Uil
SB g Ol cblis glayiag s &yl
IVAL (ol ojlond 9> 9 Comt >
http://jwsc.gau.ac.ir

295 B3l 5 33 Cun 1953 g Cd g SIS 93 31 yolis o5 ¢ 3Ll y 2 IT okl il

Tt seal o e Mplia G
Sl O jenr dogd oKy lliS1E 05 8 Slsbiad Glsal Ol e dgd oKy (mliiSLs o5 5wl i S (g oy’
Slsal O e g oKy (nliiSs 05 S skl
AFNV/0 2o dy sl ¢ QYA 1 2dl s s
B S
A LSl (Sptam 5 plend (S0 Sls s o x5 bB SU ey gla SIS 1dua 5 abl
(ST a3 sl 5 O el oSt Tl 3 Sle ilises slpe Sbcow S s ) gla SIS Suslss
St Sl ey I slad s Gslwal3l 5 (T laes S U g3k lad s Lsm) 0As S (Il (55 5m
Saosles i lald s T sladeal 56 L ddaly 3 oS Sledbl .l g Jsls Goob 5l s sla S
s s L aadlas ol als 355 (6w la oS o3 s 5 Sl gba SIS 5l Lol g3laslsl
SUS 53 3l pae T 5 e ok ol Glealsl 5 Sauslsn o oandlas 3,50 sla szl b il al&islel
A el g 5 S, S
JmosSU T L sl LS = b B s aliylel (slaalllas G55 laal a4 i glavess la by, 5 310
OF L5 Y0 31l 53) oSy, SIL 5 Sl g s SIS g5 53 Juls bl glasles s b 1SS an
Slagosd 5 eals e SO 5 Vs doe Vo il ke L) SUIST 5 S Tl 65 93 (05,8
e 3l e S ealinad 3550 S L 5 Cd s o SIS 5 p (e s TE 5 L) Calise
s SLS 5 s ae S 5 e 5 S g Lkl sl g a8 s 5 (0l ) 3 adled) Oles b Ol e o
S5 oS, s exxle D8 s Pioneer S4 sladis XRD 5 XRF (slaolKans 1 eslizal b s jar ba SIS ]
A3 S Sl GBC a3l Cdor ol&ais 3l sslinal b o obe g3lula, sldie .3 S s
ol (sl Cd g SLS a8 sl olis S S 5 Cd g S 55 a g ame oS adlae tlaaily
e 2l Gl 55 Sl e S b oS ke oS SIL G @ S e ST 65N
SLuS Slapls oS Sl sy s sdiasOlis JLS 55 8 (6 paie oS 53 edS AenST (GOl ) 52
= Sl 5 Gl 3K i addlas ) Lol laasl L pls cpl oS Sl s SIS ol b el an &) g0y
sldae LLJ sl ¢ 5 canlllas 340 2o ¢5 4w Fole ilula,y Ol a8 sy LS CL:, sleds .l Kalea

53 e 3 el olie silala; Ol candllas 3550 T sladend Olo 313505 (o SIS 65 5 (5555

s.hojati@scu.ac.ir 35 J sous

Ly



YA (£) o loud (YY) s SB 5 O Cblis gloing}s 4 puid

S3lalay aSoT Il il o SIST sl Lo Slad (Lot 5od 3l i Sy ol b 0l Slad (6la 5o
Sl L S 5l LS gl et el S il 31 SIIST el L ol s (51 g3 53 rmerhies
Olsn I sladenl 3o 53 s bl o I3l S, L 5 S g SIS 53,8 51 ol (s3lulay (5553
Aol e ols e 2alS s s slasles 4 S g 5 S, SIL SIS 53 Sl ol 3Ll
SLS Sl ead (3lala) ek 4 sl (3lala) e 5 o I £ peme o 4 31 0L el e Mo

el Sy S S e S
SIS 4 das e 0L 5 30l SV Ed e 4 s S, S SR L adlas ol s g S don

J)“:'Lfd Q-I\-LD\}A&:A&N‘)JQL& Ls_:lsj\ﬁdw axllas ..EJ\JJCAMC,.JM

L (S, S bl slaes S 55 (SI04)™ oo

Sl st slaa, s (o o) SULAS 53 s SLa SLS fas 5 ks 5 Sl
gt eyl s o LSO il b Gble 4l SiFaas 5 i bl
AL s ol JKE 6 b e B S Sk S S| 48 Sl Sn il e s
o=l bl 53 s g Lol glal 538 50 S L oS, 8L 5 g sl S8 e Lo SIS
wib o Fe' 5 Fe’™ Al Mg Jols buae b jls Al S 5 S (ol a3
5 el LadlKe &5 Wledd <50 55k s S g 93l 3 sl (1985) G 5ei 2l 5 05 skin
2> S e S e LB ey S e s I Sl 5 LS 2 1) eSS S 65l
281Gl Al Kl ol ok oSt 5 Sl s 48 Sl (9) Lssai 515 0Ly
R*) o bys sLa0s5lS U 5 La e s lex o g 5SS S gla S oL
SLaY o RY) 26 b sLaossls slryy S sy e pasia 0, S e ol S a5 oy
s Lages a5 cpl A3l o g s S S0l Sl 03 S la LS Sl
i Jrae Dol Gl sl alsay 5 =60, 19, 20) b o (2131 JB 58 el S
s LaJUKS glalas s a5 O glad 55040 LS e 5 La JLS ol e > 4 81 -
s el el B 558 0 dolaze cdzen cidie bl Slgay 5 LS s coSa, S
15yl Ol geis 35 o sdalie La SIS pl oy ol Ly (10) cmul oas 3158 508
33 S SLS Sl 3 55 50 ladUES sl 5 s andlae b SIS ol SLtd ST, Sl s e
Jslas 535 S 55 S, Sl S L anslis b S plsd 5425 65 ol 2013) ool
TSN GOV [P W | UL R B Y MY A ST PUCICEE ] ) I S5 DT PR PP
sl KIS L e b ) bt S 5 1D
%,ﬁg@ucwgutﬂﬂg&gm\) Sl SLS o3 ol gob Olas o

fﬁ}é‘o\j:‘g}‘w‘ﬁujﬂﬁﬁﬁjmﬂb“ﬁu‘ﬁ Slad sl .ol YoV 5 )Y gl slacKl

A



Ol g flia iy j

ST sl i S el asls 0L lallas
sl Al kb g S Jy S oss L
Sl Ll o S 3 352 50 Sl 15 s
SHllay s 503 e Ol ) S S
Olss ol 513D 33,5 s 5 oalyy olie
e G pon (oS S50 055 L T slasd
ol Sl Jpdows 50 S S5 5 65 5 60
role L oSdeaS S5 A 53 5 B3) sl
AT 53 e B S Gla S 3 0
cbls (33, 37) Wls L S5 Suslss 5 ISl
e il SlaS s Jydowe 53 bl o
(1995) oS 55 «Jlie Ol ysa ool 0ds 55158
Gbls slasSUs Jydoue 5 1y badal ol cale
N S0 00 s LS00 o3 sdmme 3 A
OLLSan 5 s oy SOT Il (B) 550 218
L b T glaaal 45 s 5 5,155 (1998)
Vorm /) s e sl 5 Ol e |y aLS
! 31.29) 3 5ai i St Jsboes 51 QY so L
s Sl 5 S SIS T sladend ¢
St Jgloe 5o bl plo o Cond (5005 5l
Gla0sils IS chle WK Ol gea 5 Al 5525
ShaS Gl 3l el 5 e see T A0l s
ol S st s 5 glalsslS 058
Ladwsl oy = kel (7,8, 13, 32) was o
By aS el plac ke SUs J sl s
S olge 4o aul b b S eSS
e 53 st s St e 4N s
b S s 0 DLalS iy, sl las
(33) L 45 s
St laalllas 55 2003) Sovv 5 Olas
Cla S5 b oS ) S SIS €5ad ki 4 2
3ed 5l o by (Sd gladsloes 5o |y gline

Ql_w)b Bas) CJ\)J L;J;;J‘}A CJ"AS"L"’JS U;')\J;

£a

e b SR S8 S S S s 5
5 egen 3 s L ) s e S a0l -
e i e 315 e il e LU T
Jslos S5 555 1 o 5 s U5 ibes |
(Q24) w3l I8 56 Jsls slapssls 5 S
sl ol dise s, Soslas 0 4SU
Silola, Ky 5 o s i M5 e
s SLa LS 5 SLs il s 5l ole
w5 S )5 eslinal 3,0 ik O Kiagsy ba g
Lsls 0Lis (1986) Ol,Sas 5 508 (6, 16) o
Ul SIS 5 SGLLLL S e gladand S
alie 3 5 ls S p a2l sl s 3L
5 e SIS sl JT lasnd ol L
adox 3l g5 db lalsy 0 05,8 OWS s g
ot s DL e 5 (S5 5 el
ety VI ST gl DS (gl ol
A YIY0 5 el e oSS il VY
5ok (13) w3 8 218 ols Vb Ses
Gilala, e o 48 1l s (1986) J 5SS
b s M5 ety i o ol
L aemlie 3 (odS uSaS Jolse) JT (gland
Sl S oS oSS el (pl gl e
L oS Lagas (2158 52 (1999) o4k 5 SUI5.27)
ole glalay Jlaie JT gl clale 205
SLS bl 5l sl fj—:*:‘}ﬂ e e
OS5 S8 .38) uob e il 53l L 550
5 S sadal U Glaallls 53 oa (2014)
Sk 2 b 2 dse /0-r glackle L SIS
22 Sl 5 Sl sedge (Ll ST e SIS s
5510 5V ¥ Oleg aw 55 ol S Sl a3 YO sles
Syp oy SIS A a5 oS il Ol s andlas
Al Sl s (5lalay g Ol anlllas

(21) g:,...w‘ eb‘}g )\J\.E.A JJSL),:M.: &"J\);\



YA (£) o loud (YY) s SB 5 O Cblis gloing}s 4 puid

0sSU Jicl a 5 Cso ol OV e
5 SNl st Ol S sl
el 5508 50 SlLw L SB Sl jols 3lula,
sladou b Lo sba s o dlea ol ol
Glaalp g clid 5 o pde 4 Ll e B b
OLalS S5 3550 5L 3550 pols (el 53 Liusis
Rl Aoled (e 5 OLLE S8 e o5 04
Sl Olmr s Bda L 0l la sy
Solse b e 5 o I o olie
5 oslial 5550 JI il g5 0SS st e
5 g LSS Sl ole il Gilulay aslis
3 Goss Olajes Jlasl Lyl 2 s oS, KL

b8 Sy I gl

9, 9 S0
Cosoin Siolosl andlas Gilaal 4 o sktees
u.é.sh.a.?ghlSCJ]o B s 5 LSS A s Lo sSB
S sl sl abesl e, gSGas plo
5 Sy I el 53 Sy S 5 S s
LSJJALK_ASD.MCJJG‘NJ‘)Y‘}A'/'\ el L SIS

e g ekes s YE 5T e
Gla S5 anlllas 5,40 sla SIS g3lwoslel 5 angs
adllas opl 55 eslinal 550 CoSCa, S 5 g
OS5 5 Ol b Ol ed 3 Galas 3l oS e
Lol ang sladipes o3 S g Lkl sl
&JQW)LJJJRQQT}H;&:_J
/YO0 50 /0 0 ) e 00 5 YV el
(’JN INERWEPN 09,550 OY B YO o3l 5 (e hoo
I SSm S sm b S Gl mb A
03,5 Slwl) 1 e Sl el A5 (05 ,50e YO
e 3 Sl ) ol 3l eslina U (Lae yo
53 a3l el g ladiped 5 sddlas 3

Crmzmen A S 18 eslinal 55 gl Slallas

5 f A am s L add eslind oS, SL 1
L 4SS Gl S o ite Db ol S5
Lasls cnl oS5 53 20 p e Sl ()53
Ol S los 0955 4 p g st &bl ol
o 05 Q01T o ,mgs 5 algls .(24) sl
Ao S g oden S slad gl 5o St gL
b= sl ole clle o5 il Ol pnds
o sl Oles 5 aly il 53 Oley CusdS L ol
O (18) ol wnly SIS placd S 5
Il s 1 4y S Q007) S lSas 5 5 ol
Sl 5 0L sl sladgle 53 ad (Sl
Sy sladeal aen oS das o 0L als Uﬁ"f"}
o (S5l 4 536 (g)ls e ) sbas anlllas
A 8l e LS Sl 3l e 5 oal
Golola,y Ol a8 by Ol andllas @Lﬂ e
oS el S Lokl glakised 5l ol
B6) cl gl Ll 5 55 (g5lals; Ol e
Al 55 55 30 55 Q012) (s jiar dams
S e @ldll Ol 1 S e 5 SIS
35T e Ol e oS 313 OLES 5 oyt S SIS
4 S e el b ol Hlad (ladisad 3l ol
5 e dlels Hled SULST Al L oS o ads sl
.23) el
Gtz Ol ol Cmlus JS 5l o3 A0 350> 3
o s el Sitaag 5 S
(Ao ;3 YYF/R0 B ANV) HSa O pen T BV 550
bl . B0) ol a3 S s 48 eSS
Odvevven) 500 S lasls i & Sledb
Y0/0 g g = o b slasS colus
Coss L oS 5 (A5 10/0) s O glos
ol 03] pmas (Ueoy3 0/Y) HSa O siks A/0 5L 5
UL daly 5 gl Oladlae 4 pl s Lo

J&&ok}@}db@%r&ﬂé)ﬂ



Ol g flia iy j

sl oS ol b5 eV s asle
L ol aallas plowil g Vg e V0 il
2 sal cble ab essdme 4 ar g
29) 4 ol (Ngo Joa Vo 5 0/1) St gl
Al Lol Hles sladisod Sila ) oom 4 g
Al 5o 070V 3L 51 SIST sl 5 S e
A S sl £ Jsbee pH L et bl - Sl
23 S SO S o e el G L Sl eslind
2> LaaSsai pH 5552 ails o5 0L, bad e
(38) ST g i Sl gl s Sy b
S ol sy linn oS Sl b 5w o3 ran
¥ Sl s s s S e
L S Wbl tlesl glad slows w p 35 IS o a3
.26, 38)

S ke s g Glag)sd 4 Ot
e ol 555 ble e LIl slacs
Lo S e 5 Ao IS S IS
3 sl 5 aaly Sleslaal LY Y T glacs
WS Sso ol e (15) @b S 15 eslinal 550
Yio 5 AYe O oS g YE Y O gysd ol
S e S VO/FA 5 VYO IUAVA Ly 0V15 S| e
0350 J Sl O 20 L1 S ool b ylos
sdal sy J s (6555 Oled] g
Al g Se sl
sialosl slasles Jlasl 1 piole)l slales Jles!
23 S 0 gladised &S Al el Do ol
A Sl S b s s s e S
Udows il 04 o i3 S i (5 A0 o
NS s SISl L St A
oot ilslaby e Db 4 glad sl
Sladsdow 5 S byl g5l Gy b e > s
VA e o S ol 453 Y0 les 3 il
2o Yo sus by Sl olKaws hu g csla

o)

Lo Sasl 5 Iols bossls il slaes,
Ll ondS Ll S sl e s S slaa
O SIS s 1Sl 6l . 26)
S 03,5 s (sl 0L 3 koS ealind L
o s elol i O Ladl 4o Lagses 51 3Ll
a3y 5o p Ve Dl L aads Ve Ddews L
b v ol b Aol bl Lds 5 e 5l
Sl sl 5o (Sl e OS2 S
3L sl S

o=l o3 eslial 555 sla SIS (g e 4
Slesliad U 5 XRF os) s (1 sl aslllas
&KLl Pioneer S; Jis Bruker o&_os
e oLl (Lt 15 STy oSl (65 1
B R
SLaSlS (5505 bt sed anlllas 5550 sla S
et s b g S S 5 S e
sLolss e9d s 53 Dg Jus Bruker . <Gl g5
O Sl ey g a1 8 (YO) il
Sy Slkes bl s adds o p 4z
NP PV S I W (T IV PRI PR R 3
o 209 e B 5B LSS SOl 5
SlaslS Slosas & wdlea A S I3
oo el Lain g el Jold aslllas 5 50
(5) Belsorb Mini IT ¢ &3 S L 3 N-BET
Slwl gy heslanl b 458 dols wd b
A g Seslul B5) pH=V s M;yj
3y I Gladeul i lol slad pdows 4
3 S Al Jals G gs ol s esli
e S, OS85l Al O pea SUIST Al
It 1ol iolosl (glad ghows agd Cogr LS
Bl Uy SIS sl 5 S el 550
g Gl Jsloes Sl ookl b s 5 a8 Y50 )
Slada 31 OY g e Vo) i sy 5e clale sl



YA (£) o loud (YY) s SB 5 O Cblis gloing}s 4 puid

sdalics 45 a5 S0lan ulul cpl 5 das e OLLS
S5 55 Sl e ST e 550 e
YVAL 5 VA 5 i S 5SS, S0
s 53 (8l s JT ST e 5 A
a3 s dasOlis oS (il e doys /YT 5 £/
5SS, S G S g S 3 e e
s S, S SIS 53 e IT 5t Sl
=S e Hpa = () Jsdr) Sl S g 4
Ot |y SLS 35 8 (6 e a2 ;5 Cal
St O S 55l 3l Jol Rl s 50
LS 3y S e edalie aS < Sokea et 313
s G aalllan ol 3 esliul 5550 O g
Sl Bl B b ey e 5l S, S
22 edd oS s LSl s 65
s Glpes B bis

3ol mls) S aallas 5 40 sla SIS
Sla oS oSl 55, glac sl il adlas
s e 0L 1y S, S 5 o g

S 3 b gad a8l Sl e LS 63l OIS 4z
Codsd 4By 55 53 ey SUS L LA C,u
5 dals 3B B esls 3 e Sl 4o aids £0
Gl Jsdos 3 oS00 s 5 S o3l e
Sleslizal U pssn 5 o 50te oo S 55
Savant AA- Ju.GBC ol ol oK s
RS PR & ~Se;l.l Analytic Jena Vario 6
5 D_:;:,Uﬂ b g Sl sl 4 Sl e

A eslizel LS| s 2 S el 58
il glaesls Lo 5 a5 1 el (gl Jdows
sMSTAT-C 5 SAS 5 3lo 5 5l eslieul L
o) 0 mbw ;3 LSD 0331 b 5Sols Sl s
ORIGIN Ale 5 st 55 Ll gas LS ol

.,\.:.,\.JV.MAJ;V UL;..':-W

Cou g
3 ) sladsdr adllae 50 sla SIS (sla Sy

oj—i_} cld‘a c(XRF) Lsfa_;_p 4—1}?5 C’L:" ;ASSJSA.: v
b aallian 3 5e Sla LS S5LS ol b

oSl andl Gl By 4 andlas 5, 90 sla SIS (g ate 4o bl ) g
Table 1. Results of elemental analysis of the minerals studied using x-ray fluorescence.

S, S o s S
Palygorskite Sepiolite Mineral
Lo Sras S5
(%) Elemental composition
57.68 56.3 SiO,
4.68 0.23 Al,O4
2.81 0.01 Fe,0;
1.57 0.21 CaO
0.01 0.01 Na,O
0.23 0.01 K,O
7.18 26.84 MgO
0.258 0.001 TiO,
0.005 0.001 MnO
0.641 0.001 P,0s
0.005 0.003 SO;
24.63 16.01 Lor
99.69 99.62 5
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Table 2. Specific surface area and cation exchange capacity of sepiolite and palygorskite minerals.

(558 2 5 s le) G55 Doy ws b (¢S 2 02 mrase) s LS 65
Cation Exchanghe Capacity (cmol kg'l) Specific Surface Area (m2 g'l)
o
18.8 242.1 G
Sepiolite
- & . Z Lv
11.5 198.8 S
Palygorskite
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Figure 1. X-ray diffraction patterns of sepiolite and palygorskite powder samples used in the study

(S: sepiolite, P: palygorskite, Q: quartz and C: calcite).
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Table 3. Analysis of variance for the effects of salinity on release of Si, Al, and Mg in presence of organic acids.

Sla e 5k
Mean of squares s34y i e
: St
(e p e ! ol Degree of Freedom
Mg Al Si
206.62 73.750 77.710 1
(Mineral)
5.612%* 1.692%* 26.532%* 3 S
(Salinity)
S|
7.56** 3.478%* 11.152%* 2 .
(Acid)
y gus Y
1.305%* 0.226** 0.514%** 3 X s
(Mineral x Salinity)
Lol X SIS
0.21%* 0.344%** 0.047** 2
(Mineral x Acid)
Aol X (G5 g
54.373%* 16.905** 157.961** 6 S
(Salinity x Acid)
Jees! i 1LY
6.267%* 1.869%* 2.992%+ 6 TGS
(Mineral x Salinity x Acid)
Lo
0.007 0.002 0.015 48
(Error)

** Significant at (P<0.01).
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Figure 2. Effects of organic acids on mean of Si, Al and Mg released (means tapped with the same letter are

not significantly (P<0.05) different).
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Figure 3. Solely effects of salinity on mean of Si, Al and Mg released from the minerals studied (means tapped
with the same letter are not significantly (P<0.05) different).
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Figure 4. Mean comparison among Si, Al and Mg released from sepiolite and palygorskite treated with organic
acids in saline media (means tapped with the same letter are not significantly (P<0.05) different).

oA



Ol g flia iy j

WS s B 5 S g SIS 53 31 )58 lisun gl 5 JT (ladenl ST addllae 550 polie g5luslT L5, —8 s

Table 4. Release of elements from sepiolite and palygorskite under the influence of salinity and organic acids.
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Figure 5. Effects of sepiolite and palygorskite on mean of Si, Mg and Al released (means tapped with the same

letter are not significantly (P<0.05) different).
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Table 5. Comparison between Si/ (Al+Mg) released from sepiolite and palygorskite minerals.
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Abstract

Background and Objectives: Clay minerals have significant impacts on all physical, chemical
and biological properties of soils. Weathering of clay minerals in soil could be affected by
several factors such as redox status, dehydration, hydrolysis, dissolution, chelation (bond a
metal ion with an organic capsule) and release of aluminum hydroxide into juicy clays structure
through exchange position. Limited information is available about the influence of organic acids
on dissolution of fibrous clay minerals especially in saline conditions. This study was carried
out to identify the influence of studied parameters on release of magnesium, silicon and
aluminum from sepiolite and palygorskite minerals.

Materials and Methods: A laboratory experiment was set up with a completely randomized
design and factorial arrangement in three replications. Treatments included two types of mineral
(sepiolite and palygorskite in size of 25-53 pm), two organic acids (0.01 M citric and oxalic)
and a control and four salinity levels (0, 6, 12 and 24 dS/m). The sepiolite and palygorskite
minerals were taken from a mine in Fariman city (northeastern Iran) and Tolsa Co. (Spain),
respectively. Then their elemental composition and X-ray diffraction patterns were measured
using Bruker Pioneer S4 and Bruker D8 machines, respectively. The concentrations of released
elements were also measured by GBC atomic absorption spectrometer.

Results: The results obtained from determination of elemental composition of sepiolite and
palygorskite minerals showed that sepiolite has higher concentration of MgO than palygorskite
which is compatible with those reported in literature. The presence of minor concentration of
CaO in elemental composition of the both minerals suggests that both minerals have minor
amounts of carbonates as the accompanying phase. This was further supported by the results of
XRD analysis of the samples. The results also illustrated that the amount of released elements is
highly affected by the type of organic acids, salinity and type of mineral. Among the organic
acids, the amount of Mg and Al released from sepiolite and palygorskite in citric acid treated
samples were greater than those from oxalic acid samples. However, oxalic acid was found to
be more effective for extraction of Si from the minerals. With increasing salinity, the release of
all elements was increased, however; in presence of organic acids the amount of released
elements was reduced comparing with non-saline conditions. Moreover, the results illustrated
that the ratio of released Si/ (Al+Mg) in sepiolite samples was higher than palygroskite.
Conclusion: The results of this study suggest that sepiolite is less stable than palygorskite and is
much more weathered under the conditions studied.
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