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ABSTRACT

This project studied on adsorption of methylene blue on CrPO,. CrPO, was synthesized
from Cr(NO,);*9H,0 and H,PO,, 85% w/w at pH 8 and 5°C. The synthese was precipitated by
NaOH then dried in oven at 120°C for 12 hours. The dried product were then characterized by
Thermogravimetric Analisis (TGA) to determine the most appropriate calcination temperature
,750°C. After calcination step, CrHPO, decomposed to CrPO, ,characterized product by Fourier
Transform Infrared Spectrometer (FT-IR) to determine fundamental oscillation , X-ray diffraction
analysis (XRD) to determine the crystalline and amorphous, Scanning Electron Microscope
(SEM) to determine the morphology. The adsorption performance of the synthesized adsorpbent,
CrPO, was tested by adsorption methylene blue in variable concentration 1,2,3,4 and 5 ppm and

analysis of the absorbance by UV- Visible Spectroscopy. The adsorption yield approached to 75%
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2.2.4.2 yyutassrauwamans(Kinetic modeling)
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5. malulatidoury (Membrane Technology)
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M9 2.60AAINTAAGUUDI Methylene blue NAN1IZA19Y [24]

Species Absorption peak Extinction coefficient (dmslnlole'cm)
MB’ (solution) 664 95000
MBH,’ (solution) 741 76000
(MB), (solution) 605 132000
(MB'), (solution) 580 110000
MB’ (adsorbed on clay) 673 116000
MBH, (adsorbed on clay) 763 86000
(MB"), (adsorbed on clay) 596 80000
(MB"), (adsorbed on clay) 570 114000
2.6MInnAznau(25]
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2.7.1 FT-IR-Raman Spectrometer [26]
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2.7.2 Thermogravimetric Analysis (TGA)[29]
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2.7.3X-ray diffraction analysis(XRD)[32]
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2.7.5 UV- Visible Spectroscopy [34]
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nQuoaiDiasuaznamiin (Beer and Lambert’s Law)[34]
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M51deau1In Beer’s Law [34]
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5. MIDgIUUNAAL
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A =2.000-log %T

2 lo I
Taoh A= logT mmm T= logI—

Hanms UV-VIS Spectrophotometer[37]
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audszneuiid 1Ay ueanies UV-VIS spectrophotometer 1sznouladae [39]
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NaOH,pH=38
Cr(NO,),*9H,0 + H,PO, ———»  CrHPO#2H,0 + 7H,0 + 3NO"+2H" (4.1)

Calcination 750 °C
CrHPO,+2H,0 ——  CrPO,+2H,0+H" 4.2)
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Tavagnuiiandn (20) fie 17.42(101), 25(031), 33.22(202)18255.02(611) FalndiRverudoya

WIATFIU PDF#772485 uag lethwadl ldudiaiweaiymsiimeSuasfuanme Crystallite size

H 3 '
Tav CrpO, it Idnnasfady Cr(NO,),.9H,0 Tfumaaloaslosanin H,po sz dvianandin1saf 4.4

M3 4.4 MIREaMITILINALanfivn Il fves Crpo,

Compound Systems a(nm) b(nm) c¢(nm) Average crystallite size (nm)
CrPO, PDF#772485 1.040 1.289 0.630
This work 1.050 1.287 0.629 59.53 £ 36.83
DIF This work-PDF  0.010 0.002 0.001
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Date :8 Feb 2014
Time :14:28:52

ScanSpeed =6 EHT = 15,00 kV Signal A = SE1 Date 8 Feb 2014
WD= 8mm Mag= 600KX Time 14:26:58

Ui 4.50m w0 SEM voa crpo, Tas9maaue1s 1000 111 (2)11az 5000 11(b)
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M5191 4.6 MMIQANTUITIVeIaTATABIATUY

vandi ANMANAY Mnsganauas
(mg/1)
1 0 0.000
2 1 0.140
3 2 0.142
4 : 0.144
5 < 0.171
6 5 0.174

4.2.53msnu lelamennisgadiy

= 4 s | =) o
NINANMIANTIEIMIgAFUT I nmatiamsgandunas  (UV-vis  spectrophotometer) 1131
a Qs a @ o ' P @ o o
Innzinwlelsmenvosmagadu  efinennuduiussznieanududuiiaga AUTIUIUYEIAIYN

Y] d'd. o =) e; U as ciq ) 9/ U s d B
RavUNIMIgaungungiind o Tmmenvesmsgaduiiiion s ldun uaudesoTameu(Langmuir

a

Isotherm) L1a% T‘]?Hﬁﬂﬂﬂi“ﬁlﬂ@ﬂ (Freundlich Isotherm)
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3 3.0 50 0.67 1.1580

4 4.0 50 0.93 1.5335

< 5.0 50 1522 1.8731
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MUl 4.8z Tduves le Twmeumsgaduiild Tiseandosry o Tsmouveas
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Langmuir Isotherm Freundlich Isotherm
K, (L/mg) Q,(mg/g) R’ K, 1/n R’
-2.324 2.5 0.9594 1.6558 1.1833 0.9784

= =

MNAINA 4.8 uamamasiiveslo Tmeumsgaduveauiiefuaziiudy Fennugndeaves

g 2 3 A o
v['f]T“h’mEliJWi]ﬁﬂ&'lmﬂﬂ'lﬁhﬂ‘i&ﬂw‘ﬁﬁﬂﬁwwuﬁ (R) voang 2 ﬁllﬂ"fiwU?TLMWEMUﬂﬂzﬂﬂﬂﬂ“ﬁUIﬂﬂ

) Qs = 1 S d d'z a 9 a/ c;-'. a é)
CrPO,moanandny lo Tsmenvesgudrinnndtle Tumenvenauiios HoTue ldmsgaduiihaiu
a Qs ar a ) a = | T =1 ar L a
Aumsgagunimenw  aunsadundu'ld uaznng 4.8 wwmulddh Wumsgedunuuru@en

(Monolayer) uaz 218 loTsmeumsaaduniauuglesld  crro,  Taadouiule Tsmenveq
u U 4

w

Wyuaas Tdaeail

1nWlyudy 1o Tmnou (Freundlich Isotherm); q=K, (C, <4 (4.3)

1,1833
)

v ldl loTamoumsgadumiauuglasld crpo, q=1.6558 (Ce (4.4)
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ayUnamsIdanazdetavenuz

5.1 ayuUnamsduns1zei (Synthesis results)

nnsdunszd arpo, lavldundeveslnsifionain Cr(NO,), * 9H,0 nagl¥ uvasvosrlomme
; E ? & - ~
910 H,PO, ﬁumuwaumsmﬁuﬂmmmﬂuawlamwm“lumﬂﬂﬁamllae@wqquw 0 DIMYAITYE
as 1A 1 e = a { a ) o,
USusies1iniiny s &1u NaoH nseanznewi lduazih leufigangil 120 ssmuwadsmuna 12

= =4

1w hasi 18 I eniigamgil 750 osrumaFoa Hunai 3 $9Tue iite1dans CrHPO,da10d7 11

Q Y

PO,z Idmovaymanan (yield) 191171 88.38

LY d a
5.2 agUramsnsrvaeuendnuaivesasdIumading 19 (Characteristic materials and

Identification method)

£
o

WAM3IATIVTOUIBNANKAIYE CrHPO, uay CrPO,ansnagUnalddil vinmamsasodoy
NRANTIUN AN TeULazna lnnIsaa18i NI e U(TGA) Lﬁamqmﬁgﬁﬁmmzaﬂumsﬁw
Calcination wumigiys?mﬁmﬁnagj 2 B299UMQIIAD 58.886-77.63 oafIwAITYA LA 149.009-618.75
SRR HIC R wh&uua::‘lajwumﬁqtgsﬁaﬁmﬁ’ﬂmmms%mﬁmﬁnqmmﬁﬁ ﬁa&u‘%uﬁaﬂqmwgﬁ 750
paruyaied 1141571 Calcination ssiamﬁwmmmﬂﬁamﬂﬂﬁ’ﬂmﬁ'ﬁugmmmmﬁﬁ'u (FT-IR) @z

a ¢ a = o & g Y] o L
amﬂzﬁaﬂumzwammzaﬁmgm (XRD) 194 CrHPO4LLﬂ$ CrPO4 lWEIL']JUﬂ"I‘JEJ“HUHfﬁﬁ"ﬂﬁ\ﬂﬂ‘ﬂ%ﬂ lﬂ

L

Haz MUINARANYY CrPO, My CrHPO S luillundn ua crpo, Snrmniundn Seamnsodudi'ls
nnransianzidansusduguvesms luszaugania (SEM) azwuil CrPO,Nan¥aIzv0InaAN IR
=1 3 a oA

= o o 4 o 1w
"l]']ﬂﬂ"l'ﬁ!.'ﬁﬂ\iﬂ’JL']JuGUuLLa&’NWHN'JﬁfJU LHag ﬁ’lll"l'iﬂﬂ?u?mﬁfu’]ﬂﬂﬁﬂllﬁ’ﬂ’lﬂﬁﬁ XRD W11 59.533(3) +

36.831(3)nm
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a d a Qs
5.3 agUnamsinnzingAnssun13gady (Adsorption Behavior)

ny

NNMIAIRTIEEMsganduldvesniduugimaevinmsgadulas crpo, Idindsdouazvos

MIQAdy 1IAY 7530%  wazilievhimsiinnzileTameunisgadu 1in'le Tmnounisgaduvouas
1 ra ¥

dgiuaz lo Tnmoumsgaduvegudy dnsanvnmdulszintanduiug ®) voukaosaums

1 as e 9/ [ Y s 9/ as a 1 =4
wunmsgaguiauuglaelys crro, nluigaduaeandesnyle Tmnenvesgudnnnniuauiios

¥
LYY

a 1 @ oA 3 c%.‘ ) . . % [ a
At ldh  magaduifeiuiifanausamamenn  (Physisorption)  Famsafundy'ld
(reversible)  taznINTMUAIRINA T IuMIgaduveaiudyloTamen  31fi4.80wen g3y

£
MIgATUHLLFURSI Monolayerua lo Tameumsgaduuiauug Taold crpo, e q =1.6558 (Ce™)

5.4 YoraudIU

£
@ o

= ~ = 9 A A P= AN Yo a
L anemawson Insdlieuaaadie3Tea1e ienSouifeunai e sy s sui
= ) ' ] A A o ¢ & Ay g
2. AnpasAsuLaziase e u LAY tazasvdeuenanuaived InsHounoaai 1
. 1 E H 1
3. AnpuiiuduiemsasdiuTas Tuasgndmssdunazumaslomla iz auie 120y
avHaNanNuINNge
o s tg d’q = al alal s
4. MMIIanUnALazvIaeumMagnTuved Insileuveaiva Tau35087(BET)
T H 1 K
5. eann InsdloueamlamlsznoudieTanfoviiitulansmingaduduaste  dufunsaninld
lumsgaduudy asihmsSunesntegenerate)iIgasuiterindumn 149l ieannuiy
BUATIUADAUIAADY
= Y a:ics 1 s A = A o 1 1 ar =
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= @ 2 a4 a aa 4 A a A =
7. ANEIMSAUMITBUNNANUENMAWANUgNemMuY sEanTamue TasiTeuneaia

P 9 =t £ o 1 = =] ' d' o
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NaOH, pH=8
Cr{IN(NO,);*9H,0 (s) + H,PO, —— >  CrIDHPO,*2H,0 (s) + 7TH,0+ 3NO, + 2H"

Calcination 750 °C
Cr(IDHPO,*2H,0 (s) —— > Cr(lIDPO, +2H,0+ H'

MIAIH I

Laaluagavesas

Cr(IID(NO,),*9H20 400.15 nyu/Tua
H,PO, 97.9714 niu/Tua
NaOH 39.9971 niu/Tua
CrHPO,+2H,0 183.9699 nfu/Tua
CrPO, 146.9699 nfu/Tua

2.mamnramdSunamsasduazurasnomna

- Cr(I11)(NO,),+9H,0
21N n = i
Mw
n - 26.675
400.15
n = 0.0671ua

& TwaveaTagifon Tuase = 0.067Tua

- 85% wiw H,PO, (AWMLY 1.695 nTu/liaaans)
AB4MT CrHPO,*2H,012.266 g 1214 12.266/183.9699 gmol” = 0.067 mol
#8314 Cr(1D) (NO,),*9H,0 = 0.067 mol
81592018 H,PO,85% w/w (UA1MUMUNUUL.695 gmol )
1 H,P0,85 g Tum3aza10 100 g x 1/98 gH,PO,/mol H,PO,
=11 H,P0,85 g x 97.9714 gmol ' H,PO, Tumsazaty 100 g

=il H,P0,0.8678 molHL,PO,lua5a2a10 100 ¢ x 1.695 g/ml
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=11 H,PO, 0.0147 molH,PO, lugnsazaty 1 ml.

¥
s

o Y
AU

01

)
Ao

Y

19H,PO,MIMUA 0.0147mol H.PO, =

1#Cr(1n) (NO,),*0H,0 = 0.067mol

0.067mol

I ml

~fSmavesnsaneanesni 1y

a9 cr(n (No,), 91,0 = 2

Il

H,PO,85% w/w 4

A

4.58 ml

6.675¢g
S8 ml

3. annamanssnmsazaemaenlansenladiduty 3 M

wssuasazae Tydoy laason la

g 9

Adudu 3 M Tuvaiadsinesvua100 ml
NNANUFUWUT g = €V
Mw 1000
14 g = 3x100
40 1000
g = 12g

L - ~ 1 n o < 0 @ - o - 9 32
“afsmaw@enlsasonlad 12 ¢ azareluviniaiSuing 100 muazlsuSmasdaeinlsiaan

Ir
lonou
4. madegaznananvedlnsiienlalasurleava

- 1IN theoretical yield

Cr(lII) (NO,),*9H,0 (s) +H,PO, ———>  Cr(IDHPO,*2H,0 (s) + 7TH,0 + 3NO, + 2H'

NACIAINO,),*9H,0 Hudrimuar3 e 0.067Tua

12AACIHPO4-2H,0 = 0.067 Ty

0.067 Tua x183.9699 n51/Tua

Il

12.266n5 1

“theoretical yield IRV 12.266 NSU
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msen.ITauaSuauasfosazrandn (Gyicld) vosTasiion s Tasnueamlaiidanms

FUATIEHIUNTZUIUNTARAZNOY

HaANS N WMHUNNIZONIWM  WIHITANIZONMIT M + WS
(N5) M9 (N5N) (n53)
CrHPO4 49,9856 60.0698 10.0842
“actual yield 11101/10.0842n 51
-ATUIUN Percent yield
Percent yield = actual yield x 100

Percent yield =

Percent yield =

o Y = =
S.ﬂ'ﬁ—!Qmﬁi’]ﬂﬂzwﬂﬂaﬂﬂlﬂﬂiﬂSlﬂﬂmﬂﬂﬁ!wﬂ

- TUINN theoretical yield

Cr(I)HPO,2H,0 (s) — >

110 Cr(IDHPO,+2H,0 1% 0.067 Tua

Theoretical yield
10.0842 x 100
12.266
82.21 %

Cr(lIDPO, + 2H,0+ H’

iAA Cr(1lDPO, 0.067 Tua x146.9699 n3u/Tua

9.799151

I

“theoretical yield (M1 9,799 A5
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meein2msniaanSunauasiovaznanan Cayield) voaTasdivuomai 1o 1nmsaanusave

Tasidlou laTasnureamas lawmsarunis Calcination

NAONUN WINUANTZANWAT  WINUNNSEANUIRN WINUNEIT
(n3W) 13 (n5N) (n5N)
CrPO4 499856 58.646 8.6604

*+ actual yield 1M1AY 8.6604 AT

-AUIUN Percent yield
Percent yield = actual yield x 100

Theoretical yield

Percent yield = 8.6604 x 100
9.799
Percent yield = 88.38 %



MANHIN U

78

MSNAADIN 1 MIANYINTINUIATIIU (Calibration curve) YOITITATAWNNAULGAINITHANAY

1 1 Y J
wasinnueINau 660 w1 Tumasuesasazaie 13 a15610619 (Blank) AonduazaIAzaBIATEIY

an ~ Y g
WNAUUZNANULUNUUAN

m‘smﬁ‘u.lwamimﬂmﬂ'mﬁﬂﬂﬂﬁuuﬁwmmiazmsmmgmmﬁﬁuug

p]
U

il

o
1]

Concentration (ppm)

vIah ANUUNTY MMsganauag
(mg/l)
1 0 0.000
2 1 0.140
3 2 0.142
4 3 0.144
5 4 0.171
6 5 0.174
1.0 + u
0.8
. 064 .
Z 04- .
0.2 -
00 -
T v T T
2 3 5

! g gk =]
“ll.lﬂ‘i']‘l“]‘?ﬂﬂ']"li]ﬁlll‘!]‘l«!lﬂﬂ‘J'IﬁTULiJ‘VIﬂuU’Q



i v uaRsdosar MIasy ua: AoaAnuannsnlumsgady

‘UJ'.-THT' l?f-llit-i.fl'UO 1CrPO, inas Cy (ppmy) C, (ppm) CC, =V(CC)W %oAdsorption
(g
1 0.1003 0.05 1 0.54 0.46 0.229312064 46
2 0.1002 0.05 2 0.34 1.46 0.728542914 73
3 0.1006 0.05 3 0.57 2.43 1.207753479 81
4 0.1001 0.05 4 0.82 3.18 1.588411588 79.5
5 0.1009 0.05 5 1.32 3.68 1.823587711 73.6

& ¥ 3 ao
C,nd ﬂ?ﬁ!!’mﬁjﬂi]h’-’liﬁ]‘;ﬁlad!iﬁ]ﬂﬂﬁg

2 o W . as 2 a
C, o ﬂ']hlliliﬁJ‘-HJ@iEMﬂﬁuu@ﬂmﬁaag

g A9 mmfs'm1m1=-.m13@ﬂ=§misﬁuauug
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ToYwmonvesWludy (Freundlich Isotherm)

M0 U.3LAAIAT log q LAY log C,

q 8] log q log C,
0.348953141 0.3 -0.457232889 -0.522878745
0.763473054 0.47 -0.117206286 -0.327902142
1.15805169 0.67 0.063727945 -0.173925197
1.533466533 0.93 0.185674302 -0.031517051
1.873141724 1:22 0.272570638 0.086359831

nawl log q iulog C,

log q

-0.6 -0.5 -0.4 0.1

Y =1.1833x +0.219
R2=0.9674 - 0.3

log C,

3R v2n5ernen AT £ 14 og q U log Ce

0.2
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2.5

1.5

0.5

0.2

3
u

w18 K =1.6558

|

=
N

10 log q =log K+ 1/nlogC,
y=1.1833x+0.219
I/n=1.1833

N5l ¢ Ao C,

'y =1.6333x - 0.0373

R®=0.9784
0.4 0.6 0.8 1
CE
v w d ' o
‘II.3ﬂ3W‘]LLfTﬂ\1ﬂ'ﬂllﬁlJ‘W‘LI'ﬁiﬁ“HTN qnuC,

1.2

1.4
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d
lolwmonvesuaiios (Langmuir Isotherm)

5 1/ge HU 1/C,

3.5

2:5

1/q

1.5

y =0.9296x - 0.4
R? = 0.9594

0.5

1C,
n{ as @ d " w
s vansluansnudiniugsznine 1q fu I/e,

M5190 U4 Laaam 1/q uaz 1/C,

q C 1/q 1/C

¢

0.348953141
0.763473054
1.15805169
1.533466533
1.873141724

0.30 2.86571429
0.47 1.30980392
0.67 0.86351931
0.93 0.65211726
1522 0.53386243

3.333333333
2127659574
1.492537313
1.075268817
0.819672131
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