ly o(Kopittke., et a/ 20006)
Cuiy Ly (phall i cods e Jaxi o ESP
058 whall Janis 213)) 1agly daenie culal (362

(<2 dS.&)L:J (9K PPYAIN|

Oe psmdlsl) Gsl Juads 58 52b) (axal) mha
Coebly ESP e dllall sl e agigeall g
(7 Jse e 240 5 80) adlall Ausy) (sl
J<8) (17KV) asaudSl 05 mhaall Juais o)
wle duas Ll dyjlie ) o2 (55 M (23
(e i JAmrhein and Suarez (1991)
Gy i€l alas deganae (o Culigh)eatigall
568 @ Oeg Baaaiall Galedll (e 525 (1:2) wlik
La)lall bl D) ZilaYl ddaly mhal clie
laga eliids alall dac) o)) (DDL) duylai Caue
Os dle deat @l b iy Ll LS
@l v Sy cagmgeall Oml Alie asuudlS

G b O asnsall sa B gl dus)

A ) B 5l DAL i gl ) gati gall g il g gl Cplall (Sanal 05(1J g i) Ky dsliadd) Jalaa ab gl sy (7) o
A9V agaageall ) Fial Ay

i gl 5 9T 34l (i Kv bl pdSl Gia Ky | O5(T sl dsa ) A s¥) SAR | (Tl dse la) A 5 sl
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 lonic 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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*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,(l), (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 (1), clayed
mineral, diffuse double layer (DDL) .

153



