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ABSTRACT

This special project investigates the synthesis of copper nickel pyrophosphate catalysts
for synthesis of dimethyl ether (DME). The catalysts CuNi,_P,0,, when x = 0.0, 0.2, 0.4, 0.5,
0.6, 0.8 and 1.0 were prepared by solid state combustion method. The synthesized catalysts were

characterized using thermogravimetric analysis (TGA) to determine changes in weight in relation

to change in temperature. Structural synthetic substances are characterized by Fourier transform
infrared spectroscopy (FT-IR). The metal pyrophosphate catalysts were checked concerning their
crystallinity and phase by X-Ray Diffraction (XRD) and morphologies of all catalysts were
observed by scanning electron microscopy (SEM). It was found that the optimum temperature for
synthesis of copper nickel pyrophosphate catalysts was 800 °C and all of the synthesized catalysts

are crystalline.
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Properties DME Propane | n-Butane | Methane | Methanol Diesel
Chemical
CH,0CH, cH, Gl CH, CH,OH -
formular
Boiling point 932 1o
=25.1 -42.0 -0.5 -161.5 64.6
(°C) 96.9
Liquid Density
5 0.67 0.49 0.57 : 0.79 0.84
(g/em’, 20 °C)
Specific gravity
1.59 182 2.00 0.53 - -
(vs.air)
Vapor pressure
6.1 9.3 24 246 ) -
(atm , 25 °C)
Explosion limit
3.4-17 2.1-94 1.9-8.4 5.5 5.5-36 0.6-6.5
(%)
Cetane number 55-60 5 10 0 5 40-50
Lower heating
value 14,200 21,800 28,300 8,600 - -
(keal/Nm)
Lower heating
6,900 11,100 10,930 12,000 5,040 10,000

value (kcal/kg)
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moasTuns13mn3n (Thermogravimetric Analysis, TGA) [8]
< =Y a d Y Y] & j 1w a AN
L‘Llut"ﬂﬂuﬂﬂ'li'llﬂi'lgﬁﬂ'ﬁﬂﬂ'lﬁ'lﬂﬂ?ﬂ (Mass) ﬂuadmwwuagﬂuqmwguma
v

o W = = (% ad {

Auiedfudugangiiluvnziasldfuanudounuguuginaslusunsu1 Taoi
P = any o 9 o 1 o A

Thermogravimetry 435113N1978NUDY 3 1TAD

k)
1) 19 Isothermal Thermogravimetry 35 nsi1dia Sample mass duandunu

E = M2
AU NIAIN
13
2) ¢ Quasi-iso Thermal Thermogravimetry ":ﬁ‘imsﬁmimamngmmww
d' 1 A 9 a a 5
wianai usazgaiie 1agama iy

F ¥ 1
3) 19 Dynamic Thermogravimetry Wnsiasredazgninludunadeui

=

4 3 { o 1 a o { g
Ugauugiivarnnaeiiie lgoasasii ladnewnnou Undss1dea il uidunse (Linear

Y]
¥

A d add o 1 {
Rate) Tag7tiduIsmi lszgndethanrauneiiga
anyazmwIzYeITUABHLsAYRInTIWIIafianaslduans 141uz17 2.6

a 1 =1 o aaa 3
gungiiaesrnevvrgnienIiitludnyazmwiz el §i301 Non-iso Thermal Jusiuneu

q U
]

vq & =1 aa Y & a a 1 =1
usn1d19 T, 1WugangiiGudunieguugivesmsaaiediot1ailunianis (Procedural

u

=

A\ o3 : e
Decomposition Temperature: PDT) @ 1 fiony Idiuiugamgininasanveawiainlaou il

r- = o oA = @ 9 =11 a Y A ~
Nﬂ‘]iﬂﬂﬂﬂ‘ﬂ'ﬂz'ﬂ11“Lﬂ58@ﬂﬂﬂ1u1ﬁﬂﬂi')%'}ﬂqﬂ uag T, Lﬂuﬂmﬂ{]ﬂq’ﬂﬂ’]ﬁlﬂNﬂi'}ll‘llﬂ\'lﬂ'l]aﬂ

{ 1 q’.’; > o o ey 'n? lﬂ' o ld'.
Waguulaslliisgaganswusniaeandesiulfizonidugaas fisasinsIiaudoud

1 =1 =) ] ' a aan v 3
Wuduesa T, 9wdeagani T, uag (T-T) Wuganginegseniunalfnie dniu A

@ duTguniAInI T, ez B suiafeshigamgiigendi T,



21

A (Solid)
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B (Solid)
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1909 (X-ray diffraction, XRD) [17]
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loset v lauou Tuidlon T Tasinness Tsvoama uazarsnauseniiinfanisoiua laasen

ladinnse lamsany lavon Tilvn e Tasnueef Isveama 91nHanIsnaasany

100-
95.
90-
85-
804
70

% Weight loss

100 200 300 400 500 600 700 800 900
' . Temperature (°C)
Ui 4.12 nsmluarasmsasuulaniminues CuCo,+Cu(OH), az (NH,),HPO,

@ 4
Tumsdunsign Cu,p,0,

gt 412 wuddmsgadehmindmue 4 999 9297 1 Tmsgaydoimnind
quniliszndng 50-160  °C Amilufovar 12.65 FauRnnnmsaarsiives laueu Tuifiey
TaTasiouoes TsWeaiva deaums [27]
2(NH,,HPO, —> 2NH,H,PO, + 2NH, (4.3)

2NH, H,PO —> 2H PO, + 2NH (4.4)
;e el 3 4 3
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1 dl. =1 = g s q' = 1 =) v =Y
HIN 2 UMSTFUATUIHUNNGUNYUTEHIN 160-205 °C Andludouas 9.28 Fana
@ a I'd e
NAMTFAUAIVDY AfsamTusiualanson laq asaunms [28]
CuCO,*Cu(OH), —> 2Cu0O + CO, + H,0 (4.5)

= 1

%299 3 Imsggdeminfigunglisendng205-340 °C Fufavnnmsilfasen

1 =y o 4 ' I~ = [ et {
serInnsanoaneIndunetiesenn lud Faullundnduain lduonannsi 44) uas

(4.5) muday Taemsgyderhmindaiiufevay 8.93 daaums [29]

2Cu0 + 2H,PO, —> 2CuHPO, + 2H,0 (4.6)

v
= =

1 4 =) ’DJ s 1 = % =
%299 4 BmsgayForiminigungisenaia 340-900 °c Aadludovas 4.13 Fufa

q

avililos InTswoaiva daaunis [23]

2CuHPO, — Cu,P,0, + H,0 4.7)

1004
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75.-
70-
65
60-
55
50

% Weight Loss

100 200 300 400 500 600 700 800 900
Temperature (°C)
gﬂ?i 4.13 narlugasms/ounlanfininues NiCO,*2Ni(OH),*4H,0 1ag (NH,),HPO,

Tumsdunsiz Ni,P,0,

= 1 H I ' oA = ¥ v o
17U 4.13 wuniimsg@oiviinnivuee 5 929 9299 1 Imsgadeiming

a ' a 4 % a o
gaungisen119 50-140 °C Amiudovas 13.84 Fufavnmsaarvdrves laven Tutoy

loTasnuees Isneaa Avaunish (4.8) uag (4.9) [27]
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3(NH,),HPO, —> 3NH,H,PO, + 3NH, (4.8)
3NHH,PO, —> 3H,PO, + 3NH, 4.9)

] { = %’ @ { a ] a % a
3290 2 Imsgadoiminfguvgilszning 140-185 °C Amiludovas 9.61 Fufa

91AM3 Dehydration Yvostinifamivaua leasen loawmass lawsa daaunis [30]

NiCO,+2Ni(OH),*4H,0 —> NiCO,*2Ni(OH), + 4H,0 (4.10)

i P = ¥ w A a ' a 2 a
1299 3 Inmsgydnihminfigungiszning 185-320 °C Aailludovaz 1033 Faufa
nAmMsaawaIveinnamiuemalaasen ladinnss lamsa daaunis [30]

NiCO,*2Ni(OH), —> 3NiO + CO, + 2H,0 (4.11)

{ =) g L { - ! : = o aan o
3290 4 Insgapdoinminigangiisznin 340-400 °C Fuiannmsinlfaserdu
v nianeaneTnivinfasen lvaguiundadasin lduinnaunsi 4.9 uaz (@.11)
=) ’B’ v a o
muday TasmsgaydniminAaduiovas 4.85 deaums [31]

3NiO + 3H,PO, —> 3NiHPO, + 3H,0 (4.12)

1 i - ’oJ @ H a 1 a . a
%97 5 Imsgadoiiminfigunglisyniig 400-900 °c Andudesay 2.52 Fuia
infa InTseala darums [32]

3NiHPO, —> 1.5Ni,P,0, + 1.5H,0 (4.13)

AJ ' i
4.2.2 maminnveeugduuumsauvesluagafiiuesnisznoumelulnssadis

mamaiinounsusamnlnsaladl (FT-IR)

wamstuiinanlnasuves FTIR - uaasdsglii 414 dmdumsnetidedInTs
emnla FalFmsdaduiilufainarsvemalansonlod tazungdavesleaimadela
wonTuiilon laTasouses Tsdomma uazgii 4.15 dmuamsiinda InTsWomnn 19a15ss
dudly fdndamsveunleasenladinnss lamsa uazundaveadoamadio lawou Taiiou
lalasnuoes Isvomma TasgluvumsduveanyluTsdomua [p,0.]° szuansguuy
MSAUVBI P=0 stretching TU%9 1140-1320 cm’ @3V UNMTTUVBI P-O stretching 92
Us1nglusae 730-1260 cm” Tawiszneulidrsg19n15duea Vs(POP), Vas(POP) uay

V(PO,) Tnunaulugia 730-790 cm”, 940-980 cm™ 1ag 1025-1260 cm’ Awdy laud
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JUHuuMsFUvea P-O bending 921051014529 490-600 cm” Wugnsduves §po))
ueNINHFUIUUMITUYDI O-H stretching 921510 11524 32003600 em™ uazgtluuuns

§Uv09 O-H bending 925115 114529 1600-1740 em”
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4.2.3 HaNINTIVAR VAN NANIAZO T UG IMVRIM S IAeRFENENM S BeN R

s g d

§dnds (XRD)

aTvdeudnyzNAnuaodug YRS TnsedondnmaaonuuvesediSnd lag
4ias0etamsaonnudeiing (X-ray Diffractometer) ila1hensidaunsiznlauising 1z
WenidfivuiunsiMuasgiu wuhdfndsingfidumidadndifeasudumisveans
NIATFINYDY Cu,P,0,, Ni,P,0, 1az CuNiP,0, ¥ l#dusu Idhamisadunsizi cuNi_p,0,

¢

[Al

o L

Intensity (a.u.)

o) & B S fiEL [B]

10 =20 QBR\(4> B0z 460—70 8¢
2 Theta (degree)
317 4.16 namluaasms Tinsidnuaignanuazodagu Tnvooudnms@onuuvesdad

(90 (XRD) 4849 Cu,P,0, Al suifivufuns uiasgiu PDF#21-0299
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d’ a o w =2 a o [y dy L
g‘l.]"ﬂ 4.17 ﬂ'i’lwlm'ﬂ\ﬂﬂ'li'llﬂi1ﬂﬁﬂHﬂl$NﬁﬂLLﬂ%@ﬁmﬂ’luIﬂEfﬂ']ﬁf]ﬂﬁﬂﬂ']'i!.ﬂﬂ']tllH“UEN‘S\‘]IT

19N (XRD) Ni,P,0, nfSunifieusuns1uinsgiu PDF#74-1604
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dusalgizenodnledinfalnlsveaia fildvinaisdsdu cucoculon),,

” o
NiCO,+2Ni(OH),*4H,0 uazunaaoaian (NH,),HPO, veiinnuiunings mimivhwad

o 1 = = 4 o o [ ¥ 4
"lﬁ’umwmmﬂummmmwﬁmmamazmmmmmmﬂwﬁﬂ N’c’lﬂ']ﬁﬂ'lu’lfmlﬁﬂ\!ﬂ\‘lﬂ']ﬂ\mﬂllﬂﬁ

§ o = o 4 .
ﬂ’l‘ﬂﬂﬁ 4.5 msmm‘mwamimmmmmwnmimmﬂ';'uawumwﬁnmm Culel_xon.,

Compounds Systems a b c B Average
(nm) (nm) (nm) (deg.) Crystallite
Size
(nm)
P, PDF#21-0299 6.8800 8.1100 9.1600 109.5400
This work 6.8707 8.1052 9.1498 109.5758  41.374£8.29
DIF This work-PDF ~ 0.0093 0.0048 0.0102 0.0358
Cuy Nig® O, PDF#48-0562 8.5650 8.2550 8.7150 132.3100
This work 7.8780 8.1140 8.8759 127.2903  38.08+7.82
DIF This work-PDF ~ 0.6870 0.1410 0.1609 5.0207
Cu, N, IP. Q% PDF#48-0562 8.5650 8.2550 8.7150 132.3100
This work 8.0679 8.1803 8.2948 128.7732  36.53£6.69
DIF This work-PDF  0.4971 0.0747 0.4202 3.5369
Cu, ,Ni, ;P,0, PDF#48-0562 8.5650 8.2550 8.7150 132.3100
This work 8.5915 8.0597 9.0115 130.0332  35.83+10.65
DIF This work-PDF ~ 0.0265 0.1953 0.2965 2.2768
Cu, Ni, P,O, PDF#48-0562 8.5650  8.2550 87150 1323100
This work 10.0496  8.3300 10.2984  134.6170  33.07+15.95
DIF This work-PDF 1.4846  0.0750 1.5834 2.3070
Gy, N, PO, PDF#48-0562 8.5650 8.2550 8.7150 132.3100
This work 8.8352 8.5300 8.8072 1332538 31.53+£7.20
DIF This work-PDF ~ 0.2702 0.2750 0.0922 0.9438
Ni,P,0, PDF#74-1604 13.0900 8.2750 8.9740 104.9400
This work 13.1423  8.2530 9.0453 109.7072  30.80+10.75
DIF This work-PDF 0.0523  0.0220 0.0713 47672
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Ui 4.23 1o SEM wea cu, Ni, P,0,



c . 2 I 5 T
ScanSpeed =€ EHT=1500kv  Signal A = SE1 Date :20 Feb 2014
WD= 8mm Mag= 200KX  Time 10.14.08 WD= Bmm Mag= J00KX  Time 10:2246

2

y 3 < i al’
i ; > 48, s P &'
Scan Speed =6 EHT = 15.00 kv Signal A = Date 20 Feb 2014
[

Scan Speed = 6 EHT = 15.00 bV Signal A = SE1 Dote :19 Feb 2014
WD= 8mm Mag= 100KX Time :17:07.23

15.00 kv Signal A= SE1 Date 18 Feb 2014
WD = 9mm Mag= 500KX Time:17:11:19
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5.1 a3Uwamsdauns1z (Synthesis Results)

o w 1 aan a a 5
nnnmsFuaszduslfisonetiesinfalnIswomina Tasldarsaadu
filuundavesnernled e AaSnmsvenleasenlad (Cuco,-cu(On),) undsvesiinia
s oA o "
fie Hniansuein leasen ladinase laiasa (NiCO,+2Ni(OH),+4H,0) tazlfundanoama
ﬂ’ o s o 1
vin lawew Tudlvnlalasoueos IsWeama (NH,),HPO,) viunuanaumdidrofumudadu
' 4 e o = v = a = <)
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[ d =
5.2 a3UNan1TATIv AR UIBNANYHYRIA15AILINATAAILY (Characteristic

Materials and Identification Method)
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dauinnansveun laasen laamase lamsany laneon Tuiloy lalasnuendls
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Y H s (Y i =1 H] @ o 1
MR 1 maaasihminms (nfu) nldiumsasdulumsdunnziaisaiee

CuCO,Cu(OH), | NiCO,2Ni(OH),-4H,0 (NH,),HPO,
Cu,P,0, 2.68 0.00 3.20
Cuy,Ni,,P,0, 2.15 0.61 3.20
Cu,(Ni, ,P,0, 1.61 1.22 3.20
Cu,.Ni, ;P,0, 1.34 1.53 3.20
Cu, ,Ni, ;P,0, 1.07 1.83 3.20
Cu,,Ni, ;P,0, 0.54 2.44 3.20
Ni,P,0, 0.00 3.05 3.20

Aq ¥ g d v

=§ o 1 4 = a
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MINUNANHHIMINGBHVed Cu,P,0,

800 °C
CuCO,*Cu(OH), + 2(NH,),HPO, —/_\—» Cu,P,0,+ 4NH, + CO, + 4H,0

INTUNIT CuCO,*Cu(OH), 1 Tura w14 cu,P,0,1 Tua
HUMIAL CuCO,+Cu(OH), 221.32 n5u 1214 Cu,P,0,301.04 niu

l:: o o %’ a o/ ¥
91015197 0.1 1% CuCo,-Cu(0H), 2.68 n¥u annsadusanimiinmangws 18w

Tua cuco,+Cu(0H), = Twa Cu,P,0,
g CuCO,*Cu(OH), g Cu,P,0,

Mw CuCO,*Cu(OH), Mw Cu,P,0,

2,68 g Cu,P,0,
221,32 301.04

gCuP,0, = 3.65

¥
v

Ay M3 19 Cuco,-Cu(OR), 2.68 n¥u azvhlfiAn Cu,P,0, mangug 3.65 niu

mMIfuIMmIotazHandnve Cu,P,0,

Cu,P.O.(hInaasg
g Cu,P;0x Y L 100%

91N Yyield =
gCu,P,0, ("’"11%‘%])

| 331 x100%
3.65

= 90.68%

3/
o W L

1Y ATOUATNANANVBY Cu,P,0, 1NN 90.68
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MIMUIMNUHIMING BV Ni,P,0,

800 °C
NiCO,+2Ni(OH),*4H,0 + 3(NH,);HPO,—~—> 1.5N,P,0, + 6NH, + CO, + 10.5H,0

INAUMS NiCO,*2Ni(OH),4H,0 1 Tva 9218 Ni,P,0, 1.5 Tua
uay NiCO,+2Ni(OH),*4H,0 0.67 Tua 9214 Ni,P,0, 1 Tua
FUNINY  NiCO,+2Ni(OH),+4H,0 251.97 nu v2'ld Ni,p,0, 291.32 n3u

4:'; a o g o =
91915199 0.1 1% NiCO,+2Ni(OH),*4H,0 3.05 nu ANT0ATUINHINEAN NG Y

9/
el
0.67 Tua NiCO,*2Ni(OH),*4H,0 = 1 Twa Ni,P,0,
g NiCO,*2Ni(OH),*4H,0 g Ni,P,0,
MwNiCO,*2Ni(OH),"4H,0x 0.67  MwNiP,0,
3.05 g Ni,P,0,
28807\ Iz
gNiP,0, = 353

Y
@ o

A4 M3 19 NiCO,-2Ni(OH),+4H,0 3.05 nfuazyiliina Ni,P,0, manqud 3.53 niu

MIfMuINHIeLazNaNdAYDS Ni,P,0.

Ni,P.O.(NMsnaaog
SNGFOA ) x 100%

911 %yield

gNi,P,0, (1)

- 328 4 100%
3.53

92.92%

E
Y

U A13azNanAnuea Ni,P,0, i 92.92

Z=E
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MIMUINNHHIMINGHH Vo4 Cu,Ni, P,0,

o . [~ o
TagmsAIaveams CuNi, P,0, utuitlumsdniavesas x Tuaves Cu,p,0,

£
uaz 1x Twa vo4 Ni,P,0, 14 2 awnisaail mudidy
800 °C
CuCO,+Cu(OH), + 2(NH,),HPO, —> CuP,0; +4NH, + CO, + 4H,0

800 °C
NiCO,*2Ni(OH),*4H,0 + 2(NH,),HPO, —— 1.5Ni,P,0, + 6NH, + CO, + 10.5H,0

MegamImuIanimiamengugves Cu, Ni,,P,0,

n. MIMMINnINManguives Cu,P,0, 0.2 Tua

800 °C
CuCO,-Cu(OH),) + 2(NH,),HPO, —— Cu,P,0,+4NH, +CO, +4H,0

VINAVAIT CuCO,-Cu(OH), 1 Tua 1214 cu,P,0, 1 Twa
LAz CuCO,-Cu(OH), 0.2 Tua 214 Cu,P,0, 0.2 Tua
FUVIAY  CuCO,*Cu(OH), 44.26 051 92 1§ Cu,P,0, 60.21 N3

. y 2
MAMINH .1 19 CuCO,+Cu(O), 0.54 NFY swasadIaimtnnmguq Tadad

Tua (CuCo,*Cu(OH),) = Twa Cu,P,0,

g CuCO,*Cu(OH), g Cu,P,0,

Mw CuCO,*Cu(OH), Mw Cu,P,0,

0.54 g Cu,P,0,
4426 — . 6021
R o I

214 m314 cuco,-cu(0m), 0.54 nu 9241 1MiAa Cu,P,0, Mangu 0.73 nfu

g Cu,P,0,

~ MwCup0,
0.73
301.04

s Cu,P,0, WuTua'ldan n

0.00242 Tua
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U, MINMIUNHUIMINGBH U4 Ni,P,0. 0.8 Tua

800 °C
NiCO,*2Ni(OH),*4H,0 + 3(NH,),HPO, — = 1.5Ni,P,0; + 6NH, + CO, + 10.5H,0

5810 1.5 Maqunisozla
800 °C
0.67NiCO;1.33Ni(OH),*2.67H,0 + 2(NH,),HPO,——> INi,P,0, + 4NH, + 0.67CO, + 7H,0

Lol
MINAUAT NiCO,2Ni(OH),*4H,0 1 Tua  221d Ni,P,0, 1.5 Tua
1Az NiCO,+2Ni(OH),*4H,0 0.536 Tua 9214 Ni,P,0, 0.8 Tua
il NiCO,-2Ni(OH),+4H,0 201.57 n3u 9|4/ Ni,p,0, 233.06 n3u
NA15199 0.1 14 NiCO,2Ni(OH),*4H,0 2.44 n¥u mmmﬁmmﬁmﬁﬂmmqyﬁ
1l
0.536 Tn@ NiCO,+2Ni(OH),*4H,0 = 0.8 Tua Ni,P,0,

g NiCO,+2Ni(OH),*4H,0 g Ni,P,0,

Mw NiCO,*2Ni(OH),*4H,0 x 0.536 ~ MwNi,P,0, x 0.8

2.44 g Ni,P,0,
20157 233.06

gNiP,O, = 282
218 m319 NiCO,*2Ni(OH),+4H,0 2.4 n3u vzsiI¥ifia Ni,P,0, nanguf 2.82 n5u
v v =t o
Ay oz Idihminnimguiaes Cu,,Ni, P,0, 79 0.73 +2.82 = 3.5 n5u

. Ni,P,0
A Ni,P,0, Wulualdn n s TN
Mw Ni,P,0,

2.83
291.32

0.00971 Tua
599214 daduTagTuaves Cu,P,0,: Ni,P,0, (Cu : Ni) iFu 0.00242 : 0.00971

Y39 0.2:0.8
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MveIMIMHIMHIFogasHaNanUDe Cu, Ni, P,0,

Cu,,Ni. .P.O, (NMTNADDY
g 02Nig 4P, 0, ( ) % 100%

Il

9N Yoyield : -
g Cuy,Niy ;P,0, (Nug)

_ 3.36 % 100%
3.55

94.65%

wé’;-y

WY ATeYAZHANANYB Cuy,Ni, P,0, 1NN 94.65

£ o o '

[} = k34 a 5 A~ 1
wee) < minnangeuosdesaswananues CuNi_P,0, ilidadiuTasTuaszning
aodilesnuiinifadaadmdugiuaaslumsad n.2 snsasnn 1§ Tae s moiudanla

na ldadu





