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In this research, the following three adsorbents were synthesized and characterized to 

investigate the role of nanoparticles in the removal of the cationic dye safranin: a 

nanocomposite of graphene oxide-activated carbon (GO-AC) as a blank sample, 

graphene oxide-activated carbon-aluminum hydroxide nanoparticle (GO-AC-Al(OH)3 

NPS) and graphene oxide-activated carbon-cerium oxide nanoparticles (GO-AC-CeO2 

NPS). The synthesized nanomaterials were identified and characterized by Fourier-

transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron 

microscopy (SEM), dynamic light scattering (DLS), and energy-dispersive X-ray 

spectroscopy (EDX). The effect of various parameters such as pH, initial dye 

concentration, adsorbent amount, contact time, and temperature in the safranin dye 

adsorption process was investigated. The used nanoparticles have a high surface area, 

good mechanical strength, and different functional groups. Graphene oxide, activated 

carbon, nanoparticles of cerium oxide, and aluminum hydroxide can be effective in 

the adsorption of safranin dye by forming various electrostatic interactions, ˊ-ˊ, and 

hydrogen bonds due to their different cavities and functional groups. Mechanisms 

affecting the removal of contaminants were studied with the Freundlich and Langmuir 

isotherm models. The results showed that the removal of safranin dye followed the 

Freundlich isotherm, and the value of the R2 correlation coefficient for oxide graphene 

/activated carbon, oxide graphene/activated carbon/cerium oxide, and oxide graphene 

/activated carbon/aluminum hydroxide were obtained 0.973, 0.986 and 0.9994, 

respectively. The synthesized nanocomposites from cerium oxide and aluminum 

hydroxide nanoparticles showed good performance in removing safranin dye as 

compared to the blank sample (GO-AC). 
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Figure 1: The Chemical structure of Safranin dye. 
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  ÿ Ĉĉv½wLí āºLÉ ĂĊĄ£ üåv¾ñ ºĊÆív )ºý¹¾í     ½¹ ĈĉđwLz ½wĊLÆz ¢Ý¾LÅ

òý½ x¼«ā¹Āz wăvÀ ã¼³ ¢Ċözwé üĊþ°úă ÿ  ¿v ÈĊz43  ºLÍ½¹  v½ ½¹

 ¹ÿº³ ¡ºù- ĂêĊé¹  ¹Ā· ¿v¹v¹ ûwÊý ]-,[ ) ówÅ ½¹-+,/  ĈL§v¾z  ÿ



/- ûv½wîúă ÿ ć¹v¾ù ºĊùv * ¢ĉ¿Ā ùwíĀýwý ¿v ā¹wæ¤Åv wz üĊýv¾åwÅ ćvÀòý½ āºþĉđj ã¼³ Iüåv¾ñ ºĊÆív ćwăówÞå üz¾íI))) 

  Ăĉ¾ÊýĈúöÝ ðý½ ć½ÿwþå ÿ ÷ĀöÝ *,1I $,/+,#, I01(.4

v½wîúăý Ăz èåĀù È¢·wÅ    āºLÉ ±ĒLÍv üåv¾ñ ºĊÆív ¢ĉ¿Ā ùwíĀýwý

÷ĀĊþĊùĀõj wz  ºýºLÉ ºĊÆíÿ½ºĊă ĈÆív )¿v  ¢Lĉ¿Ā ùwíĀýwý    āºLÉ ĂLĊĄ£

 ºLLĉ½ĀtĀöå ûĀLLĉ x¼LL« ćv¾LLz¿v óĀLLö´ù )ºLLý¹¾í ā¹wæ¤LLÅv ĈLLzj ćwLLă

āºÉ ĂĊĄ£ ¢ĉ¿Ā ùwíĀýwý  ćv½v¹ ¢Ċå¾Ùx¼«  mg/g0,'/-  ćv¾zĀĉ û

 ½ĀLLtĀöå¹v¹ ûwLLÊý ¹ĀLL· ¿v ]--[LLĉ )v½wLLîúă ÿ Āý ĂLLz èLLåĀù ÈÀ¤þLLÅ 

    ¡v½»ĀýwLý wLz āºLÉ ±ĒÍv üåv¾ñ ºĊÆív ¢ĉ¿Ā ùwíĀýwý  ºĊLÆív øĉ¾LÅ 

ºýºÉ)  ¢ĉ¿Ā ùwíĀýwý ¿v āºÉ ĂĊĄ£ ûĀĉ x¼« ćv¾z üåv¾ñ ºĊÆív Ăĉw~¾z

óĀö´ù ½¹ ìĊþÅ½j   ã¼L³ ¢Ċözwé üĊþ°úă )ºý¹¾í ā¹wæ¤Åv Ĉzj ćwă

ûĀĉ ĊþÅ½jì  óĀö´ù ¿v  v½ ĈLzj33  ºLÍ½¹   ºLý¹¾í Ç½vÀLñ ]-.[ ) ½¹

 ówÅ-+-+  ½wLîúă ÿ ćºú´ùvý   ĂLz èLåĀù È ¢·wLÅ   ¢Lĉ¿Ā ùwíĀýwý

 Ăĉw~¾zāºÉ ±ĒÍv üåv¾ñ ºĊÆív  ¡v½»Āýwý wz  ºĊLÆív   ¿v )ºýºLÉ øĉ¾LÅ

 ¢ĉ¿Ā ùwíĀýwýāºÉ À¤þÅ òý½ yĉ¾¸£ ÿ x¼« ćv¾zćvÀ  ĈLzj üöĊ¤ù  ½¹

ÔĊ´ù ºLý¹¾í ā¹wæ¤Åv Ĉzj ćwă ]-/[)     ówLÅ ½¹ Èýv½wLîúă ÿ Ĉ¤ýwLÅ

-+,+        Lòý½ ã¼L³ ćv¾Lz x»wL« ûvĀLþÝ ĂLz ówLÞå üz¾í ¿v À{LÅ ćvÀ 

 )ºý¹¾í ā¹wæ¤Åv ¢ĊÉđwù ĂíôùvĀÝ  ôĊ{é ¿v äö¤¸ùpH   ½vºLêù IwLù¹ I

ĂĊõÿv ¢Úöá Ix»w« òý½vÀ  )ºý¹v¹ ½v¾é ĈÅ½¾z ¹½Āù v½ Ãwú£ ûwù¿ ÿ  wLz

26pH  ÿ ĂLLþĊĄzx»wLL« ½vºLLêù ÷¾LLñ ìLLĉI  ¾¨ívºLL³ ã¼LL³44'/"  v½

 Ç½vÀLLLñºLLLý¹v¹ ]-0[ )ýv½wLLLîúă ÿ ćºLLLtwéÈ  ówLLLÅ ½¹-+,-  ¿v

¢ĉ¿Ā ùwíĀýwý ĈĉwăĂĉw~ ¾z ćÿ½ ¾z āºÉ ¢Ċ{¨£ øĉ¹đw~ ÿ ā¾êý ¡v½»Āýwý 

ćv¾z ówÞå üz¾í òý½ ã¼³ćvÀ  üöĊ¤ùĈzj ºý¹¾í ā¹wæ¤Åv ]-1[ ðýwÅ )

ðþ¯  ówÅ ½¹ Èýv½wîúă ÿ-+,1  wz¿v ā¹wæ¤Åv    üz¾Lí ¢Lĉ¿Ā ùwíĀýwý

*ówÞå  ºĊÆív üăj*  ºĊÆívøĉ¾Å    Lòý½ x¼L« ćv¾LzćvÀ    ĈLzj üöĊL¤ù

 ºLý¹¾í Ç½vÀñ āÿ¾ñ üĉv )ºý¹¾í ā¹wæ¤Åv      ówLÞå üz¾Lí wLz ĂLÆĉwêù ½¹

 ¾Úý ¹½Āù ¢ĉ¿Ā ùwíĀýwý Iā½» Āýwý ûÿºz Ăĉw~ ¾z  ÿ ºĊLÆív üăj ¡v½»Āýwý

 ºĊÆívøĉ¾Å ÈĉvÀåv ¦Ýwz -2'., ºÍ½¹ òý½ x¼«vÀ Ĉù ¹ĀLÉ ]-2[ )

 ówÅ ½¹-+,.  ÿ ü¯¿v Èýv½wîúă  ówLÞå üz¾í ¢ĉ¿Ā ùwíĀýwý*  ºĊLÆív

 üåv¾ñćv¾z $ øĊýv½ÿv ûĀĉ x¼«VI# óĀö´ù ¿v   ĈLÅ½¾z ¹½ĀLù Ĉzj ćwă

 )ºý¹v¹ ½v¾é ¿v ¢ĉ¿Ā ùwíĀýwý ā¹wæ¤Åv ¹½Āù āºÉ ¢Ċå¾Õ  ĈĉđwLz x¼L« 

 ¹ÿº³ ½¹mg/g -43 ºý¹v¹ Ç½vÀñ ]-3[)    ½¹ Èýv½wLîúă ÿ ć¹ĀL«Āù

 ówÅ-+,4  ¿vÃ½ Āýwý*ówÞå üz¾í ¢ĉ¿Ā ùwíĀýwý*  üåv¾Lñ ºĊÆív  ćv¾Lz

 ¿v x¾Å ûĀĉ x¼«ÔĊ´ù Ĉzj ćwă v½    ºLý¹v¹ ½v¾Lé ĈLÅ½¾z ¹½ĀLù   ĂLí

 āºÉ ĂĊĄ£ ¢ĉ¿Ā ùwíĀýwý ²ÖÅ ¢³wÆù/g2m ,-41 ¹Āz ]-4[) 

 ÈăÿÂ~ üĉv ½¹ wz¢·wÅ ¢ĉ¿Ā ùwí Āýwýüåv¾ñ ºĊÆív ¿v Ĉĉwă* üz¾í

üåv¾ñ ºĊÆív IówÞå*ówÞå üz¾í*  ºĊÆív   üåv¾Lñ ºĊLÆív ÿ øĉ¾LÅ*  üz¾Lí

ówÞå*  ºĊÆíÿ½ºĊă ćv¾Lz øĊþĊùĀõj  ã¼L³  Lòý½ ćvÀ   üĊýv¾åwLÅ ĈýĀĊ£wLí

)ºÉ ā¹wæ¤Åv ĈĉwÅwþÉ ćv¾z  ĂLÎ¸Êù ÿ  x»wL« ĈzwLĉ   āºLÉ À¤þLÅ ćwLă 

 ĂLĉÀ¬£ ÿ  ôLĊö´£ FTIR (Fourier-transform infrared spectroscopy)I 

XRD (X-ray powder diffraction)ISEM (scanning electron 

microscope) I  (Energy-dispersive X-ray spectroscopy) EDX ÿ 

DLS (Dynamic light scattering) ā¹wæ¤Åv ºÉ)   üĊLþ°úă  ¾L§v ôLùvĀÝ 

 ºþýwù äö¤¸ùpHI ĂĊõÿv ¢Úöá òý½vÀIx»w« ½vºêù I ÿ Ãwú£ ûwù¿  ćwù¹

¢Ċõwýj ¾å ½¹j ºþĉ x¼« ćvÀòý½  üĊýv¾åwLÅ    ¢Lå¾ñ ½v¾Lé ĂLÞõwÖù ¹½ĀLù )

üåv¾LLñ ºĊLLÆív Iÿ ówLLÞå üz¾LLí ½»ĀýwLLýā  ºĊLLÆív ÿ øĉ¾LLÅ ºĊLLÆíÿ½ºĊă

āÿ¾ñ ÿ ¡v¾æ³ ü¤Év¹ ¢öÝ Ăz øĊþĊùĀõjĈù ¡ÿwæ¤ù ĈöùwÝ ćwă  wLz ºþývĀ£

ÛvĀLLýv ôĊîLLÊ£ øă¾LLzÈþLLí IìĊ£w¤LLÅvÿ¾¤îõv ćwLLă -́ˊ ćwăºLLýĀĊ~ ÿ

 ĈýÁÿ½ºĊă½¹ òý½ x¼«À ćv )ºþÉwz ¾§Āù üĊýv¾åwÅćwă½wíÿ¿wÅ   ½v¼Lñ¾§v

ã¼³ ¾z āºþĉđjwă wz óºùćwă Ĉù¾£ÿÀĉv ®Ċõºý¾å ¾ĉĀúòýđ ÿ ĂÞõwÖù  )ºÉ 

 

-Ĉz¾¬£ È¸z L 

-L,L  ¹vĀù 
½»Āýwýā  ºĊÆív$ øĉ¾Å2CeOËĀö· wz #44'4 ½» ā¿vºýv ÿ ºÍ½¹¡v 0+  w£

,+0 ½»Āýwý ÿ ¾¤ùĀýwý ā ºĊÆíÿ½ºĊă øĊþĊùĀõj)3Al(OH)( ËĀö· wz44'0 

½» ā¿vºýv ÿ ºÍ½¹¡v 0+ ¢í¾É ¿v ¾¤ùĀýwý NANOAMOR ½» Āýwý ÿā 

 ¢í¾É ¿v üåv¾ñ ºĊÆívUSNANO ĂĊĄ£ )ºýºÉ üz¾í  IówÞå

 ºĊÆíÿ½ºĊăóĒ³ ¾òĉ¹ ÿ ìĉ½ºĉ¾öí ºĊÅv IøĉºÅ ½¹ āºÉ ā¹wæ¤Åv ćwă

ê´£ üĉvèĊ ë¾ù ¢í¾É ¿v ½vºĉ¾·)ºÉ ć òý½ üĊþ°úăćvÀ üĊýv¾åwÅ 

$4ClN19H20C#  ®ĉ½ºõj wúòĊÅ ¢í¾É ¿v ¡wîĊöĊÅ Ā£½ÿv ôĊ£v v¾¤£ ÿ

¤Åv ¹½Āù èĊê´£ üĉv ½¹ ÿ ĂĊĄ£ć¹ xj )ºþ¤å¾ñ ½v¾é ā¹wæ ā¹wæ¤Åv āÀĊýĀĉ

)ºÉ ć½vºĉ¾· ĈúĊÉ yÕ óđ¿ ¢í¾É ¿v āºÉ 

 

-L,L āwò¤Å¹ÀĊõwýj ćwă  

 āwò¤Å¹ ¿v¾ĉ¿ $ Ăĉ½Āå ôĉº{£ Àù¾éFT-IR wz ¾úõv üĊí¾~ ¢í¾É ¢·wÅ #

 Ĉăwò¤Å¹ óºùSpectrum Two  ¡w{Ċí¾£ ÿ ËvĀ· ĈĉwÅwþÉ ćv¾z

āÿ¾ñ āÿº´ù ½¹ āºÉ À¤þÅ Ĉ¤ĉ¿Ā ùwíĀýwý ¹vĀù ĈöùwÝ ćwă1-cm /0+(

/+++  Ā£¾~ Çv¾~ āwò¤Å¹ ¿v )¢å¾ñ ½v¾é ā¹wæ¤Åv ¹½ĀùX $XRD Ăz #

 ¿v ā¹wæ¤Åv wz āºÉ À¤þÅ ¹vĀù ćwă½Āöz ā¿vºýv ÿ Ĉòþĉ½Āöz ¢Ċăwù ½ĀÚþù

X-Pert Pro  Ĉăwò¤Å¹ óºù wz$(Panalytical ćĀòõv XRD )ºÉ ¢{§ 

 ¿v ¡v½» ā¿vºýv ć½Āöz ½w¤·wÅ IôîÉ ĂÞõwÖù ÿ ĈÅ½¾z ½ĀÚþù Ăz

 Ĉýÿ¾¤îõv |ĀîÅÿ¾îĊùĈÊzÿ½ $SEM Ĉăwò¤Å¹ óºù ¿v ā¹wæ¤Åv wz #

)FE-SEM, SIGMA PV ZEISS, Germany(  )ºÉ ā¹wæ¤Åv ćv¾z

óĀö´ù ½¹ ¹Ā«Āù ¡v½» ā¿vºýv Üĉ¿Ā£ ÿ ĈîĊùwþĉ¹ÿ½ºĊă ¾Öé üĊĊÞ£ ÿ wă

ûĀĊÆýw ÅĀÅwă āwò¤Å¹ ¿v v¾~ ½Āý ĈîĊùwþĉ¹ Ĉñºþí(DLS)  óºù wz

 Ĉăwò¤Å¹(autosizerv 4700) Malver ºÉ ā¹wæ¤Åv )óĀö´ù ćÿw³ vÀòý½ 

wz ā¹wæ¤Åv ¿v āwò¤Å¹ äĊÕªþÅ Ĉt¾ù( v¾å$ ÈæþzUV/Vis ĈÅ½¾z ¹½Āù #

)ºÉ āºývĀ· wĄýj ć½Āý x¼« ÿ Ă¤å¾ñ ½v¾é 
 

-L-L À¤þÅ  

-L-L,L  ¢ĉ¿Ā ùwíĀýwý À¤þÅ ºĊÆívówÞå üz¾í Iüåv¾ñ 
 ¢ĉ¿Ā ùwíĀýwý À¤þÅ ºĊÆív Ç½vÀLñ wz èzwÖù ówÞå üz¾í* üåv¾ñ  ćwLă

ºÉ ÷w¬ýv Ĉö{é ].+[ vº¤zv )  ½vºLêù,   ÷¾Lñ  ºĊLÆív  ½¹ v½ üåv¾Lñ,0+ 

ĈöĊùxj ¾¤Ċõ ć¹āÀĊýĀĉ È¸~ Iā¹¾í  ¿v ĈÕĀö¸ù Ăùv¹v ½¹0 ĈöĊù¾¤Ċõ 



ûv½wîúă ÿ ć¹v¾ù ºĊùv * ¢ĉ¿Ā ùwíĀýwý ¿v ā¹wæ¤Åv wz üĊýv¾åwÅ ćvÀòý½ āºþĉđj ã¼³ Iüåv¾ñ ºĊÆív ćwăówÞå üz¾íI))) /. 

  Ăĉ¾ÊýĈúöÝ ðý½ ć½ÿwþå ÿ ÷ĀöÝ *,1I $,/+,#, I01(.4

v¾¤£ v vĀLþÝ Ăz ¡wîĊöĊÅ Ā£½ÿv ôĊ£û wÝ Lù ô ówLÎ£v  ĈLÑ¾Ý āºLþă¹  ÿ0 

ĈöĊù ¾¤Ċõā¾Öé ā¾Öé ¡½ĀÍ Ăz v½ ôýw£v  đwz ÓĀö¸ù Ăz   ÿ ā¹¾Lí ĂåwLÑv

 ćwù¹ ½¹4+ Ĉ¤ýwÅ Ă«½¹ ¡ºù Ăz ¹v¾ñ,  ¢ÝwÅ ĂLz   ºLÉ ā¹¿ øLă)  ¿v

 Ĉå¾Õ ½vºêù,'-0  ÷¾ñüz¾í Ăz ówÞå óĀö´ù ćÿw³ ,++  ĈLöĊù ¾L¤Ċõ 

xj ć¹ÿ ºÉ ĂåwÑv āÀĊýĀĉ    ¡ºLù ĂLz,   ćwLù¹ ½¹ ¢ÝwLÅ 00  ĂL«½¹ 

Ĉ¤ýwÅ ÓĀö¸ù Ăí Ĉõw³ ½¹ ¹v¾ñøă ¡ºÉ Ăz ÈþívÿĈù ā¹¿ ºLÉ   ½v¾Lé

ºÉ ā¹v¹ )ù Ăùv¹v ½¹¤´v óÿv ã¾Õ Ăz v½ ÷ÿ¹ ã¾Ù ¡wĉĀÑ  ÿ ā¹¾Lí Ăåw

-/  ¢ÝwÅ ¡½ĀÍ ĂzĈ¤Êñ¾z ¾ĊÖê£ ºÉ āºýwÉĀ«)  Lz óĀö´ù xĀÅ½ Ă

 ¿v ā¹wæ¤Åv wz āºùj ¢Å¹ ÁĀĊæĉ¾¤ýwÅć¹ xj wz ½wz ÿ¹ ÿ ºÉ vº« āÀĊýĀĉ

 )ºÉ ā¹v¹ ĀÊ¤ÆÉ½¹ ¢ĉwĄý ½¹ ºÉ ìÊ· ÔĊ´ù ćwù¹) 

 

-L-L-L  ¢ĉ¿Ā ùwíĀýwý À¤þÅ ºĊÆív ā½»ĀýwLý IówÞå üz¾íIüåv¾ñ 

ºĊÆív  øĉ¾Å 

 vº¤zv ½vºêù, ÿ üåv¾ñ ºĊÆív ÷¾ñ +'+0  Āýwý ÷¾ñ» ā½ ºĊÆív øĉ¾Å Ăz

 ÓĀö¸ù0+ ĈöĊùxj ¾¤Ċõ ć¹āÀĊýĀĉ  ÿ0 ĈöĊù¾¤Ċõ ôýw£v  ÿ ā¹¾í ĂåwÑv Ăz

 ¡ºù¢ÝwÅ ìĉ Ăz  øă )ºÉ ā¹¿ívÿ ÓĀö¸ù Ăùv¹v ½¹þ ¡ºù Ăz È,3 

 ¢´£ ¢ÝwÅĈ¤Êñ¾z ¾ĊÖê£  Ăí Ĉõw³ ½¹ ów³ ½¹¹¿ øă¹Āz û  ā¹v¹ ½v¾é

 ÿ üåv¾ñ ºĊÆív ¡v½»Āýwý w£ ºÉ ºĊÆívÅĂz øĉ¾  ôùwí ¡½ĀÍÈ¸~ 

ĀÉýã¾Ù ¢ÝwÅ ìĉ ¡ºù Ăz Ä Å )º Èþívÿ ÓĀö¸ù ćÿw³  ćwù¹ ½¹

0+  Ă«½¹ Ĉå¾Õ ¿v )¢å¾ñ ½v¾é ½vºêù,'-0  ÷¾ñüz¾í Ăz ówÞå óĀö´ù 

ćÿw³ ,++ ĈöĊù¾¤Ċõ xj ć¹ÿ ºÉ ĂåwÑv āÀĊýĀĉ  ¡ºù Ăz1  ½¹ ¢ÝwÅ

ćwù¹ 3+ Ă«½¹ Ĉ¤ýwÅ ¡ºÉ Ăz Èþívÿ ÓĀö¸ù Ăí Ĉõw³ ½¹ ¹v¾ñ

øăĈù ā¹¿ºÉ ºÉ ā¹v¹ ½v¾é ) Ăz ÷ÿ¹ ã¾Ù ¡wĉĀ¤´ù Ăùv¹v ½¹Ù óÿv ã¾

vÑ ĂåwºÉ  ¡ºù Ăz ÿ-/  ¢ÝwÅ ¡½ĀÍ ĂzĈ¤Êñ¾z ¾ĊÖê£ ºÉ āºýwÉĀ« )

 ¿v ā¹wæ¤Åv wz ôÍw³ xĀÅ½ ¢ĉwĄý ½¹ ÁĀĊæĉ¾¤ýwÅ ÿ¹ Ä Å ÿ ºÉ vº«

ć¹ xj wz ½wzÿ ºÉ ā¹v¹ ĀÊ¤ÆÉ āÀĊýĀĉ ½¹  ìÊ· ÔĊ´ù ćwù¹)ºĉ¹¾ñ 
 

-L-L.L üåv¾ñ ºĊÆív ĈtÀ« ĂÅ ¢ĉ¿Ā ùwí Āýwý I ówLÞå üz¾í I

 ā½»Āýwý ºĊÆíÿ½ºĊă øĊþĊùĀõj 
 ½vºêù,  ÿ üåv¾ñ ºĊÆív ÷¾ñ+'+0 ā½»Āýwý ÷¾ñºĊÆíÿ½ºĊă øĊþĊùĀõj 

 ÓĀö¸ù Ăz0+ ĈöĊùxj ¾¤Ċõ ć¹āÀĊýĀĉ  ÿ0 ĈöĊùôýw£v ¾¤Ċõ  ĂåwÑvºÉ  ÿ

 ¡ºù Ăz ¡ºù Ăz Ăùv¹v ½¹ )¹½Ā· øă ¢ÝwÅ ìĉ,3 Āö¸ù ¢ÝwÅÓ 

 Èþívÿ¢´£ Ĉ¤Êñ¾z ¾ĊÖê£ øă Èþívÿ ÓĀö¸ù Ăí Ĉõw³ ½¹ ā¹¿

Ĉù ÿ üåv¾ñ ºĊÆív ¡v½»Āýwý w£ ºÉ ā¹v¹ ½v¾é ºÉºĊÆíÿ½ºĊă  øĊþĊùĀõj

 Ăz½ĀÕ ùwí ôÈ¸~  ã¾Ù ¢ÝwÅ ìĉ ¡ºù Ăz Ä Å )¹ĀÉ ćÿw³

 ÿ üåv¾ñ ºĊÆívºĊÆíÿ½ºĊă  øĊþĊùĀõj ćwù¹ ½¹0+  ½v¾é Ă«½¹ºÉ ā¹v¹) 

 Ĉå¾Õ ¿v ½vºêù,'-0  ÷¾ñüz¾í Ăz ówÞå óĀö´ù ćÿw³ ,++ ¾¤Ċõ ĈöĊù 

xj ć¹āÀĊýĀĉ  ÿ0 ĈöĊù¾¤Ċõ ÿ ºÉ ĂåwÑv ôýw£v  ¡ºù Ăz1  ½¹ ¢ÝwÅ

ćwù¹ 3+ Ă«½¹ Ĉ¤ýwÅ Ĉõw³ ½¹ ¹v¾ñ øă ¡ºÉ Ăz Èþívÿ ÓĀö¸ù Ăí

Ĉù ā¹¿ºÉ ºÉ ā¹v¹ ½v¾é ) Ăz ÷ÿ¹ ã¾Ù ¡wĉĀ¤´ù Ăùv¹v ½¹Ù óÿv ã¾

vÑ ĂåwºÉ  ¡ºù Ăz ÿ-/  ¢ÝwÅ ¡½ĀÍ ĂzĈ¤Êñ¾z ¾ĊÖê£ ºÉ āºýwÉĀ« )

 ¿v ā¹wæ¤Åv wz ôÍw³ xĀÅ½ ¢ĉwĄý ½¹ ÁĀĊæĉ¾¤ýwÅ ÿ¹ Ä Å ÿ ºÉ vº«

ć¹ xj wz ½wzÿ ºÉ ā¹v¹ ĀÊ¤ÆÉ āÀĊýĀĉ ½¹ ìÊ· ÔĊ´ù ćwù¹ )ºĉ¹¾ñ 

 

-L.L Èĉwù¿jx¼« ćwă Ĉ´ÖÅ 

 ¿v ĈÎ¸Êù ½vºêù û¹ÿÀåv wz IĂ¤ÅĀĊ~wý ø¤ÆĊÅ ½¹ āºþĉđj ã¼³

¢ĉ¿Ā ùwíĀýwý üĊÞù ¢Úöá ½¹ āºÉ À¤þÅ ćwă ½¹ ã¾Ù-0 ĈöĊù ć¾¤Ċõ

 øĊÚþ£ üĊþ°úă )ºÉ ÷w¬ýv ÔĊ´ù ćwù¹ ½¹pH  û¹ÿÀåv wz óĀö´ù ºĊÅv

 Ăz x»w« ¿v ĈþĊÞù ½vºêù Ä Å )ºÉ ÷w¬ýv èĊé½ ¹ĀÅ ÿ ìĉ½ºĉ¾öí

 ÿ ºÉ ĂåwÑv óĀö´ù Ĉýwù¿ ôÍvĀå ½¹øă ćÿ½ ¾z ĈÅ½¾z ĈÆĊÕwþâù û¿

 )ºÉx»w« IÈĉwù¿j ûwĉw~ ½¹ vº« ÁĀĊæĉ¾¤ýwÅ wz óĀö´ù ½¹ ¹Ā«Āù ćwă

 )ºÉć½Āý x¼« ûvÀĊù Ăùv¹v ½¹ ½¹ óĀö´ù ô{é ÿ ºÞz ¿v x¼« wz 

ā¹wæ¤Åv ¿v āwò¤Å¹ äĊÕªþÅ UV-Visible  āºývĀ·  )ºÉĂþĊÊĊz ìĊ~ 

x¼« ćv¾z ½¹ üĊýv¾åwÅ ćvÀòý½ 0.+ ¾¤ùĀýwý ¾ăwÙ ºÉ) Ä~ ¿v  Ì¸Êù

ûºÉ ¢Úöá ºÍ½¹ IvÀòý½ ã¼³ āºþĉđjÔÅĀ£ Iwă  ĂÖzv½, Ă{Åw´ù ºÉ 

].,[) 
 

$,# ὙϷ ρππ 
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Figure 2: FTIR spectrum before adsorption (a) and after adsorption of safranin (b) 1) Graphene oxide / carbon nanocomposite 2) Graphene oxide / 

activated carbon nanocomposite / Cerium oxide 3) Graphene oxide / activated carbon nanocomposite / Aluminum hydroxide. 
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Figure 3: XRD pattern (a) Graphene oxide / activated carbon nanocomposite (b) Graphene oxide / activated carbon nanocomposite / Cerium oxide (c) 
Graphene oxide / activated carbon nanocomposite / Aluminum hydroxide. 
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Figure 4:1) Scanning electron microscope image of graphene oxide / activated carbon nanocomposite, 2) graphene oxide / activated carbon 
nanocomposite / cerium oxide and 3) graphene oxide / activated carbon/ / Aluminum hydroxide nanocomposite with different magnification.  
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Figure 4: Continue. 
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Table 1: Elemental analysis results of synthesized nanocomposites. 

Composite Element Weight percentage 

Graphene oxide / activated carbon 
C 64.8 

O 35.2 

Graphene oxide / activated carbon / cerium 

oxide 

C 72.8 

O 27.2 

Graphene oxide / activated carbon / 

aluminum hydroxide 

C 55.9 

O 35.3 

Al 7.8 

 

  

(a) (b) 
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1- Dynamic Light Scattering 

 

 

 

 

 

  
 

 

 ôîÉ05 $a$ ĈîĊùwþĉ¹ÿ½ºĊă ¾Öé #DLS: Dynamic light scatteringüåv¾ñ ºĊÆív ¢ĉ¿Ā ùwíĀýwý #/*ówÞå üz¾í ºĊÆív$ øĉ¾Åbüåv¾ñ ºĊÆív ¢ĉ¿Ā ùwíĀýwý #/ üz¾í

ºĊÆíÿ½ºĊă *ówÞå øĊþĊùĀõj) 

Figure 5: (a) Hydrodynamic diameter (DLS: Dynamic light scattering) of graphene oxide / activated carbon nanocomposite / cerium oxide (b) of 

graphene oxide / activated carbon nanocomposite / aluminum hydroxide. 

 

  

#a) #b) 
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pH óĀö´ù øĄù ¿v¾§Āù ôùvĀÝ üĉ¾£ ½¹ ºþĉj¾å Ĉ´ÖÅ x¼« ¢Åv Ăí 

Ĉù ºLývĀ£  ć¾LĊĊâ£ ½¹  ĂL«½¹  IûĀĊLÅvÀĊýĀĉ  ½wLz  Ĉ´ÖLÅ  x»wL« wLă  ÿ

 üĊþ°úăÿ¾ñ ìĊîæ£ûwîù ½¹ ¹Ā«Āù ĈöùwÝ ćwă    Ĉz¼L« ówLÞå ćwLă

ºþí ¹w¬ĉv x»w«) ûĀĉ û¹Āz ¹wĉ¿Ă«½¹ ½vºêù ¾z wĄþ£ Ăý ûÁÿ½ºĊă ćwă 
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 ÿ½¹ v wz Ăùv¹vÀåv ÈĉpH  ¿v1'3  Ăz3'3  x¼« ºÍ½¹ ½vºêù øLí ½wĊÆz 
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āÿ¾ñ ¹vºÞ£ Èăwí ¢{¨ù ½wz wz ćwăćÿ½ x»w« ²ÖÅ   x¼L« ûvÀLĊù I

vÀòý½ ÀåvvÈĉ Ă¤åwĉ  ½¹ ÿ1'3 6 pH  ĂzĂþĊÊĊz Ĉù ¹Ā· ½vºêùºÅ½ ].3 

I.2[) Iüĉv¾zwþz pH ¾§où +',Ñ 1'3  ½¹)ºÉ Ă¤å¾ñ ¾Úý 
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üåv¾ñ ºĊÆív ¢ĉ¿Ā ùwíĀýwý/*ówÞå üz¾í  ºĊÆíÿ½ºĊăøĊþĊùĀõj) 

Figure 6: Effect of initial concentration on safranin dye with nanocomposites: (a) graphene oxide / activated carbon (b) graphene oxide / activated 
carbon / cerium oxide (b) graphene oxide / activated carbon nanocomposite / aluminum hydroxide. 
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#b) 

#c) 
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 ôîÉ2:  ¾§vpH  ¢ĉ¿Ā ùwíĀýwý wz üĊýv¾åwÅ ćvÀòý½ ćÿ½ ¾z óĀö´ù$ 5ćwăa# üåv¾ñ ºĊÆív/$ ówÞå üz¾íbüåv¾ñ ºĊÆív#/*ówÞå üz¾í  ºĊÆív$ øĉ¾Åc ¢ĉ¿Ā ùwíĀýwý #

üåv¾ñ ºĊÆív/*ówÞå üz¾í  ºĊÆíÿ½ºĊăøĊþĊùĀõj) 

Figure 7: Effect of solution pH on safranin dye with nanocomposites: (a) graphene oxide / activated carbon (b) graphene oxide / activated carbon / 

cerium oxide (c) graphene oxide / activated carbon nanocomposite / aluminum hydroxide. 
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 ¿v ºÞz ¢É¼ñ/+   āºăwLÊù x¼« ûvÀĊù ½¹ ĈtÀ« ½wĊÆz ¾ĊĊâ£ IĂêĊé¹

ĈùĈù ÿ ¹ĀÉ£Ā¢æñ ûv ÿ āºÉ Ûw{Év x»w« ¾åjþĉ  ĂLz x¼« º  ¢Lõw³
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üåv¾ñ ºĊÆív/*ówÞå üz¾í  ºĊÆíÿ½ºĊăøĊþĊùĀõj) 

Figure 8: Effect of contact time on safranin dye with nanocomposites: (a) graphene oxide / activated carbon (b) graphene oxide / activated carbon / 
cerium oxide (c) graphene oxide / activated carbon nanocomposite / aluminum hydroxide. 
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Figure 9: Effect of temperature on safranin dye with nanocomposite adsorbents: (a) graphene oxide / activated carbon (b) graphene oxide / activated 

carbon / cerium oxide (b) graphene oxide / activated carbon nanocomposite / aluminum hydroxide. 

 
 

Ċõºý¾å óºù ½¹® Ĉù Ï¾å¢Êñ¾z ¡½ĀÍ Ăz x¼« Ăí ¹ĀÉ ćÿ½ ¾z ¾ĉ¼~

ûwîù ćwăüòúăwý  ÷w¬ývāºÉ Ăĉđ ºþ¯ x¼« ćv¾z ÿćv ¢Åv yÅwþù  ÿ

óĀîõĀù üĊzøă¾z āºÉ x¼« ćwă )¹½v¹ ¹Ā«ÿ ÈþíôîÉćwă ,+  ÿ,, 

x¼« ÷¾£ÿÀĉv yĊ£¾£ Ăz üĊýv¾åwÅ ćvÀòý½ v½ ćv¾z ¢ĉ¿Ā ùwíĀýwý ćwă

üåv¾ñ ºĊÆív*ówÞå üz¾í Iüåv¾ñ ºĊÆív*ówÞå üz¾í* ºĊÆív  ÿ øĉ¾Å

üåv¾ñ ºĊÆív*ówÞå üz¾í* ºĊÆíÿ½ºĊă  øĊþĊùĀõjwz ā¹wæ¤Åv ¿v óºù 

®Ċõºýÿ¾å ÿ ¾ĉĀúòýđ ûwÊý Ĉùºþă¹)  ¾ă èĊ{Ö£ ÿ ć½wñ¿wÅ ûvÀĊù

¾å wz ÷¾£ÿÀĉvj Ĉò¤Æ{úă yĉ¾Ñ wz Ix¼« ºþĉ2R Ĉù āºĊ¬þÅ Ăz )¹ĀÉ

ÈĊz Ăí ¡½ĀÍ üĉv yĉ¾Ñ û¹Āz ¾£2R ÷¾£ÿÀĉv ÷¾£ÿÀĉv ûvĀþÝ Ăz wă

¾å wz ½wñ¿wÅjĈù xw¸¤ýv x¼« ºþĉĂz Ă«Ā£ wz )¹ĀÉ tv½v ªĉw¤ýāºÉ Ă ½¹ 

óÿº« -I ćvÀòý½ x¼« x»w« ćÿ½ ¾z üĊýv¾åwÅāºÉ À¤þÅ ćwă óºù ¿v 

Ĉù¾£ÿÀĉv Ċõºý¾å ¢ĊÞ{£ ÈĈù )ºþíĂÖzv½ ¾Ċúòýđ  ÿĊõºý¾å yĊ£¾£ Ăz È

 èzwÖùĂÖzv½ ćwă/  ÿ0 Ĉù ûwĊz ¾ĉ¿ ¡½ĀÍ ĂzĀÉýº ].,[5 
 

$/# ρ
ὗ

ρ
ὑϽὗ

ρ
ὅ

ρ
ὗ 

 

 çĀå ĂÖzv½ ½¹mQ ÷¾ñ ¾z ÷¾ñ ĈöĊù yÆ³¾z ILK   ¾ĉĀLúòýđ ¢zw§

÷¾ñ ĈöĊù ¾z ¾¤Ċõ yÆ³¾z$l/mg#     ćÁ¾Lýv ÿ x¼L« ¢LĊå¾Ù yĊ£¾£ Ăz

ºþ¤Æă x¼«) üĊþ°úă Ce ¢Úöá Ĉõ¹wÞ£ óĀö´ù yÆ³¾z ĈöĊù ÷¾ñ 

½¹ $¾¤Ċõmg/lI# eQ ĈöĊù yÆ³¾z ó¹wÞ£ ¢õw³ ½¹ x¼« ¢Ċå¾Ù  ÷¾Lñ

÷¾ñ ¾z$mg/g# )ºþ¤Æă 
 

$0# ln Q
e
=
̸

n
lnCe+ln KF 

#a) #b) 

#c) 


