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Abstracts

This special project studied on preparation and chracterization-of Chromium Zinc
Pyrophosphate catalysts for synthesized dimethyl ether obtained from co-precipitation method.
CrHPO,-0.75H,0 and ZnHPO,-0.75H,0 were fitstly synthesized from Ct(NO,), Zn(NO,), and
Phosphate source (85% w/w_ H,PO,). Syntheses were mixed by-varying their ratio
(CrHPO,:ZnHPOy) is (01 10) , (2.: 8) ; (41 6), (6:4), (4 £6),( 12+ 8), (10:.0). The most
appropriate temperature for calcination was studied prior to calcine by TGA. The resultindicated
that the most appropriate temperature for calcination-was over 750 °°C. FT-IR; SEM, XRD were
used to characterize products which were. calcined at described temperature. 'Lhe results obtained
from FT-IR indicated that the preducts had 2 vibrating bands from PZO:' and H,0. The
morphological results obtained fromSEM indicated.that-the products which had higher chromium
content shown rod structure, on the other hand, the products which had higher zinc content shown
plate structure. The results obtained from XRD indicated that Cr and Zn affected cystallinity,

thus, the crystalinity of CrZnP,0, depended on the ratio of Cr and Zn in the molecule.
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2.7.2 Fourier Transform InfraRed Spectrometer (FT-IR)
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g‘ﬂﬁ 2.9 UHUAIEAITIUY 52N YD Fourier Tranform Infrared Spectrometer [10]
2.7.3 X-Ray Diffraction (XRD)[11]
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317 2.10 Bragg 's Law [11]
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2.7.4 Scanning Electron Microscope (SEM) [12]
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Tuns aumsng Tnsiondas InTsloa @ $41% CrN0,) 6H0 , Za®OY.6H,0 1Ty
arsmaduaz 1% ,po; Hhiumds el MiSmsanaz ey 1 (Co-precipitation method) Tne
e isazarouon Tudte 30% i udansanonauguat s Iadeui i s Suflimfiasamnse
weniluTnsiiowla Tasimudeailniazdad | Tasnureamlaldinuzaufigauasawisarhn
fansied Tnndoudad In Tsdomwa IR Tashansieaeerdumiiidrunszuunsuna land
falfnsen

30% NH,, pH=8
Cr(1) (NO,),9H,0 (s) +H,PO, ——> Cr(IDHPO,0.75 H,0 (s) + 2NO, +2H +8.25H,0 (4.1)
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30% NH,, pH=8
Zn(ID(NO,),6H,0 (s) + H,PO,—> Zn(IDHPO,  0.75 H,0 (s) + 2NO, +2H" +5.25H,0 (4.2)

Calcination 750°C
Zn(II)HPO4' 0.5 H,0 (s) + Cr(II)HPO4'O.75 H,0 (s) ————> CrZnP,0O, (s) + 2.5H,0 (4.3)

M15137 4.1 MFIUEAAIMSTAATIZH IATTeuFan Ins IsHoaia

ARTRGAT nvaenoave U5v pH Tnold
Cr(11) (NO,),:9H,0 H,PO, 30% NH,
Zn(ID(NQ),6H,0

M3191 4.2 M5 1uaaSaiasSevasnandn (% yield) voa lnTiioudn u Iswoamaildnn

n13 ﬁﬂlﬂi]xﬁﬁhuﬂﬁ%ﬂﬂuﬂﬁﬂ NAYNBUTI

£
Hey =) Wminuay dibe
A Y X UINH AN F0IHT nnas
HannNw N " 2! » Yoyield
(N3) o (n3w)
(n5u)

Cr,P,0, 63.5357 69.8365 6.3008 78.76

CrZnP,0,
de 3 52.4737 58.8129 6.3392 79.24
1995189 Cr:Znii)u 2:8

CrZnP,0,
s .3 3 70.5916 77.1796 6.5880 82.35
NOA518IU Cr:Znidlu 4:6

Canon7
5. B 45.4106 52.1562 6.7456 84.32
NOATIAIU Cr:Znitu 6:4

CrZnP,0,
do 5 51.2196 58.6324 7.4128 92.66
NOATIAIU Cr:Znil)u 8:2

Zn,P,0, 62.3091 69.5235 7.2144 90.18
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¥
dmSuandsvihmsdunnzisunszuimumsanagznousa e 18 Tasidon laTasau
WemidauasFanlalasnureamaudniwmna 'l TasmsnguleTasnuneamalanse
a @ { a 3| ' i v
wiinmsamedmanuieuiigungil 750° °C naedlunguansiiiondt TangInTsweala

MNMINT 4.2 WU CrZnP,0, 18n51a89U Cr:zn 1ilu 8:2 18 %yield wnfigafio 92.66%

1oz Cr,P,0, 18 %yield iosngade 78.76%

(Y d
4.2 HaNITINTIVTOVIDNANHUUDIA1S (Characteristic materials and Identification

method)

TaonareauiAn9ANNIOUA UM ANIA Thermogravimetric Analysis, (TGA) #379d0
suuumsduvosTuaganiolosoudiduesdissnes I Insiafiadaemaiin Fourier Transform
Infrared ~ Spectroscopy, | (FT-IR) A313a0uMaz s e i Ias g 10 amsdr0mniln . Xray
Diffractometer, (XRD)" #a%a313d0 UdaigiHinginsendodganssmiiannsouliuudensia

(Scanning ElectronMicroscopy, SEM)
4.2.1 MIADY TN TAEMMIIANHI UM IUNNIIN TGA

a 9) 9/ A a o A 2 w
ﬂ‘liﬁﬂﬂbnwQﬂﬂi'j”ﬂ13ﬂ31ﬂﬁﬂuﬂ?mﬂﬁﬂﬂ'ﬂ!ﬂﬁ1$ﬂﬂ15lﬂaﬂullﬂﬁﬁu’]ﬁuﬂ"dﬂQﬁTjIﬂﬂ

'fEJ‘IF"]f'UﬂmmJ‘UWaVINﬂﬂN%)ﬂu (Thermogravimetric Analysis, TGA éu Pyris 1 TGA #¥® Perkin )
3 Y =3 d y 3 - o °
ﬂt‘ﬂﬂ'ﬂ'ﬂ\ﬂ]@ﬂﬂ\?ﬂ’]’}lllﬁﬂU‘SﬂTW"VINT’IfJ'IiJ‘iE]H Tﬂﬂﬁlﬂgﬂﬂ?ﬂﬂ’]iﬁﬂyﬂ‘ﬂﬂﬁIﬂllﬂiuﬂﬁu’lilﬂ‘lﬂu

MsMMUAQunQI TUMTINYES Zn(IDHPO, 0.75 H,0 1oy Cr(IDHPO,0.75 H,0 #iins

]
a A

g Q ! Y 1 ~ A) z
l fJ‘H'IE]Q 3 ¥24fe ‘H'N‘Vl 1 INANYUHYNITEHIN 50-90° °C “Ti'\‘lu1%3tﬂ¢]ﬂ1‘iﬂ1ﬂﬂ’31ﬂ‘h’uﬂﬂ\1u1

a

-

. 1 - a ] v ] a g
Tunan (Desorption) %34 2mﬂﬁqmﬁgm:mw 90-200 °°C #4119 uNaNIINAITAINT

(Dehydration) Y94 Zn(IDHPO,: 0.75 H,0 t1azCr(IDHPO,0.75 H,0 ¥4 3 Aafigaingiiszning
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200-750 °C FaiwzPunaninnisiiia Cr,p,0, taznsiAa Zn,p,0,910UFAT017 4.4-4.5 uas

paananaagiUi 4.12-4.13

2Cr(IDHPO,0.75 H,0 —————>  Cr,P,0, + 1.75H,0 (4.4)
2Zn(IDHPO, 0.75H,0 ————>  Zn,P,0,+1.75 H,0 (4.5)

w T DTG

g N eecees oo
100 4~ e

95

% weight loss

90

T
5
Derivative Weight %a (%/m)

——T

85

D o BN D VLIRS T RN T LY T Ay
100 200 300 400 500 600 700 800 900

Temperatire ('C)

JUi 4.12 nsluamamsamesananuioulumsfaesmnldasunlas Tassadhives
el ZnHPO, M3 dan (Za(NO,), 1 11,P0,)
a a o a SR =l 3 o A =
107U A2 Gapsnam s UnTIEHmeT lMunsunu NS gadoiminiigungil 40-90

=

a  d % ‘A‘ 3 . - a
°C Aaitluovaz 0677 Funamsnenusiye uh updnuazigumafi 90-200°°C fimsgaids

o

o

dminAadudevay 7.084 Fauian15m1011909 Zn(IHHPO, 0,75 HONgivgil 200-550 *°C &

'
a4 ¥ w oa

o) v a =Y =Y

magapdniminaaiuiosas 5408 Fuianinnisina zn,p,0; Taefigamail 300-350 *°C 1w
{ a 3| ~ o

madguulasnndadle Tasinuremaluilluezuedalnlsemla uaziigaingil 400-550

o o o o a 3 @ H a a =

°C Wumsnlasundaslasilumaidaiminuuy 2 94 hiavinmisiiananyes Zn,(PO,), tay

Zn,P,0,
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e TG - DTG

f koo

~-0.4

%a weight loss

w
o
1
(U, % 1031PA4 dA1IEALId(

s ¥+ 038
100 20007 3007 400 500 600  700.. 800 900

Temperature ('C)

310 4.13 naluaaemsamedaninaniou himsiarazmsnfiounlaslnssadavos

oMl CrHPO,MATENIIN (Cr(NO,); + H,PO,)

=) ’o’ at

Mgl 4.13 udaarams Unsizimes luunsumuhimsgapdaiminiigumngil

- = g, % bl BT & a 4 4 = =

50-70° °C | Wnwgaufeimninfadufesas 131, Fuianiznionnuamve i lupdnuazi
) PIWE Y w A4 S X A 2

auvQil 70-300° °C Imsgapdisimiinaadyiosas 0.86 FaanisateHIves Cr)HPO,  0.75

B Y ~ - ¥ ] L A a
H,0 uaz AgaMail300-750° °C imsgatdolmindailuioeay 11.05 Fufnanmsia Cr.p,0,

[ ¢ A Y 4 o
4.2.2 NﬂﬂTﬂfﬁ'J°'l]ﬁl’:)‘l.llﬂﬂﬂﬂ'Hﬂ!W‘Hg'l‘H‘UENﬂ']‘Jﬁuﬂlﬂﬂﬂ1§ﬁ?mﬂ%ﬂﬂﬂ‘§?ﬂiﬂﬂ']'S‘it!‘Hi‘_l

= a I =
dunIduazeniunidlnussemadieszuusunsise (FT-IR)

namsufinAmnas1ved FT-IR uanadagyii 4.14:4.18 Tasdwinguuunisdu fie

msUsznoungulalasnureainalamsa lagiznoudaeniisetesnisdu 2 uuy fe HPO,

1] "
o A

: 3 : 4 A& - o
weu loouuaz Tuanai (H,0) FagUuuunisdufiugiuves HPO, vzuaaendnyel NI duf
FLLNUQ 350-580 , 700-900 , 860-915 , 940-1010, 1040-1170 , 1210-1400 , 2600-3250 cm’' &aiiju
M5 91U UHUUMITUYDS O,-P-O bending , P-O-H stretching , P-O(H) stretching , V (PO,) ,

o o o A& (]
V,,(PO,) , P-O-H bending itag V(OH) mud1ay TagmsadunugIuueatiimie V(OH) aguaning
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dulu223 1600-1700 , 3100-3146 , 3200-3400 cm’ Fufumssumngluuunsduves msdu

wuu1fase(v,) , msduuuudanamuaings (v) , iagmsduniulanauunodnngs (v,)
dmfvgduuumsduveams InTsdomla [p,0.1" Faozuaasgluuunisduves p-o

stretching 11310111999 960-1150 cm021/52n8UAIET29M3HUT 900-1000 , 1000-1100 HaE

1100-1200 cm” Tnaifusaamsduues v (POP), V. (PO,) Liag V_(PO,) AAIAY

(R}

% Transmittance

1430

18

=2
S

1] T T

I iy T T £ 1 ' T I ¢
4000 3500 3000 2500 2000 1500 1000 500

‘1
Wave numbers (cm )

3UN 4.14 AT FT-IR ¥09a15 Zn(IDHPO, 0.75 1,0 Huasen Taeisnrsanaznon

TAMUBY Zn(ID(NO),:6H0 () + H,PO 51 pH #20 NI,
MNgIR A4 dmunimsihnsdunseiiateoumsauveimsdelasauesa
2- w & 1 & i & ' G WAl ¥ gl gy
[HPO,] nuMsduvesun, (H,0) dfiaramsdued lugdunumsdunugiuai lananudnadu

[ Y D
g sndunsed Idiuunaiiveans leTasnuroaa
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% Transmittince

T T I T ' T J T L T y T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (('m'l b
317 4.15 @11/nas1 FTIR v @15 Cr(IDHPQ,: 0.75 H;0 Fuesuy 1arismMInnaznous

Y83 CrINNO,), 9H,0 (s) + H,PO, 151 pH @20 NI,

A i o o 21 Yt &
1n5UN-4.15 wnwuiamsimmsduasig lauuaumsasassanslelasauoma
2w & o CAMY & ' 5 { w9
[HPO,]" AUM 3 aUv0 311 (H,0) FatiraemiyaunglugUuuunsdunugiudsi ldna1nndradu

s 1 (~{
sinseildiiineilyarslaTasimunoama

H
1 ~
HEAINAIETN
o o
g L
[B] plC B i L i EE
© e Vo W { . "
, 2 "3
b f ey
w ! | rl
: | |Jr
= W, @ f H |4
= \ e ) | I
v / | J | | 1
s |m M RN\ \
; i ", If'.. 5 “\ l‘ r]
' . o =
vl o
D, Y o | 2
-» g - 3
T T 1] ¥ T G " T T
aneo 1500 1000 2500 2000 1500 1000 500

1
Wavenumber [cm

U7 4.16 mUnns1 FT-IR v09a13 [A] Zn(IDHPO, 0.75 H,0 TaguansmsifFeniouivas

[B] E)"l«!WH'ﬁﬂ'Nﬂ’J']lliE)uZn Aln) ﬂ‘lﬂﬂ'l'ilN]ZnHPO -0.75H,0 g fLI“HQ 750 *°C



38

[B) T e
i ! 2
2 B
/_ /‘\I‘l
\
o & |
w 3
)
- -
> 1
g =
% =
u a
=
o
r
z W
T ¥ T % T L T T
4000 1500 iDao 1500 2000 1500 1000 500

Wavenumber [cm ’}

31N 4.17 aidnaat FT-IR vesa1s [A}CrIDHPO,/0.75 H;,0 TasuaasmsnfFeuifisuiuas

[B] eApfunianawdeucr,p,0.7 18msncriPo, 0.75H,0 fig gUNYN 750°°C

INgUT 4.16-4°17 a¥weidnens (BJivhmisdunsaziidtminfuaums fiwoss

& ' & ' P bt 4 v '
Twlswoawla [P0, 1" dalleaamsduaglustuuuns duitugmdi ldnanmdrady

Blcc, Ty P P N 0 )
A=A o e B S\ Y Ty
I y
R 1 QO il 3Vad B am R\ § S
c RA—Ew— £
£
= - o S,
L -
c  JIE] WY D)
-
e
32 \ M
-, . |<|‘ ‘| W
L . . > o
'\r'-,
T T T | ; ' :
L0010 1500 1000 2500 1000 1500 100 510

1
Wavenumber {cm |

3UN 4.18 a1)Ans1 FT-IR ¥89e15CrZnP,0, A'ldvnmsin CrHPO,0.75H,0 118y

ZnHPO,0.75H,0 figaimgil 750°°C TaonfS vuifivusasidmiiuandaiusenitg

Y
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ar ' [ 1

[A] CrZnP,0,716A5169UCr : Zn (iU 1:0 [B]CrZnP,0, A6ATIAIUCr : Zn 15]u 2:8

]
[

[C] C1ZnP,0,18AT1dUCr : Zn 1il1 4:6 ,[D] CrznP,0. W80T 1AIUCT : Zn 1T 6:4

g J

[[E] CrZnP,0.,N6A518IUCr : Zn (31U 8:2 ,[F] CrZnP,0.718A518UCr : Zn 154 0:1
2=, =T

1
A o L4

; \ " 2 g
107U 4.18 szwuhasiihmsduasizd laianuaiiuaunsduvesas InTswemma

5 & - ' o ' 4 A o o
[P,0,]" nazuoumsduvesaiswemva [Po,]” Faligrmsdusgluzduuumsauiugudaild

o

[ 1 H sz f, i I~
Ay uaasesndunszd evanuatuuzduas InIsiema

a ¢ o o 3 o
4.2.3 MIAANHADYMEHANID DT UG U IMATIAM IBBADUYD T ITEnd (XRD)

o oA d a A o ow

¥
mﬂ‘l«!ﬂﬂﬁlﬁﬂ'ﬂmuﬁx‘lfﬂﬂﬂ"ﬁ(){-ray diffraction  technique) Lﬂumﬂuﬂﬂﬂ’lﬂﬂ'ﬁﬁﬂﬂﬁ

2 a o oo d & (G v A a o S o a o
laﬂ’u‘uullﬁgﬂﬂliﬂiﬁﬁN%@Qﬁ\']ﬁlﬂﬂ%ﬂ]ﬂiutua’lﬂﬁl AR TOIUATIEHNITIRSUDUITITLDNY

(X-ray Diffactometer 4 XRD§¥ D8 advance 810 Bruker. AXS)Uag1ansidunsiz 1du

L

a d or A @ i o v I
s lasead oo dunsminasgnaietuduhmsnduns s Wl asi@no

s

3
HANMUOUAUNCP,0,; Za,P,0;; CrZnP,0, IdHans naassAyh

Intensity (a.u.)

10 20 30 40 50 60 70 80
2 Theata (degree)

s

= a 4 = o Y ad e o o d d
31]1‘1 4.19 MIAUATIEUOAHUSHANUATDAUTTUAWITNTRYAVUUDITINONEUDI Cr,P,0,
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110310 419 9¥WUI1ATIN XRD ve CrP,0, Hnwfuedugiuge himwise

o

1 b
Aaanan 1 uasenasidunsied laiuldls crp.o,

2894
2971

24.61

Intensity (a.u.)

10 20 30 40 50 60 70 80
2 Theata (degree)

‘l.]ﬁ 4.20 ﬂ'li’.ltﬂ'ﬂ»?‘iﬁﬂ‘hlﬂlﬁﬁﬂﬂuﬁ aamg‘mmmﬁﬂmammmaqsamaﬂwm Zn,P,0,

2103 Uit 420 98wy T3 XRD 104 Zn,P,0, BRad 1A 20.71 “aaTihasatiuns i

o

. Y '
WATFIUVOL Z0,P,0, udnarens idunsaed lavimily zn,p,o] iavwyuiind 16 19,32, 21.14,

7]

2246, 24.61 WBIWNATFUATITUNTIBNATEIIVES Z0,(PO), -uaray s 199aR R 121 18

v
Zn,(PO,), AY
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[A]
[ = (8]
MM« oo mn A - [C]
MJ-—J—MJLM—J at A R e st [D]
[F1
T P T T T T y T v T T T v
10 20 30 40 50 60 70 80

2 Theta(degree)

4 a o o 2 1 &
JUi 421 MImTIsRdnuuEHinlas pdoiIgIURABI DM BRI LTS FB N Tag

o [ { 1 o ' A o v <
NIFTUINGUBANFIUNUANATINHTEN TG [A] CrZnP,0,710@5 1dMCr ; Zn 114

a 1

1:0 ,[B]CanPZO.,‘ffll ATNFIUCT: Zn lﬂu 2:8,[C] CanPZOﬁ MIITINCE : Zn ﬁ‘Ju

@ 1

4:6 ,[D] CrZnP,0,M87 11dIMCr - Zn W 6:4 [E] CrzZnP,0, A5 18 3UCr : Zn 111

D.

s [

o
8:2 [F] CrznP,0, AONT1a2IUCs + Zn 1111 0:1
= g dw ! iea o o
nngUi 421 wamlimdidnsrdniiidedinnuas Tnndenisvasiinauilunang
Y , a Jy = = = o
uagiiednaveIdmiogitas Innlsuuinisianuitiiedalgugs
A o Ay o 3 ' a a 4 o ' y . =
iiohwai ldmnMurnmsanisnnilinestosmuamm Crystallite size Tay Cr,P,0, 1
= o ! Ly ! . . 9 ) . .
ﬂﬂmﬂuaﬁmgmqa T mtsomuaae Crystallite size hlﬁrislk'anPzO,?‘l'l‘u’;l'i,‘um Crystallite size

ud2 18y 8552 nm dauCizap,0, hitinswlnasguldSevifien i i 1 durnanisol

o
AUUBFIUAT Crystallite size INTUU
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MI19A 4.3 mawamsdIuAueafians1lmesves Cr,P,0,2n,P,0,, CtZnP,0,

compounds systems a b o] !3 average
(nm) (nm) (nm) (drg.) crystalite size
(nm)

In,P,0. PDF#34-1275 6.6 8.29 4.51 -
This work 6.5 8.381 4.594 106.77  82.52+£22.79
DIF This work-PDF 0.1 0.091 0.084

Zn,(PO); PDF#76-0518 8.14 5.63 15.04 -
This work 8.24 5.69 15.14 104.07  82.52£22.79
DIF This work-PDF 0.1 0.06 0.1

" "

*013 Cr,P,0,-CiZnP,0, W6 n518 2% Cr: Zn 41111.2:8; CrznP,0, Ao A5 189U Cr: Zn 111 4:6,

CrZnP,0, 18A5 189U Cr: Zn (1 6:4, Crznp,0, iS5 13 Cr: Zn 111 812 Anawifhuedugiuga

Taiaunsofmninal erystallite size 1@
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4.2.4 mynnzidnuaruguvesmnslusziugana (SEM)

° A a 3 o o a vy 9 da o
mms'nmsun"lﬂmmmmiwﬁaumqﬁmmmﬂm Iﬂﬂﬂl‘lﬁ'ﬂﬁﬂﬂﬂﬁ‘ﬂiiﬁuﬂmﬂﬁiﬂu

UUABINTIA (Scanning Electron Microscopy, SEM 1455 VP 810 LEO) Taeviinisnsinaey

o 4 g o
anwz WU lanadagy

S

“SignalA=SE1 | Date 10 Feb 2014
W= 8mmn Meg= 100KX  Time 1447567

L n 210

3U4.22 261y SEM 904 (a) Zn,P,0,Ma88718 1000447, (b) Zn,P,0,/ 16 13616:3000 1911

Bcan Speed = 6 EMT = 1600kV . Signal A = SE1
Wo= @mm Mag = 300K X

Scan Speed =& EHT = 1500 kV Signal A = SEY Date |19 Fob 2014

Bcan Speed = 6 EHT = 15.00 kv Signal A = SE1 Date :19 Fob 2014
WD= Bmm Mag= 100KX  Time:162138 [ WD= @mm Mag= 300KX  Time 162634
i, % G d

3U14.23 nMa10 SEM ¥4 (a) CrznP,0, (2:8) F&a08181000 111, (b) CrZnP,0, (2:8) fdeveny

3000 1911
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. Read . - L . |
Scanspred=6 EMT=1600kv  SualA=SE!  Date 19 Feb 2014
WD= gmm  Mags 300KX  Time 153858
% » IR ey LT TR
it e 4 ﬂ Lty

Scan Speed = 6 EHT = 1500 kv Signal A = SE1 Cate 19 Fob 2014
WO= §mm Mag= 1O0KX  Time 154818

u

3U714.24 nwag SEMLW04 (a) CiZnP,0; (4:6) Md14678 1000417, (b) CrZnP,0, (4:6) Mdavey
3000 1
P | o Y ' di o W ~
1ngUN 4.22-4. 24 wuanuaizaeunsuiitwuiazi uniaunnaraiu Taogali 4.22
Tanvasdluirunazymalig g1l 4.23 Tanuneiluniadozvwiadn g1 4.24 Teapaeiy

d o
INTALazvUIRlan

ScanSpaed =6 EHT = (5008 Sigasl A = SE1 Date 19 Feb 2014

Sean Spend = 6 EMT = 1500V Signel A = SE1 Dale 19 Feb 2014
WO= 8mm Mag= | DOKX Time .16:24:23
- ay

WD= §mm Mag= 300KX Time 153124

31114.25 n1M819 SEM ¥4 (a) CrZnP,0, (6:4) MAI0€8 1000 11, (b) CrZnP,0, (6:4) F1AIVEY

3000 (11
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; 1
ScanSpeedu§ EHT = 1500kV  Signal A= SE1 Date ;19 Fob 2014 2un ScanSpeed = § EHT = 15004V Signal A = SE1 Date 18 Feb 2014
WO= 8mm Mag s 100 KX Time 15:1113 ; W= 9mm Mag= 300KX  Time:15:16:20

3U14.26 W1 SEM V01 (2} CrZaP,0; (8:2) F1AYUH18/1000 117, (b) CrZnP,0;.(8:2) fdave1y

3000 1M

Scon Speed = € EHT = 1500 kY Dale ;19 Fab 2014
WD Bmm Time 115:02.25

SE1 Date 18 Feb 20!
Time .14.66:20

UM 4.27 7119018 SEM U0 (a) Cr,P,0, 33671000 1M1, (b) Cr,P,0, /1834010 3000 1111

: 1
=1

a 1 e @ " =] o ' o
nngli 4.25-427 nuhaneusysimnsuinaduunaioziiuniauandiaiu Tasgld

o I ] ' { w ] ' {
425 Hanyuziluunanazvnialug gUi 426 Tdnvaziuaiaazauialng 517 427
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agUnamsIeazYerauonuy

[ ¢ a
5.1 ayUwamsdunszilandendan Inlswomun (Synthesis results)

k3
NNMIFUATIZH CrznP,0, 9INAIAIRUAE Cr(NO,), LAz Zn(NO,), iazldunas

2 - ¥
Wemmnfonsa H,PO, Tasihmsmdunazatediensareanesaududminlsmn lessuy

=Y

¥ [} ' '
v lddunuiazaugugungiin 0 sswisaiyad vy Cr(NO,), asigungivod

k) Y

o

(30 oaruaraudEe) §115Y Za(NOy), USy pH 1Ay 8 A aeNE ety 30% nznauves
H v 1
misiidunsied 16 T)euldut ez 18 elpo, uay ZaBPO,~ mud Ry MdInImiwhemsd

- =t

a < ¥ Y a 1 1 o A . & kY
dunzd lauuaneuiuludandauaequazii lliwigeamind 750 ssmmaidod ol
@13 CrHPO, Wa¢ ZnHPO,~ fa1oad il CrznP,0, wutiamnsaduasieians Cr,p,0,
CrZnP,0, (8:2) , CrZnP;0; (6:4) ; CiZnP,0, (4:6) , CrZnP,0;(8:2) thag Zn,P;0, 1A 18 %yield

NN 78.76% , 92.66%:, 84.32% , 82:35%, 79.24% 118% 90.18% ATHAIN

(¥ d
5.2 ﬂgﬂﬂ@ﬂﬁﬂ‘i?%ﬁ‘ﬂﬂmﬂaﬂﬂmﬂlﬂdﬁﬁ (Characteristic  materials and

Identification method)

5.2.1 D13ATIDAOVIONTALUVDI Zn,P, 0,

ol L4 U s o
MINNIATIVABVIBNAD VAN Zn,P,0, @10 UATIYH a3 TMIanazno Y
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Cr(I1) (NO,),9H,0 (s) +H,PO, ——> Cr(IDHPO,:0.75 H,0 (s) + 2NO, +2H +825H,0 (4.1)

30% NH. . pH=8

Zn(I(NO,),-6H,0 (s) + H,PO, —> Zn(IDHPO,: 0.75 H,0 (s) + 2NO, +2H" + 5.25H,

2Cr(IDHPO,0.75 H,0 ~ ———=—>""Cr,P,0, + 1.75H,0
2Zn(IDHPO, 0.75 H,0 " 7> Zn,P,0, ¥1/751,0

HUBIME AUMTN 4,402 4.5 91900 INNANITNAA B

MIAIUIN

HI01NANAVD TS
Cr(ID(NO,),*0H;0  ~=400.15
Zn(I)(NO,);»6H,00 +7=297:48
H,PO, =98
NH, =\ 7
CrHPO,+0.75H,0 <1615
ZnHPO,*0.75H,0 =\174.88
Cr,P,0, =27
Zn,P,0, =304

CiZnP,0, =291

nfu/lua
n5u/Tua
GECOANNS
nsu/Tua
nulua
n5u/Tua

nsu/lua
n¥ulva

asu/lua

Calsination 750°C
Zn(II)HPO,; 0.75 H20 (s) + Cr(l[)HP04'0.75 HZO (5) ———> Cr?-nPiO, (s) + 2.5H10

(4.2)

(4.3)

(4.4)

(4.5)



aumsmsdunnzilasdionnlsloania
Cr(ll) (NO,),'9H,0 + H,PO, — CrHPO,0.75 H,0 + 2NO, +2H"
R09M3s CrHPO,- 0.75 H,0 15 g 9214 15 g/ 161.5 gmol" = 0.0929 mol
Roeld Cr(ID) (NO,),9H,0 = 0.0929 mol x 400.15 gmol =37.1739 g
@1502a18 H,PO, (85% w/w) ANNUMUY 1.69 g/m]
H,PO, 85 g H,PO, /100g solution x 1/98 gH,PO,/mol H,PO,

= 0.867mol H,PO,/100g solutionx1:69 g ml /m!

= 0.0146 mol H,PO/ml

¥
[T

¥
Aariud 14 0.0929 mol 984 14e3anuA 00146 mol HPO/1 ml= 0.0929 mol/'A

A=6.36 ml
ayU1d cr((NO,), 9H,0 29.86.¢
H,PO, (85% wi) 6.36 ml

ANMIMIFIATIEHB A Il swoan
Zn(11) (NO,),6H,0 + H,PO, (" |l5; ZnHPQ,: 0.75 H,0 + 2NO, +2H’

/4115 ZnHPOQ, 0.75 H,0 15 5921 15¢/174.88 gmol = 0.0858 mol

#0314 Zn(11) (NO,),’6H,0 = 0.0858 mol x/297/48 gniol"~ =25524 g

150218 H,PO, (85% wiw) AR UL 169 g/ml
H,PO, 85g H,PO,/100g solution x 1#98 gH,PO,/mol H,PO,

= 0.867 mol H,PO,/100'g solution x 1:69 g m!’/ml

=0.0146 mol H,PO,/ml
w ¥ 9qw Y gy o
anui 14 0.0858 mol Ava14a15Ma1uA 0.0146 mol H,PO,/1 ml = 0.0858 mol/ A
A=5.8767 ml

3/

a711% zn(11) (NO,),-6H,0 25.524 ¢

H,PO, (85% w/w) 5.8767 ml
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