‘ LaREt, M
i A RS i | Iy fi
I \. fo )\ T i \ | v
‘ G| R
{ A1 |
( \ 1] AR
i ARV i
\ \ i / v
| ‘lﬂ B EE 1 Ve
G et { £ ._I\ \
\ R PR
¢
| \ 3 1
Js i ) 7
i i ( G
i LA P !
£ ke
iy A |
H
i 0 \
/ \ Y ‘ A \ & \
e Wi S AARYT Wik ; bl
\ [

(0N R J""“.& [lf;.. O ] ;
o i mu m{m e q;‘

fi\ 'n.g.ﬂ U. '

X ',\ \ L 4
lt |
i L Y
‘i“'.‘l : f ‘;. \

\ |
\ Al
(] i
\ LA
| AR
{ 0
\ il
{1 [
\ \L

‘u?m_ﬁci'nﬂfrmmum' :—'Jisﬁ-ﬁ;z:-fn:;.xrﬂ il

T A DA RS R i R I
S Rt R m—m‘r‘aEm&lfi:i*m:;w_ ﬁi.:}:é:li‘iiiu‘f.f%@- A

‘ i
2 'b i‘ﬂ‘é’i ﬂJeE'Lul"l'Tuii I?"H? MH'JE‘W

n\\ o

: 'Emmummmumﬁ:mmmqsmmmm m?*m e i T, 's‘m
‘ el mwmnnw . e
ﬁmﬁmrm'tﬂﬁ-‘i‘- f

mnmmmﬁu‘!ﬁﬂmm mmmmmu 1 nf“ax i

ulmnmm ,E; He.

R3O ’F RN R e AR A
Pl u\uuﬂi hu!u ‘l"ﬁr,}\ SRR i

.-;'.g"‘l;.l Rslf r "l‘.‘\ ‘::!‘I_ys\)“[ \\(fg\ i .‘.'u'};‘]:lll. 0] I \

W " {, SOV EA)



msgaduamanughnhlasl ¥ snInlswemvin
Adsorption of methylene blue from water
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Title Adsorption of Methylene blue using zinc pyrophosphate
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Abstract

This special project studied the synthesis of zinc pyrophosphate (Zn,P,0.) and its
adsorption of Methylene blue by precipitation method. The reactant was =zinc nitrate
(Zn(ID(NO,),*6H,0), phosphate source was phosphoric acid (85 % w/w, H,PO,) and adjusted pH
by Sodium Hydroxide (NaOH). The conditions were pH = 9, temperature =5 + 1 °C and stirrer
rate = 500 rounds/minute. Then zinc hydrogen phosphate (ZnHPO, 0.071H,0) was examined the
characteristic of the synthesized compounds. The characteristic of the thermal gravimetric
techniques (TGA) showed that zinc pyrophosphate formed at 550 °C. Fourier Transform Infrared
Spectroscopy (FTIR) showed the fundamental oscillation. X-Ray Diffraction (XRD) determined
the crystalline and amorphous. Scanning Electron Microscopy (SEM) determined the morphology
of zinc pyrophosphate. The adsorption capacity of zinc pyrophosphate was examined by
adsorption of Methylene blue on its surface, the concentrations of Methylene blue solution was
detected by UV-Vis Spectrophotometry using wave length 660 nm and studied the adsorption of
Methylene blue solution at different concentrations on zinc pyrophosphate. The result showed
that the adsorption trend of synthesized zinc pyrophosphate conformed to the adsorption

Freundlich isotherm more than Langmuir isotherms.

Keyword : Zinc Pyrophosphate, adsorption, Methylene blue
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Intensity (a.u.)
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CH cr CH,

3N 2.4 gas Taseadeveuniduug [10]
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2.6.1 13ANHE15AZN (Lead poisoning)
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A IHMNTTY NTanTaunsadssn seaasun Tull w.et. 2542 $1u2u 60 510 HazHUTIBAIUAIYA

Tudl weer. 2542 9199u 14 510 Tsadlun Tduanasluilae 9 w1 Awaaslugli 2.5

Fig. 1 Reported Cases of Lead poisoning per 100,000 Population,
by Year, Thailand, 1997-2006.
0.20 4

0.05 A

Rate per 100,000 Pop.
o
)

0.00 T T T T T T T T T 1
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Ui 2.5 naluaassudiheTsnivarsazna Tusenana T w.e. 2540 — 2549 [12]

]
a o

U w.et. 2549 dninszuainn ldsussnudtelsaivaisazni $1uau 20 510 6051
199 0.03 dodszannsueuny  luliswaumsdedia

mala eas1legaga 0.035 aelszrnsuauau sesasun Wlumana uazamamile
0.034 Aovszansuauny uwazsmgalunians Susenieamile 0.028 derlszansuaun
fuvaTiuanas iWonfSouidisususante 4 Pikman fseaudihonn 15 fanda 18us
ANy 3 518 U5194Y3 UATIHIU 1aZiBe9510 3a1Iaas 2 510 WTZUASAT 0451 Foun
004 RLFAUNTT MWANT 81119 wigeadou msyS unsATEITUTIY a9val uazusII NG
vandnag 1 510 Jile Sovaz 90.0 sgusnvamanIa (puA.)

Tuga 4 Ydrdmmmudiholuieunmiden Taslud w.a. 2549 wusnniigaluifon
nINgIAY LazNg AN Houas 4 510 dllhewanuaifiunulng mande o 510 mavo 11
319 BATIAIU 1 : 1.2 NGUeIY 55— 64 1) Boaa1)aegaga 0.11 Avlszansuauny 5998911

1dun nguery 0- 4 (0.08) uaz nguery 25 - 347 (0.05) Aaeraaluzui 2.6



20

Fig. 2 Reported Cases of Lead poisoning per 100,000 Population,
by Age-Group, Thailand, 2006.
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g

Fig. 3 Reported Cases of Mn,Hg,As poisoning per 100,000 Population,

e by Year, Thailand, 1997-2006.
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Fig. 4 Reported Cases of Mn, Hg, As, poisoning per 100,000 Population,
by Age-Group, Thailand, 2006.
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2.7.1 Thermogravimetric Analysis (TGA) [13]
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2.7.2 Fourier Transform Infrared Spectrophotometer (FTIR) [14]
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2.7.4 Scanning Electron Microscope (SEM) [16], [17]
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2.7.5 UV-VIS Spectrophotometer [18], [19]
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12 LﬂgﬂﬂalﬂiTSﬁﬁ 158852 VVIUNTITA (Fourier Transform Infrared Spectroscopy,
FT-IR) U3HN Perkin Elmer model Spectrum GX
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(Thermogravimetric Analysis, TGA) 138N Perkin Elmer instruments ‘;I‘Ll Pyris |
14, 193 0adinn g msAe I A ond (X-ray Diffactometer, XRD) USHN BRUCKER
AG 74 D8 ADVANCE
15. ﬂgmigaﬂiﬁﬁatgﬂﬂiﬂmmvﬁmﬂﬁﬂ (Scanning Electron Microscopy, SEM)
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3.4 MINTIVADVILNANYD (Characterization)
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3.5 MIgadumfianug [27]
E ey
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7. Adanua e lumsgaduiauuguudd InTsvoanla daauns
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A = an Aq o
e v vineds snesvesmsazaamnauugnly
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Hanmsnaaoduazenlsiewa

Tunisdunsizdded leTasoureairla (znHPO,-0.071H,0) uazFad InTsHoaiva
(zn,P,0,) TABTEM3IANAZNEY (Precipitation method) Fuflu53Rdreuazsnia Tuunil 14
diauenanisnaaesiil@anmsdunsizidad lnTsvoamla 1dus aufanisnnuoude
i3 eedinzmsdsunlsuhminTaverdoauidasnisniudeu (Thermogravimetric
Analysis, TGA), InseafrauazilsznovvesTuanadaeinieensotadisssimedunsduay
piunIdlussoinadieszuudusisa (Fourier Transform Infrared Spectroscopy, FT-IR),
Tnsaadranandloiniesiinsginsiaouudeiions (X-ray Diffractometer, XRD)IALA1T
ATIIAOUTUFIUINGIRIUNADI9ANTIAIBIANATOUUVUADINIIA (Scanning  Electron

9
Microscopy, SEM) Taeiisteazideamuaiduaane 1

[ d
4.1 HaNITAATIZH (Synthesis results)

£ 1
msdunsiziasd s Insenuidseil e lFlunsdunsziad leTasnuremma
a = UYa o ?.’J 3 9/ a o !
uazdan InTswomma Haldded asadlumsasduuazldnsadoanes nidlunnasoamva
1 ¥ . =] o y
HIUNSZUIUNITANAZADY (Precipitation method) Tav 1% Tasdoulanson laddudinaraie
= 1w 4 I~ 1 4 a < a
awau pH Tliawnny 9 udumiasawnsaiaiiugad laTasmuommaldimugay

{ o a da 1 a Y o aan
Agauazansnd i dmazided Inlsvoawla I8 Tasriunszuaumsuaadiudu dnlgnse

NaOH, pH=9
Zn(I[)(NO,),"6H,0 + H,PO, —>  Zn(I[)HPO, xH,O (s) + (6-x)H,0 + 2NO, + 2H' (4.1)

Calcination

2Zn(IDHPO4 xH,0 (s) —* ZnP,0,(s) + (1+x)H,0(g) (4.2)
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ﬂ'l‘i']\iﬁ 4.1 ﬁ'li?ﬁﬂ'l'ﬂlﬁﬂﬁﬂ'li?NLﬂ'ﬂﬁW‘h’\‘l?ﬂWIiﬂﬂﬁlﬂﬂ

MIAAU urasvlaaivn Y$u pH Taely
Zn(I)(NO,), -6H,0 H,PO, NaOH

M3 4.2 msnuaanfSuauaziovasnanan (%yield) 09899 la Tasnunoaai ldan

[ a1 1
NITTNUATIEHHNIUATEUIUNTANAENDUIIY

T8I IRFOLY
vhmin ZaDNO,), 61,0 71149 58.5878 N3
Sanas Hpo, 714 13.4400 iiafians
minnszenmini+nszaunses 39.1120 Y
ﬁmﬂ'ﬂﬂimnmﬁmmizmyniawzn(II)HPO4 :0.071H,0 70.0350 NiY
ﬁmﬁﬂZn(II)HPO4-0.071HQOﬁ"l¢’1’ 30.9230 N3U
v Zn(IDHPO, -0.071H,0 MUNQ L] 31.9588 N3
SovazHanan (%yield) 96.7589 %

¥ ]
9 @ aw ° o Lo o . =
ﬁ'l'ﬁﬁ'ﬂﬁWU'J%U'ﬁVI"Iﬂ’]?ﬁﬁlﬂﬁ"lgﬂﬂ’]uﬂﬁzﬂ'J'Llﬂ’]i Precipitation Lﬁﬂhlﬁmﬂﬂﬂﬁiﬂﬂﬂu

Woamauds shwdunszuaumsunadiusu Insarsnaylolasmuneama lamsarziianis

]
=

aaredmenudouiguugi 550 °c naedumsnguiizonan Tans nTsveanla

Qu

M3 4.3 asnuaaadSusaziesaznandn (%yield) ¥oedan InlsWomuain ldainns

leTasnuemauriunszuaumsuaagsuy

8M3 A¥ait 1 asaii 2
i Zn(IDHPO, 0.071H,0 (AOUINT) 1.0000 AFN | 10.0080 NFY
v Zn,P,0, (Maalw1) 0.9040 AW | 9.1870 AT
shwin zo,p,0, ATMgY3 0.9367 N3N | 9.3748 N3
SouazHanin (%yield) 96.5090 % 97.9966 %
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XF d y = ' . ® 3
4.2 HANINTIVADVIDNANHUVITTANNAUANIY (Characteristic materials and

Identification method)

TagnadouaNIANINAIIUTOUAIUNATIA Thermogravimetric  Analysis  (TGA)
& 4 < g '3 y_ v =
asaeuzduuumsduvetTuananie lesouiiiluesdlsznounieluTnseadudromailn
a o'
Fourier Transform Infrared Spectroscopy (FT-IR) AT2980ULAL IATIEH IAsaaT1avesas Taely
a a = y < a
(MAHA X-ray Diffractometer, (XRD) HAZN15ATIVADUTAUFININGT thoguuiasymadumaiia

g g/ da o 1 i s
q&1mﬂmhr1€fmgamsauamﬂmammuﬁmﬂsm (Scanning Electron Microscopy, SEM)
4.2.1 ﬂ]‘iﬁﬂ‘H1fl'l‘iﬁﬁ1ﬂﬁ?ﬂ1&ﬂ?1ﬂ%‘0ﬂiﬂﬂmﬂﬁﬂ (TGA)

a = 4 = a a
MIAnEINgAnITuNIInIINieudlrsmatiames TunsiTuainozurlada
Thermogravimetric Analysis (TGA) TagsiufiunmsmelaaniizvesluTasiou () Mldnsuen
= v = k 9/ = o '
AT IMNIeANNTBNLarnIslasunlaTnsaadie TaedoyanisAnuinenaineg
o ¥ o ° - o i a a
Wi ldlumsdadivanluavesnilusnin naznisdimuasieguugiilunisiia

ATZUIUMSUADHIUFUVDA ZnHPO, xH,0

101

0.4
—TGA || ..... DTG]| [

- 0.3
.02 o~
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.01 E
L 3
_..4--4"--""""'"'""'"'-"""""""'-\-0.0 é

o
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5 Loz 2
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04 E
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v e e S S e s ey
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Temperature ('C)

Uil 4.1 nsluamsmsaaredmuanudeulumsiinlasouezmsnlfouunlaslasaats

¥4 ZnHPO, HFUA512191A (Zn(NO,),+ H,PO,)



38

= g 1 a a3 w 1 1 4 oA = a ¥ @
1AgUN 4.1 wmuhiinmsgadeiimined 3 929 Ao 9290 1 Tnsgap@odmin
v ] = ’g’ = i =Y 1
Usgmnuiovaz 1.25 $911921AAN15 Desorption 1hlumzneu Mafigunniisening 60-120 °C
' P ~ = ¥ o 9 & " < ;
90 2 imsgideimindszunaiesos 4 9119210 unan1910A15 Dehydration  UD4

=Y

ZnHPO, xH,0 1NANgaMgisendng 150-220 °C %297 3 iiaNgangiisening 230-550 °C s
=Y g Y] Y = ] =] a o 9 1 ad
guy@nhminlszanaiosay 2 dainziumaia zo,P,0, Mldnuigangiimmeaylu
=}
MIHIAB 550 °C
MINNTIHIAAIMIAAEAINIANNTEU wIsaiIuINYIa Tuanaved ZnHPO, xH,0
18 Taoiii

¥
tmmﬂ%'aﬂazmsﬁmxﬁﬂumunnumaTmaﬂamaq Zn,P,0, fifad TavTuarhi 1den

Sl

mafuanie 0.071 Tua fafu aumsmsinlfiseiigndeathudail
NaOH, pH=9
Zn(I(NO,),6H,0 + H,;PO, —  Zn(IDHPO, -0.071H,0 (s) + 5.929H,0 + 2NO, +2H"

Calcination 550 °C
2Zn(IDHPO, -0.071H,0 (s) > Zn,P,0, (s) + 1.071H,0(g)

|3

4.2.2 HAM3ATIVAVVIDNANHAUNUFIUVBINTAUVDINT (FT-IR)

= a a9 A a =) dyd A = & A
MAUANITAUATIEVAAUATDI FT-IR Lﬂumﬂuﬂmﬂunmsmq Spectroscopy ¥UAHIN

= A (] 4 = a o Y [
ﬁﬂi&l'lﬂ']'iﬂﬂﬂﬁullﬁ‘ﬂ‘U'E]\'iﬂﬂ'Ticl‘LlE!Tuﬂ'l']ﬂﬂ‘llﬂillﬁ\?"]fiIﬂﬂﬂ'l'i']tﬂi'lgﬂiﬂ‘iQﬁi%iﬁ'lﬁ]%ﬂ'lﬁﬂ
=] d‘ 1 LY 1 é 1 = = =) 1 d‘ a ::.
ﬂ’]iﬂﬂﬂﬁu'ﬂuﬂﬂﬂNﬂu%ﬂdllﬂﬂ:ﬂiumQﬂ "'])'\‘llmﬁ&"lfuﬂ'ilgﬂﬂ"liﬂﬂﬂﬁuuﬁﬁ‘h"h‘lﬂﬁuﬂuﬂiuiﬂ“ﬂ
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U1 4.2 61nas1 FT-IR ve9d15 ZnHPO, -0.071H,0 Hiduns e lasismsanaznouain

Zn(NO,), -6H,0 + 85 % w/w , H,PO, 15U pH 478 5M NaOH

wamsufind1minas1ves FT-IR uansdegi 42 dmfuens zo,p,0, 7t lduein
Zn(NO,), ) P-Sources H,PO, , ZnHPO, -0.071H,0 71 1411910 Zn(NO,), 1 P-Sources H,PO,
Taoiimssuungduuunisdu de msdsziannguleTasmuloamnlansa Tasdsznoudae
midudesmsdu 2w Ae HPO,” e looounas Tmanah (1,0) Faguvumsduves
HPO,” vzuannaNBelMIdUAIR MG 550-650 , 940-1170, 1400-1550 , 1600-1700 cm™ 4
L‘ldJunmimuﬂglleumsf‘r"umm S(OJPO') 5. VAPOL] ¢ S(POH) ; S(OH) RIISRICHT] ‘Iﬂﬂmsé}’u

Yo41 30 V(OH) vzuanan1sdu 119 3200-3600 cm”
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31 4.3 aulnas1 FTIR vesas zn,P,0, 114

dmsugduuumsduuesas wlsveania [P,0,]" uaasdsg il 4.3 Favzuaaagiuy
MITUVBN P-O stretching N1/51n) TU529 960-1150 cm™’ 92152 nOVAI8%29n15TUT 900-1000 ,

1000-1100 4@z 1100-1200 em” Tagidlugnmsduves v (POP), V, (PO, uaz V,  (PO,)

ANE1NY

a < o = s 14 = -:‘I’ @ A d
4.2.3 MIANTCHANHUSHADUASDAUFIUAIUNAUANTLALAUVUIITIDNY (XRD)

) ,: [ 4 o a a
MANANITIAYNUUYDITITIOND (X-ray Diffractometer technique) 1Huimaiinnedy

a d’.’ a @ o I ag a A A A 3/ & < 4 '
ﬁaﬂjﬁlaﬂ?LUuLlﬁgﬂWiﬂizm\j‘UﬂQS\iﬁlﬂﬂ“ﬁﬂ]ﬂclulua?ﬁﬂlﬂ5ﬂqu8ﬂ1sﬁﬂﬂlﬂﬁﬂﬂﬂﬂcﬁﬁﬂ

arlunsnau (X-ray diffraction; XRD)
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{ o
Zn,P,0, Nduns1ZH 14

3 o — o d a w ~ y [
Wiohmsidunnet Idndnnegd Tasaadeeg 1dnsda 314 4.5 dionfFouieudu
X-Ray Diffraction 110511 31N 4.4 wuninnlsingiduwnislndifeeadududumisvesns

1
e A

WNATFINZN,P,0, W IEudu Idhashidunsz 1aTauiRimilouduiy zn,p,0,

y o T a a o
M3190 4.4 MINWAMIMUIUAWAATIINTITRD5 VDI Zn,P,0,

Average
a b c
Compounds Systems crystallite size
(nm) (nm) (nm)
(nm)
PDF#897020 0.4950 1333 1.6482
Zn,P,0, This work 0.4782 1.280 1.5784 | 81.4125+16.7775
DIF This work — PDF 0.0168 0.053 0.0698

[

] =3 sy v a/ 4 a c%.’ ! =)
MIANTATUIUVUIAKNTNVDA Zn,P,0, N 1AvInmIsFuas1ed luauiteiinuiwani

VUIAYTEUIU 81.4125£16.7775 U1 THINAS
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4.2.4 MIINNHADUAUFIHVRINIHIZAUgaN A
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WD= 89mm Mag= 300X Time :15:01:08
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V94 Zn,P,0, Huldnvazilundadng imsAanuitlungug nszagegnivsnm
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31U 4.7 msastadeuntduguinetves zn,p,0, Tasldndoeganssmididnaseunuudes

a

A519 (SEM) fifaavue1g 1000 1411
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ah AnuduiuvessazaasguNAaung (pm) | Mimsganduua
1 1 0.25
2 2 0.52
3 3 0.79
4 4 1.05
5 5 1.31
14
- //
Z i
§ y=0.262x
e 0.8
= / R?=0.9997
&70.6
=
= A
- 0.4 /
0.2
0
0 1 2 3 4 5 6
v v
ANNUYNYY (ppm)

3UR 48 nanluaaanuduiussznieanududuvesmsazaronins g umiauug (ppm)

AUAINIANALIAY
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= = 1 ad = v w dd 9/
"l]'lﬂgﬂ“ﬂ 4.8 "lJ%L‘H‘H’J'IﬂS'IVhJ']@]ig"IHSIJﬂ\“rﬁ'l‘ifwﬂ”IfJL!J'ﬂﬂH‘UQ?Jﬂ’T}?Jﬁllwu‘ﬁlﬂukﬁuﬁiﬁ
o LV 4

Tugannuaudu 1-5 ppm laaumsdunsefey = 0.262x Iadulseansandunus &)

101 0.9997

4.3.2 msgaduveuniiduuguudenlnlsvemln

M3efl 4.6 Manuaanlsnusigaduinly Suesasazaemiiauug manudutusuduy

AoUMIgATUIEZAUITNTUTIANIZANANEINIT AT UVBIVDIAITAZ ARG UG

va | PHnadigady Snasmsazmemiiauug | C, (ppm) | C,(ppm)
i (n5%) (@13)
1 0.1001 0.05 1 0.48
2 0.1000 0.05 2 1.24
3 0.1001 0.05 3 1.92
4 0.1001 0.05 4 2.60
5 0.1003 0.05 5 3.61

M3efl 4.7 M3NuaAITesazMIgady, anamisalumsgaduaisazatomiauuguuy

Fan InTsvloamla uazdoyanldlumsmuanm le Tameuvesmsgad

‘Inﬂ‘ﬁ % Adsorption q (mg/g) log q log C, C/q
1 52 0.2597 -0.5855 -0.3188 1.8480
2 38 0.3800 -0.4202 0.0934 3.2632
3 36 0.5395 -0.2680 0.2833 3.5591
4 35 0.6993 -0.1553 0.4150 3.7180
5 27.8 0.6929 -0.1593 0.5580 5.2098
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e o d s
ATNANUANNUEILHIN g AV C,

q (mg/g)
o
v

C, (ppm)

o J J

7UN 4.9 na AR INdINS ST deauE I lunsgady (me/g) Auanuidudumes

MsazaleNavugNanIIzaNga

P - 1 1 q'. Y Y o v 19 ]
1ngUR 4.9 vziu Tursinnududuvesdigngaduiianiosy arnnuamisaly
@ = A 3 = Y 39 & d'l v A o 3
NMSYATUITUAUNNYU IUDIANUANIUM TN MANVA s TunsgaduEuae uaaaly

=] 1 ) ad = ¥ o ) =
UM n15@ﬂqmm'saxawmmuuguwm’"’lwTiﬂamﬂﬁumﬂumi@ﬂﬁummwumm

LY LY
AINANNTNRUSTEHI log q MU log ¢

// Y=0,5322% =042
— R*=10.9599 —

log q

log C,

3 4.10 naluananuduRUTsENn I log q A log C,
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{ 1 s = 1 (-7 = C{
110 3UN 410 nsvluaaenuduiuisenin logq fuleg C, imdulszand
anduiug (RY) w1 0.9599 uazaunsaetuiemsgaduaiuaums lo Tameuvesrlyudansd

I8 fio q = 0.373766(C.")

anANNTNRUEIzHIe C /g U C,
6
5
4
3
Uw
2
1
0 T T T 1 T T 1 :
o o5 1 15 2 25 3 35 4
Ce

JUN 411 naluaraenuduiutsznang c/q i C,

ar o/

= . o . ar . d 1 a S0 W a & o
9110 3UN 4.1 namluaaannudunussenin C/q nu C, iadulseandanduriug

o

(R) 1AV 09233 wazawiIsnedulenisgaduauanns leTumeuvesuauiesd fe

_ 0.6096C,
1 T ossisc,
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agUwamsIveuaz veranenuz

5.1 agUwans¥an312H (Synthesis results)

ol 1 a o '
MINMIFUATIEH Zn,P,0, TaelFunasvesdaninin zn(No,), uazlduvaaloauasin
! AR ' ¥ a a
H,PO, Tuniuraumsasduiuurasvesemlaluinlsiroinlessuiigangil s+1 aeem
iaiFoa)sun Meslimidy 9 18 NaoH 218 ZnHPO, Faiievaznanan 96.7589 % uda
o o o o { o = < < 3
hmsiiduns iz 1a Weniigungd 550 sssuvadoe iWuina 3 52 Tua e lfas zaHpo,
o < a A A A " ow ¥y g
aa1vaa 1t zn,P,0, Tassevaznandnil Tnomaviianuminy 97.8612% ntuRazney
A o a o d o d g = 1 Y LY
o1 I ansiziesddssnounaznadeviondnusidiomaiing1ag saunadnuImagady

MIRTMUWAAUDY

o d =
s2ajlmanisnsivdeuiendnyaiveIa15AIBINALAA1IY (Characteristic

materials and Identification method)

910 TGA WU Zn,P,0, szt znPO, Tilenfigaingd 550 eamuwaidun
$a zo,p,0, A ldunfuvzivnayszm 6508 uTumas Tasaunsasuae'ldnn XrD
AsIFBUENYME HUAIVES Zn,P,0, Tav1d SEM misnsavsreumyilanduvescisnanosda
10 FT-R aunseduduidosdu @ msidunseildfe zaupo, uay zn,p.0, 1az ms
asraaeudae XRD uda llifsudunsinasgiumunsatusuldhasidunsied 18y

EY o ¥
TUABUFANIOIUAD Zn,P,0, BE 13Uy

d (Y]
5.3 agﬂwamﬁmﬂsﬁwqﬁnﬁium's@ﬂmu (Analysis of adsorption behavior)

=2 a as é‘ a a S -]
ﬁ]'lﬂﬂ'l?ﬂ'ﬂﬂ1ﬂ'liﬂﬂ“]]’ﬂ‘ﬂﬂQLNﬂﬂUUQUHWNN?ﬂJﬂQ“ﬁﬁﬂﬂlWTiwﬂﬁW‘Iﬂu‘l«!W‘U'J'I!.lIHﬂ']'i
- 1
ﬂﬂ“lf“]JLL‘]J‘lJ‘D"HLaU'J ﬂTgﬂUﬁgﬂTSQQWHTﬂULﬂﬂEIWI']ﬂ'U 37.76% ﬂ']ﬂ?'lﬂﬁ'lﬁ'liﬂcluﬂWiﬂﬂ"ﬁUIﬂﬂ

MALINY 0.5143 mg/g AW1500FUIWMIYATUAINAUNT 1o Tmmeuveanjudand lafe

0.5322

a o s dy YA
q  =0.373766(C.""") uazeTurunisgaduaiuaunis le Tamenveuauiios 1dde
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~0.6096C,
7= 17 0.5815C,

2 1 da o =B
MAUNIADWVY WU R® vadle TmmonuuuWguaansuazunuiauiioiing 0.9599 uay

at

¢
a 1w a A [ o
I,L's’lgfl]'lﬂﬂﬂﬂTi?Lﬂ's"lgﬁ‘ﬂ'lﬁ'lJlji:ﬁﬂﬁﬁﬂﬂuwu‘ﬁ (Rz) ﬂjﬂﬂﬁ'llﬂ’]ﬁ'ulﬂif“lf

-
0.9233 MRy uaaaneded leTamonldiunemsgadumiauug1aa uale Tameu

e Y o & ] a ¢
ﬂﬂﬂﬂjuﬂﬁﬂ‘h’ﬁﬂﬂﬂﬁﬂﬂﬂﬂﬁﬁﬂ'li‘l’lﬂﬁﬂ\iulﬂﬂﬂ’]'l‘lﬂTWLTI'E]?J“]JENLLE.NLZJEJS

5.4 UolAHOUUY

]
=

Y da 1 4 w a o ﬂf
1 Anmsdaunsizdaen i lsnoamladre3saeeivenfFouieunai ldfuanuiseil
= g) 9 1 d'l A a [ o =
2. AnpesasAuLaziaIlomAd U NIAY LaYAT AU NHAIVRITIA 1N TS
Woalan 18
= w Aa 1 @ a a A @ 1 J a a J
3. Anvdadsiinanemsgad U@y e navealaten 199 Aan 1AV ITIA
InTsveavla
A o I = Lo = A 9
4. mandiildTumshmmeasuilumsszmeligninansou Tanrsaaugailenasih
asyn (Mask) NNAT
5. finmnnuansa lunmsgadu Tangminveadan InTsvemla
as da { 1 1
6. finuimsdunsizridad nIsveamlaTaohi hidesrunszurumsamn Tasaiugu

annzmsnaaoliinuzan Aefiguvgiimny 0 esswaoa uaz pH 1szana 5-14
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NaOH : +
Zn(NO,), 6H,O+H,PO, ZnHPO,.xH,0 + (6-x)H,0 +2NO o+ 2ZH

pH9.0,<5°C

AZNHPQxH0 — " ZnP,0.+( 1+x)H,0

MIAUIN
v
-mM MU Tuavend11u ZnHPO, xH,0
10 TGA fisuuiaiGuAuiuLIagany

91N 2ZnHPO,xH,0 ——— Zn,P,0, + (1+x)H,0

304.7-2-x98.75

mol

92.5
¥ TuANAYDd ZnHPO,.xH,0 = 162.6439 n¥u/Tua

W78 Tuanaved 2ZnHPO, xH,0 = =325.2878 nsu/Tua

¥ Tuanaved ZnHPO, = 161.35
W Tuanaved xH,0 = 162.6439 -161.35 = 1.2939 n3u/Tua

x=1.2939/18 =0.071 Tua

-u7aluana
Zn(NO,),.6H,0 2974  niw/lua
H,PO, 97.97 n3iu/Tua
ZnHPO,.0.071H,0 162.64 n3u/Tun
Zn,P,0, 3047 n3w/Tua
‘msnmBuassastuiideld
dosms ZnP,0, 30 nf = — 08 _ 00985 Tua
304.7g/mol

1N
2ZnHPO,.0.071H,0 — Zn,P,0,+ 1.071H,0

MINABINS Zn,P,0, 0.0985 Tua 9¢Avall ZnHPO,.0.071H,0 0.1970 Tua
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NaOH
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Zn(NO,),.6H,0 + H,PO, ————_*» ZnHPO,0.071H,0 + 5.929H,0 +2NO’, + 2H’

pH 9.0,<5°C

WINABINTS ZnHPO,.0.071H,0 0.1970 Tua
v2a041% Zn(NO,),.6H,0 uaz H,PO, 6198z 0.1970 Tua

- Zn(NO,),.6H,0 0.1970 Tua = 0.1970 Tua x 279.4 n3u/lua

58.5878 N5V

Il

: H,PO, 0.1970 Tua = 0.1970 Twa x 97.97 n¥u/Tua

= 19.3001 NFY
nsaeaesnldlinududu 85% wiw LALAMUNUUY 1.69 g/mL

H,PO, 85  n3u lumsazaiw 100 n5u
H,PO, 19.3001 05 Tudisazals 22.706 5y
H,PO, 22706 N3y =22.706 N3N /1.69 NTu/Hanans

=13.44 Yanans

-MIM1ovazNanan (Yyield) voadan la lasnureaiva
masmmualsum
19 zn(NO,),.6H,0 58.587 3

a 58.587
ﬂﬂﬁj‘u B,
297.4g/mol

=0.1970 Jua

=

1% arsazae HPO, 13.40 dindans

a o a an v a aa [
ﬂmﬂu 13.40 HADDNT x 1.69 NTU/UAADNT = 22.646 NTY

> 2 22.646 %85 .
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a 19.2491

Aautly 228 _ 1965 Tua

97.97g/mol
uana11 H,Po, Wuasfivuaysina

¥ ]
Wil miinaumguiueded lalasnunemma

10

NaOH " "
Zn(NO,),.6H,0 + H,PO, ———— > ZnHPO,.0.071H,0 + 5.929H,0 +2NO’, + 2H

pH9.0,<5°C

14 Zn(NO,),.6H,0 8z H,PO, pt149a 0.1965 Tua

WwAodld  ZnHPO,.0.071H,0 0.1965 Tua
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31.9588

-MIN3oearHandn (%yield) voaFad InTsWoana

x100 =96.7589 %

winhminamguiuesded L nTsveala

N
2ZnHPO,0.071H,0 —  Zn,P,0,+ 1.071H,0

10.008¢
162..64 g/ mol

1R0eld Zn,P,0,0.0307 Tua Ay 0.0307 Tua x 304.7 A5/ Tua = 9.3748 N§uaw32e3

214 ZnHPO,.0.071H,0 10.008 n¥u w3 oAmily =0.0615 Tua

min zn,P,0, 114334 Ao 9.187 Au
e
y a4 Wminildesa
Sovazmandnuoden Inlsvoamlas = ——— —x100
NNl
9.187
9.3748

x100 =97.9966 %
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% Adsorption = %100
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8
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|
% Adsorption=
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0
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AMSVVIAN 1
V(C,-C.)  0.05(1-0.48) 025974mg/
= = =(. m
c W 0.1001 s
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aums leTmmonvesnquaand: q =K C2
, 1
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)

n
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