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Abstract²7KLV VWXG\ UHSUHVHQWV WKH UHVXOWV 

RI DQ H[SHULPHQWDO 

ZRUNXVLQJWZRW\SHVRIIO\DVKHVDVDFHPHQWUHSOD

FHPHQWLQVRIWVRLO 

VWDELOLVDWLRQ7KHIO\DVKHV)$DQG)$XVHGLQWKLV

VWXG\DUHE\ 

SURGXFWVUHVXOWLQJIURPDQLQFLQHUDWLRQSURFH

VVHVEHWZHHQDQG  Û& 7KH VWDELOLVHG VRLO LQ 

WKLV VWXG\ ZDV DQ LQWHUPHGLDWH 

SODVWLFLW\VLOW\FOD\H\VRLOZLWKPHGLXPRUJDQLF

PDWWHUFRQWHQW7KH H[SHULPHQWDO ZRUNV ZHUH 

LQLWLDOO\ FRQGXFWHG RQ VRLO WUHDWHG ZLWK 

GLIIHUHQWSHUFHQWDJHVRI)$DQGWRLGHQWLI\WKH 

RSWLPXP)$FRQWHQW7KHQ)$ZDVFKHPLFDOO\DFWLYD

WHGE\)$ZKLFKKDVKLJKDONDOLQLW\E\EOHQGLQJWKH

RSWLPXPFRQWHQWRI)$ ZLWK GLIIHUHQW SRUWLRQV 

RI )$ 7KH LPSURYHPHQW OHYHOV ZHUH 

HYDOXDWHGGHSHQGHQWRQWKHUHVXOWVREWDLQH

GIURPFRQVLVWHQF\OLPLWV DQG FRPSDFWLRQ 

WHVWV DORQJ ZLWK WKH UHVXOWV RI XQFRQILQHG 

FRPSUHVVLYH VWUHQJWK8&6 WHVWV ZKLFK ZHUH 

FRQGXFWHG RQ 

VSHFLPHQVRIVRLOWUHDWHGZLWK)$DQG)$DQGH[SRV

HGWRGLIIHUHQW 

SHULRGVRIFXULQJ]HURDQGGD\V7KHUHVXOWVLQGLF

DWHGWKDW 

WKH)$DQG)$XVHGLQWKLVVWXG\HIIHFWLYHO\LPSURY

HGWKHSK\VLFDO DQG JHRWHFKQLFDO SURSHUWLHV 

RI WKH VRIW VRLO ZKHUH WKH LQGH[ RI 

SODVWLFLW\,3ZDVGHFUHDVHGVLJQLILFDQWO\IURPW

RZLWK 

RI)$KRZHYHUWKHUHZDVDVOLJKWLQFUHDVHLQ,3ZLW

KWKHXVHRI )$ 0HDQZKLOH  RI )$ ZDV LGHQWLILHG DV 

WKH RSWLPXP SHUFHQWDJH LPSURYLQJ WKH 8&6 RI 

VWDELOLVHG VRLO VLJQLILFDQWO\ 

)XUWKHUPRUH)$ZDVIRXQGHIIHFWLYHDVDFKHPLFDOD

FWLYDWRUWR)$ 

ZKHUHWKH8&6ZDVLPSURYHGVLJQLILFDQWO\DIWHUX

VLQJ)$ 
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(QYLURQPHQWHPDLO +0-DIHU#OMPXDFXN 
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KH 'HSDUWPHQWRI&LYLO(QJLQHHULQJ/LYHUSRRO-RKQ0RRUH 
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%RRWK%XLOGLQJ/LYHUSRRO/$)8. 

6RPHRIWKHZDVWHIO\DVKHVKDYHVHOIFHPHQWLQJ

SURSHUWLHV 

7KLVSDSHUUHSUHVHQWVWKHUHVXOWVRIH[SHU

LPHQWDOZRUNRQ VRIW VRLO VWDELOLVDWLRQ 

XVLQJ WZR GLIIHUHQW W\SHV RI ZDVWH IO\ 

DVKHV)$DQG)$E\DGRSWLQJDELQDU\EOHQGLQJV\VW

HP 

)$ZDVLQLWLDOO\RSWLPLVHGGHSHQGHQWRQWKHU

HVXOWVRI8&6 7KH RSWLPXP SHUFHQWDJH RI )$ ZDV 

WKHQ FKHPLFDOO\ 

DFWLYDWHGE\DGGLQJ)$ZLWKGLIIHUHQWDGGLWLR

QDOSHUFHQWDJHV 

DQG$OO8&6VSHFLPHQVZHUHVXEMHFWHGWR 

GLIIHUHQWSHULRGVRIFXULQJDQGGD\VSULRUWR8&
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WHVWLQJ 
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A.Soil Sample  

7KHVRLOXVHGLQWKLVVWXG\ZDVVLOW\FOD\FRO

OHFWHGIURPWKH 

VKRXOGHURIWKH5LYHU$OWZKLFKLVORFDWHGLQ+

LJK7RZQWRWKH 

QRUWKRI/LYHUSRRO&LW\&HQWUHLQWKH8QLWHG.

LQJGRP)LJ 

VKRZWKHPDSVRIWKHVLWHZKHUHWKHVRLOVDPSO

HVXVHGLQWKLV VWXG\ZHUHH[WUDFWHG 

7DEOH , LOOXVWUDWHV WKH PDLQ SK\VLFDO 

FKHPLFDO DQG JHRWHFKQLFDO SURSHUWLHV RI 

WKH VRIW VRLO )URP WKH FXUYH RI SDUWLFOH 

GLVWULEXWLRQ WKH OLTXLG OLPLW// DQG 3, DQG 

LQ 

DFFRUGDQFHWRWKH8QLILHG6RLO&ODVVLILFDWLR

Q6\VWHP86&6 

WKHVRIWVRLOXVHGLQWKLVVWXG\LVDQLQWHUPH

GLDWHSODVWLFLW\VLOW\ 

FOD\ZLWKVDQG&, 
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A.Methodology  

7KHVRIWVRLOZDVLQLWLDOO\WUHDWHGZLWK)$X

VLQJGLIIHUHQW 

SHUFHQWDJHVDQGE\WKHGU\ZHLJKWRIWKH 

WUHDWHGVRLOWRHYDOXDWHWKHRSWLPXPSHUFH

QWDJHRI)$ZKLFK 

ZDVIRXQGWREHHTXDOWR7KHQ)$ZDVDGGHGWRWK
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WKHGU\ZHLJKWRIWKHWUHDWHGVRLOWRSURGXFH

GLIIHUHQWELQDU\ 
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96 LV WKH YLUJLQ VRLO 8 LV IRU XQDU\ PL[WXUH DQG &%0 LV 

IRU 
FRPSOHPHQWDU\ELQDU\PL[WXUH 

 

)RU FRQVLVWHQF\ OLPLWV// 3/ DQG 3, DQG 

FRPSDFWLRQ 

SDUDPHWHUV0''DQG20&WKHVDPSOHVRIXQWUHDW

HGDQG 

VRLOWUHDWHGZLWKGLIIHUHQWW\SHVRIPL[WXUH

VZHUHSUHSDUHGE\ 

GU\PDQXDOO\PL[LQJIRUDSSUR[LPDWHO\PLQXWHV7

KHQWDS 

Journal of Functional Materials
ISSN: 1001-9731

Volume 32 | Issue 8 | Year 2025
https://journaloffunctionalmaterials.com/

© 2025 Journal of Functional Materials. All Rights Reserved. Page 36



ZDWHUZDVDGGHGWRWKHPL[WXUHVWUDLJKWDZD\

WRSURGXFHWKH 

UHTXLUHGSDVWHVIRUFRQGXFWLQJWKHWHVWV 

,QWHUPVRI8&6WHVWVDFRQVWDQWYROXPHPRXO

GZDVXVHGWR SUHSDUH VSHFLPHQV ZLWK VSHFLILF 

GLPHQVLRQV PP LQ GLDPHWHU DQG  PP LQ KHLJKW 

E\ SUHVVLQJ WKH VRLOELQGHU SDVWH LQVLGH 

WKH PRXOG XVLQJ D K\GUDXOLF MDFN $OO W\SHV RI 

VSHFLPHQVZHUHFXUHGIRUGLIIHUHQWSHULRGVDQ

G 

GD\VSULRUWREHLQJVXEMHFWHGWR8&6WHVWLQJ 

B.Laboratory Test  

7KUHH PDLQ H[SHULPHQWV ZHUH FRQGXFWHG LQ 

WKLV VWXG\ WR HYDOXDWH WKH HIIHFWV RI XQDU\ 

DQG ELQDU\ PL[WXUHV RQ WKH SK\VLFDO DQG 

JHRWHFKQLFDO SURSHUWLHV RI WKH WUHDWHG 

VRLO DQG WKHVHWHVWVDUH x &RQVLVWHQF\ 

OLPLWV WHVWLQJ // 3/ DQG 3, 7KLV WHVW ZDV 

FRQGXFWHG DFFRUGLQJ WR %ULWLVK VWDQGDUG 

%6  

,9 5(68/76$1'',6&866,21 

A.Optimisation for FA1  

7KHPD[LPXPFRPSUHVVLYHVWUHQJWKYDOXHVRE

WDLQHGIURP 

8&6WHVWLQJRIWKHVRLOWUHDWHGZLWKGLIIHUHQ

WSHUFHQWDJHVRI 

)$DQGFXUHGIRUGLIIHUHQWSHULRGVDUHVKRZQLQ)

LJ,WFDQ EH VHHQ WKDW WKH VRLO VWUHQJWK 

LQFUHDVHGZLWK WKH LQFUHDVH LQ 

)$FRQWHQWIURPXSWRDQGWKHQWKH8&6GHFUHDV

HG 

E\XVLQJRI)$0RUHRYHUWKH8&6YDOXHVZHUHDOVR 

IRXQGWRLQFUHDVHZLWKWKHWLPHRIFXULQJIRUDO

OSHUFHQWDJHVRI 

)$7KHUHVXOWVRI8&6WHVWLQJLQGLFDWHGWKDW

WKHRSWLPXP 

SHUFHQWDJHRI)$LVE\WKHGU\ZHLJKWRIWKHWUHD

WHGVRLO 

DQGWKLVSHUFHQWDJHZDVFRQVLGHUHGDVDXQDU\

PL[WXUHLQWKH 

VHFRQGVWDJHRIWKHH[SHULPHQWDOZRUN 
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B.Effect of Chemical Activation by FA2  

7KH HIIHFW RI ELQDU\ EOHQGLQJ PL[WXUHV RI )$ 

DQG )$ ZLWK GLIIHUHQW SURSRUWLRQV RQ WKH 

VRLO FRQVLVWHQF\ OLPLWV LV 

VKRZQLQ7DEOH,,,,QWKLVWDEOHLWFDQEHVHHQWK

DWWKHXVHRI 

ELQGHUZLWKDXQDU\PL[WXUHZKLFKLVUHSUHVHQ

WHGE\RI 

)$LQFUHDVHGERWKWKH//DQG3/VLJQLILFDQWO\DQG

WKDWOHGWR 

GHFUHDVHWKH3,RIWKHWUHDWHGVRLOIURPWRRQ

O\ +RZHYHU WKH UHVXOWV RI WKH $WWHUEHUJ 

OLPLWV WHVW LQGLFDWHG VOLJKW UHGXFWLRQV 

LQ ERWK // DQG 3/ ZLWK WKH XVH RI ELQDU\ 

PL[WXUHVEXWWKHUHGXFWLRQVWKDWRFFXUUHG

LQ//VZHUHKLJKHU WKDQ WKRVH IRU SODVWLF 

OLPLWV ZKLFK LQ WXUQ OHG WR VOLJKW 

FRQWLQXRXVGHFUHDVHLQ3,ZLWKLQFUHDVHRIWK

H)$DGGHGWR WKH)$ 
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)LJVKRZVWKHUHVXOWVRIFRPSDFWLRQSDUDPHW

HUVWHVWVIRU WKH VRLO WUHDWHG ZLWK 

GLIIHUHQW W\SHV RI ELQDU\ PL[WXUHV LQ 

DGGLWLRQWRWKHYLUJLQVRLODQGVRLOWUHDWH

GZLWKWKHRSWLPXP 

SHUFHQWDJHRI)$,WFDQEHUHFRJQLVHGWKDW0''GHF

UHDVHG ZKLOH 20& LQFUHDVHG VLJQLILFDQWO\ E\ 

WUHDWLQJ ZLWK  RI 

)$8QDU\PL[WXUH+RZHYHUWKHUHZHUHFOHDUUHGX

FWLRQVLQ 

20&ZLWKWKHXVHRI)$HVSHFLDOO\IRU&%0DQG&%0 

ZKLOH0''LQFUHDVHGJUDGXDOO\ZLWKDGGHG)$ 
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)LJ0''20&5HODWLRQVKLSIRUWKH6RLO7UHDWHGZLWK'

LIIHUHQW 

7\SHVRI0L[WXUHV 

 

8&6 UHVXOWV DUH VKRZQ LQ )LJ  7KH UHVXOWV 

LQGLFDWHG D VLJQLILFDQW LPSURYHPHQW LQ WKH 

VRLO VWUHQJWK ZLWK WKH XVH RI 

ELQDU\PL[WXUHVHVSHFLDOO\ZLWKUHVSHFWWRW

KHVRLOWUHDWHGZLWK &%0 DQG &%0 ZKLFK 

LQGLFDWHG YHU\ VLPLODU UHVXOWV 

0RUHRYHUWKHUHVXOWVLQGLFDWHGDJUDGXDOL

QFUHDVHLQ8&6IRU 

]HURGD\VRIFXULQJZLWKXVHRI)$GXHWRWKHLQFUH

DVHLQ 

0''RIWKHVRLODVGHVFULEHGHDUOLHU 

9&21&/86,216 

$FFRUGLQJ WR WKH UHVXOWV DFKLHYHG LQ 

WKLV VWXG\ WKH 

IROORZLQJFRQFOXVLRQVFDQEHGUDZQ 

x 7KHUHVXOWVLQGLFDWHGWKDWRI)$ZDVWKHRSWLPXP 

SHUFHQWDJHZKLFKZDVHQRXJKWRLQFUHDVHWKH8&6RIWKH 

WUHDWHGVRLOE\DQDSSUR[LPDWHIDFWRURIDIWHUGD\V 

RIFXULQJ 

x $WWHUEHUJ OLPLWV IRU WKH VRLO XVHG LQ WKLV VWXG\ 

ZHUH 

LPSURYHGVLJQLILFDQWO\ZLWKXVHRI)$ZKLOHWKHUH 

x ZDV QR VLJQLILFDQW LPSURYHPHQW ZLWK XVH RI )$ 

+RZHYHU3,GHFUHDVHIURPIRUYLUJLQVRLOWR E\XVLQJ&%0)$)$ 

:LWK UHVSHFW WR 8&6 WHVWLQJ WKH UHVXOWV LQGLFDWHG 

WKDW 

WUHDWLQJVRIWVRLOZLWKELQDU\PL[WXUHLPSURYHGWKH8&6 

VLJQLILFDQWO\ ZLWK &%0 DQG &%0 UHYHDOLQJ VLPLODU 

UHVXOWV+RZHYHULQWHUPV RIHFRQRPLFVDYLQJV&%0 

FDQEHFRQVLGHUHGDVWKHRSWLPXPELQDU\PL[WXUHLQWKLV 
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7KHILUVWDXWKRUZRXOGOLNHWRH[SUHVVKLVDFNQRZOHGJPHQW 

WRWKH,UDTLPLQLVWU\RIKLJKHGXFDWLRQDQGVFLHQWLILFUHVHDUFK 

DQG WKH 8QLYHUVLW\ RI %DE\ORQ  FROOHJH RI HQJLQHHULQJ 

%DE\ORQ±,UDTIRUIXQGLQJ 
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