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method for producing alternative energy
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Title Synthesis of cobalt zinc pyrophosphate catalyst via a rapid precipitation method

for producing alternative energy
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ABSTRACT

This special project studied the preparation and characteristics of cobalt zinc
pyrophosphate catalyst by the co-precipitation technique. Cobalt chloride (Co(I)CL,*6H,0)
and zinc nitrate (Zn(II)(NO,),*6H,0) were prepared in substrate using a phosphate source of
phosphoric acid (H,PO,). Various molecular ratios of Amalgamate Cobalt pyrophosphate
(Co,P,0,) and Zinc pyrophosphate (Zn,P,0,) were used: 1:0, 0.8:0.2, 0.6:0.4, 0.4:0.6, 0.2:0.8 and
0:1. Thermo Gravimetric Analysis was used to determine the effect of heat on the materials
characteristics, while Fourier Transform Infrared Spectroscopy was used to determine the
fundamental oscillation of the catalysts. X-ray diffraction was used to measure the degree
determine the crystallinity and amorphous scattering. Scanning Electron Microscopy was used to
determine the morphology of the catalysts. The results found, through TGA, that calcination
temperatures from 650°C are most suitable for the synthesis of cobalt zinc pyrophosphate. The
FTIR had 2 vibration bases, HPO42' and H,0, indicated by the standard of using the position of
CoZnP,0, on the XRD peak. SEM results indicated that the Co was high in platelets, while the Zn

was high in spheres.
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2.6.1 FT-IR spectrometer (Fourier Transform Infrared Spectrometer) [16]
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31 2.16 495 NOVUBUATBY FTIR spectrometer [16]

2.6.2 Thermogravimetric Analysis (TGA) [18]
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2.6.3 X-ray Diffractrometer (XRD) [19]
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2.6.4 Scanning Electron Microscope (SEM) [20]

@

Scanning Electron Microscope (SEM) 1ilundasganssmisidnaseunifididsvesly

]
@ &

wiAUIAG a4 TEM (19509 SEM Tfdavevgegatszana 10 i Tumas) mssizondaegis

e}

9
v B o/ 1

i L . e .
ohivzgArunang SEM i lisuiudesfidandrafitivuimnanifniogdaondos TEM 714

o—

] d'. 1 a )

vy o ia g ! o
s1g Wi ldsndannmsfisidnaseundeuiinggriiudiodi) msatenmiildlasns



39

v a g P> o g a 9 w ' A o o & Hn v 2
asavindilanaseufiazvousiniiuAmivesnded19nhnsd1sae Fanmi ldeininsos
4 [~} o an o 5 4 o kY a/
SEM Hagilunmanymzed 3 A asdumies SEM Tagnihnldlumsanudugiuuas
= 1Y £ o Y 1 ' o A a g 4 A 3 ¥
SWAZPUAYINN UL NUAIVDIAINI 19U ANy RUAIIMHBnVDLlBmoIazsad N1l

ar o < 9/
Anvos lanzuay Jag 1y

s o A 9 1 e o a a g & o 9 A a
HUANMININIUUDUANT DI SEM QZﬂﬁxﬂa‘Uﬂ'Jﬂlﬂ‘l'ﬂQﬂ']Luﬂﬂmﬂﬂﬁﬂuqﬁﬂ'lﬁu’lﬂwﬁﬂ

a d A g Y 1 a d A ¥ 1 o a vy
anasowietonlvduszuy Taongqudianasoud lAsnurasnuiinozgnissde

¥ ! a g ' [ 4 o T
a1 Wi mindungudifinasousiuaudsausaniad (condenser lens) o 1¥ngu

a

ad d o ad & o ¥ o ad -] ¥
’E)Lﬁﬂﬂ'i@uﬂﬂ’lll!ﬂ'uﬁ']ﬁlﬁﬂﬂiﬂu '““H*ﬂﬁ]ll1ﬁﬂ‘lJﬁUiﬁﬁ]ﬂ?ﬂﬂlﬂﬁ'mﬂmﬂﬂﬁﬂuiﬂfyﬂ5ﬂlﬁﬂ"lﬂﬂ'lll

v g o a d a

| @ o < o y .
ADINT W1ﬂﬂ'®ﬂﬂ15ﬂ1WﬁMﬂ?1NﬂN‘l¥ﬂ%$ﬂ‘iﬂlﬁﬁ'lﬂmﬂm?'ﬂuu‘llu'lﬂmﬂ HadInUUaN

adg [ a a a & {
dianaseugnlusses IdaTauaudlnd$ng (objective lens) as T uuf¥uauidesnis

q

=2 w o A ny ° a a = =Y
AnEY MdanndBanaseugnnsnasuuiuaueshlfiiadidnasoundogi (secondary

witn  wazuasludygiunia

2
-
2
=
-
3
=
o)
2
)
an
(a)]
=

o=
3
=

&)
fd ]
he
=)
ee

e
]

£ & o
electron) UYUBIAY
=g = o o F I~ o a1 CY ]
srannseinduay gnih lladradunmuuse Insvimide lduazarmsafuiinainein

wihee Insviend 1diae



36

‘l.lﬁ 2.19 SEM of heavy zinc phosphate crystal (500X) [20]
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12. vhs Tavead lalasnuneamauasded laTasuommafisduniedld
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3.4 MIATIFdVIENANEI (Characterization)
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3.4.1 %lﬂ‘i18ﬁﬂ15ﬂ‘§?ﬁ]ﬁﬂﬁwqaﬂ‘§51!1'114?1?131%91—!
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3.4.2 "?uﬂ:n:’ﬁmﬁﬂ‘smﬁamﬂﬂﬁ'ﬂymwugmmmmﬁummms

a

a <y A &£ g Al A g Y a e o - g
ANTIEHAWATDY FT-IR  FuilwaToedonlalunisdnsizvian mﬂumﬁaumu
P 4 a dd ax - & AR A
uageliunig malniiiluiTnsnie Spectroscopy ¥HANTANANYINIIAANAULAIVBIAAS 11
] A:i é a o" 9/ [ - é I at i
GIUANNDVOULTIF TAINTNATIZY IR0 T 1981592 0FUN1gANTUTNNANA 1N UV DILARE
& 1 a ~ A A a = VW 1
Tuana uwazyiazlinmsganiurisnaudursusaiuana1enulngsie Wave number
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4000-1500 vziurretsvennyfenduvesTumna on9INUUEUT YT The fingerprint
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3.4.4 InTzNANHUETUGIMvRIMIsIUsTAUgan A
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=
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Nan1snaastazenUsena

Tumsdunsizd Inuoadded Inlsweaiva  (CoznP,0,) ITauTsmisanaznouedis

¥
=1

o . & 1 9 o
520137 (Rapid precipitation method) FuPudFAwuazsIats luunilldinauenanis
a 9/ @ o da =] = o w 4
naaoeh Idnnmsdunsigd Inueadded InTsvleama saudsnamsfigniiondnusivesms

o

d‘ 1] sy 4 = 1 g s U
ndunsed 18 18un auddmennudoudionissimzimasouudasimiinlasedy

Quay 4
audAaIN19AIWEOU (Thermogravimetric Analysis, TGA) , T1ns9a¥1anaz09AlsenoUUDS
Tuianadwniowmsndamssemedunid  wazeiuriidluussmmeadiossuudunsusa

: ¥ a g A4 a o
(Fourier Transform Infrared Spectroscopy, FT-IR) , IASSa319NANAI0IATDIUATIZHNNT
S
NOUVUSITONT (X-ray Diffractometer, XRD) uagn1snsivaoudagiingdrondes

da o ]
JANIIAUDINANTOULUUADINIIA (Scanning Electron Microscopy, SEM) lagiisuazidun

¥
auaIAUAe 11l

4.1 MSFAATIZH

waldlumsdunsizy lnvean lalasiaunoaa

[

mawseumsdniulaseaniisui
FanlaTasisuromng uazTnvoadaded InTsWemla Faldarsinlifaniaft 43
HIUNIEUINNITANAZNOUBE152A132 (Rapid  precipitation method) Tag1uewn Tudindy
danaafiennquatpi IdTawiisu o Fudusiiamsodadulavoadlalasn
ormlauas3ed lalasoureama Idmingauiige uazmusainndunsie lnueanaed

InTswoanla 18 Taoiunsyuaunsn Ao

NH,,pH=9
Co(INC1*6H,0 + H,PO, ——————> Co(IDHPO,*3H,0 + 2CI + 3H,0+2H"  (4.1)

NH,,pH=9
Zn(NO,),,6H,0+ H,PO, ———————> Zn(I)HPO,*3H,0 + 2NO, + 3H,0+2H ~ (4.2)



! v
M13191 4,115 9uaA0min§euazuee CoHPO, 1A ZnHPO,

<

Precursor Weigh Theory Weigh Actual % Yield
CoHPO, 15 12.537 83.5
ZnHPO, 15 12.78 85.2
Calcination 650
Co(I)HPO,*3H,0 + ZnHPO, 3H,0 > CoZnP,0,+ 7TH,0 (4.3)
y ¥  w ! '
M3 4.20159uaa0minfevazves CoznP,0, HBRIIAIUAY
Co:Zn Weigh before Weigh after % Yield
Calcination Calcination
1:0 10.1254 8.2364 81.3439
0.8:0.2 10,0852 8.9078 88.3255
0.6:0.4 10.0949 8.5821 85.0142
0.4:0.6 10.1034 8.7779 86.8807
0.2:0.8 10.1108 8.5612 84.6738
0:1 10.0527 8.6873 86.4176
M990 4.3M15190aAIM I FUAIIZH Inteaded In TsHoama
Precursor Phosphate source pH Adjustment
Co(II)C, *6H,0 H,PO,
Zn(I1)(NO,),*6H,0 H,PO,

o o/ aw 4 [ @ a1 4 o
AMFVNUIOUIIMIFUATIENAIUATLUINMS Rapid precipitation 11814 Tnvoan

laTasunomma

uazdan lalasmunomauds

hmswn Tasensngula Tasiou




45

a @ P a a3 1 { 1
Womla lawmsavzifansamedmeanuieufigangll 650 °c naedlumsnguiienh

Tang InTsWomvla

4.2 MINITVADVBNANHDLVDIAS

Tasnaaeuauianisnnuioudrumaiin Thermogravimetric  Analysis  (TGA)
arvaeugiuuumsduves Tunanie loooufidluesdsznounslulnssadudaomain
Fourier Transform Infrared Spectroscopy (FT-IR) ATABVLUALINTIEH IaTeasevesans lay
1#inAfin X-ray Diffraction (XRD) wansdvaroudagiuinsuiieguunaoymaiiumaiin

gavhelasldndesganssmiuuudesnsia Scanning Electron Microscopy (SEM)

4.2.1 ﬂ1ﬁﬁﬂ‘}:!1ﬂ1'§ﬂ'ﬁl]ﬂﬁ’]ﬂ]dﬂ?1ﬂ%8uiﬂﬂmﬂﬁﬂ TGA [25]

a =Y J = = =
MsAnuIngAnssununuioudtomainimed lunndiuasnozurlada

]

o g/

(Thermogravimetric Analysis ,TGA) #%® Perkin ;'u Pyris 1 TGA vy ldnsuany
dgsnmmaNuiounarmdountlasTaseadhs Taedayamsnuidenaniegiinn 14

Tumsfimuagaagungllumsimives CoHPO,*3H,0 1ag ZnHPO,+3H,0

=) U

= a3 w : ! oA a A
las  CoHPO,3H,0 IMsgmyderiimined 3 ¥19fie %299 1 1Aafgungiszning

U

De

o %” LY & a . H
150-275 °C Imsgayieriminyszaunadosnz 17 Fufan1s dehydration Y9IANAY B297 2

o

= H = 1 o = ¥ -
angungilszning  275-480 °Cc Iimsgaduihmindszinaiovas 4 Saduwaineinms

r ¥ = | = a o ) 1 o = =) .5: LY
dehydration 9311 lunan 3290 3 ifiaNiguMglaznd1e 480-550 °C Imagadoiivin

& o a
dszinmdosas 2 Fadumisiia Co,p,0,
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754 F
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Temperature ("C)
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9
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94 CoHPO, TiiA3o39In Co(ICL,+ H,PO, WUNUMIPyFeriniiney 3 439 Aoy

o

=

= ci = 1 o, A a ¥ @ v A o

Nl NANYUNYNITHIN 150-275 C Nﬂ]iﬁﬂllﬁUﬂ1ﬂuﬂﬂ35n1m5@ﬂﬂ$ 17 Bt uma
e A A a ' o

1197M13 dehydration YBINNWIU F297 2 iAaTigumgiisendne 275-480 °C s

a3 w - 3 oA
gaudoihmindssunndevas 4 Fuilunairoinms dehydration veahlundn Fae

a o a ' 6. A a3 o 5 g
3 iiANguUNYiisEnI1e 480-550 °C Imsgadeiminidszunadosas 2 Fuilums

U

(fia Co,P,0,

Az ZnHPO,3ILO wWuNImsgdeiminey 3 ¥fe 90 1 algungil

' & e ¥ @ &
JENIN 220-300 C ﬁmﬁt;riymﬂu'I‘H‘L!ﬂ‘ﬂ‘i%ﬂJ"lﬂl%btlﬁ& 7.5 %Qlﬂuwﬂiﬂmﬂﬂﬁ dehydration

= =y 1 = =

& Vo a o H )
VBIANNYH FINN 2 NANYUNHNISHIN 300-450 C 3Jﬂ'|5gﬂ]LﬁUu1ﬂuﬂ‘]J533Jqm%’aﬂﬁz +.5

o

=

& g ¥ 1 4 a { 1 o . =
FUUUNANIDIANST dehydration¥0911 1UKAN 29 1 3 Aahgamyiisenne 450-550 °C T3

a

g o % < -
gudnihmindsznaiovas 4 Fuilumsifia zn,p,0,



47

INAITNABDINUN
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3N 42nsmluaasmsamedannnuienlunsifnlfisouazmsnlfoulaslnsad

{ ¥ ] T 1]
Y93 ZnHPO, NW381310 Zn(NO.),+ H.PO, WM gauderimiined 3 429 A4
4 372 3 4 o

o

) s

: a A = 1 o a A g
1 1 iAafgamgiisznang 220-300 °C Imsgapderhmindszunadovay 7.55uiluna

o

& ' { a A a ' o =
U11AM3 dehydration YBIAIWAY 5297 2 (Aaigungiisening 300-450 °C U3

0¥

= o A . H 2
gfylﬁUuTWuﬂﬂigﬂJ1m%’ﬂUag %) WQLﬂuWﬁNTﬂWﬂﬂﬂli dehydration ﬂ@ﬂu’ﬂuwﬂﬂ BN
i

W

a A = 1 o = ) ¥ o 9/ & g
NANYUNYUITENIN 450-550 C nmsqagmuumuﬂﬂszmmsevaz 4 U3

1 Zn,P,0,

o

4.2.2 Namimmaamané’nyﬂiﬁugmmmmﬁffummmﬁ (FT-IR)

MINMIATIITEUIENENYEI AL NIeIMSdU (FT-R) daumbes FT-IR B0
Thermo Scientific 74 NICOLET 6700 %1 1#ns1usanisiiufinaianlansivns FT-IR uanang
g1 4.3-4.5 dMFUMS Co,P,0, 7118110 CoHPO,3H,0 uazdm$ums zn,p,0, 711411970
ZnHPO,3H,0 Wamsifufinsialnasuues FI-IR vesesn 2 ¢ TusasidouTaslua
safudade il Cozn 1:0.0.8:02 . 0.6:04 . 04:0.6 , 0.2:08 nag 0:1 ey Tasfins

Tuungduuunsau e msdssinnnqulelasmuremwalanse Tavdsznoudaoniioe
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' & ’ H < 4
gouupInsdu 2 wuw fe HPO,”  uew lesouuaz Tuanavesi (1,0) degruumsdu
.&’ - o < d‘ o '
WugIMURs HPO,” vzudauenanyalimsauiidumie 350-580 , 700-900 , 860-915 , 940~
5 & o &
1010 , 1040-1170 , 1210-1400 , 2600-3250 em”  @uiumsdwunzduvvvesmsduves
5(031’0) ,Y(POH) , V [PO(H)], V(PO,), V _(PO,) , O(POH) tag V (OH) mudny Tagnmsdu
& 3 & : &
#ugIMveeIvie V (OH) azuaasn1sdulusie 1600-1700 , 3100-3146 , 3200-3400 cm ' &9
] o & ] & A
Wumsswungluuumsduvesmsdunoulfee (V) , msduuuvianauuuauuasg (v,)

HAENMITULLLTAMALL DAL (V,)

o el QIJ - é ﬁ{l
dmiugduvumsduvesans lnlsWema [P0, Fevzuaaszluuumsauues
P-O stretching  N15107 10593 960-1150 em”  9z152n0UAWTIMIAUN 900-1000 |

1000-1100 4ag 1100-1200 cm”  Taoiflugramsduues V.. (POP),V_ (PO)uag v, (PO,

svm asym

MNEINY

1400
110(
600

=) §

4000 3500 3000 2500 2000 1500 1

£
g

Wavenumbers

31U 4.3 vinmwiduns vl FT-IR ¥0 ZnHPO, 1Az CoznP,0, TavymsifSenifivy Co:zn #
sasidulaglya 1:0 Tauns Wl FT-IR 499 CoHPO,91nN3 10 s HUANAVD

6 4 4 oA 4 4 . ~
(OPO,) AUHNY531% 600 cm” WAVDY V (PO, AuAUszuin 1100 em”  #inveq

I % P X 4 2 )
V (POH) AN152u710! 1400 cm” uazAUDe ¥ (OH) YufNUseuia 3200 em”  d2u
. 5 2
N5 FT-IR 499 CoZnP,0, NBATIAIM  Co:Zn  1:0  vgwufinues O(PO,) Yuf
oA 3 4 A X 4
U5z 560 cm™ WAvES V (POP) WuiiUsznm 960 cmfinvoae v (PO, Tuh

. ~ 2 4 2
ﬂizlﬂ‘m 1050 cm l Uag waves v (PO3) ‘U‘lmﬂ'ixmm 1200 cm :
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o
CoznP,0, Co:Zn &
1.0
e}
=
o Q
) § 3 ¢ g
———T—r——r—— T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers

U 4.4 v Tuns v FT-IR v09 ZnHPO, Uz CoznP,0, TavyhmsifFouiien Co:zn #
ganiaulaslua 01 Tawns Wl FT-IR 493 ZnHPO,91nn T 10 9E WUAAYDS

A 4 oA & 4 :
O(0PO,) Fufitlszana 600 cm” finves v (PO, Yuiisewia 1100em’  Hnvoq

3 = E: =1 .5 - g 1
V(POH) yufNUszunm 1400 em” wagfinues V (OH) ¥uNUseuna 3200 em” @9y

{ o ) a A 4

A3 FT-IR 409 CoZnP,0, N8051894  Co:Zn  0:1  9zWuAAv03 O(PO,) Yuf
oA & A A 2 4

Usgum 600 cm” WAVDY V (POP) uiszanm 970 emWnu 09 vV (PO,) Yuf

- = 2 A -
Usgum 1100 em” 1oy WAV V (PO,) Audilseunm 1220 em™
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Transmittance (%T)

4000 3000 2000 1000
Wavenumber (cm’)

ar 1

U 4.5 1nmmiiluns il FT-IR 499 CoznP,0, Tasvhmsusouiiioy Co:zn N8hsam

é

1 1 [ 1 o A 3 ﬂi -1 A
Tag Tuaree Taewumnensidamiifinues O(PO,) ¥ufszuni 550 cm” fin
& ; X g :
Y94 V (POP) Yuilszunnt 950 cm” WAv0S V (PO,) IuNlszam 1050 cm”

z 4 ;
wagaved v (PO,) Yuiiszanal 1200 em”

a d o =2 s 9/ a = v A g Jd
4.2.3 MIAATCHANHUZHANUAZDT UG IHAWNAHAN TIALAUVUITIAONY (XRD)

[ )

3 I
mAANSIAYNVUTIFBDAG (X-ray diffraction technique) [Hmaiiafiordendnms

1 1
o ~

{ a o g o g o 4 ] =
PuavuazmInIztessiondmoluileoTaqnsosiion197e inTeadadnmissanunsn

o 4

¥ (X-ray diffraction:XRD) %10 Bruker AXS 'g'u D8 Advance (doihaishdaunsizviun

'
= o

=) o k) = [ . . == 1
AATIEN IATea oo x-ray  diffraction WATFIUNYNTRAYIINg NN

[

Y @ oo 9 i o o " { =t
IndiRvadunudumidsvesnsuinsgiu Cozar,0, lWBud I8 hasiidunsizd 189

aufAmioununy CoznP,0,



CoZnP207 Co:Zn
1:0

PDF#34-1378

2-Theta

51

| A w 1 < ' {
jUfi4.6 9100 mTluns 1 XRD 409 CoznP,0, HasaIU 1:0 21ANMDIFUT CoZnP,0, 7

Yt = @ A

’ 4
1dunT IR 1aNRART I URANINTTIU( Peak reference) PDF 34-1378 arailunig

o r

- LY 1 aan n:l s g1 YA
vutunausalgnsnndunsizi ldfs Co,P,0,
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CozZnP,O, Co:Zn
01

| PDF#89-7020

gy L U . |l' II'ILI”“ Bihanosariss .,,1,L,, h

10 20 30 40 50 60 70 80

2-Theta

4 ! o T (=1 1 =
3UN4.7 mnmmiilunsil XRD v89 CoznP,0, N8AsdIu 0:1 11An5 MR CoZnP,0, 7

Qs o/ = é =]
11FunsEH IANAAATINUAANINTFIU( Peak reference) PDF 89-7020 &aiiluns

@ @ 1

' ana A o o
gudundusalgisendansizd lene Zn,P,0,
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[0.2:0.8]
R W

[0.4:0.6]

[06:04] A l
[0.8:0.2] I

PDF#87-0481

0 20 30 40 50 60 70 80
2 Theta (degree)

348 vinamiiluns vl XRD ve4 CoznP,0, RS 1d 1 Ao Tun 0.2:0.8 , 0.4:0.6 , 0.6:0.4

Ha 0.8:0.2 f5eURsuAUNI W XRD 8Im3§14 PDF 87-0481 agwuinaiia lndifeany

K o o 1w = { o
yautumstudulandusalfitoiidunieiiiu coznp,0,

[0:1
.”JI‘I“.]!.JL : I
[0.2:0.8] | I

ol i

[0.4:06)

[06:04] ‘

[0.8:0.2] !

Db o
[1:00

0 20 30 40 50 60 70 80
2 Theta (degree)

Intensity (a.u.)

3149 nmmduns vl XRD ve9 CoznP,0, N8nsdauTasTua 0:1,0.2:0.8,0.4:0.6,

0.6:0.4,0.8:0.2 ung 1:0



¥ o 4 o v =Y = o 9 o ' -
diovhwan laus ey imes oz lanadannitede 1

. o 1 - o) 4 o 1 1
ﬂ']‘iNﬁ 4.4 MINIMINUIUNUAANTWITINADTVDI CoZnP,O, 1uﬂm1mu¢mﬁ]

Co:Zn Systems a b c B
(nm) (nm) (nm) (deg.)
PDF#34-1378 1.3240 | 0.8345 | 0.9004 | 104.6000
1:0 This work 1.3344 | 0.8342 | 0.9038 | 104.2495
DIF This work-PDF | 0.0104 | 0.0003 | 0.0034 | 0.3505
PDF#87-0481 0.6981 | 0.8334 | 0.8924 | 112.3200
0.8:0.2 This work 0.7489 | 0.8437 | 0.9345 | 113.6096
DIF This work-PDF | 0.0508 | 0.0103 | 0.0421 | 1.2896
PDF#87-0481 0.6981 | 0.8334 | 0.8924 | 112.3200
0.6:0.4 This work 0.7449 | 0.7991 | 0.8930 | 110.5762
DIF This work-PDF | 0.0468 | 0.0343 | 0.0006 | 1.7438
PDF#87-0481 0.6981 | 0.8334 | 0.8924 | 112.3200
0.4:0.6 This work 0.6816 | 0.8257 | 0.8746 | 111.6081
DIF This work-PDF | 0.0165 | 0.0077 | 0.0178 | 0.7119
PDF#87-0481 0.6981 | 0.8334 | 0.8924 | 112.3200
0.2:0.8 This work 0.6931 | 0.8282 | 0.8856 | 111.9450
DIF This work-PDF | 0.0050 | 0.0052 | 0.0068 | 0.3750
PDF#89-7020 0.4950 | 1.3330 | 1.6482
0:1 This work 0.4909 | 1.3250 | 1.6418 -
DIF This work-PDF | 0.0041 | 0.0080 | 0.0064

a d s
4.2.4 MIUATIBHENYULTHGIHVIAN T IUIZAUYRNIA (SEM)
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ihmshesou lduhnmsasnaeunmsdugiuine Taeldndesganssmisianaseu

HUUT0INTIA (SEM) 810 LEO ju 1455VP Taevhinisastedeudnumzueunsy wud ldwa
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10pm ScanSpead =8 EHT = 500KV  SignslA = SE1 Dats :4 Jan 2014 ScanSpesd =8 EHT » 500KV Signal A= SEY Date :4 Jan 2014
WD= 9mm Meg® 100KX  Time 152844 i WD= 9mm Msg= GO0KX  Time 153064
T i BT

— A\ 2

(a) (b)

JUN 4.10 N INE1w SEM ¥83 CoZnP,0, Tusns 189U Co:Zn 1:0

o

(2)NNBIVE 1000 11 (B)NFAIUEY 5000 111

Scon Speed = 8 EHT = 600KV Signal A = SE1 Dete :4 Jan 2014
Wi

ScenSpeed=8 EHT= 500KV Signal A= SE1 Oute 4 Jan 2014
D= 9mm Mig= 100KX  Time 164811 WO

Mag= S00KX  Tima 155114

(a) (b)

JU 411 W10 SEM 499 CoznP,0, Tusa31d9U Co:Zn 0.8:0.2

o/

(2)NABILY 1000 1111 (b)NFIAIUI 5000 (917
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W : i
Scan Spead = & EHT = 5,00 kV Signel A= SE1 Date 4 Jan 2014 Scan Spaed =8 EHT = 500k Signal A= SE1 Dsts :4 Jan 2014
Wos= @mm Mag= 1.00KX Time 155042 WO= fmm Mag= J.00KX Time 180529

(a) (b)

310 412 2 mae SEM 493 CoZnP,0, lusns1dau Co:Zn 0.6:0.4

°_w 0w

(2)NMAIVL78 1000 1911 (b)NAMAIVEE 3000 11

Dete 4 Jan 2014
KX Time 16:18:02

Scan Speed = 8 EHT = 5.00 4V Signal A = SE1 Date 4 Jan 2014
WO= 9mm Mag= 100KX  Time 161128

(a) (b)

JUN 413 7IME16 SEM 483 CoZnP,0, T18R5189U Co:Zn 0.4:0.6

()NMALI8 1000 191 (B)NAIEIVLIY 5000 1917
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ScanSperg =8 EHT= 500KV SignalA=SEl  Date:§ Jan 2014 Scan Spesd = 8 F.H‘I' 600k  SignalA=SEf  Date:5Jan2014
WO= 8mm  Mag= 1LOOKX  Time 12:60:00 » WD= §mm Megs S00KX  Time 19:0600
7 . v ; e

(2) (b)

g 414 nnene SEM Y93 CoZnP,0, Tudns 189U Co:Zn 0.2:0.8

(2)NAAIE0 1000 1911 (b)NAAIVEI 5000 111

Scan Gpeed = § EHT = 6500 kV Signal A = SE1 Date 5 Jan 2014
WD= 8mm Mag= 100KX Time 1132236
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5.1 agilwamsfuns1Lsi (Synthesis results)

1INM5FUATIEH  CoZnP,0, snasseduiirsiu TaolumdevesTnueadan
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5.2 agUnamsnsieaeuendnusivesmsAIMATIARIGY (Characteristic

materials and Identification method)
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19383 Co(IDHPO,*3H,0
Co(II)CL+6H,0 + H,O,—~> Co(I)HPO,*3H,0 + 3H,0 + 2CI +2H

AIIUIINa Co(INCL*6H,0 ludmsiau 1:1

1{ad8an15 Co(INHPO4+3H,0 131101 45 g.

g Co(INCI2e6H20 g Co(I[)HPO4+3H20
Mw Co(I1)Cl2s6H20 = Mw Co(I)HPO4e3H20

1N

g Co(I)CI2+ 6H20  45g
237.93 g/mol 207 g/mol

45g

Cl2 e o
g Co(INCIZ » 6H20 = zmry

X 237.93 g/mol

g Co(I)CI2 « 6H20 = 51.72 g
AuIMMLFINemes Co(INCL+6H,0 :H,PO, ludnsau 1:1

g Co(ICI2 « 6H20 g H3PO4
Mw Co(II)CI2 « 6H20 = Mw H3P04

51.72g  gH3P04
237.93 g/mol ~ 97 g/mol

g H3P04 = 21.08¢g
H,PO, g —> mol

21.08¢g

mol H,PO, = W

mol H;PO, = 0.2173 mol



w3 H,PO, 85% wiw AURUIMIY 1.69 g/ml
%11 mol ¥84 H,PO, 85% w/w
100 g § H,PO, 8Y 85 g

gH3PO4 __ 85g
ﬂ o
Mw H3P04 97 g/mol

|

mol H;PO, = 0.876 mol
AMUHUNINY 1.69 g/ml

1.69g = 1ml

100g =2 59.17 ml

LEA99 H,PO, 0.8760 mol 1 H,PO, 8¢ 59.17 ml

1 H,PO, 0.2173 mol i H,PO, 8¢ 14.6777 ml

Tumsisisen Co(INHPO,+3H,0 vdvald Co(IN)CL,*6H,0 51.2 A5Y LAY

H,PO, 14.68 aanns
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91384 Zn(I)HPO +3H,0

Zn(ID(NO,),*6H,0 + H,PO,~> Zn(IDHPO,*3H,0 + 3H,0 + 2 NO, + 2H"

AMIam3ne Zn(an(No,),+6H,0 Tudasiaiu 1:1

11oR0IN15 Zn(IDHPO4+3H,0 U3ue 45 g.

g Zn(11)(NO3)2¢6H20 g Zn(11)HP04+3H20

f s
Mw Zn(II)(N0O3)2¢6H20  Mw Zn(I))HPO4e3H20

gZn(IN(NO3)2+6H20  45g
297.48 g /mol ~ 214.39g/mol

45¢g

g Zn(ID(NO3)2 » 6H20 = 57—t

X 297.48 g/mol

g Zn(I1)(NO3)2 « 6H20 = 62.4404 g
AumUTinawes Zn(NNO,),«6H,0 :H,PO, ludnsiaiu 1:1

g Zn(IN(NO3)2 « 6H20 g H3PO4
Mw Zn(11)(NO3)2 « 6H20 = Mw H3P04

62.4404 g _ gH3PO4
297.48 g/mol ~ 97 g/mol

g H3P04 = 20.3601 g
H,PO, g > mol

203601 g
mol H,PO, = ————

mol H,PO, = 0.2099 mol
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W31 H,PO, 85% w/w AINHRUIMUY 1.69 g/ml

11 mol Y24 H,PO, 85% w/w

100 g § H,PO, 8Y 85 g
gH3P0O4 __ 85¢g
ﬂ e
Mw H3PO4 97 g/mol

01

mol H,PO, = 0.876 mol
ANUNUIMUY 1.69 g/ml
1.69g = 1ml

100g =2 59.17 ml

UAAIN H,PO, 0.8760 mol 3 H,PO, Y 59.17 ml

&1 H,PO, 0.2099 mol i H,PO, 8¢ 14.1778 ml

TumaeSeu Co(IDHPO,*3H,0 azdesld Co(I)CL,*6H,0 62.4404 NTU Ling

H,PO, 14.1778 {ladans
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HAAIIBNITMHINHIOATIAIUIZHIG Co:Zn
Co:Zn 0.8:0.2

H1INSVUDI Co 0.8 mol

g CoHPO,3.78H,0 = 374 g CoHPO, 3.78H,0 x 1 mol CoHPE; 3780 x 0.8 mok€s

I mol C ~F78H0 x 1. metTo
= 299.2 ¥

H1INSVUDI Zn 0.2 mol

g ZnHPO,1.72H,0 = 351 g ZnHPO, 1.72H,0 x ~T72H,0 x 0.2 mok-Zm

1 + 1.72H,0 1lmetZn

=70.2 N3
MINTIWIUNTUYDY CoHPO,3.78H,0 : ZnHPO, 1.72H,0
299.2:702 = 08:02
WATINTIMIUNTUVDY CoHPO,3.78H,0 : ZnHPO, 1.72H,0 19 369.4 N3u I Co299.2 N3N

SiiHasmsuINNTUYDY CoHPO,3.78H,0 : ZnHPO, 1.72H,0 10n5U  9%3 Co 8.0996 nTu

11l® 10 NFUUDY CoHPO,:3.78H,0 : ZnHPO, 1.72H,0 i Co 117U 8.0996 nu

44 923 Zn 910U 1.9004 AT
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Co:Zn 0.6:04

NINTUU9 Co 0.4 mol
g CoHPO,3.78H,0 = 374 g CoHPO,3.78H,0 x 1 73 8,0 x 0.4 molCo
1 mol CoHPE73T8I,0 1 mol€o

=224.4 N3
NINTUVDI Zn 0.2 mol
g ZnHPO,1.72H,0 = 351 g ZnHPO, 1.72H,0 x 1 mol ZaHPO;T-7ZH,0 x 0.6.metZn
1 mol Z A0 1 metZn
= 140.4 N5Y

9INIIUIUATUUBY CoHPO, 3.78H,0 : ZnHPO, 1.72H,0
224.4:1404 = 0.6:0.4

HATINTIUIUNTUUBS CoHPO, 3.78H,0 : ZnHPO, 1.72H,0 0 364.8 nul  Co224.4 ASu

MiiwasmTIIUNTUVDI CoHPO,3.78H,0 : ZnHPO, 1.72H,0 10 13y 98 Co 6.1513 nu

1319 10 NFUYDI CoHPO, 3.78H,0 : ZnHPO,1.72H,0 ¥ Co $143M 6.1513 A3y

v ¥

91U 921 Zn U 3.8487 NSW
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Co:Zn 0.4:0.6

MINFUYBY Co 0.4 mol
g CoHPO,3.78H,0 = 374 g CoHPO,3.78H,0 x 1 mol CoHPE;3-78H,0 x 0.4 mo-eo
1 mol CoHPO;3T8,0 | met€s

=149.6 AT

H¥INSUUDI Zn 0.2 mol

gZnHPO,/1.72H,0 = 351 g ZnHPO,1.72H,0 x 1 mol ZoHPE;T-7ZH,0 x 0.6_met+Zh

1 mol ZnHPO+7ZH,0 1 molZs

=210.6 N
91NTIMIUNTUYBY CoHPO,3.78H,0 : ZnHPO, 1.72H,0
149.6 :210.6 = 0.4:0.6

WATINTIUIUATUUDY CoHPO, 3.78H,0 : ZnHPO, 1.72H,0 A0 360.2 ASM i Co 149.6 TN

Siina3 T IuniuYes CoHPO,3.78H,0 : ZnHPO, 1.72H,0 10051 93 Co 4.1532 n3y

1§18 10 A5UYDY CoHPO, 3.78H,0 : ZnHPO,1.72H,0 i Co $143M 4.1532 n§u

¥
- = o

U 924 Zn 11U 5.8468 N5U
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Co:Zn 0.2:0.8

NINTUUDI Co 0.2 mol
g CoHPO,3.78H,0 = 374 g CoHPO,3.78H,0 x IMX 0.2 mol€o

1 mol CoHPO3-78H;0 1m0t To

=74.8 ASU

WINTUYD Zn 0.8 mol
g ZnHPO,1.72H,0 = 351 g ZnHPO,1.72H,0 x +1.72H,0 x 0.8 metZni

1 mol ZnHPOTTTZH,0 | metZh

=280.8 ATV

91N91UIUNTUVDY CoHPO,'3.78H,0 : ZnHPO, 1.72H,0
74.8:2808 = 0.2:0.8
HATINTIUIUATUYDY CoHPO,3.78H,0 : ZnHPO, 1.72H,0 710 355.6 N3N & Co 74.8 A5

driiwasudimauniuues CoHPO,3.78H,0 : ZnHPO,1.72H,0 10 3y 92 Co 2.1035 n5u

110 10 NSUYBI CoHPO,'3.78H,0 : ZnHPO,1.72H,0 3} Co $1171 2.1035 AN

kg
AU 92T Zn 914U 7.8965 NSV
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wansdEmsmamFinani

CoHPO,

2CoHPO,YH,O ——® (oP,0,+YHO+ %02 +2H

w7n Tuanaved Co Ao 58 uagnialuanaves HPO, Ao 30

2(153) x Y(18)

306 x Y(18) e BB

8199991037

Banahiinellnn 100 — 82 waeshlusshiimelie 1s

CoP,0, wwlnn 77— 100 wuSunafimiengie 77)

. __ 288x100
Y3uai Co,P,0, 288 9zld1 = S 374

u ¥ o y
MU 2 CoHPO, YH,0 vziifiuanh
374 — 306 = 68

- 68
Wy agifSunaves H,0 Tg= 378 Tua

W weldSuuves H,0 fAe 3.78 Tua
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ZnHPO,
1 +
2ZnHPO,YH,0 ——>  ZnP,0, +YH,0+ 502 +2H
¥ Tuanaves Zn Av 65 uazuIa lumnaves HPO, Ad 30
2(160) x Y(18)
320 x Y(18) — 302
Yy a
97199991051
? 4 ' ¥ 4
USwanhimeldnn 98— 85 wansinSuaifmellds 13

Zn,P,0, mwhln 86— 100 WuSiafimioedie s6)

. 302x100
Ysuim zn,P,0, 302021801 = = 251

-
v

W 2ZnHPO, YH,0 veifSuisni

351-320=131

e 31
Wi infinmves 1,0 5= 172 Tua

Wy wltiunaves L0 fe 1.72 Tua



